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In the present study, we estimated the association between pregnancy glucose levels and offspring body mass

index (BMI) zscores at 2, 3.5, 5, and 7 years of age, as well as z score trajectories across this age range, among
Mexican-American women without diabetes or gestational diabetes. Beginning in 1999-2000, the Center for the
Health Assessment of Mothers and Children of Salinas prospectively followed women from Monterey County, Cal-
ifornia (52 obese and 214 nonobese women) and their children. Plasma glucose values obtained 1 hour after a
50-g oral glucose load comprised the exposure. Offspring BMIs were compared with national data to calculate z
scores. Increasing pregnancy glucose levels were associated with increased offspring BMI z scores at 7 years of
age; a 1-mmol/L increase in glucose corresponded to an increase of 0.11 (standard deviation =0.044) z-score
units (P < 0.05). In nonobese women only, the mean z score over this age range increased with increasing
glucose levels. The average BMI z score at 4.5 years of age increased by 0.12 (standard error, 0.059) units for
each 1-mmol/L increase in glucose (P=0.04). In obese women only, increasing glucose was associated with
increases in BMI z score over time (P=0.07). Whether interventions to reduce glucose values in women free of
disease could mitigate childhood obesity remains unknown.

blood glucose; child development; growth and development; obesity; pregnancy

Abbreviations: BMI, body mass index; CHAMACQOS, Center for the Health Assessment of Mothers and Children of Salinas; GDM,
gestational diabetes mellitus; LME, linear mixed effects; SD, standard deviation; SE, standard error.

Mexican-American children in the United States are more
likely to be overweight or obese than are non-Hispanic
white children and, as shown in some studies, than non-
Hispanic black children (1-3). Among Mexican-American
children, 33% of 2- to 5-year old children and 41% of 6- to
11-year old children are overweight or obese; the corre-
sponding prevalences in non-Hispanic whites are 24% and
29%, respectively (1). Obese children are more likely to
become obese adults (4, 5), and Mexican-Americans have
increased risks of the comorbidities of obesity, such as dia-
betes (6) and gestational diabetes (7). Because Mexican
Americans are the largest and fastest-growing immigrant
group in the United States (8), research is needed to under-
stand the determinants of obesity in this population.
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A growing body of research has suggested that the intra-
uterine environment may influence later development and
morbidity (9, 10). Gestational diabetes mellitus (GDM) has
been associated with childhood obesity in several studies of
primarily non-Hispanic white (11, 12) or multiethnic (13)
populations. It is less clear whether elevated pregnancy
glucose values that are below the diagnostic cutpoints for
GDM have a similar effect. In women without recognized
pregestational diabetes or GDM, an increasing trend in child
weight-for-age at 5-7 years across increasing quartiles of
maternal glucose has been reported (11). Another study in
women without recognized pregestational diabetes or GDM
found that those with pregnancy glucose concentrations of
7.2 mmol/L (130 mg/dL) or higher had twice the risk of
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having a child who was overweight or obese at 3 years of
age than did women with glucose concentrations less than
5.6 mmol/L (100 mg/dL) (14).

Among women without recognized pregestational diabe-
tes or GDM, we sought to determine the relationship between
pregnancy glucose levels and offspring body mass index
(BMI) z scores at 2, 3.5, 5, and 7 years of age. We also exam-
ined the association between pregnancy glucose levels and
the rate of increase, or velocity, of childhood BMI z scores
across this age range. The mothers and children were partici-
pants in the Center for the Health Assessment of Mothers
and Children of Salinas (CHAMACOS) Study, a longitudi-
nal birth cohort study of Mexican Americans.

MATERIALS AND METHODS

Pregnant women were eligible for the CHAMACOS
Study if they sought prenatal care at 1 of 6 participating
clinics between October 1999 and October 2000, were at
less than 20 weeks of gestation, were 18 years of age or
older, were eligible for state-sponsored health care, and
intended to deliver at Natividad Medical Center (Monterey
County, California). A total of 601 women were enrolled;
485 were followed until the delivery of a full-term (>37
weeks gestation) liveborn singleton.

