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Preface

My colleagues on the committee reviewing progress in women’s health re-
search and I each work in our own area of this vast domain and appreciated the 
opportunity to look at the range of research that has been done and whether it 
has made a difference in health care delivery, in public health approaches, and 
in women’s health. While frustrated by the impossibility of doing justice to the 
work, we were privileged to have the opportunity to review much of it and to get 
the overall outlines of the field. The subtitle of our report on Women’s Health 
Research: Progress, Pitfalls, and Promise captures the conflicting evaluations 
and feelings we all experienced in reviewing the status of research on women’s 
health over the past two decades.

It is not by accident that we listed progress first. It was encouraging and 
gratifying to see how much has been learned. Not only do we know a great deal 
more about the etiology and course of specific diseases that affect women’s 
health, but our understanding of women’s health itself has become more multifac-
eted and nuanced. The concept of women’s health has expanded beyond a narrow 
focus on disorders associated with the female reproductive system to encompass 
other diseases that create a significant burden in women’s lives. These diseases 
are more common or more serious in women than in men, have distinct causes or 
manifestations in women than in men, have different outcomes or treatments in 
women than in men, or cause high morbidity or mortality in women.

This broader approach to women’s health and related research moves toward 
a woman-centered view rather than a disease-centered view. It highlights the 
importance of considering quality of life rather than simply survival or mortal-
ity in evaluating the success of treatments and interventions. It has also revealed 
the inequities in the extent of disease among women from different sociodemo-
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graphic groups, and of the uneven distribution of benefit from research advances 
and new treatments. Research has also broadened to include studies that take into 
account not only biological sex as a determinant of disease, but also gender; this 
expanded view encompasses and highlights the importance of social, psychologi-
cal and behavioral influences.

The substantial progress in our understanding of the range of determinants 
of women’s health has, in many cases, been translated into better treatments and 
decreases in incidence and prevalence of some conditions; these are reviewed 
in this report. In a few instances, there were breakthroughs that the committee 
considered to be “game-changers,” but in most cases there were smaller advances 
that followed from an accumulation of knowledge from a range of different types 
of studies.

While impressed by the progress that has occurred, the committee was also 
distressed by the number of pitfalls, particularly in the translation of findings into 
practice and policy, and in the health disparities among women. Some of these 
pitfalls derive from problems in the current organization of research (for example, 
institutes within the National Institutes of Health [NIH] that are primarily focused 
on specific diseases) and of health care (for example, fragmentation of care, 
misalignment of financial incentives). Others reside in the many problems of the 
health delivery system; it is yet too soon to know how well the just-passed reform 
bill will address these in general or in relation to women’s health.

Other challenges arise in the clear communication of complex research 
findings in a media context that thrives on sound bites and controversy. Because 
these problems have been the focus of many Institute of Medicine (IOM) reports 
and are not specific to women’s health, we only acknowledge them briefly in the 
report.

The committee ended its work feeling hopeful about the promise of future 
improvements in the health of women. Some of the changes at NIH (for example, 
the focus on translational research and cross-institute initiatives) should be par-
ticularly helpful for women’s health. There is accumulating knowledge of the 
broad set of determinants of women’s health, including data on their risk factors, 
epidemiology and pathophysiology of diseases, functioning, and well-being. The 
recommendations made in this report, if implemented, would accelerate those 
advances.

The committee faced a number of challenges. Given the broad charge to 
the committee and the large amount of relevant research, we could not conduct 
a comprehensive review of the literature on all potential health conditions and 
determinants, or even for any single health condition or determinant. This report, 
therefore, should not be considered as a comprehensive review of any specific 
topic, but as a highlight of some of the relevant research which the committee 
used to draw general conclusions and make recommendations. The absence of a 
discussion of any condition is not meant to diminish its potential importance for 
women’s health or for the women who are affected by those conditions. Every 
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day new research findings are published, so this report reflects the state of the 
science when we wrote our report. We realize and, in fact, hope that new results 
will emerge that we could not capture in this report.

I am extremely appreciative to the members of this committee for their hard 
work: Eli Adashi, Sergio Aguilar-Gaxiola, Hortensia Amaro, Marietta Anthony, 
Diane Brown, Nananda Col, Susan Cu-Uvin, Denise Faustman, John Finnegan, 
William Hazzard, Jaye Hefner, Jeanne Miranda, Lori Mosca, Herbert Peterson, 
Etta Pisano, Alina Salganicoff, and Linda Snetselaar. This committee faced a 
challenging task of coming to consensus despite a broad variety of backgrounds 
and expertise, and it worked diligently to ensure the numerous facets of women’s 
health research were properly covered and addressed. I would also like to thank 
the IOM staff, especially study director Michelle Catlin and her team, Morgan 
Ford, Katie McGraw, Alejandra Martín, and Norman F. Gant/American Board 
of Obstetrics and Gynecology/IOM Anniversary Fellow Rebekah Gee. Without 
their dedicated work this report would not have been possible. I am grateful as 
well to those who reviewed the report and provided thoughtful comments that 
improved the final report.

In addition, I want to thank the individuals who presented to the committee 
at open sessions: Wanda Jones, US Department of Health and Human Services; 
Vivian Pinn, National Institutes of Health; Kathleen Uhl, Food and Drug Admin-
istration; Shakeh Kaftarian, Agency for Healthcare Research and Quality; Phyllis 
Greenberger, Society for Women’s Health Research; Diana Zuckerman, National 
Research Center for Women and Families; Cindy Pearson, National Women’s 
Health Network; Mona Shah, Professional Staff Member, United States Senate 
Committee on Health, Education, Labor, and Pensions; Kerri D. Schuiling, Amer-
ican College of Nurse-Midwives; Linda Lipson, Department of Veterans Affairs; 
Elizabeth Yano, Department of Veteran Affairs Greater Los Angeles; Jacquelyn C. 
Campbell, The Johns Hopkins University School of Nursing; Madelyn Fernstrom, 
University of Pittsburgh Medical Center; Beverly Rockhill Levine, University of 
North Carolina, Greensboro; and Dennis G. Fryback, University of Wisconsin, 
Madison. Those individuals provided the committee with background informa-
tion and expertise that enriched our understanding of the issues.

The committee hopes that this report will foster future research and efforts 
to continue the excellent work that has already been done, and also to fill present 
gaps in knowledge. Women’s health is fundamental to the overall health of the 
entire population. Given the multiple roles women play in society, to invest in the 
health of women is to invest in the well-being and progress of society.

Nancy E. Adler, Chair
Committee on Women’s Health Research
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Summary

BACKGROUND

Women make up just over half the US population and should not be con-
sidered a special, minority population, but rather an equal gender whose health 
needs require equal research efforts as those for men. Historically, however, the 
health needs of women, apart from reproductive concerns, have lagged in medi-
cal research. In 1985, the Public Health Service Task Force on Women’s Health 
Issues concluded that “the historical lack of research focus on women’s health 
concerns has compromised the quality of health information available to women 
as well as the health care they receive.” Since the publication of that report, there 
has been a transformation in women’s health research—including changes in gov-
ernment support of research, in policies, in regulations, and in organization—that 
has resulted in the generation of new scientific knowledge about women’s health. 
Offices on women’s health have been established in a number of government 
agencies.1 Government reports and reports from other organizations, including 
the Institute of Medicine (IOM), have highlighted the need for, and tracked the 
progress of, the inclusion of women in health research. A number of nongovern-

1 During the preparation of this report the Patient Protection and Affordable Care Act of 2010 
(Public Law 111-148) was passed, which formally codifies the Offices of Women’s Health within 
the Department of Health and Human Services (HHS). The act also formally establishes an Office 
of Women’s Health in the directors’ office of the Agency for Healthcare Research and Quality, the 
Centers for Disease Control and Prevention, the Food and Drug Administration, the Health Resources 
and Services Administration, the Substance Abuse and Mental Health Services Administration; an 
HHS Coordinating Committee on Women’s Health; and the National Women’s Health Information 
Center.
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ment organizations have also provided leadership in research in women’s health. 
And women as advocates, research subjects, researchers, clinicians, administra-
tors, and US representatives and senators have played a major role in building a 
women’s health movement.

CHARGE TO THE COMMITTEE

Given the research activities occurring in women’s health over the last 2 
decades, in the Consolidated Appropriations Act of 2008 (Public Law 110-161) 
Congress provided the Department of Health and Human Services Office on 
Women’s Health (OWH) with funds for the IOM “to conduct a comprehensive re-
view of the status of women’s health research, summarize what has been learned 
about how diseases specifically affect women, and report to the Congress on sug-
gestions for the direction of future research.” In response, the OWH requested that 
the IOM conduct a study of women’s health research; the charge to the committee 
for the project is presented in Box S-1.

In response to that request, the IOM convened a committee of 18 members 
who had a wide variety of expertise, including expertise in biomedical research, 
research translation, research communication, disabilities, epidemiology, health-
care services, behavioral and social determinants of health, health disparities, 
nutrition, public health, women’s health, clinical decision making, and such other 
medical specialties as cardiovascular disease (CVD), mental health, endocrinol-
ogy, geriatrics, and immunology.

THE COMMITTEE’S APPROACH TO ITS CHARGE

The committee met six times, including two open information-gathering 
sessions at which the members heard from stakeholders and researchers, and con-
ducted extensive literature searches of publications from the last 15–20 years. The 
committee approached women’s health as a concept that has expanded beyond a 
narrow focus on the female reproductive system to encompass other conditions 

BOX S-1 
Charge to the Committee

	 An	Institute	of	Medicine	committee	will	examine	what	the	research	on	women’s	
health	 has	 revealed;	 how	 that	 research	 has	 been	 communicated	 to	 providers,	
women,	the	public	and	others;	and	identify	gaps	in	those	areas.	The	committee	will	
identify	examples	of	successful	dissemination	of	findings	paying	particular	atten-
tion	to	how	the	communication	has	influenced	women’s	use	of	care	and	preventive	
services.	The	committee	will	make	recommendations	where	appropriate.
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that create a significant burden in women’s lives. The committee focused on 
health conditions that are specific to women, are more common or more serious 
in women, have distinct causes or manifestations in women, have different out-
comes or treatments in women, or have high morbidity or mortality in women. 
Numerous conditions could be included in such a list. The committee could not 
review all such conditions and, therefore, highlights a number of such conditions 
as examples that are specific to women; that have differences in prevalence, se-
verity, preferred treatment, or understanding for women; or that the condition is 
prominent in women or there is a research need regarding women, whether or not 
there are sex-differences. Searches included research on factors that are determi-
nants of health (biologic, psychologic, environmental, and sociocultural factors), 
especially factors that might affect women disproportionately or uniquely, and 
on the translation of research findings into practice and the communication of 
research findings to the public.

When considering health end points, the committee did not present a com-
prehensive review of findings of all research on all diseases, disorders, and 
conditions that are women’s health issues. The committee identified a number 
of conditions that have a large impact on women, reviewed the literature related 
to them, and categorized them as conditions in relation to which there has been 
major, some, or little improvement in women’s health.

The committee developed a series of questions to focus deliberations and 
ensure appropriate response to the charge. Those questions and the committee’s 
responses to them are presented below.

IS WOMEN’S HEALTH RESEARCH STUDYING THE MOST 
APPROPRIATE AND RELEVANT DETERMINANTS OF HEALTH?

Determinants can range from a woman’s genetic makeup to her behaviors to 
the social, cultural, and environmental context in which genetic vulnerabilities and 
individual traits and behaviors are developed and expressed. Over the last 20 years, 
much has been learned about what the determinants of women’s health are.

The committee found that many behavioral determinants (such as smok-
ing, eating habits, and lack of physical activity) are risk factors for most of the 
conditions under consideration. Those behavioral factors, in turn, are shaped by 
cultural, social, and societal contexts. Marked differences in the prevalence of and 
mortality from various conditions in women who experience social disadvantage 
due to race and ethnicity, lack of education, low income, and other factors have 
been documented. The differences stem from a variety of social determinants, 
including differential exposure to stressors and violence, which are more common 
in more disadvantaged communities. Such exposures are related to wide-ranging 
outcomes, including injury and trauma, depression, arthritis, asthma, heart dis-
ease, human immunodeficiency virus/acquired immunodeficiency syndrome 
(HIV/AIDS), and other sexually transmitted infections.
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The underlying determinants of health and their relative power may differ by 
sex and gender, and tailored interventions might be more effective than generic 
treatments. As discussed in Chapter 2, few studies have tested ways to modify 
behavioral determinants in women, and even less research has been conducted on 
the effects of social and community factors in specific groups of women.

IS WOMEN’S HEALTH RESEARCH FOCUSED ON THE MOST 
APPROPRIATE AND RELEVANT HEALTH CONDITIONS?

The committee discussed the research of a number of conditions as examples 
of conditions that greatly affect women. It categorized those conditions as having 
major, some, or little progress (see Table S-1).

Conditions on Which Research Has Contributed to Major Progress

The committee identified breast cancer, CVD, and cervical cancer as the 
conditions on which major progress has been made.

Mortality from breast cancer has decreased in the last 20 years. Consumer 
demand and involvement and increased funding have spurred breast-cancer re-
search at the molecular, cellular, and animal levels as well as clinical trials and 

TABLE S-1 Conditions Discussed by Committee, Categorized by Extent of 
Progress

Conditions on Which Research Has Contributed to Major Progress

Breast Cancer
Cardiovascular Disease
Cervical Cancer

Conditions on Which Research Has Contributed to Some Progress

Depression
HIV/AIDS
Osteoporosis

Conditions on Which There Has Been Little Progress

Unintended Pregnancy
Maternal Morbidity and Mortality
Autoimmune Diseases
Alcohol and Drug Addiction
Lung Cancer
Gynecological Cancers Other than Cervical Cancer
Non-Malignant Gynecological Disorders
Alzheimer’s Disease
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observational studies in women. That research has led to the development of more 
sensitive detection methods, biomarkers of risk and of more aggressive tumors, 
identification of risk factors, and treatment options that improve survival and 
posttreatment quality of life. The finding in the Women’s Health Initiative (WHI) 
of increased risk of breast cancer from hormone therapy led to changes in prac-
tice, and a substantial drop in the incidence of breast cancer has been attributed 
to those changes in practice. Progress has not been seen to the same extent in 
all groups of women, however; for example, black women have higher mortality 
from breast cancer than white women despite a lower incidence.

CVD is the leading cause of death of both women and men. As in men, age-
adjusted mortality from coronary heart disease was reduced by half in women 
from 1980 to 2000. About half the decline is attributable to changes in behavioral 
factors, including a drop in smoking; the other half is attributable to new clini-
cal treatments that emerged from research. Studies led to recognition of CVD 
in women and, subsequently, extension of diagnosis and treatments for CVD 
to women. Awareness of CVD among women has increased, in part because of 
educational campaigns. However, the history of years of the study of CVD only 
in men has delayed greater progress.

Reductions in the incidence of and mortality from cervical cancer began as 
early as the 1960s and continued over the last 20 years as diagnosis and screen-
ing have improved further. In addition, during the last few years a vaccine that is 
effective in preventing infection by human papillomavirus, the virus that causes 
most cervical cancer, was developed. The vaccine was developed and brought 
into clinical practice through research on the basic biology of the virus and its 
relationship to cervical cancer in human cells and animals and through epide-
miologic studies of cervical cancer’s etiology. Although overall gains have been 
seen in mortality from cervical cancer, rates remain higher in black and Hispanic 
women than in white and Asian women.

Conditions on Which Research Has Contributed to Some Progress

The committee identified depression, HIV/AIDS, and osteoporosis as con-
ditions on which some progress has been made as a result of women’s health 
research.

The incidence and consequences (such as effects on educational attainment) 
of depression are higher in women than in men. Advances have been made in 
the treatment of depression in the last 20 years, although their impact has not 
been maximized, because of inadequate translation particularly in relation to 
primary providers. There have been rapid and major advances in the treatment 
of HIV/AIDS in the last 20 years, mostly through research in men. The rapid 
development of treatments has benefited women despite the focus of the research 
on men; however, the predominance of male-focused studies has limited some of 
the benefits for women. For example, issues with the toxicity of HIV/AIDS treat-



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

� WOMEN’S HEALTH RESEARCH

ments in women (for example, increased risk of anemia and acute pancreatitis as 
compared to men) are only now being identified through women-based research. 
Over the last 20 years there have been advances in the knowledge of the basic 
science underlying osteoporosis and in the diagnosis and treatment of osteopo-
rosis. That includes the identification of genes whose expression affects the risk 
of osteoporosis. Recent trends show a decrease in the incidence of hip factures. 
Osteoporosis remains, however, a condition that greatly impacts the quality of 
life of a large number of women, particularly as they age.

Conditions on Which Little Progress Has Been Made

The committee identified a number of conditions on which little progress has 
been made in reducing incidence or mortality, including unintended pregnancy2 
and autoimmune disease. The risk factors for unintended pregnancy are known, 
and effective contraceptives are available to prevent pregnancy. The fact that 
unintended pregnancies continue to occur at a high rate points to the need for 
research on the use of contraceptive regimens, the need for development of new 
contraceptives, including non-hormonal contraceptives, that are more accept-
able to groups of women in which unintended pregnancies occur with greater 
frequency, and the need for social and community-level interventions to decrease 
unintended pregnancies. Autoimmune diseases constitute about 50 diseases, most 
of which are more common in women. As a group, they are the leading cause of 
morbidity in women, and they affect women’s quality of life greatly. Despite their 
prevalence and morbidity, little progress has been made toward a better under-
standing of those conditions, identifying risk factors, or developing a cure.

Looking at the set of conditions on which little progress has been made—
including unintended pregnancy; autoimmune disease; alcohol-addiction and 
drug-addiction disorders; lung, ovarian, endometrial, and colorectal cancer; non-
malignant gynecologic disorders; and Alzheimer’s disease—the committee tried 
to identify characteristics or explanations for the lack of progress. The committee 
could not determine specifically why progress was seen for some conditions and 
not others, but it considered a number of potential reasons, including degree of 
attention and subsequent research funding from government agencies, consumer 
advocacy groups, and Congress; availability of interested researchers trained in 
a given field; adequacy of understanding of the underlying pathophysiology of 
a condition; availability of sensitive and specific diagnostic tests and screening 
programs to identify persons who are at risk for or who have a condition; mor-

2 The committee considered whether to discuss unintended pregnancy as a health outcome or a 
determinant of health. It decided to discuss it as an outcome, along with maternal mortality and 
morbidity, and also to discuss the determinants that increase the rate of unintended pregnancies in 
Chapter 2.
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bidity, rather than mortality, as the outcome of a disease; and barriers associated 
with political or social concerns.

IS WOMEN’S HEALTH RESEARCH STUDYING THE 
MOST RELEVANT GROUPS OF WOMEN?

Many of the conditions that the committee reviewed are more common or 
have poorer outcomes in women who are socially disadvantaged than in women 
who are not. They include the three diseases on which there has been major 
progress—breast cancer, CVD, and cervical cancer. The fact that subgroups of 
women are not benefiting from the progress that has been made could indicate 
that the most relevant groups, the groups that have the greatest burden of disease, 
are not being adequately studied and research results are not being translated into 
practice and policies.

ARE THE MOST APPROPRIATE RESEARCH METHODS 
BEING USED TO STUDY WOMEN’S HEALTH?

The women’s health research reviewed includes basic research (studies in 
animals and at the molecular and cellular levels), epidemiologic or clinical re-
search (research conducted or observed in human subjects), and studies of health 
systems. All those study types have contributed to progress in women’s health, 
and all yielded important findings on the conditions on which there has been 
major progress—breast cancer, CVD, and cervical cancer.

The committee identified a number of issues specific to the studies reviewed 
or to women’s health. Large observational studies—such as the observational 
arm of the WHI, the Nurses’ Health Study, and the Study of Women’s Health 
Across the Nation (SWAN)—were coordinated among multiple research centers 
to accrue large and diverse samples and were especially useful for generating 
hypotheses for further testing. The postmenopausal hormone therapy and the 
calcium and vitamin D components of the WHI were randomized clinical trials 
that were based on the findings from such observational research. In addition, the 
observational studies led to animal and in vitro studies aimed at elucidating the 
pathophysiology of conditions and identifying potential treatments.

Different study types have different limits, and results from diverse study 
designs can combine to provide extremely useful information that is directly 
relevant to the health of women and some have led to clear improvements in 
women’s health. The committee recognizes that there are drawbacks to differ-
ent study types. For example, observational studies and clinical trials can be 
expensive, can have subject attrition, can be of long duration, and, in the case of 
observational studies, can have difficulty in finding appropriate comparison popu-
lations and in controlling for potential confounders. Large human studies, such as 
the WHI, are further hindered by complex study designs and associated pitfalls. 
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Despite those drawbacks, the committee concluded that information from large, 
complex observational and clinical studies could not be obtained with other study 
designs and are integral to progress in women’s health. New study designs that 
yield similar levels of certainty would be valuable. Smaller studies, in contrast, 
provide different information and can often be better controlled, potentially faster 
(depending on the end points studied), and less expensive. Internal validity (for 
example, the ability to establish causal relationships) is generally stronger in such 
studies, but this may be at the cost of external validity (that is, generalizability). 
Smaller studies are important to provide information on which to base large stud-
ies and to test specific hypotheses.

Although women are now routinely included in clinical research, the initial 
design often is not optimal for obtaining data on women, including problems in 
the inclusion criteria and selection of end points that do not apply to women. 
Sample size and the ability to recruit adequate numbers of women in stud-
ies to allow appropriate analyses can be challenging. Sex- and gender-specific 
analyses must be published and used for drug development or clinical guidelines. 
Even when sex-specific analyses are conducted by researchers, the analyses 
are not always included in publications, because of page limitations or journal 
restrictions.

Studies often use incidence and 5-year survival rates as end points; fewer 
studies look at morbidity or quality of life after treatment and survival. Given that 
women tend to report worse overall health than do men and tend to emphasize 
quality of life when considering their health, the lack of assessment of quality of 
life in studies of women’s health is problematic.

ARE THE RESEARCH FINDINGS BEING TRANSLATED 
IN A WAY THAT AFFECTS PRACTICE?

It can take 15–20 years for research findings to be incorporated into practice. 
Barriers to translation of findings on women’s health include barriers that impede 
translation of science to practice more generally, such as the iterative nature of 
research in which inconsistent or contradictory results often are published before 
a clear picture emerges; social and cultural opposition to some new treatments 
or approaches; entrenched financial or other interests that favor the status quo or 
a specific approach; and lack of reimbursement for new treatments or practices. 
Patients themselves faced with a multitude of research findings and complex deci-
sions can have difficulty in weighing new options for their health.

Other barriers, however, differentially affect the translation of research into 
better care for women. They are derived from the fragmentation of care that 
results when women see multiple providers for different health concerns, failure 
of performance measures to include many conditions that are specific to women, 
and failure to analyze sex-based differences in care, which undermines the use of 
incentives to implement research findings in women’s health care.
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ARE THE RESEARCH FINDINGS BEING 
COMMUNICATED EFFECTIVELY TO WOMEN?

Complex and sometimes inconsistent or contradictory results present chal-
lenges to the communication of research findings, including those relevant to 
women. Often, the implications of a given finding are complex, so it is difficult 
to give a clear, concise message. The emergence of the Internet and the World 
Wide Web has increased the amount of and access to health-related information 
for the general public, but it has also added to the confusion about the findings 
and to concerns about the validity of the available information. Communication 
is complicated by competing forces, for example, when health messages compete 
with the marketing forces of industries.

GAPS IN WOMEN’S HEALTH RESEARCH

Relatively few studies have been published on a number of conditions im-
portant to women, including ovarian and endometrial cancer, pre-eclampsia (a 
major cause of maternal morbidity and mortality), and conditions that affect 
elderly women, including frailty. There is little information on many autoimmune 
diseases, such as lupus. Research on prevention of and treatment for Alzheim-
er’s disease, obesity, and diabetes has rarely examined sex differences. Despite 
the prevalence of co-occurring conditions and the need to evaluate risk–benefit 
tradeoffs across multiple outcomes, such issues are rarely incorporated into 
studies of specific conditions. More information on how the physical and social 
environment affect health is needed, including an understanding of how they may 
result in health disparities in disadvantaged groups. In some cases, particularly 
reproductive health, strong data supporting the safety and efficacy of treatments 
may be insufficient to fuel their use if there is social or political opposition on 
nonmedical grounds. Advances in women’s health may require attention to such 
obstacles in addition to those inherent in the research.

COMMITTEE’S KEY FINDINGS AND RECOMMENDATIONS

Substantial progress has been made since the expansion of investment in 
women’s health research. Research findings have changed the practice of medi-
cine and public-health recommendations in several prominent contexts, includ-
ing changes in standards of care for women. There have also been decreases in 
mortality in women from breast cancer, heart disease, and cervical cancer. In 
other contexts, however, there has been less progress, including research on other 
conditions that affect women and identification of ways to reduce disparities 
among subpopulations of women.

Several barriers to further progress in improving the health status of women 
were identified. For example, there has been inadequate attention to the social 
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and environmental factors that, along with biologic risk factors, influence health. 
There also has been inadequate enforcement of requirements that representative 
numbers of women be included in clinical trials and that women’s results be 
reported. A lack of taking account of sex and gender differences in the design 
and analysis of studies, and a lack of reporting on sex and gender differences, 
has hindered identification of potentially important sex differences and slowed 
progress in women’s health research and its translation to clinical practice. The 
committee recommends that all published scientific reports that receive federal 
funding and all medical product evaluations by the Food and Drug Administration 
present efficacy and safety data separately for men and women.

Poor communication of the results of women’s health research has in many 
cases led to substantial confusion and may affect the care of women adversely. 
Research findings will have a greater impact if they are coupled with a well 
thought-out plan for communication and dissemination. Development of a plan 
for communication and dissemination should be a standard component of feder-
ally sponsored women’s health research and the clinical recommendations that 
are made on the basis of that research.

The committee’s specific findings and recommendations follow.

Finding 1

Investment in women’s health research has afforded substantial progress and led 
to improvements in women’s health with respect to such important conditions 
as some cancers and heart disease. Greater progress in women’s health has oc-
curred in conditions characterized by multipronged research involving molecular, 
animal, and cellular data; in observational studies to identify effects in the overall 
population; and in clinical trials or intervention studies from which evidence-
based conclusions on treatment effectiveness can be drawn.

Recommendation 1
 US government agencies and other relevant organizations should sustain and 
strengthen their focus on women’s health, including the spectrum of research 
that includes genetic, behavioral, and social determinants of health and how 
they change during one’s life. In addition to conducting women-only research 
as appropriate, a goal should be to integrate women’s health research into all 
health research—that is, to mainstream women’s health research—in such 
a way that differences between men and women and differences between 
subgroups of men and women are routinely assessed in all health research. 
Relevant US government agencies include the Department of Health and 
Human Services and its institutes and agencies—especially the National In-
stitutes of Health, the Centers for Disease Control and Prevention, the Food 
and Drug Administration, the Agency for Healthcare Research and Quality, 
and the Substance Abuse and Mental Health Services Administration—and 
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such others as the Department of Veterans Affairs, the Department of De-
fense, and the Environmental Protection Agency.

Finding 2

Women who experience social disadvantage as a result of race or ethnicity, low 
income, or low educational level suffer disproportionate disease burdens, adverse 
health outcomes, and barriers to care but have not been well represented in studies 
of behavior and health.

Recommendation 2
 The National Institutes of Health, the Agency for Healthcare Research and 
Quality, and the Centers for Disease Control and Prevention should develop 
targeted initiatives to increase research on the populations of women that 
have the highest risks and burdens of disease.

Finding 3

The incidence, prevalence, morbidity, or mortality associated with a number of 
conditions—for example, unintended pregnancy, maternal mortality and morbid-
ity, nonmalignant gynecologic disorders, alcohol- and drug-addiction disorders, 
autoimmune diseases, and lung, ovarian, and endometrial cancer—have not im-
proved. Most of those conditions substantially affect the quality of life of those 
who experience them. The major focus of health research has been on reducing 
mortality; a singular focus on mortality, however, can divert attention from other 
health outcomes despite the high value that women place on quality of life.

Recommendation 3
 Research should include the promotion of wellness and quality of life in 
women. Research on conditions that have high morbidity and affect qual-
ity of life should be increased. Research should include the development of 
better measures or metrics to compare effects of health conditions, interven-
tions, and treatments on quality of life. The end points examined in studies 
should include quality-of-life outcomes (for example, functional status or 
functionality, mobility, and pain) in addition to mortality.

Finding 4

Social factors and health-related behaviors and their interactions with genetic and 
cellular factors contribute to the onset and progression of multiple diseases; they 
act as pathways that are common to multiple outcomes. Considerable progress 
has been made in understanding the behavioral determinants of women’s health, 
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but less is known about how to change them and about the broader determinants 
of women’s health that involve social, community, and societal factors.

Recommendation 4
 Cross-institute initiatives in the National Institutes of Health—such as 
those in the Division of Program Coordination, Planning, and Strategic 
Initiatives—should support research on common determinants and risk fac-
tors that underlie multiple diseases and on interventions on those determi-
nants that will decrease the occurrence or progression of diseases in women. 
The National Institutes of Health’s Office of Research on Women’s Health 
should increase collaborations with the Office of Behavioral and Social Sci-
ences Research to design and oversee such research initiatives.

Finding 5

Limitations in the design, analysis, and scientific reporting of health research 
have slowed progress in women’s health. Inadequate enforcement of recruitment 
of women and of reporting data by sex has fostered suboptimal analysis and 
reporting of data on women from clinical trials and other research. That failure 
has limited possibilities for identifying potentially important sex or gender dif-
ferences. New methods and approaches are needed to maximize advances in 
promoting women’s health.

Recommendation 5
• Government and other funding agencies should ensure adequate partici-

pation of women, analysis of data by sex, and reporting of sex-stratified 
analyses in health research. One possible mechanism would be expansion 
of the role of data safety monitoring boards to monitor participation, ef-
ficacy, and adverse outcomes by sex.

• Given the practical limitations in the size of research studies, research de-
signs and statistical techniques should be explored that facilitate analysis 
of data on sociodemographic subgroups without substantially increasing 
the overall size of a study population. Conferences or meetings with a 
specific goal of developing consensus guidelines or recommendations for 
such study methods (for example, the use of Bayesian statistics and the 
pooling of data across study groups) should be convened by the National 
Institutes of Health, other federal agencies, and relevant professional 
organizations.

• To gain knowledge from existing studies that individually do not have 
sufficient numbers of female subjects for separate analysis, the director 
of the Office of the National Coordinator for Health Information Technol-
ogy in the Department of Health and Human Services should support the 
development and application of mechanisms for the pooling of patient 
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and subject data to answer research questions that are not definitively 
answered by single studies.

• For medical products (drugs, devices, and biologics) that are coming to 
market, the Food and Drug Administration should enforce compliance 
with the requirement for sex-stratified analyses of efficacy and safety and 
should take those analyses into account in regulatory decisions.

• The International Committee of Medical Journal Editors and other editors 
of relevant journals should adopt a guideline that all papers reporting the 
outcomes of clinical trials report on men and women separately unless 
a trial is of a sex-specific condition (such as endometrial or prostatic 
cancer). The National Institutes of Health should sponsor a meeting to 
facilitate establishment of the guidelines.

Finding 6

The translation of research findings into practice can be delayed or precluded by 
various barriers—the complexity of science and research and challenges in com-
municating understandable and actionable messages, social or political opposi-
tion to advances for nonmedical reasons, fragmentation of health-care delivery, 
health-care policies and reimbursement, consumer confusion and apprehension, 
and so on. Many of those barriers are seen in connection with translation of 
research in general, but some have aspects that are peculiar to women, and few 
studies have been conducted to examine how to increase the speed or extent of 
the translation of findings related specifically to women’s health into clinical 
practice. Methods of translation that have been used and that warrant evaluation 
for translating research findings in women include clinical-practice guidelines, 
mandatory standards, reimbursement practices, laws (including public-health 
laws), health-professions school curricula, and continuing education.

Recommendation 6
 Research should be conducted on how to translate research findings on 
women’s health into clinical practice and public-health policies rapidly. 
Research findings should be incorporated at the practitioner level and at the 
overall public-health systems level through, for example, the use of educa-
tion programs targeted to practitioners and the development of guidelines. 
As programs and guidelines are developed and implemented, they should be 
evaluated to ensure effectiveness.

Finding 7

The public is confused by conflicting findings and opposing recommendations 
that emerge from health research, including women’s health research. Conflicting 
results and work to resolve disagreements are part of the scientific process, but 
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that iterative aspect of scientific discovery is not clearly conveyed to, or under-
stood by, the public. The resulting uncertainty and distrust of research may affect 
women’s care adversely. Relevant knowledge from studies of communication of-
ten is not used by researchers, funders, providers, and public-health professionals 
to target health messages and information to women.

Recommendation 7
 The Department of Health and Human Services should appoint a task force 
to develop evidence-based strategies to communicate and market health 
messages that are based on research results to women. In addition to content 
experts in relevant departments and agencies, the task force should include 
mass-media and targeted-messaging and marketing experts. The strategies 
should be designed to communicate to the diverse audience of women; 
to increase awareness of women’s health issues and treatments, including 
preventive and intervention strategies; and to decrease confusion regarding 
complex and sometimes conflicting findings. The goals of the task force 
should be to facilitate and improve the communication of research findings 
by researchers to women. Strategies for the task force to consider or explore 
might include

• requiring a plan for the communication and dissemination of findings of 
federally funded studies to the public, providers, and policy makers; and

• establishing a national media advisory panel of experts in women’s health 
that would be readily available to provide context to reporters, scientists, 
clinicians, and policy makers at the time of release of new research 
reports.
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Introduction

BACKGROUND

Women make up just over half the US population (US Census Bureau, 
2009) and should not be considered a special, minority population, but rather 
an equal gender whose health needs require equal research efforts as those for 
men. Historically, however, the health needs of women have lagged in medical 
research. In 1985, the Public Health Service Task Force on Women’s Health Is-
sues, formed in light of the changing role of women in society, highlighted the 
need for research in women’s health and issued Women’s Health: Report of the 
Public Health Ser�ice Task Force on Women’s Health Issues (HHS, 1985). It 
concluded that the historical lack of research focus on women’s health concerns 
has compromised the quality of health information available to women as well 
as the health care they receive.

Since the publication of that report, there has been a transformation in 
women’s health research—including changes in government support of research, 
in policies, in regulations, and in organization—that has resulted in the generation 
of new scientific knowledge of women’s health. Offices on women’s health in 
the National Institutes of Health (NIH) and in the Substance Abuse and Mental 
Health Services Administration were mandated by law. Other offices focusing on 
women’s health were established in the Department of Health and Human Ser-
vices (HHS), in its Food and Drug Administration (FDA) and Health Resources 
and Services Administration, and in other government agencies, and are now 
codified under the Patient Protection and Affordable Care Act of 2010 (Public 
Law [PL] 111-148).

A number of nongovernment organizations have also provided leadership in 
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research in women’s health. Women as advocates, research subjects, researchers, 
clinicians, administrators, and US representatives and senators played a major 
role in building a women’s health movement.

Government Activities

In 1986, NIH established a policy for the inclusion of women in clinical 
research;1 guidelines for the implementation of the policy were included in its 
1987 Guide to Grants and Contracts. A similar policy encouraging enrollment of 
minority-group members was issued in 1987 (ORWH, 2009). Before that, little 
clinical research on women’s health was conducted, for reasons that included 
concern about ethical issues of possible fetal exposure to an experimental sub-
stance, the variability in hormonal status in women, comorbidities, the assump-
tion that results of research on men could be extrapolated to women, and legal 
issues. Several developments led to a questioning of the exclusion of women 
from clinical trials: with the onset of the epidemic of the acquired immunodefi-
ciency syndrome, clinical trials explicitly solicited only men, thereby denying to 
women the potential of a life-saving treatment; results of clinical trials in men 
were not being extrapolated to women, as seen in the initial unequal application 
of stents, beta blockers, and cholesterol-lowering drugs; and the male model did 
not always corresponds to health and disease status in women, especially with 
regard to cardiovascular disease (McCarthy, 1994; Merkatz and Junod, 1994). As 
a result of congressional inquiries, particularly from the bipartisan Congressional 
Caucus on Women’s Issues (Carnes et al., 2008), in the early 1990s the General 
Accounting Office2 (GAO) reviewed how well NIH had implemented its 1986 
policy3 to encourage the inclusion of women in research study populations (GAO, 
1990). GAO found that the policy was not well communicated within NIH or the 
research community; there were inconsistencies in application of the policy in 
the grant-review process; the policy applied only to extramural research, and the 
smaller intramural research program had no policy; and NIH officials took little 
action to encourage researchers to analyze results by sex. GAO also concluded 
that there was “no readily accessible source of data on the demographics of NIH 

1 NIH definition of clinical research: “1. Patient-oriented research. Research conducted with hu-
man subjects (or on material of human origin such as tissues, specimens and cognitive phenomena) 
for which an investigator (or colleague) directly interacts with human subjects. Excluded from this 
definition are in vitro studies that utilize human tissues that cannot be linked to a living individual. 
Patient-oriented research includes: a. Mechanisms of human disease, b. Therapeutic interventions, c. 
Clinical trials, and d. Development of new technologies. 2. Epidemiologic and behavioral studies. 3. 
Outcomes research and health services research” (HHS, 2009).

2 In 2004, the agency name was changed to Government Accountability Office. 
3 According to GAO (1990), “although the policy first was announced in October, 1986, guidance 

for implementation was not published until July, 1989, and the policy was not applied consistently 
before the 1990 grant review cycles.”
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study populations” and it was “impossible to determine the impact of the policy.” 
The resulting public outrage and response by Congress led to many of the devel-
opments in the early 1990s discussed below (Carnes et al., 2008). Table 1-1 high-
lights some of the milestones in women’s health research at the federal level.

The National Institutes of Health Revitalization Act of 1993 (PL 103-43, 
Subtitle B, “Clinical Research Equity Regarding Women and Minorities”) re-
quired that NIH grantees include women and minority groups in human-subjects 
research and, for clinical trials, “ensure that the trial is designed and carried out 
in a manner sufficient to provide for a valid analysis of whether the variables be-
ing studied in the trial affect women or members of minority groups, as the case 
may be, differently than other subjects in the trial.”4 Cost was not allowed as an 
acceptable reason for exclusion. In addition, NIH developed a database to moni-
tor compliance with the law. However, the law for clinical trials applied only to 
phase III trials.5 The act also formalized the NIH Office of Research on Women’s 
Health (ORWH), which was established in September 1990, and charged it with 
reporting on progress related to the law throughout NIH.6 Inclusion guidelines for 
complying with the law were published in 1994 and effectively stated that “that 
NIH could not and would not fund any grant, cooperative agreement or contract 
or support any intramural project . . . which did not comply with this policy” (NIH 
Tracking/Inclusion Committee, 2009).

In 2000, a second analysis by GAO documented that NIH had made signifi-
cant progress toward the goal of including women and minorities in research. 

4 The National Institutes of Health Revitalization Act of 1993 essentially reinforced the existing NIH 
policies but with four major differences: (1) that NIH ensure that women and minorities and their 
subpopulations be included in all clinical research, (2) that women and minorities and their subpopula-
tions be included in phase III clinical trials in numbers adequate to allow valid analyses of differences 
in intervention effect, (3) that cost not be allowed as an acceptable reason for excluding these groups, 
and (4) that NIH initiate programs and support for outreach efforts to recruit and retain women and 
minorities and their subpopulations as participants in clinical studies (HHS, 2008).

5 According to NIH (2008), phase I trials are “initial studies to determine the metabolism and phar-
macologic actions of drugs in humans, the side effects associated with increasing doses, and to gain 
early evidence of effectiveness; may include healthy participants and/or patients”; phase II trials are 
“controlled clinical studies conducted to evaluate the effectiveness of the drug for a particular indica-
tion or indications in patients with the disease or condition under study and to determine the common 
short-term side effects and risks”; and phase III trials are “expanded controlled and uncontrolled trials 
after preliminary evidence suggesting effectiveness of the drug has been obtained, and are intended to 
gather additional information to evaluate the overall benefit-risk relationship of the drug and provide 
an adequate basis for physician labeling.”

6 ORWH, in collaboration with the Office of Extramural Research and the Office of Intramural 
Research, monitors efforts for compliance, including convening a “trans-NIH” Tracking and Inclusion 
Committee. Inclusion of women and minorities in NIH-supported clinical research is documented by 
fiscal year in a series of reports, which are available to the public at http://orwh.od.nih.gov/inclusion/
inclreports.html (accessed June 17, 2010). ORWH has also helped to develop outreach documents for 
investigators and study staff of NIH-supported research that include guidance on inclusion, recruit-
ment, and retention of women and minorities in clinical research (ORWH, 2009).
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TABLE 1-1 Key Federal and Legislative Milestones in Women’s Health 
Research from 1977 to Present

Year Event

1977 FDA restricts women of childbearing potential from participating in clinical research 
because of thalidomide and diethylstilbestrol tragedies

1985 Women’s Health: Report of the Public Health Ser�ice Task Force on Women’s Health 
Issues concludes that “the historical lack of research focus on women’s health 
concerns had compromised the quality of health information available to women as 
well as the health care they receive”

1986 NIH establishes policy to increase women’s health research

1987 NIH issues guidelines urging inclusion of women for first time in NIH Guide to 
Grants and Contracts

1989 Nurses’ Health Study focus is expandeda

1990 Women’s Health Equity Act is passed

Breast and Cer�ical Cancer Mortality Pre�ention Act establishes the CDC’s National 
Breast and Cervical Cancer Early Detection Program

GAO review of inclusion of women in clinical research concludes that
•  NIH policy on inclusion of women in clinical trials was not well communicated or 

understood within NIH or research community, was applied inconsistently among 
institutes, and was applied only to extramural research

•  There was “no readily accessible source of data on the demographics of NIH study 
populations,” so it was impossible to determine whether NIH was enforcing its own 
recommendations

1990 NIH Office of Research on Women’s Health is established by NIH and requires 
inclusion of women in clinical research

1991 HHS establishes Office on Women’s Health 

WHI, largest clinical study in women, is launched by NIHb

NIH ORWH launches strategic planning process to define research priorities for 
women’s health research in NIH

1992 GAO issues report on inclusion of women in clinical trials used by FDA in evaluating 
drugs for marketing approval. The report finds that
•  Although women were sometimes included in drug trials, they were significantly 

underrepresented
•  Even when women were included, data were not analyzed to determine whether 

women’s responses to drugs differed from those of men
The report recommends that FDA ensure that drug companies consistently include 
“sufficient numbers of women in drug testing to identify gender-related differences in 
drug response and that such sex differences are explored and studied”

Mammography Quality Standard Act is signed into law. It links accreditation of 
mammography facilities to evidence that facilities met standards for personnel, 
equipment, quality-assurance procedures, clinical images, phantom images, and dose
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Year Event

1993 NIH Revitalization Act is signed into law. It requires inclusion of women in all 
clinical research and analysis of results by sex for phase III clinical trials and 
formalizes NIH ORWH in law

1993 FDA reverses its 1977 guidelines barring women of childbearing potential from 
participating in clinical research and publishes new guideline, Guideline for the Study 
and E�aluation of Gender Differences in the Clinical E�aluation of Drugs. The new 
guideline
•  Encourages inclusion of women in phase I and II studies
•  Requires inclusion of women in efficacy studies
•  Requires analysis of data on sex differences
•  Encourages consideration of effects of menstrual cycle on drug effect, effects of 

exogenous hormone therapy on drug effect, and effect of drug on the effects of oral 
contraceptives, when feasible

1994 Offices of women’s health are established in FDA and CDC

SWAN, the first study on the natural history of menopause, is establishedc

NIH guidelines on the inclusion of women and minority-group members as subjects 
in clinical research (first issued in 1990 and supported by 1993 NIH Revitalization 
Act) become effective on publication in Federal Register of March 28, 1994; 
guidelines state that NIH must:
•  “Ensure that women and members of minorities and their subpopulations are 

included in all human subject research;
•  For Phase III clinical trials, ensure that women and minorities and their 

subpopulations must be included such that valid analysis of differences in 
intervention effect can be accomplished;

•  Not allow cost as an acceptable reason for excluding these groups; and,
•  Initiate programs and support for outreach efforts to recruit these groups into 

clinical studies.”d

1996 HHS OWH launches National Centers of Excellence in Women’s Health; first six 
centers are established; program was later terminated

1998 NIH ORWH launches second strategic planning process to define research priorities 
for women’s health research in NIH, and releases report, Agenda for Research on 
Women’s Health for the ��st Century

FDA publishes its final rule permitting agency to place clinical hold on 
investigational new drug application if men or women were excluded because of 
potential risk of reproductive or developmental toxicity

1999 AHRQ Centers for Education and Research of Therapeutics program begins. The 
Centers address a variety of topics over time including the following which were 
specific to women: hip fractures, irregular heart rhythms and the menstrual cycle, 
gaps in osteoporosis treatment, arthritis resources, prescription drug use by pregnant 
women, and hormone therapy

continued

TABLE 1-1 Continued
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Year Event

2000 GAO issues followup audit of NIH that concludes that although women are in 
clinical trials at rates proportional to their numbers in general population, “NIH has 
made less progress in implementing the requirement that certain clinical trials be 
designed and carried out to permit valid analysis by sex, which could reveal whether 
interventions affect women and men differently”

NIH ORWH initiates Building Interdisciplinary Research Careers in Women’s 
Health program to support research career development of junior faculty members, 
known as Interdisciplinary Women’s Health Research scholars, who have recently 
completed clinical training or postdoctoral fellowships and are commencing basic 
research, translational research, clinical research, or health-services research relevant 
to women’s health

2001 Interim report released in January on GAO audit of FDA records reveals that 8 of 
last 10 drugs withdrawn from market caused more adverse effects in women than 
in men; 4 of those drugs were more often prescribed to women than to men, so the 
higher number of adverse events in women was not unexpected; other 4 drugs were 
prescribed equally to men and women, but number of adverse events was higher in 
women, and this suggested a true sex difference in incidence of adverse effects

GAO final report on audit of FDA records reveals that
•  30% of study documents examined failed to fulfill requirements for presentation of 

outcome data by sex
•  Nearly 40% of study documents examined did not include required demographic 

information
Auditors conclude that “FDA has not effectively overseen the presentation and 
analysis of data related to sex differences in drug development.”

2003 Study by FDA’s OWH found that nearly equal numbers of men and women were 
participating in clinical trials but noted that data were not being analyzed by sex

NIH establishes Specialized Centers of Research on Sex and Gender Factors 
Affecting Women’s Health program to develop innovative approaches to advancing 
research on role of sex and gender factors in health and disease
AHRQ begins the annual release of National Healthcare Quality Report and the 
National Healthcare Disparities Report that address various health care issues, 
including the following that were specific to women: disparities among women, 
including race, ethnicity, and socio-economic status; disparities between men and 
women; and trends and variations over time

2008 HHS implements strategic plan for 2010 through 2015

TABLE 1-1 Continued



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

INTRODUCTION ��

TABLE 1-1 Continued

Year Event

2009 NIH OWHR launches third strategic planning process to identify research priorities 
in women’s health for NIH

2010 Patient Protection and Affordable Care Act (Public Law 111-148) formally codifies 
the Offices of Women’s Health within HHS. It also formally establishes an Office 
of Women’s Health in the director’s office of AHRQ, CDC, FDA, HRSA, and 
SAMHSA. It formally establishes an HHS Coordinating Committee on Women’s 
Health and the National Women’s Health Information Center. Each agency is 
appropriated such sums as may be necessary for FY 2010 through 2014

 aThe Nurses’ Health Studies are among the largest and longest-running observational investigations 
of factors that influence women’s health. They were started in 1976 to investigate potential long-term 
consequences of use of oral contraceptives and expanded in 1989. Information provided by 238,000 
nurse-participants has led to many insights into health and disease. Prevention of cancer is still the 
primary focus, but the studies have also produced landmark data on cardiovascular disease, diabetes, 
and many other conditions. Most important, these studies have shown that diet, physical activity, and 
other lifestyle factors can powerfully promote better health.
 bWHI is major 15-year research study to address most common causes of death, disability, and 
poor quality of life in postmenopausal women: cardiovascular disease, cancer, and osteoporosis. One 
major goal was to assess the effect of hormone therapy on those clinical end points.
 cSWAN is a multisite longitudinal epidemiologic study designed to examine health of women 
during their middle years, including the menopausal transition. Study examines physical, biologic, 
psychologic, and social changes during this transitional period. The goal of SWAN’s research is to 
help scientists, health-care providers, and women to learn how midlife experiences affect health and 
quality of life during aging.
 dNIH defines a phase III clinical trial as “a broadly based . . . clinical investigation usually in-
volving several hundred or more research subjects, for the purpose of evaluating an experimental 
intervention in comparison with a standard or control intervention or comparing two or more existing 
treatments.”
ABBREVIATIONS: AHRQ, Agency for Healthcare Research and Quality; CDC, Centers for Disease 
Control and Prevention; FDA, Food and Drug Administration; FY, fiscal year; GAO, Government Ac-
countability Office (formerly General Accounting Office); HHS, Department of Health and Human 
Services; HRSA, Health Resources and Services Administration; NIH, National Institutes of Health; 
ORWH, Office of Research on Women’s Health; OWH, Office of Women’s Health; SAMHSA, Sub-
stance Abuse and Mental Health Services Administration; SWAN, Study of Women’s Health Across 
the Nation; WHI, Women’s Health Initiative.
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However, for the policy to have its intended effect, GAO emphasized that NIH 
needed to expand its focus beyond simple inclusion to ensure that, when it is 
scientifically appropriate, clinical trials be designed and carried out to allow for 
analysis by sex (GAO, 2000). NIH concurred with GAO’s recommendations and 
stated they would make efforts to improve tracking of statistical analysis of data 
on women in clinical trials (GAO, 2000).

In addition to the activities related to NIH discussed above, there have been 
several activities related to FDA. One of FDA’s primary regulatory responsibili-
ties is to review applications for new drugs, biologics, and medical devices before 
they are marketed to the public. As part of that responsibility, the agency provides 
guidance for manufacturers that are conducting clinical trials and evaluating the 
safety and efficacy of new medical products. In 1977 guidance to manufacturers, 
FDA precluded women of childbearing potential from participating in phase I 
and early phase II trials (FDA, 1977) to avoid the possibility of exposing a fetus 
to a drug that had not satisfied preliminary safety and efficacy testing. Women 
of childbearing potential were permitted to participate in clinical trials that were 
conducted after evidence of a drug’s effectiveness in humans was obtained (that 
is, in late phase II and phase III trials) and after data from animal reproduc-
tive studies were examined to see whether the drug caused birth defects; but in 
practice, women were underrepresented in the later phases as well (GAO, 1992). 
However, there were concerns that if FDA approved drugs on the basis of clini-
cal trials in which women were underrepresented, their effectiveness and safety 
in women would not be known (GAO, 1992; Haseltine and Jacobson, 1997). For 
example, a drug dose established in small early-phase clinical trials that used 
mostly men might be too high for women, especially because men typically 
weigh more than women.

Concerns led to a GAO review (1992) that found that although women were 
included in phase III clinical trials for all the drugs surveyed, they were generally 
underrepresented, especially in trials of cardiovascular drugs (GAO, 1992). The 
report recommended that FDA ensure that drug companies consistently include 
“sufficient numbers of women in drug testing to identify gender-related differ-
ences in drug response and that such sex differences are explored and studied.” 
In 1993, FDA issued a Federal Register (FR) notice (58 FR 39406), “Guideline 
for the Study and Evaluation of Gender Differences in Clinical Evaluation of 
Drugs,” which reversed the 1977 guidance and recommended inclusion of women 
in early-phase clinical trials. FDA also amended its regulations to require efficacy 
and safety data on sex, age, and racial subgroups (21 Code of Federal Regulation 
[CFR] Parts 312 and 314, February 11, 1998. Final Rule: Investigational New 
Drug Applications and New Drug Applications). The final published rule permits 
the agency to place a clinical hold7 on one or more studies that is the subject 
of an investigational new drug application if men or women with reproductive 

7 A clinical hold is an order issued by FDA to the sponsor of an investigational new drug to delay 
or to suspend a clinical investigation.
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potential are excluded from participation only because of the risk or potential 
risk of reproductive or developmental toxicity associated with use of the investi-
gational drug (21 CFR 312, June 1, 2000. Final Rule: Investigational New Drug 
Applications: Amendment to Clinical Hold Regulations for Product Intended for 
Life Threatening Disease).

In 2001, GAO again reviewed the inclusion of women in clinical drug trials 
submitted to FDA and found that women made up a majority (52%) of the trial 
participants in the new drug applications (NDAs) examined and that every NDA 
included enough women in the pivotal studies to make it possible to determine 
statistically whether the drugs were effective in women (GAO, 2000, 2001).8 
However, GAO had three concerns (GAO, 2001):

1. There was a relatively small proportion of women in early small-scale 
safety studies, which provide important information on a drug’s toxicity 
and safe dosages for later stages of clinical development.

2. Although “most of the NDAs included analyses to detect differences 
between men and women, fewer of the NDAs explicitly included de-
scriptions of both safety and efficacy analyses that compared women 
taking the drug with a comparison group of women taking a placebo or 
an alternative treatment,” and “NDA sponsors did not recommend differ-
ent dosage levels for men and women based on the sex differences they 
detected.” Furthermore, GAO found “no evidence that any of the sex 
differences reported in any NDA on any dimension—safety, efficacy, or 
pharmacokinetics—even when statistically significant, were judged to 
be clinically relevant by either the NDA sponsors or the FDA reviewers, 
and no dose adjustments based on sex were recommended” (because 
NDA summary documents are not required to include analyses of sex 
differences, many of them do not, and FDA reviewers do not consistently 
request that information).

3. FDA lacks appropriate management systems to document the number 
of women in clinical trials, to comply with regulations for presenting 
outcomes data by sex, and to confirm that its reviewers have adequately 
addressed sex-related issues in their reviews.

8 In addition, in 2002, the FDA Office on Women’s Health funded an internal review of participation 
of women in clinical trials and sex analysis of data on biologics (such as vaccines, blood and blood 
components, allergenics, somatic cells, gene therapy, tissues, and recombinant therapeutic proteins) 
for which a new product or biologic license application was approved by the Center for Biologics 
Evaluation and Research during calendar years 1995–1999. The review found that nearly equal num-
bers of men and women were participating in the trials. However, analysis of data by sex occurred 
for only a small number of the studies reviewed (FDA, 2009).
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Previous Institute of Medicine Report—Does Sex Matter?

In 2001, the Institute of Medicine (IOM) published Exploring the Biological 
Contributions to Human Health: Does Sex Matter? The committee that prepared 
the report focused on the basic differences between males and females that ap-
pear to have primarily biologic origins (that is, sex differences). Although it 
acknowledged the importance of social factors (such as female role expectations 
and socialization—that is, gender differences), it did not review data on those 
factors as health determinants. It also did not discuss the influence of reproduc-
tive factors (such as pregnancy, parity, and parenthood) on health (IOM, 2001), 
believing that these deserve a separate evaluation.

After a review of the evidence and discussions with scientific experts, that 
committee came to the following three overarching conclusions and the recom-
mendations in Box 1-1 (IOM, 2001):

1. Sex matters. Being male or female is an important basic human variable 
and should be considered in designing and analyzing studies in all areas 
and at all levels of biomedical and health-related research.

BOX 1-1 
Recommendations from Exploring the Biological Contributions 

to Human Health: Does Sex Matter?

Recommendations for Research
	 •	 	Promote	research	on	sex	at	the	cellular	level.
	 •	 	Study	sex	differences	from	womb	to	tomb.
	 •	 	Mine	cross-species	information.
	 •	 	Investigate	natural	variations.
	 •	 	Expand	research	on	sex	differences	in	brain	organization	and	function.
	 •	 	Monitor	sex	differences	and	similarities	for	all	human	diseases	that	affect	

both	sexes.

Recommendations for Addressing Barriers to Progress
	 •	 	Clarify	use	of	the	terms	sex	and	gender.
	 •	 	Support	and	conduct	additional	research	on	sex	differences.
	 •	 	Make	sex-specific	data	more	readily	available.
	 •	 	Determine	and	disclose	the	sex	of	origin	of	biological	research	materials.
	 •	 	Longitudinal	studies	should	be	conducted	and	should	be	constructed	so	

that	their	results	can	by	analyzed	by	sex.
	 •	 	Identify	the	endocrine	status	of	research	subjects.
	 •	 	Encourage	and	support	interdisciplinary	research	on	sex	differences.
	 •	 	Reduce	the	potential	for	discrimination	based	on	identified	sex	

differences.
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2. The study of sex differences is evolving into a mature science. There 
is sufficient knowledge of the biologic basis of sex differences to validate 
their scientific study and to allow the generation of hypotheses.

3. Barriers to the advancement of knowledge about sex differences in 
health and illness exist and must be eliminated. Scientists conducting 
research on sex differences are confronted with barriers to progress, in-
cluding ethical, financial, sociologic, and scientific factors.

Since that report, a large amount of research on women’s health has been 
conducted with a variety of research approaches, methods, and studies.

CHARGE TO THE COMMITTEE

Given the differences that have been identified between men and women with 
regard to health and given the transformation in approaching women’s health and 
the increase in women’s health research conducted over the last 2 decades, in the 
Consolidated Appropriations Act of 2008 (PL 110-161) Congress provided the 
HHS Office on Women’s Health (OWH) with funds for the IOM “to conduct a 
comprehensive review of the status of women’s health research, summarize what 
has been learned about how diseases specifically affect women, and report to 
the Congress on suggestions for the direction of future research.” In response to 
that congressional language, the HHS OWH requested that the IOM conduct a 
study of women’s health research; the charge to the committee for the project is 
presented in Box 1-2.

In response to that request, the IOM convened a committee of 18 members 
who have a wide variety of expertise, including expertise in biomedical research, 
research translation, research communication, disabilities, epidemiology, health-
care services, behavioral and social determinants of health, health disparities, 
nutrition, public health, women’s health, clinical decision making, and such 
other medical specialties as cardiovascular disease, mental health, endocrinology, 
geriatrics, and immunology.

BOX 1-2 
Charge to the Committee

	 An	Institute	of	Medicine	committee	will	examine	what	the	research	on	women’s	
health	 has	 revealed;	 how	 that	 research	 has	 been	 communicated	 to	 providers,	
women,	the	public	and	others;	and	identify	gaps	in	those	areas.	The	committee	will	
identify	examples	of	successful	dissemination	of	findings	paying	particular	atten-
tion	to	how	the	communication	has	influenced	women’s	use	of	care	and	preventive	
services.	The	committee	will	make	recommendations	where	appropriate.
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This consensus report is the result of the committee’s research and 
deliberations.

THE COMMITTEE’S APPROACH TO ITS CHARGE

In light of the expansive nature of its charge, the broad expertise of the 
committee, and the audience for this report, the committee recognized the need 
to focus its information gathering, the need to ensure that terms are defined 
and used consistently, and the need to have an organizational framework. The 
committee’s information gathering approach, definitions, and framework are 
described below.

Definitions Used by the Committee

In Box 1-3 the committee defines a number of terms that will be used 
throughout this report. In 1946, the World Health Organization defined health as 

BOX 1-3 
Key Definitions

Women’s Health Research
Women’s	 health	 research	 is	 confined	 for	 this	 report	 to	 the	 scientific	 study	 of	
health	conditions	that	are	specific	to	women,	are	more	common	or	more	serious	
in	 women,	 or	 have	 distinct	 causes,	 manifestations,	 outcomes,	 or	 treatments	 in	
women;	it	includes	the	study	of	factors	that	are	determinants	of	health	(biologic,	
psychologic,	environmental,	and	sociocultural),	especially	factors	that	might	affect	
women	disproportionately	or	uniquely.

Sex
“The	classification	of	living	things,	generally	as	male	or	female	according	to	their	
reproductive	organs	and	functions	assigned	by	chromosomal	complement.”	(IOM,	
2001)

Gender
“A	 person’s	 self-representation	 as	 male	 or	 female,	 or	 how	 that	 person	 is	 re-
sponded	to	by	social	institutions	on	the	basis	of	the	individual’s	gender	presenta-
tion.	Gender	is	shaped	by	environment	and	experience.”	(IOM,	2001)

Research Translation
The	 application	 of	 the	 knowledge	 and	 findings	 from	 research	 (such	 as	 basic	
experimental	research,	observational	and	clinical	studies,	and	research	on	health-
care	services)	to	health-care	practices	and	public-health	policies.

Health Communication
The	dissemination	of	research	findings	to	the	public.
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“a state of complete physical, mental and social well-being and not merely the 
absence of disease or infirmity” (WHO, 1946). The committee agrees that health 
is not merely the absence of disease and disability. The committee approached 
women’s health as a concept that has expanded beyond a narrow focus on the fe-
male reproductive system to encompass other conditions that create a significant 
burden in women’s lives. It confines its discussion of women’s health research 
to the scientific study of health conditions that are specific to women, are more 
common or more serious in women, have distinct causes or manifestations in 
women, or have different outcomes or treatments in women; and it includes the 
study of factors that are determinants of health (biologic, psychologic, environ-
mental, and sociocultural factors), especially factors that might affect women 
disproportionately or uniquely.

Being a man or a woman has a substantial influence on health as a result of 
biologic and sociocultural differences. It is important to distinguish sex-based 
differences and gender-based differences. The committee uses those terms as 
they were defined in the IOM report Exploring the Biological Contributions to 
Human Health: Does Sex Matter? (IOM, 2001). That report defined sex as “the 
classification of living things, generally as male or female according to their re-
productive organs and functions assigned by chromosomal complement.” Gender 
is defined as “a person’s self-representation as male or female, or how that person 
is responded to by social institutions on the basis of the individual’s gender pre-
sentation. Gender is shaped by environment and experience.”

The committee is charged not only with highlighting what has been learned 
from women’s health research but with providing conclusions and recommenda-
tions related to the translation and communication of those research findings. 
For the purposes of this report, the committee defines research translation as 
the application or implementation of the findings of research studies in changes 
in health-care practice and public-health policies, and it defines health-research 
communication as the dissemination of the findings of research studies related 
to women’s health to the general public. As discussed in Healthy People �0�0 
(HHS ODPHP, 2009):

Health communication encompasses the study and use of communication strate-
gies to inform and influence individual and community decisions that enhance 
health. It links the domains of communication and health and is increasingly rec-
ognized as a necessary element of efforts to improve personal and public health 
[Jackson and Duffy, 1998; NCI, 1989; Piotrow et al., 1997]. Health communi-
cation can contribute to all aspects of disease prevention and health promotion 
and is relevant in a number of contexts, including (1) health professional-patient 
relations, (2) individuals’ exposure to, search for, and use of health information, 
(3) individuals’ adherence to clinical recommendations and regimens, (4) the 
construction of public health messages and campaigns, (5) the dissemination of 
individual and population health risk information, that is, risk communication, 
(6) images of health in the mass media and the culture at large, (7) the educa-
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tion of consumers about how to gain access to the public health and health care 
systems, and (8) the development of telehealth applications [Atkin and Wallack, 
1990; Backer et al., 1992; Eng and Gustafson, 1999; Freimuth et al., 1989;  
Harris, 1995; Jackson and Duffy, 1998; Maibach and Parrott, 1995; Northouse 
and Northouse, 1998; Ray and Donohew, 1990].

Information Gathering

The committee met six times, including two open information-gathering ses-
sions at which the members heard from stakeholders and researchers. Appendix A 
presents the agendas of those public meetings. During that time, the NIH ORWH 
held a series of scientific workshops and public hearings involving a variety of 
stakeholders (health-care providers, public-policy experts, advocates, and the 
general public) to gather information to update its women’s health research 
agenda. Committee members or IOM staff attended portions of those meetings 
so that they could be aware of ORWH research–priority development and hear 
further stakeholder input on research priorities in women’s health.

The committee conducted extensive literature searches related to women’s 
health research and on the translation and communication of research findings 
in numerous databases, including PubMed and Embase. The committee focused 
on research published in the last 15–20 years, which is roughly the period dur-
ing which policies were implemented to promote women’s health research. The 
committee’s evaluation included research on biologically determined sex dif-
ferences in health and research on the influence of social, behavioral, and envi-
ronmental factors on women’s health. Searches were conducted both on studies 
of women’s health research in general and on specific diseases, conditions, and 
determinants of health. Because of the large number of published articles, sum-
maries and review articles were used when possible. Data from a broad spectrum 
of research were reviewed, including clinical trials, observational studies, basic 
research (spanning human, animal, and cellular studies), and research on health-
care services, such as women’s use of and access to high-quality health care. 
The committee focused on research relevant to the health of US women and to 
differential effects in groups of women.

In light of the breadth of the topic and the enormous base of published 
scientific articles, reviews, and summaries, the committee does not provide a 
comprehensive summary of findings of research related to women’s health but 
instead identifies selected conditions in which there has been progress. In addi-
tion, health issues in which progress has been lacking or narrowly limited and 
in which additional research is needed are mentioned; the committee focuses 
on a few examples that make it possible to identify overarching lessons and 
recommendations.
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Focus of Charge

Given the breadth of its charge, the committee developed a series of ques-
tions to focus deliberations and ensure appropriate response to the charge. Al-
though not officially outlined in the statement of task, the questions provided 
more specific tasks for the committee to use in addressing its overall charge. The 
questions are presented in Box 1-4. The committee refers to those questions in 
this report to link the information in the various chapters to its charge.

Framework for the Committee’s Work

Women’s health research (like health research in general) traditionally has 
been conducted with an organ- or disease-based approach. With advancing knowl-
edge, however, it has become apparent that a woman’s health encompasses more 
than the sum of the absence or presence of discrete disease states and is much 
more complex. Moreover, health and disease are influenced by a number of fac-
tors and the interplay among them, including genetics; physiologic, psychologic, 
social, and environmental forces; and growth, development, and aging. Health 
research has expanded to be interdisciplinary and collaborative among specialties 
(for example, a clinical trial might be developed and conducted jointly by inter-
nists, oncologists, cardiologists, epidemiologists, psychologists, and nutrition-
ists). The present committee was faced with a decision of whether to work with 
a disease-based framework, in keeping with the conduct and funding of most of 
the research reviewed, or to take an interdisciplinary approach by incorporating 
multiple determinants of health and considering health outcomes in addition to 
disease. The committee used both approaches. In Chapter 2, health determi-
nants are discussed in the context of an ecologic framework that distinguishes 

BOX 1-4 
Committee Questions to Focus Deliberations

1.	 	Is	women’s	health	research	studying	the	most	appropriate	and	relevant	deter-
minants	of	health?

2.	 	Is	 women’s	 health	 research	 focused	 on	 the	 most	 appropriate	 and	 relevant	
conditions	and	end	points?

3.	 	Is	women’s	health	research	studying	the	most	relevant	groups	of	women?	For	
example,	are	women	with	sociodemographic	characteristics	 that	place	them	
at	higher	risk	adequately	studied?

4.	 	Are	 the	 most	 appropriate	 research	 methods	 being	 used	 to	 study	 women’s	
health?

5.	 	Are	the	research	findings	being	translated	in	a	way	that	affects	practice?
6.	 	Are	the	research	findings	being	communicated	effectively	to	women?
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individual-level determinants of health (such as biologic and physiologic factors 
and health behaviors) from broader determinants of health (such as environmen-
tal and social determinants) (see, for example, Dahlgren and Whitehead, 1991; 
Evans and Stoddart, 1990; IOM, 2000). Such an approach is better suited to un-
derstanding not only the pathophysiology of a health outcome but also preventive 
measures that can help to ensure optimal health. When summarizing advances 
in the understanding of the biology and pathology related to women’s health in 
Chapter 3, however, the committee organized findings by health outcome in light 
of the nature of the literature reviewed.

The committee did not conduct a comprehensive review of all research on 
all diseases, disorders, and conditions that are women’s health issues. It reviewed 
data on the status of women’s health in terms of morbidity and mortality, and it 
assessed improvements in those respects in the context of research that has been 
conducted on the various diseases and health issues. The overall leading causes of 
death in women from 1989 through 2006 are presented in Appendix B. The com-
mittee focused its review in Chapter 3 on progress that has been made in reducing 
mortality or morbidity associated with specific conditions. The committee also 
highlights a few conditions or diseases in which little progress has been made so 
that it can identify lessons learned and future needs.

Because the incidence and prevalence of conditions and the leading causes 
of mortality in women vary with age, it is important to remember that the main 
causes of death in women overall do not necessarily reflect the main health 
concerns and issues at different points in a women’s life cycle and that events 
that occur in one stage can affect health later in life. Furthermore, women have 
a longer life expectancy than men so many diseases of aging are of a greater 
concern for women than men.

The population of women in the United Sates is diverse and growing more 
so. As can be seen in Appendix B, demographic groups vary in the prevalence, 
incidence, and severity of conditions and their determinants. The committee has 
reviewed the data on disparities to determine whether research is being conducted 
on appropriate populations of women. The committee recognizes that different 
groups of women (such as lesbians,9 military and veterans, prisoners, and dis-
abled women) can have different health needs or benefit from different means of 
meeting their health needs. The committee has not compiled a comprehensive list 
of such populations but discusses the needs of particular groups as appropriate 
when data are available. Finally, in addition to health conditions, the committee 
considered such emerging issues as genetics and the effect of health information 
technology.

9 The IOM is currently preparing a report on lesbian, gay, bisexual, and transgender health issues 
as well as research gaps and opportunities.
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ORGANIZATION OF THIS REPORT

The remainder of this report is organized in five chapters and three appen-
dixes. Chapter 2 focuses on findings over the last 2 decades related to the determi-
nants of health outcomes and diseases in women. Chapter 3 provides an overview 
of some of the major research advances of the last 1–2 decades in understanding 
the biology of women’s health, including the biology of conditions relevant to 
women and diagnosing and treating those health conditions. Those two chapters 
present the evidence that supports the committee’s conclusions regarding ques-
tions 1, 2, and 3 in Box 1-4, that is, whether women’s health research is focused 
on the most appropriate and relevant determinants of health, the most appropriate 
and relevant health conditions, and the most relevant groups of women. In Chap-
ter 4, the committee looks at the methods that have been used in women’s health 
research on pathology and health determinants and draws conclusions related to 
question 4 in Box 1-4, that is, whether, the most appropriate research methods are 
being used to study women’s health? The committee addresses questions 5 and 6, 
about how well research findings in women’s health have been translated into 
practice and communicated to women, in Chapter 5. The committee’s findings 
are synthesized in Chapter 6, which presents the committee’s responses to its six 
questions, a summary of the basis for its responses, and its overall conclusions 
and recommendations on women’s health research.

The report includes three appendixes. Appendix A presents the agendas of 
the open sessions held by the committee. Appendix B summarizes data on the 
overall causes of morbidity or causes of mortality in women. The committee used 
the latter information to focus its review of research on women’s health on issues 
that have the greatest impact on women. A number of large research studies or 
trials have been conducted in women in recent years, such as the Nurses’ Health 
Study and the Women’s Health Initiative. The findings of those studies are dis-
cussed in almost all the chapters in this report. To facilitate the discussions and 
avoid repetition of the descriptions of the study designs, Appendix C, which is 
included on the enclosed compact disk, describes those large trials.
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Research on Determinants 
of Women’s Health

Improvements in women’s health require an understanding of the determi-
nants of disease, functioning, and well-being and the capacity to intervene in 
connection with the determinants. Intervention can occur at any level from cells 
to communities. Some determinants are linked to specific disorders; others have 
broad effects. Addressing common determinants of multiple diseases increases 
the potential for a greater overall influence on women’s health.

Several models have been developed to illustrate determinants of population 
health. Although they are not specific to women, they are useful for describing the 
variety of factors in women’s health. Models of determinants of health have gen-
erally distinguished individual-level characteristics (such as biologic and physi-
ologic factors and health-related behaviors) from the broader determinants (such 
as environmental and social determinants) in which the individual-level char-
acteristics develop and are expressed. There is some variability among models 
with regard to labeling determinants of health and the organizing frameworks for 
determinants (Dahlgren and Whitehead, 1991; Evans and Stoddart, 1990; IOM, 
2000a), but in general, biologic and physiologic, or “downstream,” determinants 
of health are identified as modifiable through complex pathways by proximal 
determinants (such as drugs, surgical interventions, and health behaviors) and 
“upstream” determinants (such as social and economic policies).

To organize its review of research on the determinants of women’s health, 
the committee adopted a model of health determinants similar to that described 
in The Future of the Public’s Health in the ��st Century (IOM, 2002a). Adapted 
from Dahlgren and Whitehead (1991), the model (see Figure 2-1) is consistent 
with this committee’s approach that determinants of health encompass biologic, 
behavioral, and social factors. In addition this model acknowledges the interac-
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tion between and among the various levels of health determinants. The organizing 
framework includes the following determinants of health:

• innate traits and characteristics;
• individual behavior;

FIGURE 2-1: 

Living and working
conditions may include:
•Psychosocial factors
•Employment status and
occupational factors
•Socioeconomic status
(income, education,
occupation)
•The natural and built c

environments
•Public health services
•Health care services

     
Over the life span b

a

FIGURE 2-1 A guide to thinking about the determinants of population health. The model 
was originally adapted from Dahlgren and Whitehead (1991). The dotted lines between 
levels of the model denote interaction effects between and among the various levels of 
health determinants.

aSocial conditions include economic inequality, urbanization, mobility, cultural values, 
and attitudes and policies related to discrimination and intolerance on the basis of race, 
sex, and other differences. Although race is an individual characteristic, its influence on 
health is strongly influenced by the social context of race.

bOther conditions at the national level might include major sociopolitical shifts, such as 
recession, war, and government collapse.

cThe built environment includes transportation, water and sanitation, housing, and other 
dimensions of urban planning.
SOURCE: IOM (2002a).
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• social, family, and community relationships and networks;
• living and working conditions; and
• societal, economic, cultural, and environmental policies and conditions.

Some determinants may operate at more than one level, and most health outcomes 
will be related to determinants from more than one level of the model. The model 
is consistent with the committee’s belief that quality of life is a particularly 
important component of women’s health. The determinant-based framework 
has advantages over a strictly disease-based framework in that it more readily 
allows consideration of functioning, wellness, and quality of life in addition to 
the understanding, detecting, and treating of diseases. It also allows discussion of 
interventions that can occur at the individual, community, and population levels, 
and how determinants are related to health across a woman’s life span.

This chapter presents evidence of the impact of a number of behavioral fac-
tors (smoking, eating habits and physical activity, sexual risk behavior, and alco-
hol use), social and community factors (violence against girls and women, social 
connections and stress, and social disadvantage), and societal factors (cultural 
factors and health care) that affect women’s health. Those factors are discussed 
as examples of factors that affect women’s health and should not be considered a 
comprehensive list of determinants of women’s health. Biologic determinants are 
discussed in Chapter 3 in the context of their roles in specific diseases.

BEHAVIORAL FACTORS

In the last 20 years, there has been substantial progress in understanding 
how behavior affects people’s health, including the health of women and girls. 
Research has identified modifiable risk factors for a variety of health outcomes 
and has led to a better understanding of the level at which behavior leads to im-
provements in or deterioration of health. Human behavior is one of the biggest 
contributors to death and disease (McGinnis and Foege, 1993; McGinnis et al., 
2002). With respect to US women, for example, substantial numbers of deaths 
have been attributed to smoking, physical inactivity, and dietary factors, which 
are preventable (Figure 2-2). As discussed in the Institute of Medicine (IOM) re-
port Health and Beha�ior: The Interplay of Biological, Beha�ioral, and Societal 
Influences, the extent to which a given behavior affects health varies during the 
course of life (IOM, 2001a), and life span and stage of development are important 
to consider. Several IOM reports have also discussed strategies for modifying 
behavioral norms to improve the health of specific populations (IOM, 2000b, 
2005a,b, 2010). This section discusses research on behavioral factors that are 
major contributors to morbidity and mortality among women: smoking, eating 
habits and physical activity, sexual risk behavior, and alcohol use.
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Smoking

The US surgeon general issued reports outlining the state of the evidence on 
the health consequences of smoking and progress in understanding the factors 
that influence smoking by women and girls in 1980 (HHS, 1980) and 2001 (HHS, 
2001). Hundreds of observational studies conducted since the 2001 surgeon 
general’s report have been published and have added substantially to the knowl-
edge base on smoking by women and girls and have helped to improve women’s 
health. In 2007, about one-fifth of US women 18 years old or older were current 
smokers1 (CDC, 2008a). Smoking has been declining in both women and men 
in recent decades, but the rate of decline has been slower in women. Similarly, 
declines in lung-cancer deaths have been slower in women than in men.

Vulnerable Populations

Smoking is strongly associated with socioeconomic status (Dube et al., 
2009). The prevalence of smoking is over 3 times as high in women who have 
9–11 years of education (33.6%) as in women who have an undergraduate degree 

1 Defined as “those who smoked more than 100 cigarettes in their lifetime and now smoke every 
day or some days” (CDC, 2008a).

Figure 2-2.eps

Deaths attributable to individual risks
(thousands) in women

High blood pressure
Smoking

Physical inactivity
Overweight-obesity (high BMI)

High blood glucose

High dietary sodium (salt)
High LDL cholesterol

Low dietary omega-3 fatty acids (seafood)
High dietary trans fatty acids

Low intake of fruits and vegetables

Alcohol use
Low PUFA (in place of SFA)

Cardiovascular

Cancer

Diabetes

Respiratory

Other NCDs

Injury
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FIGURE 2-2 Deaths in women attributable to total effects of individual risk factors, by 
disease. Data are for all women and do not reflect differences across racial, ethnic, and 
socioeconomic groups.
ABBREVIATIONS: BMI, body-mass index; LDL, low-density lipoproteins; NCD, non-
communicable disease; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid.
SOURCE: Danaei et al. (2009).
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(9.7%). The difference by education is even greater in pregnant women: 25.5% in 
pregnant women who have 9–11 years of education vs 2.2% in college graduates. 
Similarly, smoking is higher in women who live below the poverty level (31.7%) 
than in those living at or above the poverty level (17.0%). American Indian or 
Alaskan native women are more likely to smoke (22.4%) than women who are 
white (20.6%), black (17.8%), or Hispanic (10.7%); Asian American or Pacific 
Islanders (4.7%) are the least likely to do so (Dube et al., 2009).

Health Consequences of Smoking

Research has painted an increasingly bleak picture of the health conse-
quences of smoking in women and girls. As is true for the US population as a 
whole, tobacco use is the leading cause of preventable death in women. Smoking 
substantially increases women’s risk of a number of cardiovascular outcomes, in-
cluding coronary heart disease and stroke (Bermudez et al., 2002; Kawachi et al., 
1993; Stampfer et al., 2000). In women who smoke and use oral contraceptives, 
the risk of heart attack is even greater; the risk of heart attack is increased by as 
much as a factor of 30 and the risk of stroke by a factor of 3 compared with the 
risk in nonsmokers who use oral contraceptives (Burkman et al., 2004). Smoking 
is the major cause of lung cancer in women, with about 80% of lung cancers in 
women attributable to smoking. In 1987 lung cancer surpassed breast cancer to 
become the leading cause of cancer deaths in women (HHS, 2004; RWJF, 2009). 
Observational studies have established that smoking also increases the risk of 
cancers of the larynx, oral cavity and esophagus, stomach, bladder, kidneys, and 
pancreas (HHS, 1980, 2001, 2004). For women specifically, smoking results in 
increased risk of cancers of the cervix and vulva and of such gynecologic and 
reproductive complications as menstrual problems, reduced fertility, and prema-
ture menopause (Gold et al., 2001; Laurent et al., 1992; Luborsky et al., 2003). 
Postmenopausal women who smoke experience accelerated loss of bone mass, 
which may put them at increased risk for osteoporosis and hip fracture (HHS, 
2001, 2004; Law and Hackshaw, 1997).2 Smoking during pregnancy can result in 
placental abruption and previa (CDC, 2007a; HHS, 2001; RWJF, 2009).

Research on Smoking Initiation, Prevention, and Interventions

Since the late 1960s the tobacco industry has targeted women and girls by 
using specific cigarette brands and marketing techniques (RWJF, 2009).3 The US 
surgeon general’s reports on women and smoking and more recent reports by the 

2 For a fuller list of the health consequences of smoking for women and girls, see HHS (2001, 
2004).

3 In 1968, Philip Morris introduced Virginia Slims, the first female-specific brand of cigarette 
(RWJF, 2009).
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National Cancer Institute, the Robert Wood Johnson Foundation, and others have 
described tobacco companies’ use of themes of associations between smoking and 
social desirability, independence, and weight control to target adolescent girls, 
who are at an impressionable age (HHS, 1980, 2001; NCI, 2008; RWJF, 2009). 
Such targeted marketing has been identified as a reason that lung cancer–death 
rates initially increased and then have been slower to decline in women than in 
men in recent years (Jemal et al., 2008; RWJF, 2009).

The large majority of women who smoke, as with men, began doing so dur-
ing adolescence; this is cause for concern because risks of many of the health 
consequences of smoking are a function of the duration (years smoked), in addi-
tion to intensity (cigarettes per day) of use (Flanders et al., 2003; Hegmann et al., 
1993; Terry and Rohan, 2002). Most interventions to prevent smoking initiation, 
therefore, have targeted adolescents. Interventions have included school-based or 
health-care–based educational and informational programs, environmental and 
policy change interventions that restrict tobacco advertising and youth access to 
tobacco products, smoking bans, and taxation of tobacco products (IOM, 2009a). 
Several interventions have been found to reduce youth smoking but, as discussed 
in a report of the surgeon general in 2001, little systematic effort has been focused 
on developing and evaluating prevention interventions specifically in girls (HHS, 
2001), and more research on differences in smoking cessation for girls and boys 
is needed (Thorner et al., 2007).

The Department of Health and Human Services report Treating Tobacco Use 
and Dependence: �00� Update concluded that women benefit from the same 
interventions as men but that the data are mixed as to whether they benefit by 
the same magnitude. The smoking quit ratio—proportion of ever smokers who 
are now former smokers—has increased in both men and women, but women 
have consistently had lower quit ratios (Gritz et al., 1996). Several factors are 
associated with poorer cessation outcomes in women and girls: being less ready 
to stop smoking; being more addicted to cigarettes, as indicated by the smoking 
of more cigarettes per day; having less confidence in resisting temptation; hav-
ing less social support; and socioeconomic disadvantages (being unemployed 
and having less education and lower employment) (HHS, 2001). Psychosocial 
interventions—including telephone counseling, individually tailored followup, 
and advice to quit geared toward children’s health—are effective in women 
smokers (HHS, 2008a). Weight gain is associated with smoking cessation (Caan 
et al., 1996; Flegal et al., 1995), and is often of concern to women (Copeland 
et al., 2006). There is some evidence that exercise is effective in reducing weight 
gain after smoking cessation in women, but the findings are not consistent (HHS, 
2008a).

Several pharmacologic aids have been developed in the last 25 years to help 
smokers quit and to help prevent relapse by reducing cigarette cravings and with-
drawal symptoms. A few trials have compared the benefit of the aids in women 
and men. In the overall population, nicotine-replacement therapies (NRTs), such 
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as the nicotine patch and chewing gum, double the odds of quitting smoking 
relative to placebo (Silagy et al., 2004). Although NRTs appear to lead to higher 
cessation rates in women than placebo especially when combined with cessation 
counseling (Reynoso et al., 2005), there is some evidence that NRTs are more 
efficacious in men than in women. In part because of concerns about exposure 
of the fetus to NRTs, few studies have tested NRTs in pregnant women (see for 
example, HHS, 2008a; Schnoll et al., 2007).

Pregnancy appears to be a time of high motivation for many women to 
quit smoking, but relapse often occurs after birth (Reichert et al., 2004). In the 
health-care setting, multipronged psychosocial interventions (for example, a 
combination of pregnancy-specific self-help materials and counseling with a 
health educator) have been found to be significantly effective in getting women 
to quit smoking during pregnancy. Psychosocial interventions for postpartum 
abstinence from smoking had positive but nonsignificant effects (HHS, 2008a). 
Spousal support for quitting, including the spouse’s own change in smoking, is 
particularly helpful (HHS, 2004). Partner smoking is associated with continued 
smoking by women during pregnancy; this suggests the need for partner-fo-
cused interventions along with interventions for pregnant women themselves 
(DiClemente et al., 2000).

Eating Habits and Physical Activity

The prevalence of obesity, defined as a body-mass index (BMI) of 30 or 
more, in the United States has more than doubled in the last 3 decades, with 
increases seen in women, men, and children (Flegal et al., 2002; Mokdad et al., 
1999; Ogden et al., 2006; Sturm, 2003). More than one-third of US adults were 
obese and more than two-thirds of adults were either obese or overweight (BMI 
25–29.9) in 2007–2008 (Flegal et al., 2010). Class 3 or extreme obesity, which 
has been defined as a BMI of 40 or more, is associated with an increased risk of 
all-cause mortality and comorbidities. The prevalence of Class 3 obesity more 
than doubled in women between the early 1990s and 2000, and in 2000 was 2.8%, 
which was about twice as high as in men. The prevalence was highest in black 
women (6%) and those without a high-school education (Freedman, 2002). Re-
cent data from the National Health and Nutrition Examination Survey (NHANES) 
provide some evidence that the rate of increase in obesity is slowing, particularly 
in women. Unlike the increases seen between 1976–1980 and 1988–1994, and 
between 1988–1994 and 1999–2000, “the prevalence of obesity showed no sta-
tistically significant changes over the 10-year period from 1999 through 2008” 
(Flegal et al., 2010).

Eating habits and physical activity are the primary drivers of weight; over-
consumption of calories and insufficient physical activity are fueling high rates of 
people who are overweight or obese (Patrick et al., 2004; Weinsier et al., 1998). 
Calorie consumption has increased over the past 4 decades, in part from larger 
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portion sizes, increased consumption of high-sugar and high-fat foods, increased 
consumption of high-calorie and low-nutrient food and beverages (for example, 
sodas), and increased eating out (Levi et al., 2009). Over the past 5 decades, 
physical activity has decreased with Americans walking less, having less time to 
exercise in part from longer working hours and longer commutes, and reduced 
physical demands of work, household management, and travel (Levi et al., 2009). 
In addition, the built environment4 can “facilitate or constrain physical activity” 
(NRC, 2005), and many people live in areas that facilitate driving rather than 
walking, or in areas where parks and recreational facilities are not considered 
safe (Levi et al., 2009).

Substantial headway has been made over the last 20 years in understanding 
how eating habits and physical activity affect the health of women. Whereas 
prior evidence came largely from studies of men, several large US cohort stud-
ies of women—such as the Nurses’ Health Study, the Women’s Health Initiative 
(see Box 2-1 for a brief description), the Women’s Health Study, and the Black 
Women’s Health Study—have resulted in a vast literature on the roles of eating 
habits and physical activity in women’s health (Hu et al., 2001; Martinez et al., 
1997). That research has informed the design of interventions to increase physical 
activity and improve eating habits in women and girls.

Much more is known about determinants of being overweight and obese, 
but there is still a lack of effective interventions. Although the rate of increase 
in obesity has decreased, the prevalence of obesity doubled in the last 2 decades 
(Flegal et al., 2002; Mokdad et al., 1999; Sturm, 2003); in 2001–2004, more 
than one-third of US adults were obese (BMI, over 30), and two-thirds were 
overweight or obese (BMI, 25–29.9) (Ogden et al., 2006).

According to a self-report survey of adults conducted in 2007, 40% of US 
women did not meet the �00� Physical Acti�ity Guidelines for Americans for 
adequate physical activity (CDC, 2008b),5 despite the documented health benefits 
of physical activity. The eating habits of women in the United States are also far 
from optimal. For example, less than one-third of women in 2005 met recom-
mendations to eat five or more servings of fruits and vegetables per day (CDC, 
2007b). It is a reflection of the poor diets and lack of physical activity of most 

4 The built environment is “defined broadly to include land use patterns, the transportation system, 
and design features that together provide opportunities for travel and physical activity. Land use 
patterns refer to the spatial distribution of human activities. The transportation system refers to the 
physical infrastructure and services that provide the spatial links or connectivity among activities. 
Design refers to the aesthetic, physical, and functional qualities of the built environment, such as 
the design of buildings and streetscapes, and relates to both land use patterns and the transportation 
system” (NRC, 2005).

5 According to the guidelines, the minimum recommended aerobic physical activity required to 
produce substantial health benefits in adults is 150 minutes of moderate-intensity activity, or 75 min-
utes of vigorous-intense activity, or an equivalent combination of moderate- and vigorous-intensity 
physical activity per week (CDC, 2008b).
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women that over 60% of women 20 years old and older are overweight or obese 
(Ogden et al., 2006).6 This can have serious effects on subsequent generations as 
studies have shown that a child with an obese parent is 60% as likely to become 
an obese adult (IOM, 2005b; Whitaker et al., 1997).

A greater proportion of women than men are obese; the difference is greatest 
among some racial and ethnic populations (see Figure 2-3) (CDC, 2009a). Non-
Hispanic black women (about 53%) and Mexican-American women (about 42%) 
are more likely to be obese than non-Hispanic white women (about 32%). The 
percent of obese non-Hispanic Black women is higher (about 61%) in women 60 
years old and older (Pan et al., 2009).

Physical Activity

With some consistency, studies have shown that women engage in less 
physical activity than do men and that activity declines with age and is lower in 
nonwhite women (Biddle and Mutrie, 2008). Both girls and women have been 
found to engage in leisure-time physical activity,7 such as sports and recreational 

6 On the basis of data from the NHANES for the period 2003–2006. Definitions: healthy weight 
= BMI ≥ 18.5 to < 25; overweight = BMI ≥ 25 to < 30; obesity = BMI ≥ 30; and extreme obesity = 
BMI ≥ 40.

7 Leisure-time physical activity has been measured and defined differently among studies but gener-
ally does not include activity in working, in performing household tasks, or in transportation-related 
activity, such as walking to work.

BOX 2-1 
General Description of Women’s Health Initiative

	 The	Women’s	Health	Initiative	(WHI)	was	a	multi-million-dollar,	large	prospec-
tive	 clinical	 study	 coordinated	 by	 the	 National	 Heart	 Lung	 and	 Blood	 Institute.	
Enrollment	of	68,132	postmenopausal	women	ages	50	 to	79	 ran	 from	1993	 to	
1998.	To	address	some	research	questions,	women	were	randomized	to	various	
studies:	(1)	a	dietary	modification	arm,	which	assigned	48,835	women	to	follow	a	
20%	low-fat	eating	plan	or	self-selected	diet;		(2)	a	hormone	therapy	arm	consist-
ing	of	conjugated	equine	estrogen-plus-progestin	or	placebo	for	16,608	women	
with	uterus;	or	(3)	another	hormone	therapy	arm	consisting	of	conjugated	equine	
estrogen-only	 or	 placebo	 for	 10,739	 women	 with	 a	 hysterectomy.	 Other	 WHI	
studies	included	8,050	women	who	followed	both	the	dietary	modification	and	a	
hormone	therapy,	and	a	calcium	and	vitamin	D	study	that	started	1	year	later	and	
included	36,282	of	the	women.	In	addition,	93,676	women	from	the	same	popula-
tion	agreed	to	be	in	an	observational	study	(Prentice	and	Anderson,	2008).
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activities, less often than their male counterparts, and there is a substantial de-
crease in activity in girls during adolescence (Kimm et al., 2002; Sallis et al., 
2000; Trost et al., 2002).8 There is some evidence that girls become less active 
during adolescence because of shifting self-perceptions associated with pubertal 
development, heightened awareness of peers, and changes in self-esteem (Kimm 
et al., 2001; Murdey et al., 2004).

Findings depend on the type of physical activity assessed. For instance, al-
though older women engage in fewer sports and less planned exercise than men, 

8 In a 10-year longitudinal study of youth assessed at ages 9–19 years, rates of habitual physical 
activity among girls (including sports and leisure activities) declined by 83% from year 1 (ages 9–10 
years) to year 10 (18–19 years) (Kimm et al., 2002).

Figure 2-3.eps
bitmap

FIGURE 2-3 Prevalence of obesity, defined as a body-mass index (weight [kg]/height 
[m2]) ≥ 30, in the United States. Prevalence estimates are age-adjusted to the 2000 US 
standard population. Age-adjusted percentage of adults 20 years old or older who were 
obese during 2003–2006 varied by race or ethnicity in women and ranged from 53.3% 
of non-Hispanic black women to 41.8% of Mexican American women and 31.6% of 
non-Hispanic white women. Obesity levels were more similar among Mexican American 
men (28.8%), non-Hispanic black men (35.0%), and non-Hispanic white men (32.0%). 
None of the groups had met the Healthy People �0�0 target of 15% (objective 19-02). 
Non-Hispanic black and non-Hispanic white include persons who reported only one race 
and exclude persons of Hispanic ethnicity. Persons of Mexican American ethnicity might 
be of any race.

¶95% confidence interval.
SOURCE: CDC (2009a).
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reported activity levels may increase when household and caregiving activities are 
considered (Sternfeld et al., 2000). White women and those with more education 
and income, who generally have more resources and flexibility, are more likely to 
engage in leisure activities, whereas other groups of women are more likely to be 
classified as physically active when occupational activity, household activity, and 
walking for transportation are considered as physical activities (Brownson et al., 
2000; Eyler et al., 2002; Sternfeld et al., 1999; Young and Cochrane, 2004).

Childbearing and motherhood, especially the early years of raising children, 
have been identified as common barriers to regular physical activity in women 
25–35 years old (Cramp and Brawley, 2006). Whereas in the past it was recom-
mended that pregnant women limit strenuous exercise or stop altogether (ACOG, 
1985), today, moderate exercise has been established as safe for healthy women 
and has been shown to reduce gestational diabetes and pre-eclampsia and to help 
in preventing excess maternal weight gain (Clapp and Little, 1995; Dempsey 
et al., 2004a; Saftlas et al., 2004; Sorensen et al., 2003). Because of a lack of dis-
semination of that evidence, however, some women may remain uncertain about 
the safety of exercise during pregnancy (Mudd et al., 2009). Indeed, evidence 
from both retrospective and prospective studies shows that intensity and duration 
of leisure-time physical activity are lower during pregnancy than before it and 
lower in the third trimester than in the first (Poudevigne and O’Connor, 2006). 
There appear to be smaller decreases in household and caregiving activities dur-
ing pregnancy (Mottola and Campbell, 2003; Schmidt et al., 2006; Taber-Chasan 
et al., 2007). One of the strongest determinants of whether a woman will be active 
during pregnancy is her level of activity during the year before pregnancy; inac-
tivity during pregnancy is more common among multiparous women, especially 
those who are economically disadvantaged or who have less education (Ning 
et al., 2003; Poudevigne and O’Connor, 2006).

In recent years, there has been wide use of ecologic models that emphasize 
social and environmental influences on physical activity in addition to individual-
level influences (Biddle and Mutrie, 2008; King et al., 2002; Spence and Lee, 
2003). Evidence from mostly cross-sectional studies shows that attributes of 
the neighborhood environment—such as availability of recreational facilities 
and parks, low crime rates, seeing others exercise, less traffic, sidewalks, and 
street lighting—are associated with more physical activity (Duncan et al., 2005; 
Humpel et al., 2004; Owen et al., 2004). A recent dissertation on the effect of 
elementary school policies on physical activity and obesity in children found that 
the presence of a gymnasium in a school is associated with more time in physical 
education class and that children from disadvantaged backgrounds are less likely 
to have a gymnasium, but it did not find a significant correlation between pres-
ence of a school gymnasium and rates of being overweight or obese (Fernandes, 
2010). Having the recommended time for recess and physical education was as-
sociated with a decrease in BMI for boys, but not for girls (Fernandes, 2010).
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Eating Habits

Having a high quality diet means taking in adequate amounts of healthy 
foods, including fruits and vegetables,9 and limiting intake of unhealthy foods, 
such as fats and sugar (HHS and USDA, 2005). Ingestion of energy (or calories) 
via consumption of carbohydrates, proteins, and fats in the diet is necessary to 
maintain body functions such as respiration, circulation, physical activity, and 
protein synthesis (IOM, 2005c). Women eat more fruits and vegetables than 
men10 and are more aware of recommendations for fruit and vegetable intake 
and of the links between fruit and vegetable consumption and disease preven-
tion (Baker and Wardle, 2003; Wardle et al., 2004). Sex differences in fruit and 
vegetable consumption in adolescents have been less clear, although where differ-
ences have been noted, consumption has been higher in girls (Cooke and Wardle, 
2005; Rasmussen et al., 2006). Other determinants positively associated with fruit 
and vegetable consumption in adults include higher socioeconomic status (SES), 
being married, and having good local availability (Kamphuis et al., 2006). Among 
the determinants consistently found to influence fruit and vegetable intake in 
children and adolescents are SES, preferences, parental eating habits, and home 
availability and accessibility (Rasmussen et al., 2006). Availability of fruits and 
vegetables in schools has the potential to increase consumption in youth, but 
only about one-fifth of US middle and high schools offer fruit and vegetables as 
competitive foods (CDC, 2009b).

Minorities, including minority-group women and girls, on the average have 
diets that are lower in quality and nutrient intake than non-minorities (Neumark-
Sztainer et al., 1998; Xie et al., 2003). Neighborhood SES may play a role, as 
indicated by findings that residents of lower-SES neighborhoods have poorer 
fruit and vegetable availability and an overabundance of fast and convenience 
food (Bodor et al., 2008; Morland et al., 2002).11 Relative costs of healthy and 
unhealthy foods and cultural differences in food choices and methods of food 
preparation may also play some role in differences in diet quality in populations 
of women. Research involving Latina women has found that acculturation into 
mainstream culture in the United States is associated with a degradation of diet 

9 Consumption of fruits and vegetables is associated with lower risk of numerous chronic diseases, 
including some cancers and cardiovascular disease. When eaten as part of a reduced-energy diet, fruits 
and vegetables are also beneficial in weight management because of their low energy density (AICR, 
2007; Liu et al., 2000; Rolls et al., 2004).

10 In an analysis of data on over 1.2 million adults who participated in the Behavioral Risk Factor 
Surveillance System, researchers found that several groups of women had significant increases in 
fruit and vegetable consumption during 1994–2005: women 25–34 years (+3.65 percentage points, 
P < 0.001), non-Hispanic black women (+4.08 percentage points, P = 0.0002), and women who were 
nonsmokers (+1.43 percentage points, P = 0.004) (Blanck et al., 2008).

11 There is a large body of evidence that diet quality follows a socioeconomic gradient, with higher-
SES groups more likely to consume whole grains, lean meats, fish, low-fat dairy products, and fresh 
fruits and vegetables than groups of lower-SES groups (Darmon and Drewnowski, 2008).
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quality, including lower intake of fruits and vegetables and higher consumption 
of fats and drinks that contain refined sugar, an effect often modified by SES 
(Perez-Escamilla and Putnik, 2007).

Family-level factors are among the strongest influences on food choices 
and eating behavior in children, including girls. Much research has documented 
similarities between parents and their children in food acceptance and preferences 
for foods, such as fruits and vegetables (Patrick and Nicklas, 2005), as well as 
in physical activity and other factors that decrease the risk of weight-related 
problems (Neumark-Sztainer, 2005). During adolescence, peers can be especially 
influential in adolescent eating behavior, particularly in girls, who, in general, 
have more body-image and weight concerns than their male peers. Lieberman 
et al. (2001) found that adolescent girls’ eating behavior was strongly predicted 
by peer pressure even after controlling for other interpersonal variables. There is 
also evidence that public policies, such as taxing unhealthful food and beverages, 
such as pizza and soda, could help improve eating habits (Duffey et al., 2010).

Health Consequences Related to Eating Habits and Physical Activity

Findings of hundreds of studies on the protective and detrimental effects 
of dietary exposures have added to the knowledge base on how eating habits 
affect women’s health, including the increasingly common problem of obesity. 
Trans fatty acids and saturated fats, high-glycemic-index foods, red meat, and a 
Western dietary pattern, to name a few examples, have been found to increase the 
incidence of coronary heart disease in studies involving women, whereas such 
foods as fruits and vegetables, nuts, and omega-3 fatty acids have been shown 
to reduce the risk of coronary heart disease (Mente et al., 2009). Excess body 
fat is probably the most important determinant of type 2 diabetes in women and 
men (Hu et al., 2001); however, there is some evidence from large observational 
studies of women that, even after controlling for BMI, women who consume a 
high-fiber, low-glycemic-index diet are less likely to develop type 2 diabetes (Hu 
et al., 2001; Liu et al., 2000; Salmeron et al., 1997).

Physical activity has been shown to reduce the incidence of cardiovascular 
conditions in women, including coronary heart disease and stroke (Ellekjaer 
et al., 2000; Hu et al., 2000, 2004; Li et al., 2006; Manson et al., 1999; Oguma 
and Shinoda-Tagawa, 2004; Stevens et al., 2002; Weinstein et al., 2008; Wessel 
et al., 2004). For example, the Nurses Health Study showed the health benefits 
of brisk walking, including an association between walking briskly for 3 or more 
hours per week and a reduced risk of coronary heart disease (Manson et al., 
1999). Several publications on physical activity and type 2 diabetes in women 
have reported significant inverse associations between physical activity and inci-
dent diabetes (Folsom et al., 2000; Hsia et al., 2005; Hu et al., 1999, 2003; Jeon 
et al., 2007; Weinstein et al., 2004). Moreover, evidence is mounting that physical 
activity before and during pregnancy can reduce the chances that a woman will 
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develop gestational diabetes mellitus during pregnancy (Dempsey et al., 2004b; 
Oken et al., 2006; Zhang et al., 2006). In addition to reducing colon cancer 
(Chao et al., 2004; Martinez et al., 1997; Wolin et al., 2007), physical activity 
may help to reduce risk of premenopausal and postmenopausal breast cancer 
and endometrial cancer in women (AICR, 2007; Maruti et al., 2008). Studies 
have also demonstrated less cognitive decline in women with higher physical 
activity (Weuve et al., 2004; Yaffe et al., 2001). Inactivity or a sedentary lifestyle 
increases women’s risks of several chronic conditions and is linked with weight 
gain, overweight, and obesity, which themselves are linked to detrimental health 
outcomes independent of physical activity.12 An inverse dose–response relation-
ship of physical activity with health outcomes is frequently observed: benefits are 
conferred by moderate activities, such as walking, and even more by vigorous 
activity. Reduction in the risk of cardiovascular disease and type 2 diabetes in 
women has been found with as little as 15 or 30 minutes of physical activity per 
day (Brown et al., 2007).

Besides cardiovascular outcomes, cancers, and type 2 diabetes, research has 
looked at other health outcomes in women as well. For instance, physical activity 
and dietary exposures, such as to calcium and vitamin D, have been studied in 
relation to women’s bone health as possible risk modifiers for conditions, such 
as osteoporosis and hip fracture, that are more likely to occur in older women 
(Feskanich et al., 2003; Jackson et al., 2006). The findings on calcium and vita-
min D remain less certain, but it appears that girls and young women who are 
regularly active achieve a greater peak bone mass—a factor that decreases risk 
of osteoporosis—than those who do not and that older women can prevent bone 
loss with regular activity (NIAMS, 2009).

A relatively small but growing field of research is focused on how physical 
activity and eating habits may influence how well women who are living with 
chronic conditions, or who have experienced a health-related event, fare and 
recover. For women who have early-stage breast cancer, for instance, there is 
some evidence that physical activity is favorably associated with quality of life 
and improved survival (Bicego et al., 2009; Holmes et al., 2005; McNeely et al., 
2006; Pierce et al., 2007).

In girls and women, increments in adipose tissue (fat) tend to be distributed 
in both upper (abdominal) and lower (hips) body compartments (Kissebah et al., 
1983). Accumulation of fat in either may reduce the image and esteem of a girl 
or woman in her own mind as well as among her peers: this situation may oc-
cur in girls and women more than boys and men (Crocker, 1999; Wing et al., 

12 For example, overweight and obesity are clearly associated with an increased risk of many can-
cers, including cancers of the breast in postmenopausal women, colon cancer, endometrial cancer, 
adenocarcinoma of the esophagus, and renal cancer. Evidence is highly suggestive that obesity also 
increases the risk of cancers of the pancreas, gallbladder, thyroid, ovary, and cervix, and of multiple 
myeloma and Hodgkin lymphoma (Kushi et al., 2006).



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

RESEARCH ON DETERMINANTS OF WOMEN’S HEALTH ��

1991). Trends in fat accumulation that may begin in childhood and accelerate 
during adolescence are increasingly consequential during young adulthood and 
middle age. The sex differences in patterns of fat buildup become clearer: men 
add weight (especially fat) in a central, upper-body, waist-expanding fashion 
(sometimes termed the android pattern), and women classically selectively in-
crease fat deposits in a more peripheral, lower-body, hip- and thigh-expanding 
distribution (the gynoid pattern) (Ley et al., 1992). The health implications of that 
gender difference are profound and evident in the waist:hip ratio, which is lower 
in many women than in men (Ley et al., 1992). A high waist:hip ratio correlates 
with measures of insulin insensitivity and the metabolic syndrome (Björntorp, 
1997; Goodpaster et al., 2005), high blood pressure (Kalkhoff et al., 1983), 
dyslipidemia (increased low-density lipoprotein and decreased high-density li-
poprotein) (Björntorp, 1997), thrombosis (Walker et al., 1996), type 2 diabetes 
(Barker et al., 1993; Stern and Haffner, 1986), and cardiovascular disease (Stern 
and Haffner, 1986). High waist circumference, an indicator of visceral fat, also 
correlates with adverse health outcomes (Li et al., 2007), including an increased 
risk of myocardial infarction (Yusuf et al., 2005), type 2 diabetes (Wang et al., 
2005), and all-cause mortality (Bigaard et al., 2005).

Research on Interventions

Evidence of the effectiveness of interventions to increase physical activity 
and improve eating habits in women and girls comes largely from studies that 
have targeted these behaviors, often in concert, as a means of reducing or man-
aging weight or reducing the risk of diabetes, cardiovascular disease, and other 
health outcomes (Bayne-Smith et al., 2004; Pate et al., 2005). The antecedents of 
changes in behavior (such as changes in knowledge about risks and self-efficacy, 
that is, their belief in their ability to change their behavior) and physical activity 
and dietary change themselves have been used as measures of intervention ef-
fectiveness (Edmundson et al., 1996; Emmons et al., 1999; Saksvig et al., 2005). 
Some studies have used biomarkers—such as weight or BMI change, serum 
cholesterol, and blood pressure—as measures of effectiveness (Andersen et al., 
1999; Elmer et al., 2006; Moreau et al., 2001; Stefanick et al., 1998).

Many interventions that have targeted children and adolescents have been 
school-based and have targeted boys and girls together. The Task Force on Com-
munity Preventive Services found insufficient evidence to determine the effective-
ness of school-based interventions in increasing fruit and vegetable intake or in 
decreasing fat and saturated-fat intake. Although generally positive, the effects 
of individual interventions are modest and based on self-reports (Guide to Com-
munity Preventive Services, 2004).

With respect to physical activity, it appears that modified curricula that in-
crease the length or intensity of activity in schools’ physical-education classes are 
effective in increasing physical activity and improving fitness in girls and boys 
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among diverse racial, ethnic, and socioeconomic groups (Guide to Community 
Preventive Services, 2004). A more recent review, however, concluded that the 
evidence does not support the effectiveness of school-based physical-activity 
interventions in general in increasing the percentage of children and adolescents 
who are physically active during leisure time or in reducing BMI (Dobbins et al., 
2009). Where increases in activity have been documented, they have tended to 
be modest and of short duration, and have not generalized to nonschool settings. 
Moreover, maintenance of physical-activity increases has been poor or, because 
of short followup, not assessed (Marcus et al., 2006).

Low income is associated with low fruit and vegetable consumption in part 
because of poorer access (Steptoe et al., 2003). On the basis of the socioecologic 
model, some efforts to improve access to fruits and vegetables, such as food 
vouchers for farmers’ markets and supermarkets, have been successful in in-
creasing fruit and vegetable intake in low-income women. In a study of Women, 
Infants, and Children participants, women who received food vouchers increased 
their consumption of fruits and vegetables significantly and sustained the in-
crease 6 months after the intervention was terminated (model-adjusted R2 0.13; 
P < 0.001) (Herman et al., 2008).

Clinical settings offer a way to reach women to increase physical activity and 
improve eating habits. A review of 32 studies of nutrition-counseling and physi-
cal-activity interventions to reduce the risk of cardiovascular disease in women 
found that, overall, interventions administered in health-care settings tended to 
produce modest but statistically significant effects on physical activity or exer-
cise, dietary fat, weight loss, blood pressure, and serum cholesterol (Wilcox et al., 
2001). Diet-only and combined interventions were equally effective in reducing 
dietary fat, and physical-activity-only and combined interventions were about 
equally effective in increasing physical activity. Effects were observed even 
after modest interventions, such as brief behavioral counseling by a health-care 
provider and printed educational materials. The length of followup varied among 
studies. With respect to physical activity in particular, interventions with less than 
6 months of followup had greater effects, indicating a problem with sustaining 
the activity. Studies that were tailored to ethnic group and stage or readiness for 
change had larger effects, but the authors indicated that more research was needed 
to confirm their findings (Wilcox et al., 2001).

