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Abstract
Background—Intrauterine exposure to gestational diabetes mellitus (GDM) may promote
offspring obesity and higher systolic blood pressure (SBP) by adolescence. Few studies have
examined adiposity or SBP in younger children exposed to GDM. This study’s objective was to
examine associations of maternal glucose tolerance during pregnancy with offspring adiposity and
SBP at age 3 years.

Methods—We studied 1,238 mother-child pairs in Project Viva, a prospective prebirth cohort
study. Exposures were maternal blood glucose following oral glucose load, and GDM confirmed
by 3-h glucose tolerance test. Main child outcomes were age 3-year body mass index (BMI) z-
score, the sum (SS+TR) and ratio (SS/TR) of subscapular (SS) and tricep (TR) skinfold
thicknesses, and SBP. We performed adjusted multivariable analyses.

Results—Fifty-one (4%) mothers had GDM. 9.3% of 3 year-old children were obese and mean
(s.d.) SBP was 92 (11) mm Hg. Children exposed to GDM had higher SBP (3.2 mm Hg, 95%
confidence interval (CI): 0.4, 5.9, P = 0.02) and greater adiposity when assessed by the sum of
skinfolds (SS+TR 1.31 mm, 95% CI: 0.08, 2.55, P = 0.04) but not by BMI z-score (−0.08 units,
95% CI: −0.37, 0.22, P = 0.61). After additional adjustment for the sum of skinfold thicknesses
(SS+TR), the relationship between GDM and SBP was attenuated and no longer significant (2.6
mm Hg, 95% CI: −0.2, 5.4, P = 0.07).

Conclusions—Children exposed to GDM have higher adiposity, which may mediate the higher
SBP in these children. These findings extend to younger children the adverse effects of GDM
previously found among adolescents and adults.

Forty years ago, Freinkel1 called gestational diabetes a “teratogen” causing higher birth
weight and increased risk of congenital defects.2,3 More recently, prospective cohort studies
have demonstrated metabolic changes among offspring exposed to gestational diabetes.
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Prenatal exposure to gestational diabetes was a strong predictor of impaired glucose
tolerance (IGT) and obesity by adolescence.4–6 In these children, increased risk of obesity
and diabetes was not generally seen in early childhood, but seemed to develop over time.

Fewer studies have examined associations of exposure to gestational diabetes with offspring
blood pressure. These studies were generally focused on adolescents,7 limited by small
sample size,8,9 and did not adequately account for the contemporaneous effects of adiposity.
With prevalence of gestational diabetes mellitus (GDM) at ~4% and increasing,10
intrauterine exposure to gestational diabetes affects a large number of children.
Demonstrating increased cardiovascular risk in the younger child born to mothers with
GDM has important implications for limiting the cumulative impact of chronic disease.

The purpose of this study was to investigate the relationship between maternal glucose
tolerance test results and offspring adiposity and systolic blood pressure (SBP) at age 3
years. We hypothesized that GDM would be associated with increases in central and overall
adiposity, as well as with higher blood pressure independent of adiposity.

Methods
Population and study design

We studied participants in Project Viva, a prospective prebirth cohort study of pregnant
women and their children.11 Between April 1999 and July 2002 we recruited pregnant
women at their initial obstetric visit to a large multispecialty urban/suburban group practice
in eastern Massachusetts. All mothers provided informed consent and were eligible to
participate if they could answer questions in English, planned to stay in the area until after
delivery, presented for prenatal care before 22 weeks gestation, and had a singleton
pregnancy. We performed in-person study visits with the mother after the first and second
trimesters of pregnancy, with both mother and child in the hospital after delivery, and at 6
months and 3 years postpartum in a research office or at home. Institutional review boards
of participating institutions approved the study, and all procedures were in accordance with
ethical standards for human experimentation.12

Of the 2,128 women who delivered a live infant, 1,579 were eligible for 3-year follow up by
virtue of having completed prenatal nutritional assessments and consenting for their children
to be followed up. We excluded those with missing or incomplete records on glucose
tolerance testing (n = 16), and with a history of previous type 1 or type 2 DM or polycystic
ovary syndrome with glucose intolerance (n = 11). Of the 1,552 mothers who remained,
1,254 of their children had anthropometric measurements recorded at age 3 years. After
excluding 16 pregnancies with gestation <34 weeks, we included 1,238 Viva mother-child
pairs in this study. Mothers included in this analysis (n = 1,238) were older (32.5 years vs.
30.9 years, P < 0.0001), more likely to be white (73% vs. 57%, P < 0.0001) and have
household income >$70,000/year (65% vs. 56%, P = 0.0001), and had lower mean
prepregnancy body mass index (BMI) (24.6 kg/m2 vs. 25.4 kg/m2, P = 0.0002) when
compared with those not included (n = 890).

