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Abstract

Objective—Vitamin D deficiency is highly prevalent in high-risk patient populations, but the
prevalence among otherwise healthy adults is less well-defined. The goal of this study was to
determine the prevalence and predictors of low 25-hydroxyvitamin D [25(OH)D] levels in healthy
younger adults.

Methods—This was a cross-sectional study of 634 healthy volunteers aged 18-50 years
performed between January, 2006 and May, 2008. We measured serum 25(OH) D and parathyroid
hormone and recorded demographic variables including age, sex, race, and use of multivitamin
supplements.

Results—Thirty-nine percent of subjects had 25(0OH)D <20 ng/mL and 64% had 25(OH)D <30
ng/mL. Predictors of lower 25(OH)D levels included male sex, black or Asian race, and lack of
multivitamin use (£<0.001 for each predictors). Seasonal variation in 25(OH)D levels was present
in the overall cohort but was not observed in multivitamin users. Lower 25(0OH)D levels were
associated with increased risk of elevated parathyroid hormone. Regression models predicted
25(0H)D levels <20 or <30 ng/mL with areas under the receiver operating characteristic curves of
0.76 and 0.80, respectively.

Conclusion—Low 25(0OH)D levels are prevalent in healthy adults and may confer risk of
skeletal disease. Black and Asian adults are at increased risk of deficiency and multivitamin use
appears partially protective. Our models predicting low 25(OH)D levels may guide decision-
making regarding whom to screen for vitamin D deficiency.

INTRODUCTION

Vitamin D is critical for bone health. Vitamin D deficiency causes impaired calcium
absorption which can lead to rickets and osteomalacia (1-3). Additionally, vitamin D
deficiency is associated with osteoporosis and an increased risk of fractures (4-6). Finally,
accumulating observational evidence suggests that low vitamin D levels are associated with
extraskeletal sequelae including increased risks of cancer, cardiovascular disease, infection,
and autoimmune disease (4).

Serum 25-hydroxyvitamin D [25(OH)D] levels reflect body stores of vitamin D (4). A
substantial fraction of the United States population has low 25(OH)D levels. For example, in
a recent population-based National Health and Nutrition Examination Survey from 2001 to
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2006, 32% of participants had serum 25(OH)D levels <20 ng/mL (7). Multiple populations
are at particularly high risk for vitamin D deficiency, including children, the elderly, and
people with increased skin pigmentation (8—10). Recommendations regarding whom to
screen vary, though most experts suggest screening only populations at higher risk (11,12).
The use of vitamin D-containing supplements is associated with increased 25(OH)D levels,
thereby decreasing the likelihood of deficiency, however, recommendations regarding
optimal supplement dose also vary widely (9,12-14).

We hypothesized that, in a population lacking significant risk factors, low vitamin D levels
would, nonetheless, be highly prevalent. Because of the logistical and economic challenges
associated with universal screening, we sought to identify demographic and behavioral
factors predictive of low vitamin D levels that are easily assessed in a clinical setting.

SUBJECTS AND METHODS
Study Subjects

Healthy volunteers, aged 18 to 50 years, were recruited for endocrine research studies
through mass mailings and advertisements in local newspapers and Internet sites (15,16).
Visits occurred between January 2006 and May 2008. Subjects were excluded if they had
significant cardiac, hepatic, oncologic, psychiatric disease, or disorders known to affect bone
mineral metabolism including hyperthyroidism, hyperparathyroidism, osteomalacia, or
Paget’s disease. Subjects using medications affecting either vitamin D or bone were also
excluded. Multivitamin use and/or vitamin D supplementation up to 2,000 1U daily was
allowed.

Measurements

All blood samples were drawn in the nonfasting state, and measurements were made
immediately on fresh samples. Serum 25(0OH)D levels were measured using a
chemiluminescent immunoassay (LIAISON, DiaSorin, Stillwater, Minnesota) with a
detection limit of 2 ng/mL and intra-assay and interassay coefficients of variation of 6% to
8% and 12% to 16%, respectively. Plasma parathyroid hormone (PTH) was measured in a
subset of subjects (n = 334) using a two-site radioimmunoassay (RIA) (Nichols Institute
Diagnostics, San Clemente, California) with a detection limit of 1 pg/mL and intra-assay and
interassay coefficients of variation of 2% to 3% and 6%, respectively. A subset of subjects
(n = 406) was assessed for multivitamin use; any use of a multivitamin was coded as “yes”.
Study protocols were approved by the Human Research Committee of Partners HealthCare
Systems (the responsible Institutional Review Board), and all subjects provided written
informed consent.