Little research has been carried out on strategies for encouraging physi-
cal activity during or after pregnancy (Cramp and Brawley, 2006). In a re-
view of weight-management interventions for pregnant and postpartum women, 
Kuhlmann et al. (2008) concluded that interventions that addressed modifications 
in eating habits and exercise and included individual or group counseling ses-
sions, combined with written and telephone correspondence or food and exercise 
diaries, resulted in significantly better outcomes on weight measures than other 
interventions, although refusal and attrition rates were high.

The Centers for Disease Control and Prevention’s (CDC’s) VERB campaign—
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which encouraged daily physical activity in children aged 9–13 years old through 
paid advertisements, school and community promotions, and Internet activities—
had some success. After 1 year of the program, a significant positive relation-
ship was detected between the level of awareness of VERB and weekly median 
sessions of free-time physical activity in the total population. Significant overall 
effects were observed in girls exposed to the campaign compared with girls un-
aware of the campaign (Huhman et al., 2005). Studies of mass-media campaigns 
that deliver messages on a local or regional level via television, newspaper, and 
radio, however, can be successful in producing recall of campaign messages but 
show mixed results as to attitude and behavioral change in targeted populations 
(Marcus et al., 2006).

Although interventions that promote healthy eating have the potential to 
improve health, short-term “diets” may be more harmful than helpful. A care-
ful review of research on dieting found in long-term followup (4–7 years) that 
one-third to two-thirds of dieters gain more weight than they lost on their diets 
(Mann et al., 2007).

Sexual Risk Behaviors

Sexual risk behaviors increase the chances of adverse outcomes associated 
with sexual contact, including sexually transmitted infections (STIs) and unin-
tended pregnancy. In the research literature, sexual risk behaviors have commonly 
included nonuse and incorrect and inconsistent use of condoms and other birth 
control methods, sex with multiple partners, sex with high-risk or casual partners, 
and use of drugs or alcohol (which can impair judgment and decision making) be-
fore or during sex (Blake et al., 2003; LaBrie et al., 2007; Pulerwitz et al., 2002; 
Santelli et al., 1998). Although those behaviors put women at risk for both unin-
tended pregnancy and STIs, the research has tended to look at these separately 
in a reflection of differences in funding streams and service delivery. Unintended 
pregnancy and its health consequences and prevention are discussed further in 
Chapter 3. The rates of many STIs have decreased in recent years, but in 2008 
it was estimated that one-fourth of females 14–19 years old had one of the most 
common STIs—human papillomavirus (HPV) infection, chlamydiosis, herpes 
simplex, or trichomoniasis (Forhan et al., 2008). Chlamydiosis has not decreased, 
but this may be because there have been more screening and more sensitive tests. 
About half of pregnancies are unintended (Finer and Henshaw, 2006).

Vulnerable Populations

In 2008, the overall rate of chlamydial infection in the United States in 
women (584 cases per 100,000 women) was almost 3 times the rate for men 
(CDC, 2009c). Of females, those 15–19 and 20–24 years old have the highest 
rates of chlamydial infection (CDC, 2009c). Poorer women and girls, and those 
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who are members of racial and ethnic minorities are disproportionately affected 
by STIs and their sequelae, and by unintended pregnancy (Finer and Henshaw, 
2006; Guttmacher Institute, 2006). The prevalence of chlamydial infection is 
greater in economically disadvantaged women than among those who are more 
advantaged (Harrison et al., 1983; Jolly et al., 1995). Gonorrhea rates in men 
and women are generally similar and have remained fairly stable over the last 
12 years (CDC, 2009d). In 2008, 15- to 19-year-old black women had the high-
est gonorrhea rates of any group, followed closely by 20- to 24-year-old black 
women (CDC, 2009d).

Syphilis declined from 1992 to 2003 but increased from 0.8 case per 100,000 
women in 2004 to 1.5 cases per 100,000 in 2008 (CDC, 2009e). Syphilis is a 
greater problem in the South and in urban areas in other regions of the country 
and is more prevalent in some minority groups. Similar patterns emerge across 
STIs: rates are highest in blacks, followed by Hispanics and American Indians 
and Alaskan Natives; they are lowest in Asian Americans and Pacific Islanders; 
and they are intermediate in whites (CDC, 2009e).

Health Consequences

Women are at higher risk than men for most STIs and at higher risk of ad-
verse complications. For instance, bacterial STIs in women that are left untreated 
can lead to pelvic inflammatory disease (PID), which can cause infertility, ectopic 
pregnancy when pregnant, and chronic pelvic pain. About 1 million US women 
experience an episode of acute PID each year.13 Symptoms of bacterial STIs 
(such as chlamydiosis and gonorrhea) are often subtle or “silent,” especially in 
females, and this can delay testing and treatment. HPV increases men’s risks of 
some cancers, but it contributes to twice as many cancers in women as in men, 
primarily HPV-associated cervical cancers. There were 104,097 cases of HPV-
associated invasive carcinoma in women during l998–2003 compared with 45,410 
in men (Watson et al., 2008).

The consequences, biology, and diagnosis of and treatment for those condi-
tions are discussed in Chapter 3.

Research on Sexual Risk Behavior and Protective Factors

Rates of STIs and unintended pregnancy in those who are sexually active are 
highest in adolescence and young adults in their early 20s (Finer and Henshaw, 
2006). In addition to social and psychologic factors, biologic vulnerabilities may 
play a role. For example, the cervix of adolescent girls is more susceptible to STIs 
than those in older women (IOM, 1997; Lee et al., 2006). A review of US studies 

13 Recent data from CDC indicate that 10–40% of untreated chlamydia cases in women lead to PID 
and that as many as 20% of women with PID will develop infertility (Hillis and Wasserheit, 1996). 
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published in 1990–2007 (Kirby, 2007) found that multiple factors act to increase 
or decrease the chances that adolescent girls will engage in sexual risk behavior. 
They include individual biology (such as pubertal timing); factors in adolescents’ 
lives and environments (such as physical and emotional abuse and exposure to 
drugs and alcohol); sexual values, attitudes, norms, and modeled behavior (of 
teens themselves and their parents, friends, and romantic partners); and connec-
tions with parents, other adults, and organizations (such as school and places of 
worship) that discourage sex, unprotected sex, and early childbearing.14

Several gender-related differences and findings specific to girls have been 
recognized. Having an older romantic partner is a stronger factor in risky sex 
in girls than in boys. When teen girls have sex at an early age with much older 
partners, the chances are greater that their first sexual experiences will be invol-
untary or unwanted and that they will become pregnant (Kirby, 2007; Manlove 
et al., 2006). The different decision-making roles and power of male and fe-
male partners in a relationship affect decisions about contraceptive use, particu-
larly coitus-dependent methods, such as condoms (Pulerwitz et al., 2000, 2002). 
Greater communication with parents about sex appears to be protective in both 
sexes, but the effects on behavior are greater in girls. For teen girls, but not teen 
boys, participation in sports results in delayed initiation of sex, less frequent sex, 
greater use of contraception, and lower pregnancy rates (Kirby et al., 2007).15 
Multiple studies, including prospective studies that followed victims of abuse 
over time, have shown that adolescent girls who have a history of sexual abuse 
engage in more risky sexual behavior and are more likely to become pregnant 
(Logan et al., 2007).

Research on Interventions

Many curriculum-based interventions to affect adolescent sexual behavior 
have been developed and evaluated. Most have been implemented in schools, and 
most have used a comprehensive approach that addresses avoidance of pregnancy 
and STIs through abstinence and through the use of condoms and other forms of 
contraception. Although some interventions are ineffective, studies have indicated 
strongly that well-designed comprehensive interventions generally reduce sexual 
risk behaviors and do not increase sexual activity (Kirby, 2007). According to 
self-reporting, interventions appear about equally effective in girls and boys in 
reducing the number of sexual partners, increasing the use of condoms, increasing 
the use of other contraceptives, and reducing the overall frequency of unprotected 
sex (Coyle et al., 2001; Kirby, 2007; Shrier et al., 2001). Even though girls have 

14 For a more detailed list of risk and protective factors, see Hillis and Wasserheit (1996).
15 The finding regarding pregnancy is less clear, because girls who are athletes are more likely than 

nonathletes to be young, better educated, and to be non-Hispanic white—characteristics that reduce 
the risk of becoming pregnant (Kirby, 2007).
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less control over condom use than boys do, after some interventions girls are more 
likely to report that male sex partners used condoms (Coyle et al., 2001; Kirby 
et al., 2007; Shrier et al., 2001). At their most effective, the curriculum-based 
interventions appear to reduce adolescent sexual risk-taking (Kirby et al., 2007). 
Virtually all studies use risk-behavior change as the outcome rather than rates of 
pregnancies and STIs because obtaining an adequate number of end points to test 
for the effect of an intervention requires large samples and long followup.

A number of abstinence-only interventions for adolescents have been de-
veloped and evaluated in recent years because of requirements for funding in-
troduced in 1996. Systematic reviews of the programs have suggested that their 
effects on behavior vary, but that overall they had a minimal impact on risky 
behavior (Bennett and Assefi, 2005; Kirby, 2007; Kohler et al., 2008; Trenholm 
et al., 2007).

Non–curriculum-based interventions have also been developed and tested, 
but there is not yet enough evidence to support conclusions about their ef-
fectiveness. Examples include human immunodeficiency virus (HIV) and STI 
educational programs that facilitate discussion between adolescent girls and 
their parents (Dancy et al., 2006; DiIorio et al., 2006; Nicholson and Postrado, 
1991) and video- and computer-based programs for girls (Downs et al., 2004). 
Many communitywide STI–HIV and pregnancy-prevention initiatives to improve 
teenage girls’ performance in school, plans for the future life, and connections to 
family, school, and faith institutions have been found to result in reduced com-
munity-level pregnancy and birth rates (Kirby et al., 2007).

Research to evaluate school-based clinics and condom-availability programs 
finds that teens use those sources to obtain condoms and other contraceptives. 
School policies that accept condom dissemination have been shown not to in-
crease sexual activity in youth who are not sexually active while increasing con-
dom use by those who are sexually active (Blake et al., 2003). Publicly funded 
family-planning services overall increase use of contraceptives by women and 
girls and avert an estimated 1.4 million unintended pregnancies and 600,000 
abortions each year (Frost et al., 2008).

Cultural values that promote and emphasize the role of women as mothers 
and the value of children and that accept adolescent pregnancy can contribute to 
increased rates of unplanned pregnancy. Promotion of traditional gender roles 
wherein girls and women are expected to be more naïve and less active in sexual 
decision making may also contribute to unplanned sexual behavior and to higher 
rates of STIs and pregnancy in subpopulations of women and girls (Gomez and 
Van Oss Marin, 1996; Shearer et al., 2005; Weiss et al., 2000).

Most interventions for STIs and unplanned pregnancy have focused on girls 
or women, and very few have targeted boys and men, who are the ones who use 
condoms (Amaro, 1995). Intervention approaches studied include involving part-
ners and family members in the intervention; implementation of interventions in 
churches, community centers, and other locations where people may congregate 
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along cultural lines; communitywide interventions that aim to change broad per-
spectives about roles of women and girls; and skill-based interventions to help 
women and girls in negotiating condom use with their partners (Orr et al., 1996; 
Roye et al., 2007; Scholes et al., 2003). On the basis of risk-factor research, such 
organizations as the National Campaign to Prevent Teen and Unplanned Preg-
nancy have produced evidence-based materials outlining how programs to reduce 
sexual risk behaviors can better reach high-risk populations, such as black and 
Hispanic individuals and communities (The National Campaign to Prevent Teen 
Pregnancy, 2010).16

Alcohol Use

Alcohol use is more complicated than other risk factors; studies have shown 
both beneficial and harmful effects. The use of alcohol and the use of other sub-
stances, if excessive, constitute serious health conditions of their own; and mod-
erate use can affect the risk of other diseases. Chapter 3 deals specifically with 
alcohol and drug addiction as a disease, including sex- and gender-differences in 
its biology and treatment; here, the committee considers the use of alcohol as a 
more general determinant of women’s health.

Although men are more likely than women to drink alcohol and to drink 
in large amounts, differences in body structure and chemistry cause women to 
take longer to break alcohol down and remove it from their bodies. In addition, 
women, particularly elderly women, typically have lower body weights than men. 
On drinking equal amounts, women have higher blood alcohol concentrations 
than men, and the immediate effects occur more quickly and last longer (CDC, 
2008c). Furthermore, although women generally begin using alcohol later than 
men do, they move more quickly (telescoping) to dependence and manifestation 
of associated adverse health effects (Diehl et al., 2007; Greenfield, 2002). Alcohol 
use in women appears to have some unique features, including more concur-
rent psychological and medical problems, which may be more pronounced than 
in men (Ashley et al., 1977; CDC, 2008c; Chatham et al., 1999; Conner et al., 
2007).

Alcohol is a widely used substance with complex relationships to health. 
Moderate consumption of alcohol is associated with decreased risk of heart 
disease in women (Hvidtfeldt et al., 2010; Mente et al., 2009). However, as 
little as one alcoholic beverage per day can increase the chances that a woman 
will develop breast cancer, particularly if she is postmenopausal or has a family 
history of breast cancer (AICR, 2007; NIAAA, 2008). Women appear to have 
greater susceptibility than men to alcohol-related hepatic and cardiac disease, 
even though on the average women drink less (NIAAA, 2008). Heavy alcohol 
use has been linked with an increased risk of colorectal cancer in both women and 

16 See http://www.thenationalcampaign.org/resources/reports.aspx#hisp (accessed May 2, 2010)
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men (AICR, 2007). Because of the acute toxic effects of alcohol, including im-
pairment of psychomotor function and judgment, alcohol intoxication increases 
the risk of injury (for example, in motor-vehicle crashes). Especially for women, 
heavy drinking increases the chances of being a victim of violence or sexual as-
sault (NIAAA, 2008).

SOCIAL AND COMMUNITY FACTORS

In addition to the individual biologic determinants (discussed in Chapter 3) 
and behavioral determinants that affect women’s health, social and community 
factors affect health as well, and they modify responses to other determinants. 
This section discusses some of those factors—exposure to violence, stress and 
social connections, social disadvantage, and environmental factors.

Exposure to Violence

Violence against women and children, including sexual assault and rape, has 
attracted national and international attention as a serious public-health concern 
(WHO, 2005).17 About one-fourth of US women (26.4%) report a lifetime oc-
currence of intimate-partner violence18 victimization vs 15.9% of men (HHS, 
2008b). Women are more likely than men to be injured during an assault, and the 
risk is highest when they are victimized by current or former partners (Tjaden 
and Thoennes, 2000). It is estimated that women and men suffer 2 million and 
600,000 injuries, respectively, and 1,200 deaths a year of women from intimate-
partner violence (HHS, 2008b).

Vulnerable Populations

Women who are “multiracial, non-Hispanic” and “American Indian or Alaska 
Native” report higher rates of exposure to violence than do white women (HHS, 
2008b). Those groups are overrepresented in communities characterized by pov-
erty, in which community violence is more common. Urban vs rural residence, 
however, has not been found to be related to violence exposure (Breiding et al., 
2009). Violence against women is not limited to those in heterosexual relation-
ships. A national survey of lesbian women found that 32% and 11.4% of lesbian 
women reported experiencing rape and intimate-partner violence, respectively; 

17 Violence against women is defined as “any act . . . that results in, or is likely to result in, physical, 
sexual or psychological harm or suffering to women, including threats of such acts, coercion or arbi-
trary deprivation of liberty, whether occurring in public or in private life” (United Nations, 1993).

18 Intimate-partner violence includes violence between two people in a close relationship, including 
current and former spouses and dating partners. 
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black lesbians are more likely than their Latina or white counterparts to report 
being raped (Descamps et al., 2000).

Health Consequences

Violence against women within intimate relationships and within the com-
munity and violence against girls have direct health effects through injury and 
trauma and contribute to the development of later health problems (Tjaden and 
Thoennes, 1998). Women who experience violence have higher rates of later 
arthritis, asthma, heart disease, gynecological problems, and risk factors for HIV 
or sexually transmitted diseases and have lower self-rated health than those who 
do not experience violence (Campbell et al., 2002; HHS, 2008b). Women who 
experience psychologic intimate-partner violence, even in the absence of physical 
violence, are at greater risk for a number of adverse health outcomes, including a 
disability that prevents work, arthritis, chronic pain, migraine and other frequent 
headaches, STIs, chronic pelvic pain, gastric ulcers, spastic colon, and frequent 
indigestion, diarrhea, or constipation (Coker et al., 2000). Women of reproduc-
tive age who experience violence are at increased risk for unintended pregnancy 
(O’Donnell et al., 2009; Pallitto et al., 2005; Silverman et al., 2007), miscarriage 
(Silverman et al., 2007) and low–birth-weight babies (Campbell et al., 2002; 
Coker et al., 2002; Ellsberg et al., 2008). Intimate-partner violence is associated 
with psychologic disorders, including eating disorders, drug and alcohol abuse, 
and depression (McCauley et al., 1995). In a study of self-identified Latina or 
Hispanic urban women, those reporting intimate-partner violence were 3 times 
more likely to meet the criteria of posttraumatic stress disorder (PTSD) than those 
not reporting it (Fedovskiy et al., 2008).

Intimate-partner violence is also linked to STIs, including HIV infection. 
In a clinic-based sample of black and Latina women, those who experienced 
partner violence were more likely to report having multiple partners, a history 
of STIs, and inconsistent condom use (Wu et al., 2003), which are risk factors 
for HIV transmission (Silverman et al., 2004). Negotiating condom use in abu-
sive relationships is particularly difficult (Campbell et al., 2002; Wingood and 
DiClemente, 1997).

Exposure to community violence has been associated with greater anxiety, 
depression, and PTSD and with adjustment or behavioral problems in school, par-
ticularly in urban populations (Gorman-Smith and Tolan, 1998; Ozer and Wein-
stein, 2004; Schwab-Stone and Ayers, 1995). Young men are more likely than 
their female counterparts to be exposed to community violence (Cooley-Quille 
et al., 2001; Malik et al., 1997; Ozer and Weinstein, 2004; Schwab-Stone and 
Ayers, 1995). One study indicated that girls are more likely than boys to demon-
strate internalizing behavior (such as withdrawal and anxiety) after community-
violence victimization (Cooley-Quille et al., 2001). However, another study that 
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looked at depression and PTSD in urban adolescents did not demonstrate gender 
differences (Ozer and Weinstein, 2004).

Research on Prevention

Research on community violence has identified social conditions that foster 
violence victimization and perpetration. Previously conflated in the literature, vio-
lence victimization and the witnessing of community violence are now considered 
separate phenomena (O’Donnell et al., 2002). Less obvious forms of abuse at the 
hands of intimate partners have been identified; qualitative studies have described 
coercive tactics used by male partners to influence women’s reproductive lives (for 
example, intentionally breaking condoms, preventing a partner from accessing birth 
control, and using threats to influence decisions about pregnancy and abortion) 
(Hathaway et al., 2005; Miller et al., 2007a). Those forms of abuse are not cur-
rently captured in standard clinical assessments of intimate-partner violence. Such 
assessments might also miss women and girls who are the victims of trafficking 
associated with being brought to the United States for domestic labor, sex work, or 
adoption (Miller et al., 2007b; US Department of State, 2009). There has been little 
research on differences in mechanisms of exposure to violence between racial and 
ethnic groups, social classes, sexual orientations, and cultures.

Research is starting to identify factors that may buffer girls and women from 
some of the sequelae of exposure to violence. A study of young adolescents found 
that support from parents and teachers was a protective factor against adverse out-
comes after community-violence victimization, but that peer support was not re-
lated (Ozer and Weinstein, 2004). Although gang involvement can increase risky 
behavior, such as early sexual initiation and substance use (Cepeda and Valdez, 
2003), good mother–daughter relationships were protective against alcohol and 
substance use regardless of gang involvement (Valdez et al., 2006).

Research on Interventions

The prevention of violence involves educating the general population (pri-
mary prevention) and identifying at-risk populations in which targeted prevention 
(secondary prevention) and intervention programs may be effective. Primary 
prevention programs are often school-based (Mytton et al., 2002) and focus on 
violence related to dating. For example, “Safe Dates” is a program tested in rural 
public schools to prevent adolescent dating violence and to stop victimization 
from continuing in abusive relationships (Foshee et al., 1998). It uses peer edu-
cation to change gender norms that supported violence in dating relationships 
(Foshee et al., 1998, 2005) and significantly reduced a number of measures of 
victimization in boys and girls (Foshee et al., 2005).

In the clinical arena, effective HIV-prevention programs that include atten-
tion to how intimate-partner violence and dating violence affect HIV risk are 
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emerging. An intervention conducted among black adolescent girls who were 
seeking care at community-based clinics used health and peer educators to dis-
cuss gender norms and resulted in a significant increase in consistency of condom 
use and a decrease in partner-related barriers to safe sex among those who had 
experienced dating violence (Wingood et al., 2006). Another promising interven-
tion, conducted in abused adult women who had co-occurring mental-health and 
substance-use disorders, incorporated group trauma treatment focused on knowl-
edge about personal safety, empowerment, coping skills, HIV-prevention educa-
tion, and risk-reduction skills (Amaro et al., 2007). Women who did not receive 
the intervention were more likely than those who did to report unprotected sex 
6 months and 12 months after the intervention.

Stress and Social Connections

Stress

A substantial body of research links stress and disease. Stress is the state that 
occurs when people are faced with a threat that they feel unable to counteract 
(McEwen and Stellar, 1993). Much of the research has examined short-term ef-
fects of acute stress on biologic processes—such as blood pressure, heart rate, 
cortisol, and proinflammatory cytokines—whereas more recent research is ex-
amining the health effects of chronic exposure to stress (Burkman, 1988; Dreher, 
2004; Fleury et al., 2000; McEwen, 2004; Vitaliano et al., 2002). The occurrence 
of a threatening situation in itself does not engender stress; it occurs only when 
a person does not have adequate resources to deal with it. Facing threats that can 
be controlled or eliminated is generally experienced as a challenge rather than 
as a threat and has a different physiologic response. Challenge responses are 
characterized by increased cardiac performance, greater excretion of epinephrine, 
and greater vasodilation (Blascovich and Mendes, 2000; Blascovich et al., 1996). 
In contrast, threat responses engage the hypothalamic–pituitary–adrenal (HPA) 
axis and are accompanied by greater excretion of cortisol and norepinepherine 
and greater vasoconstriction. Accumulating data suggest that chronic stress ac-
celerates the aging process and shortens life expectancy (Hawkley and Cacioppo, 
2004).

In the last 20 years, more has been learned about the effects of repeated 
exposure to stress and specifically to the chronic stress associated with social 
disadvantage (McEwen and Gianaros, 2010; Seeman et al., 2009). There have 
also been advances in the understanding of differences in how men and women 
respond to stress, which have implications for health. For example, one hy-
pothesis is that women are more likely than men to respond to threats not with 
the “flight or fight” response and but with a “tend and befriend” response that 
involves oxytocin, sex hormones, and endogenous opiods, and that increases the 
parasympathetic response while reducing sympathoadrenal and HPA activity. The 
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“tend and befriend” response may buffer women from some of the adverse effects 
of stress (Taylor et al., 2000). Because the predominant model of stress response 
has been the male model, women’s counterregulatory processes have had less 
attention, and there are fewer data on the extent to which they operate.

Women’s roles subject them to different types and degrees of stressors than 
men generally experience. Women often experience stress associated with care-
giving, which can take a toll on the body. For example, caregivers showed a sig-
nificantly weaker antibody response in the months after receipt of a vaccination 
for pneumonia than did those who had never been caregivers and those who had 
been caregivers but no longer were (Glaser et al., 2000). Stress associated with 
caregiving can be seen even at the cellular level as reflected in telomere length. 
Telomeres cap the end of chromosomes and generally shorten with age. Telomere 
length is predictive of development of cardiovascular and other diseases and of 
death (Blackburn, 1991). Epel and colleagues (2004) compared telomere length 
in cells drawn from blood samples of middle-aged women who were caring for 
a child with a serious health problem and those who were caring for healthy 
children. The mothers of ill children who showed psychologic distress had signifi-
cantly shorter telomeres than the other women; the difference was equivalent to 9 
years of aging. The length of the women’s telomeres was significantly related to 
the number of years in which they had been in a caretaking role. The finding was 
replicated in a sample of male and female caregivers for patients who had demen-
tia of the Alzheimer’s type. Caregivers had shorter telomeres (the equivalent of 
4–8 years of aging), greater depression, higher concentrations of cytokines, and 
fewer lymphocytes than age- and sex-matched non-caregiving controls (Damja-
novic et al., 2007; Epel et al., 2004).

Social Connections

Social connections are an important resource for buffering stress. Humans 
are social animals, and our links to one another can be a source of comfort as well 
as of conflict (as described in the section “Exposure to Violence”). A substantial 
literature shows that socially isolated people are at increased risk for death from 
multiple causes (Berkman and Syme, 1979; Friedmann et al., 2006) and that those 
who are more engaged in social relationships are generally healthier (Berkman 
and Glass, 2000).

Researchers have made much progress in delineating social processes that 
can affect health. For example, they have differentiated social support, social 
integration, and negative interactions, each of which shows associations with 
health (Cohen, 2004). Social integration reflects the variety of social roles in 
which a person is engaged. In general, occupying more social roles is linked to 
better health. For example, Cohen and colleagues (1997) used an experimental 
protocol in which healthy volunteers were exposed to a standard rhinovirus. 
Those who occupied more social roles were less likely to develop a clinical cold 



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

RESEARCH ON DETERMINANTS OF WOMEN’S HEALTH ��

than were those with fewer; the effect was especially strong in those who were 
most isolated.

Marriage is an important social role that can be a source of both support and 
conflict. Being married is consistently linked to better health in men but less so 
in women. For example, in analyses of the Framingham Offspring Study, Eaker 
and colleagues (2007) found that married men (mean age at study onset, 48.8 
years) are half as likely to die during the 10 years of followup compared with 
unmarried men, but found no benefit of marriage for women. They also demon-
strated that marital quality and the ways in which women responded to marital 
conflicts predicted that mortality.

As more women have moved into the workplace, there has been increasing 
research on possible conflicts of work and home roles. Working women may ex-
perience work–home conflicts, but they also appear to benefit from the additional 
social roles afforded them by their work status (Barnett, 2004; Barnett and Hyde, 
2001; Ruderman et al., 2002). The benefits of working depend on the charac-
teristics of the work environment, including exposure to physical or chemical 
hazards and to psychosocial factors, such as the balance of effort and reward and 
decision latitude. Although a great deal is known about the health effects of work 
environments, relatively little work has compared the impact of work conditions 
on women’s health with that on men’s health (Theorell, 2000).

Social networks also affect health through their influence on health-promoting 
or -damaging behaviors. They provide health-relevant information and influence 
behavior through social norms. Data from Alameda County, California, showed 
a link between social integration and health risks, including smoking, sedentary 
lifestyle, and obesity. The probability of engaging in high-risk behaviors decreased 
monotonically as social connections increased (Berkman and Glass, 2000). Recent 
studies of the Framingham study data found that obesity spread through social 
networks—one’s likelihood of obesity increased if others in one’s network were 
obese (Christakis and Fowler, 2007).

Important gaps in the understanding of the effects of social connections on 
women’s health remain. There has been relatively little work on sex differences 
in the impact of social ties (other than marriage) on health.

Research on Interventions

The adverse effects of stress on health can be reduced by reducing exposure 
to stressors and by modifying the people’s psychologic and physiologic responses 
to it. Interventions to address the former include programs to help people to 
anticipate and manage stress (Taylor, 1990); those addressing the latter include 
training in coping skills that enable people to reframe situations that they encoun-
ter so that they do not elicit a stress response. Exercise and such techniques as 
meditation have been shown to buffer the impact of stress on the body (Carlson 
et al., 2003; McComb et al., 2004; Rejeski et al., 1992; Sandlund and Norlander, 
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2000; Speca et al., 2000) and form the basis of new interventions. Although there 
is substantial documentation of the association between greater social connection 
and health, no successful interventions have been developed to improve health 
by strengthening social ties.

Social Disadvantage

There are multiple reasons why groups are relegated to more disadvantaged 
positions in society, and those positions have health consequences. In addition to 
social limitations imposed by gender, some of the most common bases of social 
disadvantage are race, ethnicity, and SES. Social epidemiology studies over the 
past 20 years demonstrate that health inequities exist and change with societal 
conditions and policies (Beckfield and Krieger, 2009). Social conditions linked 
with low SES have been termed the fundamental determinants of health (Link and 
Phelan, 1995) because they affect almost all the more proximal determinants of 
health and illness. SES encompasses a person’s income and wealth, educational 
attainment, and occupational position (Braveman et al., 2005; Kaplan and Keil, 
1993; Link and Phelan, 1995). Each of those domains provides both material and 
social resources and shapes the environments in which people live and work.

The meaning and measurement of SES in women is not always equivalent 
to those in men. For many years, women were classified according to their 
husbands’ socioeconomic characteristics (Zaher, 2002). Data on women’s oc-
cupational status has been harder to capture because more women than men 
are voluntarily out of the workforce for long periods. Income can be measured 
in terms of a person’s individual or household income. If the latter is used, one 
needs to take into account household size. Some women lack control over funds, 
and household income may have different implications for their expenditures and 
experiences (Phipps and Burton, 1998).

Differences in health associated with SES can be seen from birth and occur 
throughout the course of life. Premature birth, low birth weight, and birth defects 
are all more common in babies whose mothers have less money or education. In 
childhood, rates of asthma, ear diseases, injuries, and limiting chronic conditions 
decrease as SES increases (Chen et al., 2002). Moreover, childhood disadvantage 
has residual effects on adult health; a recent study, for example, showed inde-
pendent associations of socioeconomic disadvantage, abuse, and social isolation 
experienced in childhood with levels of depression and with biomarkers of meta-
bolic risk and inflammation in adulthood (Danese et al., 2009).

In adulthood, rates of many diseases—including cardiovascular disease, 
diabetes, such infectious diseases as HIV/acquired immunodeficiency syndrom 
(AIDS), respiratory illnesses, and mental illness—are higher in low-SES popula-
tions. The relative risk of dying before the age of 65 years is 3 times as great as 
those whose family annual incomes are under $10,000 (based on l999 dollars) 
than in those whose incomes are above $100,000 (Adler et al., 2007). The gaps 
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between high- and low-SES groups in morbidity and mortality diminish after the 
age of 65 years, although they can still be seen (Robert and Li, 2001).

In recent years, research on the joint effects of gender, race and ethnicity, and 
SES has provided increased evidence that many of the health effects of disad-
vantage are mediated by SES. Differences in life expectancy between the poorest 
and the wealthiest groups are twice as great as differences between whites and 
blacks (Lin et al., 2003); within every racial or ethnic group, the affluent have 
substantially better health than the poorest. For many diseases, racial and ethnic 
differences are substantially reduced or even disappear when SES is controlled 
for. The exception is birth outcomes, in which there is a substantial difference 
between black and white women at every SES level; in contrast with other out-
comes, in which differences between the groups are smaller at higher levels of 
SES (Williams, 1999), the gap in birth outcomes is greater among higher-SES 
women than among those with less education or lower income (Cramer, 1995; 
Kallan, 1993). SES, however, does not explain all effects of race and ethnicity; at 
every level of SES blacks have higher mortality than whites (Lin et al., 2003).

At the same time, cultural factors may moderate the effects of SES. For 
example, although Latinos as a group have less education and are more likely 
to be poor, they have better outcomes on some health measures than similarly 
disadvantaged groups and better outcomes than some more advantaged groups, 
including non-Hispanic whites (Hayes-Bautista et al., 1994). Cultural factors may 
affect men and women differently; for example, US-born Mexican Americans 
have much higher rates of substance abuse than Mexican-born Mexican Ameri-
cans and the differences are greater in women than in men (Lara et al., 2005; 
Vega et al., 1998).

In the last 2 decades, there have been substantial advances in research on 
SES and health. Initial studies established that the association was not due simply 
to the poorer health of the most disadvantaged but that health is monotonically re-
lated to SES; each step up the SES ladder is associated with better health (Adams 
et al., 2003; Adler and Stewart, 2010; Smith, 2004). That is the case with income 
in both men and women; those at the bottom have by far the greatest burden of 
disease and show the greatest gain in health with higher income, and those in the 
middle suffer poorer health than the most affluent. About one-fourth of deaths 
before the age of 65 years occur in the poorest 8% of the population (Santiago 
et al., 2009; Smith, 2004).

The picture is more complicated for education. White men get health returns 
for each additional educational milestone passed, from high-school graduation 
to earning a postcollege degree. The data on white women, however, are mixed. 
Women’s health improves with high-school and college graduation, but postcol-
lege education does not seem to provide health benefits, and some studies even 
find slightly poorer health associated with graduate degrees (Krishnan et al., 
2010; Lantz et al., 1998). The pattern is similarly complicated for black men and 
women (Krishnan et al., 2010; Williams and Collins, 2001).
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After studies established the strong graded association between SES and 
health, researchers turned to studies that could uncover the mechanisms by which 
socioeconomic factors operated to influence health. It is clear that there is no 
single pathway; the major mechanisms are discussed below.

SES is linked to exposure to health hazards including carcinogens and patho-
gens that directly affect disease risk. For example, people who live in poorer 
neighborhoods are subjected to deteriorated housing and have greater exposure 
to lead (Pirkle et al., 1998). Rates of high-blood-lead concentrations are substan-
tially greater in residents of low-income neighborhoods, and the risk is especially 
high in poor blacks (Brody et al., 1994; Lanphear et al., 1998). SES-related fea-
tures of communities can encourage or constrain health behaviors. For example, 
poorer neighborhoods have less access to supermarkets that provide more choice 
and lower prices of healthy foods, such as fruits and vegetables (Moore and Diez 
Roux, 2006). Such neighborhoods also have fewer recreational facilities and 
may not be conducive to walking or jogging (Macintyre, 2000; Sallis and Glanz, 
2009). Most behavioral risk factors for disease are more common in low-SES 
populations. For example, rates of smoking differ dramatically with educational 
level: less than 10% of college graduates smoke, but over 30% of those who never 
graduated from high school are smokers (CDC, 2004).

People’s social environments also differ by SES. Low-SES neighborhoods 
and work settings are generally more unpredictable, allowing less control, and 
have more conflict and threat. As a result, at work and at home, those who have 
less education, lower income, and jobs with less prestige and power encounter 
more stressors and have fewer resources for dealing with them (Fleury et al., 
2000; Hallman et al., 2001).

Neighborhood effects appear to be greater in women than in men (Diez Roux 
et al., 1997; Winkleby et al., 2007). For example, women’s engagement in ex-
ercise was more affected by the proximity of recreational facilities than men’s 
(Diez Roux et al., 2007), and women’s but not men’s BMI was associated with 
proximity of supermarkets and convenience stores (Wang et al., 2007). Those 
findings are consistent with research that showed a stronger association of SES 
with cardiovascular disease in women than in men (Diez Roux et al., 2007).

SES has a major influence on health-care access and quality of care. People 
who have fewer economic resources and are employed in lower-SES occupations 
are less likely to have health insurance or access to care. Lower-SES people are 
likely to encounter problems as a result of poorer health literacy (IOM, 2004a). 
Issues of health care are discussed in more detail later in this chapter and in 
Chapter 5.

Interventions that modify income, education, or occupation are not within 
the purview of the health-care sector but fall into other domains. A few programs 
have been evaluated and found to have health effects. Most promising are new 
programs, largely in Latin American countries, in which conditional cash trans-
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fers are linked to performance of behaviors that have health consequences. The 
model program is Progresa/Oportunidades, in Mexico, which was tested using a 
randomized design with rigorous evaluation. Results are still emerging, but show 
that the program has favorable effects, such as increased contraceptive use by 20- 
to 24-year-olds and beneficial effects on children’s growth (Fernald et al., 2009; 
Molyneux, 2006). In the United States, the Moving to Opportunity is a program 
of the Department of Housing and Urban Development in which families living 
in high-poverty public housing receive housing vouchers to move to a privately 
owned rental property in a low-poverty area. Among those who moved, the 
women showed significant gains in mental-health outcomes (Katz et al., 2001; 
Leventhal and Brooks-Gunn, 2003).

Many more interventions are addressing the pathways by which SES affects 
health, including community-level interventions to address the physical or social 
environment. Increased knowledge of the effects of SES on health behaviors may 
also allow for the development of more effective interventions that address the 
context in which these behaviors are established and maintained in women of 
different socioeconomic backgrounds.

Environmental Factors

Environmental factors can play a role in health, including women’s health. 
Environmental exposures, such as exposure to chemicals, combine with genetic 
and other factors to determine health. As is the case with genetic contributions, 
very few diseases are determined solely by environmental factors (Davey Smith 
and Ebrahim, 2003; Jirtle and Skinner, 2007). Even in the face of relatively domi-
nant hereditary input (such as BRCA�), it appears that enabling environmental 
and hereditary (non-BRCA�) contributions are at play (Chia, 2008; Laden and 
Hunter, 1998; Wolff et al., 1996). Similar gene–environment interactions deter-
mine a woman’s health and risk-seeking behavior, not to mention the proclivity to 
smoking, drug abuse, and obesity (Gammon et al., 1998; Hamajima et al., 2002; 
Russo, 2002; Wolff et al., 1996). Although some environmental exposures, such 
as to drugs of abuse and smoking, are due to individual behaviors, others are the 
result of community factors.

SOCIETAL FACTORS

Societal factors, such as cultural norms and health care, can have a large 
impact on women’s health. Those factors are discussed in this section.

Cultural Factors

Transmitted from generation to generation, culture is defined in many ways, 
but is generally considered a distinguishing set of characteristics of a population 
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group. It consists of a group’s shared values, norms, practices, systems of mean-
ing, ways of life, and other social regularities (Kreuter et al., 2003). Culture can 
be a powerful influence on health, health behavior, and experiences in the health 
care system. Influencing perceptions and interpretations of symptoms, culture 
shapes help seeking, expectations of the sick role, and the level and nature of 
communication between patient and provider. In particular, cultural differences 
in language and SES between patient and provider may present barriers to ap-
propriate diagnosis and treatment (Perez-Stable et al., 1997).

Lifestyle behaviors are influenced by culture as evidenced in food preferences 
and dietary practices. Cultural traditions associated with the consumption of high-
fat, high-salt, and high-sugar foods among African Americans contribute to an 
increased risk for hypertension, diabetes, and heart disease (Airhihenbuwa et al., 
1996). On the other hand, several studies of Hispanic diets show a greater con-
sumption of carbohydrates, protein, and fiber and less saturated fats than whites, 
although the use of traditional foods among Mexican American women appear 
to decrease with increased acculturation to mainstream society (Guendelman and 
Abrams, 1995). For both African American and Latino women, cultural factors 
influence a greater acceptance of being overweight and body image satisfaction 
than among white women (Fitzgibbon and Beech, 2009; Phelan, 2009).

While cultural factors in some instances may contribute to risks for poor 
health, aspects of culture may also bring positive protective influences. A study 
by Nasim and colleagues (2007) found that cultural factors associated with 
religious beliefs and family values served as protective factors against tobacco 
and marijuana smoking among African American female college students at a 
predominantly white university. In another example, Wasserman and colleagues 
(2006) report how promotoras (lay health advisors) facilitated cervical cancer 
screening among Latina immigrant women.

Providing parameters for women’s gender roles, culture prescribes accept-
able norms in the family and community for behavior associated with being male 
or female. Cultural norms may determine whether women engage in employment 
outside the home, the circumstances under which caregiving is undertaken, how 
women respond to domestic violence, and the nature and type of social support 
given and received. Cultural norms also affect health decisions from prevention to 
treatments and may influence choices regarding sexual risk behaviors, contracep-
tion, and the acceptability of the HPV vaccine.

Culture appears to mediate the effect of poverty on depression rates in mi-
norities. The recent Collaborative Psychiatric Epidemiology Survey program, 
which used common core questions and unified sampling weights, found that 
Hispanic Americans (except those from Puerto Rico), Asian Americans, and 
black Americans have fewer common mental disorders, such as depression, than 
do white Americans, even though many of these cultural groups are more likely to 
be impoverished than their white counterparts (Alegría et al., 2008; Breslau et al., 
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2007; Himle et al., 2009; Jackson et al., 2007; Suarez et al., 2009; Takeuchi et al., 
2007a,b; Williams et al., 2007). Similarly, American Indians have lower risk of 
depression than a representative sample of the US population. For Mexican, 
African, and Caribbean immigrants, the risk of depression is particularly low but 
increases with time spent in the United States (Alegría et al., 2007; Cutrona et al., 
2000; Escobar et al., 2000; Laden and Hunter, 1998; Morales et al., 2002).

However, Page (2005) points out that culture is not static but is viewed as 
a process. This is seen in the changing gender roles of women, as well as the 
acculturation of immigrant groups. In addition, data from NHANES shows that 
foreign-born Hispanics obtained more energy from food groups such as legumes, 
fruits, and low-fat/high-fiber breads than US-born Hispanics (Duffey et al., 2008). 
While considerable research has focused on the health of women of various ethnic 
groups, cultural factors are not consistently examined. Given the increasing ethnic 
diversity in the US population, understanding cultural factors and their relation-
ship to specific health outcomes remains an ongoing challenge.

Health Care

Prior IOM reports have summarized the adverse health consequences of poor 
health care, and these are not reiterated here (IOM, 2001b, 2002b,c, 2003, 2004b, 
2009b). The present committee accepted the premise that a lack of health care 
or high-quality health care adversely affects a woman’s health. A large body of 
research has examined the factors that affect people’s use of health care. Women 
use more health services than men (HRSA, 2008; Salganicoff et al., 2005), but 
there is inadequate understanding of the factors that influence health-care use by 
men and women and of the extent to which these factors reflect issues related to 
gender or differential treatment by the health-care system.

Health-Care Access and Quality for Women

Health policies, both private and public, shape our delivery system and influ-
ence access and quality of care, especially insofar as they affect health insurance 
coverage and affordability.

Women and Health-Insurance Coverage In the United States, women are 
covered by patchwork of private insurance and public coverage programs and 
by direct financing programs that provide services primarily to low-income or 
uninsured women. Eligibility for those programs and benefits is determined pri-
marily by a person’s work status, age, household income, and state of residence 
(DeNavas-Walt et al., 2009). The Patient Protection and Affordability Act of 2010 
(Public Law 111-148) will make major changes in health coverage, but most of 
those changes will not be implemented until 2014.
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Most US adults under age 65 years old are covered by an employment-based 
health insurance plan (DeNavas-Walt et al., 2009). Because women are less 
likely than men to work full-time, access to the system can be tenuous. Women 
with employer-based insurance are almost twice as likely as men to be covered 
as dependents, and this makes them vulnerable to losing their insurance if they 
become widowed or divorced or if their husbands or partners lose their jobs 
(Kaiser Family Foundation, 2009). Women are increasingly obtaining coverage in 
their own names as the share of women in the full-time workforce grows (Glied 
et al., 2008).

Nationally, about 6% of women purchase coverage through the individual 
insurance market in which insurers can deny coverage if an applicant has a “pre-
existing condition,” such as pregnancy, mental illness, or a chronic health condi-
tion. In 38 states, insurers can charge women who purchase individual insurance 
more than men for the same coverage even if they do not cover maternity care 
(Codispoti et al., 2008; Pollitz et al., 2007). That practice has been banned under 
the new health reform law, but will not be fully implemented until 2014.

One-tenth of women are covered by Medicaid (Kaiser Family Foundation, 
2007). Women are more likely than men to qualify for Medicaid because women 
on the average have lower incomes and are more likely to fall into one of the 
program’s eligibility categories (that is, she is pregnant, the parent of a dependent 
child, over 65 years old, or disabled). Women make up over two-thirds of adult 
beneficiaries of Medicaid (Kaiser Family Foundation, 2007). Medicaid covers 
many services that are important to women, paying for two-fifths of births in the 
United States, nearly two-thirds of all publicly funded family-planning services, 
a wide array of preventive screening services without copayments, and long-term 
care (Kaiser Family Foundation, 2007). On a number of primary and preventive 
indicators, women on Medicaid have access that is on a par with that of women 
with private insurance (Almeida et al., 2001; Salganicoff et al., 2005).

Women who are 65 years old and older or who are permanently disabled 
are covered by Medicare, but it has sizable gaps in coverage, notably for vision, 
dental, and hearing care and, most important for women, long-term care. Sizable 
out-of-pocket costs associated with the program can pose a major problem for 
older women, who have lower average Social Security and pension benefits than 
men (Congressional Research Service, 2008; Salganicoff et al., 2009).

Finally, almost 17 million women—17% of nonelderly women—are unin-
sured (Kaiser Family Foundation, 2009). Many working women lack access to 
employer-based coverage because they work part-time or in firms or industries 
that do not offer insurance. Poor and low-income women, young women, and 



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

RESEARCH ON DETERMINANTS OF WOMEN’S HEALTH ��

Latina and American Indian women are uninsured or underinsured at higher rates 
than other groups (Kaiser Family Foundation, 2009).19

Coverage, Out-of-Pocket Costs, and the Use of Health-Care Services The 
literature on women’s access to and use of care has been comprehensively sum-
marized by Brittle and Bird (2007). Women who have health insurance have 
higher rates of use of a broad array of services than those who are uninsured 
(Almeida et al., 2001; Taylor et al., 2006). Uninsured women obtain fewer recom-
mended preventive services, such as mammography and Papanicolaou (Pap) tests 
(Salganicoff et al., 2005); are less likely to have a usual source of care (RWJF, 
2002); are less likely to get timely prenatal care (Braveman et al., 2003); and have 
lower rates of use of prescription drugs (Ranji et al., 2007).

Costs of care are a major concern for women, and reproductive and gender-
specific conditions place a heavy burden on women’s health-care out-of-pocket 
spending throughout their lives (Bertakis et al., 2000; Kjerulff et al., 2007; 
Salganicoff et al., 2005). The impact of such costs may be particularly burden-
some for women, who are disproportionately in a low-income bracket (Glied 
et al., 2008; Rustgi et al., 2009; Salganicoff et al., 2005). For example, a larger 
share of women than of men have a usual source of care, which is linked to timely 
receipt of preventive services (DeVoe et al., 2003), but among those without a 
usual source of care, women were more likely than men to report that the cost 
was the major reason that they did not have one (AHRQ, 2009a). Higher levels 
of cost sharing result in lower use of services, particularly in low-income popula-
tions, including fewer visits to doctors, lower use of prescription medicines and 
mental-health treatment, and fewer dental visits (Hudman and O’Malley, 2003). 
Medicaid historically has either prohibited cost sharing or kept it to nominal 
levels. States that have raised cost-sharing levels have sometimes seen declines 
in service use thereafter (Artiga and O’Malley, 2005).20

Unlike Medicaid, Medicare has relatively high cost-sharing requirements, 
which affects level of use by beneficiaries, particularly those who have low in-
comes (Fitzpatrick et al., 2004). Increased cost sharing tends to reduce the appro-
priate use of prescription drugs through a number of means, including skipping 
doses, halting medication use, and not filling prescriptions (Rice and Matsuoka, 
2004). Cost sharing was also found to be associated with substantial decreases in 
mammography rates among female Medicare beneficiaries who were enrolled in 
managed-care plans that instituted even small copayments (Trivedi et al., 2008).

19 This is the group of women which is most likely to be assisted by the passage of the Patient 
Protection and Affordable Care Act of 2010 (Public Law 111-148).

20 For example, in 2003 under a Medicaid waiver, Oregon increased premiums for poor adults on 
Medicaid to $6–20, depending on income. Of those who had unmet needs, 35% could not get needed 
care because of cost, 24% reported that they did not have the copayment, and 17% reported that they 
did not get care because they owed the physician money (Artiga and O’Malley, 2005).
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Quality of Care

The quality of care received in the US health-care system is problematic 
(IOM, 2001b, 2002c, 2003) and, although quality has improved, the gains have 
been modest (AHRQ, 2009b). Substantial research efforts have focused on the 
development and application of quality measures. In the case of women’s health, 
measures have historically focused on a narrow band of process indicators, 
typically limited to receipt of early prenatal care, mammography, and Pap tests. 
Although there is increasing attention to expanding the measures that started 
in the l990s, cost challenges and concerns about administrative burdens have 
slowed progress. Furthermore, despite clear evidence that there are differences 
in how women are treated for such conditions as stroke, cardiovascular disease, 
and diabetes (Brittle and Bird, 2007), most of the quality measures collected by 
hospitals, plans, and government agencies are not disaggregated by sex. Failure 
to report by sex hinders evaluation of the quality of care received by men and 
women and slows progress in improving quality (McGlynn et al., 1999; McKinley 
et al., 2002; Weisman, 2000).

The National Healthcare Quality Report and the National Healthcare Dis-
parities Report, both issued annually by the Agency for Healthcare Research and 
Quality (AHRQ, 2009a,b), provide national- and state-level data on a wide array 
of process, intermediate, and outcome quality measures in different health set-
tings, including outpatient, inpatient, and nursing-home care. Although women 
are designated as a high-priority population in the reports, there are few indicators 
for women’s health-care quality. Data are presented for women-specific condi-
tions, including two dimensions of treatment for breast cancer21 and receipt of 
first-trimester prenatal care. In addition, a subset of sex-specific data is presented 
for a few indicators that are relevant to both sexes. Such indicators include exer-
cise counseling for obese patients (obese women are more likely to be counseled 
than obese men), mortality from myocardial infarction (women have significantly 
higher mortality rate than men), new AIDS cases, and having a usual source of 
care. Results on those measures are stratified by age and race or ethnicity. They 
are the only measures, however, that receive such analysis in either report.

The Health Plan Employer Data and Information Set (HEDIS) provides 
health-quality indicators that are used by commercial managed-care plans and by 
Medicaid and Medicare managed-care organizations (NCQA, 2010). It contains 
indicators that measure plan performance on conditions specific to women (for 
example, screening for breast and cervical cancer and chlamydiosis, and testing 
for and management of osteoporosis in women who have had a fracture) and 
on prenatal care (NCQA, 2010). HEDIS also collects other indicators that are 

21 Breast-cancer treatment measures include administration of radiation therapy within 1 year of 
diagnosis in women under 70 years old who are receiving breast-conserving surgery and axillary-
node dissection or sentinel lymph-node biopsy at the time of surgery (lumpectomy or mastectomy) 
in women who have stage I-IIb breast cancer (AHRQ, 2009c).
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important to women, such as weight, colorectal-cancer screening, persistence 
of beta-blocker treatment after a heart attack, comprehensive diabetes care, 
antidepressant-medication management, fall-risk management, aspirin use and 
discussion, and medical assistance with smoking and tobacco use. Those mea-
sures, however, are not reported by patient sex; this limits information on whether 
plans differ in their quality of care on indicators that are not sex specific. The 
same is true for differences by race and ethnicity.

Recent efforts to broaden the number of HEDIS measures to focus on wom-
en’s health conditions have been met with limited success. Some important 
indicators have been added to the HEDIS data set, including osteoporosis screen-
ing and treatment and chlamydiosis testing in women. However, barriers to the 
collection of data on other relevant conditions, such as unintended pregnancy, 
remain; the barriers include difficulty in collecting information, cost and admin-
istrative burdens, and low frequency (Bird et al., 2003; McKinley et al., 2002; 
Weisman, 2000).

There are substantial gaps in knowledge of how quality of care affects 
women’s health in relation to conditions that affect both men and women and 
conditions that affect women exclusively. Those issues are similar to challenges 
that have plagued clinical research, including a lack of sex-stratified analysis 
and measures that capture the broad array of sex-specific conditions (Correa-
de-Araujo and Clancy, 2006; Kosiak et al., 2006). Improving quality requires 
improving data and analysis and is salient in relation to prevention of unintended 
pregnancy and to elements of maternity and older women’s health care (Kelleher 
et al., 1997; Rehle et al., 2004; Sakala and Corry, 2007; Wilcox, 1999).

CONCLUSIONS

• There is substantial evidence of the role of individual behavior (for example, 
smoking, eating habits and physical activity, sexual risk behaviors, and al-
cohol use) in the prevention of disease and improvement of health. Many 
behavioral determinants act as common pathways to multiple conditions.

• Recent years have seen increased attention to factors beyond the individual 
that affect health and health behavior—such as social, cultural, family, and 
community determinants; living and working conditions (for example, en-
vironmental exposures); and societal factors—but more work is needed on 
these broader determinants of women’s health.

• Although research has led to a greater understanding of the determinants 
of women’s health, more is needed to develop effective interventions 
and prevention strategies to improve women’s health by influencing the 
determinants.
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• Although research has documented disparities in determinants across racial 
and ethnic groups, the efficacy of interventions has not been adequately 
evaluated in minority-group women, and this limits the generalizability of 
findings to subgroups of women.
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Research on Conditions with 
Particular Relevance to Women

This chapter discusses women’s health research of the last 2 decades ac-
cording to conditions.1 The committee limits its discussion according to its 
characterization of women’s health in Chapter 1—conditions that are specific to 
women; that are more common or serious in women; that have distinct causes, 
manifestations, outcomes, or treatments in women; or that have high morbidity 
or mortality in women. Appendix B summarizes the incidence, prevalence, and 
mortality data and trends that, in part, guided committee selections.

Given the impossibility of presenting all research on women’s health, the 
committee first discusses examples of successful research that contributed to 
progress in women’s health. The committee assessed progress on the basis of 
decreases in incidence or mortality or on the basis of scientific innovations that 
led to major transformations in approaching a condition. The committee then 
discusses conditions on which some progress has been made and those on which 
little progress has been made and about which heightened awareness and further 
research are needed. Although aware of comorbidities and cross-cutting issues, 
the committee organized the data for this chapter by condition to reflect of pre-
dominant models of research funding and publications.

The committee is aware that the conditions do not include all health con-
ditions that are important to women; a number of conditions that affect many 
women’s quality of life—including arthritis, chronic fatigue syndrome, chronic 
pain, colorectal cancer, eating disorders, fibromyalgia, incontinence, irritable 
bowel syndrome, many pregnancy-related issues, melanoma, memory and cogni-
tive changes associated with perimenopause, mental illness other than depression, 

1 For brevity, diseases, disorders, and conditions are sometimes referred to here as conditions.
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migraines, sexual dysfunction, stress-related disorders, thyroid disease, and type 
2 diabetes—are not discussed here. Because of the volume of literature available, 
the committee could not discuss the research on all health conditions important 
to women and on some conditions there was little research to discuss. Absence 
of discussion does not indicate that the committee thought it unimportant. The 
committee highlighted conditions to provide examples of successes and examples 
of less progress on which overarching conclusions and recommendations can be 
based.

The diseases on which there has been substantial progress are breast cancer, 
cardiovascular disease, and cervical cancer. Conditions on which there has been 
some progress are depression, human immunodeficiency virus/acquired immune 
deficiency syndrome (HIV/AIDS), and osteoporosis. The committee discusses 
research on other conditions—unintended pregnancy,2 maternal mortality and 
morbidity, autoimmune diseases, alcohol and drug addiction, lung cancer, gyne-
cologic cancers other than cervical cancer, non-malignant gynecological disor-
ders, and dementia of the Alzheimer type (Alzheimer’s disease)—on which little 
progress has been made.

Each condition is discussed with regard to a brief evaluation of advances in 
research; its relevance to women’s health in terms of current incidence, preva-
lence, and mortality rates and trends therein; disparities in current incidence, 
prevalence, and mortality rates and trends therein among groups of women (see 
Box 3-1 for explanation of data on disparities); advances in research, particularly 
in relation to women’s health encompassing research on the understanding of the 
biology, prevention,3 and diagnosis of, screening, and treatment for it; research 
gaps; and lessons learned from the research and extent of progress. When discuss-
ing treatments, the committee focuses on conventional treatments and does not 
discuss complementary and alternative medicine (CAM) in detail. As discussed 
in a previous Institute of Medicine (IOM) report (2005), women are more likely 
than men to seek CAM therapies and, therefore, those therapies are important 
to consider when looking at women’s health, from the perspective of potential 
therapies as well as their potential toxicities and interactions with other medica-
tions. The reader is referred to the previous IOM report for further details on 
CAM research (IOM, 2005).

It is important to note that trends in incidence need to be interpreted in the 
context of changes in diagnostic criteria and technologies, which can result in the 
appearance of an increased incidence of a condition (see Box 3-2). This chapter 
addresses questions 2, 3, and 4 from Box 1-4, whether women’s health research is 

2 The committee considered whether to discuss unintended pregnancy as a health outcome or a 
determinant of health. It decided to discuss it as an outcome, along with maternal mortality and mor-
bidity, and discuss the determinants that increase the rate of unintended pregnancies in Chapter 2.

3 Non-biological determinants of health are mentioned only briefly in this chapter. Details of re-
search on them are discussed in Chapter 2.
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focused on the most appropriate and relevant conditions and end points, whether 
it is studying the most relevant groups of women, and whether the most appropri-
ate research methods are being used.

CONDITIONS ON WHICH RESEARCH HAS 
CONTRIBUTED TO MAJOR PROGRESS

Breast Cancer

The committee considered a large and diverse body of scientific research on 
breast cancer to have contributed to major progress in understanding the basic 
biology of breast cancer and the identification of specific risk factors, which led 
to prevention efforts; in improvements in the detection and treatment of breast 
cancer; and ultimately in a decrease in mortality rates.

Incidence, Prevalence, and Mortality in Women

During the last 2 decades, there has been heavy investment in breast-cancer 
research owing in part to the lobbying efforts of breast-cancer survivors and 

BOX 3-1 
Data on Disparities

	 Incidence,	prevalence,	and	 trend	data	across	 races	and	ethnicities	are	pre-
sented	as	available.	For	some	conditions	 for	which	 there	 is	active	surveillance,	
such	as	cancer,	data	are	routinely	collected	and	presented	by	race	or	ethnicity.	
For	other	conditions,	data	are	available	from	the	published	literature.

BOX 3-2 
Interpretation of Changes in Incidence

	 In	 looking	 at	 changes	 in	 incidence,	 it	 is	 important	 to	 consider	 whether	 an	
increase	 or	 a	 decrease	 in	 a	 rate	 is	 due	 to	 a	 real	 trend	 in	 occurrence	 or	 to	 a	
change	in	diagnostic	criteria,	sensitivity	of	diagnostic	tests,	screening	programs,	
or	another	external	factor	that	changes	the	likelihood	of	finding	a	case	and	might	
make	 it	appear	 that	 incidence	 is	 changing	 (Devesa	et	al.,	 1984).	For	example,	
some	 increases	seen	 in	breast-cancer	 incidence	have	been	attributed	 to	more	
intensive	screening	programs	increasing	the	ascertainment	of	cases	and	not	an	
increase	in	the	secular	trend	(Seigneurin	et	al.,	2008).
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advocates (IOM, 2004a). One example is the authorization by Congress of a 
new funding mechanism for breast-cancer research through the Department of 
Defense, initially focused on pursuing interservice research on breast-cancer 
screening and diagnosis for military women and dependents of military men 
(IOM, 2004a). Increased funding was also made available from the National 
Cancer Institute, other government agencies (such as the Centers for Disease 
Control and Prevention [CDC] and the Agency for Healthcare Research and 
Quality [AHRQ]), and individual statewide programs (such as the California 
Breast Cancer Research Program, funded with tobacco-tax funds). In parallel, 
the private philanthropic community—such as the Susan G. Komen Foundation, 
the Breast Cancer Research Foundation, and Avon—raised awareness and money 
for research to improve treatment and quality of life of the growing number of 
breast-cancer survivors.

After remaining relatively steady from 1975 to 1990, the overall invasive–
breast-cancer mortality in women in the United States began a steady fall in 
1990 and continued to drop each year between 1998 and 2007 (NCI, 2010a). 
The age-adjusted mortality4 from invasive breast cancer dropped from 33.1 per 
100,000 women in 1990 to 22.8 per 100,000 women in 2007 (NCI, 2010a). A 
consortium of investigators using 7 statistical models indicated that the portion of 
the reduction in mortality attributable to improved or increased screening varied 
from 28 to 65% (median, 46%), and the remainder was attributed to improved 
adjuvant therapies (Berry et al., 2005). Breast cancer, however, is still the sec-
ond-leading cause of cancer deaths in women in the United States (ACS, 2009a; 
CDC, 2010).5

Despite many gains from research and regardless of the recent drop in 
mortality, the incidence of breast cancer in women is higher now than in 1975, 
and breast cancer is the most common non-skin cancer in women in the United 
States, estimated to account for about 28% of new cancer cases in 2010 (Jemal 
et al., 2010). The age-adjusted incidence of breast cancer was as high as 141.2 per 
100,000 women in 1998 and 1999, and decreased to 124.7 per 100,000 women in 
2007, up from about 100–105 per 100,000 women in 1975–1980 (NCI, 2010b). 
Much of the increase between 1980 and 1998 occurred during the 1980s and re-
flected increased detection of localized tumors through increased mammographic 
screening (Garfinkel et al., 1994; Miller et al., 1991; White et al., 1990). During 
those years, the incidence increased in every 4-year age group above 45 years. 
From 1999 to 2003, the age-specific incidence of breast cancer decreased in every 
age group over 45 years (Jemal et al., 2007). Jemal and colleagues (2007) con-

4 Data are from US Mortality Files, National Center for Health Statistics, Centers for Disease 
Control and Prevention. Rates are age-adjusted to the 2000 US Standardized Population (19 age 
groups—Census P25-1130).

5 Lung cancer is the leading cause of cancer death in women; cardiovascular disease is the leading 
cause of death overall in women (see Appendix B for data).
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cluded that part of the decrease is “consistent with saturation in screening mam-
mography.” The large decreases in invasive estrogen-positive breast cancers seen 
after July 2002 have been attributed to the identification, through the Women’s 
Health Initiative (WHI), of an increased risk of breast cancer associated with 
the use of menopausal hormone therapy and a precipitous decline in the number 
of hormone prescriptions filled after the rapid dissemination of that finding to 
women who were on hormone therapy (Chlebowski et al., 2009; Hausauer et al., 
2009; Ravdin et al., 2007). Sharp decreases in breast cancer from 2002 to 2003 
were seen in estrogen-positive tumors in women 50–69 years old (Jemal et al., 
2007) and, in a study of white women, were largest in urban counties and counties 
that had low poverty rates (Hausauer et al., 2007).

Disparities Among Groups

Large disparities in breast-cancer incidence and mortality exist among differ-
ent demographic groups (see Figure 3-1). Breast cancer is one of the few diseases 
whose incidence is higher in white women than in other ethnic groups; however, 
black women have higher mortality. Breast-cancer mortality increased in black 
women from 1975 to 1995—a period when breast cancer mortality in white 
women decreased (NCI, 2010b). Mortality in black women leveled off and began 
to decrease in 1995 (see Figure 3-1), but in 2005 mortality in black women (32.8 
per 100,000) was still higher than in white women (23.3 per 100,000). The dispar-
ity is particularly high in black women under 50 years old (Baquet et al., 2008; 
DeSantis et al., 2008; Ghafoor et al., 2003; Grann et al., 2006). Both incidence 
and mortality are lower in Hispanic, Asian and Pacific Islander, and American 
Indian and Alaskan Native women than in white or black women (Ghafoor et al., 
2003). Recently, Kinsey and colleagues (2008) examined breast-cancer mortal-
ity in black and white women in 1993–2001 as related to 4 levels of education. 
Mortality decreased by 1.4% in white women who had less than 12 years of edu-
cation and by 4.3% in white women who had more than 16 years of education. 
In black women, a decrease (3.8%) was seen only in women who had more than 
16 years of education; this shows an association of both race and education with 
breast-cancer mortality. American Indian and Alaskan Native women are also 
more likely to receive a diagnosis of late-stage disease than non-Hispanic white 
women (Wingo et al., 2008). Research has documented that Ashkenazi Jewish 
women have a genetic susceptibility to breast cancer (Rubinstein, 2004).

The high case-fatality rate from breast cancer in black women had been hy-
pothesized as being due to differences in biologic factors and in access to timely 
screening and care (Ademuyiwa and Olopade, 2003; Shavers and Brown, 2002). 
The Carolina Breast Cancer Study showed that basal-like breast tumors were 
more prevalent among premenopausal African American women than among 
postmenopausal African American and non–African American women. That sug-
gests a biologic cause of the excess mortality in young black women and leads 
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FIGURE 3-1 Annual breast cancer (a) incidence and (b) mortality in the United States by 
race or ethnicity. Incidence source: Surveillance, Epidemiology, and End Results (SEER) 
Program, National Cancer Institute (NCI)—1975–1991, SEER 9; 1992–2005, SEER 13. 
Mortality source: US Mortality Files, National Center for Health Statistics, Centers for 
Disease Control and Prevention. Rates age-adjusted to the 2000 US standard population 
(19 age groups—Census P25-1130).

†Rates for American Indians and Alaska Natives based on Contract Health Service 
Delivery Area counties.

‡Hispanics are not mutually exclusive from whites, blacks, Asians and Pacific Islanders, 
and American Indians and Alaskan Natives. Incidence data on Hispanics are based on the 
North American Association of Central Cancer Registries Hispanic Identification Algo-
rithm and exclude cases from the Alaska Native Registry. Mortality data on Hispanics do 
not include cases from Connecticut, Maine, Maryland, Minnesota, New Hampshire, New 
York, North Dakota, Oklahoma, and Vermont.
SOURCE: http://www.cdc.gov/cancer/breast/statistics/race.htm (accessed May 3, 2010).
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to the option of more aggressive therapies for this patient cohort (see below for 
discussion of treatment options) (Carey et al., 2006). Issues related to access to 
screening and care are discussed in Chapter 2; more details on the biology of 
breast cancer are discussed below.

Research Advances in Knowledge of Biology

Epidemiologic research has identified a variety of factors that are associ-
ated with changes in reproductive hormones that are also associated with breast 
cancer, such as age at first full-term pregnancy, number of full-term pregnancies, 
breastfeeding, and age at menarche and menopause. Through many types of stud-
ies, research has uncovered the role of estrogen in breast-cancer pathogenesis. It 
is known that estrogen binds to nuclear estrogen receptor α and, with the addition 
of cofactors, stimulates cell proliferation (Hall and McDonnell, 2005), and it is 
thus a risk factor for breast cancer. During the last decade, a second estrogen re-
ceptor, estrogen receptor β was identified (Kuiper et al., 1996; Mosselman et al., 
1996). It is thought that estrogen mediates estrogen–receptor–signaling cross-talk 
with insulin-like growth-factor receptors to mediate breast-cancer pathogenesis 
(Clemons and Goss, 2001; Lee et al., 1999).

A family history of breast cancer is also a risk factor for breast cancer, and 
genetic research has provided an understanding of many of the mechanisms that 
underlie breast cancer (Hua et al., 2008; Olopade et al., 2008). Mutations in 
two tumor-suppressor genes—BRCA� and BRCA�—are associated with breast 
cancer (Antoniou et al., 2008; Claus et al., 1998; Collins et al., 1995; Easton 
et al., 1993; Hall et al., 1990; Schubert et al., 1997) and responsible for 5–10% 
of breast cancers (ACS, 2010a). The germ-line BRCA� and BRCA� mutations 
are highly penetrant and greatly increase a person’s risk of breast cancer (Easton 
et al., 1993; Rowell et al., 1994). BRCA� breast cancers are typically poorly dif-
ferentiated, high-grade, infiltrating ductal carcinomas and are usually estrogen-
receptor (ER)–negative, progesterone-receptor–negative, and Human Epidermal 
Receptor type 2 (HER2)/neu–negative (Bordeleau et al., 2010). BRCA� breast 
cancer is characterized by early age of onset, bilaterality, and association with 
a risk of ovarian cancer (Frank et al., 1998; Krainer et al., 1997). Later research 
has identified other gene mutations that are associated with an increased risk of 
breast cancer, including TP�� (the human gene that encodes P53), PTEN, CASP�, 
FGFR�, MAP�K�, and LSP� (see Garcia-Closas and Chanock, 2008, for review). 
Most of those mutations are low-penetrance variants, and much of the genetic 
component of breast cancer is not accounted for by known gene mutations.

The understanding of the cellular biology of breast cancer has improved 
over the past 2 decades, contributing to the development of a number of therapies 
directed toward interrupting pathways in breast-cancer cells for the prevention 
and treatment of breast cancer. In particular, the roles of a number of receptors 
in breast-cancer cells have been identified. Approximately two-thirds of breast 
cancers express ER. There are two types of estrogen receptors (α and β), but at 
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present only ERα has any known clinical significance. Withdrawal of estrogen 
(by oophorectomy) was shown to be an effective treatment for breast cancer in 
the 1890s (Beatson, 1896). Subsequently developed therapies directed toward   
interrupting the estrogen/ER pathway have been prime tools in treatment and 
prevention of breast cancer (see below).

HER2, also know as erbB2 and c-neu, is a member of the epidermal growth 
factor receptor family. Approximately 20–30% of breast cancers have amplified 
HER2 gene and/or over-express the protein (Cooke et al., 2001; Press et al., 1993; 
Slamon et al., 1987, 1989; Wolff et al., 2007; Zell et al., 2009). HER2 has been 
shown to be associated with poorer prognosis in women with newly diagnosed 
breast cancer, but it is also the target of specifically designed therapeutics directed 
toward it.

In addition to the ER and HER2 systems, several other important biologic 
pathways have been identified that have been shown or might serve as thera-
peutic targets in breast cancer. These include neo-angiogenesis, as mediated by 
the vascular endothelial growth factor (VEGF). This molecule is the target for 
bevacizumab, which has activity in the metastatic setting (Miller et al., 2007). 
Other investigational pathways include, but are not limited to, the insulin-like 
growth factors (IGFRs), mammalian target of rapamycin (M-TOR), AKT, PI3K, 
and MEK.

Research Advances in Prevention

Many factors and exposures that are associated with both increasing and de-
creasing risk of breast cancer can be addressed to help to decrease the incidence 
of breast cancer, including those presented in Box 3-3.

A major research finding from the WHI was the confirmation of an increased 
risk of breast cancer associated with the use of conjugated equine estrogen plus 
progestin (Prempro™) but not with estrogen alone (Premarin™) (Chlebowski 
et al., 2003; Writing Group for the Women’s Health Initiative Investigators, 
2002). The dissemination of that finding resulted in a rapid decrease in the use 
of menopausal hormone therapy (Haas et al., 2004; Hersh et al., 2004) and a later 
decrease in breast cancer incidence (Krieger et al., 2010; Ravdin et al., 2007). 
That decline, however, was not seen equally across all socioeconomic, racial, and 
ethnic groups (Krieger et al., 2010).

Alcohol, even in moderate amounts, can increase the risk of breast cancer6 
(see Suzuki et al., 2008, for meta-analysis), as can poor diet (see Norman et al., 
2007, for review), and more specifically, obesity (Brown and Simpson, 2010; 
Schapira et al., 1994; Vainio and Bianchini, 2002a). Evidence suggests that the 
common mechanism whereby alcohol and obesity increase the risk of breast can-

6 Both the adverse and beneficial effects of alcohol consumption are discussed further in Chap-
ter 2.
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cer is an increase in estrogen, which stimulates the proliferation of breast tissue 
(Brown and Simpson, 2010; Cleary et al., 2010; Ginsburg et al., 1996). The rela-
tionship between smoking and breast cancer is not clear. As reviewed by Coyle 
(2009), although data on deoxyribonucleic acid (DNA) adducts provide biological 
plausibility for an association between smoking and breast cancer, epidemiology 
studies have either shown no association or an inverse association. There is some 
evidence, however, that smoking during a first pregnancy (Innes and Byers, 2001) 
and secondhand-smoke exposure are associated with an increased risk of breast 
cancer (Cal EPA, 2005). The research on relevant behavioral factors is discussed 
in more detail in Chapter 2.

Exposure to ionizing radiation can increase the risk of breast cancer, espe-
cially if it occurs before the age of 20 years (Ronckers et al., 2005). Most studies 
that showed an increased risk of breast cancer in association with exposure to 
ionizing radiation looked at radiation levels higher than occur in mammography 
(Nelson et al., 2009a).

However, exercise, early pregnancy, and number of pregnancies predict a 
decrease in breast cancer, again with some evidence of a role of estrogen in the 
altered risk (Bernstein, 2008; Britt et al., 2007; Monninkhof et al., 2007; Pines, 
2009).

Preventive measures apart from modifying risk factors have been developed 
for people at high risk for breast cancer. Recommendations for preventive options 
for breast cancer depend on a person’s risk (Guarneri and Conte, 2009; Sparano 

BOX 3-3 
Factors Associated with Breast Cancer

Factors Associated with Increased Risk of Breast Cancer
Hormone	therapy
Ionizing	radiation
Obesity
Alcohol
Genetic	factors

Factors Associated with Decreased Risk of Breast Cancer
Exercise
Early	pregnancy
Breastfeeding

Treatments Associated with Risk of Breast Cancer
Selective	estrogen-receptor	modulators
Aromatase	inhibitors	or	inactivators
Prophylactic	mastectomy

SOURCE:	 National	 Cancer	 Institute.	 http://www.cancer.gov/cancertopics/pdq/prevention/
breast/HealthProfessional	(accessed	August	3,	2010).
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et al., 2009). In very high-risk people—those who have a germ-line mutation in 
BRCA� or BRCA� with lobular carcinoma in situ and a strong family history of 
breast cancer—prophylactic mastectomy is an option to consider to reduce the 
risk of breast cancer (Bermejo-Pérez et al., 2007; Kaas et al., 2010; Nusbaum 
and Isaacs, 2007; Zakaria and Degnim, 2007), as is prophylactic oophorectomy 
(Metcalfe, 2009; Rebbeck et al., 2009). For people who have a high risk because 
of family history, chemoprevention is available. During the last 2 decades, 2 large 
sequential breast-cancer-prevention trials of healthy women at high risk for breast 
cancer demonstrated that treatment with tamoxifen (a selective estrogen recep-
tor modulator) for 5 years could reduce the risk of invasive breast cancer by at 
least 50% (Fisher et al., 1998; Veronesi et al., 2007). Tamoxifen also reduced the 
risk of recurrent breast cancer after treatment in both younger and older women 
(Cuzick et al., 2003; Lewis, 2007; Schrag et al., 2000). In a study of postmeno-
pausal women with a mean age of 58.5 years, tamoxifen and raloxifene (a selec-
tive estrogen receptor modulator approved for prevention of osteoporosis) had 
similar efficacy in reducing the risk of invasive breast cancer (Vogel et al., 2006). 
As a result of that research, older women at high risk for breast cancer now have 
two US Food and Drug Administration (FDA)–approved medications that reduce 
the risk of breast cancer and of osteoporosis. Side effects, however, contribute to 
low acceptance and use of tamoxifen (Fallowfield, 2005). In addition, identifying 
at-risk people can pose a problem.

Research Advances in Diagnosis

A number of diagnostic and screening methods—screen-film mammography, 
digital mammography, ultrasonography, magnetic resonance imaging (MRI), 
and biopsy—can identify breast cancer at earlier stages and facilitate early 
treatment.

The most widely used imaging technology for breast-cancer screening is 
mammography. Eight randomized trials evaluated the effectiveness of screening 
mammography in the United States (Shapiro, 1988; Shapiro et al., 1988), Sweden 
(Andersson and Janzon, 1997; Bjurstam et al., 2003; Frisell and Lidbrink, 1997; 
Nystrom et al., 2002; Tabar et al., 1995), Canada (Miller et al., 2000, 2002), and 
the United Kingdom (Alexander et al., 1999). Although criticisms of those trials 
have been published (Gotzsche and Olsen, 2000; Olsen and Gotzsche, 2001), 
independent review concluded that there was strong evidence of the effective-
ness of mammography for women over 50 years old (Fletcher and Elmore, 2003; 
Health Council of the Netherlands, 2002; US Preventive Services Task Force, 
2002; Vainio and Bianchini, 2002b). According to a meta-analysis that included 
all the trials, 15-year mortality from breast cancer in women 50–69 years old 
was decreased by 20–35%, and the reduction was statistically significant; it was 
reduced in women between 40–49 years old by about 20% (Fletcher and Elmore, 
2003). Results of individual trials and another meta-analysis suggest statistically 
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significant reductions of 29–44% in the population 40–49 years old (Andersson 
and Janzon, 1997; Bjurstam et al., 2003; Hendrick et al., 1997). Some research-
ers have noted that screening mammography is associated with a high rate of 
false positives and overdiagnosis (that is, diagnosis of and treatment for some 
cancers that might not progress and cause morbidity or death) (Esserman et al., 
2009). Such overdiagnosis results in patients being subjected to adverse effects 
of breast-cancer treatments and being labeled as having a “preexisting condition,” 
which can affect insurance coverage7 and raise emotional issues (Esserman et al., 
2009). This points to the need to be able to differentiate between tumors that will 
progress and metastasize from those that will not. Recently, the US Preventive 
Services Task Force (2009) recommended “against routine screening mammog-
raphy in women aged 40 to 49 years.” Instead, the task force said the decision to 
have mammography before the age of 50 years should be an individual choice 
and take into account individual risks and “the patient’s values regarding specific 
benefits and harms.” Those guidelines, however, are very controversial, “have 
had a polarizing effect in the breast-cancer community,” and have led to “confu-
sion, fear, and anger on the part of patients with breast cancer, their families, and 
women’s health advocates” (Partridge and Winer, 2009). The communication of 
those guidelines is discussed further in Chapter 5.

The technology associated with mammography has improved substantially 
since the first studies of its efficacy. Major developments included more-sensitive 
high-resolution image intensifiers and film, low-absorption cassettes, and dedi-
cated film processors, all of which contributed to radiation-dose reductions for 
women (Price and Butler, 1970). Changes in mammography tubes (for example, 
the use of molybdenum targets and filters with beryllium windows and smaller 
focal spots and the use of moving grids) improved image quality (Haus, 1990; 
Muntz and Logan, 1979).

Digital mammography was developed to overcome the limitations of screen-
film mammography, such as difficulty visualizing low-contrast objects against 
dense backgrounds (Pisano and Yaffe, 2005; Shtern, 1992). Clinical trials (with-
out death as an end point) have demonstrated that its diagnostic accuracy is 
equivalent to that of film mammography for the general population (Lewin et al., 
2002; Pisano et al., 2005; Skaane et al., 2007; Vinnicombe et al., 2009), but 
that digital mammography has better accuracy than film in premenopausal and 
perimenopausal women, women who have dense breasts, and women less than 
50 years old (Pisano et al., 2005). As of August 2010, 68.5% of accredited US 
mammography units were digital (FDA, 2010)—up from 36% in January 2008 

7 Under the Patient Protection and Affordable Care Act (Public Law 111-148) insurers will be pro-
hibited from denying or charging more because of preexisting illnesses.
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(Karellas and Vedantham, 2008)—despite the high relative cost8 (Tosteson et al., 
2008). Individualized screening strategies with such technologies as MRI and 
ultrasonography are being developed for women who are at high risk for breast 
cancer (Berg, 2009).

MRI provides three-dimensional images of the breast and outstanding soft-
tissue contrast. Nine studies (Hagen et al., 2007; Hartman et al., 2004; Kriege 
et al., 2006; Kuhl et al., 2005; Leach et al., 2005; Lehman et al., 2005, 2007; 
Sardanelli et al., 2007; Warner et al., 2004) of women who were at very high 
risk for breast cancer collectively showed an increase in the detection of tumors 
by combining mammography and MRI for an overall sensitivity of 92.7% and 
greater detection of smaller, node-negative tumors (see Berg, 2009, for review; 
Kriege et al., 2004). Those results and others led the American Cancer Society 
to issue new guidelines for breast-cancer screening with MRI for women who 
have a 20% or greater lifetime risk of breast cancer9 (Saslow et al., 2007). Many 
women, however, cannot undergo MRI because of claustrophobia, obesity, renal 
insufficiency, or the presence of metallic implants (Berg, 2009). In addition, the 
false-positive MRI results that lead to unnecessary biopsy may limit its accept-
ability (Tillman et al., 2002).

Sonography is more available, better tolerated, and less expensive than is 
MRI as a supplemental tool to mammography (Berg, 2009). In high-risk women, 
mammography combined with sonography has a sensitivity of only 52% com-
pared with 92.7% for mammography with MRI (Berg, 2009; Buchberger et al., 
2000; Crystal et al., 2003; Gordon and Goldenberg, 1995; Hartman et al., 2004; 
Kaplan, 2001; Kelly et al., 2009; Kolb et al., 2002; Kuhl et al., 2005; Leconte 
et al., 2003; Lehman et al., 2005; Sardanelli et al., 2007; Warner et al., 2004). The 
supplemental breast-cancer detection rate of sonography in several studies has 
been consistently reported as 2.7–4.6 per 1,000 women screened (see Berg, 2009; 
Berg et al., 2008). Cancers found with screening sonography were almost always 
invasive and node-negative and had a median size of 9–11 mm (Buchberger et al., 
2000; Corsetti et al., 2008; Crystal et al., 2003; Gordon and Goldenberg, 1995; 
Kaplan, 2001; Kolb et al., 2002; Leconte et al., 2003).

Newer technologies—such as tomosynthesis (Gur et al., 2009; Niklason 
et al., 1997; Poplack et al., 2007), digital subtraction mammography (Diekmann 

8 The rationale may be that it is not practical for most breast-imaging practices to maintain support 
for two types of mammography-screening technologies (Berg, 2009), especially in the context of the 
conversion of the rest of radiology practice from analogue to digital radiography.

9 The populations included in this recommendation are known BRCA-mutation carriers, first-degree 
relatives of carriers who are untested, and those with a lifetime risk of breast cancer as defined by 
BRCAPRO (Berry et al., 2002) or other models that depend primarily on family history, such as 
Tyrer-Cuzick and BOADICEA (Antoniou et al., 2008; Tyrer et al., 2004). Other groups identified as 
eligible for augmented screening in the guidance document are those who have genetic syndromes, 
such as Li-Fraumeni and Cowden, and their first-degree relatives, and women who have a history of 
radiation therapy to the chest at the ages of 10–30 years (Saslow et al., 2007).
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et al., 2005; Dromain et al., 2006; Jong et al., 2003), dedicated breast computed 
tomography (Boone et al., 2001, 2006; Yang et al., 2007), positron-emission 
mammography (Berg et al., 2006), scintimammography (Khalkhali et al., 2000; 
Liberman et al., 2003), and magnetic resonance spectroscopy (Bartella et al., 
2007; Huang et al., 2004; Meisamy et al., 2005)—have not yet been evaluated 
well enough in a screening setting to warrant their widespread adoption either 
adjunctively or as replacements for mammography.

It is important to note that all studies of screening with new technologies 
assess imaging end points, not mortality. The presupposition is that finding more 
cancers than are found with film mammography (at a less advanced stage) will 
lead to reduced mortality if implemented on a population-wide basis (Smith et al., 
2004). As with other screening methods, there are adverse outcomes associated 
with false positives and overdiagnosis. In addition to stress and unnecessary 
biopsies conducted because of false positives, there is evidence that some breast 
tumors that would not progress to breast cancer are diagnosed as breast cancer 
through screening programs (Esserman et al., 2009).

Research Advances in Treatment

One of the earliest treatments for breast cancer, surgery with radical mastec-
tomy and complete lymph-node removal, is disfiguring. A randomized clinical 
trial comparing 5-year survival after mastectomy, lumpectomy (tumor removal 
only), and lumpectomy with radiation showed that patients who underwent 
lumpectomy plus radiation had the same survival as those who underwent radical 
mastectomy (Komaki et al., 1990). Those results gave women options for breast 
cancer surgery.

Assessing breast-cancer metastases with sentinel lymph-node biopsy (SLNB) 
began in the middle 1990s, has replaced axillary lymph-node dissection (ALND) 
for determining the extent of spread of breast cancer, and has shown decreased 
posttreatment morbidity (Kell and Kerin, 2004; Lyman et al., 2005; Olson et al., 
2008; Quan and McCready, 2009; Schrenk et al., 2000). A number of studies have 
demonstrated that SLNB is as accurate for staging breast cancer and is followed 
by similar short-term survival alone as in conjunction with ALND (Quan and 
McCready, 2009); large randomized controlled trials with longer followup are 
underway to evaluate SLNB further (Quan and McCready, 2009).

Surgery (lumpectomy or mastectomy) remains the primary treatment for 
breast cancer. Before and after surgery, adjuvant chemotherapy is an important 
component of breast-cancer treatment (NCI, 2009a). There has been development 
of many agents and combinations of agents and testing in clinical trials to assess 
survival and side effects in women who have breast cancer at different stages. 
The development of effective adjuvant therapies for early-stage breast cancer has 
greatly improved survival rates.

Several chemotherapeutic agents are available to treat patients with meta-
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static breast cancer, resulting in substantial palliation and some survival benefits 
(Chia et al., 2007). More importantly, several trials have demonstrated that using 
chemotherapy to prevent recurrences in women with early-stage disease has had 
an enormous impact on mortality (Early Breast Cancer Trialists’ Collaborative 
Group, 2005). Early trials were principally focused on cyclophosphamide, metho-
trexate and 5-flourouracil (Buzdar et al., 1988). Later studies demonstrated that 
the addition of the anthracyclines (doxorubicin and epirubicin) and the taxanes 
(paclitaxel and docetaxel) improve outcomes even further (Early Breast Can-
cer Trialists’ Collaborative Group, 2005; Henderson et al., 2003; Martin et al., 
2005).

As mentioned previously, therapies that interrupt the estrogen/ER pathway 
have been prime tools in treatment and prevention of breast cancer. Of these, the 
selective ER modulator (SERMs), tamoxifen, has been most influential in much 
of the decline in breast cancer mortality observed in the Western world over the 
last 25 years (Osborne, 1998). More recently, complete inhibition of estradiol 
synthesis in postmenopausal women has been affected by specific aromatase in-
hibitors (AIs), which are now known to be slightly more effective than tamoxifen 
in both the metastatic and adjuvant settings (Winer et al., 2005). Tamoxifen, and 
a similar SERM compound, raloxifene, have both been proven to prevent new 
ER-positive breast cancers in women at modestly high risk for the disease, and 
studies are underway to test the worth of AIs in this setting (Fisher et al., 1998; 
Vogel et al., 2006).

Trastuzumab is a monoclonal antibody that interferes with HER2 and has 
been shown to reduce mortality in both metastatic and adjuvant settings (Mariani 
et al., 2009). More recently, studies have demonstrated that a small molecular 
weight tyrosine kinase inhibitor, lapatinib, has activity in patients with HER2- 
positive metastatic breast cancer who have progressed on trastuzumab (Di Leo 
et al., 2008; Geyer et al., 2006). These two agents are now being compared, alone 
or in combination, in ongoing randomized adjuvant clinical trials.

Increased understanding of the genotypes and phenotypes of different breast 
cancers has allowed clinicians to individualize treatment in many ways. Studies 
in the 1970s and 1980s demonstrated that women with ER-positive breast cancer 
benefit from endocrine treatments, like tamoxifen and, therefore, those treatments 
should be used in those women (Early Breast Cancer Trialists’ Collaborative 
Group, 2005). In contrast, patients with HER2-negative breast cancers appear to 
gain little, if any, benefit from trastuzumab or lapatinib (Press et al., 2008; Slamon 
and Pegram, 2001). More recently, gene or protein expression assays combining 
ER, HER2, markers of proliferation, and other factors, have been shown to iden-
tify women who might forego chemotherapy or for whom chemotherapy might 
not work (Albain et al., 2010; Fong et al., 2009; van’t Veer et al., 2005). More 
recently, studies of tumors that do not express either ER or HER2 have demon-
strated that another pathway, the poly (adenosine diphosphate [ADP]–ribose) 
polymerase pathway, is involved in DNA repair and, therefore, in tumor survival 
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and in resistance to chemotherapy. In early trials inhibitors of this pathway have 
been reported to have antitumor activity, and large prospective randomized trials 
to determine their clinical utility are now underway (Fong et al., 2009).

Genetic research has also helped to move toward personalized medicine for 
women who have breast cancer. Women with low cytochrome P450 2D6 activity 
do not effectively metabolize tamoxifen to its active metabolite, and identification 
of those poor metabolizers helps assess the benefits of tamoxifen in individual 
breast-cancer patients (Desta et al., 2004; Kiyotani et al., 2010; Rooney et al., 
2004). In additional, gene-expression profiles can identify women who will or 
will not benefit from the use of anthracyclines and other therapies, thus avoiding 
exposure of women who would not benefit from that toxic class of drugs.

More recently, other agents—such as AIs, which interfere with postmeno-
pausal women’s ability to produce the estrogen—have been shown in large-scale 
clinical trials to be superior to tamoxifen in extending survival in women who 
have metastatic disease and in preventing recurrence when used as primary ad-
juvant therapy (Sparano et al., 2009). In addition, treatment with AIs after a full 
course of tamoxifen continues to improve recurrence-free survival compared with 
cessation of hormone therapy (Goss et al., 2003; Winer et al., 2005), and they are 
approved to treat postmenopausal women for breast cancer (Winer et al., 2005).

Another significant advance was discontinuing the use of an ineffective 
treatment. Before 2000, bone-marrow transplantation was commonly used in 
combination with high-dose chemotherapy despite the absence of a random-
ized controlled trial that demonstrated its efficacy. A randomized controlled trial 
showed that the combined treatment did not improve survival in women who had 
metastatic breast cancer (Stadtmauer et al., 2000; Weiss, 1999); the finding was 
confirmed in other studies (Farquhar et al., 2003). The use of bone-marrow trans-
plantation was abandoned in the late 1990s (Welch and Mogielnicki, 2002).

Knowledge Gaps

Scientific research, spurred by demands by and involvement of breast-cancer 
survivors and advocates, has improved survival of women who receive a diagno-
sis of breast cancer (IOM, 2006). There are now about 2.5 million women with 
a history of breast cancer either living disease free or undergoing treatments 
(ACS, 2010a). Although research has demonstrated that generally these women 
recover and lead relatively normal lives, some of the survivors may suffer serious 
sequelae, such as persistent fatigue, cognitive changes, musculoskeletal aches 
and pains, sexual difficulties, and secondary malignancies. Sequelae arise from 
the toxicity of therapies, from the psychological and emotional aspects follow-
ing treatment (for example, mastectomies), and from concerns over recurrence. 
Leading-edge research is now focused on understanding the biopsychosocial 
mechanisms that underlie these persistent problems, and new therapies are being 
developed to help in their management with a goal of improving the survivors’ 
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lives (Bower, 2008; IOM, 2006, 2008; Miller et al., 2008). Despite those gains, 
more than 40,000 US women died in 2009 from breast cancer (see Table B-2). 
In addition, the gains against breast cancer have not been seen among all demo-
graphics groups, and the reasons for the higher mortality in black women needs 
to be better understood and addressed. The ability to differentiate between tumors 
that will progress and metastasize from those that will not is needed.

Lessons Learned

Breast cancer is an example of a serious disease for which the risks, and con-
sequences have been decreased through advances in scientific research. Research 
has led to improved overall prevention, detection, survival of, and treatments for 
breast cancer, but there is a need to focus research programs on quality-of-life 
issues as well as mortality. If one looks at the overall progress made in the health 
of women who have breast cancer and at the research findings, the successes can 
not be attributed to a single aspect of the research but rather to multi-pronged 
research, including molecular, cellular, and animal experiments; improving diag-
nostic techniques; implementation of widespread screening programs; observa-
tional studies; and clinical trials. The disparities that remain highlight the need 
to focus research on groups that have the highest risks and burdens of disease. 
In addition, the increased risk of breast cancer from the use of hormone therapy 
(conjugated equine estrogen plus progestin) and the lack of efficacy of bone-mar-
row transplantation point to the need to conduct clinical research to demonstrate 
the efficacy and safety of treatments before widespread public use.

Cardiovascular Disease

Cardiovascular disease—considered here as a group that includes heart dis-
ease and stroke—has seen major progress in women, as reflected in a decrease 
in mortality. Despite that progress and all that has been learned over the last 2 
decades about cardiovascular disease in general, and about the potential differ-
ences in cardiovascular disease between women and men, in the United States 
cardiovascular disease is still the leading cause of death among women of almost 
all races and ethnicities,10 and it is a major contributor to morbidity and a de-
crease in quality of life in women (AHA, 2009).

10 Heart disease is the leading cause of death in white, black, and Hispanic women. It is the second-
leading cause of death in Asian and Pacific Islander and in American Indian and Alaska Native women 
(see Appendix B).



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

RESEARCH ON CONDITIONS WITH PARTICULAR RELEVANCE TO WOMEN ���

Incidence, Prevalence, and Mortality in Women

Cardiovascular disease in general used to be thought of more in relation to 
men than women, and most of the earlier cardiovascular research focused solely 
on men (AHRQ, 2009), which could be why some women underestimate their 
risk of cardiovascular disease and overstate their risk of breast cancer (Erblich 
et al., 2000). Statistics, however, show that cardiovascular disease has been the 
leading cause of mortality in US women since 1989 (see Appendix B). In 2006, 
one-third of US women had cardiovascular disease (Lloyd-Jones et al., 2009) and 
over 3 million women were discharged from short-stay hospitals with their first 
listed diagnosis as cardiovascular disease (AHA, 2009).

Since 1984, the non–age-adjusted number of deaths in women due to car-
diovascular disease has exceeded the number in men; in 2005, nearly 0.5 million 
women died from cardiovascular disease—52.6% of all people who died from 
cardiovascular disease (AHA, 2009). Taking age into account, however, shows a 
different picture. The incidence is lower in women than in men in all age groups, 
and the prevalence is lower in women than men or the same in women as men 
between 20–79 years old, but higher in women 80 years old or older (Lloyd-Jones 
et al., 2009). Although cardiovascular disease in women remains a substantial 
problem, success can be seen in the recent decreases in mortality from cardio-
vascular disease. The age-adjusted rate fell by 48.9% in women (from 263.3 to 
134.4 per 100,000) and by 50.8% in men (from 542.9 to 266.8 per 100,000) (Ford 
et al., 2007).

Cardiovascular disease can be classified as coronary heart disease,11 stroke, 
and non-ischemic heart disease (for example, mitral valve disease). Coronary 
heart disease and stroke are discussed here as examples of cardiovascular dis-
ease in women. The majority of cardiovascular disease in women is coronary 
heart disease, most of which is caused by atherosclerotic coronary disease or 
atherosclerosis. Coronary heart disease can manifest as angina (chest discomfort), 
ischemic heart disease (reduced blood supply to the heart) or acute myocardial 
infarction (heart attack). In 2006, about 8 million women in the United States 
were living with coronary heart disease (Lloyd-Jones et al., 2009). Data from 
the National Health and Nutrition Examination Survey (NHANES) indicate that 
the prevalence of acute myocardial infarction in women has increased over the 
last 2 decades but decreased in men (Towfighi et al., 2009). Of women 40 years 
old or older who have a recognized myocardial infarction, 23% die within a year 
compared with 18% of men (Lloyd-Jones et al., 2009). Younger, but not older, 
women have higher mortality during hospitalization after myocardial infarction 
than do men of the same age. The younger the patients, the higher is women’s 
mortality relative to men’s (Vaccarino et al., 1999).

11 Coronary heart disease is a condition in which there is inadequate circulation of blood to the 
heart.
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Chronic coronary heart disease is a major contributor to heart failure in 
women. Almost 600,000 women are discharged from short-stay hospitals each 
year, and 2.5 million women are living with heart failure (AHA, 2009). The 
number of women living with chronic heart conditions is rising and is expected 
to continue doing so because of improved acute treatments for coronary heart 
disease, the aging of the population, and other advances in medical therapies.

Stroke, when considered separately from other cardiovascular conditions, is 
the third-leading cause of death among women, and about 4 million women sur-
vivors are estimated to be alive today (Lloyd-Jones et al., 2009). Each year, about 
55,000 more women than men have strokes (Lloyd-Jones et al., 2009). Although 
it is attributable primarily to women’s longer life expectancy (Lloyd-Jones et al., 
2009), more women have strokes even when compared with men in the same age 
group. One study analyzed NHANES data from 1999–2004 and found that self-
reported stroke prevalence in women 45–54 years old was double that of men in 
the same age group (Towfighi et al., 2007).

Disparities Among Groups

With respect to cardiovascular disease as a group, 46.9% of black women 
20 years old and older and 34.4% of white women had cardiovascular disease in 
2006 (Lloyd-Jones et al., 2009).

Mortality from coronary heart disease was higher in black women than in 
white women (141 vs 110 per 100,000 age-adjusted population) in 2005. Black 
women in all age groups had a higher incidence of first heart attacks and overall 
heart attacks than white women. In 2006, the prevalence of coronary heart disease 
in women 20 years old or older was 6.9% in white women, 8.8% in black women, 
and 6.6% in Mexican American women (Lloyd-Jones et al., 2009).12

Data from 1998 indicate that the age-adjusted mortality rate from coro-
nary heart disease and specifically from acute myocardial infarction is lower in 
Hispanic, Asian and Pacific Islander, and American Indian and Alaskan Native 
women than in either black or white women (CDC, 2001). Like mortality from 
most other cardiovascular diseases, mortality from stroke is substantially higher 
in black women than in white women (60.7 vs 44.0 per 100,000 age-adjusted 
population) (AHA, 2009). Low socioeconomic status is also related to higher 
mortality. Among women 60 years old or older with cardiovascular disease, those 
without a high school degree were twice as likely to die from their disease as 
were high school graduates (Lee et al., 2005). In one study that looked at age-
adjusted death rates from cardiovascular disease in both black and white women, 
death rates are higher in those with less education and in those with less income 
(Pappas et al., 1993).

12 The prevalence takes into account survivors.
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Research Advances in Knowledge of Biology

Research over the last 20 years has demonstrated that women have cardiovas-
cular disease, and determining whether there are sex differences in cardiovascular 
disease and underlying biologic differences between women and men that could 
underlie the differences in disease is an active area of research (Rosenfeld, 2006; 
Shaw et al., 2009). A recent pooled analysis of data from 11 studies of acute coro-
nary syndrome concluded that women have higher 30-day mortality; this may be 
largely explained by clinical differences on presentation (for example, women are 
older and have more comorbidities and risk factors than men) and differences in the 
severity of angiographically documented disease (Berger et al., 2009).

The Women’s Ischemia Syndrome Evaluation (WISE) study, sponsored by 
the National Heart, Lung, and Blood Institute, was conducted to evaluate diagnos-
tic tests for heart disease in women and to determine whether evidence of myo-
cardial ischemia occurs in the absence of obstructive coronary disease in women. 
Data from WISE highlight the role of microvascular dysfunction, subendocardial 
ischemia, inflammation, genetic predisposition, and neurohormonal imbalance in 
imparting risk in women (Bairey Merz et al., 2006; Quyyumi, 2006). Of the 7,603 
women with symptoms screened, however, 936 (less than 5%) were enrolled in 
the study; women with a diagnosis of coronary artery disease on angiography 
and women with a previous coronary event (i.e., myocardial infarction, stroke, 
or revascularization) were excluded (Gulati et al., 2009). The WISE study only 
included females so sex-differences cannot be directly assessed. Differences in 
responses to ischemia are seen at the cellular level; different pathways trigger 
programmed cell death after ischemia in male and female rats and mice from 
birth (Bae and Zhang, 2005; Elsasser et al., 2000; Lang and McCullough, 2008; 
Vannucci et al., 2001). The clinical implications of those findings in humans and 
animals are unknown.

Research Advances in Prevention

Two-thirds of women who die suddenly from coronary heart disease had no 
previous symptoms (compared with half of men) (AHA, 2009). That suggests 
that primary prevention must be a key strategy to reduce the burden of coronary 
heart disease in women.

Smoking is the leading cause of cardiovascular disease, and the risk de-
creases quickly on smoking cessation. Hormone therapy (estrogen alone and 
estrogen plus progestin), as well as the selective estrogen-receptor modulators 
tamoxifen and raloxifene have been shown in a number of studies—the WHI, 
the Raloxifene Use for the Heart (RUTH) trial, and the Study of Tamoxifen and 
Raloxifene (STAR) trial—to increase the risk of stroke or fatal stroke in women 
(Nelson et al., 2009b; Stefanick, 2006; Writing Group for the Women’s Health 
Initiative Investigators, 2002). On the basis of the findings of the WHI, which was 
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designed to study the use of menopausal hormone therapy for primary prevention 
of cardiovascular disease, menopausal hormone therapy is not recommended to 
prevent cardiovascular disease (Wassertheil-Smoller et al., 2003; Writing Group 
for the Women’s Health Initiative Investigators, 2002). Behavioral factors (for 
example, smoking, eating habits, physical activity) that affect the risk of cardio-
vascular disease are discussed in Chapter 2.

An important sex difference in the prevention of stroke is the use of aspirin. 
Aspirin has been shown to prevent ischemic strokes in women (primarily among 
those over age 65) but not in men (Bailey et al., 2010; Ridker et al., 2005). 
The risk of hemorraghic stroke and gastrointestinal bleeding, however, may be 
increased by aspirin use, and because women often have uncontrolled blood 
pressure and stroke as they age, stroke and bleeding are particularly important 
health issues for older women (Bailey et al., 2010; Ridker et al., 2005). National 
guidelines recommend that those risks be weighed against the benefits of aspirin, 
and that age be taken into account in decisions about aspirin chemoprevention 
(Mosca et al., 2007).

In an early clinical trial, statins (3-hydroxy-3-methyl-glutaryl coenzyme 
A reductase inhibitors) were shown to be effective in lowering cholesterol in a 
Scottish trial in men (Shepherd et al., 1995). The absence of women in that and 
other statin trials led to questions about extrapolating the data to women and thus 
a delay in their use in women, even those who had previously had a coronary 
event. A meta-analysis of data from those trials later demonstrated the efficacy 
of statins in women (LaRosa et al., 1999). A large-scale trial (JUPITER) showed 
that primary prevention benefits from statins are similar in women 60 years old 
or older and men 50 years old or older (Mora et al., 2010), however, the number 
needed to treat (that is, the number of patients who would have to be treated 
to prevent a single outcome event) and side effects might be higher in women 
than men (Ridker et al., 2009). A 2009 meta-analysis showed benefits of statin 
therapy in both women and men at risk for cardiovascular disease (Brugts et al., 
2009), and a meta-analysis of trials (not specifically in women) comparing early 
statin therapy after acute coronary syndrome with placebo or usual care at 1 and 
4 months following showed no reduction in deaths, myocardial infarction, or 
stroke with statin therapy (Briel et al., 2006). A prospective cohort study showed 
an increased risk of cataracts, kidney failure, and liver dysfunction in both men 
and women with statin treatment (Hippisley-Cox and Coupland, 2010). Further 
research is needed to define the risk–benefit ratio of statins for primary prevention 
in diverse populations of women with varying risks of cardiovascular disease.

Patient, physician, health-system, and societal factors can all contribute to 
gender and racial disparities in cardiovascular-disease outcomes, but their rela-
tive contribution is not known. In a survey of 500 physicians (300 primary care 
physicians, 100 obstetricians/gynecologists, and 100 cardiologists), primary 
care physicians were significantly more likely to place women, who according 
to their Framingham risk score were in an intermediate-risk category, in a lower 
risk category than they did for men (Mosca et al., 2005). That rating affected the 
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recommendations the physicians provided for lifestyle and preventive pharma-
cotherapy. Earlier studies also indicated that physicians may manage women’s 
chest pain less aggressively, particularly black women (Schulman et al., 1999). 
Gender-based disparities in cardiovascular care have been documented in com-
mercial health plans and the greatest disparity is present among those who had 
recent acute cardiac events (Chou et al., 2007a,b).

The American Heart Association (AHA) reviewed what is known about the 
use and effectiveness of percutaneous coronary interventions and adjunctive 
pharmacotherapy in men and women and concluded that invasive percutaneous 
coronary interventions are “performed less frequently and with greater delays 
in women” (Lansky et al., 2005). Rates of reperfusion therapy are also lower in 
women than in men, and “there is no evidence that the gap has narrowed in recent 
years” (Vaccarino et al., 2005). Greater complications and early mortality have 
been detected in women as compared to men following revascularization (bypass 
surgery and percutaneous coronary interventions) and, therefore, the lower num-
ber of procedures might be beneficial to women (Kim et al., 2007).

Studies have shown a higher risk of death or acute myocardial infarction in 
women who have unstable angina and an increase in non–ST-segment myocardial 
infarctions in women after invasive treatment than in women after conservative 
treatment.13 A meta-analysis of eight trials indicated that invasive strategies 
benefit high-risk women—that is, those who have increased concentrations of 
the biomarkers creatine kinase MB or troponin—but do not benefit and possibly 
increase risk in women who do not have increased concentrations of those bio-
markers (O’Donoghue et al., 2008). Similarly, invasive treatment has been shown 
to benefit high-risk women who have acute coronary syndrome, but study results 
indicate no benefits of and even harm after invasive treatment in non–high-risk 
women who have acute coronary syndrome (Lansky et al., 2005).

AHA published sex-specific evidence-based guidelines for the prevention of 
cardiovascular disease in women in 2004 (Mosca et al., 2004), but the extent to 
which they have changed practice is not established. Most physicians are aware 
of the guidelines, but few state that they implement the guidelines (Mieres et al., 
2005).

Research Advances in Diagnosis

Sex and gender differences in the presentation of cardiovascular disease have 
been studied over the last 2 decades, including studies looking for differences in 
clinical features (Canto et al., 2007; Correa-de-Araujo, 2006; Correa-de-Araujo 
and Clancy, 2006; DeCara, 2003; Dracup, 2007). The initial presentation of 
coronary heart disease is about 10 years later in women than in men (Mikhail, 
2005). For myocardial infarction, the most common symptom for women is chest 

13 Percutaneous coronary interventions would be considered invasive treatments. Pharmacologic 
management and later coronary angiography if symptoms recur would be a conservative treatment.
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pain, although myocardial infarction in women does occur in the absence of chest 
pain (AHA, 2010). Other symptoms of myocardial infarction include feeling out 
of breath; pain that runs along the neck, jaw, or upper back; nausea; vomiting or 
indigestion; unexplained sweating; sudden or overwhelming fatigue; and dizzi-
ness (AHA, 2010). Statistically, women who have myocardial infarctions are less 
likely than men to have coronary disease (Shaw et al., 2009). That chest pain is 
more common in men and is considered a “typical” symptom of heart disease 
may contribute to the finding that women are less likely to undergo diagnostic 
evaluation for symptoms and may have their conditions misdiagnosed (Brieger 
et al., 2004; Canto et al., 2007). Some evidence suggests that women and men 
experience cardiac pain differently, and that this affects the diagnosis of cardio-
vascular conditions and events (O’Keefe-McCarthy, 2008).

Women who have coronary heart disease are more likely to present with 
angina and fatigue, nausea and vomiting, and shortness of breath, whereas men 
are more likely to present with acute myocardial infarction or coronary heart dis-
ease death (DeCara, 2003). Women also have more atypical chest pain related to 
angina than men and more nausea, back pain, and jaw pain (Brieger et al., 2004; 
Canto et al., 2007; Kudenchuk et al., 1996; Milner et al., 1999).

Women and men vary in the predictive strength of risk factors, and this 
complicates the diagnosis of coronary arterial disease in women. Diabetes has 
been shown to be a stronger predictor of risk in women than in men (Scheidt-
Nave et al., 1991). In a study of premenopausal women who underwent coronary 
angiography for suspected ischemia, diabetes was associated with hypothalamic 
hypoestrogenemia, increased prevalence and severity of angiographic coronary 
artery disease, and a slight increased risk of major adverse cardiovascular events 
(Ahmed et al., 2008). Isolated systolic hypertension is more common and more 
predictive in women than in men (Rich-Edwards et al., 1995), whereas a high 
concentration of low-density lipoproteins is more predictive of coronary arterial 
disease in men than in women (Rich-Edwards et al., 1995). An increase in tri-
glycerides is a risk factor for cardiovascular disease in women (Evangelista and 
McLaughlin, 2009).

C-reactive protein has been suggested for use as a risk marker, particularly in 
women (Cook et al., 2006; Ridker et al., 2003). Research on the clinical relevance 
of C-reactive protein is ongoing. The US Preventative Task Force concluded that 
although data are convincing that C-reactive protein is associated with coronary 
heart disease, evidence that its use as a risk marker improves risk estimates is 
weak, and evidence that reducing C-reactive protein levels protects against coro-
nary heart disease is lacking for either women or men (Buckley et al., 2009).

Sex differences have sometimes been reported in the sensitivity and speci-
ficity of diagnostic tests for cardiovascular disease. Kim and colleagues (2001) 
conducted a meta-analysis and found sex differences in the diagnostics. An AHA 
consensus statement in 2005 concluded that the present approach to diagnostic 
testing may require some variation when applied to women (Mieres et al., 2005). 
DeCara (2003) reviewed noninvasive cardiac testing in women and found a high 
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rate of false positives for coronary arterial disease with exercise electrocardio-
graphic (ECG) stress testing in women (Hung et al., 1984; Mieres et al., 2005) 
and female-specific outcomes have been developed for exercise ECGs (Gulati 
et al., 2005). A systematic review for AHRQ, however, did not find sex differ-
ences in the accuracy of exercise myocardial perfusion imaging for diagnosis 
of coronary heart disease and found little difference in the accuracy of exercise 
myocardial perfusion imaging and exercise echocardiography for diagnosis of 
coronary heart disease in women (Grady et al., 2003).

Differences in the diagnosis of cardiovascular disease in women, if present, 
could bias the results of clinical trials. If trials are based on symptoms of coronary 
heart disease and cardiovascular disease that are more commonly seen in men 
than in women, and female cases will be missed.