Measures
Exposures—maternal glucose tolerance test—Clinicians at Harvard Vanguard
Medical Associates routinely screened all women for gestational diabetes at 26–28 weeks of
gestation with a nonfasting oral glucose challenge test, in which venous blood was sampled
1 h after a 50 g oral glucose load. If this screening test result was abnormal (blood glucose
value of >140 mg/dl) the woman was referred for a fasting 3-h 100 g oral glucose tolerance
test. Abnormal results were a blood glucose >95 mg/dl at baseline, >180 mg/dl at 1 h, >155
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mg/dl at 2 h, or >140 mg/dl at 3 h.13 We categorized women with two or more abnormal
fasting glucose tolerance test results as having GDM, those who failed the nonfasting
screening test but had 0 or 1 abnormal results on the fasting glucose tolerance test as having
IGT, and those with normal screening glucose challenge as having normal glucose tolerance.
Those who were diagnosed with GDM were followed by a nutritionist, instructed to check
their fasting blood sugar daily, and treated with diet, exercise, and in some cases insulin.
Those with IGT did not have any further screening and were managed in the same way as
women with normal glucose challenge test results.

Outcomes—child age 3-year anthropometry and blood pressure—During in-
person study visits, trained research assistants measured children’s heights and weights
using a calibrated stadiometer (Shorr Productions, Olney, MD) and scale (Seca model 881;
Seca, Hanover, MD). We calculated age- and sex-specific BMI percentiles and z-scores
using US national reference data.14 We measured subscapular (SS) and triceps (TR)
skinfold thicknesses using Holtain calipers (Holtain, Cross-well, UK), and calculated the
sum (SS+TR) and the ratio (SS/TR) of skinfolds. BMI z-score and SS+TR represent overall
adiposity, whereas SS/TR is a measure of central or truncal adiposity.15 Research assistants
followed standardized techniques and participated in biannual in-service training to ensure
measurement validity (IJ Shorr; Shorr Productions).16 Inter- and intrarater error for skinfold
measurements were within published reference ranges for all measurements.17

At a single visit, we recorded child blood pressure up to five times at 1-min intervals using
biannually calibrated Dinamap Pro-100 oscillometric automated monitors (GE Medical
Services, Tampa, FL), and also conditions of measurement including order of readings, cuff
size, limb, and child position and activity. In total, 1,020 infants had 5 measurements, 62 had
4, 28 had 3, 30 had 2, and 33 had 1, for a total of 5,525 measurements. We used systolic
rather than diastolic blood pressure for all analyses because of the validity of its
measurement and its superior prediction of later blood pressure.18,19

Covariates
Using questionnaires and interviews, we collected information about the mother’s race/
ethnicity, age, education, marital status, parity, smoking status, and household income;
paternal hypertension; and history of diabetes or GDM in the mother’s mother. Mothers also
reported their own prepregnancy weight and height and paternal weight and height. We
obtained information from the prenatal medical record on serial pregnancy weights and
blood pressure, glucose tolerance test results, infant birth weight and delivery date. We
calculated gestational weight gain as the difference between self-reported pre-pregnancy
weight and the last clinically recorded weight before delivery. We calculated gestational age
from the last menstrual period or from the second trimester ultrasound if the two estimates
differed by >10 days. We determined infant sex-specific birth weight for gestational age
(fetal growth) z-value based on US national natality data.20 Research assistants measured
maternal blood pressure at 3-year postpartum.

Statistical analysis
Using multivariable linear regression, we analyzed relationships of three categories of
maternal glucose tolerance in pregnancy (normoglycemic, IGT, and GDM) with child BMI
z-score, SS+TR, and SS/TR. In secondary analyses, we used the measured glucose level
following the nonfasting glucose challenge as a continuous exposure.

To assess associations between exposures and SBP, we used mixed models that incorporated
each of the blood pressure measurements from each child as repeated outcome measures.21
We adjusted blood pressure models for measurement conditions, child age and sex.
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In all multivariable models, we included additional covariates based on our expectation of
which ones would independently predict the outcomes as demonstrated by prior studies.
22,23 Included covariates were child sex and age, maternal race/ethnicity, education, parity,
age, prepregnancy BMI, pregnancy weight gain, smoking status, and paternal BMI. We
additionally adjusted models predicting SS/TR for child BMI z-score because we were
interested in fat distribution after controlling for overall body size. For SBP models only, we
included measurement conditions, maternal SBP at 3-year postpartum and paternal
hypertension status. In subsequent steps, we further adjusted for factors that might be in the
pathway linking gestational diabetes with attained blood pressure, namely fetal growth,
attained child height and overall adiposity.