Plasma glucose levels were measured at the end of each
participant’s second trimester. Plasma glucose measure-
ments and diagnoses of diabetes and GDM were abstracted
from participants’ medical records by a registered nurse. We
included women without type 1 diabetes mellitus, type 2
diabetes mellitus, or GDM who had a plasma glucose value
measured 1 hour after a 50-g oral glucose challenge test per-
formed within the recommended window of 24 to 28 weeks’
gestation (15). We excluded 11 women with recognized pre-
gestational diabetes and 1 with unrecognized pregestational
diabetes (any glucose measurement >11.1 mmol/L on more
than 1 occasion during pregnancy). We excluded 5 cases of
GDM identified by the results of the screening 50-g, 1-hour
oral glucose challenge test and diagnostic 100-g, 3-hour oral
glucose tolerance test. During this period, GDM was diag-
nosed according to the National Diabetes Data Group crite-
ria (15), which included a 50-g, 1-hour oral glucose
challenge test value of 7.8 mmol/L or higher and at least 2
measurements on the 100-g, 3-hour oral glucose tolerance
test meeting or exceeding the following thresholds: fasting,
5.8 mmol/L or higher; 1-hour, 10.5 mmol/L or higher; 2-hour,
9.1 mmol/LL. or higher; and 3-hour, 8.0 mmol/L or higher.
Also excluded was 1 woman who had an abnormal value on
the screening test (11.1 mmol/L) but no follow-up 100-g, 3-
hour oral glucose tolerance test, 23 women with diagnoses
of GDM in their medical records who did not meet the
diagnostic criteria (because they received treatment for
hyperglycemia), and 113 women whose 50-g, 1-hour oral
glucose challenge tests were not performed within the rec-
ommended window (15). None of the remaining 331
women met the lower 100-g, 3-hour oral glucose tolerance
test thresholds of the American Diabetes Association crite-
ria for GDM (16), and 266 had offspring anthropometric
data available at 2, 3.5, 5, or 7 years of age.
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Children were weighed and measured without jackets and
shoes using a calibrated electronic scale (Tanita Mother-
Baby Scale Model 1582 or TBF-300A Body Composition
Analyzer, Tanita Corp., Arlington Heights, Illinois) and a
stadiometer. BMI was calculated as weight in kilograms
divided by height in meters squared. BMI z scores were cal-
culated from sex- and age-specific data issued by the Centers
for Disease Control and Prevention (17).

Mothers were interviewed during pregnancy to obtain
information on smoking (yes or no), poverty (above versus
at or below the federal poverty level, i.e., an annual income
of $17,650 for a family of 4 (18)), and soda consumption.
Abstracted from the medical record were gestational weight
gain, gestational age at the prenatal weight measurements
(weeks), maternal height, child birthweight (grams), and
gestational age at birth (weeks). Gestational age was based
on maternal report of last menstrual period for 96%; 1% had
an approximate last menstrual period (only month and year
reported, day 14 assumed), and the remaining 3% were
based on ultrasound. Maternal soda consumption before the
screening test was used as a proxy for prepregnancy soda
consumption (19). Soda consumption was ascertained at the
end of the second trimester (mean gestational age, 26.7
weeks, standard deviation (SD), 1.9; n=255); women were
asked how often they drank a 12-ounce can of soda or other
soft drink (nondiet) during the last 3 months, and the fre-
quency was coded times per week.

Prepregnancy weight was obtained from the medical
record (89%), from a self-report on the pregnancy question-
naire (8%), from an early prenatal weight measure-
ment (<13 weeks gestational age; 1%), or by a regression that
utilized all prenatal weight measurements and corresponding
gestational ages (2%). In a subset of participants for whom
prepregnancy weight data were available in the medical
record, pregnancy questionnaire, and an early prenatal weight
measurement (n=139; 52%), prepregnancy weight from the
medical record was significantly correlated with early prena-
tal weight (Spearman’s p=0.96; P < 0.0001); self-reported
prepregnancy weight was also significantly correlated with
early prenatal weight (Spearman’s p=0.95; P < 0.0001).
Only gestational weight gain that occurred before the expo-
sure could confound the association of interest; thus, prepreg-
nancy weight was subtracted from the nearest prenatal weight
measurement taken before the glucose test to calculate the
amount of weight gained up until the time of the glucose
test.