Research Advances in Treatment

Research laid the groundwork for a number of important pharmacologic 
breakthroughs in treating patients with cardiovascular disease. The use of beta-
blockers and aspirin as soon as possible after a myocardial infarction quickly 
became the standard of care for men; however, women were not receiving that 
care and it took a few years for the use of beta-blockers and aspirin in women to 
approach that in men (Berger et al., 2009). The use of stents in women lagged 
behnd their use in men because the size of the stent was based on male blood 
vessels, which are typically larger than in women (Lansky et al., 2005).

As summarized by Lansky and colleagues (2005), the current use of stents 
does not appear to differ between the sexes. In addition, the mortality associated 
with their use is similar in women and men unless confounding risk factors are 
present in women (Chauhan et al., 2005; Mehilli et al., 2000).

Research has demonstrated that adjunctive pharmacotherapy is beneficial 
in women who are undergoing percutaneous coronary intervention as secondary 
prevention, including the use of aspirin, ADP–receptor antagonist antiplatelet 
agents (clopidogrel and ticlopidine), glycoprotein (GP) IIb/IIa inhibitors, the 
antithrombin agents unfractionated heparin and low-molecular-weight heparin, 
and direct thrombin inhibitors (Antithrombotic Trialists Collaboration, 2002; 
Braunwald et al., 2002; Fernandes et al., 2002; Kong et al., 2002; Steinhubl 
et al., 1999; Stone et al., 2002; Wong et al., 2003; Yusuf et al., 2003). Because of 
women’s risk of bleeding complications at baseline (Lenderink et al., 2004), and 
because of risks of overdosing with GP IIb/IIIa inhibitors in women, care must 
be taken to avoid complications (Alexander et al., 2006).

Knowledge Gaps

Despite research advances in scientific knowledge related to diagnosis, risk 
factors, preventive interventions, and effective therapies for coronary heart dis-
ease in women, progress might have happened sooner if women had been better 
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represented in earlier studies of cardiovascular disease. More recently women 
have been enrolled in cardiovascular trials; however, a lack of knowledge about 
sex differences remains, in part because of a lack of sex-specific analysis and 
reporting of sex-specific results, with only 25% of trials of cardiovascular 
disease reporting on sex-specific results (Blauwet and Redberg, 2007; Blauwet 
et al., 2007; Grady et al., 2003). Because women have been consistently under-
enrolled in cardiovascular-disease clinical trials (Grady et al., 2003; Kim and 
Menon, 2009; Sharpe, 2002), studies were not powered sufficiently to provide 
statistical significance on data for women, so meta-analyses have been used to 
determine whether the results obtained in men can be extrapolated to women 
(Grady et al., 2003). Because of their limitations, however, meta-analytic meth-
ods can not overcome a lack of enrollment or data on women, and they are not 
optimal for addressing the leading cause of mortality in women. A major limi-
tation of evaluating data from eligible studies was that findings were often not 
stratified by sex, and little evidence was available to answer key questions about 
the disease in women (and in racial and ethnic minorities). Women continue to 
be inadequately represented in cardiovascular-disease clinical trials; this could 
be due in part to entry criteria that are based on symptoms seen more com-
monly in men (Grady et al., 2003). Cardiovascular disease may be a category 
in which sex-specific studies can be used to fill in the gaps (Lansky et al., 2005; 
O’Donoghue et al., 2008; Shaw et al., 2009).

Much also remains both to be learned about the biologic sex differences 
that underlie cardiovascular disease in men and to be done to use the informa-
tion to develop sex-specific diagnostic, preventive, therapeutic, and rehabilitative 
approaches. Sex-specific diagnostic tools, especially for identifying subclinical 
disease, are needed as is a strategy for avoiding the delay in screening for, di-
agnosis of, and treatment of cardiovascular disease in women. Furthermore, the 
reasons for the disparities in mortality in different groups of women and how to 
address those disparities are also needed.

Although awareness of cardiovascular disease as the leading cause of death 
has nearly doubled among women since national educational programs, such as 
the Heart Truth and Red Dress campaigns, have been targeted to women—in 
1997, only 30% of women recognized cardiovascular disease as the leading 
killer of women, significantly less than the 57% and 54% of women who recog-
nized cardiovascular disease as the leading killer of women in 2006 and 2009, 
respectively (Mosca et al., 2010)—but awareness continues to lag among racial 
and ethnic minorities. Work is needed to raise awareness of the problem of car-
diovascular diseases among women and their health-care providers, especially 
because awareness of cardiovascular-disease risk has been linked to the taking 
of preventive action (Christian et al., 2007; Mosca et al., 2006). Translation and 
communication issues are discussed in Chapter 5.
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Lessons Learned

A major lesson was the recognition, not only by researchers but also by cli-
nicians and the public, that cardiovascular disease is a major cause of morbidity 
and mortality in women. Part of the delay in recognizing that was lack of aware-
ness, but other factors in the delay might be related to potential sex differences 
in the presentation (for example, age at presentation) of cardiovascular disease 
in women and men. That highlights the importance of recognizing the signs 
and symptoms of a disease in women, and ensuring that health practitioners 
and women are aware of those signs and symptoms. Sex-specific research on 
cardiovascular disease has shown potential sex-specific differences that affect 
everything from risk factors to diagnosis to treatment. Evidence indicates that 
behavioral factors are important for the prevention of cardiovascular disease (see 
Chapter 2 for a more detailed discussion), so research needs to go beyond the 
pathophysiology of the disease to the level of identifying effective interventions 
to modify people’s behaviors to prevent disease. Comorbidities with cardiovas-
cular disease have also been seen and highlight the impact that comorbidities can 
have on diagnosis and treatment. Another major lesson is the importance of the 
translation of research findings into practice and policies to benefit all.

Cervical Cancer

The committee considered cervical cancer to be a disease where research 
findings have led to major advances in prevention and detection of the disease. 
There have been large decreases in incidence of and mortality from cervical 
cancer in the United States, mostly because of the use of the Papanicolaou (Pap) 
smear and the Bethesda rating system, both of which were developed before 
the period of our review. Cervical-cancer incidence and mortality continued to 
decrease during the last 20 years, and there are now improved treatment options 
for early-stage cervical cancer. Cervical-cancer research has also resulted in the 
development of a vaccine against human papilloma virus (HPV), an infectious 
agent that causes most cases of cervical cancer. The vaccine has the potential 
to protect women against cervical cancer, the leading cause of cancer death in 
women worldwide.

Incidence, Prevalence, and Mortality in Women

Cervical cancer was once one of the leading causes of cancer death in women 
in the United States, but its incidence and mortality in the United States decreased 
by about 74% from 1955 to 1992 and continues to decrease (ACS, 2009b). In the 
United States in 2010, it is estimated that 12,200 women will be diagnosed with 
cervical cancer, and 4,210 women will die from it (NCI, 2010c). The decreases in 
incidence and mortality are attributed mainly to regular cytology-based cervical-
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cancer prevention programs, which were introduced in the United States in the 
1960s (Wright, 2007; Zeferino and Derchain, 2006). In 2002–2007, the median 
age at diagnosis in the United States was 48 years; the median age at death was 
57 years (NCI, 2010c).

Disparities Among Groups

Cervical-cancer incidence and mortality decreased in the United States from 
1996 to 2005 in all races and ethnicities on which there are surveillance data 
(see Figure 3-2) (NCI, 2008). Disparities among races and ethnicities persist 
despite those gains (Barnholtz-Sloan et al., 2009). The age-adjusted average 
incidence (cases per 100,000) in 2001–2005 was highest, at 13.7, in Hispanic 
women, followed by 10.8 in black women and about 8 in white and Asian and 
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FIGURE 3-2 Cervical-cancer mortality in 1975–2005 by race.
Mortality source: US Mortality Files, National Center for Health Statistics, Centers for 
Disease Control and Prevention.
Rates per 100,000 and age-adjusted to 2000 US standard population (19 age groups—
Census P25-1130). 

†Rates for American Indians and Alaska Natives not displayed, because fewer than 16 
cases were reported for at least 1 year within interval.

‡Hispanics not mutually exclusive from whites, blacks, Asians and Pacific Islanders, 
and American Indians and Alaska Natives. Mortality data on Hispanics do not include 
cases from Connecticut, Maine, Maryland, Minnesota, New Hampshire, New York, North 
Dakota, Oklahoma, and Vermont.
SOURCE: http://www.cdc.gov/cancer/cervical/statistics/race.htm (accessed May 5, 2010).
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Pacific Islander women. In contrast, the average mortality (deaths per 100,000) 
in the same years was highest in black women at 4.7, followed by 3.2 in Hispanic 
women and 2.0 in white and Asian and Pacific Islander women. Possible reasons 
why advances are not translated to decreased mortality among all populations 
of women are discussed in Chapter 5. Incidence varies within racial and ethnic 
categories. For example, although overall Asian women are less likely to receive a 
diagnosis of cervical cancer than white women, within this subgroup Vietnamese 
American women are approximately 5 times more likely to be diagnosed with 
cervical cancer than white women (Taylor et al., 2004).

Research Advances in Knowledge of Biology

Epidemiologic, animal, and molecular studies have elucidated the role of 
HPV in cervical cancer and laid the groundwork for the novel diagnostic tech-
niques and development of a vaccine discussed below and, ultimately, for the 
prevention of cervical cancer (Lehtinen and Paavonen, 2004; Olsson et al., 2009; 
zur Hausen, 2009).

The association between HPV type 16 and cervical cancer was found over 2 
decades ago (Dürst et al., 1983, 1987). Research during the 1990s and early 2000s 
demonstrated that HPV is present in over 90% of premalignant cervical lesions 
and over 95% of cervical cancers and confirmed HPV as causal and necessary 
for cervical cancer (Bosch et al., 2002; Ferenczy and Franco, 2002; Franco et al., 
2001; Muñoz, 2000; Muñoz et al., 2003; Walboomers et al., 1999). HPV 16 and 
18 are responsible for cervical cancer (Schlecht et al., 2001; Woodman et al., 
2007). Muñoz and colleagues (2003) demonstrated that HPV 16, 18, 31, 33, 35, 
45, 52, and 58 account for 95% of squamous-cell carcinomas that are positive for 
HPV. Researchers also examined the structure of the virus particles; engineered 
proteins, called the L1 proteins, that reform to virus-like particles (or capsids); 
and demonstrated that the reformed L1 virus-like particles trigger an immune 
response in animals (Breitburd et al., 1995; Campo, 2002; Kirnbauer et al., 1992, 
1993; Suzich et al., 1995; Zhou et al., 1991). The improved understanding of 
the relationship between HPV and cervical cancer laid the groundwork for the 
development of an HPV vaccine.

Research Advances in Prevention

It has been noted for centuries that cervical cancer is associated with sexual 
activity and sexual contacts (see Chapter 2 for discussion of sexual risk behav-
ior) (zur Hausen, 2009), and limiting the number of sexual partners and using 
condoms have long been recommended for primary prevention of cervical can-
cer. Because sexual activity is a risk factor for cervical cancer, behaviors during 
teenage years and early adulthood can affect the risk of cervical cancer later in 
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life. There is recent evidence that condom use greatly reduces the risk of genital 
HPV infections (Winer et al., 2006).

The identification of the HPV virus as the causative agent in cervical can-
cer and the characterization of the virus and its components provided the basis 
of the development of a vaccine for the primary prevention of HPV infection 
and cervical cancer (Kulski et al., 1998). After trials to test safety (Harro et al., 
2001) and antibody response (Carter et al., 2000; Petter et al., 2000), Koutsky 
and colleagues (2002) conducted a randomized controlled trial of an HPV 16 
L1 virus-like particle vaccine in 2,392 women. A median of 17.4 months later, 
the vaccine had 100% efficacy in protecting against HPV 16 infection.14 Harper 
and colleagues (2004) conducted a randomized controlled trial of the efficacy of 
a bivalent HPV 16/18 virus-like particle vaccine against HPV 16 and HPV 18 
infections in 1,113 women 15–25 years old. The vaccine was over 90% effective 
against incident and persistent infection with HPV 16/18. Relatively few minor 
and no serious adverse events were reported.

Gardasil®, a prophylactic vaccine containing the virus-like particle for HPV 
6/11/16/18, has since been approved by FDA for girls and women 9–26 years 
old (FDA, 2008). Studies with the vaccine demonstrated safety; relatively few 
adverse events were reported. In one study the vaccine prevented 100% of cervi-
cal intraepithelial neoplasia (CIN), adenocarcinoma in situ or cancer, and vaginal, 
vulvar, perineal, and perianal intraepithelial lesions associated with vaccine-type 
HPV in women with no evidence of previous HPV infection (Garland et al., 
2007). When the vaccine was administered to subjects who had no evidence of 
previous exposure to either HPV 16 or 18, the prophylactic HPV vaccine was 
98% effective in preventing HPV 16– and 18–related CIN 2/3 and adenocarci-
noma in situ (FUTURE II Study Group, 2007). In women with evidence of HPV 
infection, regardless of the type of HPV infection, the vaccine reduced the inci-
dence of vulvar, vaginal, and perianal lesions by 34% and of cervical lesions by 
20% (Garland et al., 2007). The efficacy of the vaccine in preventing HPV 16– or 
18–related CIN2/3 and adenocarcinoma in situ was lower (44%) in women who 
had been previously exposed to HPV types 6/11/16/18. The estimated efficacy of 
the vaccine against all high-grade cervical lesions regardless of the causal HPV 
type was 17% (FUTURE II Study Group, 2007). In October 2009 FDA approved 
Cervarix™ an additional vaccine to prevent cervical cancer and precancerous le-
sions caused by HPV types 16 and 18 (FDA, 2009a).

In October 2009 FDA approved one form of the vaccine in boys and men 
aged 9–26 for prevention of genital warts (HHS, 2009). The approval did not ad-
dress the prevention of transmission of HPV to girls and women, and there has 
been much debate on whether boys and men should be vaccinated to decrease the 
prevalence of HPV in girls and women (Campos-Outcalt, 2009; Cuschieri, 2009; 
Hibbitts, 2009; Hull and Caplan, 2009).

14 Trials of the vaccines were funded by Merck and by GlaxoSmithKline.
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Despite the evidence indicating safety and efficacy, a number of controver-
sial issues have arisen around the implementation of HPV vaccination programs. 
Those issues are discussed in Chapter 5.

Although HPV infection is the major risk factor for cervical cancer, other 
risk factors have been studied. In general, diet does not appear to modify risks 
greatly. Diets rich in beta-carotene, or high in vegetables, however, have been 
linked to lower risk in a few studies (Hirose et al., 1998; La Vecchia et al., 
1988), and antioxidants, such as carotenoids, have been shown to decrease HPV 
persistence in women (Giuliano et al., 1997, 2003). Smoking is associated with 
an increased risk of cervical cancer, although the extent to which the association 
is independent of HPV is not known (CDC, 2002a). Some research studies have 
shown an increased risk of cervical cancer associated with exposure to second-
hand smoke (Tay and Tay, 2004; Trimble et al., 2005), but most reviews have 
concluded that there is inadequate or only suggestive evidence of an association 
(Office of Environmental Health Hazard Assessment, 2005; Office of the Surgeon 
General, 2006).

Research Advances in Diagnosis

The consistent use of conventional Pap tests (in which cervical cells are 
smeared on a slide) for decades in the United States to screen for cervical cancer 
and precancerous lesions has drastically reduced the incidence of and mortality 
from cervical cancer (Jansson et al., 1998; Mathew and George, 2009; Schiffman 
and Castle, 2005; Sherman et al., 2005). Revised screening techniques have the 
goal of improving the sensitivity (false negatives), and specificity (false positives) 
of screening, which are suboptimal because of sampling, preparation, detection, 
and interpretation (Siebers et al., 2009). Liquid preparations allow cytologic 
screening, computer-assisted reading, and testing for HPV DNA using a single 
sample preparation (Sherman et al., 1997). In 1996, FDA approved the first 
liquid-based medium for gynecologic cytology, ThinPrep® (Guidos and Selvaggi, 
1999). Early studies showed that liquid-based cytology was at least as good as the 
conventional Pap test in detecting low-grade squamous intraepithelial lesions and 
other epithelial-cell abnormalities (Austin and Ramzy, 1998; Bishop et al., 1998; 
Linder, 1998; Sherman et al., 1998; Vassilakos et al., 1998). Other studies, how-
ever, did not yield convincing evidence of improved results of liquid-based cy-
tology, and systematic reviews cited a lack of well-designed comparative studies 
(that is, studies that used randomized design, biopsy-confirmed cervical lesions, 
blinded verification, and adequate power) to determine which method was supe-
rior (Arbyn et al., 2008; Davey et al., 2006; Klinkhamer et al., 2003). A recent 
randomized controlled trial that evaluated over 84,000 Dutch women showed that 
liquid-based cytology does not detect cervical-cancer precursors better than the 
conventional Pap test (Siebers et al., 2009). The American Congress of Obstetri-
cians and Gynecologists (ACOG) concluded that liquid-based and conventional 
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methods of cervical cytology are both acceptable for use in testing (ACOG, 
2003), and the American Cancer Society recommends the conventional Pap test 
or liquid-based cytology with different frequencies depending on age (ACS, 
2009c). In recently released evidence-based guidelines, ACOG increased the 
recommended age at first screening and decreased the recommended frequency 
of cervical-cancer screening but not of pelvic examination (ACOG, 2009).

With the identification of the HPV types responsible for most cervical can-
cers, high-throughput DNA testing provides DNA diagnostic tests for HPV types 
associated with cervical cancer. Several FDA-approved HPV DNA diagnostic 
tests for high-risk types of HPV are effective in detecting HPV. Current guide-
lines for the management of women with abnormal cervical-cancer screening 
results have incorporated the use of HPV DNA testing as an adjunct to cytologic 
screening in their algorithms (Wright et al., 2007). Whether HPV DNA testing 
can replace cervical cytology remains to be seen.

Research Advances in Treatment

Precancerous lesions are often detected through routine Pap tests and af-
fected cells are removed or destroyed before the development of cervical cancer 
(for example, with a loop electrosurgical excision procedure, cryosurgery, laser 
surgery, or cone biopsy).

Once a woman receives a diagnosis of cervical cancer, she can have surgery, 
radiation therapy, chemotherapy, or some combination of the three. The choice 
depends on the stage at diagnosis and on patient and physician preference. Clini-
cal trials over the last 2 decades have provided information on the comparative 
efficacy and toxicity of different treatment regimens to allow evidence-based 
decisions on treatment protocols and improved quality of life after treatment for 
some stages of the disease.

Hysterectomy and radical hysterectomy, which were the standard treatments 
for early-stage (non-metastisized) cervical cancer, have good survival rates but 
were associated with major morbidity and eliminated the possibility of pregnancy 
(Chan and Naik, 2008). Over the last 2 decades, research has demonstrated the 
effectiveness of other surgical procedures or combination therapies that provide 
a better posttreatment quality of life than radical hysterectomy (Chan and Naik, 
2008). For example, trachelectomy (removal of the cervix) is a fertility-sparing 
surgical option for younger women who have the disease, and laparoscopic radi-
cal hysterectomy has the potential of better postoperative recovery and cosmetics 
than traditional radical hysterectomy (Chan and Naik, 2008). Improvements in 
imaging also inform decision making for individual cases and allow more specific 
surgical treatments for localized advanced cancer (Sundar et al., 2005). Despite 
that progress, however, White (2008) noted that late effects of cervical-cancer 
treatments include bowel and bladder dysfunction and sexual difficulties.

Historically, radiation therapy (external radiation or brachytherapy where the 
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radioactive material is sealed in a container or wire and is placed directly into 
or near the tumor) was not given in combination with chemotherapy, but clinical 
trials demonstrated the advantage of administering cisplatin-based chemotherapy 
during radiation in some patients who had stage I or more advanced cervical 
cancer (Gibbons and Keys, 2000; Lukka et al., 2002; Morris et al., 1999; Peters 
et al., 2000; Rose et al., 1999). Increased toxicity, however, is seen with the ad-
dition of chemotherapy (Eifel, 2006; Loizzi et al., 2008).

Chemotherapeutic options for recurrent and metastatic cervical cancer have 
been reviewed (Moore, 2006; Tao et al., 2008). Cisplatin chemotherapy has been 
used since the 1980s against advanced cervical cancer in people who cannot be 
treated with surgery or radiation and against recurrent cervical cancer (Alberts 
and Mason-Liddil, 1989). The prognosis with that treatment is poor; its goal is 
to slow the progression of the disease (that is, palliation), and it has high toxicity. 
During the 1990s, other platin analogues and combination therapies that con-
tained cisplatin and non–platin-related compounds (for example, mitolactol and 
ifosfamide) were used in clinical trials with the hope of improving survival and 
decreasing the toxicity associated with chemotherapy, but they had little success 
(Moore, 2006). Trials of combinations of other chemotherapeutic agents (such 
as paclitaxel and topotecan) with cisplatin in the 1990s and early 2000s showed 
promising results, including a decrease in toxicity and, in the case of topotecan, 
an increase in progression-free survival compared with cisplatin alone (Moore 
et al., 2004; Rose et al., 1999), but overall survival was unchanged (McQuellon 
et al., 2006; Moore et al., 2004). More recent research is investigating agents that 
target the vasculature of tumors and is developing drugs that target molecular 
pathways that are abnormal in cancer cells, including cervical cancer (Herrera 
et al., 2008). In addition, some HPV vaccines are showing potential as therapeutic 
agents by inducing HPV-specific antitumor immune responses in animal models 
(Hung et al., 2008).

Despite the research, the prognosis of late-stage cervical cancer is poor, 
and stage IVB cervical cancer is usually considered incurable (ACS, 2009b). As 
Moore (2006) pointed out, it is of note that the study by McGuire and colleagues 
(1996) used validated instruments to assess patient-reported quality of life and 
was the first randomized controlled study of palliative treatments for advanced 
cervical cancer to consider quality of life as an end point. Given the palliative na-
ture of the treatments, the toxicity associated with the agents, and the importance 
of quality of life to women, quality of life is an important consideration in the 
development of future treatment, as it is in relation to other conditions and treat-
ments. Greater attention to the impact of treatments on quality of life may help 
women make more informed choices among options for treatment and increase 
the effectiveness of the treatment they choose.
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Knowledge Gaps

Despite the wide use of cytology-based screening, cervical cancer continues 
to be an important issue among women in the United States, especially among 
particular racial and ethnic groups. The biggest limitation of cervical cytology 
is its poor sensitivity, and liquid-based cytology has not improved sensitivity 
(Ronco et al., 2006).

Advances in treatments have decreased posttreatment morbidity associated 
with early-stage cervical cancer, but a lack of effective treatments for advanced 
and recurrent cervical cancer leaves 5-year survival in these cases extremely 
rare. In addition, research is needed to understand the factors that contribute to 
acceptance and use of the HPV vaccine, especially in miniority groups at the 
greatest risk for cervical cancer, since prevention of this disease is now possible 
(see Chapter 5 for further discussion).

Lessons Learned

The decreases in the incidence of and mortality from cervical cancer high-
light the importance of the availability of appropriate diagnostic tests and screen-
ing for the prevention of or early treatment for some diseases. The combination 
of epidemiologic, animal, and cellular research on the etiology of cervical cancer, 
the role of HPV in cervical cancer, and an understanding of the disease and as-
sociated virus itself allowed the development of a vaccine against this cancer. The 
identification of quality of life as an important outcome in evaluating a therapeu-
tic agent is another important lesson from the research on cervical cancer. The 
higher incidence and mortality still seen in some populations highlights the need 
to target translation and communication efforts to reach people who are at great-
est risk for the disease.

CONDITIONS ON WHICH RESEARCH HAS 
CONTRIBUTED TO SOME PROGRESS

Depression

There has been some progress on the development of improved therapies for 
the treatment for depression over the last 2 decades. Shortcomings in diagnosis 
and in the use of those therapies, however, have limited the implementation of 
those treatments and diminished progress against the disease.

Incidence, Prevalence, and Mortality in Women

The prevalence of major depression in the United States is estimated to be 
16% over a lifetime (Kessler et al., 2003). The rate in women is estimated to 
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be up to twice that in men (Kessler et al., 2003). The sex difference occurs in 
relation to the onset of depression (Marcus et al., 2005); chronicity and recur-
rence are similar between the sexes. Sex differences first emerge at the ages of 
11–14 years and persist into adulthood (Angold et al., 1998). Pregnant women 
and nonpregnant controls have similar rates of depression (Gotlib et al., 1989), 
although the rates of major depression may increase during the postpartum pe-
riod (Gotlib et al., 1989; Wisner et al., 1993). Women who have a strong family 
history of depression have a much higher risk of onset of first depression during 
the postpartum period (Sichel and Drischoll, 1999).

The etiology of gender differences in depression has been studied to help 
understand the greater vulnerability of women to depression. Stressful life events 
lead to an increased risk for depression (Mazure, 1998). Although it is not clear 
whether or not women experience more stressful life events than do men, women 
do experience more physical and sexual abuse than do men (Koss et al., 2003). 
Abuse is a risk factor for depression not only just after the abuse occurs, but 
throughout the lifetime following such abuse (Weiss et al., 1999). The lower 
social status of women compared with men is also implicated in rates of depres-
sion. Poverty is the chronic stressor most often associated with depression (Belle 
and Doucet, 2003). Women are more likely to live in poverty than are men. In 
addition, women appear more reactive to stressful life events than are men. Spe-
cifically, women are more likely to experience depression after a stressful life 
event than are men (Kessler and McLeod, 1984; Nazroo et al., 1997; Uhlenhuth 
and Paykel, 1973). Finally, two personality factors may predispose women to de-
pression more than men. Women are more likely to score higher on measures on 
interpersonal dependency than do men, and such dependency is related to depres-
sion (Clark et al., 1992; Hammen, 1999; Mazure et al., 2000). Also, women tend 
to ruminate more in response to sadness than do men (Nolen-Hoeksema et al., 
1999; Tamres et al., 2002). Those who ruminate are more likely to be diagnosed 
with major depression than are those who do not ruminate (Nolen-Hoeksema, 
2004). In sum, women’s socioeconomic and social status may influence women’s 
increased likelihood of becoming depressed through abuse, chronic stress, and 
interpersonal dependency.

In both women and men, depression often coexists with other psychiatric 
disorders (such as anxiety disorders), with substance abuse, and with medical 
illnesses, such as cancer, HIV/AIDS, and diabetes. Depression can worsen the 
symptoms of those illnesses (NIMH, 2009).

Because of its high prevalence and its onset early in life, depression is es-
timated to be a leading cause of disease-related disability in women throughout 
the world (Murray and Lopez, 1997). The early onset contributes to problematic 
early-life decisions, poor parenting, lower work functioning, and intense personal 
pain in young women. Data on people who have early-onset major depression 
indicate that it adversely affects the educational attainment of women but not of 
men (Berndt et al., 2000). For example, “a randomly selected 21-year-old woman 
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who had early-onset major depression in 1995 could have expected to earn 
12–18% less per year than a randomly selected woman whose major depression 
occurred after the age of 21 years” (Berndt et al., 2000).

Disparities Among Groups

Rates of depression differ by ethnicity. Rates are lower among Latinos, 
blacks, Asians, and American Indians than among whites; differences might be 
due, at least in part, to underdetection (Alegría et al., 2008; Beals et al., 2005; 
Takeuchi et al., 2007; Williams et al., 2007). Among Mexican Americans, rates 
of depression in immigrants are lower than in those born in the United States; 
rates of depression begin rising among immigrants after 13 years of living in the 
United States (Vega et al., 1998). Similarly, rates of depression are lower among 
blacks who immigrated to the United States from Africa or the Caribbean than 
among blacks born in the United States (Miranda et al., 2005). Despite the lower 
rates, evidence suggests that minority-group members who are depressed are 
less likely to get depression treatment than are white Americans (Williams et al., 
2007). Furthermore, they are less likely to get high-quality care if they do get 
care when depressed. The lack of care has led to longer, more severe bouts of 
depression in blacks than in white Americans, who are much more likely to obtain 
care when it is needed. African Americans report greater stigma associated with 
treatment for mental health, which could be related to the decreased likelihood 
of treatment (Menke and Flynn, 2009).

Research Advances in Knowledge of Biology

For many decades, the role of the central monoaminergic system dominated 
pharmaceutical and academic research on depression. That focus followed find-
ings in the 1950s that the monoamine oxidase inhibitors were effective antide-
pressants, later development of the tricyclic antidepressant imipramine, and the 
identification of their mechanisms of action and development of reserpine and 
amphetamine in the 1960s (Slattery et al., 2004). The delay seen in the action 
of antidepressants (it can take weeks for them to become effective) suggests that 
the acute effects of the agents on serotonin, dopamine, and other neurotransmit-
ters are not directly mediating the antidepressive actions, and over the last 15 
years animal models and studies in humans have investigated a number of novel 
targets for antidepressants. As discussed in review articles, there is evidence that 
disruption of neurotrophic factors—such as brain-derived neurotrophic factor, 
IGFR, the neuropeptide VGF, and VEGF—their receptors or alterations in neu-
ronal structure, glial number, and other changes could be involved in depression 
(Elhwuegi, 2004; Kugaya and Sanacora, 2005; Malberg and Monteggia, 2008; 
Pav et al., 2008; Tanis and Duman, 2007; Warner-Schmidt and Duman, 2008). 
The hypothalamic–pituitary–adrenal axis and stress hormones could also play 
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a role (Cohen et al., 2007; Hindmarch, 2002; Pariante and Miller, 2001). The 
understanding of depression gained from those studies provides the potential for 
development of future pharmacologic treatments for depression.

Onset of depression in girls often occurs at the ages of 11–14 years, and this 
raises questions about the role of sex hormones in the increased risk of depres-
sion in women (Angold et al., 1998). Systematic reviews, however, consistently 
fail to find that rates of major depression are associated with other hormone-
related events, including menopause, use of oral contraceptives, and hormone 
therapy (Kessler, 2003). Interestingly, perimenopause is associated with onset of 
depression (Schmidt, 2005) and there is some data to suggest the effectiveness 
of estradiol in perimenopausal depression.

Research Advances in Prevention

Cuijpers and colleagues (2008) reviewed available data on prevention of 
depression and conducted a meta-analysis of preventive programs. As discussed 
by the authors, although some studies have investigated treatment and interven-
tion options, only a few have examined prevention of incident mental disorders, 
looking mostly at targeted populations or conditions (including postpartum de-
pression, depression in school settings, and patients who have physical disor-
ders).15 The meta-analysis indicated that some prevention programs decrease the 
incidence of depressive disorders (Cuijpers et al., 2008). Because gender differ-
ences in depression appear early on, those school programs targeted at preventing 
depression in adolescent girls are particularly important and worthy of further 
study and dissemination.

No therapeutic interventions have been identified for primary prevention of 
incident depression, although a number of the therapeutic agents discussed below 
are used to prevent the recurrence of depression.

Research Advances in Diagnosis

Recent evidence suggests there a need to revise current diagnostic criteria 
for depression. In a review of randomized, placebo-controlled trials, the value 
of antidepressant medications was found to increase with increasing severity of 
depression. The benefit of antidepressant medications for those who had mild or 
moderate symptoms was minimal or nonexistent whereas medications were sub-
stantially beneficial for those who had severe symptoms (Fournier et al., 2010). 

15 Preventive programs evaluated were classified as universal programs (for example, school pro-
grams and mass-media campaigns), selective programs (aimed at people in high-risk groups), or 
individual preventive programs (aimed at people who had subclinical symptoms of depression). 
Interventions that were examined were classified as cognitive–behavioral therapy, interpersonal psy-
chotherapy, and other (for example, debriefing, problem solving, mutual support).
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That finding suggests that the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM) criteria for depression, which includes those with mild or moderate 
symptoms as well as severe symptoms, may not be appropriate for indicating who 
is likely to benefit from currently available medications.

Research Advances in Treatment

The development of animal models has guided the design of drugs to act 
on neurobiological targets recognized as involved in the pathophysiology of 
depression and has led to substantial advances in pharmacologic management 
of depression. The first of the targeted drugs are the selective serotonin reuptake 
inhibitors (SSRIs), followed more recently by norepinephrine uptake inhibitors 
and serotonin receptor antagonists (for example, trazodone and nefazodone). The 
newer dual-action antidepressants act by inhibiting the reuptake of both serotonin 
and norepinephrine. They appear to reduce depression and its associated symp-
toms with greater rapidity, although some trials have indicated similar efficacy 
and tolerability (Papakostas et al., 2007).

In the last 15 years, researchers have identified targeted nonpharmceutical 
therapies that are effective in treating for depression. Both interpersonal psycho-
therapy and cognitive–behavioral therapy can be as effective as medications in the 
acute treatment of depressed outpatients (Compton et al., 2004; DeRubeis et al., 
1999; Frank et al., 2005; Hollon et al., 2005). Medication typically has a rapid 
and robust effect and can prevent symptom return for as long as it is continued 
or maintained, but it does little to reduce risk once its use is terminated (Hollon 
et al., 2005). Interpersonal psychotherapy may improve social functioning, and 
cognitive–behavioral therapy appears to have an enduring effect that reduces later 
risk (DeRubeis et al., 1999; Frank et al., 1990, 2005). Gender differences are seen 
in treatment-seeking behaviors (Dwight-Johnson et al., 2000).

Studies of programs to improve the effectiveness of treatment of depression 
in primary care suggest that collaborative care improves the quality of care and 
health outcomes of depressed patients (Katon et al., 1999; Vera et al., 2010); that 
more efficient methods, such as telephone case management, improve outcomes 
(Simon et al., 2000, 2004); that multimodal strategies that include case manage-
ment tend to be more effective than improving clinician knowledge or skills alone 
(Cunningham and Zayas, 2002; Gensichen et al., 2006); that such programs can 
improve outcomes of adolescents (Asarnow et al., 2005) and elderly persons 
(Unutzer et al., 2002); and that active outreach strategies help to engage low-
income and minority groups in such care (Revicki et al., 2005). The President’s 
New Freedom Commission on Mental Health, established by President George 
W. Bush in April 2002, recommended implementing high-quality improvement 
programs for depression (Hogan, 2003). Current systems do not often reimburse 
for telephone case management and, in general, improvement of care has not oc-
curred (Netting and Williams, 1996).
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The Sequenced Treatment Alternatives to Relieve Depression (STAR*D) 
study is a 7-year study of over 4,000 patients (64% of patients were women) de-
signed to assess the effectiveness of depression treatments in patients diagnosed 
with major depressive disorder in both primary and specialty care settings (Rush 
et al., 2004). A large number of reports have been published from STAR*D. One 
study reported sex differences in response to citalopram; women were more re-
sponsive to the SSRI citalopram than men (Young et al., 2009).

Unfortunately, there are a number of side effects associated with antidepres-
sants that can require careful monitoring of patients and that decrease adherence 
to medications. Side effects of antidepressants range in severity and depend upon 
the class of antidepressant, but can include sexual side effects, weight gain, and 
an increased risk of suicidal thinking and behavior in young adults (18–24 years 
old) (Khawam et al., 2006).

Knowledge Gaps

Delivering evidence-based care for depression is challenging owing to or-
ganizational and financial factors (such as limited coverage of psychotherapy 
and diversity in third-party management of services) (Goldman et al., 1999; 
Sharftsein, 1999), clinical features of depression (such as social withdrawal) 
(Kornstein and Schneider, 2001), societal factors (such as social stigma, limited 
public knowledge and language barriers) (Goldman et al., 1999; Lewis-Fernandez 
et al., 2005; Sirey et al., 2001), and clinician factors (such as limited knowledge 
and experience) (Gallo et al., 1999; Goldman et al., 1999; Meredith et al., 2001). 
For example, while antidepressant medication use rose over the last decade, many 
in need of depression care did not receive counseling, medications, or referral. 
There are many barriers to provision of evidence-based psychotherapy, such as 
lack of criteria for licensing providers in such treatments (Patel et al., 2006b). 
Outside of organized group practices, coordination between primary and mental 
health care is often difficult, given widespread use of “carve-out” behavioral 
health management companies that operate largely independently of health plans 
or medical practices (Patel et al., 2006b). Public-sector mental-health agencies 
prioritize clients with severe and persistent illness, while public-sector primary-
care agencies are not organized or financed to support ongoing mental-health care 
(HHS, 1999; Patel et al., 2006b).

A major gap in depression research is the development of models of treat-
ment that can be disseminated and sustained within current systems of care. A 
focus on getting care to underserved populations is particularly needed.

Although treatment for depression in women is generally similar to that in 
men, Grigoriadis and Robinson (2007) note the need for sex and gender issues to 
be evaluated. Pharmacotherapy for depression during pregnancy and during the 
postpartum period requires an assessment of the risks and benefits to the fetus 
(Ward and Zamorski, 2002). Studies of tricyclic antidepressants and SSRIs have 
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generally indicated that they are safe for pregnant women, but the evidence is far 
from conclusive (Källén, 2007; Way, 2007). FDA continues to rate most antide-
pressants at level C, noting that the risk to the fetus cannot be ruled out (Hackley, 
2010). Postpartum women who have depression can be treated similarly to those 
who have nonpuerperal depression, unless they are breastfeeding. Few data on an-
tidepressants in breast milk are available (Birnbaum et al., 1999; Weissman et al., 
2004). The American Academy of Pediatrics Committee on Drugs concluded 
that antidepressants are drugs whose effects on nursing infants are unknown 
but may be of concern (Birnbaum et al., 1999); the risks to the newborn from 
potential exposure to antidepressants in breast milk need to be weighed against 
the benefits of nursing and against the risks of the mother foregoing treatment 
with antidepressants.

In addition, comorbidities are often seen with depression (Huang et al., 
2010). For example, associations have been seen between depression and obesity 
(Luppino et al., 2010), diabetes (Anderson et al., 2001), cancer (Goldberg, 1981), 
and some chronic diseases in old age (Huang et al., 2010).

Lessons Learned

Although there are effective interventions for depression, many people, 
particularly minority-group members, fail to get effective treatment. Effective 
treatment often requires either well-defined psychotherapies, medications, or 
both managed with careful followup. The more complex interventions are often 
difficult to disseminate and pay for within current health-care systems and there-
fore often do not reach women who need care. The occurrence of comorbidities 
with depression highlights the need to look for comorbidities when treating 
women. The sex differences in depression further highlight the broad range of sex 
differences in health outcomes to include neurological disorders. Furthermore, 
early intervention, particularly preventive interventions for adolescent girls, may 
well be an important factor in eliminating the high rates of depression among 
girls and women.

HIV/AIDS

Over the last 20 years, there have been major advances in the treatment of 
HIV/AIDS, including new treatments that have led to substantial reductions in 
mortality and morbidity and a major decline in maternal–fetal transmission of 
HIV. Although much of the initial HIV/AIDS research (particularly clinical trials) 
has been focused on men, and the proportion of women infected with HIV/AIDS 
has increased, especially in some groups, the advances have improved the treat-
ment of HIV/AIDS in women as well as men. The committee therefore considers 
that on balance HIV/AIDS is a condition where scientific advances have led to 
progress in women’s health.
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Incidence, Prevalence, and Mortality in Women

An estimated 1 million people live with HIV/AIDS in the United States (Hall 
et al., 2008; Kaiser Family Foundation, 2009). HIV/AIDS-related morbidity and 
mortality have decreased substantially in both men and women due to the devel-
opment of effective combination antiretroviral therapies over the past 15 years 
(Bailey and Fisher, 2008; Palella et al., 1998). Although it is more prevalent in 
men, the rate of HIV/AIDS in women is increasing. In the US, women accounted 
for only 9% of AIDS cases in 1987 but account for over 27% today (Figure 3-3) 
(CDC, 2008a; Kaiser Family Foundation, 2009). As is discussed below, the in-
crease is greatest in minority women.

Disparities Among Groups

In 2006, black women had an HIV incidence rate about 15 times that of white 
women, and Hispanic women had an HIV incidence rate about 4 times that of 
white women (CDC, 2008b). Among women living with HIV/AIDS, 64% are 
black and 15% are Hispanic (CDC, 2008c). In 2006, black and Hispanic women 
accounted for the majority of newly infected HIV women, 61% and 16%, respec-
tively (CDC, 2008b). In 2006, the estimated HIV prevalence (per 100,000) among 
black women and Hispanic women was 1,122 and 263, respectively—almost 18 
and 4 times that among white women (CDC, 2008d). According the CDC 2004 
data (CDC, 2008c), HIV was the leading cause of death of black women 25–34 
years old, the third-leading cause of death of black women 35–44 years old, and 
the fourth-leading cause of black women 45–54 years old. For Hispanic women, 
HIV was the fourth-leading cause of death of women 35–44 years old.

HIV/AIDS is increasingly a disease of lower socioeconomic groups and 
underserved minorities that have not uniformly accessed early or preventive 
care (CDC, 2003; IOM, 2001a). HIV prevalence and HIV-risk behaviors are 
disproportionately high in incarcerated women (De Groot, 2000; Dean-Gaitor 
and Fleming, 1999; Fogel and Belyea, 1999). The associations between mental-
health disorders and HIV (Bing et al., 2001; Rosenberg et al., 2001; Stoskopf 
et al., 2001; Walkup et al., 1999), and between substance abuse and HIV, are also 
documented (Bing et al., 2001; CDC, 2002b; HHS, 2008).

Research Advances in Knowledge of Biology

In 1983, the first studies that suggested an association between the retrovirus 
HIV and AIDS were published (Barre-Sinoussi et al., 2004; Essex et al., 1983; 
Gallo et al., 1983; Gelmann et al., 1983). Work by Gallo and colleagues (1983) 
established HIV infection as causal for AIDS, and much research has character-
ized the life cycle of the virus (see De Clercq, 2007, for review). Over the last 20 
years, basic research has further elucidated the etiology of and biology underlying 
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AIDS. Women have benefited from that research, although much of it was con-
ducted in men and there are some reports that progression from HIV to AIDS may 
differ by sex (Farzadegan et al., 1998; Nicastri et al., 2005). In addition, women 
are more likely than men to contract HIV during sexual intercourse (European 
Study Group on Heterosexual Transmission of HIV, 1992; Kaiser Family Founda-
tion, 2009; Padian et al., 1991), and some sexually transmitted infections (STIs) 
in women have been associated with higher rates of HIV transmission and acqui-
sition (Greenblatt et al., 1988; Plummer et al., 1991; Smith-McCune et al., 2010; 
Wasserheit, 1992). Two major studies—the HIV Epidemiology Research Study 
(HERS) and the Women’s Interagency Health Study (WIHS)—have increased our 
understanding of the natural history of HIV infection in women (Barkan et al., 
1998; Harlow et al., 2000; Smith et al., 1997).

The interaction between HIV/AIDS and pregnancy has been studied. Preg-
nancy does not accelerate the decline in CD4 counts, and studies have not shown 
that pregnancy affects progression or survival in HIV-infected women, especially 
in developed countries (Alliegro et al., 1997; French and Brocklehurst, 1998; 
Minkoff et al., 2003). As the first generation of HIV-infected women reaches 
menopause, issues related to HIV and menopause assume greater relevance, and 
there is a paucity of data on the relationship. Differences have been seen between 
premenopausal and postmenopausal women who have AIDS. In some studies, 
postmenopausal women have lower CD4 lymphocyte counts (van Benthem et al., 
2002), and maximum CD4-cell response to antiretroviral therapy decreases with 
age (Manfredi et al., 2003; Viard et al., 2001). Other studies did not show age-
related differences in viral-load decreases (the study population was 33% women; 
no sex-specific analysis) (Tumbarello et al., 2003) or menopause-related immu-
nologic and virologic responses (Patterson et al., 2009).

Research Advances in Prevention

Despite the increased understanding of the underlying virus, no vaccine 
or preventive treatment for HIV/AIDS is available (Flexner, 2007). Prevention 
focuses primarily on decreasing high-risk sexual behaviors that are associated 
with HIV/AIDS (see Chapter 2 for discussion). It is important to remember that 
many women are infected with HIV not because of their own high-risk sexual 
behaviors but because of the risk behavior of their partners (CDC, 2008c; Hader 
et al., 2001; Varghese et al., 2002). In part because of the lack of awareness of 
risk, those women often present for HIV testing with acute symptoms late in the 
course of infection.

Research Advances in Diagnosis

There has been no substantial improvement in the early diagnosis of HIV/
AIDS in newly infected people (men and women) since the 1990s. In September 
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2006, the CDC recommended routine HIV testing for adults, adolescents, and 
pregnant women (13–64 years old) in health-care settings to “foster earlier de-
tection of HIV infection; identify and counsel persons with unrecognized HIV 
infection and link them to clinical and prevention services; and further reduce 
perinatal transmission of HIV in the United States” (CDC, 2006).

Research Advances in Treatment

Major progress has been made in the treatment of HIV/AIDS over the last 
15 years, and, as stated by Bailey and Fisher (2008), “antiretroviral therapy for 
HIV infection has transformed it from a terminal illness to a chronic manage-
able condition.” Detailed reviews of the development of HIV/AIDS drugs have 
been published (see Bailey and Fisher, 2008; De Clercq, 2007; Sturmer et al., 
2009). In 1987, 4 years after the first studies suggested an association between 
the retrovirus HIV and AIDS (Barre-Sinoussi et al., 2004; Essex et al., 1983; 
Gallo et al., 1983; Gelmann et al., 1983), zidovudine (AZT), the first antiretro-
viral treatment, was approved for use in the United States (FDA, 2009b). Highly 
active antiretroviral therapy—a combination of nucleoside reverse transcriptase 
inhibitors (NRTIs), nonnucleoside reverse transcriptors (NNRTIs), and protease 
inhibitors—was in use by the middle 1990s (Bailey and Fisher, 2008). As of 
2008, there are six classes of antiretroviral agents that work against HIV—viral 
reverse transcriptase enzyme inhibitors (NRTIs and NNRTIs), protease inhibitors, 
fusion inhibitors, entry inhibitors, and integrase inhibitors—and more than 20 
drugs are available on the market (Bailey and Fisher, 2008). Although much of 
the research has been conducted in men, studies indicate that there are no major 
sex differences in immunologic and virologic response to effective combination 
antiretroviral therapy (Moore et al., 2003).

The underrepresentation of women in clinical trials has contributed to prob-
lems in addressing treatment toxicity. Most studies have not had adequate power 
to determine sex differences, but an overall review of the literature suggests 
that the severity and rate of toxicity of some antiretroviral drugs present unique 
challenges for women, including comorbidities and side effects associated with 
long-term HIV treatment, such as diabetes (Dube and Sattler, 2010; Nicastri 
et al., 2005), lipodystrophy (Sattler et al., 2001; Tien et al., 2007), metabolic 
syndrome (Sobieszczyk et al., 2008), and bone density (Dolan et al., 2004; So-
bieszczyk et al., 2008). There is consistent evidence that the toxicity of NRTIs, 
such as potentially life-threatening lactic acidosis and acute pancreatitis, is more 
frequent in women (DeMeo et al., 2002; Moore et al., 2001) and that the risk of 
grade 4 anemia caused by AZT was significantly higher in women (Ssali et al., 
2006). Other studies have found an increased prevalence of long-term metabolic 
abnormalities, such as lipodystrophy and dyslipidemia, in women (Bonfanti 
et al., 2003; Heath et al., 2002; Pernerstorfer-Schoen et al., 2001; Tien et al., 
2003). The occurrence of skin rash (Antinori et al., 2001; Bersoff-Matcha et al., 
2001; Mazhude et al., 2002; Wong et al., 2001) and hepatotoxicity (Sobieszczyk 
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et al., 2008) caused by nevirapine is more common in women. The underlying 
mechanisms of sex differences in the rate of adverse events are unknown, but it 
has been suggested that pharmacokinetic sex differences may play a major role 
(Modjtahedi et al., 2006).

The effects of HIV/AIDS treatments on contraception and pregnancy and the 
effects of pregnancy on the results of HIV/AIDS treatments have been studied. 
Treatments can decrease the effectiveness of some hormonal contraceptives, but 
the contraceptive medroxyprogesterone was not affected by nevirapine, efavi-
renz, or nelfinavir (Cohn et al., 2007). Deaths from hepatic failure have been 
reported in pregnant women receiving nevirapine in combination antiretroviral 
therapy (Hitti et al., 2004; Lyons et al., 2006), and there have been reports of 
maternal deaths due to lactic acidosis during exposure to ddI and d4T with 
other antiretroviral agents (CDC, 2002c). Women who have CD4 counts greater 
than 250/mm3 have greater rates of nevirapine-associated rash (Antinori et al., 
2001; Bersoff-Matcha et al., 2001; Mazhude et al., 2002; Moore et al., 1996) 
and hepatic toxicity (Sanne et al., 2005). Drug-resistance rates appear similar in 
pregnant and nonpregnant HIV-infected women (Juethner et al., 2003; Palumbo 
et al., 2001).

Maternal–fetal transmission of HIV greatly affects a woman’s reproductive 
decisions, and advances in treatments reducing transmission are allowing women 
to bear children more safely. Where treatments and interventions are available, 
they have greatly decreased the likelihood that HIV infection will be transmit-
ted to offspring. Research has identified risk factors16 for HIV transmission 
(Fawzi et al., 1998; Garcia et al., 1999; Groginsky et al., 1998; Landesman et al., 
1996; Minkoff, 1997; Minkoff and Mofenson, 1994; Reinhardt et al., 1995) and 
interventions, such as elective cesarean section (Read, 2000), that effectively 
decrease the risks and increase women’s reproductive options. The transmission 
rate decreased from about 25% to 1–2% with advances in the care and treat-
ment of pregnant HIV-infected women, including perinatal antiretroviral therapy 
(Cooper et al., 2002; The International Perinatal HIV Group, 1999; Mandelbrot 
et al., 1998; Read, 2000).

Knowledge Gaps

The recent failure in HIV-prevention strategies, including microbiocides and 
vaccines, in both women and men remains a serious problem in the control of 
HIV/AIDS (Buchbinder, 2009; Padian et al., 2007; Vandamme, 2008). Research 

16 Risk factors include maternal plasma viral load, advanced disease, low CD4 count, poor maternal 
nutrition, maternal drug use, concomitant sexually transmitted diseases, vaginal delivery, prolonged 
rupture of membranes, invasive fetal monitoring, chorioamnionitis, low birth weight, prematurity, 
and possibly genetic susceptibility and characteristics of the virus. About two-thirds to three-quarters 
of transmission occur during or close to the intrapartum period. In limited resource settings, breast-
feeding accounts for a significant proportion of postnatal HIV transmission up to 42% (Kojic and 
Cu-Uvin, 2007).
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is needed on prevention strategies, especially in black and Latina women on viral, 
host, and immune factors that may influence HIV transmission and acquisition in 
women throughout their lives, on disease progression, mortality, comorbidities; 
and on efficacy, safety, pharmacology, and side effects that are associated with 
medications in HIV-infected women that are different from those in men.

Lessons Learned

HIV/AIDS provides an example of how women can benefit but also be at a 
disadvantage when research is conducted mainly in men. HIV and AIDS highlight 
disparities among women of different races and ethnicities and the need to assess 
the disparities to target effective prevention, diagnosis, and treatment activities. 
Those differences occur even for the side effects of antiretroviral agents. In addi-
tion, the complications that occur in pregnancy (and the potential complications 
for treatment of women and of the offspring) are important, especially given the 
stage of life at which infection with HIV often occurs.

Osteoporosis and Fragility Fractures

Falls by elderly people are a major cause of morbidity and greatly affect 
women because of their longevity (Francis, 2008), and osteoporosis makes women 
more susceptible to fractures following a fall (Gallagher, 2007). Over the last 20 
years there have been advances in the knowledge of the basic science underlying 
osteoporosis and in the diagnosis and treatment of osteoporosis. The committee 
considers it to be a condition on which there has been some progress.

Incidence, Prevalence, and Mortality in Women

It is estimated that 10 million Americans have osteoporosis and another 34 
million have low bone mass; 80% of them are women (NOF, 2002).17 Compared 
with women who have normal bone mineral density (BMD), women with osteo-
porosis and osteopenia had a rate ratio of sustaining a fragility fracture of 4.03 
and 1.80 per 100 person-years, respectively (Siris et al., 2001). Only 18% of 
documented fragility fractures occurred among women who met BMD criteria 
for osteoporosis; 52% of women who had fractures had a BMD in the osteopenic 
range (T score, –1 to –2.5) in the preceding year (Siris et al., 2004).

Fragility fractures typically occur in the hips, wrists, and vertebrae and result 
in substantial morbidity and mortality (Cauley et al., 2000; Kado et al., 1999). 
Nearly one-fourth of those who fracture a hip die within 1 year (OTA, 1994), 
and elderly survivors of such fractures spend about 17% of their remaining life 

17 Men have an equivalent risk of osteoporosis and related fractures about a decade later than women 
(Melton et al., 1992).
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in nursing facilities (Braithwaite et al., 2003). Hip fractures occur with higher 
frequency than spine fractures (Taylor et al., 2010).

The lifetime risk of osteoporosis and fragility fracture rises exponentially 
with age, with most fractures occurring in women 70 years old or older (Kiel 
et al., 1987; Melton et al., 1989). The risk increases linearly with the number of 
fractures that a person has had (Kado et al., 1999). The incidence of hip frac-
tures increased during the 1990s, but incidence decreased more recently in some 
countries, including the United States and Canada (Brauer et al., 2009; Leslie 
et al., 2009).

Disparities Among Groups

Among whites and Asians over 50 years old, women have higher fracture 
risk than men. However, among Hispanics 50–59 years old, men have higher risk 
than women; after the age of 60 years, Hispanic women have a higher risk than 
men. Among blacks up to the age of 70 years, men have a higher fracture risk 
than women; after that women have a higher risk. The risk of fracture increases 
exponentially with age in all groups (Kanis, 2002).

Research Advances in Knowledge of Biology

Understanding of the pathophysiology of osteoporosis has improved over the 
last 2 decades (Close et al., 2006; Dennison et al., 2005; Sambrook and Cooper, 
2006). That includes the identification of genes whose expression affects the risk 
of osteoporosis (Huang and Kung, 2006).

A number of factors that lead to an imbalance in bone-forming osteoblast and 
bone-resorbing osteoclast activity have been delineated (Ikeda, 2008). In mice, 
expression of the runx2 gene—which is necessary for osteoblast differentiation—
decreases in bone tissue and osteoblasts with age; expression of peroxisome–
proliferator–activated receptor γ2—which inhibits osteoblasts—increases with 
age (Moerman et al., 2004). In contrast, changes in osteoclast generation with age 
have not been established (Pietschmann et al., 2009). Decreasing estrogen also 
plays a role in bone loss, possibly through effects on cytokines and inflammation 
(Pietschmann et al., 2009).

Research Advances in Diagnosis

Osteoporosis is often undetected and undertreated. One study estimated that 
only one-third of women who are at high risk of fracture are told that they have 
osteoporosis, and only one-fourth receive appropriate treatment (Gehlbach et al., 
2007). Another study funded by Merck, the National Osteoporosis Risk Assess-
ment, followed over 200,000 community-dwelling postmenopausal women who 
had no known history of osteoporosis and found that 7.2% of them met criteria 
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for osteoporosis and 39.6% met criteria for osteopenia at study entry (Siris et al., 
2001).

A number of new markers of bone remodeling are available, but identifying 
women at high risk of fracture to target effective treatments remains challeng-
ing (Blumsohn, 2003). Traditionally, fracture risk was based almost exclusively 
on BMD as measured with dual x-ray absorptionometry (DXA). There are not 
uniform standards for DXA machines, however, so results vary by machine and 
operator. In addition, DXA is insensitive because BMD is only one of several 
fracture risk factors—bone architecture is also important. Composite multivari-
able risk-prediction models (Cummings and Black, 1995; WHO, 2010) have 
enabled the identification of patients at higher risk for fracture on the basis of 
a combination of BMD, age, and other risk factors. For example, the FRAX 
model18 predicts the 10-year probability of hip fracture and other major osteopo-
rotic fractures on the basis of sex, age, body-mass index, tobacco use, previous 
fracture, parental fracture, and glucocorticoid use. Although there is variability 
among models, the most important fracture risk factors appear to be previous 
fracture, advancing age, female sex, low BMD, prolonged use of glucocorticoids, 
and family history of fracture.

It is now routine to screen for BMD in women 65 years old or older and in 
younger women who have risk factors (Buencamino et al., 2009). As screening 
for osteoporosis with DXA has become more readily available, more women and 
their physicians face the dilemma of how to respond to DXA results that fall in 
the osteopenic range.

Explorations of new imaging techniques (such as high-resolution computed 
tomography) have not added substantially to the ability to identify women who 
are most likely to have fractures (Genant et al., 2008).

Appropriate clinical followup of women who begin pharmacologic treat-
ment for osteoporosis is controversial. Repeat DXA scans have been routinely 
performed 2–3 years after treatment initiation, but the value of such testing has 
been called into question. A recent study found that among healthy older post-
menopausal women, repeating BMD assessments for up to 8 years added little 
value to the initial BMD measurement (Hillier et al., 2007).

Research Advances in Prevention

One difficulty in preventing osteoporosis is the timeframe of the potential 
risk factors. Determinants of older women’s bone strength may date back to their 
adolescence. Bone mass typically increases until a woman is in her 40s, and the 
most rapid rise occurs during adolescence (Ensrud et al., 2000; Hannan et al., 
2000). Dietary factors (such as high calcium consumption and adequate vitamin 
D) and doing weight-bearing exercise during adolescence and teenage years 
decrease the risk of osteoporosis, but teenage girls are not likely to be thinking 

18 See http://www.shef.ac.uk/FRAX (accessed September 1, 2010).
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about their future bone health (Lloyd et al., 2000). In the first 1–2 years after 
menopause, bone loss accelerates (Garnero et al., 1996), and this is followed by 
an annual rate of loss of about 1% (Cooper and Melton, 1992). Low peak bone 
mass is thought to be associated with an increased risk of osteoporotic fracture, 
but the evidence is sparse (Cooper et al., 2006). Low body-mass index is a risk 
factor for fracture (De Laet et al., 2005).

There is controversy about the appropriate intake of vitamin D, including 
dosing levels and the possible role of calcium, for fracture prevention (Bischoff-
Ferrari et al., 2007; Boonen et al., 2007; Cranney et al., 2007; Tang et al., 2007). 
There has never been a dose-ranging randomized controlled trial of vitamin D 
in susceptible populations. A meta-analysis of 12 double-blind trials (in which 
89% of the participants were women) found that a high dose (over 400 IU/day) 
decreased the risk of nonverteral fractures (relative risk [RR], 0.80; 95% confi-
dence interval [CI], 0.72–0.89) and the risk of hip fractures (RR, 0.82; 95% CI, 
0.69–0.97). The effect was independent of calcium supplementation (Bischoff-
Ferrari et al., 2009).

Several guidelines for prevention of and treatment for low BMD have 
emerged, most of which are consistent in their key treatment recommendations 
(Solomon et al., 2005). The guidelines have resulted in changes in clinical prac-
tice (Buencamino et al., 2009).

Research Advances in Treatment

Before the late 1990s, hormone therapy (estrogen or estrogen plus progestin) 
was the only treatment available to preserve bone density. There are now several 
types of treatment to choose from, including bisphosphonates, selective ER 
modulators (such as raloxifene), the parathyroid hormone analogue teriparatide, 
and calcitonin (Chesnut et al., 2000; Quattrocchi and Kourlas, 2004). Patients 
who have osteoporosis and demonstrate good long-term medication adherence 
have substantially lower risk of fracture (Emkey and Ettinger, 2006). Side effects, 
inconvenience, costs, and complexity of some dosing regimens have limited long-
term adherence. Dosing intervals for bisphosphonates have been extended from 
a once-daily to a once-weekly, once-monthly, and even once-yearly schedule to 
improve adherence (Cramer and Silverman, 2006). Although that can improve ad-
herence, the consequence of missing a dose or taking an incorrect dose is greater. 
Although they are considered rare, side effects of bisphosphonates, including 
severe musculoskeletal pain and osteonecrosis of the jaw, have been reported 
(Watts and Diab, 2010). In addition, there are some case reports of atypical sub-
trochanteric femur fractures while on bisphosphonates, but following a review of 
the data FDA concluded that bisphosphonates do not increase the risk of those 
fractures (HHS, 2010). Drug “holidays” are recommended depending on the 
fracture risk of patients (Watts and Diab, 2010).

The WHI found that postmenopausal women randomized to daily calcium 
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and vitamin D experienced a small but significant improvement in hip bone den-
sity. However, calcium and vitamin D did not significantly reduce hip fracture 
(Jackson et al., 2006). The mean followup of 7 years might have limited the abil-
ity to detect significant differences.

Nonpharmacologic treatments, such as bone-loading physical activity, could 
be used to prevent osteoporosis and later fractures in elderly people (Borer, 2005; 
Gregg et al., 2000; Wilkins and Birge, 2005). Exercise has also been shown to 
increase bone mass in rats (Iwamoto et al., 2005).

Relatively few women who have osteoporosis or osteopenia receive medi-
cations that have been proved to prevent new fractures. In one study, only 30% 
of 6,311 patients at high risk for fracture received medication for osteoporosis 
(Solomon et al., 2004). In addition to (male) sex, factors associated with nontreat-
ment included age over 74 year or under 55 years, black race, having more than 
one comorbid condition, and (for women) being seen by a male physician.

Knowledge Gaps

Progress has been made in the prevention of and treatment for osteoporosis. 
Some organizations have developed position statements for treatment (Ettinger 
et al., 2006), but no formal treatment guidelines have been developed despite 
having been called for since the middle 1990s (Abbott et al., 1996; Goldhahn 
et al., 2008). The best approach for targeting young girls to decrease their risk of 
osteoporosis in the future is not known.

The most beneficial time to take osteoporosis drugs and the most appropri-
ate screening (that is, whether hip or spine bone density is the best indicator of 
osteoporosis) (Dennison et al., 2005) are still not clear, and quality standards 
for bone-density scans are needed (Leslie and Manitoba Bone Density Program, 
2006).

The details of the relationship between bone density and fall outcome remain 
unknown (Geusens et al., 2002), and some models indicate that factors other than 
bone density, such as age and sex, should also be taken into account in estimating 
the risk of bone fracture (Kanis et al., 2005).

Lessons Learned

The challenges around osteoporosis highlight the quality-of-life issues that 
are a problem particularly for women as a result of their longevity. In addition, 
the effects of lifestyle choices (such as eating habits) at an early age on the risk 
of osteoporosis at a later age emphasize the need to consider a woman’s full life 
span in evaluating risks of adverse health events.
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CONDITIONS ON WHICH LITTLE PROGRESS HAS BEEN MADE

This section discusses a number of conditions on which little progress or 
improvement in health outcomes has been made. Numerous conditions could fit 
in this category. Instead of a comprehensive review of research on all conditions 
of concern to women, the committee discusses a few conditions as examples from 
which it draws broad conclusions.

First, the committee discusses two conditions related to pregnancy: unin-
tended pregnancy and maternal morbidity and mortality. Other conditions con-
sidered to have little progress—alcohol and drug addiction, autoimmune diseases, 
dementia and Alzheimer’s disease, gynecologic cancers (other than cervical), 
gynecologic disorders (nonmalignant), and lung cancer—are then discussed.

Unintended Pregnancy

The committee considers that there has been no major progress in prevention 
of unintended pregnancy in light of the lack of decrease in rates over time and in 
comparison with rates in other countries. Pregnancy constitutes a condition with 
implications for the health of the pregnant woman as well as of the newborn. 
Whereas the management of the newborn has seen great progress resulting in 
a marked reduction of neonatal mortality, many obstetrical syndromes remain 
poorly understood and are mostly the subject of palliation rather than etiologic 
cure. Rates of unintended pregnancy have not declined over time and rates of 
unintended pregnancy remain substantially higher in the United States than in 
other countries. Unintended pregnancy is associated with increased morbidity for 
the mother as well as risks to the fetus. Although the committee has included un-
intended pregnancy and its potential health consequences with health outcomes, 
unintended pregnancy could also be considered a determinant of health. The abil-
ity to space and time children effectively benefits women, men, children, families, 
and society as a whole (IOM, 2004b). Although not all unintended pregnancies 
are unwanted, often unintended pregnancy is associated with increased morbidity 
in the mother and risks to infants and children born from unintended pregnan-
cies, such as risks posed by delay in prenatal care, by tobacco use, by alcohol 
consumption, and by drug abuse. Infants and children born from unintended 
pregnancies are also at risk for lower birth weight, death in the first year of life, 
child abuse, and insufficient resources for a healthy environment. The mother is 
at risk for depression and physical abuse herself and for dissolution of her rela-
tionship with her partner. Both parents may experience economic hardship and 
failure to achieve their educational and career goals, and these are also challenges 
to maintaining a strong family unit (IOM, 2009).

Unintended pregnancy occurs for a variety of reasons, including lack of 
availability of and access to acceptable methods of contraception, failure of 
chosen contraceptive methods, less than optimal patterns of contraceptive use or 
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lack of use, and lack of adequate motivation to prevent pregnancy (IOM, 2009). 
Sexual risk behaviors and sexual assault are also associated with unintended 
pregnancy and are discussed in Chapter 2.

Incidence, Prevalence, and Mortality in Women

The rate of unintended pregnancies in the United States is among the highest 
in the developed world (Trussell and Wynn, 2008), despite the fact that decreasing 
the rate of unintended pregnancies is an objective of Healthy People 2010 (Kler-
man, 2000) and that family planning has been considered by CDC to be one of 
the 10 greatest public-health achievements of 20th century (CDC, 1999). About 
half (49%) of pregnancies are unintended, that is, unwanted or mistimed (Finer 
and Henshaw, 2006). Women are considered at risk for unintended pregnancy if 
they have sexual intercourse, are fertile (neither partner has been contraceptively 
sterilized or is infertile for any other reason), are not intentionally pregnant and 
have not been trying to conceive during any part of the year (IOM, 1995). Given 
those factors, of the 50 million sexually active women 18–44 years old, 28 mil-
lion (56%) are at risk for unintended pregnancy (Frost et al., 2008). Some 74% 
of pregnancies among unmarried women in 2001 were unintended compared with 
27% of those among married women (Finer and Henshaw, 2006).

Disparities Among Groups

The rate of unintended pregnancy is substantially higher among poor women 
(112 unintended pregnancies per 1,000 women with an income below the poverty 
level, or 62% of pregnancies) than among women who live at or above 200% of 
the poverty level (29 unintended pregnancies per 1,000 women or 38% of preg-
nancies) (Finer and Henshaw, 2006). Higher-income women were more likely to 
abort an unintended pregnancy than women below the poverty level, and the rate 
of unintended births in women below the poverty level (58 per 1,000 women) was 
higher than that of higher-income women (11 per 1,000 women at or above 200% 
of the poverty level). Women aged 18–19 years old (108 per 1,000 women) and 
20–24 years old (104 per 1,000 women) are at highest risk (Finer and Henshaw, 
2006). The percentage of pregnancies that are unintended was highest at earlier 
ages: 100% in those under 15 years old, 82% in those aged 15–19 years old, 
and 60% in those aged 20–24 years old (Finer and Henshaw, 2006). Unintended 
pregnancy is most likely to occur among women who are young, unmarried, 
of low income, or members of racial or ethnic minorities; black and Hispanic 
women have higher rates of unintended pregnancy than white women (Finer and 
Henshaw, 2006).
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Research Advances in Prevention

Advances in social and behavioral interventions to prevent unintended preg-
nancy were discussed in Chapter 2 in relation to sexual risk behaviors. New 
contraceptive methods have become available over the last few decades, and the 
safety of oral contraceptives, which were first marketed in the United States in 
1960, has improved over the same period as doses of the steroid hormones (es-
trogens and progestins) used in them have been continually reduced (Batur et al., 
2003; Benagiano et al., 2007; Swica, 2007). Although there is evidence of an 
increased risk of venous thromboemoblism and pulmonary embolism in women 
taking oral contraceptives, especially in smokers (Chasan-Taber and Stampfer, 
1998; Middeldorp, 2005), numerous studies have demonstrated the remarkable 
safety of current formulations of oral contraceptives, which for nearly all young, 
healthy women are safer than pregnancy (Beral et al., 1999; Chasan-Taber and 
Stampfer, 1998). New delivery systems for combined estrogen–progestin hor-
monal contraceptive preparations have been developed, including transdermal 
patches and vaginal rings. In addition, progestin-releasing implants and intra-
uterine devices that release progestin are now available (Tolaymat and Kaunitz, 
2007). Another advance in contraceptive technology is the development of a 
female condom that, as do male condoms, has the potential to prevent not only 
pregnancy but also STIs, including HIV, when used consistently and correctly 
(Warren, 2000). Focus groups of girls and boys age 15–20 years, however, did not 
classify the female condom as “female controlled” (Latka et al., 2008).

Research Advances in Treatment

About half of unintended pregnancies end in abortion; therefore, contracep-
tion could reduce not only unintended pregnancy rates but also abortion rates 
and rates of STIs with some methods (IOM, 1995). The IOM report The Best 
Intentions: Unintended Pregnancy and the Well-Being of Children and Families 
discussed some of the potential medical and psychologic complications of surgi-
cal abortion. It stated that “whatever the risks associated with legal abortion in the 
United States, it remains a far less risky medical procedure for the woman than 
childbirth; over the 1979–1985 interval, for example, the mortality associated 
with childbirth was more than 10 times that of induced abortion” (IOM, 1995). 
It also stated that “abortion in the first trimester of pregnancy carries fewer risks 
to health than abortion in the second trimester of pregnancy and beyond.” As re-
ported by IOM (1995), “data show a total complication rate of induced abortion 
of less than 1 percent (Hakim-Elahi et al., 1990).”

A previous IOM committee, the Committee on Antiprogestins: Assessing 
the Science, reviewed the literature on the use of mifepristone (RU486) and 
other antiprogestins as medical abortifacients and for other potential uses (IOM, 
1993). At the time, RU-486 in combination with prostaglandin was approved for 
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early-pregnancy abortions in France, Sweden, and the United Kingdom, and the 
committee noted the “vast world literature with more than 60,000 patients treated 
in France” and stated that “repetition of large Phase 3 trials in the United States 
(to demonstrate efficacy and document side effects) does not appear necessary.” 
For second-trimester pregnancies, that committee recommended “conducting 
clinical trials in the United States to compare the established surgical procedure 
of dilation and evacuation (D&E) both to antiprogestins in combination with 
prostaglandins and to prostaglandins used alone” (IOM, 1993). FDA approved 
mifepristone as an abortifacient in 2000. Since that time four medical abortion 
regimens—mifepristone and misoprostol pills, mifepristone pills and vaginal 
misoprostol, methotrexate and vaginal misoprostol, and vaginal misoprostol 
alone—have received FDA approval for use in the United States. A number of 
studies have been conducted to compare the safety and efficacy of different forms 
of medical abortions (Creinin et al., 1997).

Knowledge Gaps

Substantial advances have been made in contraceptive technology, but rates 
of unintended pregnancy remain high in the United States. In 2001, the 49% of 
all pregnancies that were unintended resulted in 1.4 million births, 1.3 million 
induced abortions, and an estimated 400,000 miscarriages (Frost et al., 2008). 
The United States has higher rates of unintended pregnancy than other developed 
countries, such as France (33%) and Scotland (28%) (Trussell and Wynn, 2008). 
The rates are highest in black and Hispanic women. The reason for the discrep-
ancy in rates between the United States and other developed countries is not well 
understood (IOM, 2009).

Despite the development of modern contraceptive methods over the last 
several decades, high rates of unintended pregnancy are unabated, and it is clear 
that there is a need not only to develop new and improved contraceptive methods, 
including non-hormonal contraceptives, but also to ensure that existing methods 
are more available and accessible and used more effectively. The IOM (2004b) 
has created a blueprint for action on contraceptive development that this commit-
tee endorses. The blueprint includes recommendations for setting priorities for re-
search and other activities in three main categories: (1) identifying and validating 
novel contraceptive targets; (2) enhancing contraceptive drug discovery, develop-
ment, and clinical testing; and (3) facilitating and coordinating implementation 
of contraceptive research and development. Development of new contraceptives 
remains slow even after the publication of that report, and decreased research 
and development activities at pharmaceutical companies provide little optimism 
that new contraceptives are on the horizon (Aitken et al., 2008). The IOM (2009) 
has also evaluated the Title X program, which is the only federal program in the 
United States that is devoted exclusively to providing family-planning services. 
In addition to the recommendations in the 2009 report, which the present com-
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mittee endorses, the committee urges more research on how to strengthen services 
for the provision of contraceptive methods especially in women at greatest risk. 
Such health-services research should set priorities for the strengthening of service 
delivery systems not only through Title X, Medicaid, and the rest of the public 
sector, but also through the private sector. Important research gaps also remain 
in understanding the behavioral issues surrounding successful contraceptive use, 
and further behavioral-science research to address these gaps is warranted in both 
men and women.19 The work should include studies of the use of contraceptive 
methods for dual protection, that is, protection against both pregnancy and STIs, 
including HIV. Finally, although numerous epidemiologic investigations have 
demonstrated the safety of available contraceptives for healthy women, few 
studies of the safety of contraceptive use by women with medical disorders are 
available, and this gap should be addressed.

Lessons Learned

Unintended pregnancy is an example of a condition for which safe and effec-
tive prevention and treatment are available, but these are enmeshed in social and 
political controversies that are barriers to their use. A high proportion of pregnan-
cies in the United States are unintended (unwanted or mistimed). Reducing that 
proportion will improve the health of women and children and will have impor-
tant benefits to families and society in general. Progress in reducing unintended 
pregnancies will require not only making contraceptive methods more available, 
accessible, and acceptable through improved services, but also the development 
of new methods that meet additional needs.

Maternal Mortality and Morbidity

Although the US maternal mortality and morbidity rates have declined dra-
matically during the 20th century, they have decreased little over the past 2 
decades. The committee, therefore, considers maternal mortality and morbid-
ity to be a condition for which research over the past 2 decades has made little 
progress.

Incidence, Prevalence, and Mortality in Women

Although the United States experienced marked reductions in maternal mor-
tality in the last century—from 607.9 deaths per 100,000 live births in 1915 to 
12.1 in 2003 (Hoyert, 2007)—1 to 2 women die each day of pregnancy compli-
cations in the United States (CDC, 2008e). Recently maternal mortality in the 

19 Some determinants of unintended pregnancy, including violence against women and sexual risk 
behavior, are discussed as determinants in Chapter 2.
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United States has been increasing—12.1 per 100,000 live births in 2003, 13.1 in 
2004, and 15.1 in 2005—although it is unclear whether the increase is real or a 
result of improved reporting.20 As many as half of all pregnancy-related deaths 
in the United States are preventable (CDC, 2008e). The leading causes of preg-
nancy-related death in the United States are embolism, hemorrhage, and other 
medical conditions (Berg et al., 2003).

Of the nearly 4 million women in the United States who give birth each year, 
nearly 30% experience complications (Berg et al., 2009). Little progress is noted 
in achieving the Healthy People 2010 objective of no more than 24 deliveries 
with intrapartum complications per 100 deliveries. A study of maternal morbid-
ity based on data from the National Hospital Discharge Survey for 1993–1997 
and 2001–2005 concluded that the rate of obstetrical complications remained 
unchanged at 28.6% (Berg et al., 2009). In addition, surveys show increases in 
the rate of pregnancies complicated by preexisting medical conditions and in the 
rate of cesarean deliveries (from 21% of births during the mid-1990s to 32% in 
2007) (Menacker and Hamilton, 2010).

Disparities Among Groups

Marked disparities in the risk of maternal death remain in the United States. 
In 2007, in non-Hispanic blacks there were 28.4 deaths per 100,000 live births 
compared to 10.5 among non-Hispanic whites and 8.9 among Hispanic women 
(Xu et al., 2010).

Knowledge Gaps

Every effort should be made to ensure that the outcome of each and every 
labor and delivery in the United States is a healthy newborn–mother tandem, and 
Healthy People 2010 strives for no more than 3.3 maternal deaths (defined as 
deaths or complications leading to death that occur within 42 days of birth or the 
termination of pregnancy) per 100,000 live births (HHS, 2000). That goal, and 
goals for maternal morbidity, remains unattained. Determining the best ways to 
reduce maternal mortality and morbidity should have high priority in research.

Alcohol- and Drug-Addiction Disorders

There has been some progress in understanding sex and gender differences in 
alcohol- and drug-addiction disorders over the last 20 years, but the prevalence of 
addiction in women has not decreased and in some groups has increased. There 

20 It is likely that the introduction of the International Classification of Diseases, Tenth Re�ision in 
1999, and the addition of a question regarding pregnancy to the Standard Certificate of Death, have 
improved the reporting of maternal deaths in the United States.
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is a dearth of well-designed studies on gender-specific approaches to addiction 
treatment, and knowledge gained from research has not been applied.

Incidence, Prevalence, and Mortality in Women

According to the Office of National Drug Control Policy (2006), there has 
been a dramatic increase in substance use and misuse, delinquency, and health 
problems in girls and women since 1992. Although illicit-drug abuse and alcohol- 
and drug-addiction disorders have traditionally been more prevalent in men than 
in women, the gap has narrowed over the last decades (Holdcraft and Iacono, 
2004; Keyes et al., 2008). Women now make up 40% of cocaine users, and this 
reflects a sharp increase in the last decade (SAMHSA, 2005). Although generally 
women begin using substances later than men, women have consistently been 
found to have heightened vulnerability to the adverse effects of substance abuse 
(Brady et al., 2009), and they move more quickly to dependence (telescoping) 
and manifestation of the adverse health effects of alcohol (Diehl et al., 2007; 
Greenfield, 2002).

The prevalence of alcohol dependence or addiction is higher in men than in 
women; 5.42–10.4% and 2.32–4.9%, respectively (Grant et al., 2004; Tetrault 
et al., 2008). Grant and colleagues (2004) found an increase in dependence rates 
in black women 18–29 years old. With respect to drug abuse or addiction, 2007 
data indicate that drug dependence or abuse is higher in men than in women 
(3.8% and 1.8%, respectively) (SAMHSA, 2008).

Disparities Among Groups

The prevalence of alcohol dependence and addiction in women varies with 
race and ethnicity. American Indian women have the highest rate, 4.49%, fol-
lowed by 2.39, 2.37, 1.94, and 1.34% in black, white, Hispanic, and Asian 
women, respectively (Grant et al., 2004). Trends indicate a convergence in the 
male:female ratio for alcohol abuse and dependence in the younger cohorts 
that is seen in all races and ethnicities except blacks (Grant et al., 2004; Keyes 
et al., 2008). While there is no consistent evidence of racial/ethnic disparities in  
rates of drug abuse or dependence, the consequences (e.g., HIV/AIDS, incarcera-
tion) of drug abuse and dependence appear to be more severe among racial/ethnic 
minorities (HHS, 2003). Similarly, although the rates of alcohol abuse are lower 
among older populations, the risks for morbidity and mortality from alcohol 
abuse are greater in this group (Cummings et al., 2008).

Research Advances in Knowledge of Biology

A number of physiologic sex differences have been explored to explain those 
differences. Animal studies have shown the role of sex hormones in the brain 
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affecting, for example, the hippocampus, the amygdala, the anterior cingulate 
cortex, and the orbital frontal cortex (Goldstein et al., 2002). Human studies us-
ing functional imaging find differences in neural responses of men and women to 
rewards that are mediated, in part, by sex steroids and by different responses to 
drug cues between men and women with cocaine addictions (Kilts et al., 2004).

Neuroactive gonadal steroid hormones (such as estradiol, estriol, estrone, and 
dehydroepiandrosterone) also mediate effects in the brain. For example, evidence 
suggests that the extent of cocaine dependence (that is, the extent of cravings) 
in cocaine-dependent women correlates with the concentrations of progresterone 
and estradiol during the different phases of the menstrual cycle (Fox et al., 2008). 
Stress-induced relapses occur more frequently in women than in men, and the 
physiologic response to stress is different between cocaine-addicted men and 
women and between cocaine-addicted people and controls (Fox et al., 2005).

Sex differences have been found in pharmacokinetics and pharmacodynam-
ics of alcohol. The difference is mainly due to sex differences in the activity of 
a key biotransformation enzyme (alcohol dehydrogenase) that is responsible for 
alcohol metabolism (Baraona et al., 2001). Women also have a slower transit time 
in the gastrointestinal tract (Baraona et al., 2001).

Research Advances in Prevention

Risk factors for drug abuse among women and girls include depression, 
posttraumatic stress disorder, self-destructive tendencies, delinquent predisposi-
tion, physical and mental health problems, family and social environment, having 
a partner who uses drugs, and childhood trauma and abuse (Becker and Grilo, 
2006; Bukstein et al., 1992; Chatham et al., 1999; Hser et al., 1987; Langan and 
Pelissier, 2001).

Because alcohol use often co-occurs with use of other substances, many 
interventions are designed to prevent substance use and abuse in general. The 
Center for Substance Abuse Prevention funded 25 projects on substance-abuse 
prevention for adolescent girls. Qualitative data suggested that girls responded 
favorably to the programs, but significant changes in substance use were not 
found, possibly because of insufficient power and lack of specificity (Guthrie and 
Flinchbaugh, 2001). Currently the Substance Abuse and Mental Health Services 
Administration (SAMHSA) National Registry of Evidence-Based Programs and 
Practices lists only one program, the Athletes Targeting Healthy Exercise and 
Nutrition Alternatives (ATHENA) program, which is specifically designed for 
and targeted to girls. The school-based program targets middle- and high-school 
female athletes with interventions for substance abuse and other unhealthy be-
haviors, such as eating disorders. Reports to SAMHSA show that marijuana 
and alcohol use at 1-year followup were statistically lower in the schools with 
ATHENA than in those without it (HHS, 2007).

There is a paucity of research on gender differences in intervention effective-
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ness (Blake et al., 2001). Existing substance-use prevention does not systemati-
cally address risk factors for girls and young women, or the etiological factors 
related to substance use and misuse, delinquency and related health problems 
by gender (Kumpfer et al., 2008). Adolescent girls have not been recruited for 
interventions at the same rate as boys and have had lower retention in preven-
tion interventions (Guthrie and Flinchbaugh, 2001). The efficacy of prevention 
approaches may vary by gender. The ALERT Plus program for at risk adoles-
cents was efficacious only for girls (Longshore et al., 2007), while a universal 
prevention educational curriculum showed lower benefits for girls than for boys 
(Vigna-Taglianti et al., 2009).

Research Advances in Diagnosis and Treatment

There have not been any major advances in the diagnosis or treatment of 
substance-use disorders in women. The same DSM criteria are used for both men 
and women. Gender differences in treatment need, use, and outcomes have been 
found but have not been translated into new treatments in women.

Although 10% of women of reproductive age need treatment for substance-
use problems, 85% of those who need treatment do not receive or perceive the 
need for treatment. Not being ready to stop use, not being able to pay for treat-
ment, and the stigma associated with addiction are the major reasons why women 
do not receive treatment (SAMHSA, 2008). A higher proportion of men than of 
women are referred into treatment through the criminal-justice system (Grella, 
2008) and receive family support for entering treatment (Grella and Joshi, 1999). 
In contrast, more women access treatment by referrals from community agencies 
and by referrals associated with receiving a diagnosis of antisocial personal-
ity disorder, having engaged in sex work, or having initiated treatment oneself 
(Grella, 2008). Women rely more on public insurance for payment, and this 
makes them more vulnerable to public-policy changes that reduce eligibility and 
funding (Grella, 2008).

Although women enter treatment after fewer years of substance use than 
men, they tend to have more severe clinical profiles, particularly mood and 
anxiety disorders; more family conflict and parenting challenges; a much greater 
proportion of past and current physical and sexual abuse; and more problems 
related to lack of employment, education, and vocational skills (Brady et al., 
1993; Stewart et al., 2003).

Minority-group women and men receive a lower level of care than non-
Hispanic whites and are more likely to get such services via the criminal-justice 
system and informal sectors of substance-abuse treatment (Perron et al., 2009).

Women’s treatment adherence and retention has been associated with patient 
demographics (for example, marital status), psychosocial characteristics (for 
example, psychiatric comorbidity and history of trauma), and treatment-program 
characteristics (Greenfield and Pirard, 2009). Clinical studies that investigated the 
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possibility of sex differences in treatment retention and completion have shown 
mixed results, and population-based studies have reported few or no differences 
in treatment retention (Greenfield and Pirard, 2009).

There is little evidence that gender is an important predictor of treatment 
outcomes, but there is evidence of gender differences in the factors that predict 
treatment outcomes (Greenfield, 2002; Grella, 2008). Co-occurring mental-health 
disorders and history of abuse are two factors that might have more adverse ef-
fects on the prognosis of substance-abuse disorders in women (Greenfield and 
Pirard, 2009).

Women might benefit more from some services, for example receipt of 
mental-health services has a positive effect in posttreatment, reducing drug use 
by women but not by men (Marsh et al., 2004). A number of other gender differ-
ences have been reported in factors related to risk of relapse. Relapse in women 
is associated with not living with their children, depression, stressful marital 
relationships, and partners’ pressure to use substances (Grella, 2008).

Gender-specific addiction treatment has been developed and some studies 
suggest that women in programs that provide gender-specific treatment of addic-
tion may stay in treatment longer and have better outcomes than those in non–
gender-specific programs (Grella, 2008). Treatment completion and outcomes are 
better in women who receive residential services where they can be housed with 
their children, and in outpatient treatment that includes family therapy, family 
services, individual counseling, comprehensive support services, health and social 
services, and transportation (Grella, 2008).

Few studies have adequately assessed the effectiveness of gender-specific 
compared with mixed-gender treatments in women. Controlled randomized stud-
ies of treatment outcomes have not been conducted, only a small number of 
treatment outcomes have been studied, there is a lack of standardized measures 
and definitions of treatment factors and outcomes, and few studies have assessed 
long-term outcomes (Greenfield and Pirard, 2009; Grella, 2008).

Knowledge Gaps

There has been a dearth of research on the efficacy of gender-specific ap-
proaches for prevention of and treatment for addiction disorders, and there is a 
substantial gap in research on the efficacy of existing prevention and treatment 
approaches for racial and ethnic minorities populations. Social and cultural differ-
ences among subgroups of women are highly relevant for the course of addiction, 
its treatment, and the recovery process, and how to best address those differences 
is not known. Finally, there is a clear need to develop and test approaches that 
facilitate access to and increase use of treatment services by girls and women 
who need such services.
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Lessons Learned

Research on drug addiction highlights the importance of co-occurring dis-
orders and history of trauma in women, and of women’s social roles as mothers 
and their lower socioeconomic status in relation to vulnerability to addiction and 
to its treatment.

In addition, although the specific roles of sex differences in brain anatomy, 
neurobiology, pharmacokinetics and pharmacodynamics, menstrual cycle, go-
nadal steroid hormones, and stress response in addiction are not yet elucidated, 
these research avenues highlight how much can be learned about a disease and its 
pathophysiology by exploring sex differences at many diffent levels. The value 
of diverse studies—of cells, animals, and humans—is evident from the breadth 
and depth of information generated not only on addiction, but on sex differences 
and brain function in general.

Autoimmune Diseases

As a group, autoimmune diseases are the third-most common diseases in the 
United States, following heart disease and cancer. They affect 5–8% of the popu-
lation,21 and over 78% of those affected are women (Fairweather et al., 2008). By 
the age of 50 years, 5–10% of women in the United States have autoimmunity. 
There have been advances in knowledge over the last 15–20 years about the etiol-
ogy and pathophysiology of autoimmune diseases in women, but they have not 
yet led to effective treatments beyond treating for the symptoms. The diseases 
remain a major cause of morbidity in women. The committee discusses autoim-
mune diseases in general in this section, using examples when appropriate. The 
committee considers autoimmune diseases to be a category on which there has 
been little progress.

Incidence, Prevalence, and Mortality in Women

Many forms of autoimmunity affect women almost exclusively (see 
Table 3-1). Ulcerative colitis, diabetes mellitus, and myocarditis are exceptions; 
these occur in men either as often as or more often than in women (Rubtsov et al., 
2010). Autoimmune diseases include many forms of arthritis that affect primarily 

21 Autoimmune diseases are a group of about 50 diseases in which the immune system abnormally 
recognizes self-tissues or proteins as foreign, turns on itself, and attacks an organ in the body (Palm 
and Medzhitov, 2009). The classification of autoimmune diseases has typically been dictated by 
the clinical presentation of the end organ that is being destroyed or injured. For instance, if the end 
organ is the pancreas, the disease is type 1 diabetes, and the patient will see an endocrinologist. If 
the immune system attacks the joints, the disease is rheumatoid arthritis, and the patient will see 
a rheumatologist. Any organ can be the subject of autoimmune attack, and the list of autoimmune 
diseases numbers more than 80 (Fairweather et al., 2008).
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women—such as lupus, arthritis, fibromyalgia, and rheumatoid arthritis. Greater 
female vulnerability to autoimmunity is seen in animals. For instance, female 
mice are more prone to type 1 diabetes (in the nonobese diabetic [NOD] mouse 
model) and to Sjogren syndrome than male mice (Quintana and Cohen, 2001).

Autoimmune diseases affect women in the prime of their lives and can have 
a major impact on their quality of life (Gale and Gillespie, 2001); they are associ-
ated with high health-care costs and loss of productivity (Lau and Mak, 2009). 
The effects of autoimmune diseases were highlighted in a report to Congress 
that stated that “virtually all [autoimmune diseases] are debilitating, and require 
lifelong medical care. Although treatments exist for many autoimmune diseases, 
we do not yet have definitive cures for any of them. As a result, autoimmune 
diseases impose a heavy financial and emotional burden on patients and their 
families, and contribute significantly to our rising national health care costs” 
(HHS, 2005). There is evidence that the impact of rheumatoid arthritis on work 
disability is greater in women than in men (Wallenius et al., 2009).

Disparities Among Groups

Some autoimmune diseases are more common in black, American Indian, 
and Latina women than in white women (AARDA, 2010). For example, black 
women are 3 times more likely to have lupus than white women. In contrast, ar-
thritis is most common in non-Hispanic white women (27.2%) followed by non-
Hispanic black women (23.5%). Asian women (11.5%) had the lowest prevalence 
of arthritis (HRSA, 2008).

Research Advances in Knowledge of Biology

The 2001 IOM report Exploring the Biological Contributions to Human 
Health: Does Sex Matter? summarized potential environmental, hormonal, ge-

TABLE 3-1 Incidence Ratio of Autoimmunity Based on 
Sex

Female:Male

Thyroid disease (Hashimoto’s) 10:1
Graves disease 7:1
Sjogren’s syndrome 9:1
Lupus 8:1
Rheumatoid arthritis 2.5:1
Scleroderma 3:1
Multiple sclerosis 3:1

SOURCE: AARDA (2010).
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netic, and life-stage causes of autoimmunity and evaluated the evidence that 
those causes would differ between the sexes. The report concluded that although 
environmental factors (for example, drug-induced cases of lupus and toxin-in-
duced scleroderma-like disease), hormones, and genetics all affect the immune 
system and could play a role in some of the differences, none can fully account 
for sex differences in the more common, idiopathic autoimmune diseases (IOM, 
2001b). With respect to life-stage causes of autoimmunity, the report stated that 
“most diseases that are predominantly in females cluster in the young-adult years, 
whereas autoimmune diseases that affect younger or older patients are more 
evenly divided between the sexes” (IOM, 2001b). Since that report, further work 
has explored the pathophysiology of autoimmunity and the underlying causes of 
sex differences in autoimmunity.

Over the last 20 years, research on autoimmune diseases has taken advantage 
of novel molecular-biology techniques, including transgenic and knockout mice 
that are susceptible to autoimmune diseases, to explore the genetic components of 
autoimmunity (see Alarcon-Riquelme, 2007, for review). Research has examined 
complement-system–related genetic differences in autoimmune diseases, and 
some data suggest a partial role of the complement system in susceptibility and 
disease severity (Murray et al., 2007; Yu and Whitacre, 2004). A role for micro-
chimerism22 has also been suggested (Ando and Davies, 2003; Sarkar and Miller, 
2004). Because of the higher prevalence of autoimmune diseases in women, the 
role of the X chromosome in autoimmune diseases has been explored, especially 
its inactivation patterns (Invernizzi et al., 2008, 2009). No genetic difference has 
yet been identified to which any autoimmune disease or the predisposition of 
women to autoimmune diseases can be fully attributable. The etiology of auto-
immune diseases is probably a complex interaction of more than one gene and 
environmental factors in the broad sense (Alarcon-Riquelme, 2007).

In both the NOD mouse model of autoimmunity and in humans who have 
Sjogren’s syndrome, there is dysregulation at the level of translation of the LMP2 
proteasome protein (Yan et al., 1997). Without a fully functional proteasome 
there is interruption in T-cell education to self-proteins expressed in the major 
histocompatibility complex (MHC) class I surface protein and interruption of the 
critical regulators of life and death balance for T-cell selection (Faustman et al., 
1991; Hayashi and Faustman, 1999).

The role of hormones in sex differences in autoimmunity, especially the role 
of the ER, has also been studied (Ackerman, 2006). Until the late 1990s, only a 
single type of ER, ER-α, was thought to exist. That receptor is localized to the 
reproductive organs, mammary glands, bone, cardiovascular system, and some 
brain regions (Couse et al., 1997). The gene for a second type of ER, ER-β, has 
been identified, and research has demonstrated that it is distributed in a wide 

22 “Microchimerism is the presence of a low level of non-host stem cells or their progeny in an 
individual. The most common source of microchimerism is pregnancy” (Sarkar and Miller, 2004).
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variety of tissues (Kuiper et al., 1996, 1997; Mosselman et al., 1996). With the 
discovery of that receptor has come the demonstration that estrogen can influence 
the development and function of CD4(+) T-helper immune cells (Pernis, 2007). 
Research in murine models of systemic lupus erythematosus (SLE) and other 
autoimmune diseases has also found differences in the ER between mice that get 
autoimmune diseases and mice that do not (Greenstein et al., 2001).

As reviewed by Invernizzi and colleagues (2008), research over the last 20 
years has investigated whether X-chromosome inactivation could play a role in 
autoimmunity. For example, women who have primary billiary cirrhosis, systemic 
sclerosis, and autoimmune thyroid disease have enhanced X monosomy in blood 
lymphoctyes (Invernizzi et al., 2004, 2005). The potential role of X-chromosome 
inactivation, X-chromosome monosomy, and preferential loss of an X-chromo-
some in autoimmune diseases remains unclear (Invernizzi et al., 2009).

Differences have also been seen in risk of rejection of transplanted organs, 
depending on the sex of the donor and the sex of the recipient. Female recipients 
of male kidneys had greater risks of graft failure after transplantation, but not 
beyond the 10-year mark (Kim and Gill, 2009). H–Y antigen mismatch underlies 
the effect (Kim and Gill, 2009).

Research Advances in Prevention

Environment has always been considered a risk factor for autoimmunity, 
with gene–environment interactions thought to be potentially important (Cooper 
et al., 1999). For example, vitamin D has been proposed to play a role in autoim-
mune disease (Szodoray et al., 2008). People living in northern climates have a 
higher risk of autoimmunity, such as multiple sclerosis, than people of the same 
ethnicity living near the equator (Beretich and Beretich, 2009; Kulie et al., 2009; 
Kurtzke, 1975). Many have speculated that that could be related to vitamin D 
deficiencies in people who live in northern climates (Ascherio and Munger, 2007; 
Ebers, 2009). At the cellular level, vitamin D is obligatory for many steps in T-cell 
education, including steps related to the activation of NFkB, the main controlling 
protein for life–death decisions in T-cell education (Mahon et al., 2003).23 It has 
been speculated that the exposure of the immune system to a broader range of 
parasites and infections is beneficial in shaping the immune system to prevent 
self-reactivity (Kaufman, 2010). Thus, the hygiene theory postulates that the 
cleanliness of civilization may contribute to the increasing incidence of autoim-
munity and allergies. There are also intestinal forms of autoimmunity, such as 
celiac disease, that are triggered by wheat in food but for wheat to trigger or 
exacerbate the disease, a person must have an altered set point and predisposition 
for autoimmunity. Many clustered cases of autoimmunity have been considered to 

23 An IOM committee is currently updating the recommended dietary intake of vitamin D; that 
report will include an evaluation of the role of vitamin D in chronic diseases.
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be secondary to viruses, although most of the evidence is circumstantial. Viruses 
can interfere with the MHC class I education pathway for self–non-self T-cell 
recognition (Cohn, 2008).

SLE is an autoimmune rheumatic disease that is often severe and is most com-
monly diagnosed in women in their childbearing years. Exposure of genetically 
predisposed people to one or more environmental triggers, such as Epstein-Barr 
virus, is thought to mediate the development of SLE (Simard and Costenbader, 
2007). Stress caused by life events also may trigger or exacerbate autoimmunity, 
as is reported frequently in SLE patients (Karasawa et al., 2005).

Research Advances in Diagnosis

A survey commissioned by the American Autoimmune Related Diseases As-
sociation shows that it takes an average of 4 years for a correct diagnosis of an 
autoimmune disease to be made, an average of 4.04 physicians are seen before 
the diagnosis is made, and over 45% of the women who received a diagnosis 
of autoimmune diseases had been told that they were chronic complainers or 
were too concerned with their health (AARDA, 2010). Those statistics point to 
the need for more awareness of autoimmune diseases and for better training in 
medical school. There is no course syllabus for autoimmune diseases in general 
for physicians or nurses.

Research Advances in Treatment

Over the last 4 years, many new treatments for autoimmunity have emerged. 
Most of them work to suppress the immune system, because clinical therapies 
with more restricted targets have failed. However, lifelong and systemic immu-
nosuppressive drugs are not only extremely expensive but associated with drug-
induced complications—side effects on the normal parts of the immune system 
(Uetrecht, 2009).

Knowledge Gaps

Despite some progress in understanding the immune system and the patho-
physiology of autoimmunity, there is no confirmed mechanism that explains why 
women are affected more than men by autoimmune disease, either for a single 
autoimmune disease or for them as a group. Furthermore, most medications used 
to treat people for these diseases are lifelong expensive treatments. Elucidation of 
the differences in the etiology and pathophysiology of these disorders is impor-
tant because it might allow more to be done to protect women from autoimmune 
diseases, at least to the same degree as men.
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Lessons Learned

The extensive morbidity and associated effects of autoimmune diseases on 
women’s quality of life highlight the need to look beyond mortality as an end 
point in researching women’s health. The importance of awareness among physi-
cians of the signs, symptoms, and prevalence of diseases in women to improve 
the time between onset of symptoms and diagnosis is also evident from autoim-
mune disease.

Dementia of the Alzheimer Type and Other Dementias

Of all of the chronic, progressive age-associated diseases that threaten the 
lives, dignity, and independence of elderly women, perhaps none is more dreaded 
than dementia; dementia of the Alzheimer type (Alzheimer’s disease) is the lead-
ing type of dementia (Golanska et al., 2009).

Incidence, Prevalence, and Mortality in Women

About 4.8% of women 71–79 years old have dementia, a figure that rises 
to 27.8% between 80–89 years old and 34.7% at or after the age of 90 years 
(Plassman et al., 2007). The overall age-adjusted risk is about 50% higher in 
women than in men (Bachman et al., 1992; Canadian Study of Health and Ag-
ing, 1994; Launer et al., 1999), but the sex difference appears to lie principally in 
the overall increased average longevity of women (Hebert et al., 2001; Plassman 
et al., 2007). That increased longevity also means that women often outlive their 
partners and therefore have a high probability of having lost a member of their 
family support network by the time their Alzheimer’s disease is manifested. Re-
search to delay or prevent dementia in aging women has high priority in women’s 
health research.

Research Advances in Knowledge of Biology

An active field of research in Alzheimer’s disease is the investigation of ex-
tracellular beta-amyloid plaques and neurofibrillary tangles—the pathologic find-
ings used by Alzheimer over a century ago to characterize the disease (Lannfelt 
et al., 1995). Research includes their roles in the pathophysiology of Alzheimer’s 
disease and how to modulate the rate of production, polymerization, solubility, 
and clearance of the beta-amyloid protein that accumulates in the plaques in the 
extracellular brain environment (Lannfelt et al., 1995). In vitro and animal ex-
periments (including genetically engineered animal models) have examined the 
contributions of genetics, enzyme activities, apoptotosis, hormones, metabolism, 
and such other forces as the oxidative stress and inflammation that occur with 
aging to the clinical manifestations of Alzheimer’s disease.
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Researchers have investigated the role of sex hormones, especially estrogen, 
in women’s susceptibility to Alzheimer’s disease and dementia. Results of basic-
science research, small clinical trials, and cohort studies of aging communities 
before the WHI suggested a potential role of post-menopausal estrogen therapy 
(estrogen or estrogen plus progestin) in attenuating the risk of cognitive dysfunc-
tion in older women (Ancelin and Ritchie, 2005). Therefore, a substudy of the 
WHI, the Women’s Health Initiative Memory Study (WHIMS), was conducted; 
it specifically examined the effect of hormone therapy—combined conjugated 
equine estrogen (CEE) plus medroxyprogesterone acetate or CEE alone in women 
with prior hysterectomy—in 4,532 WHI participants over 65 years old who did 
not have cognitive impairment at baseline (Shumaker et al., 2004). Annual Mini-
Mental Status Examinations (MMSE) conducted over an average of 4.2 years 
revealed not only revealed no tendency toward stabilization of cognitive function 
in participants on hormone replacement but some greater declines in MMSE re-
sults in women who had lower baseline scores and received CEE. Some current 
research on this issue is being conducted in women closer to the menopausal 
transition, examining whether there is a critical window for hormone therapy 
(Sherwin, 2003), but some researchers have little enthusiasm for female-hormone 
replacement in the prevention of dementia and Alzheimer’s disease in aging post-
menopausal women (Markou et al., 2005).

Studies of whether specific cognitive domains (for example, verbal abilities 
and memory) are differentially affected by sex have had mixed results. Genetic 
factors might confound the role of estrogen in Alzheimer’s disease (MacLusky, 
2004). For example, there could be interactions between estrogen and the apoli-
poprotein e4 phenotype (either heterozygous or homozygous) (MacLusky, 2004). 
Depression, a disease that is also more common in women than in men, is fre-
quently associated with Alzheimer’s disease, especially at its initial presentation 
and in early stages (Migliorelli et al., 1995). It is unknown, however, whether the 
etiology and pathophysiology of the two conditions are related.

Knowledge Gaps

There have been few major advances in the diagnosis and detection of or 
treatment for dementia and Alzheimer’s disease. Early onset dementia, however, 
is often misdiagnosed as Alzheimer’s disease rather than due to vascular demen-
tias, frontotemporal lobar degenerations, traumatic head injury, or alcohol-related 
dementia, and that misdiagnosis can have adverse effects on outcomes (Mendez, 
2006). A basic understanding of its pathogenesis is lacking, despite improved 
understanding of the role of plaques and tangles in Alzheimer’s disease. Much 
work remains to identify risk factors, clarify any potential roles of hormones, 
and improve treatments. To make progress in Alzheimer’s disease or dementia, a 
major scientific research thrust needs to occur, as has occurred for other diseases 
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where progress has been made. Research needs to provide evidence on the natural 
history of the disease, identification of risk factors to lead to prevention efforts, 
biomarkers for diagnosis, and measurement of the efficacy of new treatments.

Lessons Learned

The severely debilitating effects of Alzheimer’s disease and other dementias 
emphasize the importance of looking beyond mortality end points to improve 
quality of life and to consider health and prevention over the entire lifetime to 
identify ways earlier in life to prevent such conditions as Alzheimer’s later in 
life.

Gynecologic Cancers Other Than Cervical Cancer

The committee considers gynecologic cancers other than cervical cancer—
corpus and uterine cancer, as well as ovarian cancer—to be a category of diseases 
in which there has been little progress over the last 20 years. Few gains have been 
made on improving survival rates.

Incidence, Prevalence, and Mortality in Women

Corpus and uterine cancer, most of which is endometrial cancer and will be 
referred to as such here, are the most common cancers of the female reproductive 
organs. It is estimated that there will be 42,160 new cases of endometrial cancer 
in the United States in 2009 (ACS, 2009d; NCI, 2009b). Most cases occur in 
women over 55 years old; the median age at diagnosis was 62 years and the me-
dian age at death was 72 years of age in 2002–2006 (NCI, 2009b). The American 
Cancer Society (ACS, 2009d) estimates that about 7,780 women in the United 
States will have died from endometrial cancer during 2009.

Ovarian cancer is the ninth-most common cancer in women (not counting 
skin cancer) and the fifth-leading cause of cancer death in women in the United 
States. It is estimated that there will have been 21,880 new cases of ovarian can-
cer and 13,850 deaths from it in the United States in 2010 (ACS, 2010b). Most 
women who have ovarian cancer receive the diagnosis when they are 60 years old 
or older (ACS, 2010b). Only modest gains have been made in survival of ovarian 
cancer over the last few decades (Cho and Shih Ie, 2009). Although the 5-year 
survival rate of women who receive the diagnosis in early stages (localized) of 
the disease is > 93%, women who are in an advanced stage (distant, cancer has 
metastasized) have a 5-year survival rate of < 28% (NCI, 2010d).
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Disparities Among Groups

Endometrial cancer is more common in white women than black women 
(incidence, 24.4 per 100,000 in white women and 20.6 per 100,000 in black 
women), but black women are more likely to die from it (mortality, 7.2 per 
100,000 and 3.9 per 100,000 for black and white women, respectively) (NCI, 
2010e). The incidence of and deaths from endometrial cancer are lower in Asian 
and Pacific Islander women, American Indian and Alaskan Native women, and 
Hispanic women (incidence rates 17.3, 16.8, and 17.6 per 100,000 respectively; 
mortality, 2.5, 2.9, and 3.0 per 100,000, respectively) (NCI, 2010e).

Research Advances in Knowledge of Biology

Research on endometrial cancer has investigated biomarkers on endometrial-
cancer cells, including the progesterone receptor, IGFR I, retinaldehyde dehydro-
genase type II, and secreted frizzled-related protein 4 (Boruban et al., 2008). Such 
biomarkers have not yet been adequately characterized for use in diagnosis or for 
the development of treatments.

Evidence indicates that there are genetic factors in ovarian cancer; risk is 
higher in women who have a history of ovarian or breast cancer in a first-degree 
relative (Clarke-Pearson, 2009). Ovarian cancers are classified by type and degree 
of differentiation, but their management is not targeted toward specific classes of 
these cancers. Recent data indicate that the different types of tumors might have 
different underlying pathology that could be considered in the development of 
targeted treatments (Cho and Shih Ie, 2009). The development of rapid pheno-
typic analyses through proteomics could lead to improved diagnostic, screening 
and therapeutic tools (Faca et al., 2009).

Research Advances in Prevention

Physical activity is associated with reduced risk of endometrial cancer; 
the risk in physically active women is 20–40% lower than in inactive women 
(Friedenreich et al., 2010). The greatest reduction in risk is among those who 
have the highest levels of physical activity (Kramer and Wells, 1996). Several 
of the studies, however, did not adjust for the postmenopausal use of unopposed 
estrogen, which increases endometrial cancer risk (NCI, 2009b). Physical activity 
may reduce risk through effects on hormones (Kramer and Wells, 1996) or by 
lowering body fat (AICR, 2007); a few studies have examined how body weight 
and physical activity interact to affect the incidence of endometrial cancer, but 
the findings have been too inconsistent to support conclusions (NCI, 2009b). 
Morbidly obese women who have endometrial cancer have a greater likelihood 
of dying from their comorbidities or their cancers than leaner women who have 
endometrial cancer (Fader et al., 2009).
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The BRCA� gene mutation that greatly increases the risk of breast cancer 
also greatly increases the risk of ovarian cancer (Clarke-Pearson, 2009). Women 
who test positive for the BRCA� gene mutation, especially those who have had 
breast cancer, have the option of a bilateral oophorectomy to prevent ovarian 
cancer.

Studies of the role of physical activity in the prevention of ovarian cancer have 
yielded inconsistent results, ranging from a reduced risk of ovarian cancer with 
activity to no association or a slight increase in risk with greater activity (Bertone 
et al., 2001; Biesma et al., 2006; Mink et al., 1996). One study found that sedentary 
behavior increases risk, but it did not decrease with light or moderate physical ac-
tivity (Patel et al., 2006a). Physical activity helps in managing weight, which may 
be a risk factor for ovarian cancer, but how weight is related to the development of 
ovarian cancer is not well understood (AICR, 2007).

There is “limited suggestive evidence” of an association between intake 
of nonstarchy vegetables and a decrease in ovarian cancer (AICR, 2007; IOM, 
2003). A pooled analysis of 12 prospective studies, however, found only a non-
significant decrease in risk in women who had the highest intake of nonstarchy 
vegetables (Koushik et al., 2005). Another review of 7 cohort and 27 case–con-
trol studies found some evidence that vegetable but not fruit consumption has 
beneficial effects on the risk of ovarian cancer. So far, evidence of a role of other 
dietary exposures in ovarian-cancer risk is largely inconclusive (AICR, 2007). 
A possible increased risk caused by high meat consumption has been observed 
(for example, Schulz et al., 2004). In the WHI dietary-modification trial, women 
randomized to a low-fat diet had a statistically significant 40% reduction in risk 
of ovarian cancer compared with women on a usual diet looking at the last 4.1 
years of a 8.1-year followup (Prentice et al., 2007). Results did not appear to 
be affected by the weight loss experienced by the dietary-change group or by 
a family history of ovarian cancer (Prentice et al., 2007). The total number of 
ovarian-cancer cases was relatively small, however. Having low lifetime exposure 
to estrogen—including low exposure because of late menarche, bearing children, 
and early menopause—also reduces risk (ACS, 2009e; Barber, 1987; Gates et al., 
2010; Hankinson et al., 1995; Jordan et al., 2005). Epidemiologic studies found 
that oral contraceptive use is protective against both endometrial and ovarian 
cancer (Deligeoroglou et al., 2003).