We performed all analyses using SAS version 9.1 (Cary, NC).

Results
Mean (s.d.) maternal age was 32.5 (5.0) years, and prepregnancy BMI 24.6 (5.1) kg/m2.
Mothers’ race/ethnicity was 73% white, 12% black, 6% Hispanic, and 9% other; 71% were
college graduates, and 65% had total household income of $70,000/year or more.

We identified 51 (4%) mothers with GDM, and an additional 152 (12%) with IGT. When
compared to normoglycemic mothers, those with IGT or GDM were older and had higher
prepregnancy BMI and pregnancy weight gain (Table 1). Mothers with GDM were slightly
less likely to be white and were more likely to have maternal family history of DM or GDM.
Among the 25 Project Viva mothers with GDM who had a recorded hemoglobin A1C value
during pregnancy, mean (s.d.) was 5.3 (0.6)%, reflecting excellent control.

Three-year-old children had a mean (s.d.) BMI z-score of 0.45 (1.0) units, 17.1% were
overweight (BMI >85–95th percentile), and 9.3% were obese (BMI >95th percentile),
slightly lower than the contemporaneous national average of 13.9% for children aged 2–5
years.24,25 Mean child SBP was 92 (11) mm Hg, similar to the median for US children in
the 50th percentile for height at age 3 years (male 91 mm Hg, female 89 mm Hg).26

In unadjusted analyses, compared with offspring of normoglycemic mothers, infants born to
mothers with IGT had greater fetal growth, but offspring of mothers with GDM were not
larger at birth (Table 2). At age 3 years, offspring of diabetic mothers had higher mean SBP
than offspring of normoglycemic mothers.

In analyses adjusted only for child sex and age, GDM was not associated with offspring
BMI z-score at age 3 years (0.02 units, 95% confidence interval (CI) −0.27, 0.32, P = 0.87).
However, when overall adiposity was assessed by the sum of the skinfolds, maternal GDM
was associated with somewhat greater SS+TR (0.92 mm, 95% CI −0.27, 2.11, P = 0.13).
After adjustment for maternal age, education, race/ethnicity, smoking history, BMI,
pregnancy weight gain, parity, paternal BMI, and fetal growth, maternal GDM was more
strongly associated with child SS+TR (1.31 mm, 95% CI 0.08, 2.55, P = 0.04) but still not
associated with BMI z-score (−0.08 units, 95% CI −0.37, 0.22, P = 0.61). Maternal IGT was
not associated with offspring SS+TR (0.25 mm, 95% CI −0.48, 0.99, P = 0.5) (Table 3) or
BMI z-score (0.002 units, 95% CI −0.17, 0.17, P = 0.98). Maternal GDM was not associated
with offspring central adiposity, measured as SS/TR ratio (0.01, 95% CI −0.04, 0.05, P =
0.8). However, IGT was marginally associated with higher SS/TR (0.03, 95% CI 0.001,
0.06, P = 0.05).

In analyses adjusted for sex, age, and measurement conditions, children exposed to GDM in
utero had SBP 3.2 (95% CI 0.6, 5.7, P = 0.02) mm Hg higher than children born to
normoglycemic mothers (Table 4). Further adjustment for maternal education, race/
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ethnicity, age, smoking, paternal BMI and hypertension, maternal prepregnancy BMI,
postpartum SBP, parity, and pregnancy weight gain did not substantially change the
association (3.0 mm Hg 95% CI 0.2, 5.8, P = 0.03). Further adjustment for fetal growth,
attained child BMI z-score, and height—measures that might be in the pathway between
intrauterine exposure and child blood pressure—did not attenuate results (3.2 mm Hg, 95%
CI 0.4, 5.9, P = 0.02). However, final adjustment for sum of skin-folds (SS+TR) did
attenuate estimates and significance (2.6 mm Hg, 95% CI: −0.2, 5.4, P = 0.07) (Figure 1).
We did not observe any association of maternal IGT with offspring SBP (−0.7 mm Hg, 95%
CI: −2.4, 0.9, P = 0.39) with additional adjustment for SS+TR.