Multiple linear regression analyses were used to estimate
the association between pregnancy glucose level, measured
I hour after a 50-g oral glucose load, and offspring BMI
z scores at 2, 3.5, 5, and 7 years of age. We also estimated
the association between pregnancy glucose measurements
and mean BMI z scores over the age range, as well as BMI
z-score velocity (the rate of change in BMI z score over
time), using linear mixed effects (LME) models. Pregnancy
glucose level was examined as a continuous variable.

A directed acyclic graph (20) guided the selection of
adjustment variables (Web Figure 1, available at http:/aje.
oxfordjournals.org/). Multiple linear regression models were
adjusted for prepregnancy obesity (BMI >30), times per week
soda was consumed before the glucose test (continuous),
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gestational weight gained before the glucose test (continu-
ous), gestational age at the weight measurement (continu-
ous), smoking, poverty, infant birthweight (continuous),
and the child’s absolute age in months (continuous) at
follow-up. Models that included prepregnancy BMI (contin-
uous) instead of prepregnancy obesity gave equivalent
results. Estimates were unaltered by additional adjustment
for gestational age at birth; therefore, the results presented
were not adjusted for this variable (21). Lifestyle character-
istics are shared among family members, so sensitivity
analyses with additional adjustment for the children’s con-
sumption of sugar-sweetened beverages (22) and/or televi-
sion watching (23) were conducted; these variables served
as proxies for the corresponding behavior during pregnancy,
which were the “true” confounders.

We verified the assumptions of linear regression and
investigated potential effect modification by prepregnancy
BMI (continuous) and prepregnancy obesity (BMI >30).
Prepregnancy obesity impacts fetal growth and development
by altering the metabolic adjustments that accompany
normal gestation, resulting in fetal exposure to excessive
fuel sources and increasing the risk of obesity (24, 25). At
each time point, cross products were added, one at a time, to
the fully adjusted model; a ¢ score with P < 0.15 (2-tailed)
was considered significant. The prepregnancy obesity cross
product was significant at 2 years of age (P =0.14), and the
prepregnancy BMI cross product was significant at 5 years
of age (P=0.12). Therefore, results stratified by prepreg-
nancy obesity are also presented.

The LME models of longitudinal data accounted for intra-
subject correlation between repeated measurements and
allowed for a different number of follow-up observations
(26). Maximum likelihood was the method of estimation,
and an unstructured working covariance matrix for the
random effects parameters (intercept and slope) was chosen.
Pregnancy glucose levels and the adjustment variables were
modeled as fixed effects.

Because of increased risk for obesity among children born
to obese women (24, 25), we hypothesized differential
growth velocities for the offspring of women who were
obese before pregnancy and those who were not; separate
LME models were constructed among obese (BMI >30;
n=152) and nonobese (n=214) women. The Akaike infor-
mation criterion statistic facilitated model selection; the final
models for obese and nonobese women included linear and
quadratic terms for the children’s ages (P < 0.001) and an
age-glucose cross product to estimate the rate of change in
BMI z scores over time that were associated with a 1-mmol/L
increase in pregnancy glucose (BMI z-score velocity).
Locally weighted scatterplot smoothing was used to graphi-
cally display BMI z-score trajectories by glucose tertile sep-
arately for nonobese and obese women.

To assess selection bias, we compared women included in
the analyses with those who were excluded because they had
their glucose test outside of the recommended window or
were missing offspring anthropometric data at follow up
(n=178) in regard to the following: prepregnancy BMI,
years in the United States, educational level, poverty, parity,
smoking, and age at delivery. We also conducted analyses
weighted by the inverse probability that a mother-child pair

would remain in the cohort for at least 1 follow-up measure-
ment. SuperLearner (27), a prediction algorithm, was used
to predict whether a pair remained in the cohort.