Research Advances in Diagnosis

Endometrial cancer is diagnosed histologically. Pathologists are sometimes 
inconsistent in their diagnosis of endometrial cancer (Boruban et al., 2008; Zaino 
et al., 2006).

Ovarian cancer is also diagnosed histologically (Cho and Shih Ie, 2009). 
Over two-thirds of ovarian-cancer cases have progressed to stage 3 or 4, which 
involves the peritoneal cavity or other organs, when diagnosed (Clarke-Pearson, 
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2009). There is no routine screening for ovarian cancer. Large randomized trials, 
such as the Prostate, Lung, Colon, and Ovarian Cancer Screening Trial (PLCO), 
give promise of determining the efficacy of ovarian-cancer screening for reduc-
ing mortality (Clarke-Pearson, 2009). Serum CA125 assay, physical examina-
tion, and imaging examination (transvaginal ultrasonography) have been used 
with differing schedules for followup of asymptomatic women who had a prior 
ovarian-cancer diagnosis, with increased CA125 indicative of relapse in 56–94% 
of cases (Gadducci and Cosio, 2009). However, transvaginal ultrasonography and 
measurement of serum antigen CA125 are not specific for ovarian cancer (Roett 
and Evans, 2009).

Research Advances in Treatment

Surgery followed by radiotherapy is the main treatment for localized endo-
metrial cancer, the most common presentation of the disease (Deeks, 2007). The 
combination of chemotherapy and hormone therapy is standard for advanced and 
recurrent endometrial cancer (Chaudhry and Asselin, 2009). The development of 
minimally invasive surgical techniques has decreased morbidity and improved 
quality of life in women after hysterectomy (Fiorelli et al., 2008). Hogberg (2008) 
reviewed data from a phase III trial conducted by the Gynecologic Oncology 
Group that demonstrated improved survival but increased toxicity, depending on 
the treatment regimen used. Adjuvants have been shown to reduce locoregional 
recurrence in stage 1 disease but not the risk of death (Deeks, 2007).

Stage and histologic grade of cancer at diagnosis, presence or absence of 
residual disease at the completion of initial surgery, functional stage and age, 
and use or nonuse of platinum-based chemotherapy are all important prognostic 
factors for ovarian cancer (Clarke-Pearson, 2009). New surgery and treatments 
with combinations of cytotoxic drugs have improved 5-year survival rates, but 
the overall cure rate remains around 30% (Bast et al., 2009).

Knowledge Gaps

Despite the increased efficacy and decreased toxicity of treatments, few 
gains have been made over the last 20 years in survival rates of people who have 
advanced endometrial cancer. Most women who receive a diagnosis of ovarian 
cancer present with advanced disease, and their long-term survival remains low.

Lessons Learned

The lack of progress on gynecologic cancers highlights the need for contin-
ued research on women’s health. The high mortality rate for some of these can-
cers that accompany a typical presentation with advanced-stage disease and poor 
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prognosis highlight the disadvantages of not having a diagnostic test that allows 
early detection at a point in disease progression when therapy can save lives.

Gynecologic Disorders (Nonmalignant)

Nonmalignant gynecologic disorders are common in women. They include 
uterine fibroids, endometriosis, chronic pelvic pain, pelvic floor disorders (in-
cluding pelvic organ prolapse), polycystic ovarian syndrome, and STIs.24 These 
disorders cause morbidity in many women and greatly affect their quality of life. 
The committee considers there to have been little progress made against these 
conditions over the last 20 years, including in methods of detection and screening, 
as well as prognosis and therapy for those who develop the disease.

Incidence, Prevalence, and Mortality in Women

Uterine fibroids, or leiomyomas, are the most common solid pelvic tumors in 
women and cause symptoms in about 25% of women of reproductive age (Cramer 
and Patel, 1990). Data from several studies indicate that endometriosis affects 
up to 10% of women in the general population and up to 50% of premenopausal 
women, with a prevalence of 38% (range, 20–50%) in infertile women and in 
71–87% in women who have chronic pelvic pain (Balasch et al., 1996; Carter, 
1994; Koninckx et al., 1991; Ling, 1999). Of women of reproductive age, about 
7% have hyperandrogenic chronic anovulation or polycystic ovarian syndrome 
(PCOS) (Azziz et al., 2004). An estimated one-third of all US women have some 
type of pelvic-floor disorder in their lifetimes. In a recent study, the weighted 
prevalence of at least one pelvic floor disorder was 23.7%, and 15.7% of these 
women experienced urinary incontinence (Nygaard et al., 2008). In a study of 
over 5,000 women 18–50 years old, about 15% had chronic pelvic pain in the last 
3 months (Mathias et al., 1996). Finally, except for colds and influenza, STIs are 
the most common contagious diseases in the United States, and some are increas-
ing in incidence, with millions of new cases of STIs each year (see Chapter 2).

Disparities Among Groups

Black women have an increased risk of uterine fibroids (Evans and Brunsell, 
2007; Okolo, 2008) as well as a higher percentage of hysterectomies in women 
who are diagnosed with uterine fibroids (68% of black women diagnosed with 
uterine fibroids; 33% of white women) (Keshavarz et al., 2002). Black women 
have higher rates of chlamydiosis, gonorrhea, and primary and secondary syphilis 
than other racial or ethnic groups (CDC, 2008f). Those disparities are not ex-

24 STIs other than HIV/AIDS are discussed in this section. HIV/AIDS is discussed earlier in this 
chapter.
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plained by relationship and partner attributes (for example, marital history or sex 
with older, casual, and nonmonogamous partners (Harawa et al., 2003).

Research Advances in Knowledge of Biology

The primary cause and pathogenesis of uterine fibroids, and of racial dispari-
ties in fibroid biology, remain largely unknown (Andersen, 1998; Chen et al., 
2001). Endometriosis is understood to constitute a complex interaction between 
endometrial genes and hormones, but many questions remain. The etiology of 
PCOS, pelvic-floor disorders, and pelvic pain remains poorly understood, and 
there has been little advance in understanding the underlying biologic mecha-
nisms of these conditions. Researchers have decoded the genetic makeup of 
several common STIs, and these may lead to new pathways for treatment and 
diagnosis and to a vaccine strategy (Carlton et al., 2007).

Research Advances in Prevention

No substantial advances have been made in preventing nonmalignant gyne-
cologic disorders.

Research Advances in Diagnosis

There has been little advance in the diagnosis of many nonmalignant gyneco-
logic conditions over the last 15 years. A detailed history, physical examination, 
and imaging studies remain the mainstay of diagnosis of gynecologic disorders. 
Genetic testing for nonmalignant gynecologic conditions has not been used  
because of a lack of understanding of potential targets. However, polymerase-
chain-reaction testing has become more available for STIs and allow one-swab 
testing for multiple STIs.

Research Advances in Treatment

Although there has been very little advance in prevention, the treatment 
of gynecologic disorders has advanced. New medical and surgical treatments 
for uterine fibroids have evolved, although there is no defined gold standard on 
which to base practice (David and Ebert, 2005; Rougier-Chapman et al., 2001). 
A variety of grafts and meshes have recently been advocated for treatment for 
prolapse although a greater evidence base demonstrating the safety and effi-
cacy of these products is needed (Silva and Karram, 2005). Pharmacologic and 
surgical treatment options are available for treatment for endometriosis, and 
new medical treatments—such as the levonorgestrel intrauterine device, selec-
tive progesterone-receptor modulators, angiogenesis inhibitors, and aromatase 
inhibitors—have shown some promise in the last decade. A few options are 
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available for treating PCOS and pelvic pain; treatment is largely symptom based 
and empirical (Chwalisz et al., 2004; Ferrero et al., 2009; Lockhat et al., 2004; 
Scarpellini et al., 2002).

Hysterectomy is an invasive procedure with complication rates (including 
infection, hemorrhage, thromboembolism, injury to adjacent organs, and death) 
of 17 to 23% (Makinen et al., 2001) and long-term effects on psychosexual 
health (McPherson et al., 2005). Despite those complications and new alternate 
options, about 600,000 hysterectomies are performed every year in the United 
States, making it the second most frequent major surgical procedure among re-
productive-aged women (CDC, 2004); fibroid tumors, endometriosis, and uterine 
prolapse are the three conditions most associated with hysterectomies (CDC, 
2004).

More progress has been made with STIs. Over the last decade, over 60 sub-
stances were identified as potential intravaginal or rectal microbicides, and about 
one-fourth of them have reached various stages of human testing (Fleck, 2004; 
Ramjee et al., 2000). A number of studies have examined the safety, efficacy, and 
tolerability of topical microbicides in preventing STIs, and new vaccine strategies 
have evolved (Harwell et al., 2003; Mayer et al., 2001).

Knowledge Gaps

Research on nonmalignant gynecologic conditions is sparse. Little is known 
about their underlying biology or prevention and treatment strategies. No methods 
controlled by women for preventing STIs are available. STI rates are increasing 
in high-risk populations, and a goal of eradication of STIs or a more aggressive 
targeting of STIs may be a potential public-health strategy.

Lung Cancer

Despite substantial research on lung and bronchial cancer,25 including studies 
that analyze data on women separately, little progress has been made in decreas-
ing lung-cancer mortality in women. It remains the leading cause of cancer death 
in women in the United States, and there are few diagnostic, screening, and treat-
ment options. The committee, therefore, considers lung cancer a disease where 
research has led to little progress against the disease.

Incidence, Prevalence, and Mortality in Women

Changing patterns of cigarette use led to greater increases in rates of lung 
cancer in women than in men; the rate in women increased by a factor of 4 from 

25 The term lung cancer will be used in this report to refer to lung and bronchial cancer.
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the early 1960s to 2000 (Thomas et al., 2005).26 In 2007, about one-fifth of US 
women 18 years old or older were current smokers27 (CDC, 2008g). Lung cancer 
accounted for only 3% of female cancer deaths in 1950 and 25% in 2000 (HHS, 
2001), and the estimate in 2008 is 26% (HRSA, 2008). Recent data indicate that 
death rates from lung cancer in women have leveled off since 2003 in some states 
and regions (Jemal et al., 2008).

The incidence of lung cancer is the second highest cancer incidence in 
women; there were an estimated 105,770 new cases in 2010, and the median age 
at diagnosis was 71. An estimated 71,080 women will die from lung cancer in the 
United States in 2010 at a median age of 72 years (NCI, 2010f).

Women and men with less than a high school education had a higher risk of 
lung cancer compared to college-educated women and men (Clegg et al., 2009). 
Similarly, women and men with an annual family income less than $12,500 had 
a significantly higher incidence of lung cancer compared to women and men with 
an annual family income of $50,000 or more (Clegg et al., 2009).

Disparities Among Groups

The incidence of lung cancer is similar in white and black women (54.7 per 
100,000 and 54.8 per 100,000, respectively), but it is lower in American Indian 
and Alaskan Native women (39.7 per 100,000), Asian and Pacific Islander (28.1 
per 100,000), and Hispanic women (25.4 per 100,000) (NCI, 2010f). Some evi-
dence suggests that among cigarette-smokers, black and native Hawaiian women 
are more susceptible to lung cancer than white, Japanese American, and Latina 
women (Haiman et al., 2006). Lung-cancer incidence is also greater in those who 
have lower income (Clegg et al., 2009).

Many studies have demonstrated differences between blacks and whites in 
the lung-cancer treatment received (Farjah et al., 2009; Hardy et al., 2009). There 
were also great disparities in treatment between people in the highest socioeco-
nomic quartile and older patients, women, and those in lower socioeconomic 
quartiles. The disparity (between blacks and whites) in treatment did not narrow 
much in the last 12 years. Factors other than doctors’ recommendations—such 
as distrust, beliefs and perceptions about lung cancer and treatment for it, and 
lower access to care despite insurance—might be involved in racial disparities 
(Farjah et al., 2009).

Socioeconomic status plays a large role in mortality from lung cancer in both 
men and women. Lower education levels are associated with higher lung-cancer 

26 Lung-cancer deaths in men decreased over the same period; this reflects the decrease in men’s 
smoking, which in earlier periods had been much higher than women’s, but which has been declining 
faster than women’s (see Chapter 2 for discussion of smoking).

27 Defined as “those who smoked more than 100 cigarettes in their lifetime and now smoke every 
day or some days” (CDC, 2008g).
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incidence and mortality (Alberg and Nonemaker, 2008; Clegg et al., 2009; Kinsey 
et al., 2008). Mortality from lung cancer decreased from 1993 to 2001 in people 
who had at least 16 years of education in every sex and race stratum except black 
women, whose mortality was stable; it increased in white women who had less 
than 12 years of education (Kinsey et al., 2008).

Research Advances in Understanding of Underlying Biology

It is unknown whether there are sex differences in the susceptibility to lung 
cancer (Planchard et al., 2009). A number of studies have found that women have 
a higher risk of lung cancer than men (Brownson et al., 1992; Harris et al., 1993; 
Henschke and Miettinen, 2004; Henschke et al., 2006; McDuffie et al., 1987; 
Osann et al., 1993; Risch et al., 1993; Zang and Wynder, 1996), but other studies 
have found no difference (Bain et al., 2004; Freedman et al., 2008; Kreuzer et al., 
2000; Thun et al., 2002, 2008). A meta-analysis of data from the Nurses’ Health 
Study and the Health Professionals Follow-Up Study found no sex difference in 
lung-cancer rates in women and men with comparable smoking histories (Bain 
et al., 2004).

Research has looked at a number of genetic and cellular differences that 
might play a role in potential sex differences in the susceptibility to and survival 
of lung cancer. The data are not clear and seem to vary among lung-cancer types, 
but there is some evidence that oncogene activity could play a role (Ahrendt et al., 
2001; D’Amico et al., 2000; Nelson et al., 1999). Research has also looked at 
differences in gastrin-releasing peptide receptor (Shriver et al., 2000), HER-2/neu 
(Negro et al., 2004; Vallbohmer et al., 2006), PTHrP (Montgrain et al., 2007), 
cytochrome p450 1A1 expression (Dresler et al., 2000; Mollerup et al., 1999), 
and DNA-repair capacity (Spitz et al., 2003; Wei et al., 2000). Estrogen could 
also be involved; there is avariant of ERα in lung cells (Mollerup et al., 2002), 
and non–small-cell lung carcinoma (NSCLC) responds to estrogen (Stabile et al., 
2002).

Research Advances in Prevention

Smoking is estimated to cause about 95% of lung cancer cases, so under-
standing the reasons that women initiate and continue smoking is critical (see 
Chapter 2). Given the high incidence of lung cancer in women, the cases not 
related to smoking still constitute a substantial public-health problem. Little 
is known about other preventive measures for lung cancer. Some research has 
demonstrated that diet affects susceptibility to lung cancer, especially in women 
(Cranganu and Camporeale, 2009).
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Research Advances in Diagnosis

Posttreatment survival of lung cancer is much higher if it is diagnosed at 
an earlier stage, when tumors are smaller (ACS, 2009f). Asymptomatic people 
are not screened routinely for lung cancer (Smith et al., 2009), and the data are 
mixed as to whether screening of them would be effective. Some data indicate 
that screening increases 10-year survival (with a survival rate of 88%) (Henschke 
et al., 2006); other data show an increase in the number of new cases of lung 
cancer and the number of resections in a trial of computer tomographic scanning 
but no concomitant decrease in advanced lung cancer or in lung-cancer deaths 
(Bach et al., 2007)—a suggestion of the importance of how a screening method 
is assessed (Black and Baron, 2007). Two large clinical trials—the National 
Lung Screening Trial and the PLCO Cancer Screening Trial—are underway and 
it is hoped that they will clarify whether screening results in decreased mortality 
from lung cancer. Computer-aided detection can detect about half the lesions that 
are overlooked by initial interpretation by a radiologist, so it holds promise for 
improving lung-cancer screening (White and Spitz, 1993).

Research Advances in Treatment

The rate of survival of lung cancer (measured as years of survival after 
diagnosis or treatment) is better in women than in men, and women typically 
live longer after treatment (Henschke et al., 2006; Ouellette et al., 1998). Some 
suggest that stage at diagnosis underlies the differences (Ferguson et al., 2000), 
but others have found better overall survival in women even if they have inoper-
able NSCLC (McGovern et al., 2009; Visbal et al., 2004). The longer survival 
in women does not appear to be treatment specific, having been seen after ra-
diotherapy (Werner-Wasik et al., 1999), chemotherapy (Albain et al., 1991; Lord 
et al., 2002; Simon et al., 2008; Tsao et al., 2006; Wheatley-Price et al., 2009; 
Yamamoto et al., 2008), and surgery (Bouchardy et al., 1999; Keller et al., 2002). 
Although Wheatley-Price and colleagues (2009) and Yamamoto and colleagues 
(2008) observed better survival in women after chemotherapy, they also noted 
its greater toxicity in women, which would affect their quality of life. Prognostic 
markers may be sex specific (Dannenberg et al., 2003).

Knowledge Gaps

Despite a large amount of research, including research in women, lung can-
cer remains the leading cause of cancer deaths in women; the 5-year survival rate 
if it is detected at a late stage, which occurs in 45% of patients, is 15% (Pearman, 
2008). Study results on what sex differences exist are at times contradictory.
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Lessons Learned

The increase in survival observed after some treatments (for example, resec-
tion) and the contradictory results of screening programs highlight the importance 
of clinical trials of early detection of lung cancer. The fact that many cases of lung 
cancer are considered preventable, that is, they would not have occurred in the ab-
sence of smoking, highlights the need for effective public-health interventions.

CONCLUSIONS

• For those conditions where substantial progress has been made in improv-
ing women’s health—breast cancer, cardiovascular disease, and cervical 
cancer—there is a large and diverse body of research from the last 20 years, 
including basic research at the molecular, cellular and organ level; animal 
studies; observational studies; and small and large randomized controlled 
clinical trials (for example, the WHI). That research led to advances in the 
understanding of the underlying biology and pathophysiology of the disease, 
which in turn led to advances in the prevention and diagnosis of and treat-
ment for those conditions in women. Research has resulted in improved 
diagnostic tests and screening for diseases such as breast and cervical cancer; 
vaccines against a virus that causes cervical cancer, making prevention of 
cervical cancer possible; new treatments for cardiovascular disease; and tar-
geted therapies for breast cancer. Although much work remains and the inci-
dence and mortality for some of those diseases remains high, those advances 
have led to decreases in prevalence (for example, of cervical cancer) or in 
mortality (for example, from breast cancer and cardiovascular disease).

• Fewer gains, however, have been made in many other conditions that affect 
women’s health.

• Even for conditions where research has led to progress and improved health 
outcomes for women in general, disparities or inequities in that progress 
remain among groups of women, with some populations carrying a much 
greater burden of disease.

• Even when great progress has been made through scientific advances, other 
factors in or determinants of health can present barriers to improving wom-
en’s health, such as the effects of societal beliefs or morals on the use of 
the vaccine for cervical cancer, social acceptance of and stigmas attached to 
depression, and use of and compliance with use of contraceptives to prevent 
unintended pregnancy.

• Knowledge about differences in the manifestation of diseases is crucial for 
further studies to identify the underlying biology of disease in women vs men 
and to develop appropriate prevention, diagnosis, and treatment strategies for 
women.
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Methodologic Issues in 
Women’s Health Research

In reviewing and evaluating research on women’s health, the committee 
considered not only conditions1 and health determinants but also the types of 
research conducted. This chapter addresses methodologic issues with respect to 
women’s health, looking at study design, subject sampling, outcome measures, 
and analysis. The Women’s Health Initiative (WHI) is then discussed as an ex-
ample of what has been learned about methods of women’s health research from 
the studies already conducted. The information in this chapter helps the com-
mittee address question 4 from Box 1-4, whether the most appropriate research 
methods are being used to study women’s health.

STUDY DESIGN

Research can be conducted on molecules, cells, and animals (basic research); 
on individuals or populations (clinical or observational studies); and on health 
systems (health-services and health-policy research). Each type of study has 
strengths and weaknesses, and progress generally requires congruence of evi-
dence from multiple studies of different designs. For example, progress in breast 
and cervical cancer came through basic and experimental clinical research and 
other epidemiologic studies that provided support for similar conclusions (see 
Chapters 2 and 3).

Two major types of clinical studies are observational studies and clinical tri-
als. An observational study is a study in which investigators do not manipulate the 
use of or deliver an intervention (that is, they do not assign subjects to treatment 

1 For brevity, the committee uses the term conditions to mean diseases, disorders, and conditions.
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and control groups) but only observe and measure outcomes in subjects who are 
(or are not, in the case of a comparison group) exposed to an intervention (for ex-
ample, a smoking ban that decreases secondhand smoke exposure) (Rosenbaum, 
2002). Such studies have less control of potential confounders than do experimen-
tal studies, such as randomized controlled trials, and are more prone to selection 
bias and to bias in the choice of comparison populations. Observational studies 
provide information for identifying associations and are especially useful for 
generating hypotheses for further testing; they are less useful for determining 
causality. The Nurses’ Health Study (NHS) and the Study of Women’s Health 
Across the Nation (SWAN) are examples of large observational studies. The NHS 
was originally intended to investigate the potential long-term consequences of 
oral contraceptives and later adapted to investigate factors that influence women’s 
health, especially in preventing cancer (NHS, 2008). SWAN was designed to col-
lect information on the natural history of menopause (SWAN, 2010).

A randomized clinical trial is a prospective experiment in which investigators 
assign an eligible sample of people randomly to one or more treatment groups 
and a control group and follow subjects’ outcomes. Randomized clinical trials 
are usually considered the best for testing the efficacy of a treatment or interven-
tion (Rosenbaum, 2002). The Women’s Health Study (WHS) was a randomized 
clinical trial in which the interventions were aspirin and vitamin E (WHS, 2009). 
The WHI consisted of both an observational study and three blinded, randomized 
clinical trial components that had hormone therapy, calcium and vitamin D, or 
dietary and exercise modification as the interventions (WHI, 2010). The random-
ized clinical trial in the WHI identified a risk of heart disease to be associated 
with combination estrogen hormone therapy, which was previously thought to be 
cardioprotective, and it confirmed the risk of breast cancer, venous thromboem-
bolism, and stroke. Confidence in those results facilitated a decision to halt the 
study and led to a rapid change in prescribing practices (WHI, 2010).

Randomized clinical trials, however, have limitations of their own. Because 
of the expense and number of subjects needed to assess a given drug or other 
treatment, it is not possible to change key variables. The ability to extrapolate 
the results to a larger population might also be limited (Rosenbaum, 2002). In 
addition, ethical and practical considerations of the studies, including the ethics 
of placebo controls, need to be taken into account.

SUBJECT SAMPLING

If study results are to be extrapolated to the general population, the research 
sample needs to reflect the general population. Ensuring that research can be ap-
plied to the general population requires more than simply incorporating members 
of a subpopulation as part of the overall sample; it requires adequate numbers 
to ensure the statistical power to evaluate effects in that subpopulation. It is im-
portant to note that using gender or sex as a control variable is not the same as 
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examining the effects of gender or sex on a given outcome. Thus, the issue is not 
simply including women in trials but including sufficient numbers to test effects 
on both women and men. To be fully informative, findings need to be reported 
separately by sex or gender. If a subpopulation, such as women in this case, is 
excluded or underrepresented in the sample, it is difficult to know whether the 
results will apply to the subpopulation or whether it would have responded dif-
ferently. For example, that lack of data can delay translation of research findings 
on effective treatments to the excluded or underrepresented subpopulation or can 
lead to adverse outcomes because of inappropriate application to one population 
of treatments developed on another.

It might seem obvious that poor clinical outcomes can occur if it is presumed 
that there are no sex or gender differences when they do exist, but false infer-
ences and bad outcomes can also result from a presumption of sex or gender 
differences when such differences do not exist (Baumeister, 1988). For example, 
the first randomized clinical trial of estrogen therapy, the Coronary Drug Project, 
was done in men. That study was discontinued prematurely because of a lack of 
evidence of a positive effect and a trend toward increased cardiovascular mortal-
ity in the treated group (The Coronary Drug Project Research Group, 1973). The 
doses in the trial were much higher than those given to women, so the results 
were thought not to be relevant to women, and estrogen therapy continued to be 
prescribed to women to reduce cardiovascular risks. More than 20 years after 
the study, postmenopausal hormones were still among the top-selling drugs in 
the United States—an estimated 15 million women were taking them (Hersh 
et al., 2004). Conversely, statins (that is, 3-hydroxy-3-methylglutaryl coenzyme 
A reductase inhibitors) were first shown to be effective in lowering cholesterol 
in a Scottish trial in men (Shepherd et al., 1995). Of 5 randomized controlled 
trials published in 1994–1998, the Scottish trial was in men only, and the other 
4 included 14–19% women. That small number of women in statin trials limited 
conclusions for women and led to questions about the extrapolation of the data 
to women. LaRosa and colleagues (1999) conducted a meta-analysis of data from 
those trials and concluded that the risk reduction from statins is similar in men 
and women.2 Meta-analyses, however, are not optimal, especially when evaluat-
ing the leading cause of mortality in women, and more recently the efficacy and 
safety of statins, especially for primary prevention, has been questioned and is 
still being evaluated (Abramson and Wright, 2007; Mascitelli and Pezzetta, 2007; 
McPherson and Kavaslar, 2007; Ridker, 2010).

Before 1987, women were underrepresented in key randomized controlled 
trials because of policies that limited or prevented their participation mainly 
owing to concern about potential exposures of fetuses. Changes in National In-

2 LaRosa and colleagues (1999) searched the Medline database from 1966 to 1998. Therefore, 
most of the studies found were probably designed and initiated before the enactment of Public Law 
103-43.
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stitutes of Health (NIH) and Food and Drug Administration (FDA) regulations 
and policies, starting in 1987, addressed that underrepresentation and aimed to 
increase the enrollment of women and analysis of data on women in clinical tri-
als (GAO, 1992, 2000; Merkatz and Junod, 1994). Progress has been made since 
then in increasing enrollment of women. Women made up 51.7% and 60.0% of 
participants in NIH extramural and intramural clinical research in 1995 and 2008, 
respectively (HHS, 2009). The highest percentage, 64.2%, was seen in 2002; that 
corresponds to when large women-only studies related to breast cancer, meno-
pause, and cardiovascular diseases (the WHS, the WHI, and SWAN) were con-
ducted (HHS, 2009). The sex distribution in all the minority-group participants in 
2008 was similar to that in the nonminority population; women made up 59.15% 
of minority-group participants (HHS, 2009).3

Data from clinical trials that looked at specific end points have provided ad-
ditional insight into the participation of women and minorities. A recent analysis 
of FDA clinical trials found that although the number of trials enrolling women 
and the proportion of participants who are female participating in phase I trials 
have increased since 2001, women are still underrepresented (Pinnow et al., 
2009). Stewart and colleagues (2007) found higher enrollments of women than 
of men in their study of cooperative group surgical oncology trials, primarily 
because of the large number of breast-cancer trials. Members of racial and ethnic 
minorities and older persons were less likely to be enrolled in the trials than were 
whites and younger subjects.

Human immunodeficiency virus (HIV) research historically has had low 
representation of women. Of the women who were eligible to participate in the 
largest cohort study of HIV-infected women in the United States (the Women’s 
Interagency HIV Study), about half would have been ineligible, on the basis of 
exclusion criteria, to participate in 20 of the AIDS Clinical Trials Group stud-
ies, which are among the largest HIV clinical-trial groups in the United States 
(Gandhi et al., 2005). Those results are consistent with an earlier meta-analysis 
published in abstract form that found that in 49 randomized controlled trials of 
antiretrovirals in 1990–2000, women averaged only 12.25% of the participants 
(Pardo et al., 2002).

In studies of cardiovascular disease, clinical-trial subjects have not been 
representative of the general population (Lloyd-Jones et al., 2001; Pedone and 
Lapane, 2003); one study discussed the predominance of men in cardiovascular 
trials (Sharpe, 2002). In 19 randomized controlled trials open to both men and 

3 Although these findings should be interpreted with caution because the Office of Management and 
Budget (OMB) changed minority classifications between 1995 and 2007 (HHS, 2009), data indicate 
that minority enrollment was 36.7% in 1995. It peaked in 2006 at 43.1% and dropped to 28.6% in 
2008 (HHS, 2009). The aggregated extramural and intramural data from 2008 (using the 1977 OMB 
standards in a combined race–ethnicity format) show that “Black or African American” had the high-
est proportion of participation (15.8% of enrollees), followed by “Asian/Pacific Islander” (2.6%) and 
“Hispanic not White” (4.6%).
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women that examined myocardial infarction, stroke, or death, the mean percent-
age of female subjects was only 27%.4 Only 13 of those studies presented sex-
based analyses (Kim and Menon, 2009). A review of the literature by the Agency 
for Healthcare Research and Quality indicated that studies of coronary heart 
disease rarely included women in adequate numbers for analysis of the data by 
sex (Grady et al., 2003).

Part of the reason for the low participation of women is that many 
cardiovascular-disease clinical trials had inclusion criteria that were more ap-
propriate for men than for women (Grady et al., 2003). Such inclusion criteria 
as early age of onset of myocardial infarction and chest pain as a presenting 
symptom will favor enrollment of men because women are on the average older 
at disease onset, are less likely than men to report chest pain during a heart at-
tack, and are more likely to report other symptoms (Bairey Merz et al., 2006; 
Canto et al., 2007).

Even when women are included in clinical trials, having too few of them can 
be a barrier to obtaining statistically significant results related to women. Freed-
man and colleagues (1995) suggested conducting large clinical trials for condi-
tions in which there is a priori evidence of sex differences. The NIH guidelines 
require inclusion of women and minorities in phase III clinical trials unless there 
is substantial evidence that sex differences do not exist (Bennett and the Board on 
Health Sciences Policy of the Institute of Medicine, 1993; Freedman et al., 1995). 
That implies that earlier research—including cells, animals, and phase I and II 
clinical trials—must have addressed potential sex differences sufficiently to sup-
port a choice not to include women in phase III clinical trials in numbers adequate 
for assessing sex differences. Underrepresentation of women in earlier phases 
could lead to interventions or treatments that are less effective or more toxic in 
women. For example, dose regimens are determined in phase I clinical trials, and 
conducting such studies mostly in men would result in drug doses based on male 
anatomy (Chen et al., 2000). Data indicate that women continue to be underrep-
resented in trials. For example, Jagsi (2009) found that women comprised only 
38.8% of participants in non–sex-specific prospective clinical studies.

Because women might not be included in studies in adequate numbers to ob-
tain a valid statistical analysis, another potential method of obtaining useful data 
on women is to perform meta-analysis of aggregated published data. That, how-
ever, requires that multiple studies be sufficiently similar in design (for example, 
having similar inclusion criteria and dosing regimens) and in clinical outcomes to 
be aggregated and also that the studies provide data on women separately (Berlin 
and Ellenberg, 2009). However, most clinical trials do not publish results on key 
subgroups of interest. Even when results on subgroups are published, the data 

4 The studies were funded by the National Heart, Lung, and Blood Institute and published in 
1997–2006. Sex-specific studies were excluded.
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are typically presented in different ways among studies and difficult to combine 
in a meta-analysis (Berlin and Ellenberg, 2009).

Combining data on individual subjects from randomized trials is another 
approach for enhancing statistical power that increases the number of subjects 
available for analysis in clinical subgroups. Pooling of data on individual sub-
jects overcomes the limitations of meta-analysis and allows use of more sensitive 
statistical methods, including analysis of survival times, multivariable models, 
and tests for treatment-by-covariate interactions (Samsa et al., 2005). It also 
enables the assessment of the combined effect of treatment for multiple end 
points—combining benefits and risks to capture net “value” (Antithrombotic 
Trialists Collaboration, 2009). However, the technique poses logistical challenges 
and requires collaboration among trial groups and support from funding agencies 
(Bravata et al., 2007).

A Bayesian approach could also be used to determine whether sex or gender 
differences exist, and that information could form the basis of further research. 
The Bayesian approach is an iterative one that adds more subjects from a sub-
group on the basis of probabilities estimated from previous or preliminary results 
(Berry, 2006). In Bayesian analysis, the effect in a small number of women could 
be compared with the effect in a larger sample of men (or vice versa). If the dis-
tribution of results for several outcomes is the same between the sexes or genders, 
the study can proceed and continue to include a small number of women and to 
conduct periodic analyses to determine whether sex or gender differences are 
evident. If the distributions are different, the next phase of the clinical trial would 
incorporate larger numbers of women to assess the differences. This method 
could be applied to individual and pooled trials.

An alternative to executing clinical trials with women and men and analyz-
ing sex- or gender-specific data is to conduct women-only studies, particularly 
in cases in which there are gaps in knowledge about women. That has been done 
in a few men-only studies that demonstrated the benefit of a drug. For example, 
the original Physicians Health Study was a randomized controlled trial in men 
that found that daily aspirin led to a significant reduction in myocardial infarc-
tion but not in cardiovascular death (Hennekens and Buring, 1989; Hennekens 
and Eberlein, 1985). It was not known whether the results would be the same in 
women. Later the women-only WHS had slightly different results: daily aspirin 
lowered the risk of stroke but did not affect the risk of myocardial infarction or 
cardiovascular death (Ridker et al., 2005). Sex differences were then examined 
in a study that pooled individual-level data from 6 primary-prevention random-
ized trials and 16 secondary-prevention randomized trials (looking for prevention 
after a coronary event), including both the sex-specific trials discussed above. No 
sex differences in the effect of aspirin on overall serious cardiovascular events 
were seen, and the risk of cardiovascular events was reduced in both men and 
women. However, there were slight sex differences in aspirin’s value in primary 
prevention (depending on the statistical analysis): less primary prevention of 
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major coronary events and more primary prevention of strokes were seen in 
women than in men. No sex differences were seen in secondary prevention of 
either end point—aspirin was protective in both sexes (Antithrombotic Trialists 
Collaboration, 2009). Overall, the authors concluded that aspirin is beneficial 
for protecting against secondary events in both women and men but that protec-
tion against primary events needs to be weighed against the risks posed by daily 
aspirin for both sexes.

OUTCOME MEASURES

Female-Appropriate End Points

Sex and gender differences need to be considered not only for inclusion 
and exclusion criteria but also when determining the end points to be studied. If 
study end points are based on male pathophysiology, clinical outcomes relevant 
to women will be missed. For example, women are more likely to have unstable 
angina (DeCara, 2003), unrecognized myocardial infarction (Sheifer et al., 2001), 
and stroke as cardiovascular outcomes than men (Lloyd-Jones et al., 2009; Tow-
fighi et al., 2007). If a clinical trial looking at a cardiovascular-disease treatment 
assesses fatal and nonfatal myocardial infarction as its outcome but does not 
assess such events as unstable angina that are more common in women, it will 
underestimate the prevalence of cardiovascular disease in women and be biased 
against finding a treatment effect in women.

Quality of Life as an End Point

Incidence and 5-year survival rates are often the end points evaluated in 
clinical trials, including studies of women’s health; fewer studies assess morbid-
ity or health-related quality-of-life (HRQoL) end points. The focus of research 
on mortality is also reflected in the relative lack of attention paid to conditions 
associated more closely with morbidity than with mortality, such as autoimmune 
disease, thyroid disease, and nonmalignant gynecologic disorders. Many of those 
chronic disabling disorders and depressive and anxiety disorders affect women 
more than men (Rieker and Bird, 2005), and women, when surveyed, generally 
report worse health than men even though men have shorter life expectancy and 
lower age of onset of such diseases as cardiovascular disease (Rieker and Bird, 
2005). In addition, women rank quality-of-life end points high when consider-
ing what aspects of health matter to them, and this points to the need to assess 
HRQoL end points in women (Fryback et al., 2007).

One challenge in including HRQoL end points in studies is the need for con-
sistent and accurate metrics for them. In particular for women’s health, including 
metrics that measure what matters to women is important. Metrics for HRQoL 
end points have been developed as interest in assessing them in observational 
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studies, clinical trials, and health-services research has increased. Measures of 
HRQoL end points can reflect specific symptoms, constellations of symptoms 
associated with specific conditions, or the combined effects on overall well-being 
that reflect symptoms that affect HRQoL (that is, quantify a global measure of 
quality of life) (Gold et al., 2002). HRQoL metrics, such as the SF-��, which is 
a short-form health survey with 36 questions, quantify quality of life in terms of 
domains (for example, physical, psychologic, economic, spiritual, and social) and 
allow comparisons among conditions, but some may lack sensitivity to sex- and 
gender-specific issues (such as menopause and premenstrual-syndrome symp-
toms), and some are affected by sex and gender (Fleishman and Lawrence, 2003). 
Research is beginning to identify and improve understanding of those differences 
to capture quality-of-life end points for women better (Fryback et al., 2007). Im-
proved measures of HRQoL in women will help not only in assessing women’s 
health but in communicating risks and benefits associated with treatment and 
intervention options to women and to facilitate informed decision making for 
female patients—an important aspect of translating research into practice, which 
is discussed further in Chapter 5.

ANALYSIS

Including adequate numbers of women in clinical trials is necessary but not 
sufficient to ensure that results are applicable to women. Despite improved inclu-
sion of women in trials funded by NIH and reviewed by FDA, there has been a 
lag in the routine analysis and reporting of data by sex (GAO, 2000, 2001). Often 
there is no mention of separate male and female analysis in publications, and it 
is not possible to know whether an analysis by sex was not conducted or was 
conducted but not reported, especially inasmuch as negative findings are often 
not reported. Many trials are designed to test an intervention, not to test whether 
the intervention is safe and effective in both men and women.

Another consideration is that the volume of health-research data is expand-
ing, and new initiatives are underway to capture those data. The initiatives include 
developing a health-information-technology infrastructure and large databases, 
including the i2b2, the Cancer Biomedical Informatics Grid, improvement in the 
Medicare and Medicaid claims databases, and use of distributed data networks 
for an FDA sentinel system to detect adverse drug events (Bach et al., 2002; 
Kakazu et al., 2004; Murphy et al., 2006; Platt et al., 2009). If those technolo-
gies are to achieve their full potential in improving women’s health, the ability to 
capture and analyze sex- and gender-specific data needs to be considered during 
the design of such systems (Brittle and Bird, 2007; McKinley et al., 2002; Weis-
man, 2000). Additionally, data relevant to women’s health needs to be captured 
better in health-services research (for example, by using metrics of care quality 
specific to women) so that there can be more accurate measures of the translation 
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of research findings into health-care services and delivery (Chou et al., 2007a,b; 
Correa-de-Araujo, 2004; NCQA, 2010).

METHODOLOGIC LESSONS FROM THE 
WOMEN’S HEALTH INITIATIVE

Much has been learned from the WHI about how to design women’s health 
research (see Appendix C for details of this study). The WHI, which is the largest 
clinical study done exclusively on women, was designed as a study of primary 
prevention of diseases of aging (coronary heart disease, breast and colorectal 
cancer, and hip and other fractures), but it also assessed other end points (stroke, 
venous and pulmonary emboli, ovarian and endometrial cancer, gall bladder dis-
ease, cognition, and death). A global index was developed as a summary measure 
of the effect of treatment for potentially life-threatening events (Resnick et al., 
2006, 2009). The WHI consisted of an observational study that was designed to 
identify predictors of disease in women and a clinical trial that consisted of three 
randomized components (Anderson et al., 2003):

1. trials that evaluated the effects of the postmenopausal hormone therapy, 
conjugated equine estrogen (Premarin™) on heart disease, fractures, and 
breast and colorectal cancer in 10,739 postmenopausal women who did 
not have uteruses, or conjugated equine estrogen plus medroxyprogester-
one (Prempro™) in 16,608 postmenopausal women who had uteruses;

2. a trial that assessed whether a calcium and vitamin D supplement reduces 
the risk of colorectal cancer and the frequency of hip and other fractures 
in over 36,000 postmenopausal women; and

3. a trial that assessed the effects of a diet low in fat and high in fruits, veg-
etables, and grains on breast cancer, colorectal cancer, and heart disease 
in almost 49,000 postmenopausal women.

The hormone-therapy component of the WHI was initiated to assess the 
risks and benefits associated with menopausal hormone therapy (estrogen or 
estrogen plus progestin) and to help to settle controversies about the efficacy of 
those therapies in preventing cardiovascular disease (HHS, 2010). Basic research 
had suggested a cardioprotective effect of estrogen in animals (Gerhard-Herman 
et al., 2000); data from individual studies and pooled data from observational 
studies, such as the NHS, found a significantly lower risk of coronary heart 
disease in postmenopausal women who were on estrogen alone (Barrett-Connor 
and Grady, 1998; Grady et al., 1992; Grodstein et al., 1996, 2000; Stampfer and 
Colditz, 1991); and data from a randomized controlled trial (the Postmenopausal 
Estrogen/Progestin Interventions [PEPI]) that examined intermediate end points 
(lipid profiles) as proxies for coronary heart disease found a somewhat beneficial 
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effect of PEPI (reducing low-density–lipoprotein cholesterol and increasing high-
density–lipoprotein cholesterol by 10–15%) (Espeland et al., 1998). The NHS 
specifically showed decreased rates of coronary heart disease and of death from 
cardiovascular disease, but no effect on the rate of stroke, with estrogen therapy 
(Stampfer et al., 1991). At the time, hormone therapy was routinely prescribed 
from menopause on, and many thought it likely that the WHI would be halted 
prematurely because the beneficial effects of such therapy on cardiovascular 
disease would be demonstrated early in the study (IOM, 1993).

At the same time, however, other randomized controlled trials—such as 
the Heart and Estrogen/Progestin Replacement Study (HERS), which examined 
heart attacks and death from coronary heart disease (Herrington et al., 2000), and 
the Estrogen Replacement and Atherosclerosis (ERA) study, which examined 
lipid concentrations, angiographic end points, and cardiovascular events—did 
not show that estrogen plus progestin prevented further heart attacks or death 
from coronary heart disease in postmenopausal women who had heart disease 
and, in the case of HERS, actually resulted in a higher rate of coronary heart 
disease soon after initiation of treatment (Grady et al., 2000; Herrington et al., 
2000; Hulley et al., 1998). Earlier, the Framingham Study, the only prospective 
observational study designed specifically to measure coronary–heart-disease end 
points, did not show beneficial effects of estrogen on mortality from all causes 
or from cardiovascular disease (Wilson et al., 1985). The Framingham Study dif-
fered from other observational studies in its inclusion of angina and systematic 
ascertainment of silent myocardial infarction through routine electrocardiogra-
phy. Those examples highlight the importance of including study end points that 
reflect both female and male physiology. It is noteworthy that the observational 
studies showed effects similar to those in the WHI of both hormone treatments 
for disease outcomes other than cardiovascular disease (that is, breast, colorectal, 
and endometrial cancer; stroke; and venous thromboembolism) (WHI, 2010).

Because the WHI was a large, randomized controlled trial that looked at mul-
tiple end points, it provided more definitive results than the previous conflicting 
findings. That design helped to detect an increased risk of stroke and a lack of 
effect (increase or decrease) on heart disease in the estrogen-only portion of the 
WHI, and it enabled scientific confidence in those results (Anderson et al., 2004). 
That led to the halting of the studies for safety reasons (HHS, 2004).

The conflicting results on coronary heart disease in the NHS and the WHI 
led to exploration of new statistical methods to adjust for potential confounders 
in the use of nonrandomized observational data. One method, the use of propen-
sity scores, was able to replicate the WHI’s findings on coronary heart disease 
better when applied to the observational data (Hernán et al., 2008; Tannen et al., 
2007).

The WHI illustrates the utility of developing a composite score to assess 
benefits and risks together and among diseases. The WHI’s “global index” gave 
equal weight to the effects of hormone therapy on specific monitored outcomes—
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coronary heart disease, stroke, pulmonary embolism, breast and colorectal cancer, 
hip fractures, and death. It was helpful in understanding the net effect of hormone 
therapy on those clinical outcomes. One limitation of the index, however, is in 
making decisions about treatment for menopause symptoms. The index does not 
include the effect of hormone therapy on menopausal symptoms, because the 
hormone-therapy component of the WHI was designed to evaluate effects on 
diseases of aging, not on menopause symptoms. The index also did not include 
dementia, urinary incontinence, and other end points that might affect treatment 
decisions. To be most useful for treatment decisions, a global measure of net ef-
fect should include all clinically relevant end points, especially those of greatest 
importance to women. The end points need to be weighted (either equally or dif-
ferently) in an index; this can be done by using analytic decision models in which 
end points can be weighted implicitly according to their likelihood of occurrence, 
effect on mortality, and effect on HRQoL. The WHI recruited a large number of 
older, postmenopausal women and was relatively successful in meeting not only 
its overall recruitment goals but also its recruitment goals for minority women 
(Hays et al., 2003), and lessons can be learned from its recruitment strategies 
(Limacher, 2003). In addition, the lack of information on the social roles of the 
women in the WHI (for example, marital history) limits the ability to assess bar-
riers to behavioral change, especially for the dietary arm.

The WHI also pointed to the importance of considering the timing and 
duration of treatment in observational studies. Some researchers pointed to 
the treatment of older postmenopausal women and questioned the generaliz-
ability of the findings to women who take hormone therapy at earlier stages for 
menopausal symptoms (Harman et al., 2004). A reanalysis of the data from the 
NHS demonstrated the importance of accounting for age, timing and duration 
of treatment, and the onset of adverse events in observational studies, with the 
reanalysis yielding results for the NHS closer to WHI than originally reported 
(Hernán et al., 2008). That reanalysis generated some controversy (Stampfer, 
2008), but does point to the importance of timing issues in studies and the po-
tential for novel analytical techniques to shed light on study differences (Hernán 
and Robins, 2008; Hernán et al., 2008; Hoover, 2008; Prentice, 2008; Wilcox 
and Wacholder, 2008; Willet et al., 2008).

SUMMARY

There are several lessons to be learned regarding methodologic and statis-
tical approaches to women’s health research. Etiology and risk factors can be 
investigated with well-designed and well-executed observational studies that 
measure and adjust for known confounders, ensure appropriate ascertainment 
of end points (especially coronary heart disease, whose ascertainment is more 
challenging), and use appropriate statistical techniques to analyze data. Caution 
needs to be exercised in extrapolating from studies that use biomarkers rather 
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than clinical outcomes. In using biomarkers for clinical outcomes, it is crucial 
that the measures selected be relevant to women, especially in clinical studies 
that involve both women and men. For example, the results of observational 
studies that reported on the effect of hormone therapy on lipids were interpreted 
as proxy evidence of their effect on coronary–heart-disease end points, but this 
was not confirmed or supported in randomized controlled trials that examined 
these end points.

Single-sex studies like the WHI can provide valuable information and fill in 
research gaps—especially in, for example, coronary heart disease—in clinical 
trials where women have been underrepresented. Most clinical trials, however, 
now include both women and men, and it will be critical to develop new methods 
and approaches to analysis of data by subgroup. After many years, the analysis 
of data by sex is still inadequate, and it is unclear whether adequate numbers 
of women are being enrolled in clinical trials to allow adequate analysis (GAO, 
2000, 2001).

The limitations of randomized controlled trials, such as expense and the 
number of subjects needed, are reflected in questions that arose regarding the 
randomized controlled trials of the WHI. One question was related to the choice 
of hormone therapy—conjugated equine estrogen with progestin (Prempro™) 
and without progestin (Premarin™). Conjugated equine estrogen is a complex 
compound, and it is not known whether these results would apply to estradiol 
alone. It is also not known whether other routes of administration—dermal or 
intranasal—would have produced different results or whether different types of 
progestin would have different effects on coronary heart disease.

CONCLUSIONS

• Women need to be considered in the design, inclusion and exclusion criteria, 
recruitment, outcome measures, and analysis of research. Adequate numbers 
of women need to be enrolled in studies to allow statistically significant 
sex-based analyses, study outcomes need to include symptoms and effects 
seen in women, analyses need to be conducted to determine sex or gender 
differences, and the results of the analyses need to be published. A number 
of design and analytic techniques can be explored to improve sex-specific 
analyses while limiting the increase in sample size.

• Much research focuses on improving disease survival; insufficient attention 
has been paid to improving disease-related morbidity (for example, autoim-
mune diseases that affect a large number of women and the health effects 
that follow breast-cancer treatment and recovery) and especially to wellness 
and quality of life as health outcomes.
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RECOMMENDATIONS

• In the absence of a compelling reason not to, it should be assumed that there 
are sex differences in conditions (that is, sex matters), so research studies 
should be designed to include women in sufficient numbers to allow the 
resulting data to be analyzed.
 Basic research should include analysis of effects in females. Information 

from this basic research can guide the focus of sex and gender differences 
in clinical studies.

 Sex and gender differences in the manifestation of disease should be con-
sidered in the design of research to incorporate the spectrum of outcomes 
that are relevant to women. Government and other funding agencies 
should ensure adequate participation of women and reporting of sex-
stratified analyses in health research. One possible mechanism would be 
to expand the role of data-safety monitoring boards to monitor participa-
tion, efficacy, and adverse outcomes by sex.

 Given the practical limitations in the size of research studies, research 
designs and statistical techniques that facilitate analysis of data on 
subgroups—without substantially increasing the overall size of a study 
population—should be explored. Conferences or meetings with a specific 
goal of developing consensus guidelines or recommendations on such 
study methods (for example, the use of Bayesian statistics and the pooling 
of data across study groups) should be convened by NIH and other federal 
agencies and relevant professional organizations.

 To gain knowledge from existing studies that individually do not have 
sufficient numbers of female subjects for separate analysis, the director 
of the Department of Health and Human Services Office of the National 
Coordinator for Health Information Technology should support develop-
ment and application of mechanisms for pooling patient and subject data 
to answer research questions that are not definitively answered by single 
studies.

 For approval of medical products (drugs, devices, and biologics) coming 
to market, FDA should enforce compliance with the requirement for sex-
stratified analyses of efficacy and safety and should take these analyses 
into account in regulatory decisions.

 When it is possible, analysis of clinical research should be stratified by 
sex and should include power calculations to prevent type II errors in 
interpretation that might lead to withholding of therapy from women.

 The International Committee of Medical Journal Editors and editors of 
relevant journals not represented on that committee should adopt as a 
guideline that all papers that report the outcomes of clinical trials report 
outcomes in men and women separately except for trials involving sex-
specific conditions (such as endometrial cancer and prostatic cancer). NIH 
should sponsor a meeting to facilitate establishment of such guidelines.
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 The federal government should ensure that a data infrastructure is de-
signed to capture data in forms that facilitate its analysis by sex and 
gender.

• Research should be conducted on women’s quality of life, including the 
development of better measures to compare effects not only of health condi-
tions but of interventions and treatments on quality of life. The end points or 
outcomes examined in studies should include quality-of-life outcomes (for 
example, functional status, mobility, and pain) in addition to mortality.
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Transforming Discovery to Impact: 
Translation and Communication of 

Findings of Women’s Health Research

The previous chapters document substantial progress in research on women’s 
health. This chapter examines first the factors that shape translation of research 
findings on women’s health into use by health-care providers and public-health 
practitioners and, second, how those factors shape communication of research 
findings to women. The chapter closes with case studies of the Women’s Health 
Initiative (WHI), breast and cervical cancer and cardiovascular disease (CVD) to 
illustrate successes of—or obstacles to—translation into improvements in wom-
en’s health and communication of research findings to women. The information 
in this chapter addresses questions 5 and 6 in Box 1-4, which deal with whether 
research findings are being translated in a way that affects practice and whether 
they are being communicated effectively to women.

Many of the barriers to the translation and communication of research find-
ings are similar between women’s and men’s health. Those barriers have been 
reviewed in other Institute of Medicine (IOM) reports (2001a,b, 2002a, 2006a,b), 
and their analysis is beyond the scope of this report. In this chapter, the committee 
highlights the issues that it considered especially relevant to women’s health.

TRANSLATION OF FINDINGS INTO PRACTICE

The steps in translation, communication, and application of research findings 
into practice and policies that lead to health improvements are complex. Each step 
involves different and sometimes competing factions—patients, providers, pay-
ers, purchasers, and manufacturers—and multiple processes. There are questions 
regarding who should transmit research information (investigators, government, 
industry, or the press), what the message should be (complex information or basic 
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elements), how the message should be framed (regarding an individual or a popu-
lation), how the information should be transmitted (in scientific publications or 
by professional organizations, medical practitioners, or the mass media), who the 
target audience of the message is (health-care providers, women, or both), who 
uses the information, and, ultimately, what the individual woman, does with the 
information (Bero et al., 1998; Berwick, 2003; IOM, 2001a; Kreuter and Wray, 
2003; Rogers, 1995).

The steps in translating research discoveries into practice are outlined in 
Figure 5-1. The initial step generally occurs with the publication of results in 
peer-reviewed scientific journals. For some topics, the news media may imme-
diately report the findings, as in the coverage of the WHI. If research findings 
will affect clinical practice, professional societies may develop clinical-practice 
guidelines. At each step, constraints associated with current practices limit the 
translation of findings into improved services. In cases where there are uncertain-
ties or contradictory research findings, guidelines from different organizations 
can differ or updated guidelines might reflect recent data and contradict previous 
guidelines, leading to confusion. For example, if research findings are not ana-
lyzed or presented separately for women and men, this might decrease their util-
ity in addressing women’s needs, including the development of women-specific 

FIGURE 5-1 The process for translating research into practice. The top half of figure 
shows the path for a public-health system. The bottom half shows the path for health-care 
delivery systems.
SOURCE: Modified from a presentation by Dr. Julie Gerberding to the House Committee 
on Appropriations, Subcommittee on Labor, Health and Human Services, Education and 
Related Agencies, March 5, 2008.
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guidelines. Although there are exceptions, such as the women-specific guidelines 
for CVD issued by the American Heart Association (AHA) (Mosca et al., 2004a), 
most practice guidelines are not sex specific.

Government agencies and professional organizations play an important role 
in the translation of research findings into policy and practice. For example, in 
light of findings from the Breast Cancer Prevention Trial showing that tamoxifen 
reduced the incidence of invasive breast cancer in women at high risk for the 
disease (Cuzick et al., 2003; Fisher et al., 1998; Lewis, 2007; Mamounas et al., 
2005; Powles et al., 1998; Veronesi et al., 1998, 2007), the Food and Drug Admin-
istration (FDA) required modification of the language on the label for tamoxifen 
(FDA, 1998). Government agencies and professional organizations have also 
developed campaigns to disseminate research findings to both health-care provid-
ers and women. For example, the National Heart Lung and Blood Institute, the 
Department of Health and Human Services (HHS) Office on Women’s Health 
(OWH), and AHA collaborated to develop the Heart Truth campaign to increase 
women’s awareness of their risks of heart disease (HHS, 2010). The campaign 
has contributed to an increase in awareness compared with that in 1997 (Christian 
et al., 2007; Mosca et al., 2010).

Barriers Associated with the Nature of Science

Clinically useful findings are almost never generated by a single study but 
require a multitude of studies of types—basic, clinical, and applied—and require 
the overall evidence to lay the foundation for a given clinical action. Along the 
way, different studies may produce dissimilar results. Beyond the uncertainty 
due to inconsistent findings, uncertainties about the applicability of findings and 
about inadequate data on the effects of treatments in women can occur when data 
are not analyzed and reported by sex. Failure to report sex-specific findings has 
resulted in delays in standard-of-care treatment for women, such as the use of 
stents, beta blockers, and aspirin for myocardial infarction (Berger et al., 2009; 
Chauhan et al., 2005; Lansky et al., 2005; Rich-Edwards et al., 1995).

Paradoxically, there are also examples of rapid adoption of unproven inter-
ventions, such as transplantation of autologous bone marrow for advanced breast 
cancer, which was later shown by research not to provide benefit but to increase 
risk (Farquhar et al., 2003; Rettig et al., 2007). An objective research base with 
sex-specific information is critical both for the adoption of new approaches and 
to stop practices that are not beneficial and may actually be harmful.

Barriers Associated with Economic, Social, and Cultural Factors

Economic forces and other nonscientific factors may complicate the inter-
pretation of scientific data and their translation into practice. Conflicts of interest 
can occur in the conduct of science and the publication of scientific information 
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(Jagsi et al., 2009; Lexchin and Light, 2006), including findings related to drugs 
used primarily or exclusively by women. The role of industry in funding research, 
interpreting results, writing papers, and presenting findings directly to providers 
and industry’s relationships with patient-advocacy organizations can introduce 
bias (Burton and Rowell, 2003; Herxheimer, 2003; Koch, 2003; Moynihan, 2003; 
Watkins et al., 2003).

Social and cultural values may also complicate the translation of research 
into practice. That is most clearly seen in relation to sexual and reproductive 
health. For example, the adoption of the human papillomavirus (HPV) vaccine, 
which could prevent the vast majority of cervical cancers, has been slowed, in ad-
dition to concerns of parents about safety,1 because of a number of nonscientific 
issues. An editorial in the New England Journal of Medicine looking at the HPV 
vaccine highlighted the issues of access to the vaccine, high cost, and concerns 
focused on purported interference in family life and sexual mores (Charo, 2007). 
It identified a variety of political efforts to forestall the creation of a mandated 
vaccination program, which was attacked as an intrusion on parental discretion 
and an invitation to teenage promiscuity. Other identified barriers to vaccination 
include misinformation, lack of knowledge, substandard provider–patient com-
munication, parental concerns about the sexual implications of HPV vaccination, 
and concerns about the manufacturers’ influence (Charo, 2007).

The case of the HPV vaccine also demonstrates disparities in the transla-
tion of knowledge into health-care services for less-advantaged groups. Specific 
populations of women—such as those of lower socioeconomic status (SES), 
those who have low literacy level, illegal immigrants, and those who have lan-
guage barriers—are likely to be more affected by social barriers or by a lack of 
knowledge about HPV and the vaccine. For example, the 2007 California Health 
Interview Survey indicates that 90% of non-Hispanic white women 18–50 years 
old had heard of HPV, compared with 69% of Latinas (California Health Inter-
view Survey, 2010). Vaccination rates are also lower in Latinas (14.0 %) than in 
white girls (19.7%) 12–26 years old; the largest discrepancy is in those 19–26 
years old: Latinas, 6.7%, and non-Hispanic white women, 14.3% (California 
Health Interview Survey, 2010). Some studies have examined attitudes toward 
the HPV vaccine among Latinas, but methodologic shortcomings limit the util-
ity of their results, and the factors that contribute to Latina underuse of the HPV 
vaccine remain unknown.

Although new knowledge generally benefits the more advantaged to a greater 
extent, more advantaged women may also be more likely to receive new treat-
ments that have not been thoroughly tested and can have adverse effects that are 

1 FDA and Centers for Disease Control and Prevention published postmarketing surveillance data 
from the Vaccine Adverse Event Reporting System. With the exception of synecope and venous 
thromboembolic events, no increase in adverse events was seen as compared to other vaccinations 
(Slade et al., 2009).
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discovered only after additional study. Use of hormone therapy is a case in point. 
Hormone therapy was prescribed more frequently to more affluent, educated 
women; those women were then at greater risk of developing breast cancer. A 
recent analysis of the decline in breast-cancer mortality seen after the publication 
of the WHI findings, which studies have attributed to the decreased use of hor-
mone therapy (Chlebowski et al., 2009; Hausauer et al., 2009; Jemal et al., 2007; 
Krieger et al., 2010), showed that the greatest decreases in mortality occurred 
among white women over 50 years old who had estrogen-receptor–positive tu-
mors and lived in counties that had higher mean incomes (Hausauer et al., 2009; 
Krieger et al., 2010). Smaller decreases were seen in women in other racial or 
ethnic groups and in poorer areas who were less likely to have been using hor-
mone therapy in the first place (Hausauer et al., 2009; Krieger et al., 2010).

Barriers Associated with Health-Care Providers

The existence and characteristics of substantial problems in our health-care 
system have been the topic of a multitude of studies and IOM reports (IOM, 2000, 
2002b, 2006a, 2009). The problems are not specific to women but constitute a 
serious barrier to the efficient and effective uptake of information to improve the 
treatment of women. US adults receive only about half the recommended care, 
and its quality varies significantly by medical condition. Fragmentation of health 
care also hinders translation and may be particularly problematic for women. 
Many women receive their primary care from obstetricians and gynecologists, 
and others are seen also by other primary-care providers (Bean-Mayberry et al., 
2007a). In addition, given the higher rates of comorbidities and late-life illnesses 
in women than in men (Marcus et al., 2005), women’s health issues often encom-
pass a broader array of conditions and comorbidities—such as mental health dis-
orders, bone disorders, CVD, cancers, autoimmune disorders, and violence—in 
addition to reproductive issues. To have those health needs met, women must see 
multiple providers, who are often in different places and who do not communicate 
with one another about the care they are providing. In the current health-care 
system, it is difficult for women to receive comprehensive evidence-based care 
in one place.

The HHS OWH funded National Centers of Excellence in Women’s Health 
to address the issue and change the care model for women. The centers were 
established to provide a comprehensive model of health-care delivery for women 
and to encourage community outreach, stimulate research in women’s health, in-
corporate research findings into women’s health in the clinic and medical-school 
curriculum, and the provision of leadership positions for women in academic 
medicine (Goodman et al., 2002). Funding for the centers ceased, however, 
and without outside support there is a risk that they will not be maintained by 
academic medical centers (Goodman et al., 2002). Although the Department 
of Veteran Affairs has established similar centers for women’s health (Bean-
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Mayberry et al., 2007b), such a model is not widely adopted in other settings. 
That is especially disappointing in light of the evidence from a survey that women 
who used the centers of excellence were more satisfied with their health care 
than comparison populations and that the centers were particularly successful in 
mammography and breast self-examination and in counseling services related to 
many of the important determinants of health discussed in Chapter 2, including 
smoking and violence against women (Goodman et al., 2002).

Barriers in the Health Systems and Health Plans

Health systems and health plans can play an important role in translating 
evidence-based practices and research advances into clinical practice through the 
use of public reporting mechanisms and payment incentives. A key example is 
the Healthcare Effectiveness Data and Information Set (HEDIS), a set of publicly 
reported health-plan performance measures maintained by the National Commit-
tee for Quality Assurance. The measures are routinely collected by managed-care 
plans through a review of administrative claims data, provider chart abstraction, 
and member surveys to gauge plan quality, preventive-care services, prenatal care, 
acute-disease and chronic-disease management, and satisfaction with health plans 
and doctors (NCQA, 2010). The data are used by some commercial plans and 
by Medicaid and Medicare managed-care organizations, and plans are evaluated 
and accredited on the basis of their performance on HEDIS measures. Therefore, 
there are strong incentives for providers in health plans or networks to meet the 
standards of care. Although the HEDIS measures have been expanded in recent 
years to capture conditions that are specific to women more fully, many mea-
sures for conditions specific to women are still not included. Furthermore, sex-, 
race- and ethnicity-specific analysis is rarely conducted on HEDIS measures to 
investigate possible sex-based differences in care or differential care patterns by 
race and ethnicity (Bird et al., 2007; McKinley et al., 2002; Weisman, 2000). No 
comparable, reportable, and uniform data source exists for patients in fee-for-
service arrangements, so less is known about the quality of care of women who 
use those services than about the care of women in managed care (McGlynn 
et al., 1999).

Reimbursement by government and private insurers influences the provision 
of services and may determine whether research findings are adopted in clinical 
practice (Trivedi et al., 2008). For example, although research findings supported 
the value of breast and cervical cancer screening, many women were not being 
routinely screened until the Centers for Disease Control and Prevention–funded 
National Breast and Cervical Cancer Early Detection Program expanded cover-
age to low-income uninsured women (Henson et al., 1996). In recent years, there 
has been increased interest in basing reimbursement on practices that have been 
demonstrated to be effective. Reimbursement decisions might require additional 
studies of the safety and effectiveness of new treatments, such as comparative-
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effectiveness studies. Those studies would be more informative if they provided 
sex-specific analyses of the effectiveness of treatments.

Barriers in Patient Decision Making

Given the fragmentation of care described above, patients often have to co-
ordinate their own care. Those who are seriously ill often have to make a cascade 
of decisions about their treatment, and even those who are well and who wish 
to maintain their health and optimize wellness have an array of possibilities. 
The increased research on women’s health has led to more knowledge about 
women’s health, which has translated into heightened awareness of conditions 
that affect women, the availability of more treatments for some conditions, more 
information on an expanded number of outcomes of given treatments, the ability 
to detect potential diseases at earlier stages, and a proliferation of clinical guide-
lines. Those developments represent progress, but the increase in information and 
alternatives can overwhelm women who are making decisions.

Most decisions made by patients and providers alike involve weighing op-
tions that have uncertain probabilities and anticipating how they will affect 
overall health and quality of life. Some studies help to clarify the probabilities 
or value of outcomes, but more often than not new research expands available 
options that have uncertain outcomes (O’Connor et al., 1999). Studies of deci-
sion making have shown that, counter intuitively, some people making choices 
who are given more options make poorer choices on the average and are less 
satisfied with their decisions than those who are given fewer options (Schwartz 
et al., 2002). Expanding options (whether for screening, diagnosis, or treatment) 
is generally advantageous, especially if these offer different mixes of costs and 
benefits. However, increasing the number of alternatives also increases uncer-
tainty in decision making and can pose profound challenges for patients and 
providers. For example, the use of more sensitive tests for cervical cancer lowers 
the threshold for detecting cervical cancer, decreases specificity, and increases 
uncertainty about the likelihood of future disease and the benefits of intervention. 
In other words, a more sensitive test will detect abnormalities in the cervix that 
are less likely to develop into cervical cancer than are more advanced lesions. A 
positive test provides a woman and her physician with less information about the 
risk posed by the lesion than if the lesion had been detected at a more advanced 
stage (Sundar et al., 2005). The problems posed by uncertainty and multiple op-
tions should not preclude developing or offering alternatives or encourage limit-
ing choice. Rather, awareness of the difficulties should foster more research on 
how best to present complex choices and highlight the need for clear explanations 
and decision aids for such decisions.

The increased knowledge about multiple end points that might be affected 
by a treatment decision (that is, if a treatment for one disease might not only 
decrease the risk of adverse consequences from that disease but also increase the 
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risk of other diseases) introduces additional challenges, including questions as to 
which end points are most important; how to weigh multiple end points, which 
might vary in severity, timing, and likelihood; and how to assess composite im-
pact. For example, the WHI reported on dozens of outcomes. There are attempts 
to report on composite end points (such as the WHI “global index” and a similar 
index for tamoxifen), but there is no consensus on components of these indexes 
or their internal weighting (Sundar et al., 2005).

Advances in decision-making science over the last 2 decades provide greater 
understanding of the barriers to optimal decision making by both providers 
and patients. Patient preference is playing a larger role in treatment decisions 
through shared clinical decision making (O’Connor et al., 2007). Decision aids 
can facilitate communication between patients and providers concerning specific 
clinical decisions, make information about options and outcomes available, and 
clarify personal values (O’Connor et al., 1999). Decision aids are particularly 
helpful when there is no clear right or wrong decision and the evidence support-
ing different treatment options suggests equipoise. Such aids have proved to be 
effective, for example, in relation to decisions regarding treatments for breast 
cancer. In one study, Sepucha and colleagues (2002) randomized breast-cancer 
patients to an intervention that helped them to prepare for a consultation visit or to 
usual care. Patients who received consultation planning were more satisfied with 
their consultation, as were the physicians who treated women in the intervention 
group. Later studies have shown that those tools not only increase satisfaction but 
enhance communication and improve decision quality and that such practices can 
be institutionalized into clinical care, not only in the academic medical setting 
in which they were developed but in practices that serve rural women (Belkora 
et al., 2009; Franklin et al., 2009). More sophisticated computerized risk models 
that can account for many conditions that affect women (such as breast cancer, 
cervical cancer, and osteoporosis) have been developed and can be used as 
decision-making tools.

Developments Aimed at Speeding Translation

In women’s health, as in all elements of health, there is a large gap between 
research discoveries and their implementation into practices that result in better 
outcomes. Increased investment in health research in recent times has resulted in 
an explosion of discoveries. However, the serendipitous nature of translation and 
the barriers to the adoption of new discoveries are reflected in the 15–20 years 
that it typically takes for discoveries to be adopted into clinical practice (Bansal 
and Barnes, 2008). Several developments are working to speed the process.

One is the emphasis in the National Institutes of Health (NIH) on transla-
tional research. Policy makers, administrators, and scientists are increasingly con-
sidering how to translate basic-science discoveries at the molecular and animal 
levels into human-health applications at the clinical and population levels more 
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rapidly. NIH has funded Clinical and Translational Science Awards to medical re-
search institutions to support consortia whose goal is to develop the infrastructure 
needed to speed translation of research from bench to treatment, from treatment 
to provider practice, and from provider practice to improved population health 
(NIH, 2010).

A second development is the emergence of the health-consumer advocacy 
movement, which has sought a more active role for laypersons in their own 
health care (Keefe et al., 2006). A number of advocacy groups are devoted to 
women’s health and have pushed for increased research and increased translation 
of research findings into practice, including groups advocating for research, treat-
ment, and policy changes related to breast cancer and to heart disease in women 
(Kolker, 2004; Lerner, 2002). For example, the National Breast Cancer Coalition 
(NBCC) had as one of its main goals “increasing access to screening and treat-
ment for all women.” The NBCC has been credited with ensuring congressional 
funding for the National Breast and Cervical Cancer Early Detection Program and 
the Breast and Cervical Cancer Prevention and Treatment Act of 2000, which pro-
vide funding, respectively, for breast- and cervical-cancer screening and for treat-
ment for women who cannot afford to pay (Lerner, 2002). The NBCC is one of 
many groups that have contributed to an improvement in women’s health, either 
through the women’s health movement in general or through organizations related 
to specific conditions (Allsop et al., 2004; Keefe et al., 2006; Kolker, 2004).

Third, the movement toward evidence-based practice is creating demand for 
a more rigorous evaluation of new treatments. Research findings are necessary for 
evidence-based medicine that can be used to speed the adoption of effective and 
safe interventions while avoiding interventions that are less effective, ineffective, 
harmful, or more expensive (IOM, 2008). Pressures for evidence-based medicine 
arose, in part, from women’s experiences with drugs whose adverse health effects 
and efficacy were supported by inadequate data. Two examples are diethylstil-
bestrol, which resulted in a rare form of vaginal cancer in the female offspring of 
women who used it while pregnant (Herbst and Anderson, 1990), and the WHI, 
which demonstrated that hormone therapy, which without proper trials had been 
in widespread use to reduce cardiovascular risk in women, was not effective in 
reducing cardiovascular risk and, in fact, increased the risk of breast cancer in 
women (Writing Group for the Women’s Health Initiative Investigators, 2002).

COMMUNICATION

Women are not passive recipients of care, but active participants in decision 
making (Braddock et al., 1997). To be effective in that role, however, women need 
access to clear and accurate information. That need highlights the importance of 
communicating scientific findings, which can often be complex, in simple, ac-
curate, understandable, and actionable messages. Although a substantial literature 
provides information on the process of communication itself and on identifying 
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strategies that are effective in the diffusion and adoption of new information and 
approaches (Rogers, 2003), the findings are not explicitly developed in relation 
to the communication of research findings to women.

Women’s access to research findings and their capacity to use them to im-
prove their health depend on a number of factors, including their SES, race, and 
ethnicity. Greater uptake of new information by those who have more advantages 
works to increase disparities when new data are available (Donohue et al., 1975; 
Viswanath and Finnegan, 1996).

Even when research results are delivered by reliable and objective sources, 
problems can emerge in communicating them. Some of the problems are derived 
from the complexity of results, which may generate confusion. An example is the 
recent statement released by the US Preventive Services Task Force on mammogra-
phy screening. It reviewed extensive data on the appropriateness of mammography 
screening for women and on the balance between lives saved through early detec-
tion and adverse effects of false-positive results as these varied by age (discussed in 
case study below) (Nelson et al., 2009). One of the task force’s recommendations 
for women aged 40–49 was that “the decision to start regular, biennial screening 
mammography before the age of 50 years should be an individual one and take 
patient context into account, including the patient’s values regarding specific ben-
efits and harms” (US Preventive Services Task Force, 2009). The main message 
received by the public, however, was that women aged 40–49 years should not rou-
tinely screen for breast cancer. Another example of the difficulty of disseminating 
research information, also discussed below, is the WHI, in which messages were 
communicated rapidly to women in the study but only later to physicians; there 
was thus a lag in the movement of complete information to clinicians who were 
receiving questions from and giving advice to female patients before they had it 
(Bush et al., 2007).

The Internet has added a powerful new dynamic to communicating informa-
tion (Viswanath and Finnegan, 1996). About four-fifths of American adults use 
the Internet in their homes, offices, schools, or other locations (Harris Interactive, 
2008a), and the population of Internet users increasingly looks like the population 
of the United States. Initially dominated by men, the population of Internet users 
is today equally divided between men and women. The Internet has become a 
common source of health information for people in general and for women in 
particular. Over 80% of Internet users said that they had looked on line for health 
information (Harris Interactive, 2008b). The Internet was the third-most frequent 
(46%) source of information that respondents reported turning to when facing 
a health problem, behind professionals (83%) and family and friends (51%) 
(Estabrook et al., 2007). Fewer people turned to print sources of health informa-
tion (37%), television or radio (16%), government agencies (15%), and libraries 
(10%) (Estabrook et al., 2007).

Women have consistently engaged in more health-related online activities 
than men (Tu and Cohen, 2008). A 2006 survey found that 54% of health-
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information seekers were women, whether they were acting as consumers, care-
givers, or “e-patients” (Internet users who seek online health information that 
is of particular interest to them). The top health topics on which women sought 
information were specific diseases or medical problems (69%); medical treat-
ments (54%); diet, nutrition, and vitamins (53%); exercise or fitness (46%); and 
prescription or over-the-counter drugs (39%). Women reported significantly more 
interest in online information than men about specific diseases, particular treat-
ments, diet, and mental health (Fox, 2006). Another study found that women are 
more likely than men to look online for support groups to communicate about 
health conditions (Fallows, 2005).

There is evidence that Internet users, including women, find online health in-
formation to be helpful and use it to make decisions about their health. In one sur-
vey of e-patients, 31% said that they or someone they knew had been substantially 
helped by following medical advice or health information found on the Internet, 
whereas only 3% said that they or someone they knew had been seriously harmed 
by following advice found online (Fox, 2006). Women who have breast cancer 
use the Internet to access information about their condition, share experiences, 
and obtain support (Fogel et al., 2002; Klemm et al., 1998; Sharf, 1997).

As discussed earlier, however, more information is not necessarily better 
from the health consumer’s standpoint. Evidence is emerging that confusion 
about cancer in general may be having an adverse effect on the American public. 
In a cross-sectional analysis, Arora and colleagues (2008) found that of the 45% 
of American adults who had searched for cancer information on the Web, nearly 
three-fifths expressed concerns about the quality of information, nearly half re-
ported negative experiences when searching for cancer information, and about 
two-fifths reported frustration in their searching. Compared with those who had 
a better experience, those experiencing such frustration were more likely to agree 
that “everything causes cancer,” that there are few actions a person can take to 
prevent cancer, and that it is hard to know what prevention recommendations to 
follow. Importantly those who had no more than a high-school education were 
more likely to report having an adverse experience and the other effects men-
tioned. As the Internet continues to transform how people receive health informa-
tion and interact with their health-care providers, work is needed to address those 
concerns and frustrations.

CASE STUDIES IN TRANSLATION AND COMMUNICATION

The Women’s Health Initiative

Hormone therapy has been studied, prescribed, debated, hailed, and criticized 
for more than 70 years (Rymer et al., 2003). From the middle 1960s to 2002, 
hormone therapy for postmenopausal women (then called hormone-replacement 
therapy) was commonly prescribed not only for menopause symptoms but be-
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cause of presumed health benefits, including prevention of chronic disease (Garbe 
and Suissa, 2004; Rymer et al., 2003). The WHI was designed as a primary pre-
vention study that was, by many, anticipated to demonstrate the preventive effects 
of hormone therapy for postmenopausal women against CVD. For example, the 
design of the WHI was reviewed and critiqued by an IOM committee during the 
early phases of the study (IOM, 1993). One criticism made by the IOM committee 
was that the informed consent and “stopping rules” for the study were not explicit 
enough, with the major concern being that “[t]he emergence of new information 
that may require closing a branch of the [clinical trial] is not unlikely over the 
next nine years. One branch is at special risk: the near-term effects of hormones 
on reducing cardiovascular risk factors and event rates may be confirmed early 
in this project.” In July, 2002, when the WHI (see Appendix C for description) 
stopped its clinical trial of conjugated equine estrogen plus progestin (Prempro™) 
early (HHS, 2002a), many women’s and physicians’ opinions and perspectives 
of hormone therapy changed (Bush et al., 2007). The WHI results demonstrated 
that rather than reducing the risk of CVD, estrogen plus progestin therapy could 
increase the risk of CVD and the risk of breast and ovarian cancer (Schonberg 
et al., 2005). Once it was determined that the treatment could cause harm, the 
clinical trial was immediately canceled on the advice of a data and safety moni-
toring board (DSMB) after a mean of 5.2 years of study (HHS, 2002a).2 The 
DSMB determined that the increased risk of breast cancer and CVD (stroke and 
venous thromboembolic disease)—consistent with the results of the previous 
Heart Estrogen/Progestin Study—outweighed the benefit of lower risk of colorec-
tal cancer and hip and osteoporotic fractures (Prentice and Anderson, 2008). In 
March of 2004 NIH informed participants of the estrogen-only hormone-therapy 
trial portion of WHI to stop taking the medication because of what it considered 
an unacceptable risk of stroke (HHS, 2004).

A search of Pubmed.gov for articles with “Women’s Health Initiative” in 
“All Fields” OR “hormone replacement therapy” as a MeSH term, limited to 
publication dates between July 9, 2002, and July 9, 2003,3 retrieved over 1,500 
publications. Within a month of the announcement, 215 articles on the WHI 
findings were published in popular media (McIntosh and Blalock, 2005), and a 
study of local, regional, and national newspapers showed an 8-fold increase in 
the number of articles about hormone therapy the month after the stopping of the 
trial compared with periods before the announcement (Haas et al., 2006). A large 
number of women stopped hormone therapy almost immediately (Barber et al., 
2004; Schonberg et al., 2005; Theroux, 2008). Filled prescriptions for hormone 
therapy dropped by 29%; and new prescriptions in 2003 and 2004 were 73% and 

2 The dietary modification study—increases in calcium and vitamin D intake—and the observational 
study continued to their planned conclusions.

3 The year after the notice from NIH stopping the clinical trial of conjugated equine estrogen plus 
progestin (HHS, 2002a).
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77% lower, respectively, than in 2001, and they were for different formulations 
from those in the WHI (Wegienka et al., 2006).

The response from physicians was uneven. A 2004 survey of a multi-
disciplinary group of health-care providers determined that 67% of the time 
respondents overestimated risks when hormone therapy increased risks and 
overestimated benefits when hormone therapy increased benefits (Williams et al., 
2005). A study conducted in 2003 found that nearly half the physicians surveyed 
did not find the WHI results convincing enough to stop the clinical trial (Power 
et al., 2008). Physicians who had completed their residency more recently rated 
evidence from randomized clinical trials as more important, were more inclined 
to be favorable toward alternative therapies, and were most accepting of the trial 
results. In contrast, older physicians who had been in practice longer were un-
convinced of the need to terminate the trial (Power et al., 2008).

Critiques of the WHI raise criticisms about which results were communi-
cated and how. The stopping of the trial was based on relative risk; relative risk 
differs from attributable risk, which may not seem significant (Lobo et al., 2006) 
and which can overstate risk if it reflects “data-mining” (Bluming and Tavris, 
2009). Another issue was generalizibility. Women in the hormone-therapy study 
were older and many years past the onset of menopause, so they had other health 
risks, such as the risk of atherosclerosis, which could have affected study results 
(Harman et al., 2005; Lobo et al., 2006). Sample selection is an issue in observa-
tional studies as well as in clinical trials. In addition to the fact that higher-SES 
women were more likely to be using hormone therapy, subjects in other hormone-
therapy studies may have been affected by “healthy-user bias,” in that subjects 
were healthier, were better educated, had higher incomes, and were inclined to 
have better compliance than the general population (Harman et al., 2005). Ob-
servational studies of healthy users may have led to overestimation of expected 
benefits of hormone therapy in the WHI, which was a study of a population that 
was older, more obese, sometimes diabetic, and more often smokers than the 
women who were using hormone therapy at that time (Harman et al., 2005).

The WHI sample also underrepresented women for whom symptom relief 
would be a major benefit. Although the primary reason for hormone therapy in 
menopausal women is to treat for vasomotor symptoms (such as night sweats and 
hot flashes), the WHI focused on primary prevention of coronary heart disease, 
cancer, and fractures, and relief of menopausal symptoms was not included as 
a major end point (Prentice and Anderson, 2008). Women who had severe va-
somotor symptoms were excluded from the study, probably to avoid having to 
randomize some of them to placebo (Lobo et al., 2006).

Women seek health information about hormone therapy from the mass media 
and health-care professionals. One study indicated that 48% go to health-care 
providers, 33% to print media, 29% to the Internet, 8% to social networks, and 
5% to broadcast media (Breslau et al., 2003). Other reports have said that only 
31% go to health-care providers for information on hormone therapy and that 
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the mass media are often primary and trusted sources of new information on 
hormone therapy (Theroux, 2005). The Internet provides a great deal of infor-
mation, but it is also a venue for marketing pharmaceutical products, such as 
hormone therapy.

Some articles in scientific journals and in the popular press have been critical 
of the WHI and have cast doubt on the validity of its findings. Adding to the con-
fusion about the value of and harm caused by hormone therapy are more recent 
allegations that pharmaceutical companies that produce hormone-therapy drugs 
influenced some of the publications that were critical of the study (Singer, 2009). 
That illustrates how the different goals and interests of science and industry may 
foster greater controversy and confusion.

The mass media played a large role in the dissemination of the findings of 
the WHI, which had worldwide ramifications. MacLennan and colleagues (2004) 
stated on the basis of a survey that most of the 64% of Australian women who 
stopped taking hormone therapy did so because of published reports. In a survey 
of Swedish women, “newspaper or magazines” and “television or radio” were 
the main sources of information for 43.8% and 31.7%, respectively (Hoffmann 
et al., 2005). In a very small study of 97 US women surveyed, all had heard 
about the WHI study, and 52% reported changing their use of hormone therapy 
in response (McIntosh and Blalock, 2005). In a study of women who received a 
mammogram at a site that is part of the Breast Cancer Surveillance Consortium 
(327,144 women), “greater average household exposure to newspaper coverage 
about the results of the [estrogen plus progestion therapy arm of the Women’s 
Health Initiative] (EPT-WHI) was associated with a larger population-based de-
cline in HT use after the publication of the EPT-WHI” (Haas et al., 2007). Among 
US women who received mammography and were surveyed by Kerlikowske 
and colleagues (2007), the decline in hormone therapy use was associated with 
exposure to newspaper coverage of the risks posed by hormone therapy. Taken 
together, those studies indicate that media coverage of the WHI affected women’s 
decisions regarding continuing that therapy.

After the WHI, women stated confusion and fear in making decisions about 
hormone therapy. Some women who could have benefited from hormone therapy 
stopped taking it or refused it for fear of increased risks of other health condi-
tions. Other women who initially ceased hormone therapy began again but often 
with accompanying worry (French et al., 2006). Women stated that they would 
like to have their physicians more involved in the decision process (Theroux, 
2005). Physicians observed that their patients were confused about hormone 
therapy and menopausal treatments and that they themselves would like more 
assistance, perhaps in the form of discussion or decision guides, in counseling 
patients (Bush et al., 2007; Lobo et al., 2006).

There are important lessons to be learned from the WHI experience. First, 
the surprising findings from the WHI emphasize the value of generating data 
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through objective research and using them as the basis of decisions in clinical 
practice. Such treatments as hormone therapy can affect multiple systems; if 
they are to be used for many years, long-term clinical trials are needed to gain 
data on their intended use. The data showed that what was then the practice of 
putting menopausal women on hormone therapy to prevent heart disease did not 
have this intended effect and in fact was harming them (Chlebowski et al., 2003). 
Later results confirmed that the health risks posed by long-term use of combina-
tion hormone therapy in healthy postmenopausal women persist even a few years 
after the drugs are stopped and clearly outweigh the benefits. About 3 years after 
women stopped taking combination hormone therapy, many of the health effects 
of hormones, such as increased risk of heart disease, were found to be diminished, 
but the risk of cancer remained elevated (Heiss et al., 2008).

The WHI demonstrated the value of a study design that included a variety 
of outcomes. Data on multiple end points allow a balancing of disease risks that 
may be increased, decreased, or unaffected by a given treatment. However, com-
municating findings that involve balancing benefits in relation to some outcomes 
and harm in relation to others is challenging. That problem arose in relation to the 
WHI and in the recent events surrounding guidelines for mammography. In both 
cases, the large response among women in general is indicative of how engaged 
women are on topics related to their health.

Cardiovascular Disease

CVD used to be thought of as a male disease, and this meant that less atten-
tion was paid to its impact on women. For more than a decade, there have been 
concerted efforts and calls to action by government agencies and private-sector 
not-for-profit organizations to reduce the burden of CVD in women through im-
proved awareness, translation of research, and dissemination of information to the 
public and health-care providers. In 1997, an AHA scientific statement on CVD 
in women pointed to the growing number of women at risk (Mosca et al., 1997) 
and suggested that healthy lifestyles for young women should be emphasized, 
health-care providers should be sensitive to sex differences in CVD, scientists 
should examine potential sex differences in the pathophysiology of and outcomes 
related to CVD, research in minority-group women should be expanded, and 
education should play a pivotal role in communicating and translating scientific 
developments about women and heart disease. In that year, the AHA launched 
its national women’s heart disease and stroke campaign, highlighting the need 
for greater awareness of heart disease in women (Mosca et al., 2004b). The Red 
Dress symbol developed by the National Heart, Lung, and Blood Institute’s Heart 
Truth campaign has become the national icon of the movement toward awareness 
of heart disease in women (Long et al., 2008).

The first initiative to develop female-specific recommendations to prevent 
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heart disease were published in 1999 and were based on a qualitative review 
of science, previous guidelines and consensus panel statements, and available 
gender-specific data (Mosca et al., 1999). The relative lack of data on CVD in 
women, however, limits the development of better guidelines for clinical care of 
women (Pepine et al., 2004). A report from the Agency for Healthcare Research 
and Quality noted the paucity of women enrolled in diagnostic studies and stated 
that much evidence is based on research done in men (Grady et al., 2003), and 
an AHA consensus panel concluded that clinical decision making would be 
greatly improved if sex differences in cardiac-imaging technologies were better 
understood (Mieres et al., 2005). An expert panel representing a dozen national 
organizations updated the 1999 guidelines in 2004 and 2007, providing clinical 
recommendations based on a review and evaluation of gender-specific results of 
clinical trials (Mosca et al., 2004a, 2007). Hsia and colleagues (2010) applied 
the 2007 updated AHA guideline categories to the data from the WHI and found 
that the updated categories predicted coronary events with an accuracy similar to 
that of the Framingham risk categories.

Although physicians appear to be aware of CVD-prevention guidelines for 
women, implementation is less than optimal. A survey of randomly selected 
physicians (primary-care physicians, cardiologists, and gynecologists) found 
that perception of a woman’s risk was the primary determinant of adherence to 
preventive recommendations (Mosca et al., 2005). Gynecologists, two-thirds of 
whom reported providing primary care for their female patients, were less aware 
of national prevention guidelines and had lower self-reported effectiveness in 
managing risk factors than did the other physicians. Of concern was the finding 
that fewer than one-fifth of physicians knew that more women than men die of 
CVD each year and that in specific groups of women who have risk profiles iden-
tical with men’s, women were more likely to be assigned to a lower risk category 
than men (Mosca et al., 2005). As this example shows, simply releasing guide-
lines is not sufficient to change provider knowledge and practice; educational 
efforts aimed at health-care providers may be needed to improve translation of 
scientific results into practice.

Women themselves have become more aware of CVD: in 1997, only 30% of 
women recognized CVD as the leading killer of women, significantly less than 
the 57% and 54% of women who recognized CVD as the leading killer of women 
in 2006 and 2009, respectively (Mosca et al., 2010). In turn, greater awareness 
is linked to a greater likelihood of taking preventive action (Mosca et al., 2006). 
That association is more pronounced in racial- and ethnic-minority populations, 
and this suggests that targeted educational campaigns have the potential to reduce 
disparities in CVD outcomes in women.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

TRANSFORMING DISCOVERY TO IMPACT ���

Mammography

Mammography has an extensive history of scientific investigation, public 
and private extramural research funding, clinical care and practice guidelines, 
government regulations, public exposure in the mass media, confusion, and con-
troversy. It illustrates the interaction of important public and private institutions 
and organizations, including the role of guidelines and government regulations, 
that shape the agenda for women’s health research and their knowledge, attitudes, 
and use of findings.

Competing Perspectives and Interests

In relation to any issue, those with different interests and concerns position 
themselves to build an agenda and shape the “frame” within which people will 
interpret information to which they are exposed (Hilgartner and Bosk, 1988; 
McCombs and Shaw, 1977, 1993). They compete in a symbolic “arena” for 
public attention. The communication media play a major role as gatekeepers to 
that arena (Gandy, 1982). Media attention, in conjunction with key social and 
institutional actors (such as news sources), raises, changes, or reinforces the 
public’s perception of the importance of issues (Corbett and Mori, 1999; Viswa-
nath and Finnegan, 2002) and how the public thinks about them (Scheufele and 
Tewksbury, 2007).

Radiologic technology developed to a point where it was feasible and use-
ful for routine screening for breast cancer in the late 1960s (Gold, 1992; Picard, 
1998), and scientific and public controversy surrounding benefits of and risks 
posed by mammography have existed almost since then. The questions of the 
early 1970s centered on its promise as a new clinical tool and on the role that it 
should play for women at different levels of risk. By the middle 1970s, a scientific 
and clinical consensus was forming around the three-part approach to breast-
cancer prevention: breast self-examination (BSE), breast clinical examination 
(BCE) by a trained health-care provider, and regular mammography for women 
over 50 years old and for younger women who have a family history of breast 
cancer (Foster and Costanza, 1984; Gorringe et al., 1978; Green and Taplin, 2003; 
Justin, 1977). The major clinical trials that would have provided an evidentiary 
basis of safety, efficacy, benefit, and timing vs risk and outcomes had to yet be 
developed, but major organizations became engaged in the issues. In 1982 the 
American Cancer Society (ACS) recommended that women at least 50 years old 
and younger women who were at risk receive mammograms “every year when 
feasible” (National Task Force on Breast Cancer Control, 1982). Mammography 
centers were established nationwide. The economic benefits of the centers to 
providers and producers introduced an economic variable and new conflicts of 
interest into women’s health care (Blakeslee, 1976). At that time, mammography 
was not high on the public’s or women’s agenda, in part because of a taboo about 
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openly discussing cancer in general and breast cancer specifically (Braun, 2003). 
However, when high-profile women, undoubtedly aided by a re-empowered femi-
nist movement in the United States, spoke out about personal experiences with 
breast cancer (Braun, 2003; Corbett and Mori, 1999; Subak-Sharpe, 1976), the 
taboo was substantially diminished, and mass-media stories on breast cancer 
spiked in 1974 (Corbett and Mori, 1999). That spike in coverage was the largest 
recorded up to that point and portended increasing media attention to research. 
Compared with news coverage in the 1960s, news stories increased especially 
in the category of “screening and diagnosis.” Corbett and Mori (1999) found 
a lagged relationship of about 2 years between media coverage and increased 
breast-cancer incidence, which suggested an effect on screening behavior. They 
also observed a potential relationship between increased media coverage and dis-
cussion, increased publication of medical research articles, and increased federal 
funding of breast-cancer research.

Braun (2003) reviewed the history of advocacy by groups seeking to raise 
public awareness of breast-cancer issues. She described four chronologically 
overlapping phases, in all of which the mass media played an important role: an 
early phase, raising public awareness and understanding of the issue (“priming 
the market”); a second phase, “engaging consumers”; a third phase, “establishing 
political advocacy”; and finally “taking the advocacy mainstream.” In the l980s 
women’s health-advocacy groups emerged, such as the Susan Komen Race for 
the Cure, as did the establishment of guidelines that institutionalized the three-
part approach to breast-cancer prevention: mammography, BSE, and BCE. By the 
middle 1990s, private and public advocacy efforts on behalf of research on breast 
cancer had dramatically increased funding not only through NIH but through the 
Department of Defense and the US Army.

The increase in emphasis on breast cancer is illustrated in Figure 5-2. Spe-
cifically, the graph shows the growth of news coverage of mammography by 
major US news and wire-service outlets from 1989 through 2008 as reflected 
in the LexisNexis database. News coverage of mammography roughly doubled 
from 1989 to 1992 and again from 1992 to 1995. By 1997–1998, the high level 
of news coverage was continuous, and it was sustained through 2008. That ap-
pears to support Braun’s (2003) contention that breast-cancer advocacy activity 
has been strong and steady. Since the late 1990s, breast cancer has become a 
standard “repertoire” issue on the health agenda in government, science, women’s 
advocacy groups, and the communication media.

Mammography Standards

The successful implementation of the Mammography Quality Standards Act 
of 1992 (MQSA; Public Law 102-539) and the well-documented improvement in 
the quality of mammography services available to American women constitute a 
model for the dissemination and adoption of national standards for other services. 
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The MQSA evolved from a voluntary program created in 1987 by the American 
College of Radiology to address concerns about variations in mammography 
quality in the United States (Galkin et al., 1988; Suleiman et al., 1999). Accredi-
tation became tied to evidence that facilities met standards for personnel, equip-
ment, quality-assurance procedures, clinical images, phantom images, and dose. 
By 1991, one-fourth of the roughly 10,000 mammography units in the country 
had been accredited by American College of Radiology, and another one-fourth 
had sought accreditation but failed to meet the standards (McLelland et al., 1991). 
Following the voluntary program, state and federal legislation required facilities 
to meet quality standards, with all facilities requiring accreditation under the 
MQSA by October 1, 1994 (Destouet et al., 2005). Regulations have evolved 
in response both to new concerns about quality and to the development of new 
technologies, such as full-field digital mammography (IOM, 2005). There is now 
substantial research supporting the improvements in quality for patients since the 
uniform adoption of quality standards under the MQSA. This is an example of 
how research findings contribute both to the initial development of new screen-
ing and treatment services and to the evaluation of their implementation and of 
the value of mandatory standards in improving the quality of services (Destouet 
et al., 2005).

Figure 5-2.eps
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Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��0 WOMEN’S HEALTH RESEARCH

The Mass Media and Controversy

There has been continuing scientific study and changing interpretations of 
research surrounding the use of mammography as a regular screening tool for 
women’s breast health. The process has been complicated by the mass media’s 
interest in “news value,” which emphasizes novelty, conflict, and drama. At its 
best, media coverage generates public attention to and learning about important 
subjects and builds and sustains an issue on the public agenda. At its worst, it 
engenders confusion and perhaps fatalism that can lead to inaction (Dunwoody, 
1999; Kitzinger and Reilly, 1997; Nelkin, 1995).

For example, in the early 1970s, ACS launched an initiative with NIH to test 
mammography’s detection ability. The partnership established the Breast Can-
cer Detection Demonstration Project (BCDDP), which engaged some 280,000 
women volunteers 35–74 years old in receiving regular mammograms over 5 
years (Finkel, 2005). It was not a clinical trial of effectiveness, but a feasibility 
demonstration involving 29 sites. It was a precursor to the health-care system’s 
potentially widespread investment in expensive technology. As Cunningham 
(1997) recounted, the project was criticized almost immediately in the media 
by some scientists and clinicians for its “risk, cost, effectiveness and purpose.” 
The director of the National Cancer Institute raised the question of radiation 
risks accruing from mammography, especially in women 35–50 years old, in 
a letter to the physicians at the BCDDP sites, stating his concerns and recom-
mendations (Blakeslee, 1976; Cancer Institute Proposes Limits on Breast X-rays, 
1976; Finkel, 2005). Although his recommendations had no official status, media 
coverage reduced the number of BCDDP volunteers who adhered fully to the 
demonstration protocol (Cunningham, 1997). This was never formally studied, 
but it may be that media coverage of the risk of contracting breast cancer from 
repeated mammography engendered enough uncertainty in the volunteers for 
many to choose not to continue (Dunwoody, 1999).

A 2001 research letter in the Lancet by two Cochrane Collaboration inves-
tigators who had conducted a systematic review of mammography sparked con-
siderable controversy that appears to be linked to mass-media coverage (Steele 
et al., 2005). The investigators had re-examined the clinical trials that formed 
the basis of mammography guidelines, which were conducted in the 1980s and 
1990s (Smith et al., 2004). In summarizing the collective results of those clinical 
trials, they said that “there is no reliable evidence that screening for breast cancer 
reduces mortality” (Olsen and Gotzsche, 2001). Steele and colleagues (2005) 
found that the media appeared to play a large role in the response to the study. 
Of the newspapers reviewed, only the Washington Post reported on the study’s 
finding when it was first published (Steele et al., 2005). However, 2 months later, 
the New York Times reported the findings in a front-page article; after that, there 
was a spike in coverage of the original findings and responses and statements 
issued by a number of government agencies. Media coverage of mammography 
spiked several times over the next year as some investigators reanalyzed the same 
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clinical-trial data and arrived at the opposite conclusion, health and medical orga-
nizations took out full-page newspaper advertisements pledging their continued 
support of mammography, and HHS issued new guidelines continuing to support 
mammography, which were underscored in a public hearing in the US Senate 
(HHS, 2002b).

Controversy emerged again in 2009 when an independent scientific panel 
of the US Preventive Services Task Force issued its findings. The task force had 
examined the evidence base again from the standpoint of risk of harm from vs 
benefits of mammography (Mandelblatt et al., 2009). It concluded that women 
under 50 years old who had no familial or personal history of breast cancer should 
not be screened routinely, but that “the decision to start regular, biennial screen-
ing mammography before the age of 50 years should be an individual one and 
take patient context into account, including the patient’s values regarding specific 
benefits and harms” (US Preventive Services Task Force, 2009), and that women 
50–74 years old should be screened with mammography every 2 years rather 
than annually. The task force’s recommendations were based on its evaluation of 
conclusions about risk and harm based on how the task force members ranked 
the quality of available evidence. It suggested—on the basis of the research as 
it existed, with all its flaws and challenges—that the accepted mammography 
guidelines interpreted benefits too liberally and harm too conservatively. It used 
multiple indicators of harm from false-positive results, including psychologic 
harm from unnecessary anxiety and physical-health risks from additional tests. 
That is more complicated and harder to understand than a simple balance of lives 
saved due to one or another treatment and, in many cases, the message that was 
conveyed was that women under 50 should not routinely be screened for breast 
cancer.

Media coverage spiked rapidly (Woolf, 2010). One reason for the interest was 
that professional experts, key institutions, advocacy groups, and the government 
might have different perspectives, and the report challenged established guide-
lines developed by those stakeholders. Complicating matters was that its release 
occurred at the height of the US Senate debate regarding national health-care 
reform. Opponents of reform efforts seized on the report as evidence that the US 
government was intent on a policy of “health-care rationing” that would endanger 
women’s health (Woolf, 2010). Individual women testified that if the proposed 
recommendations had been followed by their health-care providers, they would 
probably not have survived their breast cancers. Such anecdotes and arguments 
were easier to convey in brief sound-bites than the more complicated balance of 
harm vs benefit and the more abstract concept of population-attributable risk. The 
panel appeared to have been surprised by the intense controversy and did not have 
an immediate strategy for dealing with the reactions to its report.

The issues illustrated by the controversies surrounding mammography will 
continue to occur in this and other fields. Science evolves and different groups 
will have different guidelines and recommendations depending on how they 
weigh the scientific evidence.
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Lessons Learned

The case of mammography illustrates the interaction of the forces and fac-
tors of science, politics, economics, and culture that combine with mass-media 
communication to shape and reshape the research agenda for women’s health and 
the health services that they receive. The process frames the meaning of women’s 
health itself and the interpretation and limits of scientific data. The meaning and 
interpretation of scientific results is often variable and contentious, especially as 
findings are translated into clinical recommendations and strategies for improving 
women’s health. The dynamics of the mammography issue offer a case in point 
about the struggle of conveying in the media the meaning and interpretation of 
scientific findings given the sometimes conflicting opinions within the scientific 
community about the findings and how best to effectively convey the messages. 
Although the portrayal of conflict can increase the salience of an issue so as 
to gain the public’s attention, it can also foster contentiousness among policy 
makers, scientists, and others. Such conflict runs the risk of discouraging and 
confusing women potentially to the point of fatalism about the causes and preven-
tion of breast cancer. That impact is greater on those of lower SES, who tend to 
have poorer health outcomes overall.

CONCLUSIONS

• Barriers delay or preclude the translation of findings of women’s health re-
search into practice. Those barriers range from fragmentation of health-care 
delivery and health-care policies, and reimbursement to the complexity of 
science and research, challenges in communicating understandable and ac-
tionable messages, and consumer confusion and apprehension. Few studies 
of how to increase the speed or extent of translation of findings related to 
women’s health into clinical practice have been conducted. Clinical-practice 
guidelines, mandatory standards, reimbursement practices, laws (including 
public-health laws), and health-professions school curricula and continuing 
education are some methods of translation that have been used and warrant 
evaluation for translating research findings on women.

• Women are, in general, a receptive audience for medical messages and 
information. Many messages, however, are confusing because of conflict-
ing results and uncertainty in data. Improved strategies for communicating 
research results to the public are needed.

RECOMMENDATIONS

• Research should be conducted on the best ways to translate research findings 
on women’s health into clinical practice and public-health policies rapidly. 
Research findings should be incorporated at the practitioner level and at the 
overall public-health systems level through, for example, the use of targeted 
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education programs for practitioners and the development of guidelines. 
Research on what messages women find confusing and how those messages 
could be delivered in a more effective manner is needed. As those programs 
and guidelines are developed and implemented, they should be evaluated to 
ensure effectiveness.

• HHS should appoint a task force to develop an evidence-based strategy to 
communicate and market health messages to women that are based on objec-
tive research results. In addition to content experts in relevant departments 
and agencies, the task force should include mass-media and targeted-messag-
ing and marketing experts. The goals of the strategy should include effective 
communication to the diverse audience of women; increasing awareness of 
women’s health issues and treatments, including prevention and interven-
tion strategies; and decreasing confusion in light of complex and sometimes 
conflicting health messages. Strategies to explore might include
 requiring a plan for communication and dissemination of findings in 

government-funded studies to the public, providers, and policy makers, 
similar to the requirement to have a data and safety monitoring board in 
those studies;

 establishing a national media advisory panel with experts in women’s 
health, which would be readily available to provide context to reporters, 
scientists, clinicians, and policy makers at the time of release of important 
or potentially complex new research reports. (One goal of the panel could 
be to explain discrepancies and uncertainties in research findings); and

 creation by the HHS OWH of a program dedicated to translation of find-
ings of women’s health research into practice.

REFERENCES

Allsop, J., K. Jones, and R. Baggott. 2004. Health consumer groups in the UK: A new social move-
ment? Sociology of Health & Illness 26(6):737–756.

Arora, N. K., B. W. Hesse, B. K. Rimer, K. Viswanath, M. L. Clayman, and R. T. Croyle. 2008. 
Frustrated and confused: The American public rates its cancer-related information-seeking 
experiences. Journal of General Internal Medicine 23(3):223–228.

Bansal, A. T., and M. R. Barnes. 2008. Genomics in drug discovery: The best things come to those 
who wait. Current Opinion in Drug Disco�ery & De�elopment 11(3):303–310.

Barber, C. A., K. Margolis, R. V. Luepker, and D. K. Arnett. 2004. The impact of the Women’s Health 
Initiative on discontinuation of postmenopausal hormone therapy: The Minnesota Heart Survey 
(2000–2002). Journal of Women’s Health 13(9):975–984.

Bean-Mayberry, B., E. M. Yano, N. Bayliss, J. Navratil, C. S. Weisman, and S. H. Scholle. 2007a. 
Federally funded comprehensive women’s health centers: Leading innovation in women’s 
healthcare delivery. Journal of Women’s Health 16(9):1281–1290.

Bean-Mayberry, B. A., E. M. Yano, C. D. Caffrey, L. Altman, and D. L. Washington. 2007b. Orga-
nizational characteristics associated with the availability of women’s health clinics for primary 
care in the veterans health administration. Military Medicine 172(8):824–828.

Belkora, J. K., M. K. Loth, S. Volz, and H. S. Rugo. 2009. Implementing decision and communica-
tion aids to facilitate patient-centered care in breast cancer: A case study. Patient Education and 
Counseling 77(3):360–368.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

Berger, J. S., M. J. Krantz, J. M. Kittelson, and W. R. Hiatt. 2009. Aspirin for the prevention of 
cardiovascular events in patients with peripheral artery disease: A meta-analysis of randomized 
trials. Journal of the American Medical Association 301(18):1909–1919.

Bero, L. A., R. Grilli, J. M. Grimshaw, E. Harvey, A. D. Oxman, and M. A. Thomson. 1998. Closing 
the gap between research and practice: An overview of systematic reviews of interventions to 
promote the implementation of research findings. The Cochrane Effective Practice and Organi-
zation of Care Review Group. British Medical Journal 317(7156):465–468.

Berwick, D. M. 2003. Disseminating innovations in health care. Journal of the American Medical 
Assocation 289(15):1969–1975.

Bird, C. E., A. M. Fremont, A. S. Bierman, S. Wickstrom, M. Shah, T. Rector, T. Horstman, and J. J. 
Escarce. 2007. Does quality of care for cardiovascular disease and diabetes differ by gender for 
enrollees in managed care plans? Women’s Health Issues 17(3):131–138.

Blakeslee, A. 1976. Women shouldn’t fear breast x-rays: Doctor. Associated press wire story. St. 
Petersburg Times, September 5, 15A.

Bluming, A. Z., and C. Tavris. 2009. Hormone replacement therapy: Real concerns and false alarms. 
Cancer Journal 15(2):93–104.

Braddock, C. H., S. D. Fihn, W. Levinson, A. R. Jonsen, and R. A. Pearlman. 1997. How doctors and 
patients discuss routine clinical decisions: Informed decision making in the outpatient setting. 
Journal of General Internal Medicine 12(6):339–345.

Braun, S. 2003. The history of breast cancer advocacy. Breast Journal 9:S101–S103.
Breslau, E. S., W. W. Davis, L. Doner, E. J. Eisner, N. R. Goodman, H. I. Meissner, B. K. Rimer, and 

J. E. Rossouw. 2003. The hormone therapy dilemma: Women respond. Journal of the American 
Medical Women’s Association 58(1):33–43.

Burton, B., and A. Rowell. 2003. Unhealthy spin. British Medical Journal 326(7400):1205–1207.
Bush, T. M., A. E. Bonomi, L. Nekhlyudov, E. J. Ludman, S. D. Reed, M. T. Connelly, L. C. Grothaus, 

A. Z. LaCroix, and K. M. Newton. 2007. How the Women’s Health Initiative (WHI) influenced 
physicians’ practice and attitudes. Journal of General Internal Medicine 22(9):1311–1316.

California Health Interview Survey. 2010. Ask CHIS: �00� California health sur�ey. http://www.chis.
ucla.edu/main/DQ3/output.asp?_rn=0.2069513 (accessed August 16, 2010).

Cancer Institute Proposes Limits on Breast X-Rays. 1976. New York Times (����–Current file), 12.
Charo, R. A. 2007. Politics, parents, and prophylaxis—mandating HPV vaccination in the United 

States. New England Journal of Medicine 356(19):1905–1908.
Chauhan, M. S., K. K. Ho, D. S. Baim, R. E. Kuntz, and D. E. Cutlip. 2005. Effect of gender on in-

hospital and one-year outcomes after contemporary coronary artery stenting. American Journal 
of Cardiology 95(1):101–104.

Chlebowski, R. T., S. L. Hendrix, R. D. Langer, M. L. Stefanick, M. Gass, D. Lane, R. J. Rodabough, 
M. A. Gilligan, M. G. Cyr, C. A. Thomson, J. Khandekar, H. Petrovitch, and A. McTiernan. 
2003. Influence of estrogen plus progestin on breast cancer and mammography in healthy post-
menopausal women: The Women’s Health Initiative randomized trial. Journal of the American 
Medical Association 289(24):3243–3253.

Chlebowski, R. T., L. H. Kuller, R. L. Prentice, M. L. Stefanick, J. E. Manson, M. Gass, A. K. 
Aragaki, J. K. Ockene, D. S. Lane, G. E. Sarto, A. Rajkovic, R. Schenken, S. L. Hendrix, P. 
M. Ravdin, T. E. Rohan, S. Yasmeen, G. Anderson, and the WHI Investigators. 2009. Breast 
cancer after use of estrogen plus progestin in postmenopausal women. New England Journal 
of Medicine 360(6):573–587.