For each increase of 10 mg/dl in maternal blood glucose following glucose challenge
testing, we observed no effect on offspring BMI z-score (−0.01 units, 95% CI: −0.03, 0.01,
P = 0.5), SS/TR (0.003, 95% CI: −0.001, 0.006, P = 0.13), SS+TR (0.03 mm, 95% CI:
−0.07, 0.12, P = 0.6) or SBP (0.02 mm Hg, 95% CI: −0.19, 0.23, P = 0.88) in fully adjusted
models.

Discussion
In this study of more than 1,000 children, children with intrauterine exposure to gestational
diabetes had increased overall adiposity and higher SBP at age 3 years. GDM was associated
with child adiposity as represented by the sum of skinfolds but not by BMI z-score. The
association of GDM with child SBP was independent of birth weight and attained BMI.
However, after adjustment for skinfold thickness, this association was attenuated and no
longer significant, highlighting a possible mediation of the effect of GDM on SBP by the
effects of GDM on adiposity.

These results suggest that BMI alone may not be a sensitive enough measure of adiposity to
detect the milder effects of exposure to GDM in younger children. BMI is easily measured
and thus useful in clinical settings, in large epidemiological studies, or when outcomes are
by self-report, but BMI is only a surrogate measure of adiposity as it incorporates lean body
mass as well as fat mass. As compared with BMI, skinfold thickness is an estimate more
strongly correlated with adiposity measured with gold-standard methods such as dual-energy
X-ray absorptiometry (DXA) or densitometry.27–29

Maternal diabetes results in fetal hyperglycemia which, in turn, induces fetal
hyperinsulinemia. Fetal hyperinsulinemia during critical periods of fetal development might
induce insulin and leptin resistance and fat cell overgrowth, which may increase risk of
obesity in postnatal life.4–6 Our results suggest the mechanism of the effect of GDM on
childhood adiposity is not entirely mediated through increased birth weight, but that GDM
may have delayed influence that strengthens with time.

We add to a small body of literature suggesting that exposure to gestational diabetes
increases offspring blood pressure. The previous few studies have been small, and studied
older children. Cho et al.7 found an 8 mm Hg higher SBP in a multiethnic population of 99
offspring of diabetic mothers aged 10–16 years, compared to 80 offspring of nondiabetic
mothers. Rostand et al.9 adjusted their estimates for child height and maternal
socioeconomic factors and found that SBP was 8 mm Hg higher among black and white
children in a small population of offspring of diabetic mothers (n = 10), compared to the
those born to nondiabetic mothers (n = 252). Investigators in these two studies did not
account for any measure of attained adiposity. Bunt et al. adjusted for percent body fat and
gender and found an 11 mm Hg higher SBP in 22 Pima Indian children aged 7–11 years
born to mothers with DM, compared to 20 offspring of nondiabetic Pima mothers.8
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In this study, we adjusted for a wider variety of potential confounders than these previous
studies. After adjustment for paternal hypertension and maternal blood pressure, maternal
family history of diabetes, parity, smoking history, and socioeconomic factors, intrauterine
exposure to GDM remained associated with higher offspring blood pressure. Compared to
previous studies, we noted a smaller effect of GDM on offspring blood pressure, with CIs
that crossed 0 after adjustment for the sum of skinfold thickness. The other previous studies
did not adjust for validated measures of adiposity which may be the reason for their stronger
direct effects. One additional possibility may be that our study focused on younger children.
The effect of gestational diabetes on offspring blood pressure may start out small and then
strengthen over time, similar to associations with adiposity.9 However, children with higher
blood pressures, even within the normal range, tend to maintain higher blood pressures over
time and are at increased risk of adult hypertension.30–32

Alternatively, glycemic control may have been better in our population compared to those in
previous studies, which did not detail the level of glycemic control the mothers were able to
maintain during their pregnancies. Tight glycemic control after diagnosis of GDM may
ameliorate childhood risk for childhood overweight.33 We speculate that the treatment of
GDM may ameliorate the risk of higher blood pressure as well. It is also possible that tight
glycemic control among these mothers who were diagnosed and treated for GDM accounted
for the lack of association between GDM and fetal growth in the study population, whereas
IGT was associated with increased fetal growth.