All analyses were conducted in SAS, version 9.1 (SAS
Institute, Inc., Cary, North Carolina), and plots were pro-
duced in Stata, version 10.1 (StataCorp LP, College Station,
Texas). SuperLearner was run in R, version 2.12.1 (The R
Foundation for Statistical Computing, Vienna, Austria).
Study participants provided written informed consent, and
all research activities were approved by the University of
California—Berkeley Committee for the Protection of Human
Subjects.

RESULTS

Women who were excluded because they had their
glucose test outside of the recommended window or were
missing offspring anthropometric data at follow up (n = 178)
did not differ from the study sample (n=266) in terms of
prepregnancy BMI, years in the United States, educational
level, poverty, parity, smoking, or age. Characteristics of the
analytic cohort of 266 mother-child pairs are displayed in
Table 1. Only 20% of the mothers had completed high
school, and 63% had household incomes at or below the
poverty threshold. Mothers tended to be young (mean mater-
nal age=26.0 years, SD, 5.0) and overweight (mean pre-
pregnancy BMI=26.8, SD, 5.0). Mothers consumed an
average of 1.6 (SD, 2.3) servings of nondiet soda per week
(n=263 women with available data) and gained an average
of 5.2 (SD, 4.3) kg before the glucose test (n =265 women
with available data; mean gestational age at the weight
measurement = 22.3 weeks, SD, 5.3). In the offspring, the
mean BMI z score was 0.49 (SD, 1.09) at 2 years (n =240),
1.09 (SD, 1.05) at 3.5 years (n=213), 1.21 (SD, 1.03) at 5
years (n=213), and 1.16 (SD, 1.03) at 7 years (n=217) of
age.

Pregnancy glucose values significantly predicted off-
spring BMI z scores at 5 and 7 years of age independently of
prepregnancy obesity, soda consumption, gestational weight
gain before the glucose test, and infant birthweight. Each
I-mmol/L increase in glucose level corresponded to an
increase of 0.10 (standard error (SE), 0.047) BMI z-score
units at 5 years of age (P=0.03; Table 2) and 0.11 (SE,
0.044) BMI z-score units at 7 years of age (P=0.01;
Table 2). No associations were observed at younger ages in
the pooled analyses. Prepregnancy obesity predicted
increases in BMI z scores at 5 and 7 years of age (Table 2)
significantly and independently of glucose. In analyses strat-
ified by prepregnancy obesity (Table 2), glucose values sig-
nificantly predicted offspring BMI z scores at 2 and 7 years
of age in nonobese women only. In nonobese women, each
I-mmol/L increase in glucose value corresponded to an
increase of 0.11 (SE, 0.049) BMI z-score units at 2 years of
age (P=0.03) and 0.11 (SE, 0.051) BMI z-score units at 7
years of age (P=0.03); the estimates at 3.5 and 5 years of
age were similar in magnitude but nonsignificant. In obese
women only, no associations were observed (Table 2).

Figure 1 presents smoothed scatterplots of offspring BMI
z-score trajectories across the age range, demonstrating dif-
ferences in growth patterns for the offspring of nonobese
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Table 1. Cohort Characteristics of 2662 Mexican-American Mother-
Child Pairs From the CHAMACHQOS Study Cohort, 1999-2000

. No. of o
Characteristic Participants % Mean (SD)
Prepregnancy BMIP
Underweight 2 0.8
(<18.5)
Normal 105 39.5
(18.5-24.9)
Overweight 107 40.2
(25.0-29.9)
Obese (>30.0) 52 19.6
Years in the United
States
<5 140 52.6
>5 126 474
Maternal educational
level
<6th grade 121 45.5
7-12th grade 91 34.2
>High school 54 20.3
graduate
At or below the 168 63.2
poverty
line
Parity
0 88 33.1
1 85 32.0
2 54 20.3
>3 39 14.7
Smoked during 16 6.0
pregnancy
Soda consumed
before the
glucose
test (n=263)
Never 105 39.9
1-3 times per 29 11.0
month
1-2 times per 76 28.9
week
3-6 times per 18 7.9
week
Every day 32 12.2