Christian, A. H., W. Rosamond, A. R. White, and L. Mosca. 2007. Nine-year trends and racial and 
ethnic disparities in women’s awareness of heart disease and stroke: An American Heart As-
sociation national study. Journal of Women’s Health (�00�) 16(1):68–81.

Corbett, J. B., and M. Mori. 1999. Medicine, media, and celebrities: News coverage of breast cancer, 
1960–1995. Journalism and Mass Communication Quarterly 76(2):229–249.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

TRANSFORMING DISCOVERY TO IMPACT ���

Cunningham, M. P. 1997. The breast cancer detection demonstration project 25 years later. CA: A 
Cancer Journal for Clinicians 47(3):131–133.

Cuzick, J., T. Powles, U. Veronesi, J. Forbes, R. Edwards, S. Ashley, and P. Boyle. 2003. Overview 
of the main outcomes in breast-cancer prevention trials. Lancet 361(9354):296–300.

Destouet, J. M., L. W. Bassett, M. J. Yaffe, P. F. Butler, and P. A. Wilcox. 2005. The ACR’s mammog-
raphy accreditation program: Ten years of experience since MQSA. Journal of the American 
College of Radiology 2(7):585–594.

Donohue, G. A., P. J. Tichenor, and C. N. Olien. 1975. Mass media and the knowledge gap: A hy-
pothesis reconsidered. Communication Research 2(1):3–23.

Dunwoody, S. 1999. Scientists, journalists, and the meaning of uncertainty. In Communicating Un-
certainty: Media Co�erage of New and Contro�ersial Science, edited by S. M. Friedman, S. 
Dunwoody and C. L. Rogers. Mahwah, NJ: L. Erlbaum Associates. Pp. 59–79.

Estabrook, L. S., E. G. Witt, and H. Rainie. 2007. Information Searches That Sol�e Problems: How 
People Use the Internet, Libraries, and Go�ernment Agencies When They Need Help. Washing-
ton, DC: Pew Internet and American Life Project.

Fallows, D. 2005. How Women and Men Use the Internet: Women Are Catching Up to Men in Most 
Measures of Online Life; Men Like the Internet for the Experiences It Offers, While Women 
Like It for the Human Connections It Promotes. http://www.pewinternet.org/~/media//Files/
Reports/2005/PIP_Women_and_Men_online.pdf.pdf (accessed December 8, 2009).

Farquhar, C., R. Basser, S. Hetrick, A. Lethaby, and J. Marjoribanks. 2003. High dose chemotherapy 
and autologous bone marrow or stem cell transplantation versus conventional chemother-
apy for women with metastatic breast cancer. Cochrane Database of Systematic Re�iews 1:
CD003142.

FDA (US Food and Drug Administration). 1998. The oncologist news bulletin. Oncologist 3(6): 
452–454.

Finkel, M. L. 2005. Understanding the Mammography Contro�ersy: Science, Politics, and Breast 
Cancer Screening. Westport, CT: Praeger.

Fisher, B., J. P. Costantino, D. L. Wickerham, C. K. Redmond, M. Kavanah, W. M. Cronin, V. 
Vogel, A. Robidoux, N. Dimitrov, J. Atkins, M. Daly, S. Wieand, E. Tan-Chiu, L. Ford, and 
N. Wolmark. 1998. Tamoxifen for prevention of breast cancer: Report of the National Surgi-
cal Adjuvant Breast and Bowel Project P-1 Study. Journal of the National Cancer Institute 
90(18):1371–1388.

Fogel, J., S. M. Albert, F. Schnabel, B. A. Ditkoff, and A. I. Neugut. 2002. Use of the internet by 
women with breast cancer. Journal of Medical Internet Research 4(2):E9.

Foster, R. S. J., and M. C. Costanza. 1984. Breast self-examination practices and breast cancer sur-
vival. Obstetrical & Gynecological Sur�ey 39(6):404.

Fox, S. 2006. Online Health Search �00�. Washington, DC: Pew Internet and American Life 
Project.

Franklin, L., J. Belkora, S. O’Donnell, D. Elsbree, J. Hardin, B. Ingle, and N. Johnson. 2009. Consul-
tation support for rural women with breast cancer: Results of a community-based participatory 
research study. Patient Education and Counseling 80(1):80–87.

French, L. M., M. A. Smith, J. S. Holtrop, and M. Holmes-Rovner. 2006. Hormone therapy after the 
Women’s Health Initiative: A qualitative study. BMC Family Practice 7:61.

Galkin, B. M., S. A. Feig, and H. D. Muir. 1988. The technical quality of mammography in centers 
participating in a regional breast cancer awareness program. Radiographics 8(1):133–145.

Gandy, O. H. 1982. Beyond Agenda Setting: Information Subsidies and Public Policy, Communica-
tion and Information Science; Variation: Communication and Information Science. Norwood, 
NJ: Ablex.

Garbe, E., and S. Suissa. 2004. Issues to debate on the Women’s Health Initiative (WHI) Study: 
Hormone replacement therapy and acute coronary outcomes: Methodological issues between 
randomized and observational studies. Human Reproduction 19(1):8–13.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

Gold, R. H. 1992. The evolution of mammography. Radiologic Clinics of North America 30(1): 
1–19.

Goodman, R. M., M. R. Seaver, S. Yoo, S. Dibble, R. Shada, B. Sherman, F. Urmston, N. Milliken, 
and K. M. Freund. 2002. A qualitative evaluation of the national centers of excellence in 
women’s health program. Womens Health Issues 12(6):291–308.

Gorringe, R., M. M. Lee, and A. Voda. 1978. The mammography controversy: A case for breast self-
examination. Journal of Obstetric, Gynecologic & Neonatal Nursing 7(4):7–12.

Grady, D., L. Chaput, and M. Kristof. 2003. Results of systematic review of research on diagnosis 
and treatment of coronary heart disease in women. In E�idence Report/Technology Assessment. 
No. 80. (Prepared by the University of California, San Francisco—Stanford Evidence-based 
Practice Center under Contract No 290-97-0013.) AHRQ Publication No. 03-0035. Rockville, 
MD: Agency for Healthcare Research and Quality.

Green, B. B., and S. H. Taplin. 2003. Breast cancer screening controversies. Journal of the American 
Board of Family Practice 16(3):233–241.

Haas, J., B. Geller, D. L. Miglioretti, D. S. Buist, D. E. Nelson, K. Kerlikowske, P. A. Carney, E. S. 
Breslau, S. Dash, M. K. Canales, and R. Ballard-Barbash. 2006. Changes in newspaper coverage 
about hormone therapy with the release of new medical evidence. Journal of General Internal 
Medicine 21(4):304–309.

Haas, J., D. Miglioretti, B. Geller, D. Buist, D. Nelson, K. Kerlikowske, P. Carney, S. Dash, E. 
Breslau, and R. Ballard-Barbash. 2007. Average household exposure to newspaper coverage 
about the harmful effects of hormone therapy and population-based declines in hormone therapy 
use. Journal of General Internal Medicine 22:68–73.

Harman, S. M., F. Naftolin, E. A. Brinton, and D. R. Judelson. 2005. Is the estrogen controversy over? 
Deconstructing the Women’s Health Initiative Study: A critical evaluation of the evidence. An-
nals of the New York Academy of Sciences 1052:43–56.

Harris Interactive. 2008a. Four Out of Fi�e Adults Now Use the Internet. http://www.harrisinteractive.
com/harris_poll/index.asp?PID973 (accessed April 15, 2009).

———. 2008b. Number of “Cyberchondriacs”—Adults Going Online for Health Information—Has 
Plateaued or Declined. http://www.harrisinteractive.com/harris_poll/index.asp?PID937 (ac-
cessed April 25, 2009).

Hausauer, A., T. Keegan, E. Chang, S. Glaser, H. Howe, and C. Clarke. 2009. Recent trends in breast 
cancer incidence in US white women by county-level urban/rural and poverty status. BMC 
Medicine 7(1):31.

Heiss, G., R. Wallace, G. Anderson, A. Aragaki, S. Beresford, R. Brzyski, R. Chlebowski, M. Gass, 
A. LaCroix, J. Manson, R. Prentice, J. Rossouw, and M. L. Stefanick. 2008. Health risks and 
benefits 3 years after stopping randomized treatment with estrogen and progestin. Journal of 
the American Medical Association 299(9):1036–1045.

Henson, R. M., S. W. Wyatt, and N. C. Lee. 1996. The National Breast and Cervical Cancer Early 
Detection Program: A comprehensive public health response to two major health issues for 
women. Journal of Public Health Management and Practice 2(2):36–47.

Herbst, A. L., and D. Anderson. 1990. Clear cell adenocarcinoma of the vagina and cervix secondary 
to intrauterine exposure to diethylstilbestrol. Seminars in Surgical Oncology 6(6):343–346.

Herxheimer, A. 2003. Relationships between the pharmaceutical industry and patients’ organisations. 
British Medical Journal 326(7400):1208–1210.

HHS (US Department of Health and Human Services). 2002a. NHLBI Stops Trial of Estrogen Plus 
Progestin Due to Increased Breast Cancer Risk, Lack of O�erall Benefit. Washington, DC.

———. 2002b. News Release: NCI Statement on Mammography Screening, Edited by National 
Cancer Institute. Washington, DC: Department of Health and Human Services.

———. 2004. NHLBI Ad�isory for Physicians on the WHI Trial of Conjugated Equine Estrogens 
Versus Placebo. http://www.nhlbi.nih.gov/whi/e-a_advisory.htm (accessed April 12, 2010).



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

TRANSFORMING DISCOVERY TO IMPACT ���

———. 2010. About the Heart Truth Campaign. http://www.nhlbi.nih.gov/educational/hearttruth/
about/index.htm (accessed March 17, 2010).

Hilgartner, S., and C. L. Bosk. 1988. The rise and fall of social problems: A public arenas model. 
American Journal of Sociology 94(1):53–78.

Hoffmann, M., M. Hammar, K. I. Kjellgren, L. Lindh-Astrand, and J. Brynhildsen. 2005. Changes 
in women’s attitudes towards and use of hormone therapy after HERS and WHI. Maturitas 
52(1):11–17.

Hsia, J., R. J. Rodabough, J. E. Manson, S. M. Liu, M. S. Freiberg, W. Graettinger, M. C. Rosal, 
B. Cochrane, D. Lloyd-Jones, J. G. Robinson, B. V. Howard, and Women’s Health Initia-
tive Research Group. 2010. Evaluation of the American Heart Association cardiovascular 
disease prevention guideline for women. Circulation-Cardio�ascular Quality and Outcomes 
3(2):128–134.

IOM (Institute of Medicine). 1993. An Assessment of the NIH Women’s Health Initiati�e. Washington, 
DC. National Academy Press.

———. 2000. To Err Is Human: Building a Safer Health System. Edited by L. T. Kohn, J. Corrigan 
and M. S. Donaldson. Washington, DC: National Academy Press.

———. 2001a. Crossing the Quality Chasm: A New Health System for the ��st Century. Washington, 
DC: National Academy Press.

———. 2001b. Science and Risk Communication: A Mini-Symposium Sponsored by the Roundtable 
on En�ironmental Health Sciences, Research, and Medicine. Edited by C. M. Coussens and B. 
Fischhoff. Washington, DC: National Academy Press.

———. 2002a. The Future of the Public’s Health in the ��st Century. Washington, DC: The National 
Academies Press.

———. 2002b. Speaking of Health: Assessing Health Communication Strategies for Di�erse Popula-
tions. Edited by Committee on Communication for Behavior Change in the 21st Century: Im-
proving the Health of Diverse Populations. Washington, DC: The National Academies Press.

———. 2005. Impro�ing Breast Imaging Quality Standards. Washington, DC: The National Acad-
emies Press.

———. 2006a. Examining the Health Disparities Research Plan of the National Institutes of Health: 
Unfinished Business. Edited by G. E. Thomson, F. Mitchell and M. Williams. Washington, DC: 
The National Academies Press.

———. 2006b. Impro�ing the Quality of Health Care for Mental and Substance-Use Conditions: 
Quality Chasm Series. Edited by Committee on Crossing the Quality Chasm: Adaptation to 
Mental Health and Addictive Disorders. Washington, DC: The National Academies Press.

———. 2008. Cancer Care for the Whole Patient: Meeting Psychosocial Health Needs. Edited by 
N. E. Adler and A. Page. Washington, DC: The National Academies Press.

———. 2009. America’s Uninsured Crisis: Consequences for Health and Health Care. Washington, 
DC: The National Academies Press.

Jagsi, R., N. Sheets, A. Jankovic, A. R. Motomura, S. Amarnath, and P. A. Ubel. 2009. Frequency, 
nature, effects, and correlates of conflicts of interest in published clinical cancer research. 
Cancer 115(12):2783–2791.

Jemal, A., E. Ward, and M. J. Thun. 2007. Recent trends in breast cancer incidence rates by age and 
tumor characteristics among US women. Breast Cancer Research 9(3):R28.

Justin, R. G. 1977. Annual physical examination and detection of breast cancer. Journal of the Ameri-
can Medical Association 238(5):397–398.

Keefe, R. H., S. D. Lane, and H. J. Swarts. 2006. From the bottom up: Tracing the impact of four 
health-based social movements on health and social policies. Journal of Health and Social 
Policy 21(3):55–69.

Kerlikowske, K., D. L. Miglioretti, D. S. M. Buist, R. Walker, and P. A. Carney. 2007. Declines in 
invasive breast cancer and use of postmenopausal hormone therapy in a screening mammogra-
phy population. Journal of the National Cancer Institute 99(17):1335–1339.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

Kitzinger, J., and J. Reilly. 1997. The rise and fall of risk reporting: Media coverage of human genetics 
research, “false memory syndrome” and “mad cow disease.” European Journal of Communica-
tion 12(3):319–350.

Klemm, P., K. Reppert, and L. Visich. 1998. A nontraditional cancer support group. The internet. 
Computers in Nursing 16(1):31–36.

Koch, D. D. 2003. Industry support for physician education. Journal of Cataract and Refracti�e 
Surgery 29(3):419.

Kolker, E. S. 2004. Framing as a cultural resource in health social movements: Funding activ-
ism and the breast cancer movement in the US 1990–1993. Sociology of Health and Illness 
26(6):820–844.

Kreuter, M. W., and R. J. Wray. 2003. Tailored and targeted health communication: Strategies for en-
hancing information relevance. American Journal Health Beha�ior 27 (Suppl. 3):S227–S232.

Krieger, N., J. T. Chen, and P. D. Waterman. 2010. Decline in US breast cancer rates after the 
Women’s Health Initiative: Socioeconomic and racial/ethnic differentials. American Journal of 
Public Health 100(S1):S132–S139.

Lansky, A. J., J. S. Hochman, P. A. Ward, G. S. Mintz, R. Fabunmi, P. B. Berger, G. New, C. L. Grines, 
C. G. Pietras, M. J. Kern, M. Ferrell, M. B. Leon, R. Mehran, C. White, J. H. Mieres, J. W. 
Moses, G. W. Stone, and A. K. Jacobs. 2005. Percutaneous coronary intervention and adjunctive 
pharmacotherapy in women: A statement for healthcare professionals from the American Heart 
Association. Circulation 111(7):940–953.

Lerner, B. H. 2002. Breast cancer activism: Past lessons, future directions. Nature Re�iews Cancer 
2(3):225–230.

Lewis, J. P. 2007. An interpretation of the EBCTCG data. Oncologist 12(5):505–509.
Lexchin, J., and D. W. Light. 2006. Commercial influence and the content of medical journals. British 

Medical Journal 332(7555):1444–1447.
Lobo, R. A., S. Belisle, W. T. Creasman, N. R. Frankel, N. E. Goodman, J. E. Hall, S. L. Ivey, S. 

Kingsberg, R. Langer, R. Lehman, D. B. McArthur, V. Montgomery-Rice, M. Notelovitz, G. S. 
Packin, R. W. Rebar, M. Rousseau, R. S. Schenken, D. L. Schneider, K. Sherif, and S. Wysocki. 
2006. Should symptomatic menopausal women be offered hormone therapy? Medscape General 
Medicine 8(3):40.

Long, T., A. M. Taubenheim, J. Wayman, S. Temple, and B. A. Ruoff. 2008. The heart truth: Using 
the power of branding and social marketing to increase awareness of heart disease in women. 
Social Marketing Quarterly 14(3):3–29.

MacLennan, A.H., A.W. Taylor, and D.H. Wilson. 2004. Hormone therapy use after the Women’s 
Health Initiative. Climacteric 7(2):138–142.

Mamounas, E. P., J. Bryant, B. Lembersky, L. Fehrenbacher, S. M. Sedlacek, B. Fisher, D. L. 
Wickerham, G. Yothers, A. Soran, and N. Wolmark. 2005. Paclitaxel after doxorubicin plus 
cyclophosphamide as adjuvant chemotherapy for node-positive breast cancer: Results from 
NSABP B-28. Journal Clinical Oncology 23(16):3686–3696.

Mandelblatt, J. S., K. A. Cronin, S. Bailey, D. A. Berry, H. J. de Koning, G. Draisma, H. Huang, 
S. J. Lee, M. Munsell, S. K. Plevritis, P. Ravdin, C. B. Schechter, B. Sigal, M. A. Stoto, N. K. 
Stout, N. T. van Ravesteyn, J. Venier, M. Zelen, and E. J. Feuer. 2009. Effects of mammography 
screening under different screening schedules: Model estimates of potential benefits and harms. 
Annals of Internal Medicine 151(10):738–747.

Marcus, S. M., E. A. Young, K. B. Kerber, S. Kornstein, A. H. Farabaugh, J. Mitchell, S. R. Wisniewski, 
G. K. Balasubramani, M. H. Trivedi, and A. J. Rush. 2005. Gender differences in depression: 
Findings from the STAR*D study. Journal of Affecti�e Disorders 87(2-3):141–150.

McCombs, M. E., and D. L. Shaw. 1977. The Emergence of American Political Issues: The Agenda 
Setting Function of the Press (The West Series in Journalism). St. Paul, MN: West Publishing.

———. 1993. The evolution of agenda-setting research: Twenty-five years in the marketplace of 
ideas. Journal of Communication 43(2):58–67.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

TRANSFORMING DISCOVERY TO IMPACT ���

McGlynn, E. A., E. A. Kerr, and S. M. Asch. 1999. New approach to assessing clinical quality of care 
for women: The QA Tool system. Women’s Health Issues 9(4):184–192.

McIntosh, J., and S. J. Blalock. 2005. Effects of media coverage of women’s health initiative study 
on attitudes and behavior of women receiving hormone replacement therapy. American Journal 
of Health-System Pharmacy 62(1):69–74.

McKinley, E. D., J. W. Thompson, J. Briefer-French, L. S. Wilcox, C. S. Weisman, and W. C. Andrews. 
2002. Performance indicators in women’s health: Incorporating women’s health in the Health 
Plan Employer Data and Information Set (HEDIS). Women’s Health Issues 12(1):46–58.

McLelland, R., R. Hendrick, M. Zinninger, and P. Wilcox. 1991. The American College of Radiology 
Mammography Accreditation Program. American Journal of Roentgeneology 157(3):473–479.

Mieres, J. H., L. J. Shaw, A. Arai, M. J. Budoff, S. D. Flamm, W. G. Hundley, T. H. Marwick, L. 
Mosca, A. R. Patel, M. A. Quinones, R. F. Redberg, K. A. Taubert, A. J. Taylor, G. S. Thomas, 
and N. K. Wenger. 2005. Role of noninvasive testing in the clinical evaluation of women with 
suspected coronary artery disease: Consensus statement from the Cardiac Imaging Committee, 
Council on Clinical Cardiology, and the Cardiovascular Imaging and Intervention Committee, 
Council on Cardiovascular Radiology and Intervention, and American Heart Association. Cir-
culation 111(5):682–696.

Mosca, L., J. E. Manson, S. E. Sutherland, R. D. Langer, T. Manolio, and E. Barrett-Connor. 1997. 
Cardiovascular disease in women: A statement for healthcare professionals from the American 
Heart Association. Writing group. Circulation 96(7):2468–2482.

Mosca, L., S. M. Grundy, D. Judelson, K. King, M. Limacher, S. Oparil, R. Pasternak, T. A. Pearson, 
R. F. Redberg, S. C. Smith, Jr., M. Winston, and S. Zinberg. 1999. Guide to preventive cardiol-
ogy for women. Circulation 99(18):2480–2484.

Mosca, L., L. J. Appel, E. J. Benjamin, K. Berra, N. Chandra-Strobos, R. P. Fabunmi, D. Grady, C. K. 
Haan, S. N. Hayes, D. R. Judelson, N. L. Keenan, P. McBride, S. Oparil, P. Ouyang, M. C. Oz, 
M. E. Mendelsohn, R. C. Pasternak, V. W. Pinn, R. M. Robertson, K. Schenck-Gustafsson, C. A. 
Sila, S. C. Smith, Jr., G. Sopko, A. L. Taylor, B. W. Walsh, N. K. Wenger, and C. L. Williams. 
2004a. Evidence-based guidelines for cardiovascular disease prevention in women. Circulation 
109(5):672–693.

Mosca, L., A. Ferris, R. Fabunmi, and R. M. Robertson. 2004b. Tracking women’s awareness of heart 
disease: An American Heart Association national study. Circulation 109(5):573–579.

Mosca, L., A. H. Linfante, E. J. Benjamin, K. Berra, S. N. Hayes, B. W. Walsh, R. P. Fabunmi, J. 
Kwan, T. Mills, and S. L. Simpson. 2005. National study of physician awareness and adherence 
to cardiovascular disease prevention guidelines. Circulation 111(4):499–510.

Mosca, L., H. Mochari, A. Christian, K. Berra, K. Taubert, T. Mills, K. A. Burdick, and S. L. Simpson. 
2006. National study of women’s awareness, preventive action, and barriers to cardiovascular 
health. Circulation 113(4):525–534.

Mosca, L., C. L. Banka, E. J. Benjamin, K. Berra, C. Bushnell, R. J. Dolor, T. G. Ganiats, A. S. Gomes, 
H. L. Gornik, C. Gracia, M. Gulati, C. K. Haan, D. R. Judelson, N. Keenan, E. Kelepouris, E. D. 
Michos, L. K. Newby, S. Oparil, P. Ouyang, M. C. Oz, D. Petitti, V. W. Pinn, R. F. Redberg, R. 
Scott, K. Sherif, S. C. Smith, Jr., G. Sopko, R. H. Steinhorn, N. J. Stone, K. A. Taubert, B. A. 
Todd, E. Urbina, N. K. Wenger; Expert Panel/Writing Group; American Heart Association; 
American Academy of Family Physicians; American College of Obstetricians and Gynecolo-
gists; American College of Cardiology Foundation; Society of Thoracic Surgeons; American 
Medical Women’s Association; Centers for Disease Control and Prevention; Office of Research 
on Women’s Health; Association of Black Cardiologists; American College of Physicians; 
World Heart Federation; National Heart, Lung, and Blood Institute; and American College of 
Nurse Practitioners. 2007. Evidence-based guidelines for cardiovascular disease prevention in 
women: 2007 update. Circulation 115(11):1481–1501. [erratum appears in circulation. 2007 
Apr 17;115(15):E407].



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��0 WOMEN’S HEALTH RESEARCH

Mosca, L., H. Mochari-Greenberger, R. J. Dolor, L. K. Newby, and K. J. Robb. 2010. Twelve-year 
follow-up of American women’s awareness of cardiovascular disease risk and barriers to heart 
health. Circulation: Cardio�ascular Quality and Outcomes 3(2):120–127.

Moynihan, R. 2003. Who pays for the pizza? Redefining the relationships between doctors and drug 
companies. 2: Disentanglement. British Medical Journal 326(7400):1193–1196.

National Task Force on Breast Cancer Control. 1982. Mammography 1982: A statement of the Ameri-
can Cancer Society. CA: A Cancer Journal for Clinicians 32:226–230.

NCQA (National Committee for Quality Assurance). 2010. HEDIS �0�0 Measures. http://www.ncqa.
org/tabid/59/Default.aspx (accessed March 23, 2010).

Nelkin, D. 1995. Selling Science: How the Press Co�ers Science and Technology. Rev. ed. New York: 
W.H. Freeman.

Nelson, H. D., K. Tyne, A. Naik, C. Bougatsos, B. K. Chan, and L. Humphrey. 2009. Screening for 
breast cancer: An update for the US Preventive Services Task Force. Annals of Internal Medicine 
151(10):727–737.

NIH (National Institutes of Health). 2010. Clinical and Translational Science Awards. http://www.
ncrr.nih.gov/clinical_research_resources/clinical_and_translational_science_awards/ (accessed 
March 24, 2010).

O’Connor, A. M., A. Rostom, V. Fiset, J. Tetroe, V. Entwistle, H. Llewellyn-Thomas, M. Holmes-
Rovner, M. Barry, and J. Jones. 1999. Decision aids for patients facing health treatment or 
screening decisions: Systematic review. British Medical Journal 319(7212):731–734.

O’Connor, A. M., C. Bennett, D. Stacey, M. J. Barry, N. F. Col, K. B. Eden, V. Entwistle, V. Fiset, 
M. Holmes-Rovner, S. Khangura, H. Llewellyn-Thomas, and D. R. Rovner. 2007. Do patient 
decision aids meet effectiveness criteria of the international patient decision aid standards col-
laboration? A systematic review and meta-analysis. Medical Decision Making 27(5):554–574.

Olsen, O., and P. C. Gotzsche. 2001. Cochrane review on screening for breast cancer with mammog-
raphy. Lancet 358(9290):1340–1342.

Paine, B. J., N. P. Stocks, E. N. Ramsay, P. Ryan, and A. H. MacLennan. 2004. Use and perception 
of hormone therapy following media reports of the Women’s Health Initiative: A survey of 
Australian WISDOM participants. Climacteric 7(2):143–152.

Pepine, C. J., R. S. Balaban, R. O. Bonow, G. A. Diamond, B. D. Johnson, P. A. Johnson, L. Mosca, 
S. E. Nissen, G. M. Pohost, and Endorsed by the American College of Cardiology Foundation. 
2004. Women’s ischemic syndrome evaluation: Current status and future research directions: 
Report of the National Heart, Lung And Blood Institute Workshop: October 2–4, 2002: Section 
1: Diagnosis of Stable Ischemia and Ischemic Heart Disease. Circulation 109(6):e44–e46.

Picard, J. D. 1998. [History of mammography]. Bulletin de l’Académie Nationale de Médicine 
182(8):1613–1620.

Power, M. L., J. Baron, and J. Schulkin. 2008. Factors associated with obstetrician-gynecologists’ 
response to the Women’s Health Initiative Trial of combined hormone therapy. Medical Deci-
sion Making 28(3):411–418.

Powles, T., R. Eeles, S. Ashley, D. Easton, J. Chang, M. Dowsett, A. Tidy, J. Viggers, and J. Davey. 
1998. Interim analysis of the incidence of breast cancer in the Royal Marsden Hospital Tamoxi-
fen Randomised Chemoprevention Trial. Lancet 352(9122):98–101.

Prentice, R. L., and G. L. Anderson. 2008. The Women’s Health Initiative: Lessons learned. Annual 
Re�iew of Public Health 29:131–150.

Rettig, R. A., P. D. Jacobson, C. Farquhar, and W. M. Aubry. 2007. False Hope: Bone Marrow Trasn-
plantation for Breast Cancer. New York, New York Oxford Univestiy Press.

Rich-Edwards, J. W., J. E. Manson, C. H. Hennekens, and J. E. Buring. 1995. The primary prevention 
of coronary heart disease in women. New England Journal of Medicine 332(26):1758–1766.

Rogers, E. M. 1995. Lessons for guidelines from the diffusion of innovations. Joint Commission 
Journal on Quality Impro�ement 21(7):324–328.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

TRANSFORMING DISCOVERY TO IMPACT ���

Rogers, N. 2003. Into our own hands: The women’s health movement in the United States, 1969–
1990. Journal of the History of Medicine and Allied Sciences 58(2):244–246.

Rymer, J., R. Wilson, and K. Ballard. 2003. Making decisions about hormone replacement therapy. 
British Medical Journal 326(7384):322–326.

Scheufele, D. A., and D. Tewksbury. 2007. Framing, agenda setting, and priming: The evolution of 
three media effects models. Journal of Communication 57(1):9–20, http://dx.doi.org/10.1111/
j.0021-9916.2007.00326.x (accessed December 10, 2009).

Schonberg, M. A., R. B. Davis, and C. C. Wee. 2005. After the Women’s Health Initiative: Decision 
making and trust of women taking hormone therapy. Women’s Health Issues 15(4):187–195.

Schwartz, B., A. Ward, J. Monterosso, S. Lyubomirsky, K. White, and D. R. Lehman. 2002. Maxi-
mizing versus satisficing: Happiness is a matter of choice. Journal of Personality and Social 
Psychology 83(5):1178–1197.

Sepucha, K. R., J. K. Belkora, S. Mutchnick, and L. J. Esserman. 2002. Consultation planning to help 
breast cancer patients prepare for medical consultations: Effect on communication and satisfac-
tion for patients and physicians. Journal of Clinical Oncology 20(11):2695–2700.

Sharf, B. F. 1997. Communicating breast cancer on-line: Support and empowerment on the internet. 
Women and Health 26(1):65–84.

Singer, N. 2009. Medical papers by ghostwriters pushed therapy. New York Times, August 4. P. A1.
Slade, B. A., L. Leidel, C. Vellozzi, E. J. Woo, W. Hua, A. Sutherland, H. S. Izurieta, R. Ball, N. 

Miller, M. M. Braun, L. E. Markowitz, and J. Iskander. 2009. Postlicensure safety surveillance 
for quadrivalent human papillomavirus recombinant vaccine. Journal of the American Medical 
Association 302(7):750–757.

Smith, R. A., S. W. Duffy, R. Gabe, L. Tabar, A. M. Yen, and T. H. Chen. 2004. The randomized 
trials of breast cancer screening: What have we learned? Radiologic Clinics of North America 
42(5):v, 793–806.

Steele, W. R., F. Mebane, K. Viswanath, and J. Solomon. 2005. News media coverage of a women’s 
health controversy: How newspapers and tv outlets covered a recent debate over screening 
mammography. Women and Health 41(3):83–97.

Subak-Sharpe, G. 1976. Is mammography safe? Yes, no and maybe. New York Times Magazine, 
October 24. Pp. 42–44.

Suleiman, O. H., D. C. Spelic, J. L. McCrohan, G. R. Symonds, and F. Houn. 1999. Mammography 
in the 1990s: The United States and Canada. Radiology 210(2):345–351.

Sundar, S. S., R. J. Gornall, and S. T. Kehoe. 2005. Advances in the management of cervical cancer. 
Menopause International 11(3):91–95.

Theroux, R. 2005. Evaluating its impact. The Women’s Health Initiative. Association of Women’s 
Health, Obstetric and Neonatal Nurses 9(2):140–145.

———. 2008. Postmenopausal hormone use: What does the latest evidence show? Nursing for 
Women’s Health 12(1):56–61.

Trivedi, A., W. Rakowski, and J. Ayanian. 2008. Effect of cost sharing on screening mammography 
in Medicare health plans. New England Journal of Medicine 358(4):375.

Tu, H. T., and G. R. Cohen. 2008. Tracking Report: Results from the Community Tracking Study. 
Washington, DC: Center for Studying Health System Change.

US Preventive Services Task Force. 2009. Screening for breast cancer: US Preventive Services Task 
Force recommendation statement. Annals of Internal Medicine 151(10):716–726.

Veronesi, U., P. Maisonneuve, A. Costa, V. Sacchini, C. Maltoni, C. Robertson, N. Rotmensz, and P. 
Boyle. 1998. Prevention of breast cancer with tamoxifen: Preliminary findings from the Italian 
randomised trial among hysterectomised women. Lancet 352(9122):93–97.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

Veronesi, U., P. Maisonneuve, N. Rotmensz, B. Bonanni, P. Boyle, G. Viale, A. Costa, V. Sacchini, R. 
Travaglini, G. D’Aiuto, P. Oliviero, F. Lovison, G. Gucciardo, M. R. del Turco, M. G. Muraca, 
M. A. Pizzichetta, S. Conforti, and A. Decensi. 2007. Tamoxifen for the prevention of breast 
cancer: Late results of the Italian randomized tamoxifen prevention trial among women with 
hysterectomy. Journal of the National Cancer Institute 99(9):727–737.

Viswanath, K., and J. Finnegan. 1996. The knowledge gap hypothesis: Twenty five years later. In 
Communication Yearbook. Volume ��, edited by B. R. Burleson and A. W. Kunkel. Thousand 
Oaks, CA: Sage Publications. Pp. 187–227.

———. 2002. Community health campaigns and secular trends: insights from the Minnesota Heart 
Health Program and community trials in heart disease prevention. In Public Health Commu-
nication: E�idence for Beha�ior Change, edited by R. C. Hornik. Mahwah, NJ: L. Erlbaum 
Associates. Pp. 289–312.

Watkins, C., L. Moore, I. Harvey, P. Carthy, E. Robinson, and R. Brawn. 2003. Characteristics of 
general practitioners who frequently see drug industry representatives: National Cross Sectional 
Study. British Medical Journal 326(7400):1178–1179.

Wegienka, G., S. Havstad, and J. L. Kelsey. 2006. Menopausal hormone therapy in a health main-
tenance organization before and after Women’s Health Initiative hormone trials termination. 
Journal of Women’s Health 15(4):369–378.

Weisman, C. S. 2000. Advocating for gender-specific health care: A historical perspective. Journal of 
Gender-Specific Medicine 3(3):22–24.

Williams, R. S., D. Christie, and C. Sistrom. 2005. Assessment of the understanding of the risks and 
benefits of hormone replacement therapy (HRT) in primary care physicians. American Journal 
of Obstetrics and Gynecology 193(2):551–556; discussion 556–558.

Woolf, S. H. 2010. The 2009 breast cancer screening recommendations of the US Preventive Services 
Task Force. Journal of the American Medical Association 303(2):162–163.

Writing Group for the Women’s Health Initiative Investigators. 2002. Risks and benefits of estro-
gen plus progestin in healthy postmenopausal women: Principal results from the Women’s 
Health Initiative randomized controlled trial. Journal of the American Medical Association 
288(3):321–333.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

���

6

Synthesis, Findings, and Recommendations

As discussed in Chapter 1, the committee developed a series of questions to 
focus its deliberations and to ensure that it responded to its charge (see Box 1-4). 
In this chapter, the committee synthesizes the previous chapters of the report in 
response to those questions and presents its key findings and recommendations.

The committee approached women’s health as a concept that has expanded 
beyond a narrow focus on the female reproductive system to encompass other 
conditions that create a significant burden in women’s lives. The committee fo-
cused on health conditions that are specific to women, are more common or more 
serious in women, have distinct causes or manifestations in women, or have dif-
ferent outcomes or treatments in women. Numerous conditions could be included 
in such a list. The committee could not review all such conditions and, therefore, 
highlights a number of such conditions as examples that are specific to women 
because of differences in prevalence, severity, preferred treatment, or understand-
ing or because the condition is prominent in women or there is a research need 
regarding women, whether or not there are sex differences.

IS WOMEN’S HEALTH RESEARCH STUDYING THE MOST 
APPROPRIATE AND RELEVANT DETERMINANTS OF HEALTH?

The committee noted the growing understanding of the full spectrum of 
determinants of health and illness that has resulted from research over the last 20 
years. Determinants can be related to a woman’s biologic makeup, behaviors, and 
the social, cultural, and environmental contexts in which genetic vulnerabilities 
and individual traits and behaviors are developed and expressed. As discussed in 
Chapter 2, the committee concluded that more attention should be given to the 
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social and behavioral determinants of health than has been given in the past to 
achieve greater gains in women’s health.

The committee initially planned to discuss health determinants in relation to 
each separate condition under consideration. However, the pervasive impact of 
social and behavioral determinants became apparent in that the same risk factors 
(such as smoking, eating habits, lack of physical activity, sexual risk behavior, 
and alcohol use) played a role in most of the conditions under consideration; 
therefore, the committee reviewed them in a separate chapter and provided 
evidence of their associations with a variety of conditions. For example, there 
is substantial evidence of links between smoking, alone and in conjunction 
with oral contraceptive use, and breast cancer, lung cancer, and cardiovascular 
disease (Burkman et al., 2004). There is growing evidence, from large cohort 
studies of women, on the role of eating habits and physical activity in the health 
of women.

As highlighted in the ecologic model presented in Chapter 2, smoking, eating 
habits, physical activity, and other behaviors are shaped by cultural and social 
contexts, including factors associated with social disadvantage. The marked dif-
ferences in condition prevalence and mortality in women who experience social 
disadvantage are associated with race and ethnicity, lack of education, low in-
come, and other factors such as differential exposure to stressors and violence, 
which are more common in more disadvantaged communities. Such exposures 
are related to outcomes as varied as injury and trauma, depression, arthritis, 
asthma, heart disease, human immunodeficiency virus (HIV) infection, and other 
sexually transmitted infections (Campbell et al., 2002; Coker et al., 2000; Ozer 
and Weinstein, 2004; Tjaden and Thoennes, 1998). Although the impact of social 
and community factors has been documented, little research on how to modify 
these factors to improve women’s health has been conducted. Even less research 
has been conducted on the effects of those social and community factors in spe-
cific groups of women.

Greater support for research on social and behavioral determinants is needed, 
particularly research on how to modify them to improve health. Social and behav-
ioral factors are important determinants of health for men as well as women, but 
the underlying factors probably differ by sex, and interventions tailored to women 
may be more effective than general treatments. For example, some studies show 
that women have a more difficult time with smoking cessation than men (Gritz 
et al., 1996) and face unique barriers to cessation (Schnoll et al., 2007). Smok-
ing-cessation treatments designed to address barriers specific to women may be 
more effective, but they require empirical validation. Many intervention programs 
show promise, but most have not been well tested, and the health effects of smok-
ing, such as cardiovascular disease and lung cancer, are still the leading killers 
of women. Similarly, interventions to improve eating habits, increase physical 
activity, decrease sexual risk behavior, and decrease substance abuse have not 
been as successful as they need to be to improve women’s health.
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IS WOMEN’S HEALTH RESEARCH FOCUSED ON THE MOST 
APPROPRIATE AND RELEVANT DISEASES, DISORDERS, 

CONDITIONS, OUTCOMES, AND END POINTS?

Several issues surfaced with the assessment of the question of whether 
women’s health research has focused on the most appropriate and relevant health 
conditions. One was whether to look at progress in relation to women’s overall 
health and well-being rather than listing progress by condition. Although the 
committee preferred the former, much of the knowledge regarding women’s 
health has been conceptualized and conducted in relation to specific conditions. 
That approach reflects the organization of the National Institutes of Health (NIH), 
health-professions schools, specialties, and professional organizations. As a re-
sult, the committee examined progress in individual conditions in Chapter 3.

A second issue was the selection of conditions to discuss. Which condi-
tions fall under the heading of women’s health, and which conditions should 
the committee discuss? A narrow view would include only conditions that are 
unique to women. Although those are important, such a narrow view defines 
women primarily by their reproductive function. The committee chose a broader 
perspective: to consider all conditions that affect women disproportionately, that 
have different risk factors or that present differently in women, or that are treated 
differently in women and men. Applying the broader definition includes almost 
all conditions. The committee could not review all such conditions and, therefore, 
highlights a number of such conditions as examples that are specific to women  
because of differences in prevalence, severity, preferred treatment, or understand-
ing or because the condition is prominent in women or there is a research need 
regarding women, whether or not there are sex differences.

Chapter 3 reviews and categorizes the progress in some of the most prevalent 
and problematic of the conditions for women, and they are presented in Table 6-1. 
A large amount of research on those conditions has been conducted, and progress 
has been made, especially with respect to some of the leading killers of women. 
That progress, however, has not been seen for all conditions, in particular for 
nonfatal conditions that affect women’s quality of life. Women’s health research 
has been focused on some appropriate and relevant health conditions, but more 
conditions need to be studied. Some of the research findings and the progress that 
has been made against a number of conditions are summarized briefly below.

Conditions on Which Research Has Contributed to Major Progress

Through its review of the literature, the committee identified three conditions 
in which scientific research led to major progress with respect to improvements in 
prevention, diagnosis, or treatment that resulted in substantial reductions in inci-
dence or mortality: breast cancer, cardiovascular disease, and cervical cancer.

Research advances in breast cancer resulted in a decrease in mortality over 
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the last 20 years. Consumer demand and involvement and increased funding 
activity spurred research that elucidated key elements of the underlying patho-
physiology of breast cancer, that developed more sensitive detection methods, 
that increased identified biomarkers used in diagnosis and selection of targeted 
treatments, that characterized risk factors, and that improved treatment options. 
A substantial drop in breast-cancer incidence occurred following the reporting of 
the findings from the Women’s Health Initiative (WHI) and the later reduction in 
the use of menopausal hormone therapy, which had both harmful and beneficial 
effects. The WHI demonstrated that a given drug or treatment—in this case, con-
jugated equine estrogen with or without progestin—could have adverse effects on 
some conditions (for example, breast cancer, stroke, embolism, and gall bladder 
disease) while having beneficial effects on others (for example, reducing the risk 
of bone fracture) and that women needed to balance risks and benefits, taking 
into account a variety of outcomes.

Mammography provides another example of the need to balance risks and 
benefits. Recent mammography guidelines try to balance the benefit of early de-
tection in reducing mortality with the risks of overtreatment and anxiety caused 
by false positives. The risk–benefit information is potentially useful to women in 
making decisions about the use of mammography, but problems in communicat-
ing the findings have decreased its impact.

Research on breast cancer at the molecular, cellular, and animal levels in con-

TABLE 6-1 Conditions Discussed by Committee, Categorized by Extent of 
Progress

Conditions on Which Research Has Contributed to Major Progress

Breast Cancer
Cardiovascular Disease
Cervical Cancer

Conditions on Which Research Has Contributed to Some Progress

Depression
HIV/AIDS
Osteoporosis

Conditions on Which There Has Been Little Progress

Unintended Pregnancy
Maternal Morbidity and Mortality
Autoimmune Diseases
Alcohol and Drug Addiction
Lung Cancer
Gynecological Cancers Other than Cervical Cancer
Non-Malignant Gynecological Disorders
Alzheimer’s Disease
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junction with clinical trials and observational studies in women have combined to 
improve outcomes, including quality of life after treatment. Disparities remain, 
however, in that black women have a higher mortality from breast cancer than 
white women despite a lower incidence; this highlights the need for research on 
groups of women that have the highest risks.

Although cardiovascular disease remains the leading cause of death of 
women and of men, women’s age-adjusted mortality from coronary heart dis-
ease declined from 263.3 to 134.4 deaths per 100,000 from 1980 to 2000 (Ford 
et al., 2007). The first major breakthrough was the recognition that women are 
susceptible to cardiovascular disease just as men are. Sex differences in the 
underlying physiology and manifestation of cardiovascular disease have been 
documented. Data from women-only studies have contributed to the knowledge 
base of cardiovascular disease in women. The decline in mortality from cardio-
vascular disease occurred first in men and later in women. About half the decline 
in women is attributable to behavior change, including a drop in smoking, and the 
other half is attributable to new clinical treatments that emerged from research, 
such as secondary preventive therapy and initial treatment for acute myocardial 
infarction or revascularization (Ford et al., 2007). Major progress has been made 
in increasing awareness of cardiovascular disease in women through increasing 
physician’s awareness of cardiovascular disease in women and through public-
health campaigns. However, the long period during which cardiovascular disease 
was studied only in men has delayed greater progress. The lack of effective 
interventions for changing risk factors in women has limited decreases in the 
incidence of and mortality from cardiovascular disease in women.

Reductions in the incidence of and mortality from cervical cancer began in 
the 1960s and has continued as diagnosis and screening have improved further. 
In addition, a major transformation in research on cervical cancer and in the 
approach to cancer in general occurred with the development of a vaccine that 
prevents infection by several strains of human papilloma virus (HPV) that cause 
most cervical cancers. The vaccine was developed by using the findings of re-
search on the basic biology of the virus and its relationship to cervical cancer in 
human cells and animals, and of studies of cervical cancer’s etiology. Success 
with that multipronged approach highlights how information from different types 
of research builds and combines to yield progress against a condition. Although 
overall gains have been seen in mortality from cervical cancer, rates remain 
higher in black and Hispanic women than in white and Asian women. The dif-
ferences highlight the need to focus translation and communication activities to 
the populations at greatest risk for the condition.
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Conditions on Which Research Has Contributed to Some Progress

The committee identified depression, HIV/acquired immunodeficiency syn-
drome (AIDS), and osteoporosis as conditions on which some progress has been 
made through women’s health research.

The incidence of depression is about twice as high in women as in men, 
and the consequences of depression, such as reduced educational attainment, 
are greater in women (Berndt et al., 2000). Some aspects of depression, such as 
postpartum depression, are more common to women. Advances have been made 
in the treatment of depression in the last 20 years (such as the development of 
combination norepinephrine-uptake inhibitors and serotonin-receptor antagonists 
with nonpharmaceutical interpersonal psychotherapy and cognitive–behavioral 
therapy) although their impact has not been maximized because of inadequate 
translation, particularly in relation to primary providers and the fragmentation of 
mental health services from other health-care delivery.

There have been advances in the treatment of HIV/AIDS in the last 20 years, 
including a decline in maternal–fetal transfer of HIV/AIDS because of treatment 
of pregnant women with antiretroviral agents. Much of the treatment research has 
been in men. The rapid development of treatments has benefited women despite 
the focus of the research on men, but the predominance of male-focused studies 
has limited some of the benefits for women. For example, issues related to the 
toxicity of treatments in women are only now being identified through women-
based research. HIV/AIDS is becoming much more a women’s issue, especially 
in black women, who make up 64% of the women living with HIV/AIDS.

Over the last 20 years there have been advances in the knowledge of the 
basic science underlying osteoporosis and in the diagnosis and treatment of os-
teoporosis. That includes the identification of genes whose expression affects the 
risk of osteoporosis (Huang and Kung, 2006). Recent trends show a decrease in 
the incidence of hip factures in the United States and Canada (Brauer et al., 2009; 
Leslie et al., 2009). Osteoporosis remains, however, a condition that greatly im-
pacts the quality-of-life of a large number of women, particularly as they age.

Conditions on Which Little Progress Has Been Made

The committee identified a number of conditions on which little progress has 
been made in reducing incidence, morbidity, or mortality. Unintended pregnancy 
and autoimmune disease are highlighted below as examples of conditions on 
which there has been little progress.

Effective contraceptives are available to prevent pregnancy, and research has 
identified several risk factors for unintended pregnancy, but rates of unintended 
pregnancy have remained steady for decades. That unintended pregnancy con-
tinues to occur at a high rate points to the need for research on how to improve 
knowledge of and compliance with contraceptive regimens, the need to develop 
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contraceptives that are more acceptable to cultures in which unintended preg-
nancy occurs with greater frequency, and the need for social and community-level 
interventions to decrease unintended pregnancy.

Another common condition in women that has seen little progress is auto-
immune disease, which constitutes about 50 diseases. Most of the diseases are 
more common in women than in men, and as a group they are the leading cause 
of morbidity in women, greatly affecting quality of life. Despite their prevalence 
and morbidity and the availability of drugs to treat some of the symptoms, little 
progress has been made in understanding the conditions better, in identifying the 
risk factors, or in developing diagnostic tools, better treatments, or cures.

Looking at the set of conditions on which little progress has been made—in-
cluding unintended pregnancy; autoimmune diseases; alcohol- and drug-addic-
tion disorders; lung, ovarian, endometrial, and colorectal cancer; nonmalignant 
gynecologic disorders; and Alzheimer’s disease—the committee tried to identify 
characteristics or explanations for the lack of progress. Several of the condi-
tions have not had much attention and research, but other conditions have had 
considerable research. For example, there has been little progress in lung cancer 
despite a large amount of research, including some research on sex differences. 
The committee identified a number of potential reasons for the lack of progress, 
including degree of attention from government agencies, consumer advocate 
groups, and Congress and resulting research funding; availability of interested 
researchers trained in a given field; adequacy of understanding of the underlying 
pathophysiology and natural history of a condition; adequacy of understanding 
of behavioral factors associated with decreased risk; availability of sensitive and 
specific diagnostic tests and screening programs to identify individuals who are at 
risk for or have a condition; and nonmedical barriers associated with political or 
social concerns. Many of those reasons played a role in connection with specific 
conditions, but none emerged as a potent force that affected all the conditions. 
The committee did note, however, that many of the conditions that showed less 
progress were associated with morbidity and not mortality.

IS WOMEN’S HEALTH RESEARCH STUDYING THE 
MOST RELEVANT GROUPS OF WOMEN?

Women are not a homogeneous group, and differences—such as in age, race, 
ethnicity, social class, education, and area of residence—could lead to different 
health profiles and needs. Even when there has been progress in women’s health, 
groups of women often have not improved or have shown more modest gains. 
More often, even when women are analyzed separately, there is no analysis of dif-
ferences among groups of women, and groups of women at higher risk of having 
or dying from a condition (for example, those of lower socioeconomic status and 
members of racial and ethnic minorities) are the least represented in the studies. 
In the present report, when data were available, the committee pointed out dis-
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parities in knowledge regarding women of diverse backgrounds in determinants 
of health (Chapter 2), in progress in relation to specific conditions (Chapter 3), 
and in communication approaches (Chapter 5). The problems of adequate rep-
resentation of women in research, discussed in Chapter 4, are compounded by 
challenges in having sufficient power to analyze groups of women separately. Not 
every study can have adequate numbers to allow such analysis, but the portfolio 
of studies funded by an agency should contain sufficient data to inform the un-
derstanding of vulnerable populations.

ARE THE MOST APPROPRIATE RESEARCH METHODS 
BEING USED TO STUDY WOMEN’S HEALTH?

In addition to reviewing the determinants and conditions that have been re-
searched and have led to advances in women’s health, the committee looked more 
broadly at the characteristics of research to evaluate whether particular methods 
or approaches yielded information that resulted in more progress and whether any 
particular components have contributed more to improving women’s health.

Research can broadly be categorized as basic research, which involves the 
study of cellular and molecular components in animal and in vitro systems; 
population-based or observational studies; clinical research, which is conducted 
in human subjects; and health-services and health-policy research. Studies vary 
in size and complexity. Methods can be observational or experimental (such as 
randomized clinical trials), and the focus of research can range from cells to 
populations to cultural and societal factors. Chapters 2 and 3 demonstrate the 
diversity of women’s health research and how the diverse research portfolio has 
contributed to progress in improving women’s health, as in the cases of breast 
and cervical cancer.

The committee found that observational studies of women’s health have 
provided information for identifying associations and are especially useful for 
generating hypotheses for further testing. Observational studies—such as the 
dietary component of the WHI, the Nurses’ Health Study, and the Study of 
Women’s Health Across the Nation (SWAN)—are sometimes coordinated in mul-
tiple research centers to accrue large and diverse samples. The postmenopausal 
hormone therapy and the calcium and vitamin D components of the WHI were 
randomized clinical trials that were based on the findings from such observational 
research. In addition, the observational studies led to animal and in vitro studies 
aimed at elucidating the pathophysiology of conditions and identifying potential 
treatments.

Different study types have different strengths and limitations, and results 
from diverse study designs can combine to provide extremely useful information 
that is directly relevant to the health of women and that has led to clear improve-
ments in women’s health. The committee recognizes that there are drawbacks 
to different study types. For example, observational and clinical studies can be 
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expensive, can have subject attrition, can be of long duration, and, in the case 
of observational epidemiologic studies, can have difficulty in finding appropri-
ate comparison populations and in controlling for potential confounders. Large 
human studies, such as the WHI, are further hindered by complex study designs 
and associated pitfalls. Despite those drawbacks, the committee concluded that 
information from large, complex observational and clinical studies could not 
be obtained with other study designs and are integral to progress in women’s 
health. New study designs that yield similar levels of certainty would be valu-
able. Smaller studies, in contrast, provide different information, can often be 
better controlled, and are potentially faster (depending on the end points studied)  
and less expensive. Internal validity (for example, the ability to establish causal 
relationships) is generally stronger in such studies, but this may be at the cost of 
external validity (that is, generalizability). Smaller studies are important to pro-
vide information on which to base large studies and to test specific hypotheses.

Although women are now routinely included in clinical research, persistent 
problems limit the usefulness of the data and their applicability to women’s 
health. Too often, the initial design is not optimal for obtaining data on women, 
because of problems in the inclusion criteria and end points assessed that may 
be less relevant to women’s health given what is known about sex differences 
in the etiology and symptoms of disease. Sample size and the ability to recruit 
women in studies in numbers that are adequate for appropriate analyses can be 
a challenge. Notably, there is a continuing lack of analysis and reporting of data 
by sex to determine whether there are sex differences.

Methods and techniques that could facilitate sex-specific or group analysis 
should be explored. New analytic techniques, such as Bayesian analysis, appear 
promising and should be investigated and refined and expanded as appropriate. As 
outlined in NIH guidelines, clinical research should take advantage of previous 
epidemiologic studies, smaller human studies, and available incidence, preva-
lence, and mortality data to identify where sex, racial, and ethnic differences have 
been documented (NIH, 2001). Research should focus on groups at the highest 
risk for morbidity and mortality from a condition.

To improve women’s health, sex- and gender-specific analyses must be 
published and used in drug development and clinical guidelines. Even when 
sex-specific analyses are conducted by researchers, the results of the analyses 
are often not included in publications, because of page limitations and journal 
restrictions. Such practices are a barrier to progress in women’s health.

Women tend to report worse overall health than do men and tend to rank 
quality of life as very important when considering their health (Rieker and Bird, 
2005). Nevertheless, the end points assessed in studies are often incidence and 
5-year survival rates; a smaller number of studies look either at morbidity or 
quality-of-life end points after treatment and survival or at diseases, such as au-
toimmune disease and benign gynecologic disorders, that result in morbidity and 
affect quality of life rather than resulting in death. Health-related quality of life 



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

(HRQoL) encompasses morbidity and functioning and is affected by a variety 
of factors, including limitations attributable to specific symptoms, the constella-
tion of symptoms associated with a specific condition, and the combined effects 
on overall well-being. Although the effect of treatments on women’s HRQoL 
is increasingly recognized as an important outcome, the ability to infer that ef-
fect is limited by the ability to compare measures among trials, treatments, and 
conditions, especially in a sex-specific manner. Often, health and treatment deci-
sions are driven by HRQoL considerations, so having unifying metrics for the 
assessment of quality of life that can be used to compare clinical interventions 
across the spectrum of conditions and patients is important. Including a common 
metric for women’s health HRQoL in studies would be an important first step 
in comparing treatments and interventions and would assist women in making 
health-related decisions.

ARE THE RESEARCH FINDINGS BEING TRANSLATED 
IN A WAY THAT AFFECTS PRACTICE?

Although it is not unique to women’s health, there is clearly a major prob-
lem in the translation of research findings into practice; many findings take 1 of 
2 decades to be incorporated into practice (Bansal and Barnes, 2008; Sussman 
et al., 2006). There are some instances of success in women’s health. Notably, a 
decrease in the incidence of breast cancer has been attributed to the decrease in 
prescriptions for hormone-replacement therapy after the WHI trial (Jemal et al., 
2007). It is partly attributable to effective processes for translating findings to 
practice, but the decrease in use also resulted from effective communication of 
the findings directly to women, who then questioned their doctors about the risks 
posed by using the medication (Bluming and Tavris, 2009).

Such success is the exception rather than the rule. More commonly, research 
findings are not translated into practice quickly or effectively. The problem of 
inadequate translation reflects the whole set of obstacles to optimal health care 
that occur in the current system. The committee identified a number of barriers 
to the translation of research on women’s health, of which some are more of a 
problem for women and others are problems in all health research. The nature of 
scientific research is itself a barrier to translation. The advancement of scientific 
knowledge is an iterative process in which one research result builds on previous 
work and inconsistent or contradictory results are often published before a clear 
picture emerges from a multitude of different types of studies. Inconsistent results 
can lead to uncertainty in best practices, including contradictory guidelines and 
suspicion of new practices, and can delay adoption of scientific findings.

Social and cultural factors can be barriers to the translation of scientific 
findings regardless of scientific consensus, especially in connection with sexual 
mores, as occurred with a vaccine against HPV that has the potential to prevent 
most cases of cervical cancer. Socioeconomic status, immigration status, and 
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language barriers can delay the adoption of research findings in some popula-
tions of women.

Health-care providers themselves and quality of care can be barriers to the 
translation of new findings. A particular concern for women with respect to 
health-care providers is the fragmentation of care that results when women see 
multiple providers for different health concerns; primarily care is often provided 
by an obstetrician or gynecologist during their reproductive years. The health-
care systems in place in the United States can also present barriers to the transla-
tion of results of women’s health research. Performance measures (such as the 
Healthcare Effectiveness Data and Information Set) used to evaluate the quality 
of care do not include many conditions that are more common to women, and 
sex-based differences in care are rarely analyzed (Bird et al., 2007; McKinley 
et al., 2002; Weisman, 2000), so incentives to include the latest research find-
ings on women might not be present. In addition, in the case of both men and 
women, if new treatments or practices are not reimbursed by government and 
private insurers, they are less likely to be adopted into widespread practice. Pa-
tients themselves can be barriers to adoption of research findings. Faced with a 
multitude of research findings and complex decisions related to their own health, 
patients can have a difficult time in weighing new options.

ARE THE RESEARCH FINDINGS BEING 
COMMUNICATED EFFECTIVELY TO WOMEN?

As is the case with translation, the problems of communication are not lim-
ited to women’s health issues. Communication of research findings in women’s 
health, however, is facilitated by women’s tendency to seek health-related infor-
mation, including engagement in more health-related online activities than men 
(Fallows, 2005). The complexity of results and the sometimes inconsistent or 
contradictory results present challenges to the communication of findings and 
highlight the importance of having a clear, concise message. The emergence of 
the Internet and the World Wide Web has increased the amount of and access to 
health-related information for the general public but has also added to the confu-
sion about findings and to concerns about the validity of the available information 
(Arora et al., 2008). Communication is further complicated by competing forces, 
especially when some health messages are competing with the marketing forces 
of industries.

Lessons learned from the WHI, mammography, and cardiovascular disease 
highlight both the challenges to and the successes in the translation and com-
munication of research findings. The results of the WHI were disseminated to 
women, both study participants and the general public, through the mass media 
and health-care providers. The findings quickly translated into changes in pre-
scribing practices, but that occurred amid much confusion (French et al., 2006). 
Cardiovascular disease was long thought to be a male disease despite being the 
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leading cause of death of women. Increased research into cardiovascular disease 
has provided information specific to the prevention and treatment of heart disease 
in women. Concerted efforts by government agencies and nonprofit organiza-
tions to disseminate information, including research findings, on cardiovascular 
disease in women have improved awareness of cardiovascular disease in women 
and helped in the translation of the research findings into practice, including the 
development of women-specific guidelines. The combination of all those efforts 
has contributed to decreased mortality from cardiovascular disease in women. 
The broad availability of affordable screening, the effectiveness of mammogra-
phy screening in reducing breast-cancer mortality, and more recently the most 
effective age and frequency for that screening have been controversial issues. 
Advocacy groups have played a large role in successfully pushing Congress and 
government agencies to fund screening programs and to increase the awareness 
of breast cancer in the general public. And the implementation of mandated na-
tional standards for mammography improved the quality of mammography and 
patient care.

GAPS IN WOMEN’S HEALTH RESEARCH

In addition to the many successes in women’s health research, the commit-
tee identified gaps, including inadequate study of some conditions and at-risk 
populations, insufficient focus on determinants of specific health outcomes or 
conditions and of general health, inadequate attention to function and quality of 
life, and gaps in the translation of research findings into practice and in commu-
nication of the findings to the public. With respect to specific conditions, there 
are few data on ovarian and endometrial cancer, for which effective screening 
methods are lacking, and little is known about the causes and prevention of pre-
eclampsia during pregnancy, which is a major cause of maternal morbidity and 
mortality. Conditions that affect elderly women, including frailty, have received 
relatively little attention. Research on prevention of and treatment for Alzheimer’s 
disease, obesity, and diabetes has rarely examined sex differences. There is little 
information on autoimmune diseases that affect women disproportionately, such 
as rheumatoid arthritis, lupus, and other potentially related immune system disor-
ders. And conditions that affect women’s quality of life—such as endometriosis, 
chronic pain, chronic fatigue syndrome, and fibroids—are under studied.

Even in the case of health outcomes in which research has enabled advances, 
such as cardiovascular disease and breast and cervical cancer, challenges remain. 
New guidelines for the care of women have been developed, but there are still 
questions. Health-services research can address questions of implementation, 
such as whether the specialty of a clinician (for example, cardiologist vs internist) 
or the type of care facility (for example, women’s health center vs general clinic) 
affects the likelihood or quality of implementation. Among the unresolved issues 
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in breast cancer are explanations of differential risk of onset, treatment success, 
and survival among different groups of women.

Some of the identified gaps apply to many or most of the conditions that 
affect women. There has been relatively little attention to the causes and treat-
ment of comorbidities. The issue of co-occurring conditions and the need to 
evaluate risk and benefit tradeoffs among multiple outcomes and end points cut 
across both mental and physical conditions. Large-scale studies—such as the 
WHI, which included both observational and experimental arms and considered 
multiple end points—provided some of the needed data from that perspective. Its 
overall history demonstrates the limitations of using only observational studies 
even if they are based on a good understanding of the molecular and cellular basis 
of sex differences, and also shows their synergistic value in developing targeted 
prevention and treatment strategies

Genetic and pathophysiologic studies are increasingly providing information 
on risk factors for conditions and potential treatment options on an individual 
level. Clinicians now need better tools to make personalized decisions about 
prevention, screening, and treatment. Those issues are not peculiar to women’s 
health but are relevant to conditions that affect women especially.

Although genetic information is useful, it will not map perfectly onto health 
without accounting for environmental exposures that can affect gene expression 
in addition to affecting health directly. More information on factors in the physi-
cal and social environment is needed, including an understanding of how they 
may result in health disparities for disadvantaged groups. Research has provided 
more information on sex differences in the pathophysiology of conditions than 
on gender or sex differences in social determinants of health and illness. Both 
types of knowledge are necessary to prevent conditions in women and treat 
them. Social factors also play a role in the translation of knowledge into practice 
by health professionals and by women themselves. In some cases, particularly 
reproductive health, strong data supporting the safety and efficacy of treatments 
may be insufficient to fuel their use if there is social or political opposition on 
nonmedical grounds. Advances in women’s health may require attention to such 
obstacles in addition to those inherent in the research.

Having evaluated progress in women’s health research and considering 
whether the research has looked at the right determinants, has studied the right 
outcomes with the right methods, and has translated the resulting knowledge 
into practice and communicated it to women, the committee agreed on a set of 
primary findings and recommendations.

COMMITTEE’S KEY FINDINGS AND RECOMMENDATIONS

Substantial progress has been made since the expansion of investment in 
women’s health research. Research findings have changed the practice of medi-
cine and public-health recommendations in several prominent contexts, includ-
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ing changes in standards of care for women. There have also been decreases in 
mortality in women from breast cancer, heart disease, and cervical cancer. In 
other contexts, however, there has been less progress, including research on other 
conditions that affect women and identification of ways to reduce disparities 
among subpopulations of women.

Several barriers to further progress in improving the health status of women 
were identified. For example, there has been inadequate attention to the social 
and environmental factors that, along with biologic risk factors, influence health. 
There also has been inadequate enforcement of requirements that representative 
numbers of women be included in clinical trials and that women’s results be 
reported. A lack of taking account of sex and gender differences in the design 
and analysis of studies, and a lack of reporting on sex and gender differences 
has hindered identification of potentially important sex differences and slowed 
progress in women’s health research and its translation to clinical practice. The 
committee recommends that all published scientific reports that receive federal 
funding and all medical product evaluations by the Food and Drug Administration 
present efficacy and safety data separately for men and women.

Poor communication of the results of women’s health research has in many 
cases led to substantial confusion and may affect the care of women adversely. 
Research findings will have a greater impact if they are coupled with a well 
thought-out plan for communication and dissemination. Development of a plan 
for communication and dissemination should be a standard component of feder-
ally sponsored women’s health research and the clinical recommendations that 
are made on the basis of that research.

The committee’s specific findings and recommendations follow.

Finding 1

Investment in women’s health research has afforded substantial progress and led 
to improvements in women’s health with respect to such important conditions 
as some cancers and heart disease. Greater progress in women’s health has oc-
curred in conditions characterized by multipronged research involving molecular, 
animal, and cellular data; in observational studies to identify effects in the overall 
population; and in clinical trials or intervention studies from which evidence-
based conclusions on treatment effectiveness can be drawn.

Recommendation 1
 US government agencies and other relevant organizations should sustain and 
strengthen their focus on women’s health, including the spectrum of research 
that includes genetic, behavioral, and social determinants of health and how 
they change during one’s life. In addition to conducting women-only research 
as appropriate, a goal should be to integrate women’s health research into all 
health research—that is, to mainstream women’s health research—in such a 
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way that differences between men and women and differences between sub-
groups of men and women are routinely assessed in all health research. Rel-
evant US government agencies include the Department of Health and Human 
Services and its institutes and agencies—especially the National Institutes of 
Health, the Centers for Disease Control and Prevention, the Food and Drug 
Administration, the Agency for Healthcare Research and Quality, and the 
Substance Abuse and Mental Health Services Administration—and such oth-
ers as the Department of Veterans Affairs, the Department of Defense, and the 
Environmental Protection Agency.

Finding 2

Women who experience social disadvantage as a result of race or ethnicity, low 
income, or low educational level suffer disproportionate disease burdens, adverse 
health outcomes, and barriers to care but have not been well represented in studies 
of behavior and health.

Recommendation 2
 The National Institutes of Health, the Agency for Healthcare Research and 
Quality, and the Centers for Disease Control and Prevention should develop 
targeted initiatives to increase research on the populations of women that 
have the highest risks and burdens of disease.

Finding 3

The incidence, prevalence, morbidity, or mortality associated with a number of 
conditions—for example, unintended pregnancy, maternal mortality and morbid-
ity, nonmalignant gynecologic disorders, alcohol- and drug-addiction disorders, 
autoimmune diseases, and lung, ovarian, and endometrial cancer—have not im-
proved. Most of those conditions substantially affect the quality of life of those 
who experience them. The major focus of health research has been on reducing 
mortality; a singular focus on mortality, however, can divert attention from other 
health outcomes despite the high value that women place on quality of life.

Recommendation 3
 Research should include the promotion of wellness and quality of life in 
women. Research on conditions that have high morbidity and affect qual-
ity of life should be increased. Research should include the development of 
better measures or metrics to compare effects of health conditions, interven-
tions, and treatments on quality of life. The end points examined in studies 
should include quality-of-life outcomes (for example, functional status or 
functionality, mobility, and pain) in addition to mortality.
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Finding 4

Social factors and health-related behaviors and their interactions with genetic and 
cellular factors contribute to the onset and progression of multiple diseases; they 
act as pathways that are common to multiple outcomes. Considerable progress 
has been made in understanding the behavioral determinants of women’s health, 
but less is known about how to change them and about the broader determinants 
of women’s health that involve social, community, and societal factors.

Recommendation 4
 Cross-institute initiatives in the National Institutes of Health—such as 
those in the Division of Program Coordination, Planning, and Strategic 
Initiatives—should support research on common determinants and risk fac-
tors that underlie multiple diseases and on interventions on those determi-
nants that will decrease the occurrence or progression of diseases in women. 
The National Institutes of Health’s Office of Research on Women’s Health 
should increase collaborations with the Office of Behavioral and Social Sci-
ences Research to design and oversee such research initiatives.

Finding 5

Limitations in the design, analysis, and scientific reporting of health research 
have slowed progress in women’s health. Inadequate enforcement of recruitment 
of women and of reporting data by sex has fostered suboptimal analysis and 
reporting of data on women from clinical trials and other research. That failure 
has limited possibilities for identifying potentially important sex or gender dif-
ferences. New methods and approaches are needed to maximize advances in 
promoting women’s health.

Recommendation 5
• Government and other funding agencies should ensure adequate partici-

pation of women, analysis of data by sex, and reporting of sex-stratified 
analyses in health research. One possible mechanism would be expansion 
of the role of data safety monitoring boards to monitor participation, ef-
ficacy, and adverse outcomes by sex.

• Given the practical limitations in the size of research studies, research de-
signs and statistical techniques should be explored that facilitate analysis 
of data on sociodemographic subgroups without substantially increasing 
the overall size of a study population. Conferences or meetings with a 
specific goal of developing consensus guidelines or recommendations for 
such study methods (for example, the use of Bayesian statistics and the 
pooling of data across study groups) should be convened by the National 
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Institutes of Health, other federal agencies, and relevant professional 
organizations.

• To gain knowledge from existing studies that individually do not have 
sufficient numbers of female subjects for separate analysis, the director 
of the Office of the National Coordinator for Health Information Technol-
ogy in the Department of Health and Human Services should support the 
development and application of mechanisms for the pooling of patient 
and subject data to answer research questions that are not definitively 
answered by single studies.

• For medical products (drugs, devices, and biologics) that are coming to 
market, the Food and Drug Administration should enforce compliance 
with the requirement for sex-stratified analyses of efficacy and safety and 
should take those analyses into account in regulatory decisions.

• The International Committee of Medical Journal Editors and other editors 
of relevant journals should adopt a guideline that all papers reporting the 
outcomes of clinical trials report on men and women separately unless 
a trial is of a sex-specific condition (such as endometrial or prostatic 
cancer). The National Institutes of Health should sponsor a meeting to 
facilitate establishment of the guidelines.

Finding 6

The translation of research findings into practice can be delayed or precluded by 
various barriers—the complexity of science and research and challenges in com-
municating understandable and actionable messages, social or political opposi-
tion to advances for nonmedical reasons, fragmentation of health-care delivery, 
health-care policies and reimbursement, consumer confusion and apprehension, 
and so on. Many of those barriers are seen in connection with translation of 
research in general, but some have aspects that are peculiar to women, and few 
studies have been conducted to examine how to increase the speed or extent of 
the translation of findings related specifically to women’s health into clinical 
practice. Methods of translation that have been used and that warrant evaluation 
for translating research findings in women include clinical-practice guidelines, 
mandatory standards, reimbursement practices, laws (including public-health 
laws), health-professions school curricula, and continuing education.

Recommendation 6
 Research should be conducted on how to translate research findings on 
women’s health into clinical practice and public-health policies rapidly. 
Research findings should be incorporated at the practitioner level and at the 
overall public-health systems level through, for example, the use of educa-
tion programs targeted to practitioners and the development of guidelines. 
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As programs and guidelines are developed and implemented, they should be 
evaluated to ensure effectiveness.

Finding 7

The public is confused by conflicting findings and opposing recommendations 
that emerge from health research, including women’s health research. Conflicting 
results and work to resolve disagreements are part of the scientific process, but 
that iterative aspect of scientific discovery is not clearly conveyed to, or under-
stood by, the public. The resulting uncertainty and distrust of research may affect 
women’s care adversely. Relevant knowledge from studies of communication of-
ten is not used by researchers, funders, providers, and public-health professionals 
to target health messages and information to women.

Recommendation 7
 The Department of Health and Human Services should appoint a task force 
to develop evidence-based strategies to communicate and market health 
messages that are based on research results to women. In addition to content 
experts in relevant departments and agencies, the task force should include 
mass-media and targeted-messaging and marketing experts. The strategies 
should be designed to communicate to the diverse audience of women; 
to increase awareness of women’s health issues and treatments, including 
preventive and intervention strategies; and to decrease confusion regarding 
complex and sometimes conflicting findings. The goals of the task force 
should be to facilitate and improve the communication of research findings 
by researchers to women. Strategies for the task force to consider or explore 
might include

• requiring a plan for the communication and dissemination of findings in 
federally funded studies to the public, providers, and policy makers; and

• establishing a national media advisory panel of experts in women’s health 
that would be readily available to provide context to reporters, scientists, 
clinicians, and policy makers at the time of release of new research 
reports.
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Agendas for Public Meetings

AGENDA

Tuesday, February 24, 2009 
National Academy of Sciences Building,  
2100 C Street, N.W., Washington, DC

1:00-1:10 PM Introductory Remarks and Introduction of Committee 
Members

 Nancy E. Adler, Ph.D., Chair, Committee on Women’s 
Health Research

1:10-1:40 PM Presentation of Study Charge
 Wanda Jones, Dr.P.H., Deputy Assistant Secretary for 

Health (Women’s Health), Office on Women’s Health,  
US Department of Health and Human Services

1:40-2:40 PM Perspectives from Department of Health and Human 
Services Offices and Programs on Women’s Health

 1:40-2:00  Vi�ian Pinn, M.D., Associate Director 
for Research on Women’s Health, National 
Institutes of Health

 2:00-2:20  Kathleen Uhl, M.D., Director, Office of 
Women’s Health, Assistant Commissioner for 
Women’s Health, Food and Drug Administration
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 2:20-2:40  Shakeh Kaftarian, Ph.D., Senior Advisor, 
Women’s Health and Gender Research, Agency 
for Healthcare Research and Quality

2:40-2:55 PM Break

2:55-3:55 PM Perspectives from Women’s Health Organizations

 2:55-3:15  Phyllis Greenberger, M.S.W., President and 
Chief Executive Officer, Society for Women’s 
Health Research

 3:15-3:35  Diana Zuckerman, Ph.D., President, National 
Research Center for Women and Families

 3:35-3:55  Cindy Pearson, National Women’s Health 
Network

3:55-4:10 PM Open Microphone for Statements from the Floor

4:10-4:30 PM Comments on Study Charge
 Mona Shah, J.D., M.P.H., Professional Staff Member, 

Office of Senator Barbara Mikulski (MD), United States 
Senate Committee on Health, Education, Labor, and Pensions

4:30-5:00 PM Open Microphone for Statements from the Floor

5:00 PM Adjourn Open Session

AGENDA

Thursday, May 7, 2009 
The National Academies Keck Center, Washington, DC

1:00-1:10 PM Introductory Remarks and Introduction of Committee 
Members

 Nancy E. Adler, Ph.D., Chair, Committee on Women’s Health 
Research

1:10-1:30 PM Priorities for Women’s Health Research
 Kerri D. Schuiling, Ph.D., CNM, WHNP-BC, FACNM, 

Senior Staff Researcher, American College of 
Nurse-Midwives

1:30-1:50 PM Research on Women Veterans
 Linda Lipson, M.A., Scientific Program Manager, Women’s 

Health, Equity and Rural Health, Health Services Research 
and Development Service, Department of Veterans Affairs
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 Elizabeth Yano, Ph.D., M.S.P.H., Deputy Director, 
Department of Veterans Affairs Greater Los Angeles Health 
Services Research and Design, Center of Excellence for the 
Study of Healthcare Provider Behavior

1:50-2:20 PM Physical and Mental Health Effects of Intimate Partner 
Violence and Areas of Needed Research

 Jacquelyn C. Campbell, Ph.D., R.N., FAAN, Anna D. Wolf 
Chair, The Johns Hopkins University School of Nursing

2:20-2:50 PM Research on Obesity and Eating Disorders
 Madelyn Fernstrom, Ph.D., CNS, Professor of Psychiatry, 

Epidemiology, and Surgery; Director, Weight Management 
Center, University of Pittsburgh Medical Center

2:50-3:05 PM Break

3:05-3:35 PM The Problem with Individualized Prevention
 Be�erly Rockhill Le�ine, Ph.D., M.A., Department of Public 

Health Education, University of North Carolina, Greensboro

3:35-4:05 PM Measures of Health-Related Quality of Life
 Dennis G. Fryback, Ph.D., Professor of Population 

Health Sciences and Industrial Engineering, Department 
of Population Health Sciences, University of Wisconsin, 
Madison
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Mortality Statistics

OVERALL CAUSES OF DEATH

Overall causes of death in men and women in 2006, not adjusted for age, are 
presented in Table B-1. The committee used the information from these tables 
to identify those diseases that cause the greatest mortality in women and those 
that affect more women than men. Heart disease and cancer each accounted for 
close to one-fourth of deaths in women in the United States in 2006. They were 
the leading causes of death in US women residents and in US residents overall in 
2006, the year on which most recent data are available. Heart disease led to more 
deaths in women in 2006 than did cancer, and slightly more women than men 
died of heart disease in that year. Men were somewhat more likely than women 
to die of cancer. Men and women differed substantially with respect to deaths due 
to stroke and unintentional injuries: stroke was the third-leading cause of death in 
women in 2006 (and accounted for almost 30,000 more deaths in women than in 
men), and unintentional injuries (for example, those due to motor-vehicle crashes 
and firearms) were the third-leading cause of death in men. Suicide was the 
seventh-leading cause of death in men but was not among the 10 leading causes 
of death in women. More than 4% of deaths in women and 1.7% of deaths in 
men were due to Alzheimer’s disease; the difference may be attributable in part 
to women’s longer life expectancy.

With respect to causes of death in younger women, unintentional injury was 
the leading cause of death in young women 15–34 years old in 2006, and ho-
micide and suicide were the second- and third-leading causes of death in young 
women 15–24 years old. Cancer and heart disease were other major causes of 
death in young women in 2006. Human immunodeficiency virus (HIV) was 
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among the 10 leading causes of death in women 15–54 years old in 2006. Women 
35–44 years old, in whom HIV ranked as the fifth-leading cause of death, had the 
highest proportion of deaths from HIV in that year.

Table B-2 summarizes the leading causes of death from cancer in women 
by race and ethnicity. Lung cancer and colorectal cancer were estimated to be 
the leading and third-leading causes of cancer deaths in both women and men in 
2008 on the basis of projections from trends in cancer deaths in previous years 
(ACS, 2008).1 The second-leading cause of cancer deaths in women and men was 

1 Each year, the American Cancer Society estimates the number of new cancer cases and deaths 
expected in the United States in the current year on the basis of the most recent data on cancer in-
cidence, mortality, and survival from the National Cancer Institute, the Centers for Disease Control 
and Prevention, and the North American Association of Central Cancer Registries and mortality data 
from the National Center for Health Statistics.

TABLE B-1 Leading Causes of Female and Male Deaths in the United States 
in 2006 (estimated number of deaths, estimated percentage of deaths)a

Rank Females Males

1 Heart disease
(315,930, 25.8%)

Heart disease
 (315,706, 26.3%)

2 Malignant neoplasm (cancer)
(269,819, 22%)

Malignant neoplasm (cancer)
(290,069, 24.1%)

3 Cerebrovascular disease (stroke)
(82,595, 6.7%)

Unintentional injury
(78,941, 6.6%)

4 Chronic lower respiratory disease
(65,323, 5.3%)

Chronic lower respiratory disease
(59,260, 4.9%)

5 Alzheimer’s disease
(51,281, 4.2%)

Cerebrovascular disease (stroke)
(54,524, 4.5%)

6 Unintentional injury
 (42,658, 3.5%)

Diabetes mellitus
(36,006, 3%)

7 Diabetes mellitus
 (36,443, 3%)

Suicide
(26,308, 2.2%)

8 Influenza and pneumonia
(30,676, 2.5%)

Influenza and pneumonia
(25,650, 2.1%)

9 Nephritis (kidney inflammation)
(23,250, 1.9%)

Nephritis (kidney inflammation)
(22,094, 1.8%)

10 Septicemia (blood poisoning)
(18,712, 1.5%)

Alzheimer disease
(21,151, 1.8%)

Total deaths
(all causes)

1,224,322 1,201,942

 aData are not age-adjusted.
DATA SOURCE: CDC (2009a).
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expected to be breast cancer and prostatic cancer, respectively. Lung, breast, and 
colorectal cancer combined were expected to account for over half the cancer 
deaths in women in 2008: lung cancer, 26.2%, breast cancer, 14.9%, and colorec-
tal cancer, 9.5%. Pancreatic cancer and ovarian cancer were also estimated to be 
major causes of cancer deaths in women in 2008.

Trends

Heart disease, cancer, and stroke were the leading causes of deaths in women 
each year from 1989 to 2006 (CDC, 2001, 2009a) (Table B-3). Two notable 
changes over that period were the gradual decline in the proportion of deaths in 
women from heart disease and the increase in the proportion of deaths in women 
from Alzheimer’s disease. Deaths from unintentional injuries have also increased 
somewhat. The proportion of deaths from stroke appears to have declined from 
1999 to 2006, but this change may be related partially to a disease-coding rule 
change that resulted in assignment to vascular dementia (International Classifica-
tion of Diseases �0th Re�ision [ICD-�0] code F01) and to unspecified dementia 
(ICD-�0 code F03) of some deaths that previously would have been assigned to 
stroke (CDC, 2009b). Proportions of deaths in women from cancer of any type 
were very consistent, accounting for 21.6–23.3% of deaths in women each year 
from 1989 to 2006, whereas deaths from respiratory disease gradually increased 
during this period. The proportion of deaths in women from diabetes mellitus 
remained generally stable but its standing in the 10 leading causes of death rela-
tive to Alzheimer’s disease and unintentional injuries changed. In recent years, 

TABLE B-2 Leading Causes of Cancer Death in Women in the United States 
by Race or Ethnicity, 2006a

Estimated Number (Percentage) Cancer Deaths

All 
Women

Non-
Hispanic 
White

Non-
Hispanic 
Black

Asian and 
Pacific 
Islander

American 
Indian and 
Alaska Native Hispanic

All cancers 269,819 219,585 30,222 5,810 1,230 12,777

Trachea, 
bronchus, 
and lung

69,385
(25.7)

59,723
(27.2)

6,622
(21.9)

1,081
(18.6)

296
(24.1)

1,609
(12.6)

Breast 40,821
(15.1)

32,114
(14.6)

5,631
(18.6)

830
(14.3)

160
(13)

2,054
(16.1)

Colon and 
rectum

26,628
(9.9)

21,183
(9.6)

3,419
(11.3)

595
(10.2)

106
(8.6)

1,312
(10.3)

 aData are not age-adjusted.
SOURCE: CDC (2009b).
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a smaller proportion of deaths in women were due to influenza and pneumonia 
than during the 1990s (CDC, 2001, 2009a).

Racial and Ethnic Disparities

The leading causes of deaths in women differ in important ways by race and 
ethnicity. For instance, diabetes mellitus was the fourth-leading cause of death in 
non-Hispanic black, Hispanic, and American Indian and Alaska Native women 
and the seventh-leading cause in non-Hispanic white women in 2006 (Table B-4). 
Markedly higher proportions of Asian and Pacific Islander women than women 
in other racial and ethnic groups died from cancer (27.2% vs 22% overall) and 
stroke (9.5% vs 6.7% overall). American Indian and Alaska Native women expe-
rienced the highest proportion of deaths due to unintentional injury (8% vs 3.5% 
overall). Nephritis was the cause of more than 3% of non-Hispanic black women 
deaths compared with 1.9% overall.

There are also a number of racial and ethnic disparities in causes of cancer 
deaths in women. Lung, breast, and colorectal cancer were the three leading 

TABLE B-4 10 Leading Causes of Female Death by Race or Ethnicity, 2006

Cause of Death

Estimated Percentage (Rank)

All 
Women

Non-
Hispanic 
White

Non-
Hispanic 
Black Hispanica

Asian and 
Pacific 
Islander

American 
Indian and 
Alaska Nativeb

Heart disease 25.8 (1) 26 (1) 25.5 (1) 22.8 (1) 22.7 (2) 18.8 (2)
Malignant neoplasm 
(cancer)

22 (2) 22 (2) 21.6 (2) 21.7 (2) 27.2 (1) 19.2 (1)

Cerebrovascular 
disease (stroke)

6.7 (3) 6.7 (3) 6.8 (3) 6.4 (3) 9.3 (3) 4.9 (5)

Chronic lower 
respiratory disease

5.3 (4) 5.8 (4) 2.5 (7) 2.7 (6) 2.4 (7) 4.3 (6)

Alzheimer’s disease 4.2 (5) 4.5 (5) 2.3 (9) 2.7 (7) 2.2 (8) 1.7 (10)
Unintentional injury 3.5 (6) 3.5 (6) 3.1 (6) 5 (5) 3.8 (4) 8.1 (3)
Diabetes mellitus 3 (7) 2.7 (7) 5 (4) 5.4 (4) 3.8 (5) 7 (4)
Influenza and 
pneumonia

2.5 (8) 2.6 (8) 2 (10) 2.6 (8) 3 (6) 2 (9)

Nephritis (kidney 
inflammation)

1.9 (9) 1.7 (9) 3.2 (5) 2.2 (10) 2 (9) 2.4 (8)

Septicemia (blood 
poisoning)

1.5 (10) 1.4 (10) 2.4 (8) N/A N/A N/A

NOTE: N/A (not applicable) indicates that given health outcome is not in top 10 leading causes of 
death in the racial or ethnic group noted.
 aThe ninth-leading cause of death in Hispanic females was perinatal conditions.
 bThe seventh-leading cause of death in American Indian and Alaska Native females was chronic 
liver disease and cirrhosis (4.2% of deaths in 2006).
SOURCE: CDC (2009a).
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causes of cancer death in women of all racial and ethnic groups in 2006 (CDC, 
2009a). However, although breast cancer was the leading cause of cancer deaths 
in Hispanic women in 2006, it was the second-leading cause of cancer deaths in 
each of the other groups (Table B-2). Asian American and Pacific Islander women 
had a notably lower proportion of deaths from lung cancer, perhaps because of 
this population’s lower prevalence of smoking.2 Lymphoma, ovarian cancer, and 
pancreatic cancer were also leading causes of cancer death in women in each 
racial and ethnic category in 2006 (CDC, 2009a).

Besides breast cancer, there are notable racial and ethnic disparities in 
other female-specific cancers. For example, about 1.2% of cancer deaths in non-
Hispanic white women in 2006 were due to cervical cancer compared with 2.1% 
in American Indian and Alaska Native, 2.5% in non-Hispanic black, 2.6% in 
Asian and Pacific Islander, and 3.6% in Hispanic women. The highest proportion 
of uterine-cancer deaths was in non-Hispanic black women (4% of cancer deaths 
vs 2.7% overall) (CDC, 2009b).

A few things should be noted about changes and differences in leading 
causes of death in women in specific racial and ethnic populations in 1999–
2006.3 Deaths from heart disease and stroke declined in women of all racial 
and ethnic categories, although Asian and Pacific Islander women had the 
highest proportion of deaths from stroke in that period. Proportions of deaths 
from cancer and diabetes did not decline much in any group, but diabetes 
consistently led to more deaths among in American Indian and Alaska Native, 
non-Hispanic black, and Hispanic women than in other groups. In 1999–2002, 
a higher proportion of deaths in non-Hispanic black women were from HIV 
(the 10th-leading cause of death in non-Hispanic black women during that 
period) than from Alzheimer’s disease or influenza and pneumonia (which by 
2006 were the 9th-leading and 10th-leading causes of death in black women). 
Deaths from Alzheimer’s disease have increased in each group. Deaths from 
unintentional injury have also gone up in general except in American Indian 
and Alaska Native women, in whom the proportion of deaths from unintentional 
injury remained relatively stable (an average of 8.4% of deaths each year in 
1999–2006).
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appendix 
C

Selected Studies of Women’s Health

This appendix presents a selection of major studies that have looked at a 
wide variety of end points and issues related to women’s health. Much has been 
done over the years and this appendix is not a complete or comprehensive review. 
Rather, it is an overview of a few selected large ongoing multi-publication stud-
ies that look at a variety of risk factors and outcomes related to women’s health. 
The studies included here are all based in the United States and funded by the 
National Institutes of Health (NIH).

WOMEN’S HEALTH INITIATIVE

Study Objective and Design

The Women’s Health Initiative (WHI) included clinical trials, observational 
studies, and a community prevention study.

Three clinical trials were designed to test the effects of calcium and vitamin 
D supplements, diet modification, and postmenopausal hormone therapy on heart 
disease, fractures, and breast and colorectal cancer in healthy postmenopausal 
women 50–79 years old. Specific objectives of the trials were as follows:

1. Calcium and vitamin D (CaD) study—To examine the effects of cal-
cium plus vitamin D supplements (1,000 mg of calcium carbonate and 
400 IU of vitamin D daily) compared with placebo on fractures and 
colorectal cancer in postmenopausal women. (The study also looked at 
effects of CaD on weight gain.)
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2. Dietary-modification trial—To examine the effects of a low-fat diet 
(20% of daily calories from fat), increased fruit and vegetable consump-
tion (5 or more servings per day), and increased grain consumption (6 
or more servings per day) compared with usual diet on breast cancer, 
colorectal cancer, and heart disease in postmenopausal women. (The trial 
also looked at effects of this diet modification on Type 2 diabetes and 
ovarian cancer.)

3. Hormone trial1—To examine the effects on coronary heart disease and 
osteoporotic fractures and associated risk of breast cancer of (1) estrogen 
plus progestin2 compared with placebo in postmenopausal women with 
a uterus, and (2) of estrogen alone3 compared with placebo in postmeno-
pausal women without a uterus.

A prospective observational study was also conducted to produce reliable 
estimates of the extent to which known risk factors predict heart disease, can-
cers, and fractures; to identify “new” risk factors for these and other diseases 
in women; to compare risk factors, presence of disease at the start of the study, 
and new occurrences of disease during the WHI in all study components; and to 
create a future resource for identifying biologic indicators of disease, especially 
substances and factors found in blood.

A WHI Extension Study to encompass 5 years of additional followup (from 
2005–2010) includes participants from both the clinical trial and observational 
WHI components. The purposes of the additional followup are to describe the 
longer-term effects of the original interventions, to document change in hormone 
use in participants from the hormone therapy trials, to expand the list of scientific 
questions that can be reliably addressed in the WHI, and to provide an infrastruc-
ture able to support additional investigations that require some of the unique 
features of a very large longitudinal study of postmenopausal women.

A community prevention study to develop carefully evaluated, model pro-
grams that could be implemented in a wide variety of communities throughout 
the United States was also conducted but will not be described here.

Participant Enrollment

Participants were recruited at 40 clinical centers around the United States 
over a 5-year period—September 1993–December 1998—with a planned average 
of 8 years of followup and 2 years for data analysis. A total of 161,808 generally 
healthy postmenopausal women 50–79 years old were enrolled.

1 The hormone trials have ended but the women who were enrolled in these trials participated in a 
followup phase, which concluded in 2010.

2 Consisting of 0.625 mg of conjugated equine estrogens plus 2.5 mg of medroxyprogesterone 
acetate.

3 Consisting of 0.625 mg of conjugated equine estrogens.
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A total of 68,132 women were enrolled in the clinical trials. Women could 
enroll in one or more of the clinical trials. The final enrollment breakdown was 
as follows:

• CaD study, 36,282
• Dietary-modification trial, 48,835
• Hormone trial, 27,347; 16,608 women were enrolled in the estrogen-plus-

progestin study and 10,739 in the estrogen-alone study

In both hormone trials and in the CaD trial there was a 1:1 randomized and 
double-blind allocation between active and placebo study pills. In the dietary-
modification trial, 40% of enrollees were assigned to the low-fat eating pattern 
and 60% to the comparison group.4

The observational study enrolled 93,676 women who were determined to be 
ineligible or unwilling to participate in the clinical trials.

The WHI Extension Study enrolled 115,400 consenting participants from 
each of the original WHI study components for an additional 5 years of followup, 
from 2005 to 2010.

Data Collection5

Data on participants’ past hormone use at baseline, with current medi-
cations and current supplements, were collected for participants in both the 
clinical trial and the observational study through in-person interviews. Physical 
measurements and blood samples were taken at baseline, and thereafter physi-
cal measurements were taken annually for clinical-trial participants and at year 
3 for observational-study participants. Data on clinical-trial patients’ current 
medications and supplements were assessed for clinical-trial participants at 
years 1, 3, 6, and 9, and on observational-study participants’ medications and 
supplements at year 3.

Twice a year, all clinical-trial participants completed a medical-history ques-
tionnaire to assess outcomes, such as hospitalizations, heart disease, stroke, frac-
tures, and cancer. Observational-study participants completed a medical history 
questionnaire annually to assess outcomes. Observational-study participants also 
completed a self-administered followup survey each year except study year 2. 
The survey was modified each year. In general, it asked participants to provide 
information about their weight and any changes in weight; respond to questions 
about health behaviors, such as physical activity, alcohol and caffeine consump-

4 The imbalanced randomization was set to reduce the higher staff and material costs associated with 
implementing the intervention while maintaining statistical power for testing hypotheses.

5 See the frequency-of-data collection table at http://www.whiscience.org/data/collection_ 
frequency_grid.pdf (accessed April 8, 2010) for a more detailed description of the data that were 
captured and when for each study component.
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tion, and smoking status; and provide information about exposures, such as use 
of hormone therapy and other medications.6

Both clinical-trial and observational-study participants completed a base-
line food-frequency questionnaire (FFQ). A rotating sample of one-third of 
dietary-modification–trial participants completed annual followup FFQs and 
observational-study participants completed a followup FFQ at year 3.

For CaD participants, management and safety interviews to assess symp-
toms, adherence, and pill tolerance were conducted 4 weeks after randomization 
and repeated semi-annually thereafter while the participants were taking study 
pills. Management and safety interviews were conducted for hormone-therapy 
participants 6 weeks after randomization and semiannually thereafter. Physi-
cal and gynecological examination data were collected at annual clinic visits 
for hormone-therapy participants and reviewed for safety concerns. Hormone-
therapy participants were also required to have a mammography annually, and 
study pills were not dispensed if a benign mammography report had not been 
received in the previous 18 months.

Participants in the CaD and dietary-modification trials were followed over an 
average of 7 years and 8.1 years, respectively. Participants in the estrogen-plus- 
progestin and the estrogen-only trials were followed over an average of 5.6 years 
and 7.1 years, respectively.

In the WHI Extension Study, annual updates on health outcomes are col-
lected by mail from all enrolled participants. Women who report study outcomes 
that require documentation are contacted by field-center staff to document details 
of the outcome. All participants also receive an annual activities-of-daily-life as-
sessment and complete a one-time medical-history–update addendum. A 4.6% 
subsample of women who were in the WHI dietary-modification–trial are asked 
to complete one 24-hour recall during the Extension Study. Half of the subsample 
completed the recall toward the start of the Extension Study (around 2006–2007) 
and half toward the end (2009–2010). Participants who were in the hormone-
therapy trial also complete a “Hormone Use Update” form annually. For the first 
2 years of extension followup, WHI field centers collected annual mammography 
reports for hormone therapy participants.

6 The annual followup response rate was over 94% each year for those who were due for a fol-
lowup contact. At the year 3 clinic visit, 96% completed medical-history updates and 83% provided 
blood samples. At the end of the closeout period, 4.1% were either lost to followup or had stopped 
followup, and 6.1% were deceased.
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Findings

The WHI has yielded numerous publications. The portions of the abstracts 
dealing with results, organized by study component and health condition, are 
presented in Tables C-1–C-6.

TABLE C-1 Publications on Women’s Health Initiative Calcium and  
Vitamin D Study

Colorectal Cancer

Wactawski-
Wende 
et al., 2006

A total of 322 women were diagnosed with invasive colorectal cancer during the 
study period. There were no significant differences in colorectal cancer diagnoses 
between participants who took the active CaD supplements and those who took 
placebo pills (168 and 154 cases; hazard ratio, 1.08; 95 percent CI, 0.86 to 1.34; P = 
0.51). There were also no differences between the two groups in types of colorectal 
cancers or reported number of colon polyps. No differences were found when 
analysis was limited to participants taking most of their study pills and when taking 
into account participants’ personal calcium and vitamin D intakes.

Fractures

Jackson 
et al., 2006

“Calcium with vitamin D supplementation resulted in a small but significant 
improvement in hip bone density and did not significantly reduce hip fracture. . . . 
Hip bone density was 1.06 percent higher in the calcium plus vitamin D group than 
in the placebo group (P < 0.01). Intention-to-treat analysis indicated that participants 
receiving calcium plus vitamin D supplementation had a hazard ratio of 0.88 for hip 
fracture (95 percent confidence interval, 0.72 to 1.08), 0.90 for clinical spine fracture 
(0.74 to 1.10), and 0.96 for total fractures (0.91 to 1.02). The risk of renal calculi 
increased with calcium plus vitamin D (hazard ratio, 1.17; 95 percent confidence 
interval, 1.02 to 1.34). Censoring data from women when they ceased to adhere to 
the study medication reduced the hazard ratio for hip fracture to 0.71 (95 percent 
confidence interval, 0.52 to 0.97). Effects did not vary significantly according to 
prerandomization serum vitamin D levels.”

Weight Gain

Caan et al., 
2007

At the end of the study, women in the group taking CaD supplements weighed an 
average of 0.28 pounds less than those taking the placebo pills, which is a small but 
statistically significant difference in weight change. Women taking active pills were 
also less likely to gain weight. The greatest benefits were seen in women whose 
total calcium intakes at the start of the study were below 1,200 mg/day, which is the 
current recommended dietary intake for women this age. These women, compared 
to women taking placebo, had a lower risk of gaining weight and had a higher 
likelihood of maintaining a stable weight (within 2.2 pounds of their starting weight) 
or losing weight (more than 2.2 pounds), after three years in the study.

ABBREVIATIONS: CaD, calcium plus vitamin D; CI, confidence interval.
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TABLE C-2 Publications on Women’s Health Initiative Dietary Modification 
Trial

Breast Cancer

Prentice 
et al., 
2006

“Dietary fat intake was significantly lower in the dietary modification intervention 
group compared with the comparison group. The difference between groups in change 
from baseline for percentage of energy from fat varied from 10.7% at year 1 to 8.1% 
at year 6. Vegetable and fruit consumption was higher in the intervention group by 
at least 1 serving per day and a smaller, more transient difference was found for 
grain consumption. The number of women who developed invasive breast cancer 
(annualized incidence rate) over the 8.1-year average follow-up period was 655 
(0.42%) in the intervention group and 1072 (0.45%) in the comparison group (hazard 
ratio, 0.91; 95% confidence interval, 0.83–1.01 for the comparison between the 2 
groups). Secondary analyses suggest a lower hazard ratio among adherent women, 
provide greater evidence of risk reduction among women having a high-fat diet at 
baseline, and suggest a dietary effect that varies by hormone receptor characteristics of 
the tumor.”

Cardiovascular Disease (Heart Attack and Stroke)

Howard 
et al., 
2006

“By year 6, mean fat intake decreased by 8.2% of energy intake in the intervention 
vs the comparison group, with small decreases in saturated (2.9%), monounsaturated 
(3.3%), and polyunsaturated (1.5%) fat; increases occurred in intakes of vegetables/
fruits (1.1 servings/d) and grains (0.5 serving/d). Low-density lipoprotein cholesterol 
levels, diastolic blood pressure, and factor VIIc levels were significantly reduced by 
3.55 mg/dL, 0.31 mm Hg, and 4.29%, respectively; levels of high-density lipoprotein 
cholesterol, triglycerides, glucose, and insulin did not significantly differ in the 
intervention vs comparison groups. . . . The numbers who developed CHD, stroke, 
and CVD (annualized incidence rates) were 1,000 (0.63%), 434 (0.28%), and 1,357 
(0.86%) in the intervention and 1,549 (0.65%), 642 (0.27%), and 2,088 (0.88%) in the 
comparison group. The diet had no significant effects on incidence of CHD (hazard 
ratio [HR], 0.97; 95% confidence interval [CI], 0.90–1.06), stroke (HR, 1.02; 95% 
CI, 0.90–1.15), or CVD (HR, 0.98; 95% CI, 0.92–1.05). Excluding participants with 
baseline CVD (3.4%), the HRs (95% CIs) for CHD and stroke were 0.94 (0.86–1.02) 
and 1.02 (0.90–1.17), respectively. Trends toward greater reductions in CHD risk were 
observed in those with lower intakes of saturated fat or trans fat or higher intakes of 
vegetables/fruits.”
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Colorectal Cancer

Beresford 
et al., 
2006

“A total of 480 incident cases of invasive colorectal cancer occurred during a mean 
follow-up of 8.1 (SD, 1.7) years. Intervention group participants significantly reduced 
their percentage of energy from fat by 10.7% more than did the comparison group at 
1 year, and this difference between groups was mostly maintained (8.1% at year 6). 
Statistically significant increases in vegetable, fruit, and grain servings were also made. 
Despite these dietary changes, there was no evidence that the intervention reduced the 
risk of invasive colorectal cancer during the follow-up period. There were 201 women 
with invasive colorectal cancer (0.13% per year) in the intervention group and 279 
(0.12% per year) in the comparison group (hazard ratio, 1.08; 95% confidence interval, 
0.90–1.29). . . . Secondary analyses suggested potential interactions with baseline 
aspirin use and combined estrogen-progestin use status (P = .01 for each). Colorectal 
examination rates, although not protocol defined, were comparable between the 
intervention and comparison groups. Similar results were seen in analyses adjusting for 
adherence to the intervention.”

Diabetes

Tinker 
et al., 
2008

3,342 participants developed diabetes mellitus that was treated by insulin or 
medications over the study period. There was a 4% reduced risk (not statistically 
significant) of developing diabetes in the low-fat dietary change group compared to 
participants in the usual diet comparison group. Participants who reported greater 
reductions in fat intake after the first year had greater reductions in risk of diabetes 
(statistically significant). The trend of reduced risk was not statistically significant after 
accounting for weight loss.

Ovarian Cancer

Prentice 
et al., 
2007

There were 160 cases of ovarian cancer reported during the 8.1 years of the study’s 
intervention phase, with statistically significant fewer new cases of ovarian cancer 
identified among the dietary change participants than usual diet participants. For 
the equivalent of every 100,000 low-fat dietary change participants per year there 
were 36 cases of ovarian cancer diagnosed, compared to 43 cases among usual diet 
participants. After the first four years of the study, there was a statistically significant 
40% risk reduction in ovarian cancer among participants in the low-fat dietary change 
group compared to the usual diet group. The greatest reduction in cases was among 
dietary change participants who started with higher intakes of total fat as a percentage 
of calories and made the greatest reductions in fat intake. The reduced risk of ovarian 
cancer among the dietary change group compared to the usual diet group did not 
appear to be effected by the modest weight loss experienced by the dietary change 
group or by family history of ovarian cancer.

ABBREVIATIONS: CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular 
disease; d, day; R, hazard ratio; SD, standard deviation.

TABLE C-2 Continued
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TABLE C-3 Publications on Women’s Health Initiative Estrogen-Alone Triala

Main Findings

Anderson 
et al., 
2004

“Estimated hazard ratios (HRs) (95% confidence intervals [CIs]) for CEE [conjugated 
equine estrogen] vs placebo for the major clinical outcomes available through 
February 29, 2004 (average follow-up 6.8 years), were: CHD [coronary heart disease], 
0.91 (0.75–1.12) with 376 cases; breast cancer, 0.77 (0.59–1.01) with 218 cases; 
stroke, 1.39 (1.10–1.77) with 276 cases; PE [pulmonary embolism], 1.34 (0.87–2.06) 
with 85 cases; colorectal cancer, 1.08 (0.75–1.55) with 119 cases; and hip fracture, 
0.61 (0.41–0.91) with 102 cases. Corresponding results for composite outcomes were: 
total cardiovascular disease, 1.12 (1.01–1.24); total cancer, 0.93 (0.81–1.07); total 
fractures, 0.70 (0.63–0.79); total mortality, 1.04 (0.88–1.22), and the global index, 1.01 
(0.91–1.12). For the outcomes significantly affected by CEE, there was an absolute 
excess risk of 12 additional strokes per 10000 person-years and an absolute risk 
reduction of 6 fewer hip fractures per 10000 person-years. The estimated excess risk 
for all monitored events in the global index was a non-significant 2 events per 10,000 
person-years.”

Breast Cancer and Abnormal Mammograms

Stefanick 
et al., 
2006

“After a mean (SD) follow-up of 7.1 (1.6) years, the invasive breast cancer hazard 
ratio (HR) for women assigned to CEE vs placebo was 0.80 (95% confidence interval 
[CI], 0.62–1.04; P = .09) with annualized rates of 0.28% (104 cases in the CEE 
group) and 0.34% (133 cases in the placebo group). In exploratory analyses, ductal 
carcinomas (HR, 0.71; 95% CI, 0.52–0.99) were reduced in the CEE group vs placebo 
group; however, the test for interaction by tumor type was not significant (P = .054). 
At 1 year, 9.2% of women in the CEE group had mammograms with abnormalities 
requiring follow-up vs 5.5% in the placebo group (P < .001), a pattern that continued 
through the trial to reach a cumulative percentage of 36.2% vs 28.1%, respectively (P 
< .001); however, this difference was primarily in assessments requiring short interval 
follow-up.”

Cognitive Impairment and Dementiab

Shumaker 
et al., 
2004

The results from the CEE part of WHIMS (n = 2,947, only women 65 to 79 years 
old enrolled) showed that 76 women in the CEE group developed mild cognitive 
impairment compared to 58 women in the placebo group.
CEE participants tested slightly worse over time on yearly cognitive function 
questions, although the differences were small. The greatest cognitive decline was seen 
in women who had lower cognitive function when WHIMS began.
Women taking CEE appeared to be at somewhat higher risk for developing dementia 
than those taking placebo. 47 women in WHIMS were found to have probable 
dementia—28 were taking CEE and 19 were taking placebo pills. An analysis of both 
CEE and CEE plus MPA (estrogen plus progestin) together showed that more women 
taking active hormones developed either dementia or mild cognitive impairment.
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Coronary-Artery Calcification 

Manson 
et al., 
2007

Cardiac CT (computed tomography) scans were used to measure CAC in 1,064 
participants in the estrogen-alone trial at 28 of 40 WHI centers an average of 8.7 years 
after joining (7.4 years after they started study pills and 1.3 years after study pills were 
stopped). CAC scores were lower in women in the CEE estrogen group compared to 
those in the placebo group. The mean CAC score was 83.1 for CEE and 123.1 for 
placebo. After taking into account other heart disease risk factors, the risk of having 
mild-to-moderate CAC was 20–30% lower and the risk of severe CAC was 40% lower 
in the CEE group compared to placebo. Among only women who were taking their 
study pills regularly (at least 80% of the time), the risk of mild-to-moderate CAC was 
40–50% lower and the risk of severe CAC was 60% lower in the CEE group compared 
to placebo.

Diabetes

Bonds 
et al., 
2006

“The cumulative incidence of treated diabetes was 8.3% in the oestrogen-alone group 
and 9.3% in the placebo group (hazard ratio 0.88, 95% CI 0.77–1.01, p=0.072). During 
the first year of follow-up, a significant fall in insulin resistance (homeostasis model 
assessment of insulin resistance) in actively treated women compared with the control 
subjects (Year 1 baseline between-group difference −0.53) was seen. However, there 
was no difference in insulin resistance at the 3- or 6-year follow-up.”

 aNIH stopped the estrogen alone trial ahead of schedule in February 2004 primarily because of an 
increase in stroke risk in women taking study pills with estrogen alone.
 bConducted as part of the Women’s Health Initiative Memory Study (WHIMS), an ancillary study 
to the WHI that included women 65 years old and older.
ABBREVIATIONS: CAC, coronary artery calcification; CEE, conjugated equine estrogen; CHD, 
coronary heart disease; CI, confidence interval; CT, computed tomography; HR, hazard ratio; MPA, 
medroxyprogesterone acetate; PE, pulmonary embolism; SD, standard deviation; WHIMS, Women’s 
Health Initiative Memory Study.

TABLE C-3 Continued
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TABLE C-4 Publications on Women’s Health Initiative Estrogen-Plus-
Progestin Trial

Main Findings

Rossouw 
et al., 2002

“Estimated hazard ratios (HRs) (nominal 95% confidence intervals [CIs]) were as 
follows: CHD [coronary heart disease], 1.29 (1.02–1.63) with 286 cases; breast 
cancer, 1.26 (1.00–1.59) with 290 cases; stroke, 1.41 (1.07–1.85) with 212 cases; 
PE [pulmonary embolism], 2.13 (1.39–3.25) with 101 cases; colorectal cancer, 0.63 
(0.43–0.92) with 112 cases; endometrial cancer, 0.83 (0.47–1.47) with 47 cases; 
hip fracture, 0.66 (0.45–0.98) with 106 cases; and death due to other causes, 0.92 
(0.74–1.14) with 331 cases. Corresponding HRs (nominal 95% CIs) for composite 
outcomes were 1.22 (1.09–1.36) for total cardiovascular disease (arterial and venous 
disease), 1.03 (0.90–1.17) for total cancer, 0.76 (0.69–0.85) for combined fractures, 
0.98 (0.82–1.18) for total mortality, and 1.15 (1.03–1.28) for the global index. 
Absolute excess risks per 10,000 person-years attributable to estrogen plus progestin 
were 7 more CHD events, 8 more strokes, 8 more PE [pulmonary embolisms], and 8 
more invasive breast cancers, while absolute risk reductions per 10,000 person-years 
were 6 fewer colorectal cancers and 5 fewer hip fractures. The absolute excess risk 
of events included in the global index was 19 per 10,000 person-years.”