Subjects were classified by sex, self-identified race (American Indian or Alaska Native,
Asian, Black or African-American, Native Hawaiian or Other Pacific Islander, and White)
and self-identified ethnicity (Hispanic or Latino or not Hispanic or Latino). The season of
blood draw was classified as winter (January through March), spring (April through June),
summer (July through September), or fall (October through December).

Statistical Analysis

Data are expressed as mean + standard deviation unless otherwise specified. Unpaired #test
or analysis of variance (ANOVA) was used, as appropriate, to evaluate differences in
25(0OH)D levels. Pair-wise comparisons were assessed only if the overall ANOVA was
statistically significant; Bonferroni correction for multiple comparisons was used. Two-way
ANOVA was used to test for the interaction of season with race and with multivitamin use.
Either XZ testing or Fisher exact test was used to compare proportions of subjects with low
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25(0OH)D levels. The Pearson correlation coefficient for PTH and 25(OH)D was determined.
The subset of the cohort in which multivitamin use was assessed was used for regression
modeling and was randomly divided into training (n = 305) and validation (n = 101) sets.
Logistic regression modeling was used to determine if race, ethnicity, sex, multivitamin use,
age, or season predicted the likelihood of a subject having a 25(OH)D level <20 (14) or <30
ng/mL. Only subjects with race defined as “white,” “black,” or “Asian” were included in the
model. All variables with £<0.1 as well as additional variables considered clinically relevant
were retained in the model. Goodness of fit was assessed with the Hosmer-Lemeshow test.
Statistical analyses were performed using Stata 11 (College Station, Texas).

Subject Demographics

Six hundred sixty-four subjects were enrolled. Thirty subjects were excluded because race/
ethnicity data were not recorded, leaving a final cohort of 634 subjects. The demographic
makeup of the cohort is described in Table 1. Mean age was 29 + 8 years (range, 18-48
years).

25(0OH)D Levels

The mean 25(0OH)D level for the cohort was 27 + 14 ng/mL. Figure 1 shows the median and
interquartile ranges of 25(OH)D levels for specified subgroups. 25(0OH) D levels varied with
sex, race, season, and multivitamin use. Females had significantly higher 25(OH)D levels
compared with males (30 + 15 versus 24 + 12 ng/mL, A<0.001). White subjects had
significantly higher 25(OH) D levels compared with black, Asian, and “other” race subjects
(30 £14,17 £ 10, 20 + 11, and 22 + 10 ng/mL respectively; £<0.001 for each pairwise
comparison). After stratification by race, there were no significant differences between
Hispanic and non-Hispanic subjects (Table 2). The 25(OH)D levels were higher in summer
(31 = 14 ng/mL) than in fall (27 £ 13 ng/mL), winter (25 + 16 ng/mL), and spring (24 + 12
ng/mL) (P=0.03, = 0.002, and A<0.001, respectively). Multivitamin users had higher
25(0OH)D levels in comparison with nonusers (35 + 15 versus 26 + 14 ng/mL; £<0.001).

Seasonal Variation, Race, and Multivitamin Use

Figure 2A shows the mean 25(OH)D levels by season after stratification by race. Seasonal
variation of 25(OH)D levels was present in each racial group (£ = 0.45 for the interaction of
season and race by twoway ANOVA). This seasonal variation, however, was quantitatively
less among black subjects when compared with white and Asian subjects. For example, the
difference between spring and summer 25(OH)D levels was 8 ng/mL (95% confidence
interval [C1]: 5-11 ng/mL) among white subjects, 11 ng/mL (95% CI: 6-17 ng/mL) among
Asian subjects, and 2 ng/mL (95% CI: 5-9 ng/mL) among black subjects.