Table continues

and obese women. For nonobese women, the stratum-
specific glucose tertile ranges were 2.9-4.9, 5.0-6.3, and
6.4—10.1 mmol/L; the corresponding ranges for obese wom-
en were 3.3-5.3, 5.4-6.4, and 6.8-9.8 mmol/L. In the fully
adjusted LME for nonobese women (n =213), the observed
increase in mean BMI z score across the age range with
increasing glucose was statistically significant (P =0.04);
the estimated average BMI z score at 4.5 years of age
increased by 0.12 (SE, 0.059) BMI z-score units for each
mmol/L increase in glucose. In the fully adjusted LME for
obese women (n =49), the observed increase in BMI z-score
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Table 1. Continued

No. of

Characteristic Participants

% Mean (SD)

Maternal age at
delivery, years

18-24 121 45.5
25-29 90 33.8
30-34 34 12.8
35-45 21 7.9

Offspring BMI z
score >95%

2 years of age 41 17.1
(n=240)

3.5 years of age 72 33.8
(n=213)

5 years of age 75 35.2
(n=213)

7 years of age 82 37.8
(n=217)

Glucose screening
value, mmol/L

5.9 (1.5)

Gestational age at
screening test,
weeks

26.4 (1.1)

Gestational age at
soda
consumption
assessment,
weeks (n=255)

Gestational weight
gained before
the
glucose test, kg
(n=265)

Gestational age
at weight
measurement,
weeks (n=265)

Birthweight, g

Gestational age at
delivery, weeks

26.7 (1.9)

5.2 (4.3)

22.3(5.3)

3,496.7 (440.0)
39.2 (1.2)

Abbreviations: BMI, body mass index; CHAMACHQOS, Center for
the Health Assessment of Mothers and Children of Salinas; SD,
standard deviation.

2 Unless otherwise noted.

b Weight (kg)/height (m)?.

velocity with increasing glucose was nonsignificant (P =0.07);
the estimated rate of increase was 0.034 (SE, 0.019) BMI
z-score units per year for each 1-mmol/L increase in
glucose.

The results of models that included additional adjustment
for the children’s television watching or consumption of
sugar-sweetened beverages and television watching com-
bined were identical to those presented in Table 2 (data not
shown). The linear regression results obtained from the
inverse probability—weighted analyses were similar to the re-
sults of the unweighted analyses (Web Table 1); in the
pooled sample, the association between pregnancy glycemia
and BMI z score at 5 years of age was similar in magnitude



772 Ehrlich et al.

Table 2. Linear Regression Coefficients for the Association
Between Pregnancy Glucose and Offspring Body Mass Index
z Score, the CHAMACHOS Study Cohort, 1999-2000

No. Unadjusted Adjusted®
B SE B SE
Pooled
2 years of age 234
Glucose 0.078  0.047 0.078 0.046
Prepregnancy 0.35 0.18
obesity
3.5 years of age 201
Glucose 0.060 0.049 0.063  0.050
Prepregnancy 0.28 0.20
obesity
5 years of age 204
Glucose 0.11* 0.046  0.10¢*  0.047
Prepregnancy 0.42*  0.19
obesity
7 years of age 214
Glucose 0.13** 0.046 0.11*  0.044
Prepregnancy 0.57** 0.17
obesity
Stratified by Prepregnancy Obesity
Obese

2 years of age 44 -0.073 0.12 —-0.061 0.13
3.5yearsofage 34 -0.11 0.13 -0.15 0.13
5years of age 37 0.12 0.11 0.11 0.12
7 years of age 42 0.093 0.088 0.11 0.094
Nonobese
2 years of age 190 0.11*  0.049 0.11*  0.049
3.5yearsofage 167 0.095 0.053 0.094 0.054
5years of age 167 0.10*  0.050 0.099 0.052
7 years of age 172 0.13** 0.051 0.11*  0.051

Abbreviations: CHAMACHOS, Center for the Health Assessment
of Mothers and Children of Salinas; SE, standard error.