The physiologic mechanisms by which maternal diabetes during pregnancy might influence
offspring blood pressure are not known. The association is likely mediated at least in part by
increases in adiposity. In our population, adjustment for the sum of skinfold thickness
attenuated the association of GDM and SBP. In addition, animal and human studies suggest
a direct influence of hyperglycemia or hyperinsulinemia on the kidneys leading to altered
blood pressure regulation. This kidney effect has been seen in high-risk ethnicities; among
503 Pima adults, the odds of having elevated urinary albumin excretion was nearly four
times greater among those exposed to diabetes in utero compared with unexposed
individuals.34 Pregnant rats experimentally exposed to hyperglycemia, even with minor
elevations in serum glucose, had offspring with up to 1/3 fewer nephrons.35 In addition to
elevated glucose levels, women with GDM have altered lipid profiles including higher
triglyceride and low-density lipoprotein cholesterol, and lower high-density lipoprotein
cholesterol, which may influence offspring blood pressure through other mechanisms.7

Our study population was larger than in previous studies, and we accounted for a greater
number of potential confounding and pathway variables. Other notable strengths included
clinical assessment of glucose tolerance according to current guidelines and research
standard outcome measurements. Our results may not be generalizable to all American
mothers, as participants were generally well educated and somewhat older than in many
populations. However, the prevalence of GDM in our Project Viva cohort was 4.3%, similar
to the estimated national prevalence of 2–5%,36 and predictors of GDM in Project Viva
were similar to those reported in other study populations.37,38 Child anthropometry and
blood pressure measures were also similar to those measured in reference populations.20,25
We collected all blood pressure measurements on a single study day, which may not reflect
true baseline blood pressure. However, such imprecision in outcome measurement would
likely bias results toward the null.

In summary, we found that intrauterine exposure to GDM was associated with a small
increase in adiposity at age 3 years. We also observed a direct association of GDM with SBP
that may be mediated, at least in part, by increased adiposity. With the prevalence of GDM
on the rise, an increasing number of children in the United States are born following
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intrauterine exposure. Adverse effects of GDM on children may start earlier than previously
thought and may strengthen as the child grows. Greater adiposity and higher blood pressure
in these children may herald increased cardiovascular risk throughout the life span.
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Figure 1.
Associations of intrauterine exposure to gestational diabetes mellitus with body mass index
(BMI) z-score, sum of subscapular and triceps skinfolds (SS+TR), and systolic blood
pressure (SBP) at age 3 years, among 1,238 mother-child pairs in Project Viva. Estimates
(95% confidence interval) adjusted for child sex and age; maternal education, race/ethnicity,
smoking, parity, age, prepregnancy BMI, and pregnancy weight gain; paternal BMI; and
birth weight z-score. SBP estimates are additionally adjusted for measurement conditions,
maternal blood pressure, paternal hypertension, age 3 child height, and, in an an additional
model*, the SS+TR.
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Table 1

Characteristics of 1,238 mother-child pairs in Project Viva, according to maternal glycemia during pregnancy

Maternal glycemia in pregnancy

Normoglycemic IGT GDM

N = 1,035
(85%)

N = 152
(12%)

N = 51
(4%)

Characteristics Mean (s.d.) P value*

Age (years) 32.3 (5.1) 33.7 (4.4) 33.0 (4.6) 0.003

Prepregnancy BMI
(kg/m2)

24.3 (4.9) 25.4 (5.0) 27.7 (6.4) <0.0001

Total gestational
weight gain (kg)

15.9 (5.1) 15.0 (5.9) 12.2 (6.3) <0.0001

3-year postpartum
SBP (mm Hg)

107.7 (11.1) 109.5 (12.3) 112.9 (15.0) 0.002

Paternal BMI (kg/m2) 26.3 (3.9) 26.9 (3.6) 26.9 (3.8) 0.18

Maternal
characteristics N (%) P value

Race/ethnicity

   White 756 (73) 113 (74) 31 (61) 0.32

   Black 126 (12) 16 (11) 11 (22)

   Hispanic 58 (6) 12 (8) 4 (8)

   Other 92 (9) 11 (7) 5 (10)

College graduate 734 (71) 110 (72) 34 (67) 0.73

Annual household
income ≥$70,000

628 (65) 90 (62) 30 (63) 0.74

Married/cohabiting 961 (93) 141 (93) 49 (96) 0.70

Maternal smoking

   During pregnancy 103 (10) 13 (9) 9 (20) 0.29

   Never 696 (69) 103 (69) 27 (59)

   Former 211 (21) 33 (22) 10 (22)