3-Year Followup After Discontinuing Estrogen Plus Progestin

Heiss et al., 
2008

“The risk of cardiovascular events after the intervention was comparable by initial 
randomized assignments, 1.97% (annualized rate) in the CEE plus MPA (343 
events) and 1.91% in the placebo group (323 events). A greater risk of malignancies 
occurred in the CEE plus MPA than in the placebo group (1.56% [n = 281] vs 1.26% 
[n = 218]; hazard ratio [HR], 1.24; 95% confidence interval [CI], 1.04–1.48). More 
breast cancers were diagnosed in women who had been randomly assigned to receive 
CEE plus MPA vs placebo (0.42% [n = 79] vs 0.33% [n = 60]; HR, 1.27; 95% CI, 
0.91–1.78) with a modest trend toward a lower HR during the follow-up after the 
intervention. All-cause mortality was somewhat higher in the CEE plus MPA than in 
the placebo group (1.20% [n = 233] vs 1.06% [n = 196]; HR, 1.15; 95% CI, 0.95–
1.39). The global index of risks and benefits was unchanged from randomization 
through March 31, 2005 (HR, 1.12; 95% CI, 1.03–1.21), indicating that the risks of 
CEE plus MPA exceed the benefits for chronic disease prevention.”

Abnormal Mammograms and Breast Biopsies

Chlebowski 
et al., 2008

“Mammograms showing abnormal results were more common among women 
taking hormones than among women taking placebo (35% vs 23%). Women taking 
hormones had a 4% greater risk of having a mammogram with abnormalities after 
one year of starting the hormones and an 11% greater risk after five years. After the 
hormones were stopped, the adverse effect on mammograms decreased somewhat, 
but remained significantly different from that of placebo for at least 12 months after 
stopping.”
“Breast biopsies also were more common among women taking hormones than 
among those taking placebo (10% vs 6.1%). Breast cancers were significantly 
increased and were diagnosed at higher stages in the estrogen plus progestin group 
than in the placebo group; however, biopsies in the estrogen plus progestin group 
were less frequently diagnosed as cancer (14.8% vs 19.6%).”
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Cognitive Functioning and Dementiaa

Rapp et al., 
2003

“A total of 4,381 participants provided at least 1 valid cognitive function score 
between June 1995 and July 8, 2002. . . .The mean total scores in both groups 
increased slightly over time (mean follow-up of 4.2 years). Women in the estrogen 
plus progestin group had smaller average increases in total scores compared with 
women receiving placebo (P = .03), but these differences were not clinically 
important. Removing women by censoring them after adjudicated dementia, mild 
cognitive impairment, or stroke, and nonadherence to study protocol, did not alter 
the findings. Prior hormone therapy use and duration of prior use did not affect the 
interpretation of the results, nor did timing of prior hormone therapy initiation with 
respect to the final menstrual period. More women in the estrogen plus progestin 
group had a substantial and clinically important decline (≥ 2 SDs) in total score 
(6.7%) compared with the placebo group (4.8%) (P = .008).”

Shumaker 
et al., 2004

Over an average of 4.05 years, 61 women were diagnosed with probable dementia, 
40 (66%) in the estrogen plus progestin group compared with 21 (34%) in the 
placebo group. The hazard ratio (HR) for probable dementia was 2.05 (95% 
confidence interval [CI], 1.21–3.48; 45 vs 22 per 10,000 person-years; P = 0.01). 
This increased risk would result in an additional 23 cases of dementia per 10,000 
women per year. Alzheimer disease was the most common classification of dementia 
in both study groups. Treatment effects on mild cognitive impairment did not differ 
between groups (HR, 1.07; 95% CI, 0.74–1.55; 63 vs 59 cases per 10,000 person-
years; P = 0.72).

Diabetes 

Margolis 
et al., 2004 

After an average of 5.6 years, 277 of the 8,014 women in the intervention group 
(3.5%) and 324 of the 7,627 women taking placebo (4.2%) developed treated 
diabetes. This difference was not significant. Estrogen plus progestin produced a 
small decrease in glucose (blood sugar) and insulin levels in the blood and slightly 
reduced weight and waist size after one year in the study. Weight was not a major 
factor in the lower diabetes rate.

TABLE C-4 Continued

continued
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Gynecologic Cancers

Anderson 
et al., 2003

“In 5.6 years of follow-up, there were 32 cases of invasive ovarian cancer, 58 cases 
of endometrial cancer, 1 case of nonendometrial uterine cancer, 13 cases of cervical 
cancer, and 7 cases of other gynecologic cancers.” Women randomized to combined 
estrogen plus progestin experienced a 19% decrease in endometrial cancer rates and 
58% increase in ovarian cancer rates. “The hazard ratio (HR) for invasive ovarian 
cancer in women assigned to estrogen plus progestin compared with placebo was 
1.58 (95% confidence interval [CI], 0.77–3.24). The HR for endometrial cancer was 
0.81 (95% CI, 0.48–1.36). No appreciable differences were found in the distributions 
of tumor histology, stage, or grade for either cancer site. The incidence of other 
gynecologic cancers was low and did not differ by randomization assignment. More 
women taking estrogen plus progestin required endometrial biopsies (33% vs 6%; P 
< .001).”

Lung Cancer

Chlebowski 
et al., 2009

In a secondary analyses of the placebo-controlled trial of daily estrogen plus 
progestin in 16,608 multi-ethnic postmenopausal women, cumulative risk for lung 
cancer was highest in current (0.51%), compared to past (0.14%) and never (0.04%), 
smokers. After 5.6 years on trial intervention and 2.4 years additional follow-up 
(median), small cell lung cancer incidence was comparable between randomization 
groups (total n = 26), as was subsequent small cell lung cancer mortality. Although 
a trend for more non-small cell lung cancer (NSCLC) diagnoses in the active 
hormone group was not significant (p = 0.12), an apparent divergence emerged after 
five years, with more diagnoses in the CEE + MPA group. In addition, mortality 
after NSCLC diagnosis was significantly higher for the CEE + MPA group (46.3% 
vs 27.0%, respectively, hazard ratio (HR) 1.59, 95% CI 1.03–2.46, p = 0.04). As a 
result, CEE + MPA group women were more likely to die from NSCLC than those 
on placebo (p = 0.02).

Peripheral Arterial Disease

Hsia et al., 
2004 

“The incidence of peripheral arterial events did not differ between treatment groups 
(hazard ratio [HR] 0.89, 95% confidence interval 0.63, 1.25). The risk was slightly 
greater among women assigned to active estrogen with progestin in years 1 (HR 
1.33) and 2 (HR 1.27), and was slightly lower in later years (HR 0.85 and 0.87 in 
years 5 and ≥ 6). Among adherent participants, the hazard ratio for peripheral arterial 
events was 1.23 (95% confidence interval 0.79, 1.91) over the 5.6 years of follow 
up. Subgroup analysis identified no significant interactions between estrogen with 
progestin and baseline characteristics with regard to peripheral arterial disease risk.”

TABLE C-4 Continued
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Quality of Life

Hays et al., 
2003

“Quality-of-life measures were collected at base line and at one year in all women 
and at three years in a subgroup of 1,511 women. Randomization to estrogen plus 
progestin resulted in no significant effects on general health, vitality, mental health, 
depressive symptoms, or sexual satisfaction. The use of estrogen plus progestin was 
associated with a statistically significant but small and not clinically meaningful 
benefit in terms of sleep disturbance, physical functioning, and bodily pain after 
one year (the mean benefit in terms of sleep disturbance was 0.4 point on a 20-point 
scale, in terms of physical functioning 0.8 point on a 100-point scale, and in terms 
of pain 1.9 points on a 100-point scale). At three years, there were no significant 
benefits in terms of any quality-of-life outcomes. Among women 50 to 54 years 
of age with moderate-to-severe vasomotor symptoms at base line, estrogen and 
progestin improved vasomotor symptoms and resulted in a small benefit in terms of 
sleep disturbance but no benefit in terms of the other quality-of-life outcomes.”

Symptoms After Discontinuing Estrogen Plus Progestin

Ockene 
et al., 2005

“Respondents’ mean (SD) age at trial stop date was 69.1 (6.7) years. They averaged 
5.7 years of taking study pills. Moderate or severe vasomotor symptoms after 
discontinuing study pill use were reported by 21.2% of former CEE + MPA and 
4.8% of placebo group respondents overall and by 55.5% and 21.3%, respectively, 
with these symptoms at baseline (randomization). Compared with respondents in 
the former placebo group, moderate or severe vasomotor symptoms (adjusted odds 
ratio [AOR] 5.82; 95% confidence interval [CI], 4.92–6.89) and pain or stiffness 
symptoms (AOR, 2.16; 95% CI, 1.95–2.40) were more likely in respondents in 
the former CEE + MPA group. Both vasomotor symptoms (AOR, 5.36; 95% CI, 
4.51–6.38) and pain or stiffness symptoms (AOR, 3.21; 95% CI, 2.90–3.56) also 
were more likely in women with these symptoms at baseline. Women reported a 
wide range of strategies to manage symptoms.” Very few women started prescription 
hormones after stopping their study pills.

 aConducted as part of the Women’s Health Initiative Memory Study (WHIMS), an ancillary study 
to the WHI that included women 65 and older.
ABBREVIATIONS: AOR, adjusted odds ratio; CEE, conjugated equine estrogen; CHD, coronary 
heart disease; CI, confidence interval; HR, hazard ratio; NSCLS, nonsmall–cell lung cancer; PE, 
pulmonary embolism, SD, standard deviation.

TABLE C-4 Continued
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TABLE C-5 Publications on Combined Analyses of Both Women’s Health 
Initiative Hormone Trials

Brain and Brain Ischemic Lesion Volume

Resnick 
et al., 
2009

“Brain MRI scans were obtained in a subset of 1,403 women aged 71–89 years who 
participated in the Women’s Health Initiative Memory Study (WHIMS).” Women who 
had been assigned to take the hormone therapies had slightly smaller brains than those 
who had been assigned to take placebo. For most women, the amount of brain loss was 
small and would not be expected to noticeably affect memory or thinking. “Compared 
with placebo, covariate-adjusted mean frontal lobe volume was 2.37 cm3 lower among 
women assigned to HT (p = 0.004), mean hippocampal volume was slightly (0.10 cm3) 
lower (p = 0.05), and differences in total brain volume approached significance (p = 
0.07). Results were similar for CEE + MPA and CEE-Alone. HT-associated reductions 
in hippocampal volumes were greatest in women with the lowest baseline Modified 
Mini-Mental State Examination scores (scores < 90).”

Coker 
et al., 
2009 

Brain MRI scans were obtained in a subset of 1,403 women aged 71–89 years who 
participated in the Women’s Health Initiative Memory Study. “Increased lesion 
volumes were significantly related to age, smoking, history of cardiovascular disease, 
hypertension, lower post-trial global cognition scores, and increased incident cases of 
on- or post-trial mild cognitive impairment or probable dementia. Mean ischemic lesion 
volumes were slightly larger for the CEE + MPA group vs placebo, except for the basal 
ganglia, but the differences were not significant. Women assigned to CEE-Alone had 
similar mean ischemic lesion volumes compared to placebo.”

Cardiovascular Disease

Rossouw 
et al., 
2007

“In the combined trials, there were 396 cases of CHD and 327 cases of stroke in the 
hormone therapy group vs 370 [corrected] cases of CHD and 239 cases of stroke in 
the placebo group. For women with less than 10 years since menopause began, the 
hazard ratio (HR) for CHD was 0.76 (95% confidence interval [CI], 0.50–1.16); 10 to 
19 years, 1.10 (95% CI, 0.84–1.45); and 20 or more years, 1.28 (95% CI, 1.03–1.58) 
(P for trend = .02). The estimated absolute excess risk for CHD for women within 10 
years of menopause was –6 per 10,000 person-years; for women 10 to 19 years since 
menopause began, 4 per 10,000 person-years; and for women 20 or more years from 
menopause onset, 17 per 10,000 person-years. For the age group of 50 to 59 years, 
the HR for CHD was 0.93 (95% CI, 0.65–1.33) and the absolute excess risk was –2 
per 10,000 person-years; 60 to 69 years, 0.98 (95% CI, 0.79–1.21) and –1 per 10,000 
person-years; and 70 to 79 years, 1.26 (95% CI, 1.00–1.59) and 19 per 10,000 person-
years (P for trend = .16). Hormone therapy increased the risk of stroke (HR, 1.32; 95% 
CI, 1.12–1.56). Risk did not vary significantly by age or time since menopause. There 
was a nonsignificant tendency for the effects of hormone therapy on total mortality to 
be more favorable in younger than older women (HR of 0.70 for 50–59 years; 1.05 for 
60–69 years, and 1.14 for 70–79 years; P for trend = .06).”
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Urinary Incontinence (UI)

Hendrix 
et al., 
2005

“Menopausal hormone therapy increased the incidence of all types of UI at 1 year 
among women who were continent at baseline. The risk was highest for stress UI 
(CEE + MPA: relative risk [RR], 1.87 [95% confidence interval (CI), 1.61–2.18]; CEE 
alone: RR, 2.15 [95% CI, 1.77–2.62]), followed by mixed UI (CEE + MPA: RR, 1.49 
[95% CI, 1.10–2.01]; CEE alone: RR, 1.79 [95% CI, 1.26–2.53]). The combination 
of CEE + MPA had no significant effect on developing urge UI (RR, 1.15; 95% CI, 
0.99–1.34), but CEE alone increased the risk (RR, 1.32; 95% CI, 1.10–1.58). Among 
women experiencing UI at baseline, frequency worsened in both trials (CEE + MPA: 
RR, 1.38 [95% CI, 1.28–1.49]; CEE alone: RR, 1.47 [95% CI, 1.35–1.61]). Amount of 
UI worsened at 1 year in both trials (CEE + MPA: RR, 1.20 [95% CI, 1.06–1.36]; CEE 
alone: RR, 1.59 [95% CI, 1.39–1.82]). Women receiving menopausal hormone therapy 
were more likely to report that UI limited their daily activities (CEE + MPA: RR, 
1.18 [95% CI, 1.06–1.32]; CEE alone: RR, 1.29 [95% CI, 1.15–1.45]) and bothered 
or disturbed them (CEE + MPA: RR, 1.22 [95% CI, 1.13–1.32]; CEE alone: RR, 1.50 
[95% CI, 1.37–1.65]) at 1 year.”

ABBREVIATIONS: CEE, conjugated equine estrogen; CHD, coronary heart disease; CI, confidence 
interval; HR, hazard ratio; HT, hormone therapy; MPA, medroxyprogesterone acetate; MRI, magnetic 
resonance imaging; RR, relative risk; UI, urinary incontinence; WHIMS, Women’s Health Initative 
Memory Study.

TABLE C-5 Continued
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TABLE C-6 Publications on Select Findings of Women’s Health Initiative 
Observational Study

Alcohol and Folate Intake and Breast Cancer Risk

Duffy et al., 
2009 

“1,783 breast cancer cases occurred over 5 years. Alcohol was associated with 
increased risk of breast cancer (RR = 1.005, 95% CI 1.001–1.009). Risk increased 
with consumption of alcohol (up to 5 g/d, adjusted HR = 1.10, 95%CI 0.96–
1.32; > 5–15 g/d HR = 1.14, 95% CI 0.99–1.31; and > 15 g/d HR = 1.13 95% 
CI 0.96–1.32).” No significant interaction was found between alcohol and folate in 
an adjusted model.

Breast Cancer and Body Weight

Morimoto 
et al., 2002

“Anthropometric factors were not associated with breast cancer among women 
who had ever used hormone replacement therapy (HRT). Among HRT non-users, 
heavier women (baseline body mass index (BMI) > 31.1) had an elevated risk of 
postmenopausal breast cancer (relative risk (RR) = 2.52; 95% confidence interval 
(CI) = 1.62–3.93), compared to slimmer women (baseline BMI < 22.6). The 
elevation in risk associated with increasing BMI appeared to be most pronounced 
among younger postmenopausal women. Change in BMI since age 18, maximum 
BMI, and weight were also associated with breast cancer in HRT non-users. While 
both waist and hip circumference were associated with breast cancer risk, their ratio, 
a measure of fat distribution, was not (RR = 1.33; 95% CI = 0.88–2.01).”

Breast Cancer and Nonsteroidal Anti-Inflammatory Drugs

Harris et al., 
2003 

Among 1,392 participants with confirmed cases of breast cancer, “regular NSAID 
use (two or more tablets/week) for 5–9 years produced a 21% reduction in the 
incidence of breast cancer (RR, 0.79; 95% CI, 0.60–1.04); regular NSAID use for 
10 or more years produced a 28% reduction (RR, 0.72; CI, 0.56–0.91), and there 
was a statistically significant inverse linear trend of breast cancer incidence with 
the duration of NSAID use (P < 0.01). The estimated risk reduction for long-term 
use of ibuprofen (RR, 0.51; CI, 0.28–0.96) was greater than for aspirin (RR, 0.79; 
CI, 0.60–1.03). Subgroup analysis by breast cancer risk factors did not result in 
effect modification. Regular use of acetaminophen (an analgesic agent with little or 
no anti-inflammatory activity) or low-dose aspirin (<100 mg) was unrelated to the 
incidence of breast cancer.”

Depression and Cardiovascular Sequelae 

Wassertheil-
Smoller 
et al., 2004

“Current depressive symptoms above the screening cutoff point were reported by 
15.8% of women. Depression was significantly related to CVD risk and comorbidity 
(odds ratios ranging from 1.12 for hypertension to 1.60 for history of stroke or 
angina). Among women with no history of CVD, depression was an independent 
predictor of CVD death (relative risk, 1.50) and all-cause mortality (relative risk, 
1.32) after adjustment for age, race, education, income, diabetes, hypertension, 
smoking, high cholesterol level requiring medication, body mass index, and physical 
activity. Taking antidepressant medications did not alter the depression-associated 
risks associated.”
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Exercise and Coronary Events

Manson 
et al., 2002

“An increasing physical-activity score had a strong, graded, inverse association with 
the risk of both coronary events and total cardiovascular events. There were similar 
findings among white women and black women. Women in increasing quintiles 
of energy expenditure measured in metabolic equivalents (the MET score) had 
age-adjusted relative risks of coronary events of 1.00, 0.73, 0.69, 0.68, and 0.47, 
respectively (P for trend, < 0.001). In multivariate analyses, the inverse gradient 
between the total MET score and the risk of cardiovascular events remained strong 
(adjusted relative risks for increasing quintiles, 1.00, 0.89, 0.81, 0.78, and 0.72, 
respectively; P for trend < 0.001). Walking and vigorous exercise were associated 
with similar risk reductions, and the results did not vary substantially according to 
race, age, or body-mass index. A brisker walking pace and fewer hours spent sitting 
daily also predicted lower risk.”

High Blood Pressure and Its Treatment

Wassertheil-
Smoller 
et al., 2000

“Overall, 37.8% of participants had hypertension, which is defined as systolic 
blood pressure ≥ 140 mm Hg and/or diastolic blood pressure ≥ 90 mm Hg or 
being on medication for high blood pressure; 64.3% were treated with drugs, 
and blood pressure was controlled in only 36.1% of the hypertensive women, 
with lower rates of control in the oldest group. After adjustment for multiple 
covariates, current hormone users had higher prevalence than did nonusers 
(odds ratio 1.25). Hypertensive women had more comorbid conditions than did 
nonhypertensive women, and women with comorbidities were more likely to be 
treated pharmacologically. Diuretics were used by 44.3% of hypertensives either as 
monotherapy or in combination with other drug classes. As monotherapy, calcium 
channel blockers were used in 16%, angiotensin-converting enzyme inhibitors in 
14%, β-blockers in 9%, and diuretics in 14% of the hypertensive women. Diuretics 
as monotherapy were associated with better blood pressure control than any of the 
other drug classes as monotherapy.”

Hormone Therapy and Inflammatory, Hemostatic, and Lipid Biomarkers of Coronary 
Heart Disease

Langer 
et al., 2005

Postmenopausal hormone therapy (PHT) “was associated with higher CRP, HDL 
and triglycerides, and lower tPA-antigen and homocysteine. CRP was highest in 
users of unopposed conjugated equine estrogen. Levels of IL-6, sICAM-1, D-dimer 
and total cholesterol did not differ between PHT users and non-users. Transdermal 
estrogen users had low levels of D-dimer and CRP. Among users of estrogen plus 
progestin (EP), CRP, IL-6, tPA-antigen, D-dimer, total cholesterol and triglycerides 
were higher in women with incident coronary events than controls. Estrogen alone 
(E) controls shared only the tPA-antigen association, but had higher HDL and lower 
LDL than E cases. In non-users CRP, tPA-antigen and D-dimer were associated 
with incident CHD. In summary, risk markers differed by PHT category. Some 
associations differed between women with and without incident CHD, especially for 
EP, where inflammatory and thrombotic markers were higher in cases.”

TABLE C-6 Continued

continued
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Insurance Coverage and Cancer Screening

Hsia et al., 
2000

“Positive determinants of reporting cancer screening were age, ethnic origin, 
household income, educational level, family history of cancer, having a usual care 
provider, time since last provider visit, and insurance status and type. Smoking, 
diabetes, and, among older women, prior cardiovascular events were negative 
determinants of cancer screening. Among women younger than 65, lacking health 
insurance or having fee-for-service insurance was strongly associated with failure to 
report cancer screening, independently of having or using a usual care provider and 
of demographics, self-perceived health, and health characteristics. Among women 65 
and older, those with Medicare alone were less likely, whereas those with Medicare 
+ prepaid insurance were more likely, to report cancer screening.”

Mammography Use

Bush and 
Langer, 
1998

Among post-menopausal women at the San Diego Women’s Health Initiative center, 
“bivariate analysis indicated that the following factors were all strongly associated 
with women having had a mammogram in the previous two years: having health 
insurance, a regular medical provider, an annual household income greater than 
$20,000, and a high-school diploma, as well as being 65 years or older or white (P 
< 0.001). Multiple logistic regression analysis demonstrated that, when adjusting for 
all of these factors, having a medical provider (P < 0.001) was significant. Having 
insurance (P = 0.04) was suggestive, but did not meet the multiple-comparisons 
significance cutoff of P = 0.006. After adjusting for the above factors, it was found 
that ethnicity was not significant.”

Physical Activity and Breast Cancer Risk

McTiernan 
et al., 2003

“The study documented 1,780 newly diagnosed cases of breast cancer over a mean 
follow-up of 4.7 years. Compared with less active women, women who engaged 
in regular strenuous physical activity at age 35 years had a 14% decreased risk of 
breast cancer (relative risk [RR], 0.86; 95% confidence interval [CI], 0.78–0.95). 
Similar but attenuated findings were observed for strenuous physical activity at 
ages 18 years and 50 years. An increasing total current physical activity score was 
associated with a reduced risk for breast cancer (P = .03 for trend). Women who 
engaged in the equivalent of 1.25 to 2.5 hours per week of brisk walking had an 
18% decreased risk of breast cancer (RR, 0.82; 95% CI, 0.68–0.97) compared with 
inactive women. Slightly greater reduction in risk was observed for women who 
engaged in the equivalent of 10 hours or more per week of brisk walking. The effect 
of exercise was most pronounced in women in the lowest tertile of body mass index 
(BMI) (< 24.1), but also was observed for women in the middle tertile of BMI 
(24.1–28.4).”

TABLE C-6 Continued
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Self-Reported Osteoarthritis, Ethnicity, Body-Mass Index, and Other Associated Risk 
Factors

Wright 
et al., 2008

“Forty-four percent of the participants reported OA. Older age (odds ratio 
(OR)(70–79 vs 50–59) = 2.69, 95% confidence interval (CI) = 2.60–2.78) and higher 
body mass index (BMI) (OR[BMI ≥ 40.0 vs < 24.9] = 2.80, 95% CI = 2.63–2.99) 
were found to be the strongest risk factors associated with self-reported OA. The 
prevalence of obesity (BMI ≥30.0) was 57.9% in African Americans, 51.0% in 
American Indians, 41.9% in Hispanic whites, and 32.9% in non-Hispanic whites. 
The prevalence of other major OA risk factors was higher in African-American, 
American-Indian, and Hispanic white women than in non-Hispanic white women. 
Non-Hispanic white women who were in the extreme obese category (BMI ≥ 40.0 
kg/m(2)) had a 2.80 times (95% CI = 2.63, 2.99) greater odds of self-reported OA. 
The odds were even higher in American-Indian (OR = 4.22, 95% CI = 1.82, 9.77) 
and African-American (OR = 3.31, 95% CI = 2.79, 3.91) women, indicating a 
significant interactive effect of BMI and ethnicity on odds of OA.”

Sleep Habits

Kripke 
et al., 2001

Among a sample of observational study and clinical trial participants, less than 27 
percent of women overall reported sleeping 8 hours or more each night. Women 
who reported they were retired or unemployed slept only 6 to 12 minutes more than 
those who were employed. The majority of participants reported waking up several 
times a night and waking up earlier than planned. Napping increased dramatically 
in postmenopausal women from age 50–54 to age 75–79, but other sleep symptoms 
were not strongly age-related. Participants who reported sleeping 9 or 10 hours 
a night, or 6 hours or less a night, were more obese and more depressed than 
participants who reported sleeping between 7 and 8 hours a night.

Statin Use, Broken Bones, and Bone Density

LaCroix 
et al., 2003 

“Age-adjusted rates of hip, lower arm or wrist, and other clinical fractures were 
similar between statin users and nonusers regardless of duration of statin use. The 
multivariate-adjusted hazard ratios for current statin use were 1.22 (95% CI, 0.83 
to 1.81) for hip fracture, 1.04 (CI, 0.85 to 1.27) for lower arm or wrist fracture, 
and 1.11 (CI, 1.00 to 1.22) for other clinical fracture. Bone density levels did 
not statistically differ between statin users and nonusers at any skeletal site after 
adjustment for age, ethnicity, body mass index, and other factors.”

ABBREVIATIONS: β, Beta; BMI, body mass index; CI, confidence interval; CRP, C-reactive protein; 
CVD, cardiovascular disease; E, estrogen alone; EP, estrogen plus progesterone; g/d, grams/day; HDL, 
high-density lipoprotein; Hg, mercury; HR, hazard ratio; HRT, hormone replacement therapy; LDL, low-
density lipoprotein; MET, metabolic equivalents; NSAID, nonsteroidal anti-inflammatory drug; OA, 
older age; OR, odds ratio; PHT, postmenopausal hormone therapy; RR, relative risk; tPA, tissue 
plasminogen activator antigen.

TABLE C-6 Continued



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

In the community prevention study, eight university-based prevention centers 
conducted and evaluated health programs that encouraged women of all races and 
socioeconomic backgrounds to adopt healthful behaviors, such as improved diet, 
nutritional supplementation, smoking cessation, exercise, and early detection of 
treatable health problems. Programs were in the following:

1. reduction of cardiovascular-disease risk among black women,
2. environmental and policy interventions to increase physical activity in 

minority-group women ages 40–75 years old,
3. peer-support intervention for cardiovascular-disease risk in black women 

40 years old and older,
4. assessment of the effectiveness of a brief medical-provider educational 

intervention for osteoporosis in minority-group women 40 years old and 
older,

5. improvement of the delivery of diabetes care to minority-group women, 
and

6. assessment of moderate physical activity in women.

WOMEN’S HEALTH STUDY

Study Objective and Design

The Women’s Health Study (WHS) was a randomized, double-blind, placebo-
controlled trial. Its purpose was to evaluate the effects of vitamin E and low-dose 
aspirin in primary prevention of cardiovascular disease and cancer in apparently 
healthy women. The primary end point was a reduction in the risk of all impor-
tant vascular events (a combined end point of nonfatal myocardial infarction, 
nonfatal stroke, and total cardiovascular death) and a decrease in the incidence 
of total malignant neoplasms of epithelial-cell origin. Secondary end points were 
individual components of the combined end points.

The study began in September 1991 and the final data-collection date for the 
primary outcome measures was March 2009.

The WHS originally had a component to test the effects of beta-carotene. 
That was terminated in 1996, after an average of 22.8 months of followup, 
because results from the Physician’s Health Study (which included male physi-
cians) and two other trials indicated no effect (benefit or harm) of long-term 
supplementation with beta-carotene with respect to the prevention of cancer or 
cardiovascular disease in the study participants.

Participant Enrollment

From September 1992 to May 1995, about 1.75 million female health pro-
fessionals were contacted by mail to determine whether they were eligible for 
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the study. Eligible participants were women 45 years old and older who had no 
history of cardiovascular disease or cancer (other than nonmelanoma skin cancer) 
or contraindications to aspirin or vitamin E. The women either were postmeno-
pausal or had no intention of becoming pregnant. A 3-month run-in phase was 
performed to screen out participants whose compliance was poor. Randomiza-
tion, which began in February 1993 and ended in January 1996, was stratified 
on 5-year age groups. A total of 39,876 women were randomized into one of the 
four study arms:

1. Experimental—vitamin E (600 IU every other day) and aspirin (100 mg 
every other day)

2. Active comparator—vitamin E (600 IU every other day) and placebo
3. Active comparator—placebo and aspirin (100 mg every other day)
4. Placebo comparator—placebo and placebo

Data Collection

Information on baseline characteristics (such as age, profession, race or 
ethnicity, smoking, physical activity, and hormone and vitamin use) was as-
certained from the baseline and run-in questionnaires. Thereafter, every 6–12 
months, participants randomized into the study received a supply of pills in 
calendar packs containing, on alternate days, white tablets (100 mg of aspirin or 
placebo) and amber capsules (600 IU of vitamin E or placebo), and a followup 
questionnaire on compliance, the use of other medications, occurrence of major 
illnesses or adverse effects, and other risk-factor information. A baseline food-
frequency questionnaire was completed and returned by 39,345 of the random-
ized participants.

Prerandomization blood samples from 28,345 women were frozen and stored 
for genetic analysis. Study investigators planned to use the blood to develop im-
proved prediction scores for total and specific cardiovascular-disease outcomes 
based not only on traditional risk factors but on novel plasma and genetic mark-
ers. They also planned to develop prediction scores for health conditions that are 
major cardiovascular-disease risk factors (including type-2 diabetes, hyperten-
sion, and the metabolic syndrome) and to evaluate genotype–phenotype interac-
tions and interactions between traditional and novel cardiovascular-disease risk 
factors in the prediction of cardiovascular-disease events.

Findings

The findings from the WHS are summarized in Tables C-7 and C-8.
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TABLE C-7 Publications on Main Findings of the Women’s Health Study

Low-Dose Aspirin

Cook et al., 2005 Cancer: During more than 10 years followup, a total of 2,865 cases of 
invasive cancer were confirmed. “Of these, 1,230 were breast cancer 
(43 percent), 269 were colorectal cancer (nine percent), and 205 were 
lung cancer (seven percent) with no statistically significant difference in 
occurrences between the aspirin and placebo groups except for a trend 
towards reduction in lung cancer in the active aspirin group.”
Cardio�ascular Disease: “Regular, low-dose aspirin therapy reduced 
the risk of stroke by 17 percent, but did not decrease heart attacks or 
cardiovascular deaths among all women. However, in a subgroup of 
women 65 years and older, aspirin did reduce the risks of developing 
overall cardiovascular disease, ischemic stroke, and heart attack.”

Vitamin E

Lee et al., 2005 Cancer: “There was no significant effect on the incidences of total 
cancer (1,437 cases in the vitamin E group and 1,428 in the placebo 
group; RR, 1.01; 95% CI, 0.94–1.08; P = .87) or breast (RR, 1.00; 95% 
CI, 0.90–1.12; P = .95), lung (RR, 1.09; 95% CI, 0.83–1.44; P = .52), or 
colon cancers (RR, 1.00; 95% CI, 0.77–1.31; P = .99). Cancer deaths did 
not differ significantly between groups”
Cardio�ascular Disease: “During follow-up, there were 482 major 
cardiovascular events in the vitamin E group and 517 in the placebo 
group, a nonsignificant 7% risk reduction (relative risk [RR], 0.93; 95% 
confidence interval [CI], 0.82–1.05; P = .26). There were no significant 
effects on the incidences of myocardial infarction (RR, 1.01; 95% CI, 
0.82–1.23; P = .96) or stroke (RR, 0.98; 95% CI, 0.82–1.17; P = .82), as 
well as ischemic or hemorrhagic stroke. For cardiovascular death, there 
was a significant 24% reduction (RR, 0.76; 95% CI, 0.59–0.98; P = .03). 

ABBREVIATIONS: CI, confidence interval; RR, relative risk.
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TABLE C-8 Publications on Findings of the Women’s Health Study by 
Outcome

Atrial Fibrillation (AF)

Conen et al., 
2009

“A total of 34,221 women in the Women’s Health Study were prospectively 
followed up for incident AF. . . . During 12.4 years of follow-up, 644 incident 
AF events occurred. Using BP measurements at baseline, we discovered that the 
long-term risk of AF was significantly increased across categories of systolic 
and diastolic BP. Multivariable-adjusted hazard ratios for systolic BP categories 
(< 120, 120 to 129, 130 to 139, 140 to 159, and ≥ 160 mm Hg) were 1.0, 1.00 
(95% CI, 0.78 to 1.28), 1.28 (95% CI, 1.00 to 1.63), 1.56 (95% CI, 1.22 to 2.01), 
and 2.74 (95% CI, 1.77 to 4.22) (P for trend < 0.0001). Adjusted hazard ratios 
across baseline diastolic BP categories (< 65, 65 to 74, 75 to 84, 85 to 89, 90 to 
94, and ≥ 95 mm Hg) were 1.0, 1.17 (95% CI, 0.81 to 1.69), 1.18 (95% CI, 0.84 to 
1.65), 1.53 (95% CI, 1.05 to 2.23), 1.35 (95% CI, 0.82 to 2.22), and 2.15 (95% CI, 
1.21 to 3.84) (P for trend = 0.004). When BP changes over time were accounted 
for in updated models, multivariable-adjusted hazard ratios were 1.0, 1.14 (95% 
CI, 0.89 to 1.46), 1.37 (95% CI, 1.07 to 1.76), 1.71 (95% CI, 1.33 to 2.21), and 
2.21 (95% CI, 1.45 to 3.36) (P for trend < 0.0001) for systolic BP categories and 
1.0, 1.12 (95% CI, 0.82 to 1.52), 1.13 (95% CI, 0.83 to 1.52), 1.30 (95% CI, 0.89 
to 1.88), 1.50 (95% CI, 1.01 to 1.88), and 1.54 (95% CI, 0.75 to 3.14) (P for trend 
= 0.026) for diastolic BP categories.”

Breast Cancer

Estrogen + Progestin Hormone Replacement Therapy and Breast Cancer

Porch et al., 
2002

Breast cancer occurred in 411 of 17,835 postmenopausal women followed for 
an average of 5.9 years. “The multivariate relative risks of all breast cancer 
associated with never use of PMH, use of estrogen replacement therapy (ERT), 
and use of estrogen-progestin replacement therapy (HRT) were 1.00 (referent), 
0.96 (95% CI 0.65–1.42), and 1.37 (95% CI 1.05–1.78). The increase in risk 
among users of HRT was largely limited to those women who had used estrogen-
progestin replacement therapy for five years or more, and to those women who 
were on continuous rather than cyclic progestin combinations. Higher doses of 
estrogen, but not progestin, were associated with increased breast cancer risk, 
compared with lower doses.”

continued
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Glycemic Load and Breast Cancer

Higginbotham 
et al., 2004a

“During a mean of 6.8 years of follow-up there were 946 confirmed cases of 
breast cancer” among 39,876 women. The authors “found no association between 
dietary GL [multivariable-adjusted relative risk (RR), 1.01; confidence interval 
(CI), 0.76–1.35, comparing extreme quintiles; P for trend = 0.96] or overall GI 
(corresponding RR, 1.03; CI, 0.84–1.28; P for trend = 0.66) and breast cancer risk 
in the cohort as a whole. Exploratory analyses stratified by baseline measurements 
of menopausal status, physical activity, smoking history, alcohol use, and history 
of diabetes mellitus, hypertension, or hypercholesterolemia showed no significant 
associations, except in the subgroup of women who were premenopausal and 
reported low levels of physical activity (GL multivariable-adjusted RR, 2.35; CI, 
1.03–5.37; P for trend = 0.07; GI multivariable-adjusted RR, 1.56; CI, 0.88–2.78; 
P for trend = 0.02, comparing extreme quintiles).”

Lifetime Physical Acti�ity and Breast Cancer

Lee et al., 
2001a

Included 394 women with breast cancer and 788 control women. “After 
controlling for potential confounders, the odds ratios (95% confidence intervals) 
for increasing quartiles of lifetime physical activity were 1.00 (referent), 0.91 
(0.60–1.37), 0.91 (0.60–1.39), and 1.10 (0.73–1.67), respectively; P, trend = 0.47. 
We also separately examined physical activity at ages 12–18, 19–34, 35–49 and 
≥50 years; no significant trends were observed in any age group. These data do 
not support a role of physical activity in preventing breast cancer.”

Physical Acti�ity and Breast Cancer

Lee et al., 
2001b 

Among 39,322 women followed for an average of 48 months, 411 “women 
developed breast cancer, with 222 positive for both estrogen and progesterone 
receptors. Among all women the multivariate relative risks of all breast cancer 
associated with < 840, 840–2519, 2520–6299, and ≥ 6300 kJ/week expended 
on recreational activities and stair climbing were 1.00 (referent), 1.04 (95% 
confidence interval, 0.77–1.40), 0.86 (0.64–1.17), and 0.80 (0.58–1.12), 
respectively; p-trend = 0.11. However, among postmenopausal women there was a 
significant inverse trend for all breast cancer; the corresponding relative risks were 
1.0 (referent), 0.97 (0.68–1.4), 0.78 (0.54–1.1), and 0.67 (0.44–1.0), respectively; 
p-trend = 0.03. Physical activity was unrelated to breast cancers positive for 
both estrogen and progesterone receptors either among all or postmenopausal 
women (p-trend = 0.50 and 0.26, respectively). When we assessed only vigorous 
recreational activity, requiring ≥6 METs or multiples of resting metabolic rate, we 
observed no significant associations with all or steroid hormone receptor positive 
breast cancer, either among all or postmenospausal women.”

TABLE C-8 Continued
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C-Reactive Protein

Alcohol and High-Sensiti�ity C-Reacti�e Protein

Levitan et al., 
2005 

“Plasma concentrations of hs-CRP were measured in 11,815 participants in the 
WHS who had never used postmenopausal hormones. . . . Alcohol consumption 
had an inverse association with geometric mean hs-CRP concentrations 
(nondrinkers 1.43 mg/L, 0.1 to 6 g alcohol/day 1.37 mg/L, 6.1 to 12 g alcohol/day 
1.29 mg/L, > 12 g alcohol/day 1.28 mg/L, p for trend = 0.003). In age-adjusted 
analyses, beverage preference was a significant predictor of geometric mean hs-
CRP concentration. However, after adjustment for body mass index (BMI), beer 
drinkers who consumed 6.1 to 12 g alcohol/day had a geometric mean hs-CRP 
concentration of 1.03 mg/L, wine drinkers 1.09 mg/L, liquor drinkers 1.28 mg/L, 
and combination drinkers 1.09 mg/L (p = 0.43). The association between alcohol 
and hs-CRP concentration appears to be mediated primarily by ethanol and was 
independent of the type of alcoholic beverage consumed once BMI was taken into 
account.”

C-Reacti�e Protein Le�els in Various Ethnic Groups

Albert et al., 
2004

“The distribution of C-reactive protein (CRP) levels was compared among 
24,455 white, 475 black, 357 Asian, and 254 Hispanic Women’s Health Study 
participants. Median CRP levels were significantly higher among black women 
(2.96 mg/L, interquartile range [IQR] 1.19 to 5.86) than among their white 
(2.02 mg/L, IQR 0.81 to 4.37), Hispanic (2.06 mg/L, IQR 0.88 to 4.88), and 
Asian (1.12 mg/L, IQR 0.48 to 2.25) counterparts. As expected, women taking 
hormone replacement therapy had higher baseline CRP levels than women not 
taking hormone replacement therapy. No differences in low-density lipoprotein 
cholesterol or total cholesterol levels were observed between ethnic groups. In 
multivariate regression models, body mass index was a significant (p <0.001) 
predictor of elevated CRP concentrations among all race/ethnic groups, and 
control for body mass index substantially attenuated the differences noted in CRP 
levels across race/ethnic groups, particularly among black women. Control for 
all measured modifiable risk factors for cardiovascular disease did not entirely 
explain CRP differences. Among these women, the distribution of CRP levels 
varied significantly between the various race/ethnic groups.

Clinical Usefulness of Very High or Low C-Reacti�e Protein Concentrations Across Range of 
Framingham Risk Scores

Ridker and 
Cook, 2004

“Baseline levels of hsCRP were evaluated among 27,939 women who were 
followed up for myocardial infarction, stroke, coronary revascularization, or 
cardiovascular death. Crude and Framingham Risk Score (FRS)-adjusted relative 
risks (RRs) of incident cardiovascular events were calculated across a full range 
of hsCRP levels. Cardiovascular risks increased linearly from the very lowest 
(referent) to the very highest levels of hsCRP. Crude RRs for those with baseline 
hsCRP levels of < 0.5, 0.5 to < 1.0, 1.0 to < 2.0, 2.0 to < 3.0, 3.0 to < 4.0, 4.0 to 
< 5.0, 5.0 to < 10.0, 10.0 to < 20.0, and ≥ 20.0 mg/L were 1.0, 2.2, 2.5, 3.1, 3.7, 
4.2, 4.9, 6.3, and 7.6, respectively (P for trend < 0.001). After adjustment for FRS, 
these risks were 1.0, 1.6, 1.6, 1.7, 1.9, 2.2, 2.3, 2.8, and 3.1 (P for trend < 0.001). 
All risk estimates remained significant in analyses stratified by FRS and after 
control for diabetes. Of the total cohort, 15.1% had hsCRP <0.50 mg/L, and 5.4% 
had hsCRP >10.0 mg/L.”
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Glycemic Load and High-Sensiti�ity C-Reacti�e Protein

Liu et al., 
2002b

In 244 women, the authors “found a strong and statistically significant positive 
association between dietary glycemic load and plasma hs-CRP. The median hs-
CRP concentration for the lowest quintile of dietary glycemic load was 1.9 mg/L 
and for the highest quintile was 3.7 mg/L; corresponding multivariate-adjusted 
geometric means were 1.4 and 3.8 mg/L, respectively (P for trend < 0.01). This 
association was significantly modified by BMI. Among women with a BMI ≥ 
25, the multivariate-adjusted geometric mean hs-CRP concentration in the lowest 
quintile was 1.6 mg/L and in the highest quintile was 5.0 mg/L; however, among 
women with a BMI < 25, the corresponding means were 1.1 and 3.1 mg/L, 
respectively (P = 0.01 for interaction).”

Hormone Replacement Therapy and Plasma C-Reacti�e Protein

Ridker et al., 
1999c

“CRP levels were evaluated in a cross-sectional survey of 493 healthy 
postmenopausal women; mean age was 51 years. Overall, median CRP levels were 
2 times higher among women taking HRT than among women not taking HRT 
(0.27 versus 0.14 mg/dL; P = 0.001). This difference was present in all subgroups 
evaluated, including those with no history of hypertension, hyperlipidemia, 
obesity, diabetes, or cigarette consumption or a family history of premature 
coronary artery disease (all P< 0.01). Compared with nonusers of HRT, median 
CRP levels were higher among women using estrogen alone (P = 0.003) and 
women using estrogen plus progesterone (P = 0.03); however, there was no 
significant difference in CRP levels between users of different HRT preparations. 
In multivariate analysis, the relationship between HRT use and CRP remained 
significant after control for body mass index, age, diabetes, hypertension, 
hyperlipidemia, alcohol use, and cigarette consumption (P = 0.001).”

Sex Hormone-Binding Globulin and Serum Testosterone and C-Reacti�e Protein Concentrations

Joffe et al., 
2006

C-reactive protein (CRP), sex hormone-binding globulin (SHBG), estradiol, and 
total testosterone were measured using baseline bloods of 221 hormone therapy 
(HT)-nonusers and 162 HT-users from a cross-sectional analysis in a nested case-
control sample of the WHS. ln-SHBG (beta = –0.40; p < 0.01) and ln-testosterone 
(beta = –0.24; p = 0.04) were the only independent hormonal predictors of ln-CRP 
among HT-nonusers after adjusting for age, hypertension, smoking, body mass 
index, diabetes, exercise, HDL cholesterol, alcohol intake, and CVD occurrence 
during follow-up. Upon stratification, the association between ln-SHBG and 
ln-CRP persisted among HT nonusers who subsequently developed CVD (beta 
= –0.55; p = 0.01), but not among women who remained CVD-free (p = 0.28). 
The inverse relationship between ln-SHBG and ln-CRP was strongest among the 
leanest women. None of the sex-hormones predicted ln-CRP among HT-users.
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Total and Abdominal Adiposity and C-Reacti�e Protein and Interleukin-�

Rexrode 
et al., 2003b 

In a sample of 733 women in WHS, “BMI, WHR, and WC were all significantly 
correlated with C-reactive protein (CRP) and IL-6, throughout the anthropometric 
spectrum. After adjustment for risk factors, the odds ratios (ORs) were 12.2 (95% 
CI, 6.44–23.0) for elevated CRP (≥ 75th percentile) and 4.13 (95% CI, 2.37–7.18) 
for elevated IL-6 (≥ 75th percentile) in comparisons of extreme BMI quartiles. 
Among women in the highest WC quartile, the OR for elevated CRP and IL-6 
were 8.57 (95% CI, 4.59–16.0) and 4.40 (95% CI, 2.46–7.89), while ORs for 
the highest WHR quartile were 2.88 (95% CI, 1.60–5.19) and 1.76 (95% CI, 
1.03–3.01), respectively. Compared with lean nonusers, women in the highest 
BMI quartile who did not use hormone therapy (HT) had an OR for elevated CRP 
of 7.79 (95% CI, 2.08–29.2) vs 31.6 (95% CI, 7.97–125.6) for current hormone 
users.”

Cancer (All Sites)

Low-Dose Aspirin and Cancer

Cook et al., 
2005

In 39,876 women “without previous history of cancer, cardiovascular disease, 
or other major chronic illness followed up for an average of 10.1 years. . . . No 
effect of aspirin was observed on total cancer (n = 2,865; relative risk [RR], 1.01; 
95% confidence interval [CI], 0.94–1.08; P = .87), breast cancer (n = 1,230; RR, 
0.98; 95% CI, 0.87–1.09; P = .68), colorectal cancer (n = 269; RR, 0.97; 95% CI, 
0.77–1.24; P = .83), or cancer of any other site, with the exception of lung cancer 
for which there was a trend toward reduction in risk (n = 205; RR, 0.78; 95% 
CI, 0.59–1.03; P = .08). There was also no reduction in cancer mortality either 
overall (n = 583; RR, 0.95; 95% CI, 0.81–1.11; P = .51) or by site, except for lung 
cancer mortality (n = 140; RR, 0.70; 95% CI, 0.50–0.99; P = .04). No evidence of 
differential effects of aspirin by follow-up time or interaction with vitamin E was 
found.”

Cancer and Cardiovascular Disease

Beta-Carotene and Cancer and Cardio�ascular Disease

Lee et al., 
1999

Among women randomly assigned to receive beta-carotene (50 mg on alternate 
days; n = 19 939) or placebo (n = 19 937), there were no statistically significant 
differences in incidence of cancer, cardiovascular disease, or total mortality after 
a median of 4.1 years (2.1 years’ treatment plus another 2.0 years’ followup). 
There were 378 cancers in the beta-carotene group and 369 cancers in the placebo 
group (relative risk [RR] = 1.03; 95% confidence interval [CI] = 0.89–1. 18). 
There were no statistically significant differences for any site-specific cancer or 
during years 1 and 2 combined and years 3 and up combined. For cardiovascular 
disease, there were no statistically significant differences for myocardial infarction 
(42 in the beta-carotene group versus 50 in the placebo group), stroke (61 versus 
43), deaths from cardiovascular causes (14 versus 12), or the combined end point 
of these three events (116 versus 102; among women with more than one event, 
only the first was counted). Deaths from any cause were similar in the two groups 
(59 versus 55). Among smokers at baseline (13% of all women), there were no 
statistically significant differences in overall incidence of cancer (RR = 1.11; 95% 
CI = 0.78–1.58) or cardiovascular disease (RR = 1.01; 95% CI = 0. 62–1.63).
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Lee et al., 
2002 

“In a nested case–control study of 513 women with cancer; 130 with 
cardiovascular disease and equal numbers of controls,” the authors “found no 
effect of randomised beta-carotene on risk of cancer or cardiovascular disease 
within any quartile of baseline plasma beta-carotene, nor was there a trend across 
quartiles (P for trend 0.15 and 0.62, respectively).”

Vitamin E and Cancer and Cardio�ascular Disease

Lee et al., 
2005 

In 39,876 women followed up for an average of 10.1 years, “there were 482 major 
cardiovascular events in the vitamin E group and 517 in the placebo group, a 
nonsignificant 7% risk reduction (relative risk [RR], 0.93; 95% confidence interval 
[CI], 0.82–1.05; P = .26). There were no significant effects on the incidences 
of myocardial infarction (RR, 1.01; 95% CI, 0.82–1.23; P = .96) or stroke (RR, 
0.98; 95% CI, 0.82–1.17; P = .82), as well as ischemic or hemorrhagic stroke. 
For cardiovascular death, there was a significant 24% reduction (RR, 0.76; 95% 
CI, 0.59–0.98; P = .03). There was no significant effect on the incidences of 
total cancer (1437 cases in the vitamin E group and 1428 in the placebo group; 
RR, 1.01; 95% CI, 0.94–1.08; P = .87) or breast (RR, 1.00; 95% CI, 0.90–1.12; 
P = .95), lung (RR, 1.09; 95% CI, 0.83–1.44; P = .52), or colon cancers (RR, 
1.00; 95% CI, 0.77–1.31; P = .99). Cancer deaths also did not differ significantly 
between groups. There was no significant effect of vitamin E on total mortality 
(636 in the vitamin E group and 615 in the placebo group; RR, 1.04; 95% CI, 
0.93–1.16; P = .53).”

Cardiovascular Disease

Baseline IgG Antibody Titers to Chlamydia neumoniae, Helicobacter pylori, Herpes Simplex 
Virus, and Cytomegalo�irus and Cardio�ascular Disease

Ridker et al., 
1999a

“IgG antibody titers against C. pneumoniae, H. pylori, herpes simplex virus, 
and cytomegalovirus were measured in baseline blood samples obtained from 
122 study participants who subsequently reported a first cardiovascular event 
(case–patients) and 244 participants matched for age and smoking status who did 
not report a cardiovascular event (controls) during 3 years of follow-up.” “Little 
evidence was found of an association between risk for cardiovascular events and 
baseline IgG seropositivity for antibodies against C. pneumoniae (rate ratio, 1.1 
[95% CI, 0.7 to 1.8]), H. pylori (rate ratio, 0.90 [CI, 0.6 to 1.4]), herpes simplex 
virus (rate ratio, 1.2 [CI, 0.6 to 2.1]), and cytomegalovirus (rate ratio, 0.9 [CI, 
0.6 to 1.5]). In addition, there was little evidence of an association between a 
participant’s total number of infections and subsequent cardiovascular risk  
(P > 0.2).”
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Blood Pressure, C-Reacti�e Protein, and Cardio�ascular E�ents

Blake et al., 
2003

“Among 15,215 women followed prospectively over a median of 8.1 years. In 
cross-sectional analyses at baseline, median levels of CRP for women with blood 
pressure < 120/75, 120 to 129/75 to 84, 130 to 139/85 to 89, 140 to 159/90 to 94, 
and ≥ 160/95 mm Hg were 0.96, 1.42, 2.20, 2.82, and 3.34 mg/L, respectively 
(P for trend < 0.0001). Increasing categories of blood pressure were significant 
predictors of CRP levels at baseline. In prospective analyses, both elevated CRP 
levels (≥ 3 mg/L) and increasing categories of blood pressure were independent 
determinants of future cardiovascular events, and CRP had incremental prognostic 
value at all levels of blood pressure. The adjusted hazard ratio for women with 
blood pressure ≥ 160/95 mm Hg and CRP levels ≥3 mg/L was 8.31 (95% CI, 
4.44 to 15.55, P < 0.0001) compared with those with blood pressure <120/75 and 
CRP levels < 3 mg/L. After participants had been divided into 4 groups on the 
basis of CRP levels (< 3 or ≥ 3 mg/L) and blood pressure levels (< 130/85 or ≥ 
130/85), the risk factor-adjusted hazard ratios were as follows: low CRP/low blood 
pressure, 1.0; high CRP/low blood pressure, 1.87 (P = 0.002); low CRP/high 
blood pressure, 2.54 (P < 0.0001); and high CRP/high blood pressure, 3.27 (P < 
0.0001).”

C-Reacti�e Protein, Low-Density Lipoprotein, and First Cardio�ascular E�ent

Ridker et al., 
2002 

“C-reactive protein and LDL cholesterol were measured at base line in 27,939 
apparently health American women, who were then followed for a mean of eight 
years for the occurrence of myocardial infarction, ischemic stroke, coronary 
revascularization, or death from cardiovascular causes.” “Although C-reactive 
protein and LDL cholesterol were minimally correlated (r = 0.08), base-line levels 
of each had a strong linear relation with the incidence of cardiovascular events. 
After adjustment for age, smoking status, the presence or absence of diabetes 
mellitus, categorical levels of blood pressure, and use or nonuse of hormone-
replacement therapy, the relative risks of first cardiovascular events according to 
increasing quintiles of C-reactive protein, as compared with the women in the 
lowest quintile, were 1.4, 1.6, 2.0, and 2.3 (P < 0.001), whereas the corresponding 
relative risks in increasing quintiles of LDL cholesterol, as compared with the 
lowest, were 0.9, 1.1, 1.3, and 1.5 (P < 0.001). Similar effects were observed 
in separate analyses of each component of the composite end point and among 
users and nonusers of hormone-replacement therapy. Overall, 77 percent of all 
events occurred among women with LDL cholesterol levels below 160 mg per 
deciliter (4.14 mmol per liter), and 46 percent occurred among those with LDL 
cholesterol levels below 130 mg per deciliter (3.36 mmol per liter). By contrast, 
because C-reactive protein and LDL cholesterol measurements tended to identify 
different high-risk groups, screening for both biologic markers provided better 
prognostic information than screening for either alone. Independent effects were 
also observed for C-reactive protein in analyses adjusted for all components of the 
Framingham risk score.”
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C-Reacti�e Protein, Metabolic Syndrome, and Cardio�ascular E�ents

Ridker et al., 
2003 

The study population was “14,719 apparently healthy women who were followed 
for an 8-year period for myocardial infarction, stroke, coronary revascularization, 
or cardiovascular death; 24% of the cohort had the metabolic syndrome at 
study entry. At baseline, median CRP levels for those with 0, 1, 2, 3, 4, or 5 
characteristics of the metabolic syndrome were 0.68, 1.09, 1.93, 3.01, 3.88, 
and 5.75 mg/L, respectively (P(trend) < 0.0001). Over the 8-year follow-up, 
cardiovascular event-free survival rates based on CRP levels above or below 3.0 
mg/L were similar to survival rates based on having 3 or more characteristics 
of the metabolic syndrome. At all levels of severity of the metabolic syndrome, 
however, CRP added prognostic information on subsequent risk. For example, 
among those with the metabolic syndrome at study entry, age-adjusted incidence 
rates of future cardiovascular events were 3.4 and 5.9 per 1000 person-years of 
exposure for those with baseline CRP levels less than or greater than 3.0 mg/L, 
respectively. Additive effects for CRP were also observed for those with 4 or 5 
characteristics of the metabolic syndrome. The use of different definitions of the 
metabolic syndrome had minimal impact on these findings.”

C-Reacti�e Protein and Cardio�ascular E�ents

Ridker et al., 
1998a

“CRP was measured in baseline blood samples from 122 participants in the 
Women’s Health Study who subsequently suffered a first cardiovascular event 
and from 244 age- and smoking-matched control subjects who remained free of 
cardiovascular disease during a 3-year follow-up period. Women who developed 
cardiovascular events had higher baseline CRP levels than control subjects (P = 
0.0001), such that those with the highest levels at baseline had a 5-fold increase 
in risk of any vascular event (RR = 4.8; 95% CI, 2.3 to 10.1; P = 0.0001) and 
a 7-fold increase in risk of MI or stroke (RR = 7.3; 95% CI, 2.7 to 19.9; P = 
0.0001). Risk estimates were independent of other risk factors, and prediction 
models that included CRP provided a better method to predict risk than models 
that excluded CRP (all P values <0.01). In stratified analyses, CRP was a predictor 
among subgroups of women with low as well as high risk as defined by other 
cardiovascular risk factors.”
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Ridker et al., 
2000

Among 28,262 women followed for a 3 year period, of “12 markers measured, 
hs-CRP was the strongest univariate predictor of the risk of cardiovascular events; 
the relative risk of events for women in the highest as compared with the lowest 
quartile for this marker was 4.4 (95 percent confidence interval, 2.2 to 8.9). Other 
markers significantly associated with the risk of cardiovascular events were serum 
amyloid A (relative risk for the highest as compared with the lowest quartile, 
3.0), sICAM-1 (2.6), interleukin-6 (2.2), homocysteine (2.0), total cholesterol 
(2.4), LDL cholesterol (2.4), apolipoprotein B-100 (3.4), HDL cholesterol (0.3), 
and the ratio of total cholesterol to HDL cholesterol (3.4). Prediction models 
that incorporated markers of inflammation in addition to lipids were significantly 
better at predicting risk than models based on lipid levels alone (P < 0.001). The 
levels of hs-CRP and serum amyloid A were significant predictors of risk even in 
the subgroup of women with LDL cholesterol levels below 130 mg per deciliter 
(3.4 mmol per liter), the target for primary prevention established by the National 
Cholesterol Education Program. In multivariate analyses, the only plasma markers 
that independently predicted risk were hs-CRP (relative risk for the highest as 
compared with the lowest quartile, 1.5; 95 percent confidence interval, 1.1 to 2.1) 
and the ratio of total cholesterol to HDL cholesterol (relative risk, 1.4; 95 percent 
confidence interval, 1.1 to 1.9).”

C-Reacti�e Protein and Vascular Disease

Rifai et al., 
2002

Study included “643 women who subsequently developed cancer or had 
cardiovascular events and 643 age- and smoking-matched women who remained 
free of either disease during 58-month follow-up.” “Little evidence showed that 
increasing quartiles of baseline CRP predicted incident cancer (adjusted relative 
risks, 1.0, 1.2, 1.1, and 1.3; P for trend > 0.2). In contrast, increasing quartiles 
of baseline CRP were a strong marker of risk for future cardiovascular disease 
(adjusted relative risks, 1.0, 2.9, 3.4, and 5.6; P for trend < 0.001).”

Fiber and Cardio�ascular Disease

Liu et al., 
2002a

“During 230,006 person-years of follow-up, 570 incident cases of CVD were 
documented, including 177 MI. After adjustment for age and randomized 
treatment status, a significant inverse association was observed between dietary 
fiber intake and CVD risk. Comparing the highest quintile of fiber intake (median: 
26.3 g/day) with the lowest quintile (median: 12.5 g/day), the relative risks (RR) 
were 0.65 (95% confidence interval [CI]: 0.51, 0.84) for total CVD and 0.46 (95% 
CI: 0.30, 0.72) for MI. Additional adjustment for CVD risk factors reduced the 
RRs to 0.79 (95% CI: 0.58, 1.09) for total CVD and 0.68 (95% CI: 0.36, 1.22) for 
MI. The inverse trends across categories generally remained, although they were 
no longer statistically significant. Inverse relations were observed between both 
soluble and insoluble fiber and risk of CVD and MI, and among those who had 
never smoked and those with body mass index < 25.”
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Fla�onoids and Cardio�ascular E�ents

Sesso et al., 
2003a

“Women (n = 38,445) free of CVD and cancer participated in a prospective study 
with a mean follow-up of 6.9 y. On the basis of a food-frequency questionnaire, 
total flavonoids and selected flavonols and flavones were categorized into 
quintiles, and food sources were categorized into 4 groups. Relative risks were 
computed for important vascular events (519 events; excluding revascularizations) 
and CVD (729 events), including myocardial infarction, stroke, revascularization, 
and CVD death. The mean flavonoid intake was 24.6 ± 18.5 mg/d, primarily as 
quercetin (70.2%). For both CVD and important vascular events, no significant 
linear trend was observed across quintiles of flavonoid intake (P = 0.63 and 
0.80, respectively). No individual flavonol or flavone was associated with CVD. 
Broccoli and apple consumption were associated with nonsignificant reductions in 
CVD risk: 25–30% and 13–22%, respectively. A small proportion of women (n = 
1185) consuming ≥4 cups (946 mL) tea/d had a reduction in the risk of important 
vascular events but with a nonsignificant linear trend (P = 0.07).”

Fruit and Vegetables and Cardio�ascular Disease

Liu et al., 
2000

After an average of 5 years followup (195,647 person-years) the authors 
documented 418 incident cases of CVD, including 126 myocardial infarctions. 
“After adjustment for age, randomized treatment status, and smoking, we observed 
a significant inverse association between fruit and vegetable intake and CVD risk. 
For increasing quintiles of total fruit and vegetable intake (median servings/d: 
2. 6, 4.1, 5.5, 7.1, and 10.2), the corresponding relative risks (RRs) were 1.0 
(reference), 0.78, 0.72, 0.68, and 0.68 (95% CI comparing the 2 extreme quintiles: 
0.51, 0.92; P: for trend = 0.01). An inverse, though not statistically significant, 
trend remained after additional adjustment for other known CVD risk factors, with 
RRs of 1.0, 0.75, 0.83, 0.80, and 0.85 (95% CI for extreme quintiles: 0.61, 1.17). 
After excluding participants with a self-reported history of diabetes, hypertension, 
or high cholesterol at baseline, the multivariate-adjusted RR was 0.45 when 
extreme quintiles were compared (95% CI: 0.22, 0.91; P: for trend = 0.09). Higher 
fruit and vegetable intake was also associated with a lower risk of MI, with an 
adjusted RR of 0.62 for extreme quintiles (95% CI: 0.37, 1.04; P: for trend = 
0.07).”

TABLE C-8 Continued



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C ���

Hemoglobin A�c Concentration and Cardio�ascular E�ents

Blake et al., 
2004

“The authors identified 464 case patients with incident myocardial infarction, 
stroke, or coronary revascularization and 928 unmatched control subjects who 
remained free of cardiovascular events at case diagnosis. The mean follow-up was 
7 years. Of the overall study population, 136 had a history of diabetes mellitus 
or an overtly elevated baseline A(1c) level (>6.4%) and were excluded from the 
primary analyses. Among women without diabetes mellitus or an elevated baseline 
A(1c) level, mean ± SD baseline levels of A(1c) were significantly higher among 
future cases than controls (5.47% ± 0.27% vs 5.37% ± 0.22%; P < .001). The 
crude relative risks (RRs) of incident cardiovascular events for increasing quartiles 
of A(1c) were 1.00, 0.98, 1.33, and 2.25 (95% confidence interval [CI] for the 
highest vs the lowest quartile, 1.59–3.18). The A(1c) levels correlated with several 
other traditional cardiovascular risk factors, and in fully adjusted models, the 
predictive effect of A(1c) was attenuated and not significant (RR for the highest 
vs the lowest quartile, 1.00; 95% CI, 0.65–1.54). In contrast, in the population 
including women with diabetes mellitus at enrollment, diabetes mellitus (RR, 
4.97; 95% CI, 2.81–8.77) remained a strong independent determinant of 
cardiovascular risk in fully adjusted analyses, while A(1c) levels did not (RR for 
the highest vs the lowest quartile, 1.11; 95% CI, 0.73–1.71).”

High Blood Pressure, Blood-Pressure Progression, and Cardio�ascular E�ents

Conen et al., 
2007

“39,322 initially healthy women were classified into four blood pressure 
categories according to self reported baseline blood pressure and followed for 
a median of 10.2 years.” “982 (2.5%) women developed a major cardiovascular 
event, and 8,686 (30.1%) women without baseline hypertension progressed to 
hypertension. The age adjusted event rate for the primary end point was 1.6/1000 
person years among women with normal blood pressure, 2.9/1000 person years 
among those with high normal blood pressure, and 4.3/1000 person years among 
those with baseline hypertension. Compared with women with high normal blood 
pressure (reference group), those with normal blood pressure had a lower risk of 
a major cardiovascular event (adjusted hazard ratio 0.61, 95% confidence interval 
0.48 to 0.76) and of incident hypertension (0.42, 0.40 to 0.44). The hazard ratio 
for a major cardiovascular event in women with baseline hypertension was 1.30 
(1.08 to 1.57). Women who progressed to hypertension (reference group) during 
the first 48 months of the study had a higher cardiovascular risk than those who 
remained normotensive (adjusted hazard ratio 0.64, 0.50 to 0.81). Women with 
high normal blood pressure at baseline who progressed to hypertension (reference 
group) had similar outcome rates to women with baseline hypertension (adjusted 
hazard ratio 1.17, 0.88 to 1.55).”
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Homocysteine, �,�0-Methylenetetrahydrofolate Reductase ���C > T polymorphism, Nutrient 
Intake, and Cardio�ascular Disease

Zee et al., 
2007

This study “evaluated the associations of homocysteine, methylenetetrahydrofolate 
reductase (MTHFR) 677C>T genotype, and dietary intake of folate/B-vitamins 
with subsequent CVD events in 24,968 women followed for 10 years.” “In 
unadjusted analyses, homocysteine showed moderately strong linear associations 
with CVD, with hazard ratios (95% CI) comparing top with bottom quintiles 
for total CVD of 1.92 (1.55–2.37), myocardial infarction 2.32 (1.52–3.54), and 
ischemic stroke 2.25 (1.45–3.50), all P(trend) < 0.001. These ratios were markedly 
attenuated after adjusting for traditional risk factors and socioeconomic status 
to 1.08 (0.86–1.36), P(trend) = 0.12; 1.20 (0.76–1.87), P(trend) = 0.14; and 1.21 
(0.75–1.94), P(trend) = 0.50, respectively. Homocysteine was associated with 
MTHFR genotype (1.4 micromol/L higher homocysteine for TT vs CC, P < 0.001) 
and inversely with intake of folate, vitamin B(2), B(6), and B(12), all P(trend) < 
0.001. However, there was no association of MTHFR genotype or dietary folate/B-
vitamins with CVD. In addition, there were no gene-diet or gene-homocysteine 
interactions in relation to CVD.”

Homocysteine and Cardio�ascular Disease

Ridker et al., 
1999b

“From a total cohort of 28,263 postmenopausal women with no history of 
cardiovascular disease or cancer at baseline, 122 women who subsequently 
experienced cardiovascular events were defined as cases, and 244 age- and 
smoking status-matched women who remained free of disease during follow-up 
were defined as controls. . . . Of the 122 cases, there were 85 events of MI or 
stroke and 37 coronary revascularizations. Case subjects had significantly higher 
baseline homocysteine levels than controls (14.1 vs 12.4 micromol/L; P = .02). 
Subjects with homocysteine levels in the highest quartile had a 2-fold increase in 
risk of any cardiovascular event (relative risk [RR], 2.0; 95% confidence interval 
[CI], 1.1–3.8). This effect was largely due to an excess of cases with high levels 
of homocysteine; the RR for those with homocysteine levels at or higher than the 
95th percentile (20.7 micromol/L) was 2.6 (95% CI, 1.1–5.7). Risk estimates were 
independent of traditional risk factors and were greatest for the end points of MI 
and stroke (RR for those with baseline homocysteine levels in the top quartile, 2.2; 
95% CI, 1.1–4.6). Self-reported multivitamin supplement use at study entry was 
associated with significantly reduced levels of homocysteine (P < .001). However, 
the association between increasing quartile of homocysteine level and risk of MI 
or stroke remained significant in analyses controlling for baseline multivitamin 
supplement use (P = .003 for trend), and subgroup analyses limited to women 
who were (P = .02 for trend) or were not (P = .04 for trend) taking multivitamin 
supplements.”
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Immunoassay-Measured Fibrinogen and High-Sensiti�ity C-reacti�e Protein Concentrations for 
Predicting Cardio�ascular E�ents

Mora et al., 
2006

Subjects were 27,742 women followed over a 10-year period. “Compared with 
women in the bottom biomarker quintile, age-adjusted hazard ratios (95% 
confidence intervals [CIs]) for incident CVD for quintiles 2 to 5 of fibrinogen 
were 1.10 (0.86 to 1.41), 1.30 (1.03 to 1.65), 1.46 (1.16 to 1.85), and 2.43 (1.95 to 
3.02); for hs-CRP they were 1.48 (1.06 to 2.05), 1.70 (1.24 to 2.33), 2.20 (1.63 to 
2.96), and 3.24 (2.43 to 4.31). After further adjustment for established risk factors, 
both biomarkers remained associated (P for trend < or = 0.001) with incident CVD 
(hazard ratio, 1.35; 95% CI, 1.07 to 1.71 for top fibrinogen quintile; and hazard 
ratio, 1.68; 95% CI, 1.22 to 2.29 for top hs-CRP quintile compared with the 
bottom quintiles). Further adjustment for the other biomarker resulted in hazard 
ratios of 1.23 and 1.56 (P for trend = 0.02 and 0.002), respectively. Although 
fibrinogen correlated positively with hs-CRP (rs = 0.41, P < 0.001), the highest 
CVD risk was associated with elevated levels of both fibrinogen and hs-CRP: age-
adjusted hazard ratio of 3.45 (95% CI, 2.60 to 4.57) for women with fibrinogen 
> 393 mg/dL and hs-CRP > 3 mg/L compared with < 329 mg/dL and < 1 mg/L, 
respectively.”

Interleukin-�� and Cardio�ascular Disease

Everett et al., 
2009

The authors measured baseline plasma IL-18 levels in 253 WHS participants who 
developed cardiovascular disease (CVD) and in 253 healthy age- and smoking-
matched controls. “IL-18 levels were higher at baseline among those who 
developed CVD (274.1pg/mL versus 233.8pg/mL, P < 0.001), and were associated 
with future CVD (relative risk (RR) for highest versus lowest quartile 2.53; 95% 
CI, 1.47–4.35, P < 0.001). While that risk was attenuated after adjustment for 
traditional cardiovascular risk factors (RR 1.60; 95% CI, 0.77–3.34, P = 0.13), 
those with IL-18 levels at or above a threshold of the 90th percentile (442pg/mL) 
remained at elevated risk after adjustment (RR 2.40; 95% CI, 1.05–5.56, P = 
0.04). Levels of IL-18 above this threshold modify the fully adjusted risk of future 
CVD conferred by elevated levels of total cholesterol (P(interaction) = 0.02).”

Lipoprotein(a), Hormone-Replacement Therapy, and Cardio�ascular E�ents

Suk Danik 
et al., 2008 

“Lipoprotein(a) at baseline was measured among 27,736 healthy women, of 
whom 12,075 indicated active HT use at the time of blood draw at study initiation 
and 15,661 did not. The risk of first-ever major cardiovascular event (nonfatal 
myocardial infarction, nonfatal cerebrovascular event, coronary revascularization, 
or cardiovascular death) over a 10-year period was assessed with Cox proportional 
hazard models according to Lp(a) levels and HT status and adjusted for potential 
confounding variables. As anticipated, Lp(a) values were lower among women 
taking HT (median 9.4 mg/dl vs 11.6 mg/dl, p < 0.0001). In women not taking 
HT, the hazard ratio of future CVD for the highest Lp(a) quintile compared with 
the lowest was 1.8 (p trend < 0.0001), after adjusting for age, smoking, blood 
pressure, diabetes, body mass index, total cholesterol, high-density lipoprotein, C-
reactive protein, and treatment arms of aspirin and vitamin E. In contrast, among 
women taking HT, there was little evidence of association with CVD (hazard ratio: 
1.1, p trend = 0.18; interaction p value = 0.0009 between Lp(a) quintiles and HT 
on incident CVD).”
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Low-Density Lipoprotein Particle Concentration and Size and Cardio�ascular E�ents 

Blake et al., 
2002

“Median baseline levels of LDL particle concentration (NMR) were higher (1597 
vs 1404 nmol/L; P = 0.0001) and LDL particle size (NMR) was lower (21.5 vs 
21.8 nm; P = 0.046) among women who subsequently had cardiovascular events (n 
= 130) than among those who did not (n = 130). Of these 2 factors, LDL particle 
concentration (NMR) was the stronger predictor (relative risk for the highest 
compared with the lowest quartile = 4.17, 95% CI 1.96–8.87). This compared with 
a relative risk of 3.11 (95% CI 1.55–6.26) for the ratio of total cholesterol to HDL 
cholesterol and a relative risk of 5.91 (95% CI 2.65–13.15) for C-reactive protein. 
The areas under the receiver operating characteristic curves for LDL particle 
concentration (NMR), total cholesterol to HDL cholesterol ratio, and C-reactive 
protein were 0.64, 0.64, and 0.66, respectively. LDL particle concentration (NMR) 
correlated with several traditionally assessed lipid and nonlipid risk factors, and 
thus adjustment for these tended to attenuate the magnitude of association between 
LDL particle concentration (NMR) and risk.”

Low-Dose Aspirin and Cardio�ascular E�ents

Ridker et al., 
2005a

“During follow-up, 477 major cardiovascular events were confirmed in the aspirin 
group, as compared with 522 in the placebo group, for a nonsignificant reduction 
in risk with aspirin of 9 percent (relative risk, 0.91; 95 percent confidence interval, 
0.80 to 1.03; P = 0.13). With regard to individual end points, there was a 17 
percent reduction in the risk of stroke in the aspirin group, as compared with the 
placebo group (relative risk, 0.83; 95 percent confidence interval, 0.69 to 0.99; P = 
0.04), owing to a 24 percent reduction in the risk of ischemic stroke (relative risk, 
0.76; 95 percent confidence interval, 0.63 to 0.93; P = 0.009) and a nonsignificant 
increase in the risk of hemorrhagic stroke (relative risk, 1.24; 95 percent 
confidence interval, 0.82 to 1.87; P = 0.31). As compared with placebo, aspirin 
had no significant effect on the risk of fatal or nonfatal myocardial infarction 
(relative risk, 1.02; 95 percent confidence interval, 0.84 to 1.25; P = 0.83) or death 
from cardiovascular causes (relative risk, 0.95; 95 percent confidence interval, 
0.74 to 1.22; P = 0.68). Gastrointestinal bleeding requiring transfusion was more 
frequent in the aspirin group than in the placebo group (relative risk, 1.40; 95 
percent confidence interval, 1.07 to 1.83; P = 0.02). Subgroup analyses showed 
that aspirin significantly reduced the risk of major cardiovascular events, ischemic 
stroke, and myocardial infarction among women 65 years of age or older.”

Lycopene, Carotenoids, and Retinol and Cardio�ascular Disease

Sesso et al., 
2004 

Baseline blood samples were collected from 28,345 of 39,876 participants. During 
a mean of 4.8 y of followup, the authors “identified 483 CVD cases and 483 
control subjects matched by age, smoking status, and follow-up time. In analyses 
matched for age and smoking, with adjustment for plasma cholesterol, the relative 
risks (RRs) and 95% CIs of CVD in increasing quartiles of plasma lycopene were 
1.00 (referent), 0.78 (95% CI: 0.55, 1.11), 0.56 (0.39, 0.82), and 0.62 (0.43, 0.90). 
In multivariate models, the RRs were 1.00 (referent), 0.94 (0.60, 1.49), 0.62 (0.39, 
1.00), and 0.67 (0.41, 1.11); those in the upper compared with the lower half of 
plasma lycopene had an RR of 0.66 (0.47, 0.95). For CVD, exclusive of angina, 
women in the upper 3 quartiles had a significant multivariate 50% risk reduction 
compared with those in the lowest quartile. The stepwise addition of individual 
plasma carotenoids did not affect the RRs.”
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Lycopene, Tomato-Based Foods, and CVD

Sesso et al., 
2003b 

“During 7.2 y of follow-up, 719 CVD cases (including myocardial infarction, 
stroke, revascularization and CVD death) occurred. Compared with women in 
the 1st quintile of lycopene, those in increasing quintiles had multivariate relative 
risks (RR) of CVD of 1.11, 1.14, 1.15 and 0.90 (P for trend = 0.34). For the 
consumption of tomato-based products, women consuming 1.5 to <4, 4 to <7, 7 to 
<10 and >or=10 servings/wk had RR (95% CI) of CVD of 1.02 (0.82–1.26), 1.04 
(0.82–1.31), 0.68 (0.49–0.96) and 0.71 (0.42–1.17) (P for trend = 0.029) compared 
with women consuming <1.5 servings/wk. Among lycopene food sources, 
those in the highest levels of tomato sauce (>or = 2 servings/wk) and pizza 
intake (>or = 2 servings/wk), with multivariate RR of 0.76 (0.55–1.05) and 0.66 
(0.37–1.18), respectively, had potential reductions in CVD risk. Dietary lycopene 
was not strongly associated with the risk of CVD. However, the possible inverse 
associations noted for higher levels of tomato-based products, particularly tomato 
sauce and pizza, with CVD suggest that dietary lycopene or other phytochemicals 
consumed as oil-based tomato products confer cardiovascular benefits.”

Migraine, Vascular Risk, and Cardio�ascular E�ents

Kurth et al., 
2008b

Subjects “were 27,519 women who were free from cardiovascular disease at 
baseline with available information on the Framingham risk score and migraine 
status.” “At baseline, 3,577 (13.0%) women reported active migraine, of whom 
1418 (39.6%) reported migraine with aura. During 11.9 years of follow-up, there 
were 697 cardiovascular disease events. The authors stratified participants based 
on 10 year risk of coronary heart disease estimated from the Framingham risk 
score (<or=1%, 2–4%, 5–9%, and >or=10%). Compared with women without 
migraine, the age adjusted hazard ratios in women with active migraine with aura 
were 1.93 (95% confidence interval 1.45 to 2.56) for major cardiovascular disease, 
1.80 (1.16 to 2.79) for ischaemic stroke, and 1.94 (1.27 to 2.95) for myocardial 
infarction. When stratified by Framingham risk score, the association between 
migraine with aura and major cardiovascular disease was strongest in the lowest 
risk score group. There was a diametric association pattern for ischaemic stroke 
and myocardial infarction. Compared with women without migraine, the age 
adjusted hazard ratios in women who reported migraine with aura in the lowest 
Framingham risk score group were 3.88 (1.87 to 8.08) for ischaemic stroke 
and 1.29 (0.40 to 4.21) for myocardial infarction. Hazard ratios in women with 
migraine with aura in the highest Framingham risk score group were 1.00 (0.24 
to 4.14) for ischaemic stroke and 3.34 (1.50 to 7.46) for myocardial infarction. 
Women with migraine without aura were not at increased risk of ischaemic stroke 
or myocardial infarction in any of the Framingham risk score groups.”
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Non-HDL Cholesterol, Apolipoproteins A-I and B�00, Standard Lipid Measures, Lipid Ratios, 
and C-Reacti�e Protein and Cardio�ascular Disease 

Ridker et al., 
2005b

In 15,632 women followed up over a 10-year period for the occurrence of future 
cardiovascular events, after adjustment for age, smoking status, blood pressure, 
diabetes, and body mass index, the HRs for future cardiovascular events for 
those in the extreme “quintiles were 1.62 (95% CI, 1.17–2.25) for LDL-C, 1.75 
(95% CI, 1.30–2.38) for apolipoprotein A-I, 2.08 (95% CI, 1.45–2.97) for total 
cholesterol, 2.32 (95% CI, 1.64–3.33) for HDL-C, 2.50 (95% CI, 1.68–3.72) for 
apolipoprotein B(100), 2.51 (95% CI, 1.69–3.72) for non-HDL-C, and 2.98 (95% 
CI, 1.90–4.67) for high-sensitivity CRP (P < .001 for trend across all quintiles). 
The HRs for the lipid ratios were 3.01 (95% CI, 2.01–4.50) for apolipoprotein 
B(100) to apolipoprotein A-I, 3.18 (95% CI, 2.12–4.75) for LDL-C to HDL-C, 
3.56 (95% CI, 2.31–5.47) for apolipoprotein B(100) to HDL-C, and 3.81 (95% 
CI, 2.47–5.86) for the total cholesterol to HDL-C (P < .001 for trend across all 
quintiles). The correlation coefficients between high-sensitivity CRP and the lipid 
parameters ranged from –0.33 to 0.15, and the clinical cut points for CRP of less 
than 1, 1 to 3, and higher than 3 mg/L provided prognostic information on risk 
across increasing levels of each lipid measure and lipid ratio.”

Parental History of Myocardial Infarction and Risk of Cardio�ascular Disease

Sesso et al., 
2001 

The study population included “22071 men from the Physicians’ Health Study 
and 39876 women from the Woman’s Health Study with data on parental history 
and age at MI. Among men, 2,654 CVD cases developed over 13.0 years; among 
women, 563 CVD cases occurred over 6.2 years. Compared with men with no 
parental history, only maternal, only paternal, and both maternal and paternal 
history of MI conferred relative risks (RRs) of CVD of 1.71, 1.40, and 1.85; 
among women, the respective RRs were 1.46, 1.15, and 2.05. For men, maternal 
age at MI of < 50, 50 to 59, 60 to 69, 70 to 79, and ≥80 years had RRs of 1.00, 
1.88, 1.88, 1.67, and 1.17; for women, the RRs for maternal age at MI of < 50, 
50 to 59, and ≥60 years were 2.57, 1.33, and 1.52. Paternal age at MI of < 50, 50 
to 59, 60 to 69, 70 to 79, and ≥80 years in men had RRs of 2.19, 1.64, 1.42, 1.16, 
and 0.92; in women, for paternal age at MI of < 50, 50 to 59, and ≥60 years, the 
RRs were 1.63, 1.33, and 1.13.”

Plasma Macrophage Inhibitory Cytokine-� and Cardio�ascular E�ents

Brown et al., 
2002

Among 27,628 women, the authors “established baseline concentrations of 
MIC-1 in 257 who subsequently had myocardial infarction, stroke, or died from 
a cardiovascular event (cases) and in 257 matched for age and smoking status, 
who did not report cardiovascular disease during 4-year follow-up (controls). The 
authors also assessed polymorphisms in the MIC-1 gene (MIC-1 H and MIC-1 
D) in all 514 women. FINDINGS: MIC-1 concentrations were higher at baseline 
in women who subsequently had cardiovascular events than in those who did not 
(618 vs 538 pg/mL, p = 0.0002). Concentrations above the 90th percentile (>856 
pg/mL) were associated with a 2.7-fold increase in risk (95% CI 1.6–4.9, p = 
0.001). This effect was independent of traditional cardiovascular risk factors and 
at least additive to that of C-reactive protein. There was no significant association 
between MIC-1 polymorphism and vascular events.”
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Sex-Hormone Concentrations and Cardio�ascular E�ents

Rexrode 
et al., 2003a 

“Two hundred women who developed CVD were matched 1:1 by age, smoking, 
and postmenopausal hormone therapy (HT) to controls who remained free of 
CVD.” “Among hormone therapy (HT) nonusers, cases had significantly higher 
androgen profiles (higher median FAI and lower SHBG levels) than controls. 
After adjustment for age, smoking, use of aspirin, vitamin E, and alcohol, family 
history of myocardial infarction, and physical activity, nonusers in the lowest 
SHBG quartile had an OR of 2.25 (95% CI, 1.03 to 4.91) for CVD, and there were 
significant trends across FAI quartiles (P for trend = 0.03). Additional adjustment 
for body mass index, hypertension, diabetes, and elevated cholesterol eliminated 
associations with SHBG and FAI. Among women using HT, no significant 
differences in hormones or SHBG were observed among women who developed 
CVD and controls.”

Soluble CD�0L and Cardio�ascular E�ents

Schonbeck 
et al., 2001

“Mean concentrations of sCD40L at baseline were significantly higher among 
130 participants who subsequently developed myocardial infarction, stroke, or 
cardiovascular death (cases), compared with 130 age- and smoking-matched 
women who remained free of cardiovascular disease (controls) during a 4-year 
follow-up (2.86 ng/mL for cases versus 2.09 ng/mL for controls; P = 0.02). 
Women with concentrations above the 95th percentile of the control distribution 
(>3.71 ng/mL) had a significantly increased relative risk (RR) of developing future 
cardiovascular events (RR, 3.3; 95% CI, 1.2 to 8.6; P = 0.01) that remained after 
adjustment for usual cardiovascular risk factors (multivariate RR, 2.8; 95% CI, 0.9 
to 8.0; P = 0.05).”

Soluble P-Selectin and Cardio�ascular E�ents

Ridker et al., 
2001 

The authors “measured baseline plasma concentration of soluble P-selectin 
among 115 participants who subsequently developed cardiovascular events and 
among 230 age- and smoking-matched participants who remained free of disease 
during 3.5 years of follow-up. Overall, mean levels of soluble P-selectin were 
significantly higher at baseline among women who subsequently experienced 
cardiovascular events compared with those who did not (83.2 versus 69.3 ng/mL; 
P = 0.003). The risk of future cardiovascular events increased with increasing 
quartiles of soluble P-selectin (P = 0.02), such that women in the highest quartile 
at study entry had an age- and smoking-matched relative risk 2.2 times higher 
than those in the lowest quartile (95% confidence interval, 1.2 to 4.2; P = 0.01). 
This effect was independent of traditional risk factors. For each quartile increase 
in soluble P-selectin, the risk of future cardiovascular events increased 28% 
(P= 0.03) after additional adjustment for obesity, hypertension, hyperlipidemia, 
diabetes, and exercise frequency. The highest risks were observed among women 
with the very highest levels of P-selectin (>137.3 ng/mL, the 95th percentile cut 
point of the control distribution).”
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Cataract

Beta-Carotene and Age-Related Cataract

Christen 
et al., 2004 

There were 129 cataracts in the beta-carotene group and 133 in the placebo group 
(relative risk [RR] = 0.95, 95% CI 0.75–1.21). For cataract extraction, there were 
94 cases in the beta-carotene group and 89 cases in the placebo group (RR = 1.04, 
95% CI 0.78–1.39). Subgroup analyses suggested a possible beneficial effect of 
beta-carotene in smokers.

Fruit and Vegetables and Cataract

Christen 
et al., 2005 

“A total of 35,724 of 39,876 women were free of a diagnosis of cataract at 
baseline and were followed for incident cataract and cataract extraction. During an 
average of 10 y of follow-up, 2,067 cataracts and 1,315 cataract extractions were 
confirmed. Compared with women in the lowest quintile of fruit and vegetable 
intake, women with higher intakes had modest 10–15% reduced risks of cataract 
(P for trend < 0.05). For cataract extraction, no significant inverse trend was 
observed (P for trend = 0.12).”

Colorectal Cancer

C-Reacti�e Protein Concentrations and Colorectal Cancer

Zhang et al., 
2005 

Included 27,913 women who had C-reactive protein (CRP) measured at entry into 
the a trial. “Maximum length of intervention and follow-up was 10.8 years. . . . 
169 women developed colorectal adenocarcinomas during follow-up. Baseline 
CRP levels were not significantly associated with colorectal cancer risk. The 
multivariate hazard ratios according to cutoff points for CRP proposed in clinical 
guidelines were 0.79 (95% CI, 0.53 to 1.17) for the category of 1 to 3 mg/L and 
0.66 (CI, 0.43 to 1.03) for the category of greater than 3 mg/L (P for trend = 0.09), 
as compared with the category of less than 1 mg/L. High CRP levels were also 
not associated with increased risk in analyses done according to tumor location 
and stage at diagnosis, according to alternative cutoff points for CRP, or in any 
of the subgroups evaluated. Despite multivariate analysis, residual confounding 
might still be present. Although this study was prospective, we cannot completely 
exclude undetected cancer at baseline. Measurements for CRP were available for 
only 71% of women in the cohort; however, the women who did and those who 
did not provide blood were mostly similar.”
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Calcium and Vitamin D and Colorectal Cancer

Lin et al., 
2005a 

During an average followup of 10 years, 223 of 36,976 women eligible for the 
present study developed colorectal cancer. “Intakes of calcium and vitamin 
D from dietary sources and supplements were assessed with a baseline food 
frequency questionnaire. . . . Cox proportional hazards regression was used to 
estimate relative risks and 95% confidence intervals. Intakes of total calcium and 
vitamin D were not associated with risk of colorectal cancer; multivariate relative 
risks comparing the highest with the lowest quintile were 1.20 (95% confidence 
interval: 0.79, 1.85; p for trend = 0.21) for total calcium and 1.34 (95% confidence 
interval: 0.84, 2.13; p for trend = 0.08) for total vitamin D. Intakes of both 
nutrients from specific types of sources, including diet and supplements, were also 
not significantly associated with colorectal cancer risk. Data provide little support 
for an association of calcium and vitamin D intake with colorectal cancer risk.”

Fat, Fatty Acids, and Colorectal Cancer

Lin et al., 
2004

“Among the 37,547 women eligible for the present study, 202 developed colorectal 
cancer during an average follow-up period of 8.7 years (1993–2003). . . .  Total fat 
intake was not related to colorectal cancer risk, nor were intakes of the different 
types of fat and major fatty acids. However, the authors observed a positive 
association between intake of fried foods away from home and colorectal cancer 
risk (highest quintile vs lowest: relative risk = 1.86, 95% confidence interval: 1.09, 
3.16; p for trend = 0.01). These prospective cohort data provide little support for 
an association between dietary fat and colorectal cancer risk. However, intake 
of fried foods and/or other factors related to their intake may be associated with 
colorectal cancer development.”

Fruit and Vegetables and Colorectal Cancer

Lin et al., 
2005b

“Among 39,876 healthy women aged ≥ 45 years at baseline, 36,976 with baseline 
self-reported” information on dietary intakes and other risk factors for colorectal 
cancer were included in the analyses. “During an average follow-up of 10 years, 
223 women were diagnosed with colorectal cancer. . . . Intakes of fruit, vegetables, 
and the specific subgroups were not found to be associated with colorectal cancer 
risk. Multivariate relative risks (RRs) comparing the highest with lowest quintile 
were 0.79 (95% CI = 0.49–1.27,p for trend = 0.30) for fruit intake, and 0.88 (95% 
CI = 0.56–1.38, p for trend = 0.30) for vegetables intake. Similarly, intake of total 
fiber was not associated with colorectal cancer risk; the RR for the highest relative 
to lowest quintile was 0.75 (95% CI = 0.48–1.17, p for trend = 0.12). However, 
higher intake of legume fiber was associated with a lower risk of colorectal cancer; 
the RR for the highest versus slowest quintile was 0.60 (95% CI = 0.40–0.91,  
p for trend = 0.02).”
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Glycemic Load and Colorectal Cancer

Higginbotham 
et al., 2004b 

“Subjects were 38,451 women followed for an average of 7.9 years.” During 
follow-up the authors identified 174 with incident colorectal cancer. “Dietary 
glycemic load was statistically significantly associated with an increased risk 
of colorectal cancer (adjusted RR = 2.85, 95% confidence interval [CI] = 1.40 
to 5.80, comparing extreme quintiles of dietary glycemic load; P(trend) = .004) 
and was associated, although not statistically significantly, with overall glycemic 
index (corresponding RR = 1.71, 95% CI = 0.98 to 2.98; P(trend) = .04). Total 
carbohydrate (adjusted RR = 2.41, 95% CI = 1.10 to 5.27, comparing extreme 
quintiles of carbohydrate; P(trend) = .02), nonfiber carbohydrate (corresponding 
RR = 2.60, 95% CI = 1.22 to 5.54; P(trend) = .02), and fructose (corresponding 
RR = 2.09, 95% CI = 1.13 to 3.87; P(trend) = .08) were also statistically 
significantly associated with increased risk. Thus, our data indicate that a diet 
with a high dietary glycemic load may increase the risk of colorectal cancer in 
women.”

Common Cold

Smoking and Colds

Bensenor 
et al., 2001a 

Among 39,876 women, “after adjustment for age, body-mass index, prevalence 
of asthma and chronic lung diseases, alcohol intake, physical activity, and 
multivitamin use, current heavy smokers had no appreciable increase in the 
frequency of colds (relative risk (RR) for ≥ 3 versus no colds in the past year, 
1.05; 95% confidence interval (CI), 0.80–1.39), but a significantly increased risk 
of prolonged colds (RR for colds of > 7 vs 1–3 days, 2.53; 95% CI, 1.95–3.29). 
There was no difference in the number of days confined to home. Nonsmoking 
women passively exposed to cigarette smoke had a slightly increased risk of both 
more frequent colds (RR, 1.33; 95% CI, 1.18–1.51) and more prolonged colds 
during the previous year (RR, 1.12; 95% CI, 0.99–1.27).”

Connective Tissue Disease

Breast Implants and Connecti�e-Tissue Disease

Hennekens 
et al., 1996

In a retrospective study of 395,543 women who completed mailed questionnaires 
for potential participation in WHS, “a total of 10,830 women reported breast 
implants and 11,805 reported connective-tissue diseases between 1962 and 1991. 
. . . Compared with women who did not report breast implants, the relative 
risk (RR) of the combined end point of any connective-tissue disease among 
those who reported breast implants was 1.24 (95% confidence interval, 1.08 to 
1.41, P = .0015). With respect to the individual diseases, the finding for other 
connective-tissue diseases (including mixed) was statistically significant (P = 
.017), the findings for rheumatoid arthritis, Sjogren’s syndrome, dermatomyositis 
or polymyositis, or scleroderma were of borderline statistical significance (.05 < 
P < .10), and the finding for systemic lupus erythematosus was not statistically 
significant (P = .44). There were no clear trends in RR with increasing duration of 
breast implants.”
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Coronary Heart Disease

Migraine and Coronary Heart Disease

Cook et al., 
2002

After adjusting for other CHD risk factors, female health professionals (from 
the WHS) and male physicians (from the Physician’s Health Study) reporting 
migraine were not at increased risk for subsequent major CHD (women: relative 
risk [RR], 0.83; 95% confidence interval [CI], 0.53 to 1.29; men: RR, 1.02; 95% 
Cl, 0.79 to 1.31) or total CHD (women: RR, 1.01; 95% Cl, 0.76 to 1.34; men: 
RR, 0.98; 95% Cl, 0.82 to 1.18). When considered separately, there was also no 
increase in risk of MI or angina.

Past and Current Physical Acti�ity and Coronary Heart Disease

Conroy et al., 
2005 

“Among 37,169 eligible participants at baseline, the most active women (vigorous 
physical activity 10–12 months × yr) during high school and age 18–22 yr were 
more than twice as likely to meet physical activity recommendations at baseline 
than the least active women (no vigorous activity) during high school and age 
18–22 yr (multivariate-adjusted odds ratio = 2.43; 95% C.I. 2.24, 2.63). At 
baseline, the most active women ≥ 1500 kcal × wk–1) had a 39% lower risk of 
CHD during follow-up than the least active (< 200 kcal × wk–1) (multivariate-
adjusted relative risk = 0.61; 95% C.I. 0.46, 0.81). However, physical activity 
during young adulthood was not associated with risk of CHD occurring during 
middle age and older.”

Physical Acti�ity and Coronary Heart Disease

Lee et al., 
2001c

A total of 244 cases of CHD occurred among 39,372 participants from September 
1992 to March 1999. “Adjusting for potential confounders, the relative risks 
(RRs) of CHD for less than 200, 200–599, 600–1,499, and 1,500 or more kcal/wk 
expended on all activities were 1.00 (referent), 0.79 (95% confidence interval [CI], 
0.56–1.12), 0.55 (95% CI, 0.37–0.82), and 0.75 (95% CI, 0.50–1.12), respectively 
(P for linear trend = .03). Vigorous activities were associated with lower risk (RR, 
0.63; 95% CI, 0.38–1.04 comparing highest and lowest categories). Walking also 
predicted lower risk among women without vigorous activities. Among these 
women, the multivariate RRs for walking 1 to 59 min/wk, 1.0 to 1.5 h/wk, and 2 
or more h/wk, compared with no regular walking, were 0.86 (95% CI, 0.57–1.29), 
0.49 (95% CI, 0.28–0.86), and 0.48 (95% CI, 0.29–0.78), respectively. For 
walking paces of less than 3.2 km/h (2.0 mph), 3.2 to 4.7 km/h (2.0–2.9 mph), and 
4.8 km/h (3.0 mph) or more, compared with no regular walking, RRs were 0.56 
(95% CI, 0.32–0.97), 0.71 (95% CI, 0.47–1.05), and 0.52 (95% CI, 0.30–0.90), 
respectively. When analyzed simultaneously, time spent walking (P for linear 
trend = .01) but not walking pace (P for linear trend = .55) predicted lower risk. 
The inverse association between physical activity and CHD risk did not differ by 
weight or cholesterol levels (P for interaction = .95 and.71, respectively), but there 
were significant interactions by smoking and hypertension status. Physical activity 
was inversely related to risk in current smokers but not hypertensive women (P for 
interaction = .01 and.001, respectively).”
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Diabetes Melittus

Fla�onoids and Type � Diabetes

Song et al., 
2005a

The authors “calculated relative risks (RRs) of incident type-2 diabetes (1,614 
events over 8.8 y of follow-up) according to dietary intake of total or individual 
flavonols and flavones and flavonoid-rich foods.” The authors “also measured and 
examined plasma concentrations of insulin, HbA(1C), CRP, and IL-6 in relation 
to total flavonol and flavone intake among 344 nondiabetic women. During 
332,905 person-years of follow-up, none of total flavonols and flavones, quercetin, 
kaempferol, myricetin, apigenin, and luteolin was significantly associated with risk 
of type 2 diabetes. Among flavonoid-rich foods, apple and tea consumption was 
associated with diabetes risk. Women consuming ≥ 1 apple/d showed a significant 
28% reduced risk of type 2 diabetes compared with those who consumed no 
apples (the multivariate-adjusted RR = 0.72, 95% CI: 0.56, 0.92; p = 0.006 for 
trend). Tea consumption was also inversely associated with diabetes risk but with 
a borderline significant trend (≥ 4 cups/d vs none: RR 0.73, 95% CI: 0.52–1.01; p 
for trend = 0.06). In 344 nondiabetic women, total intake of flavonols and flavones 
was not significantly related to plasma concentrations of fasting insulin, HbA(1C), 
CRP, or IL-6.”
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Fruit and Vegetables and Type � Diabetes

Liu et al., 
2004

“Detailed diet information was provided by 38,018 of the participants without 
previously diagnosed diabetes at baseline and who completed a 131-item 
semiquantitative food frequency questionnaire. . . . At baseline, mean daily intake 
in servings (± SD) was 2.2 ± 1.6 for fruits, 3.9 ± 2.6 for vegetables, and 6.1 ± 3.6 
for total fruits and vegetables. Median intake of total fruits and vegetables ranged 
from 2.5 servings/day in the lowest quintile to > 10 servings/day in the highest 
quintile. Women who consumed more fruits or vegetables tended to be older, 
exercised more, and had a lower BMI than those with lower intake. During an 
average 8.8 years of follow-up (332,905 person-years),” the authors “documented 
1,614 incident cases of type 2 diabetes. In models adjusted for age, total calories, 
and smoking, we observed significant inverse relationships with diabetes risk 
for total fruit and vegetable intake, fruits, citrus fruits, green leafy vegetables, 
dark yellow vegetables, and legumes and a significant positive association with 
intake of potatoes. After adjusting for known diabetes risk factors, however, 
none of these associations remained statistically significant. Because BMI is an 
important risk factor for type 2 diabetes and has also been previously identified 
as an effect modifier of diet on diabetes risk, the authors performed subgroup 
analyses stratified by BMI (< 25 and ≥ 25 kg/m2). No significant findings were 
observed in the lower BMI group (~15% of case subjects) (data not shown). 
Among women with BMI ≥ 25 kg/m2, higher intake of green leafy or dark yellow 
vegetables was significantly associated with reduced risk of type 2 diabetes. 
Starchy vegetables such as potatoes did not appear to be beneficial.” The authors 
“observed a marginally significant interaction for BMI and intake of dark yellow 
vegetables (P = 0.06) but not for the interaction between BMI and intake of green 
leafy vegetables (P = 0.19). After fully adjusting for BMI, the inverse associations 
of green leafy and deep yellow vegetables were still observed among overweight 
women, although the trends were not statistically significant; the multivariate 
RRs across quintiles were 1.00, 0.94, 0.92, 0.85 and 0.90 (95% CI 0.76–1.08) for 
green leafy vegetables (P for trend = 0.09) and 1.00, 0.87, 0.90, 0.91 and 0.79 
(0.65–0.97) for dark yellow vegetables (P for trend = 0.13). Since BMI may also 
reflect the impact of long-term fruit and vegetable intake, the addition of BMI into 
the model may be an overadjustment that could distort the underlying temporal 
relationship between fruit and vegetable intake and diabetes risk.”
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Insulin, Proinsulin, Proinsulin:Insulin Ratio and Type � Diabetes

Pradhan et al., 
2003a 

Of 27,628 participants, 126 women were diagnosed with diabetes during a 4-year 
followup period. These women were compared with 225 age-matched controls. 
“Fasting insulin level and proinsulin:insulin ratio were assessed in quartiles, and 
proinsulin level was assessed in categories (< or = 4.0 pmol/L, 4.01 to 6.99 pmol/
L, > or = 7.0 pmol/L). The risk of developing type 2 diabetes was determined 
using conditional logistic regression analysis that adjusted for body mass index 
and other diabetes risk factors. RESULTS: Baseline insulin and proinsulin levels 
and proinsulin:insulin ratios were significantly higher among cases than among 
controls. Women with elevated insulin levels in the highest as compared with the 
lowest quartile were more likely to develop diabetes (odds ratio [OR] = 5.6; 95% 
confidence interval [CI]: 1.8 to 17.6), as were women with elevated (> or = 7.0 
pmol/L vs < or = 4.0 pmol/L) proinsulin levels (OR = 16.4; 95% CI: 5.8 to 46.8) 
and women with proinsulin:insulin ratios in the highest quartile (OR = 9.6; 95% 
CI: 3.1 to 30.8). Similar results were observed among women with a baseline 
hemoglobin A(1c) level < or = 6.0%. In time-trend analyses, fasting insulin was 
a consistent predictor of long-term risk. Proinsulin and proinsulin:insulin ratio, 
although predictive throughout the study, were especially strong predictors of 
rapid progression to type 2 diabetes.”

Low-Dose Aspirin and Type � Diabetes

Pradhan et al., 
2009 

“38,716 women aged ≥ 45 years and free of clinical diabetes were randomly 
assigned to either low-dose aspirin or placebo. . . . Documented clinical type 
2 diabetes was prospectively evaluated throughout the trial.” After a median 
follow-up of 10.2 years, “among women randomly assigned to receive aspirin (n 
= 19,326) or placebo (n = 19,390), there was no statistically significant difference 
in the incidence of type 2 diabetes. There were 849 cases of diabetes in the 
aspirin group and 847 in the placebo group (rate ratio 1.01 [95% CI 0.91–1.11]). 
Stratification by diabetes risk factors including age, BMI, family history of 
diabetes, physical activity, A1C, and high-sensitivity C-reactive protein did not 
support a modulating effect of these variables. Analyses accounting for treatment 
duration and adherence similarly found no beneficial effects.”

Magnesium and Plasma Insulin Concentrations and Type � Diabetes

Song et al., 
2004a

“The study population was 39,345 women with no previous history of 
cardiovascular disease, cancer, or type 2 diabetes who completed validated 
semiquantitative food frequency questionnaires in 1993, followed for an average 
of 6 years. The authors documented 918 confirmed incident cases of type 2 
diabetes over this period. There was a significant inverse association between 
magnesium intake and risk of type 2 diabetes, independent of age and BMI (P 
= 0.007 for trend). After further adjustment for physical activity, alcohol intake, 
smoking, family history of diabetes, and total calorie intake, the multivariate-
adjusted RRs of diabetes from the lowest to highest quintiles of magnesium 
intake were attenuated at 1.0, 1.06, 0.81, 0.86, and 0.89 (P = 0.05 for trend). 
Among women with BMI ≥ 25 kg/m2, the inverse trend was significant; 
multivariate-adjusted RRs were 1.0, 0.96, 0.76, 0.84, and 0.78 (P = 0.02 for trend). 
Multivariate-adjusted geometric mean insulin levels for overweight women in the 
lowest quartile of magnesium intake was 53.5 compared with 41.5 pmol/l among 
those at the highest quartile (P = 0.03 for trend).”
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Physical Acti�ity, Body-Mass Index, and Type � Diabetes

Weinstein 
et al., 2004 

During 6.9 years mean followup, 1,361 cases of incident diabetes occurred among 
37,878 women free of cardiovascular disease, cancer, and diabetes at baseline. 
“Individually, BMI and physical activity were significant predictors of incident 
diabetes. Compared with normal-weight individuals (BMI < 25), the multivariate-
adjusted hazard ratio (HR) was 3.22 (95% confidence interval [CI], 2.69–3.87) 
for overweight (BMI 25 ≤ 30) individuals and 9.09 (95% CI, 7.62–10.8) for obese 
(BMA > 30) individuals. For overall activity (kilocalories expended per week), 
compared with the least active first quartile, the multivariate-adjusted HRs were 
0.91 (95% CI, 0.79–1.06) for the second quartile, 0.86 (95% CI, 0.74–1.01) for 
the third, and 0.82 (95% CI, 0.70–0.97) for the fourth (P for trend = .01). In the 
combined analyses, overweight and obese participants, whether active or inactive, 
had significantly elevated risks, compared with normal-weight active individuals. 
The multivariate-adjusted HRs were 1.15 (95% CI, 0.83–1.59) for normal-
weight inactive, 3.68 (95% CI, 2.63–5.15) for overweight active, 4.16 (95% CI, 
3.05–5.66) for overweight inactive, 11.5 (95% CI, 8.34–15.9) for obese active, and 
11.8 (95% CI, 8.75–16.0) for obese inactive participants.”

Red Meat and Type � Diabetes

Song et al., 
2004b

Over an average of 8.8 years (326,876 person-years of followup), the authors 
documented 1,558 incident cases of type 2 diabetes among 37,309 participants. 
“After adjusting for age, BMI, total energy intake, exercise, alcohol intake, 
cigarette smoking, and family history of diabetes, the authors found positive 
associations between intakes of red meat and processed meat and risk of type 
2 diabetes. Comparing women in the highest quintile with those in the lowest 
quintile, the multivariate-adjusted relative risks (RRs) of type 2 diabetes were 
1.28 for red meat (95% CI 1.07–1.53, P < 0.001 for trend) and 1.23 for processed 
meat intake (1.05–1.45, P = 0.001 for trend). Furthermore, the significantly 
increased diabetes risk appeared to be most pronounced for frequent consumption 
of total processed meat (RR 1.43, 95% CI 1.17–1.75 for ≥ 5/week vs < 1/month, 
P < 0.001 for trend) and two major subtypes, which were bacon (1.21, 1.06–1.39 
for ≥ 2/week vs <1/week, P = 0.004 for trend) and hot dogs (1.28, 1.09–1.50 for 
≥ 2/week vs < 1/week, P = 0.003 for trend). These results remained significant 
after further adjustment for intakes of dietary fiber, magnesium, glycemic load, 
and total fat. Intakes of total cholesterol, animal protein, and heme iron were also 
significantly associated with a higher risk of type 2 diabetes.”

Sex Steroid Hormones and Type � Diabetes

Ding et al., 
2007 

“Among women not using hormone therapy and free of baseline cardiovascular 
disease, cancer and diabetes, 359 incident cases of type 2 diabetes were matched 
with 359 controls during an average follow-up of 10 years. . . . Oestradiol and 
testosterone were each strongly and positively associated with risk of type 2 
diabetes. After adjustment for BMI, family history, lifestyle and reproductive 
variables, the multivariable relative risks (95% CI) comparing the highest vs 
lowest quintile were 12.6 (2.83–56.3) for total oestradiol (p = 0.002 for trend), 
13.1 (4.18–40.8) for free oestradiol (p < 0.001 for trend), 4.15 (1.21–14.2) for 
total testosterone (p = 0.019 for trend) and 14.8 (4.44–49.2) for free testosterone 
(p < 0.001 for trend). These associations remained robust after adjusting and 
accounting for other metabolic syndrome components and baseline HbA 1c 
levels.”
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Sugar Intake and Type � Diabetes

Janket et al., 
2003 

“A validated semiquantitative food frequency questionnaire was completed by 
39,345 women aged 45 years and older. . . . Compared with the lowest quintile of 
sugar intake, the RRs and 95% CIs for the highest quintiles were 0.84 (0.67–1.04) 
for sucrose, 0.96 (0.78–1.19) for fructose, 1.04 (0.85–1.28) for glucose, and 0.99 
(0.80–1.22) for lactose, after adjustment for known risk factors for type 2 diabetes. 
Similar findings of no association were obtained in subgroup analyses stratified by 
BMI.”

Dry Eye Syndrome

Dry Eye Syndrome

Schaumberg 
et al., 2003

The authors surveyed 39,876 WHS participants about a history of diagnosed dry 
eye syndrome (DES) and dry eye symptoms. “The prevalence of DES increased 
with age, from 5.7% among women < 50 years old to 9.8% among women aged 
≥ 75 years old. The age-adjusted prevalence of DES was 7.8%, or 3.23 million 
women aged ≥ 50 in the US. Compared with Whites, Hispanic (odds ratio [OR] = 
1.81, confidence interval [CI] = 1.18–2.80) and Asian (OR = 1.77, CI = 1.17–2.69) 
women were more likely to report severe symptoms, but not clinically diagnosed 
DES. There were no significant differences by income (P([trend]) =.78), but more 
educated women were less likely to have DES (P([trend]) =.03). Women from the 
South had the highest prevalence of DES, though the magnitude of geographic 
differences was modest.”