* P<0.05, #**P < 0.01 for 2-tailed t-score test.

@ Adjusted for soda consumption before the glucose test, gesta-
tional weight gained before the glucose test, gestational age at the
prenatal weight measurement, smoking, poverty, infant birthweight,
and child’s absolute age at the follow-up measurements.

but attained only borderline significance (P =0.05). The
inverse probability—weighted linear regression analyses
stratified by prepregnancy obesity gave results comparable
to those from the unweighted analyses (Web Table 1). The
results of the inverse probability—weighted LME models
were identical to the unweighted results (data not shown).

DISCUSSION

In Mexican-American women without recognized preges-
tational diabetes or GDM, we found a significant association
between increasing pregnancy plasma glucose values,
assessed during a single 50-g oral glucose challenge test in

midpregnancy, and increasing offspring BMI z score at 7
years of age. In nonobese women without recognized pre-
gestational diabetes or GDM, in utero exposure to increasing
glucose levels was associated with childhood obesity at ages
2 and 7 years, and on average, children exposed to higher
glucose levels demonstrated increased z scores over the
course of this age range. This study fills important gaps in
the literature on the developmental origins of obesity in a
population that is at high risk for childhood obesity.

To our knowledge, only 2 previous studies have examined
whether increasing levels of maternal pregnancy glucose are
associated with childhood anthropometrics in the offspring
of women without recognized pregestational diabetes or
GDM. In a multiethnic study of mother-child pairs enrolled
in a health maintenance organization, Hillier et al. (11)
reported a positive trend in weight-for-age greater than the
85th and 95th percentiles across increasing quartiles of
maternal glucose assessed 1 hour after a 50-g oral glucose
load. Children 5 to 7 years of age were combined for analy-
ses, so associations could not be estimated separately by
age; the study also did not examine growth trajectories.
Mothers participating in the Pregnancy Infection and Nutri-
tion Study also had pregnancy glucose concentrations
assessed 1 hour after a 50-g oral glucose load; compared
with women with glucose levels less than 5.6 mmol/L
(100 mg/dL), those with glucose levels of 7.2 mmol/L
(130 mg/dL) or higher had children with significantly higher
BMI z scores at 3 years of age (14). Unlike women in the
CHAMACOS Study, those in the Pregnancy Infection and
Nutrition Study were mostly white, well-educated, and in an
upper income bracket.

Our results are consistent with previous reports that sug-
gested an association between exposure to maternal diabetes
in utero and increased offspring adiposity in late childhood.
Offspring exposed to maternal diabetes in utero tend to be
larger at birth, but similar to the general population by 1 year
of age, they begin demonstrating increases in weight relative
to height by 5 years of age and are more likely to be over-
weight or obese by 8 years of age (28). The National Collab-
orative Perinatal Project (12) has similarly reported that the
offspring of women with GDM had offspring with higher
BMI z scores at 7 years of age compared with the offspring
of women without GDM. To our knowledge, this is the first
study to report an association at 2 years of age among non-
obese women free of recognized disease.