Figure 2B shows the mean 25(OH)D levels by season after stratification by multivitamin
use. There was a significant effect of multivitamin use on seasonal variation (= 0.01 for
the interaction of season and multivitamin use by two-way ANOVA). Specifically, there
was significant seasonal variation in 25(OH)D levels among subjects who did not use
multivitamins (P= 0.001 by one-way ANOVA), but seasonal variation was not observed
among multivitamin users. In pair-wise comparisons, multivitamin users had higher
25(0OH)D levels in winter and spring in comparison with nonusers (£<0.001 and = 0.01,
respectively). Multivitamin users also had quantitatively higher 25(0OH) D levels than
nonusers in summer and fall, though these differences were not statistically significant.
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Prevalence of Vitamin D Deficiency

Table 3 shows the prevalence of vitamin D deficiency defined by three different thresholds
of 25(0OH)D: < 10, <20, and <30 ng/mL (12,17). Consistent with the mean 25(OH)D data,
the prevalence of vitamin D deficiency among male subjects was higher than among female
subjects at each threshold (P=0.05, /<0.001, and ~<0.001, respectively). Similarly, the
prevalence of vitamin D deficiency differed by race and by season for each threshold
(P<0.001 at all thresholds for the effect of race and for the effect of season). The prevalence
of vitamin D deficiency was lower among multivitamin users when compared to nonusers at
each threshold (P=0.002, /<0.001, and ~<0.001, respectively).

25(0H)D and PTH

Modeling

As shown in Figure 3A, lower 25(0OH)D levels were associated with higher levels of PTH (r
=-0.28; £<0.001). As shown in Figure 3B, when stratified by the 25(OH)D thresholds
described above, mean PTH levels decreased from 48 + 14 pg/mL for 25(0OH)D <10 ng/mL
to 36 + 16 pg/mL for 25(0OH)D >30 ng/mL (P for ANOVA <0.001). As shown in Figure 3C,
the prevalence of hyperparathyroidism (PTH >60 pg/mL) decreased from 25% to 3% in the
groups with the lowest to highest 25(OH)D levels, respectively (P for ANOVA = 0.009).

We developed a linear regression model for 25(OH)D levels using sex, age, self-identified
race, self-identified ethnicity, season, and multivitamin use as potential predictors. After
backwards step-wise selection, all variables except self-identified ethnicity (= 0.22 in the
initial model) were found to be independent clinical predictors. We randomly divided our
sample into a training set (75% of the cohort) and a validation set (25% of the cohort), and
performed logistic regression analysis using these variables in the training set to predict
vitamin D deficiency at 2 thresholds: 25(OH)D <20 and <30 ng/mL (Table 4). Goodness-of-
fit, assessed by the Hosmer-Lemeshow test, showed that the models fit the data well [P =
0.29 for the 25(OH)D <20 ng/mL model and £ = 0.91 for the 25(OH)D <30 ng/mL model,
indicating that the number of deficient subjects observed is not significantly different from
that predicted]. Using our model, areas under the receiver operating characteristic (ROC)
curves in the validation set were 0.76 and 0.80 for the 25(OH)D <20 ng/mL and 25(OH)D
<30 ng/mL models, respectively, indicating good discrimination of 25(OH)D deficient
versus sufficient subjects.

Table 5 shows the predicted probability of vitamin D deficiency (defined as 25(OH)D <20
ng/mL) in hypothetical 30-year-old patients of different race, sex, and multi-vitamin use
status, if tested in the summer [highest predicted 25(OH)D level] or in the spring [lowest
predicted 25(OH)D level]. In this model, the probability of vitamin D deficiency ranges
from 5% (for a white female, taking a multivitamin, tested in the summer) to 87% (for a
black or Asian male, not taking a multivitamin, tested in the spring).

DISCUSSION

This study examined the rates of vitamin D deficiency in healthy younger adults in the
Boston, Massachusetts area. Current recommendations suggest that only patients with a
known risk factor should be screened for vitamin D deficiency, excluding a substantial
portion of the population. Overall, we found high rates of vitamin D deficiency in this
“lower-risk” cohort.