Hormone-Replacement Therapy and Dry Eye Syndrome

Schaumberg 
et al., 2001

Study population was “25,665 postmenopausal women who provided information 
about use of HRT at baseline (1992), 12, and 36 months and dry eye syndrome at 
48 months. . . . For the combined end point of either clinically diagnosed dry eye 
syndrome or severe symptoms, the multivariable-adjusted odds ratios were 1.69 
(95% confidence interval [CI], 1.49–1.91) for estrogen use alone and 1.29 (95% 
CI, 1.13–1.48) for estrogen plus progesterone/progestin use compared with no 
HRT use. Each 3-year increase in the duration of HRT use was associated with a 
significant 15% (95% CI, 11%–19%) elevation in risk of clinically diagnosed dry 
eye syndrome or severe symptoms. Results were similar for the combined end 
point of clinically diagnosed dry eye syndrome and severe symptoms.”

Eye-Care Use

Demographic Predictors of Eye-Care Use

Schaumberg 
et al., 2000

Most of the 39,876 (83%) women reported having had an eye examination within 
the past 2 years. “The likelihood of having an eye examination in the past 2 years 
increased with age (odds ratio [OR] = 2.59 for age ≥ 75 years versus those <50 
years; P [trend] <0.0001), higher education (OR = 1.27 for master’s degree versus 
licensed nurse training; P [trend] = 0.0004), and higher household income (OR = 
1.85 for ≥$100,000 versus < $10,000; P [trend] <0.0001). Women from the south 
were less likely to have had an eye examination than those from the west (OR = 
0.92; P = 0.03). Compared with whites, Asian/Pacific Islanders were less likely 
(OR = 0.76; P = 0.02) and blacks more likely (OR = 1.27; P = 0.02) to have had 
an eye examination within 2 years.”
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Factor V Leiden

Ethnic Distribution of Factor V Leiden

Ridker et al., 
1997 

Participants were 4,047 men and women participating in the Physicians’ Health 
Study (PHS, men) and the WHS (women) who were free of myocardial infarction, 
stroke, or venous thrombosis. “Prevalence of G1691A Leiden mutation in the 
gene coding for coagulation factor V was determined in the PHS group using 
polymerase chain reaction techniques and, in the WHS group, a second-generation 
activated protein C (APC)-resistance screening test with genetic confirmation of 
all borderline and low-value results. . . . In 2,468 Caucasian Americans, carrier 
frequency of factor V Leiden was 5.27% (95% confidence interval [CI], 4.42%–
6.22%). Carrier frequency was 2.21% in 407 Hispanic Americans, 1.23% in 650 
African Americans, 0.45% in 442 Asian Americans, and 1.25% in 80 Native 
Americans. Thus, prevalence of factor V Leiden was less among minority subjects 
(P = .001). Carrier frequencies were similar in Caucasian men and women (5.53% 
vs 4.85% respectively, P = .5).”

Fasting Insulin

C-Reacti�e Protein and Fasting Insulin 

Pradhan et al., 
2003b

In “349 healthy, nondiabetic women who remained free from clinically diagnosed 
type 2 diabetes mellitus during a 4-year period from biomarker assessment, 
fasting insulin was strongly associated with body mass index (BMI) (r = 0.53, P 
< 0.001), C-reactive protein (CRP) (r = 0.38, P < 0.001), and interleukin-6 (r = 
0.33, P < 0.001). Physical activity level, alcohol consumption, and use of hormone 
replacement therapy were also related to fasting insulin. However, in multivariable 
linear regression analysis, BMI and CRP were the only independent correlates 
of log-normalized fasting insulin. Overall, the final model explained 32% of the 
variance in log insulin level. In multivariable logistic regression, the fully adjusted 
odds ratio (OR) for elevated fasting insulin (> or =51.6 pmol/L) increased with 
tertile of BMI, CRP, and IL-6, such that the ORs in the highest versus lowest 
tertile of each parameter were 9.0 (95% confidence interval [CI], 4.4 to 18.7), 4.4 
(95% CI, 1.9 to 10.1), and 2.0 (95% CI, 0.9 to 4.2), respectively. Furthermore, 
increasing levels of CRP were associated with a stepwise gradient in odds for 
elevated fasting insulin among both lean and overweight women.”
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Hypertension

C-Reacti�e Protein and Hypertension

Sesso et al., 
2003c 

Among 20,525 women who provided baseline blood samples “with initially 
normal levels of blood pressure (BP) (systolic BP < 140 mm Hg and diastolic BP 
< 90 mm Hg, and no history of hypertension or antihypertensive medications) and 
then followed up for a median of 7.8 years,” 5,365 women developed incident 
hypertension. “In crude models, the relative risks (RRs) and 95% confidence 
intervals (CIs) of developing hypertension from the lowest (referent) to the highest 
levels of baseline C-reactive protein were 1.00, 1.25 (95% CI, 1.14–1.40), 1.51 
(95% CI, 1.35–1.68), 1.90 (95% CI, 1.72–2.11), and 2.50 (95% CI, 2.27–2.75) 
(linear trend P < .001). In fully adjusted models for coronary risk factors, the 
RRs and 95% CIs were 1.00, 1.07 (95% CI, 0.95–1.20), 1.17 (95% CI, 1.04–
1.31), 1.30 (95% CI, 1.17–1.45), and 1.52 (95% CI, 1.36–1.69) (linear trend 
P < .001). C-reactive protein was significantly associated with an increased risk of 
developing hypertension in all prespecified subgroups evaluated, including those 
with very low levels of baseline BP, as well as those with no traditional coronary 
risk factors. Similar results were found when treating C-reactive protein as a 
continuous variable and controlling for baseline BP.”

Lipid Concentrations and Hypertension

Sesso et al., 
2005 

In 16,130 women “who provided baseline blood samples and had no history of 
high cholesterol level (no treatment or diagnosis) or hypertension (no treatment, 
diagnosis, or elevated blood pressure)” followed up for 10.8 years, “incident 
hypertension developed in 4,593 women. In multivariate-adjusted models, the 
relative risks of development of hypertension from the lowest (referent) to the 
highest quintile of baseline total cholesterol level were 1.00, 0.96, 1.02, 1.09, and 
1.12 (P = .002 for trend); for low-density lipoprotein cholesterol level, 1.00, 0.97, 
1.00, 1.02, and 1.11 (P = .053 for trend); for high-density lipoprotein cholesterol 
level, 1.00, 0.93, 0.87, 0.87, and 0.81 (P < .001 for trend); for non-high-density 
lipoprotein cholesterol level, 1.00, 1.06, 1.11, 1.12, and 1.25 (P < .001 for trend); 
and for the ratio of total to high-density cholesterol, 1.00, 1.10, 1.14, 1.20, and 
1.34 (P < .001 for trend). Similar relative risks were noted for Adult Treatment 
Panel III clinical cut points and after the exclusion of obese or diabetic women.”
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Life Expectancy

Blood-Pressure Lowering and Life Expectancy

Sesso et al., 
2003d 

Subjects were 57,573 men and women (men from the Physician’s Health Study, 
women from WHS and the Women’s Antioxidant Cardiovascular Study). “Seven 
patient states were defined, including (1) no cardiovascular disease, (2) stroke, 
(3) myocardial infarction, (4) revascularization, (5) history of cardiovascular 
disease, (6) noncardiovascular disease death, and (7) cardiovascular death.” At 
baseline the authors “assumed (1) hypothetical pretreatment blood pressures of 
160/95 or 150/90 mm Hg; (2) strategies A and B lower blood pressure by 20/13 
and 13/8 mm Hg, respectively; and (3) baseline age of 35 years. For subjects 
initially at 160/95 mm Hg, those with antihypertensive treatment, antihypertensive 
treatment and diabetes, or antihypertensive treatment, diabetes, and currently 
smoking had corresponding gains in life expectancy of 2.43, 2.80, and 2.43 years 
for Strategy A. An initial blood pressure of 150/90 mm Hg resulted in similar 
gains. Compared with Strategy B, with blood pressure reductions of 13/8 mm 
Hg, Strategy A provided additional gains in life expectancy of 0.84, 0.99, and 
0.87 years for those with antihypertensive treatment, antihypertensive treatment 
and diabetes, or antihypertensive treatment, diabetes, and currently smoking. The 
initial blood pressure level did not affect the magnitude of life expectancy gains 
for equivalent blood pressure reductions. Greater gains in life expectancy among 
hypertensive and diabetic women suggest that blood pressure lowering may yield 
greater benefits in selected subgroups.”

Low-Dose Aspirin and Asthma (Adult Onset)

Kurth et al., 
2008a

“Among 37,270 women with no reported history of asthma prior to randomisation 
and during 10 years of follow-up, there were 872 new cases diagnosed with 
asthma in the aspirin group and 963 in the placebo group (hazard ratio 0.90; 95% 
CI 0.82 to 0.99; p = 0.027). This apparent 10% lower relative risk of incident 
adult-onset asthma among those assigned to aspirin was significantly modified by 
body mass index, with no effect in women with a body mass index of ≥ 30 kg/m2” 
The effect of aspirin on adult-onset asthma was not significantly modified by 
“age, smoking status, exercise levels, postmenopausal hormone use or randomised 
vitamin E assignment.”
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Metabolic Syndrome

Magnesium, C-Reacti�e Protein, and Metabolic Syndrome

Song et al., 
2005b 

Subjects were 11,686 women “who were initially free of cardiovascular disease 
and cancer and had no use of postmenopausal hormones. . . . In age- and BMI-
adjusted analyses, magnesium intake was inversely associated with plasma 
C-reactive protein (CRP) concentrations; CRP concentrations were 12% lower 
in the highest intake quintile than in the lowest (P for trend < 0.0001). This 
association was not appreciably altered by further adjustment for other potential 
confounding variables including dietary factors; the mean CRP concentrations 
for ascending quintiles of magnesium intake were 1.50, 1.39, 1.35, 1.34, and 1.31 
mg/l (P for trend = 0.0003). This inverse association was stronger for women with 
a BMI > or = 25 kg/m(2) (P < 0.0001 for interaction) and those who were current 
or past smokers (P = 0.0009 for interaction). After adjustment for confounding 
lifestyle and dietary factors, women in the highest quintile of magnesium intake 
had 27% lower risk of the metabolic syndrome (defined according to the National 
Cholesterol Education Program criteria) compared with those in the lowest 
quintile of intake (odds ratio 0.73 [95% CI 0.60–0.88], P for trend = 0.0008).”

Migraine

Hormone Therapy and Migraine

Misakian 
et al., 2003

Analyses were restricted to the 17,107 of 21,788 postmenopausal women who 
were postmenopausal at baseline and who were never (38.5%) or current (61.5%) 
users of hormone therapy (HT). Of these, 1,909 (11.2%) experienced migraine 
headache within the last year. Women with migraine headache were significantly 
younger, had a younger age at menopause, were more likely to have had a surgical 
menopause, and were more likely to be current users of HT. After adjusting for 
age, race, smoking, alcohol use, ever use of oral contraception, age at menopause, 
and menopause type, the odds ratio (OR) for migraine headache was 1.42 (95% CI 
1.24–1.62) for women who were current users of HT compared with never users. 
ORs were similar for users of estrogen alone (OR 1.39, 95% CI 1.14–1.69) and 
users of both estrogen and progestin (OR 1.41, 95% CI 1.22–1.63).

Low-Dose Aspirin to Pre�ent Migraine

Bensenor 
et al., 2001b 

1,001 WHS participants “with frequent migraine attacks were assigned to 
100 mg of aspirin every other day (n = 525) or aspirin placebo (n = 476). 
Migraine frequency, as well as severity, duration, and degree of incapacitation, 
were assessed by self-report on questionnaires 12 months and 36 months after 
randomization, and also by monthly diaries kept before and after randomization. 
Women assigned to aspirin reported small and consistent decreases in migraine 
frequency (59.6% vs 56.4% assigned to placebo reporting improvement at 36 
months; odds ratio 1.13, 95% confidence interval, 0.86–1.48), as well as decreases 
in severity, duration, and migraine-related incapacitation. These reductions were 
not, however, statistically significant. These data are compatible with a small 
treatment effect of low-dose aspirin in the prophylaxis of migraine among middle-
aged women.”
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Mortality

HbA�c Measured in Stored Erythrocytes and Mortality

Levitan et al., 
2008 

Of 27,210 women “over a median of 10 years of follow-up, 706 women died. 
Proportional hazards models adjusted for age, smoking, hypertension, blood 
lipids, exercise, postmenopausal hormone use, multivitamin use and C-reactive 
protein were used to estimate the relative risk of mortality. Among women without 
a diagnosis of diabetes and HbA1c < 5.60%, those in the top quintile (HbA1c 
5.19–5.59%) had a relative risk of mortality of 1.28 (95% CI 0.98–1.69, p value 
for linear trend = 0.14) compared with those with HbA1c 2.27–4.79%. Women 
with HbA1c 5.60–5.99% and no diagnosis of diabetes had a 54% increased risk 
of mortality (95% CI 1–136%) compared with those with HbA1c 2.27–4.79%. 
HbA1c was significantly associated with mortality across the range 4.50–7.00% (p 
value for linear trend = 0.02); a test of deviation from linearity was not statistically 
significant (p = 0.67). Diabetic women had more than twice the mortality risk of 
non-diabetic women.”

Pregnancy Loss

Factor V Leiden and Pregnancy Loss

Ridker et al., 
1998b

Subjects were “113 consecutive women referred for evaluation of recurrent 
spontaneous abortion (case-patients) and 437 postmenopausal women with at 
least one successful pregnancy and no history of pregnancy loss (controls). An 
additional survey of 387 postmenopausal women with at least one pregnancy loss 
was also conducted. . . . Prevalence of the factor V Leiden mutation was greater 
among case-patients (8.0%) than among controls (3.7%) (odds ratio, 2.3 [95% 
CI, 1.0 to 5.2]; P = 0.050). In the subgroup of case-patients with three or more 
pregnancy losses and no successful pregnancies, prevalence of the mutation was 
9.0% (odds ratio, 2.6 [CI, 1.0 to 6.7]; P = 0.048). Among the additional women 
surveyed, the prevalence of the mutation in those with three or more pregnancy 
losses (7.5%) was almost identical to that in case-patients. Thus, in all evaluated 
women with several pregnancy losses, the prevalence of factor V Leiden was 
increased 2.2-fold (P = 0.026).”

Rheumatoid Arthritis

Smoking and Rheumatoid Arthritis

Karlson et al., 
1999a 

Subjects completed mailed questionnaires regarding demographics, health habits, 
including cigarette smoking history, and medical history, including rheumatoid 
arthritis (RA) diagnosis made by a physician and date of diagnosis. Of 7,697 
women who self-reported RA, 3,416 reported seropositive RA. In multivariate 
analyses controlling for age, race, education, age at menarche, pregnancy history, 
menopausal status, and postmenopausal hormone use, duration of smoking was 
associated with a significantly increased risk of both RA and seropositive RA 
(both P < 0.01 for trend), after adjusting for smoking intensity. Women who 
smoked ≥ 25 cigarettes/day for more than 20 years experienced a 39% increased 
risk of RA and 49% increased risk of seropositive RA. However, smoking 
intensity (number of cigarettes/day) was unrelated to risk of RA or seropositive 
RA (both P = 0.3 for trend), after adjusting for duration of smoking.
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Vitamin E and Rheumatoid Arthritis (RA)

Karlson et al., 
2008

“After excluding women with self-reported RA at baseline, 39,144 women were 
included in the present study. . . . During an average follow-up of 10 years, 106 
cases of definite RA occurred, 50 in the vitamin E group and 56 in the placebo 
group. Sixty-four (60%) RA cases were rheumatoid factor positive and 42 (40%) 
were rheumatoid factor negative. There was no significant association between 
vitamin E and risk of definite RA (relative risk [RR] 0.89, 95% confidence interval 
[95% CI] 0.61–1.31). There were also no significant risk reductions for either 
seropositive RA (RR 0.64, 95% CI 0.39–1.06) or seronegative RA (RR 1.47, 95% 
CI 0.79–2.72).”

Stroke

Body-Mass Index and Stroke

Kurth et al., 
2005a 

“This was a prospective cohort study among 39,053 women participating in the 
Women’s Health Study. . . . After a mean follow-up of 10 years, a total of 432 
strokes (347 ischemic, 81 hemorrhagic, and 4 undefined) occurred.” The authors 
“found a statistically significant trend for increased risk of total and ischemic 
stroke across 7 BMI categories. With World Health Organization criteria, women 
who were obese (BMI ≥ 30 kg/m2) had hazard ratios of 1.50 (95% CI 1.16 to 
1.94) for total stroke, 1.72 (95% CI 1.30 to 2.28) for ischemic stroke, and 0.82 
(95% CI 0.43 to 1.58) for hemorrhagic stroke compared with women with BMI 
< 25 kg/m2. Additional control for history of hypertension, diabetes, and elevated 
cholesterol substantially attenuated the hazard ratios for total and ischemic stroke. 
There was no effect modification for age, exercise, or smoking.”

C-Reacti�e Protein and Lipid Concentrations �s Coronary Heart Disease as Determinants of 
Ischemic Stroke

Everett et al., 
2006

“Among 15,632 initially healthy women who were followed for a 10-year period,” 
the authors “compared hs-CRP, total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), non-high-density lipoprotein cholesterol (non-HDL-C), 
high-density lipoprotein cholesterol (HDL-C), apolipoproteins A-I and B100, and 
lipid ratios as determinants of ischemic stroke compared with CHD. . . . After 
adjustment for age, smoking status, blood pressure, diabetes, and obesity, the 
hazard ratios (HRs) and 95% confidence intervals (CIs) for the third versus the 
first tertile for future ischemic stroke compared with CHD were, respectively, 1.91 
(95% CI 1.13 to 3.21) and 2.26 (95% CI 1.64 to 3.12) for TC, 1.29 (95% CI 0.83 
to 2.02) and 2.09 (95% CI 1.53 to 2.85) for LDL-C, 0.57 (95% CI 0.36 to 0.92) 
and 0.38 (95% CI 0.27 to 0.52) for HDL-C, 1.72 (95% CI 1.03 to 2.86) and 2.93 
(95% CI 2.04 to 4.21) for non-HDL-C, and 2.76 (95% CI 1.51 to 5.05) and 1.66 
(95% CI 1.17 to 2.34) for hs-CRP. Of the lipid ratios, that of TC to HDL-C had 
the largest HR for both future ischemic stroke and CHD (HR 1.95 [95% CI 1.16 to 
3.26] and 4.20 [95% CI 2.79 to 6.32], respectively).”

Interobser�er Agreement in Classification of Stroke

Atiya et al., 
2003

“During 7.0 years of follow-up, 271 incident strokes occurred, of which 133 were 
reclassified. There was excellent interrater agreement in the diagnosis of major 
stroke types, hemorrhagic subtypes, and degree of disability, as well as substantial 
agreement in the definition of the vascular territory involved. Only moderate 
agreement was reached in the classification of ischemic subtypes.”
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Lipid Concentrations and Ischemic Stroke

Kurth et al., 
2007 

Among 27,937 women who provided baseline blood samples, 282 ischemic 
strokes occurred during 11 years of followup. “All lipid levels were strongly 
associated with increased risk of ischemic stroke in age-adjusted models. The 
association attenuated particularly for HDL-C after adjustment for potential 
confounders. For the comparison of the highest to the lowest quintile, the 
multivariable-adjusted hazard ratios (95% CI; p for trend across mean quintile 
values) of ischemic stroke were 2.27 (1.43, 3.60; p(trend) < 0.001) for total 
cholesterol; 1.74 (1.14, 2.66; p(trend) = 0.003) for LDL-C; 0.78 (0.52, 1.17; 
p(trend) = 0.27) for HDL-C; 1.65 (1.06, 2.58; p(trend) = 0.02) for the total 
cholesterol to HDL-C ratio; and 2.45 (1.54, 3.91; p(trend) < 0.001) for 
non-HDL-C.”

Migraine, Headache, and Stroke

Kurth et al., 
2005b 

Among 39,754 women in WHS with an average follow-up of 9 years, “a total of 
385 strokes (309 ischemic, 72 hemorrhagic, and 4 undefined) occurred. Compared 
with nonmigraineurs, participants who reported migraine overall or migraine 
without aura had no increased risk of any stroke type. Participants who reported 
migraine with aura had increased adjusted hazards ratios (HRs) of 1.53 (95% CI 
1.02 to 2.31) for total stroke and 1.71 (95% CI 1.11 to 2.66) for ischemic stroke 
but no increased risk for hemorrhagic stroke. Participants with migraine with aura 
who were < 55 years old had a greater increase in risk of total (HR 1.75; 95% CI 
1.02 to 3.00) and ischemic (HR 2.25; 95% CI 1.30 to 3.91) stroke. Compared with 
participants without headache, headache in general and nonmigraine headache 
were not associated with total, ischemic, or hemorrhagic stroke.”

Smoking and Hemorrhagic Stroke

Kurth et al., 
2003 

“During 9 years of follow up” of 39,783 women, “a total of 70 hemorrhagic 
strokes occurred, of which 40 were ICH and 29 were SAH. Never smokers and 
past smokers had equal rates of ICH and SAH. Current smokers of < 15 cigarettes 
per day had a multivariable-adjusted relative risk (RR) of 1.93 (95% CI, 0.75 to 
5.02) for total hemorrhagic stroke, 2.15 (95% CI, 0.62 to 7.43) for ICH, and 1.70 
(95% CI, 0.38 to 7.60) for SAH. Women who smoked ≥ 15 cigarettes per day had 
RR of 3.29 (95% CI, 1.72 to 6.29) for total hemorrhagic stroke, 2.67 (95% CI, 
1.04 to 6.90) for ICH, and 4.02 (95% CI, 1.63 to 9.89) for SAH compared with 
never smokers.”
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Venous Thromboembolism

Low-Dose Aspirin and Venous Thromboembolism

Glynn et al., 
2007 

Among 26,779 WHS participants who gave blood samples that were evaluated for 
factor V Leiden, G20210A prothrombin, and MTHFR 677C > T polymorphisms, 
venous thromboembolism was found to have “occurred in 482 women during 
follow-up of approximately 10 years, an incidence higher than that of myocardial 
infarction and nearly equal to that of stroke. The incidence of VTE (per 1,000 
person-years) was 1.18 among women randomly assigned to active aspirin, 
compared with 1.25 among women randomly assigned to placebo (relative 
hazard, 0.95 [95% CI, 0.79 to 1.13]; rate difference, –0.06 [CI, –0.28 to 0.16]). 
For unprovoked VTE, the relative hazard was 0.90 (CI, 0.70 to 1.16) and the rate 
difference was –0.06 (CI, –0.21 to 0.10). Relative hazards associated with aspirin 
use in higher-risk subgroups were 0.83 (CI, 0.50 to 1.39) among women with 
either factor V Leiden or the prothrombin mutation and 1.36 (CI, 0.77 to 2.41) 
among those with a history of VTE.” A limitation of this study was that “venous 
thromboembolism was a secondary end point in the Women’s Health Study.”

Other

Breast Implants and Serologic Outcomes

Karlson et al., 
2001 

“Subjects were chosen from women enrolled in the run-in phase” of the WHS, 
“and included 298 women without breast implants, 298 women with breast 
implants, and 52 diabetic patients diagnosed before age 30. Comparison groups 
were matched on age, race, date of blood provided to the WHS, and randomization 
status. . . . For 14 of the 16 serologic tests, the proportions with abnormal results 
among the 3 groups of women were not significantly different. Of the remaining 
tests, C3 levels were decreased in 8 (2.7%) women without breast implants and 
22 (7.4%) women with breast implants (p = 0.003). C4 levels were decreased in 
31 (10.4%) women without breast implants and 48 (16.1%) women with breast 
implants (p = 0.03). Women without breast implants and diabetic patients did 
not differ significantly in the proportions having decreased C3 and C4 levels. 
Women with breast implants did not have higher frequency of monoclonal 
immunoglobulins detected by electrophoresis.”
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Comparison of Self-Reported Connecti�e-Tissue Disease and Medical Records

Karlson et al., 
1999b 

Among women considered for enrollment in WHS, “the authors identified 220 
women with breast implants (exposed) who self-reported connective tissue disease 
(CTD).” These women were matched by age and date of diagnosis with a random 
sample of 879 women without breast implants (unexposed) who also self-reported 
CTD. “After up to three requests and a telephone call, 27.7% of the women 
provided consent for medical record review. Exposed women appeared somewhat 
more likely (33.2% vs 26.3%, p = 0.04) to provide consent. Using medical record 
reviews for 90% of the women who provided consent, confirmation rates of 
definite CTD were similar among the exposed and unexposed (22.7% vs 24.0%, 
p = 0.83). This study demonstrates the difficulty of obtaining consent for medical 
record review of CTD reported to have occurred years ago in women with and 
without breast implants. Confirmation rates were low but were similar in exposed 
and unexposed. Despite the fact that the study had low participation rates, the 
data suggest that relative risk estimates for any definite CTD among women with 
breast implants compared with women without breast implants would be similar in 
analyses of self-reported or medical record-confirmed cases.”

Interrelationships Among Circulating Interleukin-�, C-Reacti�e Protein, and Traditional 
Cardio�ascular Risk Factors

Bermudez 
et al., 2002 

In cross-sectional analysis of 340 women enrolled in WHS, higher levels of 
IL-6 and CRP were seen with increasing body mass index (BMI), systolic and 
diastolic blood pressure, and smoking exposure in unadjusted analysis. “IL-6 
levels were related to the frequency of alcohol intake (P = 0.002) and showed an 
inverse relationship with exercise frequency and hormone replacement therapy (P 
< 0.0001 for both). CRP levels increased with hormone replacement therapy (P = 
0.0002). Associations among IL-6, CRP, and lipid levels were minimal. Overall, 
mean levels of IL-6 and CRP increased with increasing numbers of clinical risk 
factors (P < 0.0001). In multivariate analyses, independent relationships were seen 
between levels of IL-6 and age, BMI, smoking, systolic blood pressure, alcohol 
use, presence of diabetes, and frequency of exercise. CRP was associated with 
age, BMI, systolic blood pressure, high density lipoprotein, smoking, and hormone 
replacement therapy in adjusted analyses.”
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Lipoprotein Particle Profiles by Nuclear Magnetic Resonance, Compared with Standard Lipids 
and Apolipoproteins in Predicting Cardio�ascular Disease

Mora et al., 
2009b 

“Baseline lipoproteins were measured by NMR in 27,673 women followed up 
for incident cardiovascular disease (n = 1,015) over an 11-year period. After 
adjustment for nonlipid risk factors, hazard ratios and 95% confidence intervals 
for the top versus the bottom quintile of NMR-measured lipoprotein particle 
concentration (measured in particles per liter) were 2.51 (1.91 to 3.30) for low-
density lipoprotein (LDL(NMR)), 0.91 (0.75 to 1.12) for high-density lipoprotein 
(HDL(NMR)), 1.71 (1.38 to 2.12) for very low-density lipoprotein (VLDL(NMR)), 
and 2.25 (1.80 to 2.81) for the LDL(NMR)/HDL(NMR) ratio. Similarly adjusted 
results for NMR-measured lipoprotein particle size (measured in nanometers) 
were 0.64 (0.52 to 0.79) for LDL(NMR) size, 0.65 (0.51 to 0.81) for HDL(NMR) 
size, and 1.37 (1.10 to 1.70) for VLDL(NMR) size. Hazard ratios for NMR 
measures were comparable but not superior to standard lipids (total cholesterol 
2.08 [1.63 to 2.67], LDL cholesterol 1.74 [1.40 to 2.16], HDL cholesterol 0.52 
[0.42 to 0.64], triglycerides 2.58 [1.95 to 3.41], non-HDL cholesterol 2.52 [1.95 to 
3.25], total/HDL cholesterol ratio 2.82 [2.23 to 3.58]) and apolipoproteins (B(100) 
2.57 [1.98 to 3.33], A-1 0.63 [0.52 to 0.77], and B(100)/A-1 ratio 2.79 [2.21 to 
3.54]). Essentially no reclassification improvement was found with the addition 
of the LDL(NMR) particle concentration or apolipoprotein B(100) to a model that 
already included the total/HDL cholesterol ratio and nonlipid risk factors (net 
reclassification index 0% and 1.9%, respectively), nor did the addition of either 
variable result in a statistically significant improvement in the c-index.”

Low-Density Lipoprotein Cholesterol by Friedewald Calculation and Direct Measurement and 
Cardio�ascular E�ents 

Mora et al., 
2009a 

“In a study of 27,331 women with triglycerides ≤ 4.52 mmol/L (≤400 mg/dL), 
baseline fasting Friedewald LDL-C was compared with fasting and nonfasting 
direct homogenous measurement for incident CVD during an 11-year period.” 
“Fasting LDL-C measurements obtained by the 2 methods were highly correlated 
(r = 0.976, P < 0.001). Compared with fasting Friedewald LDL-C, mean fasting 
direct LDL-C was 0.15 mmol/L (5.6 mg/dL) lower and nonfasting direct LDL-C 
0.30 mmol/L (11.5 mg/dL) lower, both P < 0.0001. The adjusted hazard ratio per 
1-SD increment was 1.23 [95% CI 1.15–1.32; 1-SD 0.88 mmol/L (34.1 mg/dL)] 
for fasting direct LDL-C and 1.22 [95% CI 1.14–1.30; 1-SD 0.90 mmol/L (34.9 
mg/dL)] for fasting Friedewald. Nonfasting LDL-C was not associated with CVD 
by either method. Fasting LDL-C measurements fell into the same NCEP risk 
category with either method for 79.3% of participants, whereas they differed by 
1 NCEP category for 20.7% of participants, with most classified into a lower-risk 
category by direct LDL-C.”
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Predicti�e Models for Cardio�ascular Risk Associated with Systolic and Diastolic Blood 
Pressure

Glynn et al., 
2002 

Study population consisted of 22,071 males from the Physicians’ Health Study 
(mean age, 53.2 years; median follow-up, 13.0 years), and 39,876 females from 
the Women’s Health Study (mean age, 53.8 years; median follow-up, 6.2 years). 
“In both populations, lower levels of blood pressure predicted lower event rates, 
with no evidence of a plateau or a J-shaped curve. In males, both systolic and 
diastolic blood pressures were significantly associated with events (P < 0.001), 
whereas in females, only systolic blood pressure (P < 0.001) predicted outcome 
after multivariate adjustment. Correction for measurement error in blood pressure 
increased risk estimates by ≈ 50%. Differences in systolic blood pressure yielded 
greater relative risk reductions than did differences in diastolic blood pressure in 
a combined population of males and females. These predictive models may be 
useful for risk estimation associated with hypertension in similar populations and 
may also be used to infer the benefits of antihypertensive therapy.”

ABBREVIATIONS: AF, atrial fibrillation; APC, activated protein C; BMI, body-mass index; BP, 
blood pressure; CHD, coronary heart disease; CI, confidence interval; CRP, C-reactive protein; 
CTD, connective tissue disease; CVD, cardiovascular disease; d, day; DES, dry eye syndrome; ERT, 
estrogen-replacement therapy; FAI, free androgen index; FRS, Framingham Risk Score; GI, glycemic 
index; GL, glycemic load; h, hour; HDL(-C), high-density lipoprotein (cholesterol); Hg, mercury; 
HRT, hormone-replacement therapy; HT, hormone therapy; ICH, intracerebral hemorrhage; IQR, 
interquartile range; LDL(-C), low-density lipoprotein (cholesterol); MET, metabolic equivalent; MI, 
myocardial infarction; MTHFR, methylenetetrahydrofolate reductase; NCEP, National Cholesterol 
Education Program; NMR, nuclear magnetic resonance; OR, odds ratio; PHS, Physicians’ Health 
Study; PMH, postmenopause hormone; RA, rheumatoid arthritis; RR, relative risk; SAH, subarach-
noid hemorrhage; SHBG, sex hormone–binding globulin; TC, total cholesterol; VLDL, very low-
density lipoprotein; VTE, venous thromboembolism; WC, waist circumference; WHR, waist-to-hip 
ratio; WHS, Women’s Health Study; y, year.
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STUDY OF WOMEN’S HEALTH ACROSS THE NATION

Study Objective and Design

Started in 1994, the Study of Women’s Health Across the Nation (SWAN) is 
a multisite longitudinal epidemiologic study designed to examine the health of 
women during their middle years. The study examines the physical, biologic, psy-
chologic, and social changes during this transitional period. The goal of SWAN’s 
research is to help scientists, health-care providers and women learn how midlife 
experiences affect health and quality of life during aging.

SWAN was designed to be conducted in three phases: a focus-group phase, 
a cross-sectional survey phase, and a longitudinal phase. The focus-group phase 
was intended to help develop the most effective and culturally sensitive study 
design and protocols for recruiting and retaining diverse groups of women into 
SWAN. The cross-sectional survey to assess factors associated with age at natu-
ral menopause, the prevalence of surgical menopause, symptoms of menopause, 
health status, and health-care use. In the third phase, eligible premenopausal 
women who had completed the cross-sectional survey were enrolled into the 
longitudinal follow-up study, whose purposes were

1. to characterize the symptomatology and hormonal and bleeding pattern 
characteristics related to the menopausal transition;

2. to investigate the hormonal and menstrual bleeding patter characteristics 
related to change in bone mineral density, cardiovascular status markers, 
measures of carbohydrate metabolism, and body composition during the 
menopausal transition;

3. to examine the relations of psychosocial factors, personality character-
istics, and behaviors, including lifestyle behaviors, as they may relate 
to age at onset, symptoms, and physiologic changes of the menopausal 
transition;

4. to discern what changes observed over time are related to the menopausal 
transition as compared with age-related changes, including those changes 
that appear to accelerate the aging process; and

5. to describe and quantify cultural and ethnic differences among women 
with respect to midlife aging and the menopausal transition in the five 
racial or ethnic groups of the cohort.

The subjects of the study in the longitudinal cohort are

• bone density and body composition,
• cardiovascular measures/risk factors,
• ovarian markers,
• menstrual status,
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• symptoms,
• psychosocial factors, and
• epidemiologic issues.

Participant Enrollment

In 1996 and 1997, a total of 3,302 participants joined the SWAN longitudi-
nal study through 7 designated research centers around the United States. They 
were drawn from the larger cross-sectional study sample, which included more 
than 16,000 women. Women who met the eligibility criteria for the longitudinal 
study were 42–52 years old, had a uterus and at least 1 intact ovary, reported a 
menstrual period within preceding 3 months, and had not taken hormone medi-
cations (such as birth-control pills or estrogen or progesterone preparations) in 
preceding 3 months.

SWAN placed special emphasis on recruitment of minority-group partici-
pants. Enrollees represented 5 racial or ethnic groups and a variety of back-
grounds and cultures (1,550 non-Hispanic whites, 935 blacks, 286 Hispanics, 
250 Chinese, and 281 Japanese).

Data Collection

Followup visits to research centers take place every year.7 The annual visit 
includes the following core components: physical measures (weight, height, 
hip, waist, and blood pressure), fasting morning blood draw, and interviewer-
administered and self-administered questionnaires. Women are also given men-
strual calendars to complete monthly over the next year. By the end of the funding 
period in 2009, 12 annual visits were to have been completed.

Factors measured at baseline included demographic descriptors, such as 
race or ethnicity, education, income, occupation (job title, activities, and indus-
try) and marital status. Other factors assessed were health-care use, active and 
passive smoke exposure, physical activity, menstrual characteristics, pregnancy 

7 Ten annual followup visits have been completed to date.
 First annual followup visit (February 1997–January 1999): 2,882, (87%) of baseline cohort.
 Second annual followup visit (March 1998–April 2000): 2,749 (83%) of baseline cohort.
 Third annual followup visit (February 1999–January 2001): 2,711 (82%) of baseline cohort.
 Fourth annual followup visit (February 2000–January 2002): 2,684 (81%) of baseline cohort.
 Fifth annual followup visit (2001–2003): 2,617 (79%) of baseline cohort.
 Sixth annual followup visit (March 2002–February 2004): 2,442 (74%) of baseline cohort.
 Seventh annual followup visit (May 2003–January 2005): 2,406 (73%) of baseline cohort.
 Eight annual followup visit (March 2004–January 2006): 2,272 (69%) of baseline cohort.
 Ninth annual followup visit (February 2005–January 2007): 2,255 (68%) of baseline cohort.
 Tenth annual followup visit (February 2006–January 2008): 2,245 (68%) of baseline cohort.
 SWAN is currently fielding a non-funded interim visit 11 and expects to be complete by January 

2009.
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or infertility and menstrual history (including cycle length and variability and 
premenstrual symptoms), family history, medical history (including chronic dis-
eases, fractures, urinary incontinence, and surgeries), medication use, weight 
history, physical and psychological or emotional symptoms of midlife, initiation 
and discontinuation of hormone replacement therapy, and use of complementary 
and alternative therapies. Most of these factors, excluding ones (such as family 
history) that are unlikely to change, are assessed annually. Information pertaining 
to diet is obtained periodically.

Bone mineral density measurements are obtained annually at five of the study 
sites. They measures include low-energy x-rays of the lumbar spine, hip, and 
whole body, which will provide an indication of bone strength and predisposition 
to sustain fractures. Blood and urine samples that were obtained at baseline and 
at the first two annual followup visits are being studied to assess biochemical 
markers of bone turnover. Bone-turnover markers indicate how quickly bone 
breakdown and formation are taking place and may help to predict bone loss. 
Body composition (lean and fat mass) and its changes are also assessed annually 
in these same study participants.

Physical measurements (waist and hip measurements, height, and weight) 
and cardiovascular measurements are obtained annually at all seven study sites 
in all ethnic groups. Lipids, lipoproteins, glucose, insulin, and clotting factors are 
measured in blood samples every other year.

Markers of ovarian aging—including follicle-stimulating hormone, lutein-
izing hormone, estradiol, inhibin-B, and estrone—are being assessed. Addi-
tional biochemical determinations include dehydroepiandrosterone sulfate, sex 
hormone-binding globulin, and testosterone. All those assessments take place 
annually in all ethnic groups. Thyroid-stimulating hormone is also measured 
periodically but not at every visit. At each annual visit, participants are surveyed 
about psychosocial issues, such as quality of life, depression, stress, social sup-
port, and life events. Information pertaining to sexual function is obtained with a 
confidential self-administered questionnaire.

A biologic specimen bank for SWAN contains blood and urine specimens 
collected at each study participant’s annual visit. At the time of this writing, a 
deoxyribonucleic acid (DNA) repository, containing whole blood and sputum 
pellets and immortalized cells was being developed; about 50% of the anticipated 
samples had been collected.

Analysis

A mix of univariate, bivariate, and multivariate analyses using logistic re-
gression and linear regression models are being conducted. A Cox proportional 
hazards model is being used to account for uneven followup.
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TABLE C-9 Select Findings (by outcome)a

Age at Natural Menopause

Gold et al., 
2001

In a cross-sectional telephone survey of 14,620 SWAN participants, overall, median 
age at natural menopause was found to be 51.4 years, “after adjustment for smoking, 
education, marital status, history of heart disease, parity, race/ethnicity, employment, 
and prior use of oral contraceptives. Current smoking, lower educational attainment, 
being separated/widowed/divorced, nonemployment, and history of heart disease 
were all independently associated with earlier natural menopause, while parity, prior 
use of oral contraceptives, and Japanese race/ethnicity were associated with later age 
at natural menopause.”

Body-Mass Index and Menopause, Hormone Use, and Ethnicity

Matthews 
et al., 2001

In a cross-sectional telephone survey of participants at seven SWAN sites, 
“compared to premenopausal women (covariate adjusted M = 27.3), women 
reporting a surgical menopause (M = 28.2) or being in the perimenopausal 
transition (M = 27.7 for early and 27.9 for late perimenopause) had higher BMI. 
Women reporting a natural menopause (M = 27.4) did not have a higher BMI than 
premenopausal women, after adjusting for chronological age and other covariates. 
Hormone use was associated with lower BMI (M = 26.5 �s 27.3). A comparison of 
effect sizes showed that menopausal status (F = 13.1), followed by chronological age 
(F = 24.0), were the least powerful predictors of BMI, whereas the more powerful 
predictors were physical activity level (F = 1377.1) and ethnicity (F = 400.5).”

Bone Density

Association of Endogenous Hormone Concentrations with Bone Mineral Density

Sowers 
et al., 2003

In 2,336 women, “serum logFSH concentrations were inversely correlated with 
BMD (r = –10 for lumbar spine [95% confidence interval (CI): –0.13, –0.06] and 
r = –0.08 for femoral neck (95% CI: –0.11, –0.05). Lumbar spine BMD values 
were approximately 0.5% lower for each successive FSH quartile. There were 
no significant associations of BMD with serum estradiol, total testosterone, FEI 
or FAI, respectively, after adjusting for covariates. BMD tended to be lower (p 
values = 0.009 to 0.06, depending upon the skeletal site) in women classified as 
perimenopausal versus premenopausal, after adjusting for covariates.” Serum FSH, 
but not serum estradiol, testosterone, or SHBG, were significantly associated with 
BMD.

Findings

Select findings from SWAN are summarized in Table C-9.

continued



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

Ethnic Variation in Bone Density in Premenopause and Early Perimenopause

Finkelstein 
et al., 2002 

Using dual-energy x-ray absorptiometry assessed lumbar spine and femoral neck 
BMD in 2,277 (for the lumbar spine) and 2,330 (for the femoral neck) SWAN 
participants. Before adjustment for covariates, “lumbar spine and femoral neck 
BMDs were highest in African-American women, next highest in Caucasian women, 
and lowest in Chinese and Japanese women. Unadjusted lumbar spine and femoral 
neck BMDs were 7–12% and 14–24% higher, respectively, in African–American 
women than in Caucasians, Japanese, or Chinese women. After adjustment, lumbar 
spine and femoral neck BMD remained highest in African–American women, and 
there were no significant differences between the remaining groups. When BMD 
was assessed in a subset of women weighing less than 70 kg and then adjusted 
for covariates, lumbar spine BMD became similar in African-American, Chinese, 
and Japanese women and was lowest in Caucasian women. Adjustment for bone 
size increased values for Chinese women to levels equal to or above those of 
Caucasian and Japanese women. Among women of comparable weights, there are no 
differences in lumbar spine BMD among African-American, Chinese, and Japanese 
women, all of whom have higher BMDs than Caucasians. Femoral neck BMD is 
highest in African-Americans and similar in Chinese, Japanese, and Caucasians.”

Sport and Home Physical Acti�ity and Bone Density

Greendale 
et al., 2003 

“BMD was measured with Hologic 2000 or 4500A densitometers. Physical activity 
was assessed with the Kaiser Physical Activity Scale, which rates each domain of 
activity between 1 (low) and 5 (high). . . . The mean and median values of sport, 
home, work, and active living each approximated the midpoint of the scale and did 
not differ substantially among ethnic groups. Scores for each domain of activity were 
not highly correlated, with r values ranging between –0.03 and 0.33. Independent 
of age, body mass index, ethnic group, alcohol use, dietary calcium, smoking, 
menopause status, SWAN site, and other domains of physical activity, higher sport 
activity was statistically significantly associated with greater BMD at the lumbar 
spine (P = 0.008), femoral neck (P = 0.0002), and total hip ( P< 0.0001). More 
home physical activity was associated with higher BMD at the spine (P = 0.049) and 
femoral neck (P = 0.008).”

Vasomotor Symptoms and Bone Mineral Density

Crandall 
et al., 2009

In an analysis of data from baseline to annual followup visit 5 for 2,213 participants, 
“after controlling for age, time within each menopausal stage, race/ethnicity, study 
site, and baseline menopausal stage, postmenopausal women with any VMS had 
lower lumbar (0.008 g/cm2 lower, P = 0.001) and lower total hip (0.005 g/cm2 lower, 
P = 0.04) BMD than did postmenopausal women without VMS. Compared with 
early perimenopausal women without VMS, early perimenopausal women with any 
VMS had lower femoral neck BMD (0.003 g/cm2 lower, P = 0.0001). Premenopausal 
women with any VMS had lower femoral neck BMD (0.003 g/cm2 lower, P = 0.03) 
compared with premenopausal women without VMS.”

TABLE C-9 Continued
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Finkelstein 
et al., 2008

Assessment of bone mineral density (BMD) of the lumbar spine and total hip across 
a maximum of 6 annual visits was done in 1,902 participants. “There was little 
change in BMD during the pre- or early perimenopause. BMD declined substantially 
in the late perimenopause, with an average loss of 0.018 and 0.010 g/cm2·yr from 
the spine and hip, respectively (P < 0.001 for both). In the postmenopause, rates of 
loss from the spine and hip were 0.022 and 0.013 g/cm2·yr, respectively (P < 0.001 
for both). During the late peri- and postmenopause, bone loss was approximately 
35–55% slower in women in the top vs the bottom tertile of body weight. Apparent 
ethnic differences in rates of spine bone loss were largely explained by differences in 
body weight.”

Cancer Screening

Depressi�e-Symptom Burden as a Barrier to Screening for Breast and Cer�ical Cancers

Pirraglia 
et al., 2004 

“At baseline, 75.6% (2493 of 3297) had a low depressive symptom burden (CES-D 
score <16, referent), 9.5% (312 of 3297) had a moderate burden (CES-D 16–20), 
and 14.9% (492/3297) had a high burden (CES-D ≥ 21). Women with a high 
depressive symptom burden had, in the subseqent year, significantly lower odds of 
mammography (OR 0.84, 95% CI 0.73–0.97) but not Pap smear (OR 0.88, 95% 
CI 0.76–1.03). There was not a significant dose-response relationship between 
depressive symptom burden and screening.”

Limited English Proficiency and Breast and Cer�ical Cancer Screening

Jacobs 
et al., 2005

“Reading and speaking only a language other than English and reading and speaking 
another language more fluently than English, were significantly and negatively 
associated with receipt of breast and cervical cancer screening in unadjusted models. 
Although these findings were attenuated in adjusted models, not speaking English 
well or at all remained negatively associated with receipt of cancer screening.”

TABLE C-9 Continued
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Cardiovascular

Application of National Screening Criteria for Blood Pressure and Cholesterol to 
Perimenopausal Women

Derby 
et al., 2006 

“National screening guidelines for hypertension and cholesterol were applied to 
a sample of perimenopausal women (N = 1349) in the Study of Women Across 
the Nation (SWAN). To reduce low-density lipoprotein, lifestyle modification was 
indicated in 9.5% of patients and drug therapy in 5%. Chinese and Japanese women 
were least likely and African Americans were most likely to require interventions. 
Among all women, 27% were prehypertensive, 23% were hypertensive (blood 
pressure > 140/90 mm Hg or treated), and 9.1% were untreated hypertensive. 
Untreated hypertension was lowest among Japanese and Chinese and highest among 
Hispanic and African–American women. Among all hypertensives, 60.5% were 
treated and only 58.5% of those treated were controlled. Control rates were lowest 
among African Americans and Hispanics. In this relatively low-risk population, a 
significant proportion of women with hypertension or hypercholesterolemia were 
either not treated, not treated adequately, or had borderline risk factors that would 
benefit from lifestyle interventions to prevent the need for future drug treatment.”

Artery Calcification in Women with a History of Major Depression

Agatisa 
et al., 2005

In a sample of 210 participants from 1 SWAN study site, coronary calcification 
“using electron beam technology was found in 103 women (49%) and aorta 
calcification in 144 women (54%); high calcification scores were set at 
approximately 75% of the sample distribution (ie, at ≥ 10 for the coronary calcium 
score [n = 49 women] and at> 100 for the aorta calcium score [n = 53 women]). 
Women with a history of recurrent major depression (n = 53) were more likely 
to have any coronary calcification or calcification in the high category at either 
site compared with women with a history of a single episode of depression or no 
depression. After stepwise forward adjustment for cardiovascular risk factors and 
sociodemographic characteristics, a history of recurrent major depression, compared 
with a single episode or no history, was associated with odds ratios (ORs) of 2.46 
(95% confidence interval [CI], 1.06–5.67) for any coronary calcification, 2.71 (95% 
CI, 1.08–6.81) for high coronary calcification, and 3.39 (95% CI, 1.34–8.63) for high 
aortic calcification. Further adjustments for waist-hip ratio reduced the association 
between history of recurrent depression and any calcification (OR, 2.24; 95% CI, 
0.94–5.32) and high calcification (OR, 2.31; 95% CI, 0.89–5.99).”

Chronic Exposure to E�eryday Discrimination and Coronary Artery Calcification in Black 
Women

Lewis 
et al., 2006

In a sample of 181 African American women, “chronic exposure to discrimination 
was significantly associated with the presence of CAC in unadjusted logistic 
regression analyses (p = .007) and after adjustment for demographics (p = .01), 
standard cardiovascular risk factors (p = .02), and Body Mass Index (BMI) (p = 
.05). In contrast, recent discrimination was only marginally associated with the 
presence of CAC in both unadjusted (p = .06) and fully adjusted logistic regression 
models (p = .08). Persistent exposure to racial/ethnic discrimination was not more 
strongly associated with CAC compared with other types of discrimination in either 
unadjusted or adjusted models.”

TABLE C-9 Continued
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Concentrations of Sex Steroid and Cardio�ascular Disease Measures

Sowers 
et al., 2008

In a comparison of sex steroid and cardiovascular profiles at the 5-year followup 
visit, “users of HT had 50% higher levels of sex hormone-binding globulin (P < 
.001 for both HT groups), which limits binding of sex steroids to their receptors, and 
higher excreted estrone metabolites (more than 60%; P < .001 for both HT groups) 
than premenopausal or postmenopausal women. These findings were, in turn, 
associated with higher levels of F2a-isoprostanes, an oxidative stress measure, than 
in premenopausal women. The HT users had a more favorable ratio of high-density 
to low-density lipoprotein cholesterol than did premenopausal or postmenopausal 
women (P < .01), but higher triglyceride levels (P < .01).”

Effects of Race and Depressi�e Symptoms on Artery Calcification

Lewis 
et al., 2009 

“In linear regression models adjusted for race, depressive symptoms were associated 
with a greater amount of aortic calcification (β = 0.03, p = .01), and there was a 
significant race × depressive symptoms interaction (β = 0.07, p = .006). Findings for 
depressive symptoms (odds ratio (OR) = 1.03, 95% Confidence Interval (CI) = 1.0–
1.06, p = .07), and the race × depressive symptoms interaction (OR = 1.1, 95% CI 
= 1.01–1.18, p = .01) were similar in race-adjusted multinomial logistic regression 
models predicting high levels of aortic calcification. Race-specific models revealed 
a significant association between depressive symptoms and aortic calcification in 
African American, but not white women. Additional adjustments for education, study 
site, and CHD risk factors did not alter these results. Depressive symptoms were not 
associated with coronary calcification for women of either racial group.”

Ethnic Variation in Cardio�ascular Risk-Factor Burden

Matthews 
et al., 2005 

Framingham risk score and number of risk factors in the top quartile of the 
distribution of risk factors not included in the Framingham score (called composite 
burden) were calculated. “The unadjusted mean values for the two summary scores 
were higher among African Americans and Hispanics than other groups. Statistical 
adjustments for education and geographical site accounted for a majority of the 
ethnic differences, with an additional small effect of lifestyle for the composite 
burden score. Largest ethnic differences were apparent for waist circumference, 
lipoprotein(a), high-sensitivity C-reactive protein, and untreated blood pressure.”

TABLE C-9 Continued
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Ethnic Variation in Hypertension

Lloyd-
Jones et al., 
2005

 “Examined the prevalence of hypertension (defined as systolic ≥140 or diastolic 
≥90 mm Hg or receiving treatment), treatment, and control (to <140/<90 mm 
Hg) among 3,292 women, 46.9% were white, 28.3% were black, 8.7% were 
Hispanic, 7.6% were Chinese, and 8.5% were Japanese. Among these 5 ethnic 
groups, respectively, there was substantial variation in prevalence of normal blood 
pressure levels (<120/<80 mm Hg; 59.9%, 35.4%, 16.8%, 67.2%, and 63.7%) 
and hypertension (14.5%, 38.1%, 27.6%, 12.8%, and 11.0%). After multivariable 
adjustment, hypertension prevalence was 2 to 3x higher among black and Hispanic 
women but similar among Chinese and Japanese women compared with white 
women. Among hypertensive participants, prevalence of antihypertensive treatment 
was highest among blacks (58.9%) and whites (55.2%) and lowest among Chinese 
(34.4%). Prevalence of control to goal blood pressure levels was highest among 
whites (43.0%) and Japanese (38.7%) and markedly lower among Hispanic women 
(11.4%). Compared with whites, black and Hispanic women have significantly 
higher prevalence of hypertension independent of other factors, whereas Chinese 
and Japanese women have similar prevalence. Treatment and control rates vary 
considerably across ethnicities.”

Hot Flashes and Subclinical Cardio�ascular Diseases

Thurston 
et al., 
2008a 

“Cross-sectional associations were evaluated with linear regression and partial 
proportional odds models. Hot flashes were associated with significantly lower 
flow-mediated dilation (β = –1.01; SE, 0.41; P = 0.01) and greater coronary artery 
(odds ratio, 1.48; 95% confidence interval, 1.04 to 2.12) and aortic (odds ratio, 
1.55; 95% confidence interval, 1.10 to 2.19) calcification in age- and race-adjusted 
models. Significant associations between hot flashes and flow-mediated dilation (β = 
–0.97; SE, 0.44; P = 0.03) and aortic calcification (odds ratio, 1.63; 95% confidence 
interval, 1.07 to 2.49) remained in models adjusted for cardiovascular disease risk 
factors and estradiol.”

Lifetime History of Depression and Carotid Atherosclerosis

Jones et al., 
2003

In 336 participants at one SWAN study site, “lifetime history of major depression 
was associated with plaque, and substance abuse was related to intima-media 
thickness. Lifetime history of an anxiety disorder was not associated with either 
measure. After controlling for standard cardiovascular risk factors, only the 
association between major depression and plaque was maintained. The risk of plaque 
was 2-fold in women with a lifetime history of recurrent major depressive episodes 
relative to women with no history of depression (odds ratio = 2.30; 95% confidence 
interval, 1.10–4.82). Lifetime history of a single major depressive episode was not 
associated with plaque.”

Cognitive Functioning

Cogniti�e Functioning in the Menopausal Transition

Meyer 
et al., 2003

In 803 participants for whom cognitive assessments were available, the authors 
found small but significant increases over time during the premenopausal and 
perimenopausal phases. “This trend was not accounted for by chronological age, 
education, family income, ethnicity, or baseline self-perceived health.”

TABLE C-9 Continued



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C ���

Depression

Depressi�e Symptoms During the Menopause Transition

Bromberger 
et al., 2007

“At baseline, 23% of the sample (N = 3302) had elevated CES-D scores (≥ 16). A 
woman was more likely to report CES-D ≥ 16 when she was early peri-, late peri-, 
postmenopausal or currently/formerly using hormone therapy (HT), relative to when 
she was premenopausal (OR range 1.30 to 1.71). Effects were somewhat stronger 
for women with low CES-D scores at baseline. Health and psychosocial factors 
increased the odds of having a high CES-D and in some cases, were more important 
than menopausal status.”

Predictors of First Lifetime Episodes of Major Depression in Midlife

Bromberger 
et al., 2009

Over 7 years of followup, 42 (15.8%) women met criteria for a diagnosis of major 
depression. Frequent vasomotor symptoms (VMS; hot flashes and/or night sweats) 
(HR 2.14, p = 0.03) were a significant predictor of major depression in univariate 
analyses. After simultaneous adjustment for multiple predictors in Cox proportional 
hazards analyses, frequent VMS were no longer significant; lifetime history of an 
anxiety disorder (HR 2.20, p = 0.02) and role limitations due to physical health (HR 
1.88, p = 0.07) at baseline and a very stressful life event (HR 2.25, p = 0.04) prior to 
depression onset predicted a first episode of major depression.

Racial and Ethnic Differences in Pre�alence of Depressi�e Symptoms

Bromberger 
et al., 2004

“Racial/ethnic differences in unadjusted and adjusted prevalence of significant 
depressive symptoms (score ≥ 16 on the Center for Epidemiologic Studies 
Depression [CES-D] Scale) were assessed with univariate and multiple logistic 
regressions. Twenty-four percent of the sample had a CES-D score of 16 or higher. 
Unadjusted prevalence varied by race/ethnicity (P < .0001). Hispanic and African 
American women had the highest odds, and Chinese and Japanese women had the 
lowest odds, for a CES-D score of 16 or higher. After adjustment for covariates, 
racial/ethnic differences overall were no longer significant.”

Eating Disorders

Pre�alence and Selected Correlates of Eating Disorder Symptoms

Marcus 
et al., 2007

“The sample included 589 pre- and early perimenopausal African American, 
Hispanic, and White women. . . . Rates of regular binge eating, dissatisfaction 
with eating patterns, and marked fear of weight gain were 11, 29.3, and 9.2%, 
respectively. African Americans were more likely than were Whites to report fasting. 
In multivariable analyses, high body mass index (or waist circumference), depressive 
symptoms, past depression, and history of childhood/adolescence abuse were 
significantly associated with the Binge Eating and Preoccupation with Eating, Shape 
and Weight subscale scores.”

TABLE C-9 Continued
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Health-Related Quality of Life and Functioning

Association of Menopause with Physical Functioning

Sowers 
et al., 2001

In a cross-sectional study of 14,427 women, “80.8% of women reported no limitation 
in physical functioning, whereas 10% of women had some limitation, and 9.2% of 
women indicated having substantial limitation. Women with substantial limitation 
in physical functioning had double the prevalence odds ratio (POR = 2.02; 95% 
confidence interval (CI) = 1.64–2.49) of having surgical menopause and 76% greater 
odds (POR = 1.76; 95% CI = 1.38–2.24)) of using hormones, compared with women 
with no limitation. Compared with those without limitation, women with substantial 
limitation in physical functioning had 56% greater odds (POR = 1.56; 95% CI = 
1.23–1.97)) of being naturally postmenopausal and a 41% greater odds (POR = 1.41; 
95% CI = 1.17–1.70) of being perimenopausal, relative to being premenopausal and 
after adjusting for other variables.”

Dietary Intake and Functional Limitations

Tomey 
et al., 2008

Among 2,160 women, aged 42–52 years, from 6 SWAN study sites, the prevalence 
of moderate and substantial functional limitationsb was 31% and 10%, respectively. 
“Women in the highest quartile of cholesterol intake had 40% greater odds (odds 
ratio = 1.4, 95% confidence interval: 1.1, 1.8) of being more limited versus those 
in the lowest quartile. Women in the highest quartile of fat and saturated fat intakes 
were 50% and 60% more likely to be more limited, with respective odds ratios of 1.5 
and 1.6 (95% confidence intervals: 1.2, 2.0 and 1.2, 2.1) versus those in the lowest 
quartiles. Lower fruit, vegetable, and fiber intakes were related to reporting greater 
functional limitations.”

Health-Related Quality of Life

Avis et al., 
2003

“In unadjusted, but not adjusted, analyses, significantly more early perimenopausal 
women, as compared with premenopausal women, were classified as having 
impaired functioning on each of the 5 subscales . . . (HRQL was assessed with 5 
subscales from the Short Form-36; impaired functioning was defined as being in 
the 25% most impaired on a subscale). . . . For 4 of the subscales, the effect of 
menopausal status was explained by menopause-related symptoms. There were 
significant ethnic group differences across all 5 subscales in unadjusted analyses. 
Ethnicity was no longer significant for the Vitality or Role-Emotional subscales 
when adjusted for health variables or for the Role-Physical subscale when analyses 
were adjusted for socioeconomic status, health, lifestyle, or social circumstances. 
Ethnicity remained significant for the Bodily Pain and Social Functioning subscales, 
even in adjusted analyses.”

History of Depression and Current Health and Functioning

Bromberger 
et al., 2005

“Women (24.3%) had a history of major depression: 14.9% single episode, 9.4% 
recurrent and 12.6% had minor depression. In multivariable logistic regression 
analyses, compared to no history of depression, any past depression predicted high 
body pain [odds ratios (ORs), 1.8–2.3; 95% CIs, 1.05–4.02]. Recurrent depression 
predicted poor social functioning (OR, 2.1; 95% CI, 1.20–3.80) and current 
treatment for back pain (OR, 4.2; 95% CI, 1.78–9.82). Minor depression predicted 
mood symptoms (OR, 1.9; 95% CI, 1.16–3.20).”

TABLE C-9 Continued
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Hormone Therapy and Health-Related Quality of Life

Hess et al., 
2008

“Of the 3,102 participants, 813 initiated HT during the 6-year follow-up period. At 
baseline, women who subsequently initiated HT were more likely to report poor 
role physical functioning, higher socioeconomic status, and frequent symptoms and 
to be white. In longitudinal analyses, women reporting poor role emotional and 
physical functioning at the visit before initiation were less likely to subsequently 
initiate (hazard ratio [95% CI]: 0.76 [0.62–0.91] and 0.58 [0.47–0.71]; P < 0.01 
and < 0.0001, respectively), and initiation was associated with subsequent poorer 
role physical functioning (odds ratio [95% CI]: 1.26 [1.02–1.56]; P = 0.03). Among 
HT initiators, frequent symptom reporters showed improvements in vitality (+2.7) 
compared with other initiators (–2.9) (P < 0.01).”

Influence of Menopause, Health Status, and Psychosocial and Demographic Factors on Quality 
of Life

Avis et al., 
2004

Based on analyses of data from 13,874 participants in the cross-sectional study, “in 
unadjusted analyses early perimenopausal women reported lower QOL compared 
with premenopausal women, but menopausal status was no longer associated with 
QOL when analyses were adjusted for other variables. In multivariable models, 
being married and having low levels of perceived stress were associated with better 
QOL across all racial/ethnic groups. While there were many consistencies across 
racial/ethnic groups,” the researchers “also found that the nature of the associations 
between QOL and education, marital status, perceived stress and social support 
varied across racial/ethnic groups.”

Role of Health Conditions and Beha�ioral and En�ironmental Factors in Functional Limitations

Pope et al., 
2001

In a cross sectional study of 16,065, almost 20% reported physical-functioning 
limitations. “Functional limitations were associated with numerous disease 
conditions, including high blood pressure, diabetes, heart attack or angina, arthritis, 
osteoporosis, and cancer, and with several behavioral and environmental risk factors, 
including body mass index, difficulty paying for basics, and high levels of perceived 
stress. Consistent with findings in older women, this study shows that in addition to 
health conditions, potentially modifiable risk factors including high body mass index, 
difficulty paying for basics, and high levels of stress are associated with physical-
functioning limitations of women at midlife.”

Hysterectomy

Ethnic Differences in Hysterectomy for Benign Conditions

Powell 
et al., 2005

“In a phone survey conducted at random on 15,160 women, ages 40–55, from 
seven US cities. Subjects were 49.9% Caucasian, 28.1% African American, 
12.3% Hispanic, and 9.8% Asian American. Ethnicity was associated with past 
hysterectomy (odds ratio [OR]: Caucasian = 1.0, African American = 1.66; 
confidence interval [CI] = 1.46–1.88, Hispanic = 1.64, CI = 1.29–2.07; Asian 
American = 0.44, CI = 0.34–0.56), after adjustment for age, education, fibroids, body 
mass index, marital status, smoking, geographic site, and country of education.”

TABLE C-9 Continued
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Racial Differences in Hysterectomy for Benign Conditions

Weiss et al., 
2009

“During 9 years of follow-up, 203 African-American and Caucasian women reported 
a hysterectomy, 90 with evidence of uterine leiomyomas. Women were surveyed 
regarding their overall perceived health before and after hysterectomy, presenting 
symptoms, and their motivations for surgery. Serum estradiol and testosterone levels 
were measured. Uterine weight at time of hysterectomy and clinical pathology were 
determined via medical record abstraction. Previously diagnosed leiomyomas were 
presenting symptoms more frequently in African–American women than Caucasian 
women (85% vs 63%; p = .02). African–American women had less prolapse than 
Caucasian women (0% vs 10%; p = 0.04). Chronic pain was a more frequent reason 
for hysterectomy in African–American women than in Caucasian women (49% vs 
29%; p = .05). There were no differences between the groups in levels of estradiol or 
testosterone. African–American women had almost twice the uterine weight as that 
of Caucasian women (448 vs 240 g; p = .0005).”

Mammographic Density

Mammographic Density Among Racial and Ethnic Groups

Habel 
et al., 2007

“Age-adjusted mean percent density was highest for Chinese (52%) and lowest for 
African American (34%) women (n = 801). After additional adjustment for body 
mass index, menopause status, age at first birth, breast-feeding duration, waist 
circumference, and smoking, African Americans had the highest mean percent 
density (51%) and Japanese women had the lowest (39%). In contrast, the area of 
dense tissue was highest for African Americans and similar for white, Japanese, and 
Chinese women. Less acculturated Chinese and Japanese women tended to have a 
larger area of density and a higher percent density.”

Menstrual and Reproducti�e Factors in Relation to Mammographic Density

Butler 
et al., 2008

“From multivariable linear regression, the following menstrual or reproductive 
factors were independently associated with percent mammographic density (area of 
dense breast/breast area): older age at menarche (beta = 10.3, P < 0.01, for > 13 vs < 
12 years), premenstrual cravings and bloating (beta = –3.36, P = 0.02), younger age 
at first full-term birth (beta = –8.12, P < 0.01 for <or = 23 years versus no births), 
greater number of births (beta = –6.80, P < 0.01 for >or = 3 births versus no births), 
and premenopausal status (beta = 3.78, P < 0.01 versus early perimenopausal). Only 
number of births remained associated with percent density after adjustment for 
age, race/ethnicity, study site, body mass index (BMI), and smoking. In addition, 
stratified analyses revealed that the association with number of births was confined 
to women within the lowest BMI tertile (beta = –12.2, P < 0.01 for >or = 3 births 
versus no births).”
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Physical Acti�ity and Mammographic Density

Oestreicher 
et al., 2008

In a cohort 772 pre- and early perimenopausal women, “multivariable linear 
regression was used to examine the association between two measures of 
mammographic density (percent density and area of density) and mutually exclusive 
components of recent physical activity (sports, household/caregiving and work 
activity, active living). After adjusting for race/ethnicity, menopausal status, parity, 
past use of hormones, body mass index, waist circumference and education, 
nonsignificant inverse associations for percent mammographic density and the 
highest versus the lowest category of each of the physical activity domains were 
observed. For example, the adjusted beta for active living = –2.62, 95% confidence 
interval (Cl) (–5.84, 0.60). Nonsignificant inverse associations also were observed 
for area of density and each physical activity domain except work activity. However, 
most associations were nonlinear.”

Markers of Ovarian Aging

Effects of Age, Ethnicity, and Body-Mass Index on Change in Estradiol and Follicle-Stimulating 
Hormone During the Menopausal Transition

Randolph 
et al., 2004 

“Serum E2 concentrations decreased significantly with age, with a steeper decline 
at higher ages. FSH concentrations increased significantly with age, with a steeper 
increase at higher ages. Similar patterns in the decline of E2 and the increase in 
FSH with age were found across ethnic groups, but the levels of these hormones 
differed by race/ethnicity. Specifically, over time, Chinese and Japanese women had 
lower E2 concentrations but similar FSH levels, compared with Caucasian women, 
and African American women had higher FSH concentrations but comparable E2 
levels with those of Caucasian women. These ethnic differences in E2 and FSH 
were independent of menopausal status. The effect of BMI on serum E2 and FSH 
levels varied by menopausal status. Increasing BMI was associated with decreasing 
concentrations of E2 among premenopausal and early perimenopausal women but 
was associated with increasing concentrations of E2 among late perimenopausal 
and postmenopausal women. Increasing BMI was associated with decreasing 
concentrations of FSH, with the effect of BMI becoming larger as women 
transitioned through menopause.”

Factors Related to Declining Luteal Function

Santoro 
et al., 2008

In 848 women, ovulatory-appearing cycles declined from 80.9% at baseline to 
64.7% by the third assessment (H3). “Cycles presumed anovulatory and not ending 
with bleeding by 50 d (anovulatory/nonbleeding) increased from 8.4 to 24% by 
H3 and were associated with progress to early perimenopause [odds ratio (OR) = 
2.66; confidence interval (CI) = 1.17–6.04] or late perimenopause (OR = 56.21; 
CI = 18.79–168.12; P < 0.0001), African-American ethnicity (OR = 1.91; CI = 
1.06–3.43), and less than high school education (OR = 3.51; CI = 1.62–7.62). 
Anovulatory cycles ending with bleeding remained at about 10% from baseline to 
H3; compared with ovulatory cycles, they were associated with obesity (OR = 4.68; 
CI = 1.33–16.52) and more than high school education (OR = 2.12; CI = 1.22–3.69; 
P = 0.02). Serum estradiol in both the highest and lowest categories was associated 
with anovulatory/nonbleeding collections. Pregnanediol glucuronide decreased 
6.6% for each year on study. Insulin sensitivity measures did not relate strongly to 
menstrual cycle hormones.”
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Predictors of Onset of Final Menses

Santoro 
et al., 2007 

“A total of 2,662 women, of whom 706 had an observed FMP, were included. Age, 
menstrual cycles that had become farther apart (HR = 2.56, 95% CI = 1.94–3.39) 
or more variable (HR = 1.79, 95% CI = 1.45–2.21), and current smoking (HR = 
1.68, 95% CI = 1.35–2.08) were all associated with shorter time to the FMP. Higher 
(log) follicle-stimulating hormone (HR = 2.32, 95% CI = 2.02–2.67) was related 
to a shorter time to the FMP, but the highest estradiol category (≥ 100 pg/mL [367 
pmol/L]) was associated with an earlier onset of the FMP (HR = 2.16, 95% CI = 
1.63–2.89). The number of vasomotor symptoms was related to an earlier FMP, 
whereas higher physical activity and educational levels were associated with a later 
FMP.”

Relationship of Bleeding Patterns to Daily Reproducti�e Hormones

Van Voorhis 
et al., 2008

In a sample of 804 women, “approximately 20% of all cycles were anovulatory. 
Short cycle intervals (fewer than 21 days) were common early in the menopause 
transition and were associated with anovulation (44%). Long cycle intervals (more 
than 36 days) also were associated with anovulatory cycles (65%). Both short (1–3 
days) and long (more than 8 days) duration of menstrual bleeding were associated 
with anovulation (18% and 23%, respectively). Women with anovulatory cycles were 
less likely to report heavy menstrual bleeding as compared with those with ovulatory 
cycles. Heavy bleeding was not associated with steroid hormone concentrations but 
was associated with obesity and with the self-reported presence of leiomyomata.”

Vasomotor Symptoms and Hypothalamic and O�arian Function

Skurnick 
et al., 2009

In 159 women with anovulatory cycles anovulation did not predict menopause 
within 2 years. Vasomotor symptoms occur before menopause, as experienced by 
73% of the women. Vasomotor symptoms were not related to cycle pattern.

Menopause Symptoms

Abdominal Adiposity and Hot Flashes

Thurston 
et al., 
2008b

“Every 1-SD increase in total (odds ratio [OR] = 1.28; 95% CI: 1.06–1.55) and 
subcutaneous (OR = 1.30; 95% CI: 1.07–1.58) abdominal adiposity was associated 
with increased odds of hot flashes in age- and site-adjusted models. Visceral 
adiposity was not associated with hot flashes. Associations were not reduced when 
models included reproductive hormone concentrations.”
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Adiposity and Vasomotor Symptoms

Thurston 
et al., 
2008d

Among 1,776 participants aged 47–59 years with an intact uterus and at least one 
ovary who completed bioelectrical impedance analysis for assessment of body 
composition at the sixth annual study visit (2002–2004), “a higher percentage of 
body fat was associated with increased odds of reporting vasomotor symptoms (per 
standard deviation increase in percent body fat, odds ratio = 1.27, 95% confidence 
interval: 1.14, 1.42) in age- and site-adjusted models. Associations persisted in 
fully adjusted models and were not reduced when models included reproductive 
hormones.”

Childhood Abuse or Neglect and Vasomotor Symptoms

Thurston 
et al., 
2008c

Childhood abuse and neglect were measured once with the Child Trauma 
Questionnaire among 322 white and African American SWAN participants. 
“Vasomotor symptoms (any/none hot flashes, night sweats) were reported annually 
over 8 years. . . . Childhood abuse or neglect was associated with increased reporting 
of hot flashes (odds ratio = 1.73, 95% CI: 1.23–2.43) and night sweats (odds ratio = 
1.75, 95% CI: 1.26–2.43) in age-adjusted models. Results persisted in multivariable 
models and across several types of abuse and neglect.”

Differences in Symptoms of Menopause by Race and Ethnicity

Green and 
Santoro, 
2009

“Most [menopause] symptoms varied by ethnicity. Vasomotor symptoms (hot 
flashes) were more prevalent in African-American (46.5%) and Hispanic (49.4%) 
women than non-Hispanic white and Asian women, and were also more common 
in women with greater BMI, challenging the widely held belief that obesity is 
protective against vasomotor symptoms. Vaginal dryness was present in 30–40% of 
SWAN participants at baseline, and was most prevalent in Hispanic women. Among 
Hispanic women, menopause symptoms varied by country of origin. Acculturation 
appeared to play a complex role in menopausal symptomatology,” with less 
acculturated Hispanic women reporting more menopause symptoms.

Lifestyle and Demographic Factors in Relation to Vasomotor Symptoms

Gold et al., 
2004

“With the exception of age and follicle-stimulating hormone levels, all covariates 
varied significantly by race/ethnicity. Despite similar age distributions, fewer 
Chinese (37.7 percent) and Japanese (42.6 percent) women were in the early 
perimenopause than African-American (50.2 percent), Caucasian (46.9 percent), or 
Hispanic (43.5 percent) women at baseline, consistent with findings from SWAN’s 
screening data regarding ethnic differences in age at menopause (��). In addition, 
significantly more African-American (46.5 percent) and Hispanic (49.4 percent) 
women reported vasomotor symptoms, and fewer Japanese (34.3 percent) and 
Chinese (28.9 percent) women reported vasomotor symptoms than did Caucasian 
(36.6 percent) women (p < 0.0001). Previously SWAN showed that nutrient intakes 
also varied considerably by race/ethnicity, with dietary antioxidant and fiber intake 
highest in Chinese women, phytoestrogen intake highest in Japanese women, fat 
and total calorie intake highest in African–American women, and any alcohol intake 
highest in Caucasian and lowest in Chinese women.”
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Relation of Demographic and Lifestyle Factors to Menopausal Symptoms

Gold et al., 
2000

A cross-sectional survey was conducted during 1995–1997. “The largest adjusted 
prevalence odds ratios for all symptoms, particularly hot flashes or night sweats 
(odds ratios = 2.06–4.32), were for women who were peri- or postmenopausal. Most 
symptoms were reported least frequently by Japanese and Chinese (odds ratios = 
0.47–0.67 compared with Caucasian) women. African-American women reported 
vasomotor symptoms and vaginal dryness more (odds ratios = 1.17–1.63) but urine 
leakage and difficulty sleeping less (odds ratios = 0.64–0.72) than Caucasians. 
Hispanic women reported urine leakage, vaginal dryness, heart pounding, and 
forgetfulness more (odds ratios = 1.22–1.85). Hot flashes or night sweats, urine 
leakage, and stiffness or soreness were associated with a high body mass index (odds 
ratios = 1.15–2.18 for women with a body mass index > or = 27 vs 19–26.9 kg/m2). 
Most symptoms were reported most frequently among women who had difficulty 
paying for basics (odds ratios = 1.15–2.05), who smoked (odds ratios = 1.21–1.78), 
and who rated themselves less physically active than other women their age (odds 
ratios = 1.24–2.33).”

Vasomotor Symptoms Among Racial and Ethnic Groups

Gold et al., 
2006

In 3,198 women during 1996 through 2002, “rates of reports of any vasomotor 
symptoms and any symptoms for 6 or more days in the previous 2 weeks showed 
similar patterns according to race/ethnicity and change in menopausal status, 
although rates for the former were generally higher. The highest rates were observed 
among African American women across all stages of the perimenopausal transition 
[adjusted odds ratio [OR] = 1.63; 95% confidence interval [CI]=1.21, 2.20]. 
Asian women had the lowest rates in most stages of the transition. For all women 
combined, the transition to late perimenopause exhibited the strongest association 
with vasomotor symptoms (adjusted OR = 6.64; 95% CI = 4.80, 9.20). “Other 
risk factors were age (adjusted OR = 1.17; 95% CI=1.13, 1.21), having less than 
a college education (adjusted OR = 1.91; 95% CI = 1.40, 2.61), increasing body 
mass index (adjusted OR=1.03 per unit of increase; 95% CI = 1.01, 1.04), smoking 
(adjusted OR = 1.63; 95% CI = 1.25, 2.12), and anxiety symptoms at baseline 
(adjusted OR = 3.10; 95% CI = 2.33, 4.12).”

Metabolic Syndrome and Diabetes

Lifetime History of Major Depression and De�elopment of Metabolic Syndrome

Goldbacher 
et al., 2009 

“Participants were 429 (34.5% African-American) women. . . . Longitudinal 
generalized estimating equations (GEE) models indicated that, in women who were 
free of the metabolic syndrome at baseline, a lifetime major depression history or 
current major depressive episode at baseline was significantly associated with the 
onset and presence of the metabolic syndrome during the follow-up (odds ratio 
= 1.82; 95% Confidence Interval (CI) = 1.06–3.14). Survival analyses showed 
that, in women who were free of the metabolic syndrome at baseline, a lifetime 
major depression history or current major depressive episode at baseline predicted 
increased risk of developing the metabolic syndrome during the follow-up (hazard 
ratio = 1.66; 95% CI = 0.99–3.75). Lifetime history of alcohol abuse or dependence 
predicted incident metabolic syndrome and attenuated the association between 
depression and the metabolic syndrome in both models.”
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Menopause and the Metabolic Syndrome

Janssen 
et al., 2008

“By the final menstrual period, 13.7% of the women had new-onset MetS. 
Longitudinal analyses, centered at the final menstrual period, were adjusted for 
age at menopause, ethnicity, study site, marital status, education, body mass index, 
smoking, and aging. Odds of developing the MetS per year in perimenopause were 
1.45 (95% confidence interval, 1.35–1.56); after menopause, 1.24 (95% confidence 
interval, 1.18–1.30). These odds were significantly different (P < .001). An increase 
in bioavailable testosterone or a decrease in sex hormone–binding globulin levels 
increased the odds.”

MetS, metabolic syndrome

Depressi�e Symptoms, Insulin Resistance, and Risk of Diabetes

Everson-
Rose et al., 
2004

“Mean baseline HOMA-IR was 1.31 (SD 0.86) and increased 0.05 units per year 
for all women (P < 0.0001). A total of 97 incident cases of diabetes occurred. 
Depression was associated with absolute levels of HOMA-IR (P < 0.04) but 
was unrelated to changes in HOMA-IR; associations did not vary by race. The 
association between depression and HOMA-IR was eliminated after adjustment for 
central adiposity (P = 0.85). Depression predicted a 1.66-fold greater risk of diabetes 
(P < 0.03), which became nonsignificant after adjustment for central adiposity (P 
= 0.12). We also observed a depression-by-race interaction (P < 0.05) in analyses 
limited to Caucasians and African Americans, the only groups with enough diabetes 
cases to reliably test this interaction. Race-stratified models showed that depression 
predicted 2.56-fold greater risk of diabetes in African Americans only, after risk 
factor adjustment (P = 0.008).”

Education and Ethnicity in Predicting the De�elopment of Metabolic Syndrome

Scuteri 
et al., 2008 

“At baseline, the prevalence of the metabolic syndrome was 21% (n = 673). Among 
2,512 women without metabolic syndrome at baseline, 12.8% (n = 321) developed 
the metabolic syndrome during 5 years of follow-up. Both ethnicity and SES were 
significant univariate predictors of incident metabolic syndrome. In multivariate 
logistic regression models that included age at baseline, menopausal status and site, 
baseline smoking and alcohol consumption at follow-up visit 1, as well as baseline 
values of each of the components of the metabolic syndrome, only education was an 
independent predictor of incident metabolic syndrome.”

Musculoskeletal Pain

Musculoskeletal Pain and Menopausal Status

Dugan 
et al., 2006 

“Participants were 2,218 women assessed from the Study of Women’s Health Across 
the Nation at the time of their third annual follow-up exam. . . . Prevalence of aches 
and pains was high, with 1 in 6 women reporting daily symptoms. Compared with 
premenopausal women, those who were early perimenopausal (P = 0.002), late 
perimenopausal (P = 0.002), or postmenopausal (P < 0.0001) reported significantly 
more aches and pains in age-adjusted analysis. With complete risk factor adjustment, 
postmenopausal women still reported significantly greater pain symptoms (P = 
0.03) than did premenopausal women. Menopausal status was marginally related to 
consulting a healthcare provider for back pain.”
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Premenstrual Symptoms

Diet and Lifestyle Factors and Premenstrual Symptoms

Gold et al., 
2007

Among 3,302 women, “most dietary factors were not related to PMSx. Fat intake 
was negatively associated with craving and bloating (adjusted odds ratio [AOR] = 
0.56, p = 0.024), and fiber intake was positively associated with breast pain (AOR 
=1.39, p = 0.037). Alcohol intake was negatively associated with anxiety and 
mood changes (AOR = 0.63, p = 0.045) and headaches (AOR = 0.50, p = 0.009). 
Current smoking (AOR = 1.60, p = 0.028) and passive smoke exposure (AOR = 
1.56, p = 0.050) were positively associated with cramps and back pain. Symptom 
reporting differed significantly by race/ethnicity. PMSx were also associated with 
comorbidities, early perimenopausal status, depressive symptoms, and symptom 
sensitivity.”

Sexual Function

Changes in Sexual Functioning During Menopausal Transition

Avis et al., 
2009 

In 3,302 participants, “with adjustment for baseline age, chronological aging, 
and relevant social, health, and psychological parameters, the odds of reporting 
vaginal or pelvic pain increased and desire decreased by late perimenopause. 
Masturbation increased at early perimenopause but declined during postmenopause. 
The menopausal transition was unrelated to other outcomes. Health, psychological 
functioning, and importance of sex were related to all sexual function outcomes. 
Age, race/ethnicity, marital status, change in relationship, and vaginal dryness were 
also associated with sexual functioning.”

Correlates of Sexual Function During Menopausal Transition

Avis et al., 
2005

In 3,167 women not using hormones, “early perimenopausal women reported greater 
pain with intercourse than premenopausal women (P = 0.01), but the two groups 
did not differ in frequency of sexual intercourse, desire, arousal, or physical or 
emotional satisfaction. Variables having the greatest association across all outcomes 
were relationship factors, the perceived importance of sex, attitudes toward aging, 
and vaginal dryness. Despite controlling for a wide range of variables, we still found 
ethnic differences for arousal (P < 0.0001), pain (P = 0.03), desire (P < 0.0001), and 
frequency of sexual intercourse (P = 0.0003). African American women reported 
higher frequency of sexual intercourse than white women; Hispanic women reported 
lower physical pleasure and arousal. Chinese women reported more pain and less 
desire and arousal than the white women, as did the Japanese women, although the 
only significant difference was for arousal.”
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Sleep

Day-to-Day Reproducti�e Hormone Concentrations and Sleep

Kravitz 
et al., 2005

Using data from a single menstrual cycle from 630 SWAN participants, “average 
adjusted odds of reporting trouble sleeping were 29% higher in perimenopausal than 
in premenopausal women. The highest percentages of women in both menopausal 
groups reported trouble sleeping in the beginning or at the end of their cycle. 
After controlling for covariates, pregnanediol glucuronide level was associated 
with increased trouble sleeping in perimenopausal women and follicle-stimulating 
hormone level was associated with increased trouble sleeping in premenopausal 
women. Mood and vasomotor symptoms were the strongest and most consistent 
cocontributors to trouble sleeping.”

Race, Financial Strain, and Sleep

Hall et al., 
2009

“Sleep was worse in African American women than Caucasian participants as 
measured by self-report, visual sleep stage scoring, and NREM EEG power. 
Slow wave sleep differences were also observed between Chinese and Caucasian 
participants. Racial differences persisted after adjustment for indices of SES. 
Although educational attainment was unrelated to sleep, financial strain was 
associated with decreased sleep quality and lower sleep efficiency. Financial strain-
by-race interactions were not statistically significant, suggesting that financial strain 
has additive effects on sleep, independent of race.”

Sleep and the Menopausal Transition

Kravitz 
et al., 2003 

In a cross-sectional survey of 12,603 women, “difficulty sleeping [in the past 
two weeks] was reported by 38%. Age-adjusted rates were highest in the late 
perimenopausal (45.4%) and surgically postmenopausal (47.6%) groups. Among 
ethnic groups, rates ranged from 28% in Japanese women to 40% in Caucasian 
women. In the multivariate analysis, menopausal status was significantly associated 
with difficulty sleeping. Ethnicity, vasomotor and psychological symptoms, self-
perceived health and health behaviors, arthritis, and education also were significantly 
associated with difficulty sleeping.”

Sleep Disturbance During the Menopausal Transition

Kravitz 
et al., 2008

“Self-reported number of nights of difficulty falling asleep, staying asleep, and 
early morning awakening during the previous 2 weeks were obtained at baseline 
and 7 annual assessments. Random effects logistic regression was used to model 
associations between each of the 3 sleep measures and the menopausal transition, 
defined by bleeding patterns, vasomotor symptoms (VMS), and estradiol (E2) 
and follicle stimulating hormone (FSH) serum levels. Adjusted odds ratios (ORs) 
for difficulty falling asleep and staying asleep increased through the menopausal 
transition, but decreased for early morning awakening from late perimenopause to 
postmenopause. Naturally and surgically postmenopausal women using hormones, 
compared with those who were not, generally had lower ORs for disturbed sleep. 
More frequent VMS were associated with higher ORs of each sleep difficulty. 
Decreasing E2 levels were associated with higher ORs of trouble falling and staying 
asleep, and increasing FSH levels were associated with higher ORs of trouble 
staying asleep. Racial/ethnic differences were found for staying asleep and early 
morning awakening.”
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Urinary Incontinence

Factors Associated with Pre�alent and Incident Urinary Incontinence

Waetjen 
et al., 2007

“Prevalent incontinence was 46.7%, and the average incidence was 11.1% per year.d 
Most women reported stress, but a higher proportion developed urge incontinence 
(15.9% vs 7.6% at baseline). African Americans (29.5%) and Hispanics (27.5%) had 
the lowest prevalence of incontinence; African Americans (11.6%) and Caucasians 
(13.4%) had the highest average annual incidence. Parity, diabetes, fibroids, and 
poor social support were associated with prevalent incontinence, while high body 
mass index, high symptom sensitivity, and poor health were associated with incident 
incontinence.”

Factors Associated with Worsening and Impro�ing Urinary Incontinence

Waetjen 
et al., 2008 

Among 2,415 women who reported monthly or more incontinence in self-
administered questionnaires at baseline and during the first 6 annual followup visits 
(1995–2002), “over 6 years, 14.7% of incontinent women reported worsening, 
32.4% reported improvement, and 52.9% reported no change in the frequency 
of incontinence symptoms.c Compared with premenopause, perimenopause and 
postmenopause were not associated with worsening incontinence; for example, 
early perimenopause was associated with improvement (odds ratio [OR] 1.19; 95% 
confidence interval [CI] 1.06–1.35) and postmenopause reduced odds of worsening 
(OR 0.80; 95% CI 0.66–0.95). Meanwhile, each pound of weight gain increased 
odds of worsening (OR 1.04; 95% CI 1.03–1.05) and reduced odds of improving 
(OR 0.97; 95% CI 0.96–0.98) incontinence.”

Predictors of Urinary Incontinence and Life Impact

Sampselle 
et al., 2002 

“Incontinence severity was derived by multiplying frequency by volume leaked. 
Incontinence prevalence was 57%, with nearly 15% categorized as moderate and 
10% as severe. Biologic factors constituted the most important risk for severity, 
specifically perimenopausal compared with premenepausal status (odds ratio [OR] 
1.35), body mass index (OR 1.04), diabetes mellitus (OR 1.55), and current smoking 
(OR 1.38). Nonwhite groups had lower risk, but the relationship of ethnicity is 
complex. Severity was associated with likelihood of discussing with a health care 
provider, with bothersomeness, and with likelihood of nighttime voiding.”

 aFor a list of all publications on the SWAN visit, see http://www.edc.pitt.edu/swan/public/
Documents/PublicationsPresentations/Publication_List.doc (accessed August 16, 2010).
 bWomen with scores on the Medical Outcomes Study Short Form 36 below the population norm 
(that is under 50 points) were classified as having substantial functional limitations, those with scores 
of 51–85 points were classified as having moderate limitations, and those with scores of 86–100 points 
were considered not limited.
 c Worsening was defined as a reported increase and improving as a reported decrease in frequency 
of incontinence between annual visits.
 dCases were urinary incontinence that occurred at least monthly.
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ABBREVIATIONS: AOR, adjusted odds ratio; ß, beta; BMD, bone-mineral density; BMI, body-mass 
index; CAC, coronary artery calcification; CES-D, Center for Epidemiologic Studies Depression; 
CHD, coronary heart disease; CI, confidence interval; d, day; E2, estradiol; EEG, electroencephalog-
raphy; FAI, free androgen index; FEI, free estradiol index; FMP, final menstrual period; FSH, follicle-
stimulating hormone; GEE, generalized estimating equations; H3, third assessment; HOMA-IR, 
homeostatic model assessment of insulin resistance; HR, hazard ratio; HT, hormone therapy; MetS, 
metabolic syndrome; NREM, non-rapid eye movement; OR, odds ratio; PMSx, premenstrual symp-
toms; POR, prevalence odds ratio; QOL, quality of life; SD, standard deviation; SE, standard error; 
SES, socioeconomic status; SHBG, sex hormone–binding globulin; SWAN, Studies of Women’s 
Health Across the Nation; VMS, vasomotor symptoms.
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BLACK WOMEN’S HEALTH STUDY

Study Objective and Design

The Black Women’s Health Study (BWHS) is a longitudinal followup study, 
the largest such study of the health of American black women yet conducted. The 
BWHS began in 1994 and continues today. Its purpose is to identify and evaluate 
causes and prevention of cancers, hypertension, type 2 diabetes, uterine fibroids, 
systemic lupus erythematosus, and other outcomes in black women.

Participant Enrollment

In 1995, 59,000 black women in all parts of the United States were en-
rolled through postal questionnaires. Most of the participants were subscribers 
to magazines commonly read by black women. A small number of participants 
were members of the National Education Association, US government workers, 
and nurses. Black women who were US residents 21–69 years old were eligible 
to participate.

Data Collection

Participants provided demographic and health information on a baseline 
questionnaire in 1995. Information captured included weight, height, smoking, 
drinking, contraceptive use, use of selected other medications, illnesses, repro-
ductive history, physical activity, diet, and use of health care. Participants have 
since completed followup questionnaires at 2-year intervals to assess the occur-
rence of cancers and other illnesses and to update information on risk factors. 
Participants may complete the questionnaire in hard copy or electronically via the 
Web. Completion of followup questionnaires by members of the 1995 cohort has 
exceeded 80% in each cycle of followup. Information on outcomes is validated 
through medical-record review.

In a genetic component of the BWHS, saliva samples are being obtained 
from participants; DNA from the samples will serve as a resource for testing 
hypotheses about gene–environment interactions.

Analysis

A mix of univariate, bivariate, and multivariate analyses using logistic regres-
sion and linear regression models are being conducted.

Findings

Select findings from the BWHS are summarized in Table C-10.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C ���

TABLE C-10 Publications on Findings of the Black Women’s Health Study by 
Outcome

Alcohol Use

Patterns and Correlates of Alcohol Consumption

Rosenberg 
et al., 
2002a 

“The prevalence of current drinking was highest (37.1%) among women 40–49 
years of age, and lowest (23.1%) among women aged 21–29. In every region, heavy 
drinking (at least 14 drinks a week), reported by about 8% of current drinkers, was 
associated with current smoking, lower educational attainment, commencement 
of drinking at younger ages and, particularly, consumption of greater amounts of 
alcohol in the early years of drinking.”

Asthma 

Body-Mass Index and Asthma

Coogan 
et al., 2009 

“During 403,394 person-years of follow-up, 1068 participants reported physician-
diagnosed asthma and concurrent use of asthma medication. Compared with women 
with BMIs of 20 to 24, the multivariate incidence rate ratios for higher categories of 
BMI increased from 1.26 (95% CI, 1.05–1.51) for BMIs of 25 to 29 to 2.85 (95% 
CI, 2.19–3.72) for BMIs of 40 or greater, with a significant trend. The association of 
BMI with asthma risk was consistent across strata of smoking status, age, presence of 
sleep apnea, parental history of asthma, BMI at age 18 years, and energy expenditure 
and intake.”

Breast Cancer

Body Size and Breast Cancer

Palmer 
et al., 
2007a 

“In 10 years of follow-up, 1,062 incident cases of breast cancer occurred.” “BMI at 
age 18 years of ≥ 25 relative to < 20 was associated with a reduced risk of breast 
cancer among both premenopausal women (IRR, 0.68; 95% confidence interval, 
0.46–0.98) and postmenopausal women (IRR, 0.53; 95% confidence interval, 
0.35–0.81). There was an inverse association of current BMI with premenopausal 
breast cancer but no association with postmenopausal breast cancer, either overall 
or among never-users of hormone therapy. Weight gain was not associated with 
postmenopausal breast cancer risk. In analyses restricted to breast cancers that were 
estrogen and progesterone receptor positive, IRRs for current BMI and weight gain 
were elevated but not statistically significant.”

Dietary Patterns and Breast Cancer

Agurs-
Collins 
et al., 2005

“On the 1995 health survey, BWHS participants answered more than 60 questions on 
what they ate. Preliminary analyses of this information suggest that women who ate 
a more “prudent” diet, which is high in fruits and vegetables, whole grains, fish and 
poultry, may have a lower risk of developing breast cancer, and women who ate more 
of a “Western” diet, high in meat, refined grains, and sweets, may have a higher risk.”

continued
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Familial Breast Cancer

Palmer 
et al., 
2007b

From 1995 through 2005, there were 1,063 incident breast cancers. 873 cancers 
were diagnosed in women with no family history of breast cancer. 190 cancers were 
diagnosed in women with a mother or sister who had breast cancer (incidence ratio 
1.79 95% CI, 1.53–2.10). Eleven breast cancers were diagnosed in women with two 
first-degree relatives with breast cancer (incidence ratio 2.31 95% CI 1.27–4.19). 
Among women younger than 45 with a first-degree relative who was diagnosed 
before are 50 the incidence ratio was 3.04 (95% CI 2.12–4.36). A family history 
of lung, prostate, or colon cancer was not associated with increased risk of breast 
cancer.

Glycemic Index, Sweets, and Breast Cancer 

Palmer 
et al., 
2008a 

“Based on 1,091 cases of breast cancer, there was weak evidence of an association. 
Women who ate at least one sweet a week had a higher risk of developing breast 
cancer than women who ate few sweets but there was not a trend of increasing risk 
with increasing sweet consumption.”

Hair Relaxers and Breast Cancer 

Rosenberg 
et al., 
2007a 

“During 266,298 person-years of follow-up, 574 incident cases of breast cancer 
were ascertained. There were no increases in breast cancer risk associated with any 
categories of duration of hair relaxer use, frequency of use, age at first use, number 
of burns experienced during use, or type of relaxer used. The incidence rate ratio for 
use at least seven times a year for 20 or more years relative to use for less than a year 
was 0.98 (95% confidence interval, 0.78–1.39).”

Height and Breast Cancer

Palmer 
et al., 2001 

“A total of 910 cases of breast cancer were analyzed: 700 prevalent cases reported 
at baseline and 210 incident cases that occurred during the first 2 years of follow-
up. A comparison group of controls frequency-matched on 5-year category of birth 
year was chosen from among participants who had not developed breast cancer. 
Increased height was associated with an increased risk of breast cancer overall (p 
trend = 0.001); the OR for the highest category of height, > 69 inches (175 cm), 
was 1.6 (95% confidence interval 1.1–2.3). The association was stronger among 
premenopausal women and women who had less than 16 years of education. Results 
were similar for prevalent and incident cases.”

TABLE C-10 Continued
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Hormone Use and Breast Cancer

Rosenberg 
et al., 
2006a 

“Data on female hormone use, breast cancer risk factors, and the occurrence of breast 
cancer were collected from 1995 through 2003 in the Black Women’s Health Study, 
a follow-up study of US black women. During 182,629 person-years of follow-up 
615 cases of breast cancer were reported. The incidence rate ratio for breast cancer 
in women recently using female hormone supplements relative to those who had 
never used female hormones, with control for confounding factors, increased with 
duration of use and was 1.58 (95% confidence interval [CI], 1.12–2.23) for 10 or 
more years of use; the incidence rate ratios were 1.41 (95% CI, 0.95–2.10) for 10 
or more years of use of estrogen alone, and 1.45 (95% CI, 0.94–2.23) for 5 or more 
years of use of estrogen with progestin. The association of breast cancer with female 
hormone use was stronger among leaner women (body mass index [calculated as 
weight in kilograms divided by the square of height in meters] < 25) than among 
heavier women. Among the leaner women who recently used female hormone 
supplements for durations of 10 or more years, the incidence rate ratio was 3.08 
(95% CI, 1.70–5.56); the corresponding estimates among women with body mass 
indexes of 25 to 29 and 30 or greater were 1.43 and 0.91, respectively, and neither 
was statistically significant.”

Induced Abortion and Breast Cancer

Palmer 
et al., 2004 

“Participants reported 348 incident breast cancers during 205,983 person-years of 
follow-up. . . . Among nulliparous women, the IRR for any induced abortion relative 
to none was 0.9 (95% CI = 0.5–1.4), and among parous women, the comparable IRR 
was 1.1 (95% CI = 0.8–1.4). Risk did not vary by number of abortions, age at first 
abortion, age at diagnosis or a family history of breast cancer in either nulliparous or 
parous women.”

Meat, Fat, and Dairy Consumption and Breast Cancer 

Rosenberg 
et al., 2008 

No significant association between “intakes of total meat, red meat, white meat, total 
dairy fluids, or total dairy solids and breast cancer risk was found. . . . Categorical 
analyses suggested a J-shaped association for egg consumption where, compared 
to women who did not eat eggs, breast cancer risk was slightly decreased among 
women who consumed < 2 eggs per week but slightly increased among women who 
consumed ≥ 1 egg per day.”

TABLE C-10 Continued

continued
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Obesity and Breast Cancer

Palmer 
et al., 2006

“After 8 years of follow-up, 809 women reported incident breast cancer, with about 
half the cases among premenopausal women and half among postmenopausal 
women. BMI at age 18 was associated with a decreased risk of breast cancer in both 
pre- and postmenopausal women: the IRR for BMI 25+ relative to BMI < 20 was 
0.6 (95% confidence interval (CI) 0.5–1.0) among premenopausal women and 0.5 
(95% CI 0.3–0.8) among postmenopausal women. Current BMI was also associated 
with a reduced risk among both pre- and postmenopausal women. Weight gain was 
associated with a small increase in risk among both menopausal groups, but the IRRs 
were compatible with 1.0. When we repeated the analysis among postmenopausal 
women who had never used female hormone supplements, a stronger association was 
observed, with an IRR of 1.8 (95% CI 0.9–3.5) for weight gain of 25+ kg relative 
to weight gain of < 10 kg. Waist circumference, a measure of central obesity, was 
weakly associated with postmenopausal breast cancer (IRR for highest vs lowest 
quintile 1.4 (95% CI 0.8–2.3)). Among never users of female hormones, the IRR for 
the same comparison was 1.7 (95% CI 0.6–4.2).”

Parity and Breast Cancer

Palmer 
et al., 
2003a 

“During 214,862 person-years of follow-up, participants reported 349 breast cancers, 
of which 128 were among women younger than 45 years and 221 were among 
women aged 45–70 years. Compared with primiparity, high parity was associated 
with an increased risk of breast cancer among women younger than 45 years (IRR 
for four or more births = 2.4, 95% CI = 1.1 to 5.1) and a decreased risk among 
women aged 45 years and older (IRR = 0.5, 95% CI = 0.3 to 0.9). The IRR for late 
age at first birth compared with early age was 2.5 (95% CI = 1.1 to 5.8) among the 
younger women and was not elevated among older women. We found no statistically 
significant association of time since last birth with breast cancer risk among either 
younger or older women.”

Physical Acti�ity and Breast Cancer

Rosenberg 
et al., 
1999a 

“In these preliminary analyses, there was a trend of decreasing risk of breast cancer 
with increasing exercise during early reproductive life.”

Racial Discrimination and Breast Cancer

Taylor 
et al., 2007

“From 1997 to 2003, 593 incident cases of breast cancer were ascertained. In 
the total sample, there were weak positive associations between cancer incidence 
and everyday and major discrimination. These associations were stronger among 
the younger women. Among women aged less than 50 years, those who reported 
frequent everyday discrimination were at higher risk than were women who 
reported infrequent experiences. In addition, the incidence rate ratio was 1.32 (95% 
confidence interval: 1.03, 1.70) for those who reported discrimination on the job and 
1.48 (95% confidence interval: 1.01, 2.16) for those who reported discrimination in 
all three situations—housing, job, and police—relative to those who reported none.”

TABLE C-10 Continued
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Smoking and Breast Cancer

Palmer 
et al., 2005

A few studies have reported that women who smoke heavily and who started 
smoking at a young age may have an increased risk of breast cancer. “In analyses of 
BWHS data collected from 1995 to 2003, cigarette smoking was not associated with 
breast cancer risk overall. However, there was a suggestion in the data that risk might 
be increased for women who smoked for many years and began at a young age. 
Further data will need to be collected to confirm whether this is so.”

Strenuous Physical Acti�ity and Breast Cancer

Adams-
Campbell 
et al., 2001

“The 704 women who reported breast cancer (cases) were matched on age and on 
menopausal status at the time of the breast cancer diagnosis with 1408 women who 
did not report breast cancer (controls). Odds ratios for > or =7 h per week relative 
to < 1 were significantly reduced for strenuous activity at age 21 for breast cancer 
overall and premenopausal breast cancer, at age 30 for breast cancer overall, and 
at age 40 for postmenopausal breast cancer. There was no evidence of a reduction 
associated with exercise in high school.”

Cervical Cancer

Socioeconomic Predictors of Cer�ical Cancer

Datta et al., 
2006a

“In all, 8.3% of the 40,009 women in the analysis had not undergone a Pap smear 
examination within the previous 2 years (nonrecent screening). Lower educational 
attainment, older age, obesity, smoking, and neighborhood poverty were found to be 
independently related to increased risk of nonrecent screening. The adjusted odds 
ratio for nonrecent screening was 1.2 (95% confidence interval [95% CI], 1.1–1.4) 
for women residing in neighborhoods with 20% or more poverty compared with 
those in neighborhoods with less than 5% poverty. State of residence was also 
associated with nonrecent cervical carcinoma screening.”

Childhood Sexual Abuse

Childhood Abuse and Age at Menarche

Wise et al., 
2009

Approximately 50% of participants reported having been subjected to childhood 
abuse. In adjusted analyses, sexual abuse was positively associated with early 
menarche, and the risk of early menarche increased with increasing frequency of 
sexual abuse incidents. The authors observed “a weak but statistically significant 
association between physical abuse and early menarche. Associations between sexual 
abuse and early menarche were stronger when we used a more stringent cutpoint for 
early menarche (age < 11 years).”

TABLE C-10 Continued
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Colorectal Polyps

Anthropometric Risk Factors for Colorectal Polyps

Wise et al., 
2008a 

“After 211,797 person-years of follow-up, 1,189 cases of colorectal polyps were 
reported. The IRR comparing women with a current BMI ≥ 35 to < 25 kg/m(2) 
was 1.35 (95% CI = 1.12–1.62), after adjustment for covariates including waist-
to-hip ratio (WHR). Women who gained ≥ 30 kg since age 18 were 1.76 times as 
likely as those who gained < 5 kg to report polyps (95% CI = 1.33–2.33). The IRR 
comparing the highest (≥ 0.87) to lowest (<0.71) quintiles of WHR was 1.26 (95% 
CI = 1.04–1.54), after adjustment for covariates including BMI. BMI at age 18, adult 
height, and waist circumference (BMI-adjusted) were not materially associated with 
risk. Results were similar among women with a recent endoscopy.”

Physical Acti�ity and Colorectal Polyps

Rosenberg 
et al., 
2006b 

“During 287,029 person-years of follow-up, 1,390 women reported having been 
diagnosed with colorectal polyps. A review of medical records of 58 women 
who reported colorectal polyps indicated that 59% had adenomas and 41% had 
hyperplastic polyps. . . . For total MET-hours/wk spent in walking and vigorous 
exercise, the incidence rate ratio decreased from 0.94 for < 5 MET-hours/wk to 0.72 
for ≥ 40 MET-hours/wk (Ptrend = 0.01). The inverse association was apparent among 
most subgroups examined, including women who may be at higher risk of colorectal 
adenomas because of being obese.”

Coronary Heart Disease

Neighborhood Socioeconomic Status and Serum Biomarkers of Heart Disease

Cozier 
et al., 2008

“Based on blood samples given by 486 BWHS participants, women living in the 
most disadvantaged neighborhoods had the least favorable levels of HDL cholesterol, 
triglycerides, and C-reactive protein.”

Risk Factors for Coronary Heart Disease

Rosenberg 
et al., 
1999b 

“The 352 women who reported having had a heart attack (cases) were frequency 
matched 5:1 on age with 1,760 women who had not (controls); medical record 
review for 35 cases indicated that two-thirds had had a heart attack and the remainder 
had other coronary heart disease. Odds ratios, obtained from multiple logistic 
regression analyses, were significantly elevated for cigarette smoking, drug-treated 
hypertension, drug-treated diabetes mellitus, elevated cholesterol level, and history 
of heart attack in a parent. High body mass index (kg/m2) was associated with 
coronary heart disease in the absence of control for hypertension, diabetes mellitus, 
and elevated cholesterol but not when they were controlled, suggesting that obesity 
may influence risk as a result of its effects on blood pressure, glucose tolerance, and 
cholesterol levels. Odds ratios increased with increasing parity and with decreasing 
age at first birth.”

TABLE C-10 Continued
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Depression

Leisure-Time Physical Acti�ity and Depressi�e Symptoms

Wise et al., 
2006 

“Adult vigorous physical activity was inversely associated with depressive symptoms. 
Women who reported vigorous exercise both in high school (≥ 5 hr per week) and 
adulthood (≤ 2 hr per week) had the lowest odds of depressive symptoms (OR = 
0.76, 95% CI = 0.71–0.82) relative to never active women; the OR was 0.90 for 
women who were active in high school but not adulthood (95% CI = 0.85–0.96) and 
0.83 for women who were inactive in high school but became active in adulthood 
(95% CI = 0.77–0.91). Although walking for exercise was not associated with risk of 
depressive symptoms overall, there was evidence of a weak inverse relation among 
obese women (Body Mass Index ≤ 30).”

Sociodemographic Characteristics and Depression

Williams 
et al., 2004 

“On the 1999 BWHS health survey, participants completed 20 questions, the “CES-
D” scale which is a measure of feelings of depression. The present analysis found 
that older and younger women differed in the types of symptoms they reported, and 
that depression scores were lower for older women, married women, and those with 
higher levels of education.”

Diabetes

Dietary Calcium and Magnesium, Major Food Sources, and Type � Diabetes

van Dam 
et al., 2006

Based on 1,964 women who reported having been newly diagnosed with the illness 
during 1995–2003 and using dietary information reported by participants on the 
1995 questionnaire, “the multivariate-adjusted hazard ratio of type 2 diabetes for the 
highest compared with the lowest quintile of intake was 0.69 (95% CI 0.59–0.81; 
P trend < 0.0001) for dietary magnesium and 0.86 (0.74–1.00; P trend = 0.01) for 
dietary calcium. After mutual adjustment, the association for calcium disappeared 
(hazard ratio 1.04 [95% CI 0.88–1.24]; P trend = 0.88), whereas the association for 
magnesium remained. Daily consumption of low-fat dairy (0.87 [0.76–1.00]; P trend 
= 0.04) and whole grains (0.69 [0.60–0.79]; P trend < 0.0001) were associated with 
a lower risk of type 2 diabetes compared with a consumption less than once a week. 
After mutual adjustment, the hazard ratio was 0.81 (0.68–0.97; P trend = 0.02) for 
magnesium and 0.73 (0.63–0.85; P trend < 0.0001) for whole grains.”

Fast Food and Type � Diabetes

Krishnan 
et al., 2008 

The authors “found that frequent consumption of food from restaurants was 
associated with increased incidence of diabetes, based on 2,846 newly occurring 
cases.”

TABLE C-10 Continued
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Glycemic Index, Glycemic Load, Cereal Fiber and Type � Diabetes

Krishnan 
et al., 
2007b 

“During 8 years of follow-up, there were 1,938 incident cases of diabetes. . . . 
Glycemic index was positively associated with the risk of diabetes: the IRR for 
the highest quintile relative to the lowest was 1.23 (95% confidence interval [CI], 
1.05–1.44). Cereal fiber intake was inversely associated with risk of diabetes, with 
an IRR of 0.82 (95% CI, 0.70–0.96) for the highest vs lowest quintiles of intake. 
Stronger associations were seen among women with a body mass index (calculated 
as weight in kilograms divided by height in meters squared) lower than 25: IRRs for 
the highest vs lowest quintile were 1.91 (95% CI, 1.16–3.16) for glycemic index (P 
value for interaction, .12) and 0.41 (95% CI, 0.24–0.72) for cereal fiber intake (P 
value for interaction, .05).”