Maternal family
history DM or GDM

63 (7) 17 (12) 8 (17) 0.003

Paternal
hypertension

64 (6) 10 (7) 3 (6) 0.99

BMI, body mass index; DM, diabetes mellitus; GDM, gestational DM; IGT, impaired glucose tolerance; SBP: systolic blood pressure.
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*
P values for comparison of rates between groups based on χ2-test; P values for comparison of means based on analysis of variance.
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Table 2

Child characteristics among 1,238 mother-child pairs in Project Viva, according to maternal glycemia during
pregnancy

Maternal glycemia in pregnancy

Normoglycemic IGT GDM

N = 1,035
(85%)

N = 152
(12%)

N = 51
(4%)

Child Mean (s.d.) P value*

Characteristics

  Birth weight
z-score

0.18 (0.96) 0.39 (0.94) 0.26 (0.92) 0.04

  Birth weight (kg) 3.51 (0.5) 3.6 (0.52) 3.51 (0.52) 0.13

  Age 3 child BMI
  z-score

0.44 (1.02) 0.52 (1.01) 0.47 (1.20) 0.68

  Age 3 child BMI 16.5 (1.47) 16.6 (1.5) 16.6 (1.77) 0.52

  Age 3 SS+TR (mm) 16.6 (4.2) 17.1 (4.6) 17.5 (4.8) 0.24

  Age3 SS/TR (mm) 0.64 (0.16) 0.67 (0.16) 0.65 (0.13) 0.15

  Age 3 SBP (mm Hg) 92 (10) 93 (13) 96 (11) 0.03

  Age 3 height (cm) 97.6 (4.6) 97.5 (5.1) 97.6 (4.9) 0.99

N (%) P value

Female 503 (49) 80 (52) 23 (45) 0.55

Age 3 BMI percentile status

  <5th 23 (2) 3 (2) 2 (4) 0.58

  5 to <85th 738 (72) 101 (67) 31 (63)

  85 to <95th 169 (17) 31 (21) 9 (18)

  ≥95th 91 (9) 16 (11) 7 (14)

BMI, body mass index; GDM, gestational diabetes mellitus; IGT, impaired glucose tolerance; SBP, systolic blood pressure; SS+TR, sum of
subscapular and tricep skinfolds; SS/TR, ratio of subscapular and tricep skinfolds.

*
P values for comparison of rates between groups based on χ2-test; P values for comparison of means based on analysis of variance.
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Table 3

Associations of intrauterine exposure to IGT and GDM with child overall and central adiposity at age 3 years

BMI z-score (units)a SS+TR (mm)a SS/TR (ratio)b

Child age 3-year outcomes Effect estimates (95% confidence limit)

Normoglycemia 0.0 (referent) 0.0 (referent) 0.0 (referent)

IGT 0.002 (−0.17, 0.17) 0.25 (−0.48, 0.99) 0.03 (0.001, 0.06)

GDM −0.08 (−0.37, 0.22) 1.31 (0.08, 2.55) 0.01(−0.04,0.05)

BMI, body mass index; GDM, gestational diabetes mellitus; IGT, impaired glucose tolerance; SS+TR, sum of subscapular and tricep skinfolds; SS/
TR, ratio of subscapular and tricep skinfolds.

a
Adjusted for child sex and age; maternal education, race/ethnicity, smoking, parity, age, prepregnancy BMI, and pregnancy weight gain; paternal

BMI; birth weight z-score.

b
SS/TR additionally adjusted for age 3 BMI z-score.
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Table 4

Associations of intrauterine exposure to IGT and GDM with child SBP at age 3 years

Normoglycemia IGT GDM

Effect estimates in mm Hg (95% confidence interval)

Model 1: child sex, age, measurement conditionsa 0.0 (referent) −0.4 (−2.0, 1.2) 3.2 (0.6,5.7)

Model 2: +maternal education, race/ethnicity, smoking, parity, age,
postpartum BP, prepregnancy BMI, pregnancy weight gain; paternal
hypertension and BMI

0.0 (referent) −0.6 (−2.3, 1.0) 3.0 (0.2, 5.8)

Model 3: +birth weight z-score and child height at age 3 years 0.0 (referent) −0.7 (−2.4, 1.0) 3.0 (0.2, 5.7)

Model 4: +child (SS+TR) 0.0 (referent) −0.7 (−2.4, 0.9) 2.6 (−0.2, 5.4)

BMI, body mass index; GDM, gestational diabetes mellitus; IGT, impaired glucose tolerance; SBP, systolic blood pressure; SS+TR, sum of
subscapular and tricep skinfolds.

a
Measurement conditions were infant state, extremity, cuff size, body position, and measurement sequence number.
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