Many previous studies of vitamin D deficiency have been conducted in population-based
samples (7,18) or in populations thought to be at unusually high risk (8,19,20). Fewer
studies have examined rates of deficiency in healthy, nonelderly adults. In a previous study
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of patients admitted to a general medical service, we found that 40% of those 65 and
younger, despite having no chronic medical problems, had 25(OH)D levels <15 ng/mL (21).
In another study that sought to select a healthier cohort by excluding those with
malabsorption, 30% of the subjects had 25(OH)D levels <20 ng/mL at the end of winter
(22). Our study, in which 39% of subjects had 25(OH)D levels <20 ng/mL, extends these
findings to an even healthier cohort.

The Institute of Medicine recently proposed that a 25(OH)D level <20 ng/mL be used to
define vitamin D deficiency (14). Using this definition, vitamin D deficiency was highly
prevalent in black subjects (70%), who are known to be a high-risk group (23,24), but also
prevalent in white and Asian subjects (27% and 63%, respectively). These data are
particularly concerning given the observed increase in PTH levels with decreasing 25(OH)D
levels, suggesting that our otherwise healthy subjects were at risk for increased bone
turnover, impaired bone mineralization, and bone loss (25). Interestingly, even at the lowest
levels of 25(0OH) D, only a minority of subjects had elevated levels of PTH. Conversely, 2
subjects with 25(OH)D levels =30 ng/mL, considered adequate by most experts, had
elevated PTH levels. These data point to the likely critical role of dietary calcium intake in
modulating the effect of low 25(OH)D levels on PTH levels, and thus on skeletal health (6).

25(0H)D levels >30 ng/mL have been proposed as “vitamin D sufficiency” by many authors
(4,17,26). This classification is based on data regarding the 25(OH)D threshold required for
optimal suppression of PTH (27-29), calcium absorption (30), and prevention of
osteomalacia (31). Additionally, several nonskeletal health outcomes including decreased
risk of autoimmunity, cardiovascular disease, and cancer, have been associated with
25(0H)D levels >30 ng/mL in observational studies (32). Randomized controlled trials are
underway to further evaluate this association (33). Using this definition, 36% of our cohort
would be classified as “vitamin D sufficient”, including only 12% of black and 17% of
Asian subjects.

As in previous studies, we found higher 25(OH)D levels in white in comparison with black
subjects (34). Seventy percent of our black subjects had 25(OH)D levels <20 ng/mL with
25% of the black subjects having 25(0OH) D <10 ng/mL. Most previous studies (35), though
not all (36), have reported that the increase in 25(OH)D level in response to ultraviolet B
(UVB) exposure is blunted in people with increased skin pigmentation in comparison with
people with less skin pigmentation. Our finding of an attenuated increase in 25(OH)D levels
in black subjects during the summer months is consistent with prior reports and supports a
primary role for skin pigmentation in mediating the observed differences among racial
groups (37).

The Asian subjects in our study also had significantly lower 25(OH)D levels and higher
rates of deficiency than white subjects. While high rates of vitamin D deficiency have been
previously reported in Asia (38), few studies have examined 25(OH)D levels in Asian-
Americans (39,40). These studies have been limited by small numbers and by restriction to
high-risk groups such as children and older adults (8,39,40). Our data suggest that young
adult Asian-Americans comprise a previously unrecognized group at high risk for vitamin D
deficiency.

The observation that female subjects had higher 25(OH)D levels was surprising, as previous
studies have found higher levels in male subjects (34). The 2001 to 2004 National Health
and Nutrition Examination survey, unlike older surveys, however, showed no difference in
25(0H)D levels by sex (18). This altered pattern may be due to trends of decreased outdoor
activity among males (18). Potential explanations for the higher 25(OH)D levels among
females in our cohort include increased adherence to multivitamin use, particularly as the
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females in this study were of child-bearing age. There may also have been differences in
outdoor activities, southern travel, or other sources of UVB exposure.