Our findings are biologically plausible. Women with
mildly high pregnancy glucose levels who are free of recog-
nized disease may have children with increased body mass
as a result of mechanisms similar to those hypothesized for
the offspring of women with diabetes and GDM. Increasing
levels of maternal glycemia are associated with increasing
fetal hyperinsulinemia (29) and neonatal adiposity (30). The
third trimester of pregnancy is known to be a critical period
foradipose cell hyperplasia(31),and increased maternal glyce-
mia may also result in fetal exposure to increased amounts
of lipid substrates during this critical period (32). It has been
hypothesized that maternal hyperglycemia and fuel metabo-
lism in pregnant women may have long-term effects on
offspringbymodifyingphenotypicgeneexpressioninterminally
differentiated cells during intrauterine development (33). It is
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Figure 1. Smoothed scatterplots of offspring body mass index
(BMI; weight (kg)/height (m)?) z-score trajectories from 2 to 7 years of
age for nonobese (BMI <30) and obese (BMI >30) women by
pregnancy glucose tertile, the Center for the Health Assessment of
Mothers and Children of Salinas Study Cohort, 1999-2000. A) BMI z-
score trajectories of the nonobese women. The solid line represents
nonobese women in the lowest tertile of pregnancy glucose mea-
surement (2.9-4.9 mmol/L), the dotted line represents those in the
middle tertile (5.0-6.3 mmol/L), and the dashed line represents those in
the upper tertile (6.4—10.1 mmol/L). B) BMI z-score trajectories of the
obese women. The solid line represents obese women in the lowest
tertile of pregnancy glucose measurement (3.3-5.3 mmol/L), the dotted
line represents those in the middle tertile (5.4—6.4 mmol/L), and the
dashed line represents those in the upper tertile (6.8-9.8 mmol/L).

possible that similar gene expression modification may also
occur in women without overt disease.

Although we identified no previous studies that examined
the trajectories of childhood growth by pregnancy glucose and
obesity in women without recognized pregestational diabetes
or GDM, our results are consistent with those from a study
examining the association between in utero exposure to GDM
and BMI trajectory from birth to 13 years of age (34) that
found that the overall sex- and race/ethnicity-adjusted BMI tra-
jectory was significantly higher between the ages of 27
months and 13 years in youths exposed to GDM; this
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difference was primarily driven by an increased BMI growth
velocity from 10 to 13 years of age in those exposed to GDM.
No differences were observed in infancy or early childhood.

In our analyses of BMI z-score trajectory among non-
obese women, there was an association between increasing
pregnancy glucose and higher offspring BMI z score, on
average, across the age range. The effect of in utero exposure
to increasing glucose levels would likely be easier to detect
in the offspring of nonobese women, who are not exposed to
excessive fuel substrates as a result of maternal obesity (24).
In obese women, the association between increasing preg-
nancy glucose and an increased rate of BMI z score increase
over time nearly attained statistical significance. In fetuses
already exposed to excessive fuel substrates because of
maternal obesity, in utero exposure to higher glucose levels
would likely compound overnutrition and exacerbate pro-
gramming for subsequent obesity. Significant associations
between pregnancy glucose and BMI z-score velocity may
not have been recognized if, similar to what was seen in the
offspring of women with pregestational diabetes and GDM,
the effects of pregnancy glucose among obese women are
not detectable until later childhood or puberty. Data from
larger cohorts with longer follow up would contribute
greatly to answering these questions.

The prospective design is a clear strength of the present
study, as it is essential for examining the effect of any in
utero exposure on subsequent obesity. However, there are
limitations to consider. We lacked data on physical activity
levels in the women and only partially adjusted the models
for diet; thus, unmeasured lifestyle factors may account for
some or all of the associations described. Prepregnancy
weight was most likely underreported, and thus some women
may have been misclassified as nonobese. This suggests that
our estimates for the association between prepregnancy
obesity and offspring BMI z scores are conservative. The
small sample size resulted in diminished power to detect
interactions and some associations, especially in analyses
limited to obese women. The results of the pooled analyses
were also largely driven by the nonobese. In nonobese
women, coefficient estimates were stable over time; the non-
significant findings at 3.5 and 5 years of age may be attribut-
able to reduced sample sizes at those time points.

In an at-risk cohort of women of Mexican descent, we
found that exposure to higher levels of plasma glucose
during pregnancy was associated with an increased risk of
having offspring who were obese at 7 years of age. In non-
obese women, there was also an association between higher
levels of pregnancy plasma glucose and increased average
offspring BMI z scores from 2 to 7 years of age. Random-
ized control trials investigating lifestyle interventions to
reduce pregnancy glucose values in women free of recog-
nized disease are needed to determine the potential efficacy
of such efforts in mitigating subsequent childhood obesity.
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