Obesity and Type � Diabetes

Krishnan 
et al., 
2007a 

During 8 years of followup, 2,472 new occurrences of type 2 diabetes were reported. 
“Sixty-one percent of participants had a BMI ≥ 2 5 kg/m2 (WHO definition of 
overweight). Compared with a BMI of < 23 kg/m2, the IRR for a BMI of > 45 kg/m2 
was 23 (95% confidence interval, 17.0 to 31.0). The IRR for the highest quintile of 
waist-to-hip ratio relative to the lowest was 2.3 (95% confidence interval, 2.0 to 2.7) 
after control for BMI. Furthermore, at every level of BMI, an increased risk was 
observed for high waist-to-hip ratio relative to low.” The incidence of type 2 diabetes 
was more than 20 times greater in women in the highest category of body mass index 
considered (≥ 45) than among lean women.

Physical Acti�ity, Tele�ision Viewing, and Type � Diabetes

Krishnan 
et al., 2009

“During 10 years of follow-up, 2,928 incident cases of type 2 diabetes were 
identified. Vigorous activity was inversely associated with type 2 diabetes risk (Ptrend 
< 0.0001); the incidence rate ratio for ≥ 7 hours per week was 0.43 (95% confidence 
interval (CI): 0.31, 0.59) relative to no activity. Brisk walking for ≥ 5 hours per 
week was associated with reduced type 2 diabetes risk (incidence rate ratio = 0.67, 
95% CI: 0.49, 0.92) relative to no walking. Television watching was associated with 
an increased type 2 diabetes risk: The incidence rate ratio was 1.86 (95% CI: 1.54, 
2.24) for ≥ 5 hours relative to < 1 hour of television per day, independent of physical 
activity.”

Sugar-Sweetened Be�erages and Type � Diabetes

Palmer 
et al., 
2008b 

There were “2,713 incident cases of type 2 diabetes mellitus during 338,884 person-
years of follow-up. . . . The incidence of type 2 diabetes mellitus was higher with 
higher intake of both sugar-sweetened soft drinks and fruit drinks. After adjustment 
for confounding variables including other dietary factors, the incidence rate ratio for 
2 or more soft drinks per day was 1.24 (95% confidence interval, 1.06–1.45). For 
fruit drinks, the comparable incidence rate ratio was 1.31 (95% confidence interval, 
1.13–1.52). The association of diabetes with soft drink consumption was almost 
entirely mediated by body mass index, whereas the association with fruit drink 
consumption was independent of body mass index.”

TABLE C-10 Continued



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C ���

continued

Hypertension

Neighborhood Median Housing Value and Hypertension Risk

Cozier 
et al., 
2007a 

“During 180,294 person-years of observation, 3,780 cases of hypertension were 
reported. A significant inverse, graded association was found between median 
housing value and hypertension. The incidence rate ratio for women living in low 
median housing value neighborhoods relative to high was 1.29 (95% confidence 
interval = 1.14, 1.45) after adjustment for individual risk factors. The association was 
evident even at higher individual levels of income and education.”

Neighborhood Socioeconomic Status and Hypertension

Cozier 
et al., 2004 

“During 1995–2001 4,895 BWHS participants reported having been diagnosed with 
hypertension for the first time. After taking into account individual characteristics 
such as age, weight, education, smoking, and exercise, we found that lower 
neighborhood SES was associated with a higher occurrence of hypertension. This 
suggests that neighborhood environment may be contributing to the excess of 
hypertension among black women in the U.S.”

Obesity and Hypertension in College-Educated Women

Rosenberg 
et al., 
1999c 

The authors “compared 9,394 participants who reported a diagnosis of hypertension 
treated with a diuretic or antihypertensive drug (cases) with 9,259 participants of 
similar ages who did not have hypertension (controls). The odds ratio for treated 
hypertension increased with increasing body mass index at every educational 
level. Among college-educated women, the odds ratio for hypertension was 2.7 
for overweight women (index 27.3–32.3) and 4.9 for severely overweight women 
(index > 32.3), relative to women with a body mass index < 22.8. The prevalences 
of obesity and hypertension were high among the college-educated women, although 
not as high as among women with fewer years of education. About a quarter of the 
difference in the prevalence of hypertension across educational levels was explained 
by the difference in the proportions who were overweight or severely overweight.”

Past-Year Strenuous Physical Acti�ity and Hypertension

Kim et al., 
1998

“Strenuous physical activity in the past year was associated with reduced risk of high 
blood pressure.”

Physical Acti�ity and Hypertension

Cozier 
et al., 
2006a 

“Participation in vigorous physical activity was associated with a decreased 
occurrence of hypertension among BWHS participants. The effect of walking was 
much weaker.”

Racial Discrimination and Hypertension

Cozier 
et al., 
2006b 

“There were 2,316 incident cases of hypertension reported during 104,574 person-
years of observation from 1997 to 2001. Most women reported experiences of 
racism. In the total sample, IRRs for the association of racism with incident 
hypertension were close to the null. However, some positive associations were 
observed for personally mediated racism in women born outside the United States.”

TABLE C-10 Continued
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Very High Body-Mass Index and Hypertension

Cozier 
et al., 2005 

“The incidence of hypertension increased as women’s body mass index increased. 
The incidence of hypertension in women with a body mass index of 45 or more was 
7.7 times greater than that among women with a body mass index of 20–22. A body 
mass index of 20–24 is considered to be a “healthy” weight; 25–29 is considered to 
be “overweight”; and 30 or greater is “obese”.”

Hysterectomy

Correlates of Hysterectomy

Palmer 
et al., 1999

“Analyses were conducted on participants aged 30–49 years; 5,163 had had a 
hysterectomy and 29,787 were still menstruating. Hysterectomy was associated with 
region of residence: Odds ratios for living in the South, Midwest, and West relative 
to the Northeast were 2.63 (95% confidence interval (Cl): 2.38, 2.91), 2.02 (95% Cl: 
1.81, 2.25), and 1.89 (95% Cl: 1.68, 2.12), respectively. Hysterectomy was inversely 
associated with years of education and age at first birth: Odds ratios were 1.96 (95% 
Cl: 1.74, 2.21) for > 12 years of education relative to > 16 years and 4.33 (95% Cl: 
3.60, 5.22) for first birth before age 20 relative to age 30 or older. Differences in the 
prevalence of major indications for hysterectomy did not explain the associations.”

Leiomyomata (Uterine Fibroids)

Age-Specific Incidence of Uterine Fibroids

Wise et al., 
2005a

“During 76,711 woman-years of follow-up, 2,637 incident cases of uterine 
leiomyomata reported as confirmed by pelvic examination (n = 358), ultrasonography 
(n = 2,006), or hysterectomy (n = 273) were observed. Incidence rates per 1,000 
woman-years were 34.4 (95% CI 33.1–35.7) for all cases combined, 29.7 (95% CI 
28.5–30.9) for cases confirmed by ultrasonography or hysterectomy, and 3.6 (95% 
CI 3.2–4.0) for cases confirmed by hysterectomy. The incidence rate peaked at ages 
40–44 years for all cases combined (incidence rate 45.6, 95% CI 42.0–49.5) and for 
cases confirmed by ultrasonography or hysterectomy (incidence rate 39.8, 95% CI 
36.5–43.4), and peaked at ages 45–49 years for cases confirmed by hysterectomy 
(incidence rate 8.3, 95% CI 6.4–10.7).”

Body Size, Body Fat, and Uterine Fibroids

Wise et al., 
2005b 

The influence of body size and body fat distribution on the occurrence of uterine 
fibroids, using data from the BWHS collected from 1997 to 2001 was assessed. 
During that time period, 2,146 premenopausal women reported having been 
diagnosed with a fibroid through ultrasound or hysterectomy. All women with a body 
mass index (BMI) of 20 or greater had a higher risk of fibroids than women with a 
BMI < 20. (BMI < 20 is defined as thin, 20–24.9 as appropriate weight, 25–29.9 as 
overweight, and 30 or greater as obese). The risk of having a fibroid increased as 
BMI increased, to a peak at BMI 27.5–29.9 and then decreased. Weight gain since 
age 18 was positively associated with risk among women who had had children but 
not among women who had never had a child. Waist and hip circumference were 
not associated with risk of fibroids. These finding indicate that there is a complex 
relationship between BMI and risk of uterine fibroids, but that risk is lowest for thin 
women.
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Percei�ed Racial Discrimination and Uterine Fibroids

Wise et al., 
2007b

“During 107,127 person-years of follow-up, 3,440 new cases of uterine myomas 
confirmed by ultrasound (n = 2774) or surgery (n = 666) were reported. All IRRs for 
“lifetime” and “everyday” experiences of racism were above 1.0. Using a summary 
variable that averaged the responses from 5 “everyday” racism items, multivariable 
IRRs comparing quartiles 2, 3, and 4 to quintile 1 (lowest) were 1.16 (95% CI = 
1.04–1.29), 1.19 (1.06–1.32), and 1.27 (1.14–1.43), respectively. Multivariable 
IRRs comparing women who reported 1, 2, or 3 lifetime occurrences of major 
discrimination (ie, job, housing, or police) relative to those who reported none were 
1.04 (0.96–1.13), 1.17 (1.07–1.28), and 1.24 (1.10–1.39), respectively. Results 
did not vary according to case definition (ultrasound vs surgery) or health care 
utilization. Associations were weaker among foreign-born women and among women 
with higher coping skills.”

Polycystic O�ary Syndrome and Uterine Fibroids

Wise et al., 
2007a

“During 114,373 person-years of follow-up, 3,631 new cases of UL confirmed by 
ultrasound (N = 2,926) or hysterectomy (N = 705) were reported. After adjustment 
for potential confounders, the incidence of UL was 65% higher among women 
with PCOS than women without PCOS (incidence rate ratio, 1.65; 95% confidence 
interval, 1.21–2.24). The incidence rate ratios remained constant with increasing time 
after the diagnosis of PCOS. Results were similar when analyses were confined to 
women reporting a recent Papanicolaou smear, a proxy for a pelvic examination.”

Reproducti�e Factors, Hormonal Contraception, and Uterine Fibroids

Wise et al., 
2004a 

“During 76,711 person-years of follow-up, 2,279 new cases of ultrasound- or 
hysterectomy-confirmed uterine leiomyomata were self-reported. After adjustment 
for age, body mass index, smoking, alcohol intake, and other reproductive covariates, 
the risk of ultrasound- or hysterectomy-confirmed leiomyomata was inversely 
associated with age at menarche, parity, and age at first birth and positively 
associated with years since last birth. Overweight or obesity appeared to attenuate 
the inverse association between parity and uterine leiomyomata. Current use of 
progestin-only injectables was inversely associated with risk. No consistent patterns 
were observed for other forms of hormonal contraception.”

Tobacco, Alcohol, Caffeine and Uterine Fibroids

Wise et al., 
2004b 

“21,885 premenopausal women with intact uteri and no prior myoma diagnosis” 
were followed from 1997 to 2001. “During 73,426 person-years of follow-up, 
2,177 incident cases of uterine leiomyomata confirmed by ultrasound (n = 1920) 
or hysterectomy (n=257) were reported. Cigarette smoking was not associated with 
risk of uterine leiomyomata. Risk was positively associated with years of alcohol 
consumption and current consumption of alcohol, particularly beer. Relative to 
non-drinkers, multivariate IRRs for beer consumption of < 1, 1–6 and 7+ drinks/
week were 1.11 (95% CI 0.98–1.27), 1.18 (95% CI 1.00–1.40) and 1.57 (95% CI 
1.17–2.11), respectively. Heavy coffee and caffeine consumption were not associated 
with risk overall, but IRRs were increased among women aged < 35 years.”
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Lupus 

Childhood Smoke Exposure and Lupus

McAlindon 
et al., 2000

“Adult smoking and exposure to the smoke of others were assessed in relation to 
systemic lupus erythematosus (SLE, lupus), based on 46 BWHS participants who 
developed the illness. Both smoking in adulthood and childhood exposure to smoke 
were associated with an increased risk of lupus.”

Reproducti�e Factors and Lupus

Boggs 
et al., 2007

“Positive associations of lupus with earlier age at starting to menstruate, shorter time 
between menstrual cycles, and use of postmenopausal female hormone supplements 
were found.”

Smoking, Alcohol, and Lupus

Formica 
et al., 2003 

“Follow-up questionnaires in 1997 and 1999 ascertained incident cases of SLE. 
. . . Sixty-seven women reported a new diagnosis of SLE and use of appropriate 
medication for that illness. In multivariate analyses, the IRR for current and past 
smoking were 1.6 (both 95% CI 0.8–3.3). The risk was greater for women who began 
smoking before age 19 years (IRR 1.9, 95% CI 1.0–3.6). Neither current alcohol 
consumption (IRR 1.0, 95% CI 0.4–2.4) nor past alcohol consumption (IRR 0.9, 95% 
CI 0.3–2.7) was associated with SLE.”

Mammography

Predictors of Recent Mammography Use

Cozier 
et al., 2001

Information provided by BWHS participants in 1995 indicates that their rates of 
mammography use are high, and that a high proportion of women 40–49 made use 
of mammography even before new screening guidelines were introduced. “Seventy-
three percent of women aged 40–49, and 82% of those aged 50–69, reported having 
had a mammogram within the previous three years. Use was greater among women 
with higher levels of education, and among those who had cystic breast disease or a 
mother or sister with breast cancer.”

Socioeconomic Predictors of Mammography Use

Rosenberg 
et al., 
2005a

Among a sample of 14,706 participants, “most participants had health insurance and 
almost half had graduated college. Having health insurance was the socioeconomic 
variable most strongly associated with regular mammography use (odds ratio, 3.59; 
95% confidence interval 3.02–4.28); the association was present at all levels of 
educational attainment, household income, and neighborhood socioeconomic status. 
Regular mammography use increased with individual household income: odds ratio, 
2.00 (95% confidence interval, 1.58–2.53) for household income > $100,000 relative 
to < $15,001. Regular mammography use did not vary across level of education. 
Higher neighborhood socioeconomic status was significantly associated with regular 
mammography use before, but not after, control for household income.”
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Menopause

Age at Natural Menopause

Rosenberg 
et al., 2001

“Age at menopause influences the occurrence of osteoporosis, breast cancer, and 
other illnesses. Current smoking and a measure of racism (how often women thought 
about their race) were associated with an earlier natural menopause in preliminary 
analyses. The present results suggest that black and white women share an important 
determinant of the age at natural menopause, cigarette smoking.”

Predictors of Onset of Natural Menopause

Palmer 
et al., 
2003b

“Among 17,070 women aged 35 to 55 years and premenopausal in 1995, the hazard 
ratio (HR) was 1.43 for current smokers (95% confidence interval [CI] = 1.24, 1.66) 
and 1.21 (95% CI = 1.06, 1.38) for ex-smokers and significantly less for obese 
women and oral contraceptive users. Hazard ratios for most questions about racism 
were elevated by 10% to 30% but were not statistically significant.”

Mortality

Lifestyle Factors and Mortality

Rosenberg 
et al., 
2007b

“Mortality rates from many causes are higher in African–American women 
than white women. Preliminary analyses showed that mortality is increased in 
women who smoke and drink heavily, and it is decreased in women who exercise 
vigorously.”

Neighborhood Socioeconomic Status and Mortality

Cozier 
et al., 
2007b 

In preliminary analyses, the authors “found that the risk of dying among BWHS 
participants who lived in disadvantaged neighborhoods was slightly higher than the 
risk among women who lived in wealthier neighborhoods after taking into account 
personal factors and habits, such as education and smoking.”

Multiple Sclerosis

Geographic Variation in Multiple Sclerosis Incidence

Wise et al., 
2007c

“In preliminary analyses, the incidence of multiple sclerosis (MS) in the BWHS is 
higher in northern regions than in southern regions, based on 149 new diagnoses of 
MS reported by BWHS participants from 1995 to 2005. This finding is in agreement 
with observations made in other racial/ethnic groups.”

Myocardial Infarction (MI)

Risk Factors for Myocardial Infarction

Rosenberg 
et al., 
1997a

“Cigarette smoking, high blood pressure, diabetes, high cholesterol levels, family 
history of heart attack, and overweight were associated with a higher risk of heart 
attack.”
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Obesity

Demographic and Personal Factors and Obesity 

Kumanyika 
et al., 2000 

“Obesity as an adult was strongly associated with obesity at age 18 and with 
physical inactivity. These findings suggest a need to emphasize obesity prevention in 
childhood and adolescence and to promote participation in physical activity.”

Perceived Racism

Neighborhood Racial Composition and Perceptions of Racial Discrimination

Hunt et al., 
2007 

Using data from 42,445 women collected during the 1997 follow-up wave, women 
in neighborhoods with the highest percent of black residents reported the least 
discrimination, while women in more mixed neighborhoods reported intermediate 
amounts of racism and women in neighborhoods with the lowest percent of black 
residents reported the most discrimination. While racial integration can have social 
and economic benefits, these results indicate that there is a price to pay in terms of 
racial discrimination.

Perceptions and Experiences of Racism 

Cozier 
et al., 2000

“The frequency of reporting experiences and perceptions of racism was greater 
among younger women. The frequency was also higher among women with higher 
levels of education. The latter suggests that experiences and perceptions of racism 
do not diminish with increasing socioeconomic status as measured by level of 
education.”

Physical Activity

Epidemiology of Physical Acti�ity

Adams-
Campbell 
et al., 2000

There were low levels of physical activity among study participants: “57% reported 
an hour or less per week walking for exercise, 18% reported moderate activity, and 
61% reported strenuous physical activity. Strenuous physical activity increased with 
education. Higher levels of walking for exercise and moderate and strenuous activity 
were associated with higher levels of participation in strenuous exercise in high 
school.”

Influence of Urban Form on Walking

Coogan 
et al., 2008 

“For three cities, Los Angeles, Chicago, and New York, detailed data on “urban 
form,” such as the presence of sidewalks and the distance to bus stops were 
obtained.” The authors “found that BWHS participants in those cities who lived 
in pedestrian-friendly neighborhoods were found to spent more time walking for 
transport (to work, shops, church, etc) than women in less pedestrian-friendly 
neighborhoods. Results such as these are important for persuading city planners to 
ensure that neighborhoods are constructed to be pedestrian-friendly.”
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Postmenopausal Female Hormone Use

Correlates of Postmenopausal Hormone Use

Rosenberg 
et al., 1998 

Among the 13,352 women who had ceased menstruating, 49.2% reported ever use 
of female hormone supplements and 33.3% were using them currently. Unopposed 
oral estrogens accounted for 63.4% of the medications being used currently. The 
use of supplements was highest in the western US and lowest in the Northeast. The 
strongest correlate of use was menopause due to bilateral oophorectomy. Use peaked 
at 50–54 years of age and then declined, and also was associated positively with 
lower body mass index, greater years of education, participation in vigorous exercise, 
and past oral contraceptive use. Use was associated inversely with having a positive 
history of diabetes, heart attack, or breast cancer. Some of the drug use reported 
was at variance with suggested guidelines: unopposed estrogen was taken by some 
women who had a uterus, and estrogen together with a progestin was taken by some 
women who had had a hysterectomy.

Preterm Birth

Hair-Relaxer Use and Preterm Birth

Rosenberg 
et al., 
2005b 

Among 6,130 singleton births reported by women < 45 years of age during 
followup, 497 were preterm (< 37 weeks gestation) because of premature rupture 
of membranes or spontaneous preterm labor for no known reason. In a case–control 
comparison of the 497 preterm births with 5,633 births of longer gestation with 
control for confounding factors, the odds ratio for preterm birth among ever users of 
hair relaxers relative to never users was 1.0 (95% confidence interval, 0.6–1.8). No 
elevations were seen in risk for use started at a young age or for frequent use for long 
durations. 

Maternal Anthropometric Risk Factors for Preterm Birth

Wise et al., 
2008b

Based on information given by BWHS participants on 7,324 births, we found that 
the risk of spontaneous preterm birth was increased among women who were thin 
(body mass index less than 20) or obese (body mass index of 30 or more) before the 
pregnancy, compared with women who had a body mass index of 20–24.

Racial Discrimination and Preterm Birth

Rosenberg 
et al., 
2002b 

Comparing mothers of 422 babies born 3 or more weeks early (because of premature 
labor for unknown reasons or rupture of membranes) with mothers of 4,544 babies 
of longer gestation, the adjusted ORs for preterm birth were 1.3 (95% confidence 
interval [CI] = 1.1–1.6) for women who reported unfair treatment on the job and 1.4 
(1.0–1.9) for women who reported that people acted afraid of them at least once a 
week. Overall ORs for the seven other racism questions were close to 1.0. Among 
491 women with </=12 years of education, ORs were 2.0 or greater for four racism 
variables.

Risk Factors for Preterm Birth 

Rosenberg 
et al., 2000 

In these preliminary analyses, preterm birth was most strongly associated with 
having had a previous preterm birth, the mother having been preterm herself, and 
the mother having had no previous children. Preterm birth was less common among 
women with higher levels of education.
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Sarcoidosis

Frequency and Characteristics of Sarcoidosis in Black Women

Cozier 
et al., 
2007c

Sarcoidosis is an illness that affects African American women more than other 
women. The causes are largely unknown. The BWHS has begun to study this 
illness, and a comparison of medical records with reports of the illness by BWHS 
participants shows a high level of accuracy of reporting by participants.

Smoking

Indi�idual, Neighborhood, and State-Le�el Predictors of Smoking

Datta et al., 
2006b 

Neighborhood characteristics of 41,726 never and current smokers were obtained by 
linking participants’ addresses with census tract data from the 1990 US Census. In 
a multilevel logistic regression model, higher neighborhood poverty was associated 
with increased smoking prevalence after adjusting for age, education, marital 
status, and occupation at the individual level, and percent high school graduate, 
percent college graduate, and percentage black at the neighborhood level. Relative 
to women residing in neighborhoods with less than 5% of the residents below the 
poverty line, the odds ratio was 1.1 (95% confidence interval: 1.0–1.2) for women 
in neighborhoods with 5–9.9% of the residents below the poverty line, 1.3 (1.2–1.4) 
for women in neighborhoods with 10–19.9% of the residents below the poverty line, 
and 1.6 (1.5–1.8) for women in neighborhoods with 20% or more of the residents 
below poverty. State of residence was also significantly associated with prevalence of 
current smoking.

Venous Thrombosis

Female Hormone Use and Venous Thrombosis

Rosenberg 
et al., 
1997b 

Recent studies suggest that the risk of clots in the legs or lung may be higher among 
women who are using postmenopausal female hormones than among nonusers. Data 
from the BWHS support this possibility. These findings have been confirmed by data 
from randomized studies.

Weight Gain

Change in Diet Patterns and Weight Gain

Boggs 
et al., 2008

Participants provided food intake information in 1995 and 2001. Two diet patterns, 
“prudent” (high in fruits and vegetables) and “western” (high in meat and high-fat 
dairy) were assessed. Decreased intake of a prudent diet and increased intake of a 
western diet were associated with more weight gain.
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Childbearing and Weight Gain

Rosenberg 
et al., 2003 

During 4 years of followup, the BMI of participants increased by an average of 
1.6 kg/m2, equivalent to a weight gain of ~4.4 kg. Women who had a child during 
followup gained more weight than women who remained nulliparous, and those who 
had a first child gained more than those who had a second or later child. The weight 
gain associated with childbearing increased with increasing baseline BMI and was 
appreciable among heavier women. For example, among women with a baseline 
index of 36, the increase in BMI for women who bore a first child was 1.1 kg/m2 
more than that of nulliparous women, equivalent to a difference in weight gain of 
~3.0 kg.

Percei�ed Racism and Weight Gain

Cozier 
et al., 2009

The association of perceived racism with weight change between 1997 and 2005 
was assessed. Weight gain increased as levels of everyday and lifetime racism 
increased. The mean multivariable-adjusted difference in weight change between the 
highest and the lowest quartile of everyday racism was 0.56 kg. The mean difference 
comparing the highest category of lifetime racism to the lowest was 0.48 kg.

ABBREVIATIONS: BMI, body-mass index; BWHS, Black Women’s Health Study; CES-D, Center 
for Epidemiologic Studies Depression; CI, confidence interval; h, hour; HDL, high-density lipopro-
tein; HR, hazard ratio; IRR, incidence rate ratio; MET, metabolic equivalent; MI, myocardial infarc-
tion; MS, multiple sclerosis; OR, odds ratio; PCOS, polycystic ovary syndrome; SES, socioeconomic 
status; SLE, systemic lupus erythematosus; UL, uterine leiomyomata; WHO, World Health Organiza-
tion; WHR, waist-to-hip ratio.
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THE NURSES’ HEALTH STUDY

Study Design and Methods

The Nurses’ Health Study (NHS) is a 3-part study that began in 1976 with 
funding from NIH. The initial interest was in the effects of oral contraceptives on 
women; they were being widely prescribed at the time with no solid data on their 
long term effects. Registered nurses were selected and followed prospectively. 
The researchers chose nurses because their level of education and knowledge of 
health-related issues would ensure accurate responses to technical questions. The 
response rates to NHS I and NHS II questionnaires are at 90% for each 2-year 
cycle, and the third portion of the study began in 2008.

For part I, about 122,000 nurses in 11 states out of the 170,000 contacted by 
mail responded. The nurses were 30–55 years old in 1976 and all were married. 
Followup questionnaires were sent out every 2 years, and the participants were 
asked to respond to questions about diseases, lifestyle and other health-related 
topics, including smoking, hormone use, and menopausal status. The first ques-
tionnaire regarding food was issued in 1980 and later ones in 1984, 1986, and 
every 4 years since. Questions related to quality-of-life issues were added in 1992 
and repeated every 4 years.

Aside from questionnaires, the study used laboratory tests to get more de-
tailed information for case–control analysis; 68,000 sets of toenail clippings were 
collected in 1982–1984 to identify minerals and nutrient information that could 
not be gleaned from the questionnaires alone, and 33,000 blood samples were 
collected in 1989–1990 and 18,700 in 2000–2001 to examine hormone concentra-
tions and genetic markers.

Part II of the NHS began in 1989, and looked at a younger population of 
women. There are 116,686 women aged 25–42 years old in the NHS II. The 
objective of the NHS II was to study oral contraceptives, diet, and lifestyle risk 
factors in a population younger than the original NHS cohort. The younger gener-
ation provides information on women who began using oral contraceptives much 
earlier in life and therefore had greater exposure. The type of oral contraceptive 
used was also looked at; this was not done in the NHS I.

As in NHS I, surveys were sent out at the beginning and then every 2 years. 
Food and diet surveys and quality-of-life questionnaires were also included in 
later followups. Blood and urine samples were collected from about 30,000 sub-
jects in the late 1990’s for analysis.

The NHS III will recruit a new cohort of female nurses, 22–42 years old, 
and examine hormones, dietary patterns, and occupational exposures in relation 
to health. The study format differs in that it will be entirely Web-based. It will 
look more closely at fertility and pregnancy, and at adolescent diet and breast-
cancer risk. The NHS III is also taking care to include women with diverse ethnic 
backgrounds.
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For more information regarding specific findings and publications from the 
NHS, please go to the following project link: https://sites.google.com/a/channing.
harvard.edu/nhs-publications/Home/nhs---nhs-ii.

REFERENCES

Adams-Campbell, L. L., L. Rosenberg, R. A. Washburn, R. S. Rao, K. S. Kim, and J. Palmer. 2000. 
Descriptive epidemiology of physical activity in African–American women. Pre�enti�e Medi-
cine 30(1):43–50.

Adams-Campbell, L. L., L. Rosenberg, R. S. Rao, and J. R. Palmer. 2001. Strenuous physical activity 
and breast cancer risk in African–American women. Journal of the National Medical Associa-
tion 93(7-8):267–275.

Agatisa, P. K., K. A. Matthews, J. T. Bromberger, D. Edmundowicz, Y. F. Chang, and K. Sutton-
Tyrrell. 2005. Coronary and aortic calcification in women with a history of major depression. 
Archi�es of Internal Medicine 165(11):1229–1236.

Agurs-Collins, T., K. Makambi, J. Palmer, l. Rosenberg, and L. L. Adams-Campbell. 2005. October 
30–November 2. Dietary Patterns and Breast Cancer Risk in Women Participating in the Black 
Women’s Health Study. Paper presented at Frontiers in Cancer Prevention Research. AACR 
Meeting, Baltimore, MD.

Albert, M. A., R. J. Glynn, J. Buring, and P. M. Ridker. 2004. C-reactive protein levels among women 
of various ethnic groups living in the United States (from the Women’s Health Study). American 
Journal of Cardiology 93(10):1238–1242.

Anderson, G. L., H. L. Judd, A. M. Kaunitz, D. H. Barad, S. A. Beresford, M. Pettinger, J. Liu, S. G. 
McNeeley, and A. M. Lopez. 2003. Effects of estrogen plus progestin on gynecologic cancers 
and associated diagnostic procedures: The Women’s Health Initiative Randomized Trial. Journal 
of the American Medical Association 290(13):1739–1748.

Anderson, G., M. Limacher, A. Assaf, T. Bassford, S. Beresford, H. Black, D. Bonds, R. Brunner, R. 
Brzyski, B. Caan, R. Chlebowski, D. Curb, M. Gass, J. Hays, G. Heiss, S. Hendrix, B. Howard, 
J. Hsia, A. Hubbell, R. Jackson, K. Johnson, H. Judd, J. Kotchen, L. Kuller, A. LaCroix, D. Lane, 
R. Langer, N. Lasser, C. Lewis, J. Manson, K. Margolis, J. Ockene, M. O’Sullivan, L. Phillips, 
R. Prentice, C. Ritenbaugh, J. Robbins, J. Rossouw, G. Sarto, M. Stefanick, L. Van Horn, J. 
Wactawski-Wende, R. Wallace, and S. Wassertheil-Smoller. 2004. Effects of conjugated equine 
estrogen in postmenopausal women with hysterectomy: The Women’s Health Initiative Random-
ized Controlled Trial. Journal of the American Medical Association 291(14):1701–1712.

Atiya, M., T. Kurth, K. Berger, J. E. Buring, and C. S. Kase. 2003. Interobserver agreement in the 
classification of stroke in the Women’s Health Study. Stroke 34(2):565–567.

Avis, N. E., M. Ory, K. A. Matthews, M. Schocken, J. Bromberger, and A. Colvin. 2003. Health-
related quality of life in a multiethnic sample of middle-aged women: Study of Women’s Health 
Across the Nation (SWAN). Medical Care 41(11):1262–1276.

Avis, N. E., S. F. Assmann, H. M. Kravitz, P. A. Ganz, and M. Ory. 2004. Quality of life in diverse 
groups of midlife women: Assessing the influence of menopause, health status and psychosocial 
and demographic factors. Quality of Life Research 13(5):933–946.

Avis, N. E., X. Zhao, C. B. Johannes, M. Ory, S. Brockwell, and G. A. Greendale. 2005. Correlates 
of sexual function among multi-ethnic middle-aged women: Results from the Study of Women’s 
Health Across the Nation (SWAN). Menopause 12(4):385–398.

Avis, N. E., S. Brockwell, J. F. Randolph, Jr., S. Shen, V. S. Cain, M. Ory, and G. A. Greendale. 2009. 
Longitudinal changes in sexual functioning as women transition through menopause: Results 
from the Study of Women’s Health Across the Nation. Menopause 16(3):442–452.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

�0� WOMEN’S HEALTH RESEARCH

Bensenor, I. M., N. R. Cook, I. M. Lee, M. J. Chown, C. H. Hennekens, J. E. Buring, and J. E. 
Manson. 2001a. Active and passive smoking and risk of colds in women. Annals of Epidemiol-
ogy 11(4):225–231.

Bensenor, I. M., N. R. Cook, I. M. Lee, M. J. Chown, C. H. Hennekens, and J. E. Buring. 2001b. 
Low-dose aspirin for migraine prophylaxis in women. Cephalalgia 21(3):175–183.

Beresford, S. A., K. C. Johnson, C. Ritenbaugh, N. L. Lasser, L. G. Snetselaar, H. R. Black, G. L. 
Anderson, A. R. Assaf, T. Bassford, D. Bowen, R. L. Brunner, R. G. Brzyski, B. Caan, R. 
T. Chlebowski, M. Gass, R. C. Harrigan, J. Hays, D. Heber, G. Heiss, S. L. Hendrix, B. V. 
Howard, J. Hsia, F. A. Hubbell, R. D. Jackson, J. M. Kotchen, L. H. Kuller, A. Z. LaCroix, D. 
S. Lane, R. D. Langer, C. E. Lewis, J. E. Manson, K. L. Margolis, Y. Mossavar-Rahmani, J. K. 
Ockene, L. M. Parker, M. G. Perri, L. Phillips, R. L. Prentice, J. Robbins, J. E. Rossouw, G. E. 
Sarto, M. L. Stefanick, L. Van Horn, M. Z. Vitolins, J. Wactawski-Wende, R. B. Wallace, and 
E. Whitlock. 2006. Low-fat dietary pattern and risk of colorectal cancer: The Women’s Health 
Initiative Randomized Controlled Dietary Modification Trial. Journal of the American Medical 
Association 295(6):643–654.

Bermudez, E. A., N. Rifai, J. Buring, J. E. Manson, and P. M. Ridker. 2002. Interrelationships 
among circulating interleukin-6, C-reactive protein, and traditional cardiovascular risk factors 
in women. Arteriosclerosis, Thrombosis, and Vascular Biology 22(10):1668–1673.

Blake, G. J., J. D. Otvos, N. Rifai, and P. M. Ridker. 2002. Low-density lipoprotein particle con-
centration and size as determined by nuclear magnetic resonance spectroscopy as predictors of 
cardiovascular disease in women. Circulation 106(15):1930–1937.

Blake, G. J., N. Rifai, J. E. Buring, and P. M. Ridker. 2003. Blood pressure, C-reactive protein, and 
risk of future cardiovascular events. Circulation 108(24):2993–2999.

Blake, G. J., A. D. Pradhan, J. E. Manson, G. R. Williams, J. Buring, P. M. Ridker, and R. J. Glynn. 
2004. Hemoglobin A1c level and future cardiovascular events among women. Archi�es of In-
ternal Medicine 164(7):757–761.

Boggs, D., J. Palmer, T. McAlindon, L. Wise, M. Formica, P. Fraser, and L. Rosenberg. 2007. 
Reproductive factors and risk of systemic lupus erythematosus in African–American women. 
American Journal of Epidemiology 165:S28.

Boggs, D., J. Palmer, L. Adams-Campbell, and L. Rosenberg. 2008. Change in diet patterns in rela-
tion to weight gain in the Black Women’s Health Study. American Journal of Epidemiology 
167(Suppl.):S398.

Bonds, D. E., N. Lasser, L. Qi, R. Brzyski, B. Caan, G. Heiss, M. C. Limacher, J. H. Liu, E. Mason, 
A. Oberman, M. J. O’Sullivan, L. S. Phillips, R. J. Prineas, and L. Tinker. 2006. The effect of 
conjugated equine oestrogen on diabetes incidence: The Women’s Health Initiative Randomised 
Trial. Diabetologia 49(3):459–468.

Bromberger, J. T., S. Harlow, N. Avis, H. M. Kravitz, and A. Cordal. 2004. Racial/ethnic differences 
in the prevalence of depressive symptoms among middle-aged women: The Study of Women’s 
Health Across the Nation (SWAN). American Journal of Public Health 94(8):1378–1385.

Bromberger, J. T., H. M. Kravitz, H. L. Wei, C. Brown, A. O. Youk, A. Cordal, L. H. Powell, and 
K. A. Matthews. 2005. History of depression and women’s current health and functioning during 
midlife. General Hospital Psychiatry 27(3):200–208.

Bromberger, J. T., K. A. Matthews, L. L. Schott, S. Brockwell, N. E. Avis, H. M. Kravitz, S. A. 
Everson-Rose, E. B. Gold, M. Sowers, and J. F. Randolph, Jr. 2007. Depressive symptoms 
during the menopausal transition: The Study of Women’s Health Across the Nation (SWAN). 
Journal of Affecti�e Disorders 103(1-3):267–272.

Bromberger, J. T., H. M. Kravitz, K. Matthews, A. Youk, C. Brown, and W. Feng. 2009. Predic-
tors of first lifetime episodes of major depression in midlife women. Psychological Medicine 
39(1):55–64.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C �0�

Brown, D. A., S. N. Breit, J. Buring, W. D. Fairlie, A. R. Bauskin, T. Liu, and P. M. Ridker. 2002. 
Concentration in plasma of macrophage inhibitory cytokine-1 and risk of cardiovascular events 
in women: A nested case–control study. Lancet 359(9324):2159–2163.

Bush, R. A., and R. D. Langer. 1998. The effects of insurance coverage and ethnicity on mammogra-
phy utilization in a postmenopausal population. Western Journal of Medicine 168(4):236–240.

Butler, L. M., E. B. Gold, G. A. Greendale, C. J. Crandall, F. Modugno, N. Oestreicher, C. P. 
Quesenberry, Jr., and L. A. Habel. 2008. Menstrual and reproductive factors in relation to mam-
mographic density: The Study of Women’s Health Across the Nation (SWAN). Breast Cancer 
Research and Treatment 112(1):165–174.

Caan, B., M. Neuhouser, A. Aragaki, C. B. Lewis, R. Jackson, M. S. LeBoff, K. L. Margolis, L. 
Powell, G. Uwaifo, E. Whitlock, J. Wylie-Rosett, and A. LaCroix. 2007. Calcium plus vitamin 
D supplementation and the risk of postmenopausal weight gain. Archi�es of Internal Medicine 
167(9):893–902.

Chlebowski, R. T., G. Anderson, M. Pettinger, D. Lane, R. D. Langer, M. A. Gilligan, B. W. Walsh, 
C. Chen, and A. McTiernan. 2008. Estrogen plus progestin and breast cancer detection by means 
of mammography and breast biopsy. Archi�es of Internal Medicine 168(4):370–377.

Chlebowski, R. T., A. G. Schwartz, H. Wakelee, G. L. Anderson, M. L. Stefanick, J. E. Manson, R. J. 
Rodabough, J. W. Chien, J. Wactawski-Wende, M. Gass, J. M. Kotchen, K. C. Johnson, M. J. 
O’Sullivan, J. K. Ockene, C. Chen, and F. A. Hubbell. 2009. Oestrogen plus progestin and lung 
cancer in postmenopausal women (Women’s Health Initiative Trial): A post-hoc analysis of a 
randomised controlled trial. Lancet 374(9697):1243–1251.

Christen, W., R. Glynn, R. Sperduto, E. Chew, and J. Buring. 2004. Age-related cataract in a random-
ized trial of beta-carotene in women. Ophthalmic Epidemiology 11(5):401–412.

Christen, W. G., S. Liu, D. A. Schaumberg, and J. E. Buring. 2005. Fruit and vegetable intake and the 
risk of cataract in women. American Journal of Clinical Nutrition 81(6):1417–1422.

Coker, L. H., P. E. Hogan, N. R. Bryan, L. H. Kuller, K. L. Margolis, K. Bettermann, R. B. Wallace, Z. 
Lao, R. Freeman, M. L. Stefanick, and S. A. Shumaker. 2009. Postmenopausal hormone therapy 
and subclinical cerebrovascular disease: The WHIMS-MRI Study. Neurology 72(2):125–134.

Colditz, G. A., and S. E. Hankinson. 2005. The Nurses’ Health Study: Lifestyle and health among 
women. Nature Re�iews. Cancer 5(5):388–396.

Conen, D., P. M. Ridker, J. E. Buring, and R. J. Glynn. 2007. Risk of cardiovascular events among 
women with high normal blood pressure or blood pressure progression: Prospective cohort 
study. British Medical Journal 335(7617):432.

Conen, D., U. B. Tedrow, B. A. Koplan, R. J. Glynn, J. E. Buring, and C. M. Albert. 2009. Influence 
of systolic and diastolic blood pressure on the risk of incident atrial fibrillation in women. 
Circulation 119(16):2146–2152.

Conroy, M. B., N. R. Cook, J. E. Manson, J. E. Buring, and I. M. Lee. 2005. Past physical activity, 
current physical activity, and risk of coronary heart disease. Medicine & Science in Sports & 
Exercise 37(8):1251–1256.

Coogan, P., L. White, J. Palmer, and L. Rosenberg. 2008. The influence of urban form on walking in 
the Black Women’s Health Study. American Journal of Epidemiology 167(Suppl.):S409.

Coogan, P. F., J. R. Palmer, G. T. O’Connor, and L. Rosenberg. 2009. Body mass index and asthma 
incidence in the Black Women’s Health Study. Journal of Allergy and Clinical Immunology 
123(1):89–95.

Cook, N. R., I. M. Bensenor, P. A. Lotufo, I. M. Lee, P. J. Skerrett, M. J. Chown, U. A. Ajani, J. E. 
Manson, and J. E. Buring. 2002. Migraine and coronary heart disease in women and men. 
Headache 42(8):715–727.

Cook, N. R., I. M. Lee, J. M. Gaziano, D. Gordon, P. M. Ridker, J. E. Manson, C. H. Hennekens, 
and J. E. Buring. 2005. Low-dose aspirin in the primary prevention of cancer: The Women’s 
Health Study: A randomized controlled trial. Journal of the American Medical Association 
294(1):47–55.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

�0� WOMEN’S HEALTH RESEARCH

Cozier, Y., C. Jones, J. Palmer, R. Rao, L. Adams-Campbell, and L. Rosenberg. 2000. Perceptions 
and experiences of racism among African–American women. American Journal of Epidemiol-
ogy 151:S24.

Cozier, Y., J. R. Palmer, L. Rosenberg, and L. L. Adams-Campbell. 2001. Recent mammography use 
among African–American women. Ethnicity and Disease 11(2):188–191.

Cozier, Y. C., J. R. Palmer, N. J. Horton, L. Fredman, and L. Rosenberg. 2004. Neighborhood socio-
economic status and risk of hypertension in black women. American Journal of Epidemiology 
159:S73.

Cozier, Y. C., J. R. Palmer, and L. Rosenberg. 2005. The risk of hypertension associated with very 
high BMI in the Black Women’s Health Study. American Journal of Epidemiology 161:S51.

Cozier, Y. C., J. R. Palmer, and L. Rosenberg. 2006a. The relation of physical activity to risk of hy-
pertension in the Black Women’s Health Study. American Journal of Epidemiology 163(Suppl.):
S42.

Cozier, Y. C., J. R. Palmer, N. J. Horton, L. Fredman, L. A. Wise, and L. Rosenberg. 2006b. Racial 
discrimination and the incidence of hypertension in US black women. Annals of Epidemiology 
16(9):681–687.

Cozier, Y. C., J. R. Palmer, N. J. Horton, L. Fredman, L. A. Wise, and L. Rosenberg. 2007a. Relation 
between neighborhood median housing value and hypertension risk among black women in the 
United States. American Journal of Public Health 97(4):718–724.

Cozier, Y., M. Albert, J. Palmer, and L. Rosenberg. 2007b. Relation between neighborhood socioeco-
nomic characteristics and mortality in US Black women. American Journal of Epidemiology 
165:S78.

Cozier, Y., J. Palmer, L. Rosenberg, D. Serlin, and J. Berman. 2007c. Frequency and characteristics of 
sarcoidosis in African American women: The Black Women’s Health Study (BWHS). American 
Journal of Respiratory and Critical Care Medicine 175:A361.

Cozier, Y. C., M. A. Albert, J. R. Palmer, and L. Rosenberg. 2008. Neighborhood socioeconomic 
status in relation to serum biomarkers in the Black Women’s Health Study. American Journal 
of Epidemiology 167(Suppl.):S520.

Cozier, Y. C., L. A. Wise, J. R. Palmer, and L. Rosenberg. 2009. Perceived racism in relation to weight 
change in the Black Women’s Health Study. Annals of Epidemiology 19(6):379–387.

Crandall, C. J., Y. Zheng, S. L. Crawford, R. C. Thurston, E. B. Gold, J. M. Johnston, and G. A. 
Greendale. 2009. Presence of vasomotor symptoms is associated with lower bone mineral 
density: A longitudinal analysis. Menopause 16(2):239–246.

Datta, G. D., G. A. Colditz, I. Kawachi, S. V. Subramanian, J. R. Palmer, and L. Rosenberg. 2006a. 
Individual-, neighborhood-, and state-level socioeconomic predictors of cervical carcinoma 
screening among US black women: A multilevel analysis. Cancer 106(3):664–669.

Datta, G. D., S. V. Subramanian, G. A. Colditz, I. Kawachi, J. R. Palmer, and L. Rosenberg. 2006b. 
Individual, neighborhood, and state-level predictors of smoking among US black women: A 
multilevel analysis. Social Science and Medicine 63(4):1034–1044.

Derby, C. A., G. FitzGerald, N. L. Lasser, and R. C. Pasternak. 2006. Application of national screen-
ing criteria for blood pressure and cholesterol to perimenopausal women: Prevalence of hyper-
tension and hypercholesterolemia in the Study of Women’s Health Across the Nation. Pre�enti�e 
Cardiology 9(3):150–159.

Ding, E. L., Y. Song, J. E. Manson, N. Rifai, J. E. Buring, and S. Liu. 2007. Plasma sex steroid 
hormones and risk of developing type 2 diabetes in women: A prospective study. Diabetologia 
50(10):2076–2084.

Duffy, C. M., A. Assaf, M. Cyr, G. Burkholder, E. Coccio, T. Rohan, A. McTiernan, E. Paskett, D. 
Lane, and V. K. Chetty. 2009. Alcohol and folate intake and breast cancer risk in the whi obser-
vational study. Breast Cancer Research and Treatment 116(3):551–562.

Dugan, S. A., L. H. Powell, H. M. Kravitz, S. A. Everson Rose, K. Karavolos, and J. Luborsky. 2006. 
Musculoskeletal pain and menopausal status. Clinical Journal of Pain 22(4):325–331.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C �0�

Everett, B. M., T. Kurth, J. E. Buring, and P. M. Ridker. 2006. The relative strength of C-reactive 
protein and lipid levels as determinants of ischemic stroke compared with coronary heart disease 
in women. Journal of the American College of Cardiology 48(11):2235–2242.

Everett, B. M., S. Bansal, N. Rifai, J. E. Buring, and P. M. Ridker. 2009. Interleukin-18 and the 
risk of future cardiovascular disease among initially healthy women. Atherosclerosis 202(1): 
282–288.

Everson-Rose, S. A., P. M. Meyer, L. H. Powell, D. Pandey, J. I. Torrens, H. M. Kravitz, J. T. 
Bromberger, and K. A. Matthews. 2004. Depressive symptoms, insulin resistance, and risk of 
diabetes in women at midlife. Diabetes Care 27(12):2856–2862.

Finkelstein, J. S., M. L. Lee, M. Sowers, B. Ettinger, R. M. Neer, J. L. Kelsey, J. A. Cauley, M. H. 
Huang, and G. A. Greendale. 2002. Ethnic variation in bone density in premenopausal and early 
perimenopausal women: Effects of anthropometric and lifestyle factors. Journal of Clinical 
Endocrinology and Metabolism 87(7):3057–3067.

Finkelstein, J. S., S. E. Brockwell, V. Mehta, G. A. Greendale, M. R. Sowers, B. Ettinger, J. C. Lo, 
J. M. Johnston, J. A. Cauley, M. E. Danielson, and R. M. Neer. 2008. Bone mineral density 
changes during the menopause transition in a multiethnic cohort of women. Journal of Clinical 
Endocrinology and Metabolism 93(3):861–868.

Formica, M. K., J. R. Palmer, L. Rosenberg, and T. E. McAlindon. 2003. Smoking, alcohol consump-
tion, and risk of systemic lupus erythematosus in the Black Women’s Health Study. Journal of 
Rheumatology 30(6):1222–1226.

Glynn, R. J., G. J. L’Italien, H. D. Sesso, E. A. Jackson, and J. E. Buring. 2002. Development of 
predictive models for long-term cardiovascular risk associated with systolic and diastolic blood 
pressure. Hypertension 39(1):105–110.

Glynn, R. J., P. M. Ridker, S. Z. Goldhaber, and J. E. Buring. 2007. Effect of low-dose aspirin on 
the occurrence of venous thromboembolism: A randomized trial. Annals of Internal Medicine 
147(8):525–533.

Gold, E. B., B. Sternfeld, J. L. Kelsey, C. Brown, C. Mouton, N. Reame, L. Salamone, and R. Stellato. 
2000. Relation of demographic and lifestyle factors to symptoms in a multi-racial/ethnic popula-
tion of women 40–55 years of age. American Journal of Epidemiology 152(5):463–473.

Gold, E. B., J. Bromberger, S. Crawford, S. Samuels, G. A. Greendale, S. Harlow, and J. Skurnick. 
2001. Factors associated with age at natural menopause in a multiethnic sample of midlife 
women. American Journal of Epidemiology 153(9):865–874.

Gold, E. B., G. Block, S. Crawford, L. Lachance, G. FitzGerald, H. Miracle, and S. Sherman. 
2004. Lifestyle and demographic factors in relation to vasomotor symptoms: Baseline results 
from the Study of Women’s Health Across the Nation. American Journal of Epidemiology 
159(12):1189–1199.

Gold, E. B., A. Colvin, N. Avis, J. Bromberger, G. A. Greendale, L. Powell, B. Sternfeld, and K. 
Matthews. 2006. Longitudinal analysis of the association between vasomotor symptoms and 
race/ethnicity across the menopausal transition: Study of Women’s Health Across the Nation. 
American Journal of Public Health 96(7):1226–1235.

Gold, E. B., Y. Bair, G. Block, G. A. Greendale, S. D. Harlow, S. Johnson, H. M. Kravitz, M. O. Rasor, 
A. Siddiqui, B. Sternfeld, J. Utts, and G. Zhang. 2007. Diet and lifestyle factors associated with 
premenstrual symptoms in a racially diverse community sample: Study of Women’s Health 
Across the Nation (SWAN). Journal of Women’s Health 16(5):641–656.

Goldbacher, E. M., J. Bromberger, and K. A. Matthews. 2009. Lifetime history of major depression 
predicts the development of the metabolic syndrome in middle-aged women. Psychosomatic 
Medicine 71(3):266–272.

Green, R., and N. Santoro. 2009. Menopausal symptoms and ethnicity: The Study of Women’s Health 
Across the Nation. Womens Health 5(2):127–133.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��0 WOMEN’S HEALTH RESEARCH

Greendale, G. A., M. H. Huang, Y. Wang, J. S. Finkelstein, M. E. Danielson, and B. Sternfeld. 2003. 
Sport and home physical activity are independently associated with bone density. Medicine & 
Science in Sports & Exercise 35(3):506–512.

Habel, L. A., A. M. Capra, N. Oestreicher, G. A. Greendale, J. A. Cauley, J. Bromberger, C. J. 
Crandall, E. B. Gold, F. Modugno, M. Salane, C. Quesenberry, and B. Sternfeld. 2007. Mam-
mographic density in a multiethnic cohort. Menopause 14(5):891–899.

Hall, M. H., K. A. Matthews, H. M. Kravitz, E. B. Gold, D. J. Buysse, J. T. Bromberger, J. F. Owens, 
and M. Sowers. 2009. Race and financial strain are independent correlates of sleep in midlife 
women: The Swan Sleep Study. Sleep 32(1):73–82.

Harris, R. E., R. T. Chlebowski, R. D. Jackson, D. J. Frid, J. L. Ascenseo, G. Anderson, A. Loar, 
R. J. Rodabough, E. White, and A. McTiernan. 2003. Breast cancer and nonsteroidal anti-
inflammatory drugs: Prospective results from the Women’s Health Initiative. Cancer Research 
63(18):6096–6101.

Hays, J., J. K. Ockene, R. L. Brunner, J. M. Kotchen, J. E. Manson, R. E. Patterson, A. K. Aragaki, 
S. A. Shumaker, R. G. Brzyski, A. Z. LaCroix, I. A. Granek, and B. G. Valanis. 2003. Effects 
of estrogen plus progestin on health-related quality of life. New England Journal of Medicine 
348(19):1839–1854.

Heiss, G., R. Wallace, G. Anderson, A. Aragaki, S. Beresford, R. Brzyski, R. Chlebowski, M. Gass, 
A. LaCroix, J. Manson, R. Prentice, J. Rossouw, and M. L. Stefanick. 2008. Health risks and 
benefits 3 years after stopping randomized treatment with estrogen and progestin. Journal of 
the American Medical Association 299(9):1036–1045.

Hendrix, S. L., B. B. Cochrane, I. E. Nygaard, V. L. Handa, V. M. Barnabei, C. Iglesia, A. Aragaki, 
M. J. Naughton, R. B. Wallace, and S. G. McNeeley. 2005. Effects of estrogen with and 
without progestin on urinary incontinence. Journal of the American Medical Association 
293(8):935–948.

Hennekens, C. H., I. M. Lee, N. R. Cook, P. R. Hebert, E. W. Karlson, F. LaMotte, J. E. Manson, 
and J. E. Buring. 1996. Self-reported breast implants and connective-tissue diseases in female 
health professionals. A retrospective cohort study. Journal of the American Medical Association 
275(8):616–621.

Hess, R., A. Colvin, N. E. Avis, J. T. Bromberger, M. Schocken, J. M. Johnston, and K. A. Matthews. 
2008. The impact of hormone therapy on health-related quality of life: Longitudinal results from 
the Study of Women’s Health Across the Nation. Menopause 15(3):422–428.

Higginbotham, S., Z. F. Zhang, I. M. Lee, N. R. Cook, J. E. Buring, and S. Liu. 2004a. Dietary glyce-
mic load and breast cancer risk in the Women’s Health Study. Cancer Epidemiology, Biomarkers 
and Pre�ention 13(1):65–70.

Higginbotham, S., Z. F. Zhang, I. M. Lee, N. R. Cook, E. Giovannucci, J. E. Buring, and S. Liu. 
2004b. Dietary glycemic load and risk of colorectal cancer in the Women’s Health Study. Jour-
nal of the National Cancer Institute 96(3):229–233.

Howard, B. V., L. Van Horn, J. Hsia, J. E. Manson, M. L. Stefanick, S. Wassertheil-Smoller, L. H. 
Kuller, A. Z. LaCroix, R. D. Langer, N. L. Lasser, C. E. Lewis, M. C. Limacher, K. L. Margolis, 
W. J. Mysiw, J. K. Ockene, L. M. Parker, M. G. Perri, L. Phillips, R. L. Prentice, J. Robbins, 
J. E. Rossouw, G. E. Sarto, I. J. Schatz, L. G. Snetselaar, V. J. Stevens, L. F. Tinker, M. Trev-
isan, M. Z. Vitolins, G. L. Anderson, A. R. Assaf, T. Bassford, S. A. Beresford, H. R. Black, 
R. L. Brunner, R. G. Brzyski, B. Caan, R. T. Chlebowski, M. Gass, I. Granek, P. Greenland, 
J. Hays, D. Heber, G. Heiss, S. L. Hendrix, F. A. Hubbell, K. C. Johnson, and J. M. Kotchen. 
2006. Low-fat dietary pattern and risk of cardiovascular disease: The Women’s Health Initiative 
Randomized Controlled Dietary Modification Trial. Journal of the American Medical Associa-
tion 295(6):655–666.

Hsia, J., E. Kemper, C. Kiefe, J. Zapka, S. Sofaer, M. Pettinger, D. Bowen, M. Limacher, L. Lillington, 
and E. Mason. 2000. The importance of health insurance as a determinant of cancer screening: 
Evidence from the Women’s Health Initiative. Pre�enti�e Medicine 31(3):261–270.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C ���

Hsia, J., M. H. Criqui, R. J. Rodabough, R. D. Langer, H. E. Resnick, L. S. Phillips, M. Allison, D. E. 
Bonds, K. Masaki, P. Caralis, and J. M. Kotchen. 2004. Estrogen plus progestin and the risk of 
peripheral arterial disease: The Women’s Health Initiative. Circulation 109(5):620–626.

Hunt, M. O., L. A. Wise, M. C. Jipguep, Y. C. Cozier, and L. Rosenberg. 2007. Neighborhood racial 
composition and perceptions of racial discrimination: Evidence from the Black Women’s Health 
Study. Social Psychology Quarterly 70(3):272–289.

Jackson, R. D., A. Z. LaCroix, M. Gass, R. B. Wallace, J. Robbins, C. E. Lewis, T. Bassford, S. A. 
Beresford, H. R. Black, P. Blanchette, D. E. Bonds, R. L. Brunner, R. G. Brzyski, B. Caan, J. A. 
Cauley, R. T. Chlebowski, S. R. Cummings, I. Granek, J. Hays, G. Heiss, S. L. Hendrix, B. V. 
Howard, J. Hsia, F. A. Hubbell, K. C. Johnson, H. Judd, J. M. Kotchen, L. H. Kuller, R. D. 
Langer, N. L. Lasser, M. C. Limacher, S. Ludlam, J. E. Manson, K. L. Margolis, J. McGowan, 
J. K. Ockene, M. J. O’Sullivan, L. Phillips, R. L. Prentice, G. E. Sarto, M. L. Stefanick, L. Van 
Horn, J. Wactawski-Wende, E. Whitlock, G. L. Anderson, A. R. Assaf, and D. Barad. 2006. 
Calcium plus vitamin D supplementation and the risk of fractures. New England Journal of 
Medicine 354(7):669–683.

Jacobs, E. A., K. Karavolos, P. J. Rathouz, T. G. Ferris, and L. H. Powell. 2005. Limited English 
proficiency and breast and cervical cancer screening in a multiethnic population. American 
Journal of Public Health 95(8):1410–1416.

Janket, S. J., J. E. Manson, H. Sesso, J. E. Buring, and S. Liu. 2003. A prospective study of sugar 
intake and risk of type 2 diabetes in women. Diabetes Care 26(4):1008–1015.

Janssen, I., L. H. Powell, S. Crawford, B. Lasley, and K. Sutton-Tyrrell. 2008. Menopause and the 
metabolic syndrome: The Study of Women’s Health Across the Nation. Archi�es of Internal 
Medicine 168(14):1568–1575.

Joffe, H. V., P. M. Ridker, J. E. Manson, N. R. Cook, J. E. Buring, and K. M. Rexrode. 2006. Sex 
hormone-binding globulin and serum testosterone are inversely associated with C-reactive 
protein levels in postmenopausal women at high risk for cardiovascular disease. Annals of 
Epidemiology 16(2):105–112.

Jones, D. J., J. T. Bromberger, K. Sutton-Tyrrell, and K. A. Matthews. 2003. Lifetime history of 
depression and carotid atherosclerosis in middle-aged women. Archi�es of General Psychiatry 
60(2):153–160.

Karlson, E. W., I. M. Lee, N. R. Cook, J. E. Manson, J. E. Buring, and C. H. Hennekens. 1999a. A 
retrospective cohort study of cigarette smoking and risk of rheumatoid arthritis in female health 
professionals. Arthritis and Rheumatism 42(5):910–917.

———. 1999b. Comparison of self-reported diagnosis of connective tissue disease with medical 
records in female health professionals: The Women’s Health Cohort Study. American Journal 
of Epidemiology 150(6):652–660.

Karlson, E. W., I. M. Lee, N. R. Cook, J. E. Buring, C. H. Hennekens, and K. J. Bloch. 2001. Se-
rologic evaluations of women exposed to breast implants. Journal of Rheumatology 28(7): 
1523–1530.

Karlson, E. W., N. A. Shadick, N. R. Cook, J. E. Buring, and I. M. Lee. 2008. Vitamin E in the pri-
mary prevention of rheumatoid arthritis: The Women’s Health Study. Arthritis and Rheumatism 
59(11):1589–1595.

Kim, K. S., L. Adams-Campbell, J. R. Palmer, and L. Rosenberg. 1998. Physical activity and high 
blood pressure: Black Women’s Health Study. Ethnicity and Disease 8:272.

Kravitz, H. M., P. A. Ganz, J. Bromberger, L. H. Powell, K. Sutton-Tyrrell, and P. M. Meyer. 2003. 
Sleep difficulty in women at midlife: A community survey of sleep and the menopausal transi-
tion. Menopause 10(1):19–28.

Kravitz, H. M., I. Janssen, N. Santoro, J. T. Bromberger, M. Schocken, S. A. Everson-Rose, K. 
Karavolos, and L. H. Powell. 2005. Relationship of day-to-day reproductive hormone levels to 
sleep in midlife women. Archi�es of Internal Medicine 165(20):2370–2376.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

Kravitz, H. M., X. Zhao, J. T. Bromberger, E. B. Gold, M. H. Hall, K. A. Matthews, and M. R. Sowers. 
2008. Sleep disturbance during the menopausal transition in a multi-ethnic community sample 
of women. Sleep 31(7):979–990.

Kripke D.F., R. Brunner, R. Freeman, S. Hendrix, R. D. Jackson, K. Masaki, and R. A. Carter. 2001. 
Sleep complaints of postmenopausal women. Clinical Journal of Women’s Health 1:244–252.

Krishnan, S., L. Rosenberg, L. Djousse, L. A. Cupples, and J. R. Palmer. 2007a. Overall and central 
obesity and risk of type 2 diabetes in U.S. Black women. Obesity 15(7):1860–1866.

Krishnan, S., L. Rosenberg, M. Singer, F. B. Hu, L. Djousse, L. A. Cupples, and J. R. Palmer. 2007b. 
Glycemic index, glycemic load, and cereal fiber intake and risk of type 2 diabetes in US black 
women. Archi�es of Internal Medicine 167(21):2304–2309.

Krishnan, S., L. Rosenberg, and J. R. Palmer. 2008. Fast food consumption and risk of type 2 diabetes 
in the Black Women’s Health Study. American Journal of Epidemiology 167(Suppl.):S313.

———. 2009. Physical activity and television watching in relation to risk of type 2 diabetes: The 
Black Women’s Health Study. American Journal of Epidemiology 169(4):428–434.

Kumanyika, S., L. Rosenberg, J. Palmer, R. Rao, and L. Adams-Campbell. 2000. Demographic and 
personal factors associated with obesity in the Black Women’s Health Study (BWHS) cohort. 
American Journal of Epidemiology 151:S52.

Kurth, T., C. S. Kase, K. Berger, J. M. Gaziano, N. R. Cook, and J. E. Buring. 2003. Smoking and 
risk of hemorrhagic stroke in women. Stroke 34(12):2792–2795.

Kurth, T., J. M. Gaziano, K. M. Rexrode, C. S. Kase, N. R. Cook, J. E. Manson, and J. E. Buring. 
2005a. Prospective study of body mass index and risk of stroke in apparently healthy women. 
Circulation 111(15):1992–1998.

Kurth, T., M. A. Slomke, C. S. Kase, N. R. Cook, I. M. Lee, J. M. Gaziano, H. C. Diener, and J. E. 
Buring. 2005b. Migraine, headache, and the risk of stroke in women: A prospective study. 
Neurology 64(6):1020–1026.

Kurth, T., B. M. Everett, J. E. Buring, C. S. Kase, P. M. Ridker, and J. M. Gaziano. 2007. Lipid levels 
and the risk of ischemic stroke in women. Neurology 68(8):556–562.

Kurth, T., R. G. Barr, J. M. Gaziano, and J. E. Buring. 2008a. Randomised aspirin assignment and 
risk of adult-onset asthma in the Women’s Health Study. Thorax 63(6):514–518.

Kurth, T., M. Schurks, G. Logroscino, J. M. Gaziano, and J. E. Buring. 2008b. Migraine, vascular 
risk, and cardiovascular events in women: Prospective cohort study. British Medical Journal 
337:a636.

LaCroix, A. Z., J. A. Cauley, M. Pettinger, J. Hsia, D. C. Bauer, J. McGowan, Z. Chen, C. E. Lewis, 
S. G. McNeeley, M. D. Passaro, and R. D. Jackson. 2003. Statin use, clinical fracture, and bone 
density in postmenopausal women: Results from the Women’s Health Initiative Observational 
Study. Annals of Internal Medicine 139(2):97–104.

Langer, R. D., A. D. Pradhan, C. E. Lewis, J. E. Manson, J. E. Rossouw, S. L. Hendrix, A. Z. LaCroix, 
and P. M. Ridker. 2005. Baseline associations between postmenopausal hormone therapy and 
inflammatory, haemostatic, and lipid biomarkers of coronary heart disease. The Women’s Health 
Initiative Observational Study. Thrombosis and Haemostasis 93(6):1108–1116.

Lee, I. M., N. R. Cook, J. E. Manson, J. E. Buring, and C. H. Hennekens. 1999. Beta-carotene supple-
mentation and incidence of cancer and cardiovascular disease: The Women’s Health Study. 
Journal of the National Cancer Institute 91(24):2102–2106.

Lee, I. M., N. R. Cook, K. M. Rexrode, and J. E. Buring. 2001a. Lifetime physical activity and risk 
of breast cancer. British Journal of Cancer 85(7):962–965.

Lee, I. M., K. M. Rexrode, N. R. Cook, C. H. Hennekens, and J. E. Burin. 2001b. Physical activity 
and breast cancer risk: The Women’s Health Study (United States). Cancer Causes and Control 
12(2):137–145.

Lee, I. M., K. M. Rexrode, N. R. Cook, J. E. Manson, and J. E. Buring. 2001c. Physical activity and 
coronary heart disease in women: Is “no pain, no gain” passe? Journal of the American Medical 
Association 285(11):1447–1454.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C ���

Lee, I. M., N. R. Cook, J. E. Manson, and J. E. Buring. 2002. Randomised beta-carotene supplementa-
tion and incidence of cancer and cardiovascular disease in women: Is the association modified 
by baseline plasma level? British Journal of Cancer 86(5):698–701.

Lee, I. M., N. R. Cook, J. M. Gaziano, D. Gordon, P. M. Ridker, J. E. Manson, C. H. Hennekens, and 
J. E. Buring. 2005. Vitamin E in the primary prevention of cardiovascular disease and cancer: 
The Women’s Health Study: A randomized controlled trial. Journal of the American Medical 
Association 294(1):56–65.

Levitan, E. B., P. M. Ridker, J. E. Manson, M. J. Stampfer, J. E. Buring, N. R. Cook, and S. Liu. 
2005. Association between consumption of beer, wine, and liquor and plasma concentration of 
high-sensitivity c-reactive protein in women aged 39 to 89 years. American Journal of Cardiol-
ogy 96(1):83–88.

Levitan, E. B., S. Liu, M. J. Stampfer, N. R. Cook, K. M. Rexrode, P. M. Ridker, J. E. Buring, and 
J. E. Manson. 2008. HBA1C measured in stored erythrocytes and mortality rate among middle-
aged and older women. Diabetologia 51(2):267–275.

Lewis, T. T., S. A. Everson-Rose, L. H. Powell, K. A. Matthews, C. Brown, K. Karavolos, K. Sutton-
Tyrrell, E. Jacobs, and D. Wesley. 2006. Chronic exposure to everyday discrimination and coro-
nary artery calcification in African–American women: The SWAN Heart Study. Psychosomatic 
Medicine 68(3):362–368.

Lewis, T. T., S. A. Everson-Rose, A. Colvin, K. Matthews, J. T. Bromberger, and K. Sutton-Tyrrell. 
2009. Interactive effects of race and depressive symptoms on calcification in African American 
and white women. Psychosomatic Medicine 71(2):163–170.

Lin, J., S. M. Zhang, N. R. Cook, I. M. Lee, and J. E. Buring. 2004. Dietary fat and fatty acids and 
risk of colorectal cancer in women. American Journal of Epidemiology 160(10):1011–1022.

Lin, J., S. M. Zhang, N. R. Cook, J. E. Manson, I. M. Lee, and J. E. Buring. 2005a. Intakes of cal-
cium and vitamin D and risk of colorectal cancer in women. American Journal of Epidemiology 
161(8):755–764.

Lin, J., S. M. Zhang, N. R. Cook, K. M. Rexrode, S. Liu, J. E. Manson, I. M. Lee, and J. E. Buring. 
2005b. Dietary intakes of fruit, vegetables, and fiber, and risk of colorectal cancer in a prospec-
tive cohort of women (United States). Cancer Causes and Control 16(3):225–233.

Liu, S., J. E. Manson, I. M. Lee, S. R. Cole, C. H. Hennekens, W. C. Willett, and J. E. Buring. 2000. 
Fruit and vegetable intake and risk of cardiovascular disease: The Women’s Health Study. 
American Journal of Clinical Nutrition 72(4):922–928.

Liu, S., J. E. Buring, H. D. Sesso, E. B. Rimm, W. C. Willett, and J. E. Manson. 2002a. A prospective 
study of dietary fiber intake and risk of cardiovascular disease among women. Journal of the 
American College of Cardiology 39(1):49–56.

Liu, S., J. E. Manson, J. E. Buring, M. J. Stampfer, W. C. Willett, and P. M. Ridker. 2002b. Relation be-
tween a diet with a high glycemic load and plasma concentrations of high-sensitivity C-reactive 
protein in middle-aged women. American Journal of Clinical Nutrition 75(3):492–498.

Liu, S., M. Serdula, S. J. Janket, N. R. Cook, H. D. Sesso, W. C. Willett, J. E. Manson, and J. E. 
Buring. 2004. A prospective study of fruit and vegetable intake and the risk of type 2 diabetes 
in women. Diabetes Care 27(12):2993–2996.

Lloyd-Jones, D. M., K. Sutton-Tyrrell, A. S. Patel, K. A. Matthews, R. C. Pasternak, S. A. Everson-
Rose, A. Scuteri, and C. U. Chae. 2005. Ethnic variation in hypertension among premeno-
pausal and perimenopausal women: Study of Women’s Health Across the Nation. Hypertension 
46(4):689–695.

Manson, J. E., P. Greenland, A. Z. LaCroix, M. L. Stefanick, C. P. Mouton, A. Oberman, M. G. 
Perri, D. S. Sheps, M. B. Pettinger, and D. S. Siscovick. 2002. Walking compared with vigor-
ous exercise for the prevention of cardiovascular events in women. New England Journal of 
Medicine 347(10):716–725.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

Manson, J. E., M. A. Allison, J. E. Rossouw, J. J. Carr, R. D. Langer, J. Hsia, L. H. Kuller, B. B. 
Cochrane, J. R. Hunt, S. E. Ludlam, M. B. Pettinger, M. Gass, K. L. Margolis, L. Nathan, J. K. 
Ockene, R. L. Prentice, J. Robbins, and M. L. Stefanick. 2007. Estrogen therapy and coronary-
artery calcification. New England Journal of Medicine 356(25):2591–2602.

Marcus, M. D., J. T. Bromberger, H. L. Wei, C. Brown, and H. M. Kravitz. 2007. Prevalence and 
selected correlates of eating disorder symptoms among a multiethnic community sample of 
midlife women. Annals of Beha�ioral Medicine 33(3):269–277.

Margolis, K. L., D. E. Bonds, R. J. Rodabough, L. Tinker, L. S. Phillips, C. Allen, T. Bassford, G. 
Burke, J. Torrens, and B. V. Howard. 2004. Effect of oestrogen plus progestin on the incidence 
of diabetes in postmenopausal women: Results from the Women’s Health Initiative Hormone 
Trial. Diabetologia 47(7):1175–1187.

Matthews, K. A., B. Abrams, S. Crawford, T. Miles, R. Neer, L. H. Powell, and D. Wesley. 2001. Body 
mass index in mid-life women: Relative influence of menopause, hormone use, and ethnicity. 
International Journal of Obesity and Related Metabolic Disorders 25(6):863–873.

Matthews, K. A., M. F. Sowers, C. A. Derby, E. Stein, H. Miracle-McMahill, S. L. Crawford, and 
R. C. Pasternak. 2005. Ethnic differences in cardiovascular risk factor burden among middle-
aged women: Study of Women’s Health Across the Nation (SWAN). American Heart Journal 
149(6):1066–1073.

McAlindon, T. E., M. K. Formica, J. R. Palmer, and L. Rosenberg. 2000. Is childhood smoke exposure 
a risk factor for SLE? Results from the Black Women’s Health Study (BWHS). Arthritis and 
Rheumatism 43(Suppl.):S237.

McTiernan, A., C. Kooperberg, E. White, S. Wilcox, R. Coates, L. L. Adams-Campbell, N. Woods, 
and J. Ockene. 2003. Recreational physical activity and the risk of breast cancer in postmeno-
pausal women: The Women’s Health Initiative Cohort Study. Journal of the American Medical 
Association 290(10):1331–1336.

Meyer, P. M., L. H. Powell, R. S. Wilson, S. A. Everson-Rose, H. M. Kravitz, J. L. Luborsky, T. 
Madden, D. Pandey, and D. A. Evans. 2003. A population-based longitudinal study of cognitive 
functioning in the menopausal transition. Neurology 61(6):801–806.

Misakian, A. L., R. D. Langer, I. M. Bensenor, N. R. Cook, J. E. Manson, J. E. Buring, and K. M. 
Rexrode. 2003. Postmenopausal hormone therapy and migraine headache. Journal of Women’s 
Health 12(10):1027–1036.

Mora, S., N. Rifai, J. E. Buring, and P. M. Ridker. 2006. Additive value of immunoassay-measured 
fibrinogen and high-sensitivity C-reactive protein levels for predicting incident cardiovascular 
events. Circulation 114(5):381–387.

Mora, S, N. Rifai, J. E. Buring, and P.M. Ridker. 2009a. Comparison of LDL cholesterol concentra-
tions by Friedewald calculation and direct measurement in relation to cardiovascular events in 
27,331 women. Clinical Chemistry 55(5):888–894.

Mora, S., J. D. Otvos, N. Rifai, R. S. Rosenson, J. E. Buring, and P. M. Ridker. 2009b. Lipoprotein 
particle profiles by nuclear magnetic resonance compared with standard lipids and apolipopro-
teins in predicting incident cardiovascular disease in women. Circulation 119(7):931–939.

Morimoto, L. M., E. White, Z. Chen, R. T. Chlebowski, J. Hays, L. Kuller, A. M. Lopez, J. Manson, 
K. L. Margolis, P. C. Muti, M. L. Stefanick, and A. McTiernan. 2002. Obesity, body size, and 
risk of postmenopausal breast cancer: The Women’s Health Initiative (United States). Cancer 
Causes and Control 13(8):741–751.

Ockene, J. K., D. H. Barad, B. B. Cochrane, J. C. Larson, M. Gass, S. Wassertheil-Smoller, J. E. 
Manson, V. M. Barnabei, D. S. Lane, R. G. Brzyski, M. C. Rosal, J. Wylie-Rosett, and J. Hays. 
2005. Symptom experience after discontinuing use of estrogen plus progestin. Journal of the 
American Medical Association 294(2):183–193.

Oestreicher, N., A. Capra, J. Bromberger, L. M. Butler, C. J. Crandall, E. B. Gold, G. A. Greendale, 
F. Modugno, B. Sternfeld, and L. A. Habel. 2008. Physical activity and mammographic density 
in a cohort of midlife women. Medicine & Science in Sports & Exercise 40(3):451–456.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C ���

Palmer, J. R., R. S. Rao, L. L. Adams-Campbell, and L. Rosenberg. 1999. Correlates of hysterectomy 
among African–American women. American Journal of Epidemiology 150(12):1309–1315.

———. 2001. Height and breast cancer risk: Results from the Black Women’s Health Study (United 
States). Cancer Causes and Control 12(4):343–348.

Palmer, J. R., L. A. Wise, N. J. Horton, L. L. Adams-Campbell, and L. Rosenberg. 2003a. Dual effect 
of parity on breast cancer risk in African–American women. Journal of the National Cancer 
Institute 95(6):478–483.

Palmer, J. R., L. Rosenberg, L. A. Wise, N. J. Horton, and L. L. Adams-Campbell. 2003b. On-
set of natural menopause in African American women. American Journal of Public Health 
93(2):299–306.

Palmer, J. R., L. A. Wise, L. L. Adams-Campbell, and L. Rosenberg. 2004. A prospective study of 
induced abortion and breast cancer in African–American women. Cancer Causes and Control 
15(2):105–111.

———. 2005. Cigarette smoking and risk of breast cancer in the Black Women’s Health Study. 
American Journal of Epidemiology 161:S55.

Palmer, J. R., L. L. Adams-Campbell, D. A. Boggs, L. A. Wise, and L. Rosenberg. 2006. The relation 
of overall and central obesity to risk of breast cancer in African–American women. Proceedings 
of the American Association for Cancer Research 47:2024.

———. 2007a. A prospective study of body size and breast cancer in black women. Cancer Epide-
miology, Biomarkers and Pre�ention 16(9):1795–1802.

Palmer, J. R., L. L. Adams-Campbell, D. A. Boggs, and L. Rosenberg. 2007b. Familial Breast Cancer 
in a Cohort of ��,000 African–American Women: The Black Women’s Health Study. Paper read 
at American Association for Cancer Research Annual Meeting: Proceedings; 2007, Los Angeles, 
CA. Philadelphia, PA.

Palmer, J. R., D. Boggs, L. Adams-Campbell, and L. Rosenberg. 2008a. Glycemic index, sweets, 
and breast cancer risk in the Black Women’s Health Study. American Journal of Epidemiology 
167(Suppl.):S235.

Palmer, J. R., D. A. Boggs, S. Krishnan, F. B. Hu, M. Singer, and L. Rosenberg. 2008b. Sugar-
sweetened beverages and incidence of type 2 diabetes mellitus in African American women. 
Archi�es of Internal Medicine 168(14):1487–1492.

Pirraglia, P. A., P. Sanyal, D. E. Singer, and T. G. Ferris. 2004. Depressive symptom burden as a bar-
rier to screening for breast and cervical cancers. Journal of Women’s Health 13(6):731–738.

Pope, S. K., M. F. Sowers, G. W. Welch, and G. Albrecht. 2001. Functional limitations in women at 
midlife: The role of health conditions, behavioral and environmental factors. Women’s Health 
Issues 11(6):494–502.

Porch, J. V., I. M. Lee, N. R. Cook, K. M. Rexrode, and J. E. Burin. 2002. Estrogen-progestin re-
placement therapy and breast cancer risk: The Women’s Health Study (United States). Cancer 
Causes and Control 13(9):847–854.

Powell, L. H., P. Meyer, G. Weiss, K. A. Matthews, N. Santoro, J. F. Randolph, Jr., M. Schocken, J. 
Skurnick, M. G. Ory, and K. Sutton-Tyrrell. 2005. Ethnic differences in past hysterectomy for 
benign conditions. Women’s Health Issues 15(4):179–186.

Pradhan, A. D., J. E. Manson, J. B. Meigs, N. Rifai, J. E. Buring, S. Liu, and P. M. Ridker. 2003a. 
Insulin, proinsulin, proinsulin:Insulin ratio, and the risk of developing type 2 diabetes mellitus 
in women. American Journal of Medicine 114(6):438–444.

Pradhan, A. D., N. R. Cook, J. E. Buring, J. E. Manson, and P. M. Ridker. 2003b. C-reactive protein 
is independently associated with fasting insulin in nondiabetic women. Arteriosclerosis, Throm-
bosis, and Vascular Biology 23(4):650–655.

Pradhan, A. D., N. R. Cook, J. E. Manson, P. M. Ridker, and J. E. Buring. 2009. A randomized trial 
of low-dose aspirin in the prevention of clinical type 2 diabetes in women. Diabetes Care 
32(1):3–8.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

Prentice, R. L., B. Caan, R. T. Chlebowski, R. Patterson, L. H. Kuller, J. K. Ockene, K. L. Margolis, 
M. C. Limacher, J. E. Manson, L. M. Parker, E. Paskett, L. Phillips, J. Robbins, J. E. Rossouw, 
G. E. Sarto, J. M. Shikany, M. L. Stefanick, C. A. Thomson, L. Van Horn, M. Z. Vitolins, J. 
Wactawski-Wende, R. B. Wallace, S. Wassertheil-Smoller, E. Whitlock, K. Yano, L. Adams-
Campbell, G. L. Anderson, A. R. Assaf, S. A. Beresford, H. R. Black, R. L. Brunner, R. G. 
Brzyski, L. Ford, M. Gass, J. Hays, D. Heber, G. Heiss, S. L. Hendrix, J. Hsia, F. A. Hubbell, 
R. D. Jackson, K. C. Johnson, J. M. Kotchen, A. Z. LaCroix, D. S. Lane, R. D. Langer, N. L. 
Lasser, and M. M. Henderson. 2006. Low-fat dietary pattern and risk of invasive breast cancer: 
The Women’s Health Initiative Randomized Controlled Dietary Modification Trial. Journal of 
the American Medical Association 295(6):629–642.

Prentice, R. L., C. A. Thomson, B. Caan, F. A. Hubbell, G. L. Anderson, S. A. Beresford, M. Pettinger, 
D. S. Lane, L. Lessin, S. Yasmeen, B. Singh, J. Khandekar, J. M. Shikany, S. Satterfield, and 
R. T. Chlebowski. 2007. Low-fat dietary pattern and cancer incidence in the Women’s Health 
Initiative Dietary Modification Randomized Controlled Trial. Journal of the National Cancer 
Institute 99(20):1534–1543.

Randolph, J. F., Jr., M. Sowers, I. V. Bondarenko, S. D. Harlow, J. L. Luborsky, and R. J. Little. 
2004. Change in estradiol and follicle-stimulating hormone across the early menopausal 
transition: Effects of ethnicity and age. Journal of Clinical Endocrinology and Metabolism 
89(4):1555–1561.

Rapp, S. R., M. A. Espeland, S. A. Shumaker, V. W. Henderson, R. L. Brunner, J. E. Manson, M. L. 
Gass, M. L. Stefanick, D. S. Lane, J. Hays, K. C. Johnson, L. H. Coker, M. Dailey, and D. 
Bowen. 2003. Effect of estrogen plus progestin on global cognitive function in postmenopausal 
women: The Women’s Health Initiative Memory Study: A randomized controlled trial. Journal 
of the American Medical Association 289(20):2663–2672.

Resnick, S. M., M. A. Espeland, S. A. Jaramillo, C. Hirsch, M. L. Stefanick, A. M. Murray, J. Ockene, 
and C. Davatzikos. 2009. Postmenopausal hormone therapy and regional brain volumes: The 
WHIMS-MRI Study. Neurology 72(2):135–142.

Rexrode, K. M., J. E. Manson, I. M. Lee, P. M. Ridker, P. M. Sluss, N. R. Cook, and J. E. Buring. 
2003a. Sex hormone levels and risk of cardiovascular events in postmenopausal women. Cir-
culation 108(14):1688–1693.

Rexrode, K. M., A. Pradhan, J. E. Manson, J. E. Buring, and P. M. Ridker. 2003b. Relationship 
of total and abdominal adiposity with CRP and IL-6 in women. Annals of Epidemiology 
13(10):674–682.

Ridker, P. M., and N. Cook. 2004. Clinical usefulness of very high and very low levels of C-reactive 
protein across the full range of Framingham risk scores. Circulation 109(16):1955–1959.

Ridker, P. M., J. P. Miletich, C. H. Hennekens, and J. E. Buring. 1997. Ethnic distribution of factor V 
leiden in 4047 men and women. Implications for venous thromboembolism screening. Journal 
of the American Medical Association 277(16):1305–1307.

Ridker, P. M., J. E. Buring, J. Shih, M. Matias, and C. H. Hennekens. 1998a. Prospective study of C-
reactive protein and the risk of future cardiovascular events among apparently healthy women. 
Circulation 98(8):731–733.

Ridker, P. M., J. P. Miletich, J. E. Buring, A. A. Ariyo, D. T. Price, J. E. Manson, and J. A. Hill. 
1998b. Factor V leiden mutation as a risk factor for recurrent pregnancy loss. Annals of Internal 
Medicine 128(12 Pt. 1):1000–1003.

Ridker, P. M., C. H. Hennekens, J. E. Buring, R. Kundsin, and J. Shih. 1999a. Baseline IgG anti-
body titers to Chlamydia pneumoniae, Helicobacter pylori, herpes simplex virus, and cyto-
megalovirus and the risk for cardiovascular disease in women. Annals of Internal Medicine 
131(8):573–577.

Ridker, P. M., J. E. Manson, J. E. Buring, J. Shih, M. Matias, and C. H. Hennekens. 1999b. Homocys-
teine and risk of cardiovascular disease among postmenopausal women. Journal of the American 
Medical Association 281(19):1817–1821.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C ���

Ridker, P. M., C. H. Hennekens, N. Rifai, J. E. Buring, and J. E. Manson. 1999c. Hormone replace-
ment therapy and increased plasma concentration of C-reactive protein. Circulation 100(7): 
713–716.

Ridker, P. M., C. H. Hennekens, J. E. Buring, and N. Rifai. 2000. C-reactive protein and other markers 
of inflammation in the prediction of cardiovascular disease in women. New England Journal 
of Medicine 342(12):836–843.

Ridker, P. M., J. E. Buring, and N. Rifai. 2001. Soluble P-selectin and the risk of future cardiovascular 
events. Circulation 103(4):491–495.

Ridker, P. M., N. Rifai, L. Rose, J. E. Buring, and N. R. Cook. 2002. Comparison of C-reactive protein 
and low-density lipoprotein cholesterol levels in the prediction of first cardiovascular events. 
New England Journal of Medicine 347(20):1557–1565.

Ridker, P. M., J. E. Buring, N. R. Cook, and N. Rifai. 2003. C-reactive protein, the metabolic syn-
drome, and risk of incident cardiovascular events: An 8-year follow-up of 14,719 initially 
healthy American women. Circulation 107(3):391–397.

Ridker, P. M., N. R. Cook, I. M. Lee, D. Gordon, J. M. Gaziano, J. E. Manson, C. H. Hennekens, 
and J. E. Buring. 2005a. A randomized trial of low-dose aspirin in the primary prevention of 
cardiovascular disease in women. New England Journal of Medicine 352(13):1293–1304.

Ridker, P. M., N. Rifai, N. R. Cook, G. Bradwin, and J. E. Buring. 2005b. Non-HDL cholesterol, apo-
lipoproteins A-I and B100, standard lipid measures, lipid ratios, and CRP as risk factors for car-
diovascular disease in women. Journal of the American Medical Association 294(3):326–333.

Rifai, N., J. E. Buring, I. M. Lee, J. E. Manson, and P. M. Ridker. 2002. Is C-reactive protein specific 
for vascular disease in women? Annals of Internal Medicine 136(7):529–533.

Rosenberg, L., R. Rao, L. Adams-Campbell, and J. Palmer. 1997a. Risk factors for myocardial infarc-
tion among African–American women. American Journal of Epidemiology 145:S45.

Rosenberg, L., J. R. Palmer, and L. L. Adams-Campbell. 1997b. Postmenopausal female hormone 
use and venous thromboembolic disease in black women. American Journal of Obstetrics and 
Gynecology 177(5):1275.

Rosenberg, L., J. R. Palmer, R. S. Rao, and L. L. Adams-Campbell. 1998. Correlates of postmeno-
pausal female hormone use among black women in the United States. Obstetrics and Gynecol-
ogy 91(3):454–458.

Rosenberg, L., L. L. Adams-Campbell, K. S. Kim, and J. R. Palmer. 1999a. Physical activity and 
breast cancer among African–American women. American Journal of Epidemiology 149:S53.

Rosenberg, L, J. R. Palmer, R. S. Rao, and L. L. Adams-Campbell. 1999b. Risk factors for coro-
nary heart disease in African American women. American Journal of Epidemiology 150(9): 
904–909.

Rosenberg, L., J. R. Palmer, L. L. Adams-Campbell, and R. S. Rao. 1999c. Obesity and hypertension 
among college-educated black women in the United States. Journal of Human Hypertension 
13(4):237–241.

Rosenberg, L., J. Palmer, R. Rao, and M. Corwin. 2000. Risk factors for preterm birth among women 
in the Black Women’s Health Study. American Journal of Epidemiology 151:S13.

Rosenberg, L., R. Rao, J. Palmer, and L. Adams-Campbell. 2001. Age at natural menopause among 
African–American women. American Journal of Epidemiology 153:S92.

Rosenberg, L., J. R. Palmer, R. S. Rao, and L. L. Adams-Campbell. 2002a. Patterns and corre-
lates of alcohol consumption among African–American women. Ethnicity and Disease 12(4): 
548–554.

Rosenberg, L., J. R. Palmer, L. A. Wise, N. J. Horton, and M. J. Corwin. 2002b. Perceptions of racial 
discrimination and the risk of preterm birth. Epidemiology 13(6):646–652.

Rosenberg, L., J. R. Palmer, L. A. Wise, N. J. Horton, S. K. Kumanyika, and L. L. Adams-Campbell. 
2003. A prospective study of the effect of childbearing on weight gain in African–American 
women. Obesity Research 11(12):1526–1535.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

Rosenberg, L., L. A. Wise, J. R. Palmer, N. J. Horton, and L. L. Adams-Campbell. 2005a. A multilevel 
study of socioeconomic predictors of regular mammography use among African–American 
women. Cancer Epidemiology, Biomarkers & Pre�ention 14(11 Pt. 1):2628–2633.

Rosenberg, L., L. A. Wise, and J. R. Palmer. 2005b. Hair-relaxer use and risk of preterm birth among 
African–American women. Ethnicity and Disease 15(4):768–772.

Rosenberg, L., J. R. Palmer, L. A. Wise, and L. L. Adams-Campbell. 2006a. A prospective study 
of female hormone use and breast cancer among black women. Archi�es of Internal Medicine 
166(7):760–765.

Rosenberg, L., D. Boggs, L. A. Wise, J. R. Palmer, M. H. Roltsch, K. H. Makambi, and L. L. 
Adams-Campbell. 2006b. A follow-up study of physical activity and incidence of colorec-
tal polyps in African–American women. Cancer Epidemiology, Biomarkers and Pre�ention 
15(8):1438–1442.

Rosenberg, L., D. A. Boggs, L. L. Adams-Campbell, and J. R. Palmer. 2007a. Hair relaxers not 
associated with breast cancer risk: Evidence from the Black Women’s Health Study. Cancer 
Epidemiology, Biomarkers and Pre�ention 16(5):1035–1037.

Rosenberg, L., D. A. Boggs, J. Palmer, and L. Adams-Campbell. 2007b. The influence of life-style 
factors on mortality in the Black Women’s Health Study. American Journal of Epidemiology 
165:S84.

Rosenberg, L., D. Boggs, J. Palmer, and L. Adams-Campbell. 2008. Meat, fat, and dairy intake in 
relation to breast cancer incidence in the Black Women’s Health Study. American Journal of 
Epidemiology 167 (Suppl.):S520.

Rossouw, J., G. Anderson, R. Prentice, A. LaCroix, C. Kooperberg, M. Stefanick, R. Jackson, S. 
Beresford, B. Howard, K. Johnson, J. Kotchen, and J. Ockene. 2002. Risks and benefits of 
estrogen plus progestin in healthy postmenopausal women: Principal results from the Women’s 
Health Initiative Randomized Controlled Trial. Journal of the American Medical Association 
288:321–333.

Rossouw, J. E., R. L. Prentice, J. E. Manson, L. Wu, D. Barad, V. M. Barnabei, M. Ko, A. Z. LaCroix, 
K. L. Margolis, and M. L. Stefanick. 2007. Postmenopausal hormone therapy and risk of 
cardiovascular disease by age and years since menopause. Journal of the American Medical 
Association 297(13):1465–1477.

Sampselle, C. M., S. D. Harlow, J. Skurnick, L. Brubaker, and I. Bondarenko. 2002. Urinary incon-
tinence predictors and life impact in ethnically diverse perimenopausal women. Obstetrics and 
Gynecology 100(6):1230–1238.

Santoro, N., S. Brockwell, J. Johnston, S. L. Crawford, E. B. Gold, S. D. Harlow, K. A. Matthews, and 
K. Sutton-Tyrrell. 2007. Helping midlife women predict the onset of the final menses: SWAN, 
The Study of Women’s Health Across the Nation. Menopause 14(3 Pt. 1):415–424.

Santoro, N., S. L. Crawford, W. L. Lasley, J. L. Luborsky, K. A. Matthews, D. McConnell, J. F. 
Randolph, Jr., E. B. Gold, G. A. Greendale, S. G. Korenman, L. Powell, M. F. Sowers, and G. 
Weiss. 2008. Factors related to declining luteal function in women during the menopausal transi-
tion. Journal of Clinical Endocrinology and Metabolism 93(5):1711–1721.

Schaumberg, D. A., W. G. Christen, R. J. Glynn, and J. E. Buring. 2000. Demographic predictors of 
eye care utilization among women. Medical Care 38(6):638–646.

Schaumberg, D. A., J. E. Buring, D. A. Sullivan, and M. R. Dana. 2001. Hormone replacement ther-
apy and dry eye syndrome. Journal of the American Medical Association 286(17):2114–2119.

Schaumberg, D. A., D. A. Sullivan, J. E. Buring, and M. R. Dana. 2003. Prevalence of dry eye syn-
drome among US women. American Journal of Ophthalmology 136(2):318–326.

Schonbeck, U., N. Varo, P. Libby, J. Buring, and P. M. Ridker. 2001. Soluble CD40L and cardiovas-
cular risk in women. Circulation 104(19):2266–2268.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C ���

Scuteri, A., M. Vuga, S. S. Najjar, V. Mehta, S. A. Everson-Rose, K. Sutton-Tyrrell, K. Matthews, and 
E. G. Lakatta. 2008. Education eclipses ethnicity in predicting the development of the metabolic 
syndrome in different ethnic groups in midlife: The Study of Women’s Health Across the Nation 
(SWAN). Diabetic Medicine 25(12):1390–1399.

Sesso, H. D., I. M. Lee, J. M. Gaziano, K. M. Rexrode, R. J. Glynn, and J. E. Buring. 2001. Maternal 
and paternal history of myocardial infarction and risk of cardiovascular disease in men and 
women. Circulation 104(4):393–398.

Sesso, H. D., J. M. Gaziano, S. Liu, and J. E. Buring. 2003a. Flavonoid intake and the risk of cardio-
vascular disease in women. American Journal of Clinical Nutrition 77(6):1400–1408.

Sesso, H. D., S. Liu, J. M. Gaziano, and J. E. Buring. 2003b. Dietary lycopene, tomato-based food 
products and cardiovascular disease in women. Journal of Nutrition 133(7):2336–2341.

Sesso, H. D., J. E. Buring, N. Rifai, G. J. Blake, J. M. Gaziano, and P. M. Ridker. 2003c. C-reactive 
protein and the risk of developing hypertension. Journal of the American Medical Association 
290(22):2945–2951.

Sesso, H. D., R. S. Chen, G. J. L’Italien, P. Lapuerta, W. C. Lee, and R. J. Glynn. 2003d. Blood 
pressure lowering and life expectancy based on a Markov model of cardiovascular events. 
Hypertension 42(5):885–890.

Sesso, H. D., J. E. Buring, E. P. Norkus, and J. M. Gaziano. 2004. Plasma lycopene, other carotenoids, 
and retinol and the risk of cardiovascular disease in women. American Journal of Clinical 
Nutrition 79(1):47–53.

Sesso, H. D., J. E. Buring, M. J. Chown, P. M. Ridker, and J. M. Gaziano. 2005. A prospec-
tive study of plasma lipid levels and hypertension in women. Archi�es of Internal Medicine 
165(20):2420–2427.

Shumaker, S. A., C. Legault, L. Kuller, S. R. Rapp, L. Thal, D. S. Lane, H. Fillit, M. L. Stefanick, 
S. L. Hendrix, C. E. Lewis, K. Masaki, and L. H. Coker. 2004. Conjugated equine estro-
gens and incidence of probable dementia and mild cognitive impairment in postmenopausal 
women: Women’s Health Initiative Memory Study. Journal of the American Medical Associa-
tion 291(24):2947–2958.

Skurnick, J. H., G. Weiss, L. T. Goldsmith, N. Santoro, and S. Crawford. 2009. Longitudinal changes 
in hypothalamic and ovarian function in perimenopausal women with anovulatory cycles: Rela-
tionship with vasomotor symptoms. Fertility and Sterility 91(4):1127–1134.

Song, Y., J. E. Manson, J. E. Buring, and S. Liu. 2004a. Dietary magnesium intake in relation to 
plasma insulin levels and risk of type 2 diabetes in women. Diabetes Care 27(1):59–65.

———. 2004b. A prospective study of red meat consumption and type 2 diabetes in middle-aged and 
elderly women: The Women’s Health Study. Diabetes Care 27(9):2108–2115.

Song, Y., J. E. Manson, J. E. Buring, H. D. Sesso, and S. Liu. 2005a. Associations of dietary flavo-
noids with risk of type 2 diabetes, and markers of insulin resistance and systemic inflammation 
in women: A prospective study and cross-sectional analysis. Journal of the American College 
of Nutrition 24(5):376–384.

Song, Y., P. M. Ridker, J. E. Manson, N. R. Cook, J. E. Buring, and S. Liu. 2005b. Magnesium intake, 
C-reactive protein, and the prevalence of metabolic syndrome in middle-aged and older U.S. 
women. Diabetes Care 28(6):1438–1444.

Sowers, M., S. Pope, G. Welch, B. Sternfeld, and G. Albrecht. 2001. The association of menopause 
and physical functioning in women at midlife. Journal of the American Geriatrics Society 
49(11):1485–1492.

Sowers, M. R., J. S. Finkelstein, B. Ettinger, I. Bondarenko, R. M. Neer, J. A. Cauley, S. Sherman, 
and G. A. Greendale. 2003. The association of endogenous hormone concentrations and bone 
mineral density measures in pre- and perimenopausal women of four ethnic groups: SWAN. 
Osteoporosis International 14(1):44–52.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��0 WOMEN’S HEALTH RESEARCH

Sowers, M. R., J. Randolph, Jr., M. Jannausch, B. Lasley, E. Jackson, and D. McConnell. 2008. Lev-
els of sex steroid and cardiovascular disease measures in premenopausal and hormone-treated 
women at midlife: Implications for the “timing hypothesis.” Archi�es of Internal Medicine 
168(19):2146–2153.

Stefanick, M. L., G. L. Anderson, K. L. Margolis, S. L. Hendrix, R. J. Rodabough, E. D. Paskett, D. S. 
Lane, F. A. Hubbell, A. R. Assaf, G. E. Sarto, R. S. Schenken, S. Yasmeen, L. Lessin, and R. T. 
Chlebowski. 2006. Effects of conjugated equine estrogens on breast cancer and mammography 
screening in postmenopausal women with hysterectomy. Journal of the American Medical As-
sociation 295(14):1647–1657.

Suk Danik, J., N. Rifai, J. E. Buring, and P. M. Ridker. 2008. Lipoprotein(A), hormone replacement 
therapy, and risk of future cardiovascular events. Journal of the American College of Cardiol-
ogy 52(2):124–131.

Taylor, T. R., C. D. Williams, K. H. Makambi, C. Mouton, J. P. Harrell, Y. Cozier, J. R. Palmer, L. 
Rosenberg, and L. L. Adams-Campbell. 2007. Racial discrimination and breast cancer incidence 
in US black women: The Black Women’s Health Study. American Journal of Epidemiology 
166(1):46–54.

Thurston, R. C., K. Sutton-Tyrrell, S. A. Everson-Rose, R. Hess, and K. A. Matthews. 2008a. Hot 
flashes and subclinical cardiovascular disease: Findings from the Study of Women’s Health 
Across the Nation Heart Study. Circulation 118(12):1234–1240.

Thurston, R. C., M. R. Sowers, K. Sutton-Tyrrell, S. A. Everson-Rose, T. T. Lewis, D. Edmundowicz, 
and K. A. Matthews. 2008b. Abdominal adiposity and hot flashes among midlife women. Meno-
pause 15(3):429–434.

Thurston, R. C., J. Bromberger, Y. Chang, E. Goldbacher, C. Brown, J. M. Cyranowski, and K. A. 
Matthews. 2008c. Childhood abuse or neglect is associated with increased vasomotor symptom 
reporting among midlife women. Menopause 15(1):16–22.

Thurston, R. C., M. R. Sowers, Y. Chang, B. Sternfeld, E. B. Gold, J. M. Johnston, and K. A. 
Matthews. 2008d. Adiposity and reporting of vasomotor symptoms among midlife women: The 
Study of Women’s Health Across the Nation. American Journal of Epidemiology 167(1):78–85.

Tinker, L. F., D. E. Bonds, K. L. Margolis, J. E. Manson, B. V. Howard, J. Larson, M. G. Perri, S. A. 
Beresford, J. G. Robinson, B. Rodriguez, M. M. Safford, N. K. Wenger, V. J. Stevens, and L. M. 
Parker. 2008. Low-fat dietary pattern and risk of treated diabetes mellitus in postmenopausal 
women: The Women’s Health Initiative Randomized Controlled Dietary Modification Trial. 
Archi�es of Internal Medicine 168(14):1500–1511.

Tomey, K. M., M. R. Sowers, C. Crandall, J. Johnston, M. Jannausch, and M. Yosef. 2008. Dietary 
intake related to prevalent functional limitations in midlife women. American Journal of Epi-
demiology 167(8):935–943.

van Dam, R. M., F. B. Hu, L. Rosenberg, S. Krishnan, and J. R. Palmer. 2006. Dietary calcium and 
magnesium, major food sources, and risk of type 2 diabetes in US black women. Diabetes Care 
29(10):2238–2243.

Van Voorhis, B. J., N. Santoro, S. Harlow, S. L. Crawford, and J. Randolph. 2008. The relationship of 
bleeding patterns to daily reproductive hormones in women approaching menopause. Obstetrics 
and Gynecology 112(1):101–108.

Wactawski-Wende, J., J. M. Kotchen, G. L. Anderson, A. R. Assaf, R. L. Brunner, M. J. O’Sullivan, 
K. L. Margolis, J. K. Ockene, L. Phillips, L. Pottern, R. L. Prentice, J. Robbins, T. E. Rohan, 
G. E. Sarto, S. Sharma, M. L. Stefanick, L. Van Horn, R. B. Wallace, E. Whitlock, T. Bassford, 
S. A. Beresford, H. R. Black, D. E. Bonds, R. G. Brzyski, B. Caan, R. T. Chlebowski, B. 
Cochrane, C. Garland, M. Gass, J. Hays, G. Heiss, S. L. Hendrix, B. V. Howard, J. Hsia, F. A. 
Hubbell, R. D. Jackson, K. C. Johnson, H. Judd, C. L. Kooperberg, L. H. Kuller, A. Z. LaCroix, 
D. S. Lane, R. D. Langer, N. L. Lasser, C. E. Lewis, M. C. Limacher, and J. E. Manson. 2006. 
Calcium plus vitamin D supplementation and the risk of colorectal cancer. New England Journal 
of Medicine 354(7):684–696.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

APPENDIX C ���

Waetjen, L. E., S. Liao, W. O. Johnson, C. M. Sampselle, B. Sternfield, S. D. Harlow, and E. B. Gold. 
2007. Factors associated with prevalent and incident urinary incontinence in a cohort of midlife 
women: A longitudinal analysis of data: Study of Women’s Health Across the Nation. American 
Journal of Epidemiology 165(3):309–318.

Waetjen, L. E., W. Y. Feng, J. Ye, W. O. Johnson, G. A. Greendale, C. M. Sampselle, B. Sternfield, 
S. D. Harlow, and E. B. Gold. 2008. Factors associated with worsening and improving urinary 
incontinence across the menopausal transition. Obstetrics and Gynecology 111(3):667–677.

Wassertheil-Smoller, S., G. Anderson, B. M. Psaty, H. R. Black, J. Manson, N. Wong, J. Francis, 
R. Grimm, T. Kotchen, R. Langer, and N. Lasser. 2000. Hypertension and its treatment in 
postmenopausal women: Baseline data from the Women’s Health Initiative. Hypertension 
36(5):780–789.

Wassertheil-Smoller, S., S. Shumaker, J. Ockene, G. A. Talavera, P. Greenland, B. Cochrane, J. 
Robbins, A. Aragaki, and J. Dunbar-Jacob. 2004. Depression and cardiovascular sequelae in 
postmenopausal women. The Women’s Health Initiative (WHI). Archi�es of Internal Medicine 
164(3):289–298.

Weinstein, A. R., H. D. Sesso, I. M. Lee, N. R. Cook, J. E. Manson, J. E. Buring, and J. M. Gaziano. 
2004. Relationship of physical activity vs body mass index with type 2 diabetes in women. 
Journal of the American Medical Association 292(10):1188–1194.

Weiss, G., D. Noorhasan, L. L. Schott, L. Powell, J. F. Randolph, Jr., and J. M. Johnston. 2009. Racial 
differences in women who have a hysterectomy for benign conditions. Women’s Health Issues 
19(3):202–210.

Williams, C. D., L. L. Adams-Campbell, T. R. Taylor, J. R. Palmer, and L. Rosenberg. 2004. De-
pressive symptoms by socio-demographic characteristics in the Black Women’s Health Study. 
Annals of Beha�ioral Medicine 24(Suppl.):S146.

Wise, L. A., J. R. Palmer, B. L. Harlow, D. Spiegelman, E. A. Stewart, L. L. Adams-Campbell, and 
L. Rosenberg. 2004a. Reproductive factors, hormonal contraception, and risk of uterine leio-
myomata in African–American women: A prospective study. American Journal of Epidemiology 
159(2):113–123.

———. 2004b. Risk of uterine leiomyomata in relation to tobacco, alcohol and caffeine consumption 
in the Black Women’s Health Study. Human Reproduction 19(8):1746–1754.

Wise, L. A., J. R. Palmer, E. A. Stewart, and L. Rosenberg. 2005a. Age-specific incidence rates for 
self-reported uterine leiomyomata in the Black Women’s Health Study. Obstetrics and Gynecol-
ogy 105(3):563–568.

Wise, L. A., J. R. Palmer, D. Spiegelman, B. L. Harlow, E. A. Stewart, L. L. Adams-Campbell, and 
L. Rosenberg. 2005b. Influence of body size and body fat distribution on risk of uterine leio-
myomata in U.S. black women. Epidemiology 16(3):346–354.

Wise, L. A., L. L. Adams-Campbell, J. R. Palmer, and L. Rosenberg. 2006. Leisure time physical 
activity in relation to depressive symptoms in the Black Women’s Health Study. Annals of 
Beha�ioral Medicine 32(1):68–76.

Wise, L. A., J. R. Palmer, E. A. Stewart, and L. Rosenberg. 2007a. Polycystic ovary syndrome and 
risk of uterine leiomyomata. Fertility and Sterility 87(5):1108–1115.

Wise, L. A., J. R. Palmer, Y. C. Cozier, M. O. Hunt, E. A. Stewart, and L. Rosenberg. 2007b. Perceived 
racial discrimination and risk of uterine leiomyomata. Epidemiology 18(6):747–757.

Wise, L., J. Palmer, C. Poser, M. Ronthal, and L. Rosenberg. 2007c. Geographic variation of MS 
incidence in the Black Women’s Health Study. American Journal of Epidemiology 165:S68.

Wise, L. A., L. Rosenberg, J. R. Palmer, and L. L. Adams-Campbell. 2008a. Anthropometric risk 
factors for colorectal polyps in African–American women. Obesity 16(4):859–868.

Wise, L., J. Palmer, L. Heffner, and L. Rosenberg. 2008b. Maternal anthropometric risk factors for 
preterm birth in the Black Women’s Health Study. American Journal of Epidemiology 167 
(Suppl.):S79.



Copyright © National Academy of Sciences. All rights reserved.

Women's Health Research:  Progress, Pitfalls, and Promise

��� WOMEN’S HEALTH RESEARCH

Wise, L. A., J. R. Palmer, E. F. Rothman, and L. Rosenberg. 2009. Childhood abuse and early men-
arche: Findings from the Black Women’s Health Study. American Journal of Public Health 
99(Suppl. 2):S460–S466.

Wright, N. C., G. K. Riggs, J. R. Lisse, and Z. Chen. 2008. Self-reported osteoarthritis, ethnicity, 
body mass index, and other associated risk factors in postmenopausal women—Results from the 
Women’s Health Initiative. Journal of the American Geriatrics Society 56(9):1736–1743.

Zee, R. Y., S. Mora, S. Cheng, H. A. Erlich, K. Lindpaintner, N. Rifai, J. E. Buring, and P. M. Ridker. 
2007. Homocysteine, 5,10-methylenetetrahydrofolate reductase 677C>T polymorphism, nutri-
ent intake, and incident cardiovascular disease in 24,968 initially healthy women. Clinical 
Chemistry 53(5):845–851.

Zhang, S. M., J. E. Buring, I. M. Lee, N. R. Cook, and P. M. Ridker. 2005. C-reactive protein levels 
are not associated with increased risk for colorectal cancer in women. Annals of Internal Medi-
cine 142(6):425–432.


	Front Matter
	Summary
	1 Introduction
	2 Research on Determinants of Women's Health
	3 Research on Conditions with Particular Relevance to Women
	4 Methodologic Issues in Women's Health Research
	5 Transforming Discovery to Impact: Translation and Communication of Findings of Women's Health Research
	6 Synthesis, Findings, and Recommendations
	Appendix A: Agendas for Public Meetings
	Appendix B: Mortality Statistics
	Appendix C: Selected Studies of Women's Health