Importantly, our data suggest that even routine multivitamin use, that is, without adhering to
a strict protocol, offers protection against the development of vitamin D deficiency. Because
subjects were taking these supplements not as part of a study, daily adherence was likely
variable, representing “typical” rather than “perfect” use. These subjects are thus similar in
their multivitamin use to patients seen in an average clinical practice. When analyzed by
season, multivitamin users did not have the post-summer decline in 25(OH)D levels seen in
multivitamin nonusers. This finding suggests that increased oral intake of vitamin D
compensated for decreased UVB exposure. It is possible, however, that the observed
association of multivitamin use with 25(OH)D levels is mediated by unmeasured
confounding factors, including higher dietary intake of vitamin D or higher UVB exposure
among vitamin users.

Our logistic regression model provides a prediction of the likelihood of vitamin D deficiency
using readily available clinical data. In this model, black and Asian race were the strongest
predictors of risk of deficiency, followed by absence of multivitamin use. Spring season and
male sex had significant but smaller effects. Overall, this model indicates that white
individuals taking multivitamins are at relatively low risk of deficiency regardless of age,
sex, or season (probability of deficiency ranging from 4% to 18%). All other groups,
including those not traditionally thought to be at higher risk, however, were at risk of being
vitamin D deficient (with probabilities ranging from 19% to 89%).

Models predictive of 25(OH)D levels have been developed by other investigators from large
prospective cohort studies (41,42). Predictors found in those studies have included race, age,
sex, region of residence, vitamin D intake, total energy intake, body mass index, physical
activity, smoking status, and season (41,42). These models predicted 25(OH)D levels and
the risk of deficiency similarly to our model. They differed from ours, however, in the
homogeneous demographic makeup of the subjects who were, for the most part, older, male
(41), or Caucasian (42). Additionally, subjects with potentially confounding medical
conditions were not systematically excluded, thus, those subjects were not as “healthy” as
our cohort. Finally, those models included predictors such as dietary vitamin D intake and
physical activity score, which may be challenging to measure in a busy clinical setting.

Our study had some limitations. We did not collect information regarding dietary vitamin D
intake, UVB exposure, or measures of adiposity. Regarding multi-vitamin use, we do not
have data on vitamin D content or adherence, which may confound the effects of
multivitamin use in different subgroups. Finally, our data are cross-sectional; thus, we do
not have insight on longitudinal changes in 25(OH)D.

CONCLUSION

Our data demonstrate a high prevalence of vitamin D deficiency in otherwise healthy young
adults in the Boston, Massachusetts area. The prevalence was particularly high among black
subjects, who are known to be at higher risk, as well as among Asian subjects who are less
well-described. Otherwise healthy white subjects also had significant rates of vitamin D
deficiency. The predictions generated from this logistic regression model may serve as a
guide to clinicians faced with the challenge of deciding whom to screen or empirically treat
for vitamin D deficiency.
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Fig. 1.

Box plot of 25-hydroxyvitamin D [25(OH)D] levels in different subgroups. The center band
within each box indicates the median; the boundaries of the box indicate the 25th and 75th
percentiles; whiskers represent minimum and maximum values less than 1.5 times the
interquartile range; outliers are indicated by circles. A= Asian; B = black; F= female; M=
male; MV/ = multivitamin; O = other; Spr= spring; Sum = summer; W= white; Win=
winter. *A<.05, T/<0.01, and ¥/<0.001. To convert 25(OH)D to nmol/L, multiply ng/mL by
2.496.
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Mean 25-hydroxyvitamin D [25(OH)D] + standard error of the mean (SEM) by season

stratified by race (panel A) and by multivitamin (MV/) use (panel B). (P=0.01

and ¥/<0.001 for difference between the no multivitamin and multivitamin groups at the
indicated season after Bonferroni correction for multiple comparisons). To convert 25(OH)D

to nmol/L, multiply ng/mL by 2.496.
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Fig. 3.

A, Scatterplot and regression line of 25-hydroxyvitamin D [25(OH)D] with parathyroid
hormone (PTH). B, Mean PTH =+ standard error of the mean (SEM) by 25(0OH)D at the
thresholds indicated. C, Percentage of subjects at each 25(OH)D threshold with PTH <60
pa/mL (/ight gray) and with PTH >60 pg/mL (dark gray).
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Table 1

Demographic Characteristics of Study Subjects

Characteristics

No. (%)

Total

Sex
Male
Female

Race
White
Black

Asian

Otherd
Season
Spring
Summer
Fall
Winter
Multivitamin use assessed
Total
Multivitamin user

Multivitamin nonuser

634

346 (55)
288 (45)

435 (69)
103 (16)
60 (9)
36 (6)

171 (27)
165 (26)
145 (23)
153 (24)

406
122 (30)
284 (70)

alncludes American Indian (n = 2), multiple races (n = 25), and subjects who did not self-identify with any of the above categories (n = 9).

Endocr Pract. Author manuscript; available in PMC 2013 November 01.

Page 13



1duasnue Joyiny vd-HIN

Mitchell et al. Page 14

Table 2

25-Hydroxyvitamin D Levels by Race and Ethnicity Subgroups?

Race/ethnicity No. (%) 25-hydroxy-vitamin D (ng/mL) P valueP
Non-Hispanic White 398 (63) 31+14 0.12
Hispanic White 37 (6) 27+ 12 0.12
Non-Hispanic Black 95 (15) 17+10 0.99
Hispanic Black 8 (1) 175 0.99
Non-Hispanic Asian 60 (9) 20+ 11 NA
Non-Hispanic other 13(2) 24+12 0.30
Hispanic other 23 (4) 20+8 0.30

Abbreviation: NA = not available.
a A .
25-hydroxyvitamin D levels are expressed as mean + standard deviation.

b . . . . . .
Pvalues are for the comparison between Hispanic and Non-Hispanic subjects of each race.

To convert 25-hydroxyvitamin D to nmol/L, multiply ng/mL by 2.496.
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Table 3

Prevalence of Hypovitaminosis D by Threshold and Characteristic (%)

Percentage of prevalence of 25-hydroxyvitamin D level below threshold (ng/mL)

Characteristic <10 <20 <30
Total 7 39 64
Sex
Male 9 46 71
Female 5 31 56
Race
White 2 27 54
Black 25 70 88
Asian 15 63 83
Other 14 56 81
Season
Spring 6 46 73
Summer 3 27 50
Fall 6 39 65
Winter 14 45 69
Multivitamin use assessed 6 35 58
Multivitamin user 1 16 45
Multivitamin nonuser 8 42 64

To convert 25-hydroxyvitamin D to nmol/L, multiply ng/mL by 2.496.
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Table 4
Logistic Regression Models for the Probability of Vitamin D Deficiency

1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

25-Hydroxyvitamin D
<20 ng/mL <30 ng/mL
Coefficient  Odds ratio (95% confidence interval)  Coefficient  Odds ratio (95%confidence interval)
Multivitamin use
User -1.634 0.20 (0.09-0.42)@ -0.780 0.46 (0.26-0.80)0
Nonuser Referent Referent Referent Referent
Race
Black 1.864 6.41 (3.16-13.01)@ 1.748 5.68 (2.49-12.97)4
Asian 1.922 6.83 (2.94-15.85)@ 1.19% 3.30 (1.37-7.92)0
White Referent Referent Referent Referent
Sex
Female -0.577 0.57 (0.31-1.05)¢ -0.64¢ 053 (0.30-0.94)¢
Male Referent Referent Referent Referent
Age (y) 0.01 1.01 (0.97-1.04) 0.03€¢ 1.03 (1.00—1.06)d
Season
Fall -0.02 0.98 (0.47-2.04) 0597 1.80 (0.93-3.45)7
Winter 0.25 1.29 (0.58-2.87) 0567 1.76 (0.88-3.52)7
Spring 0.82¢ 2.28 (0.96-5.38)7 1.092 2.97 (1.31-6.72)Y
Summer Referent Referent Referent Referent
Constant ~0.96¢ NA -0.66 NA

Abbreviation: NA = not available.

4pc0.001.

bP<0.01.

Cpc0.05.

dP<O.1.

To convert 25-hydroxyvitamin D to nmol/L, multiply ng/mL by 2.496.
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