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This study examined prepregnancy cardiometabolic risk factors and gestational diabetes mellitus (GDM) in
subsequent pregnancies. The authors selected 1,164 women without diabetes before pregnancy who delivered
1,809 livebirths between 5 consecutive examinations from 1985 to 2006 in the Coronary Artery Risk Development
in Young Adults (CARDIA) Study. The authors measured prepregnancy cardiometabolic risk factors and performed
multivariate repeated-measures logistic regression to compute the odds of GDM adjusted for race, age, parity, birth
order, and other covariates. Impaired fasting glucose (100–125 vs. <90 mg/dL), elevated fasting insulin (>15–20
and >20 vs. <10 lU/mL), and low levels of high-density lipoprotein cholesterol (<40 vs. >50 mg/dL) before
pregnancy were directly associated with GDM: The odds ratios ¼ 4.74 (95% confidence interval (CI): 2.14,
10.51) for fasting glucose, 2.19 (95% CI: 1.15, 4.17) for middle insulin levels and 2.36 (95% CI: 1.20, 4.63) for
highest insulin levels, and 3.07 (95% CI: 1.62, 5.84) for low levels of high-density lipoprotein cholesterol among
women with a negative family history of diabetes; all P < 0.01. Among overweight women, 26.7% with 1 or more
cardiometabolic risk factors developed GDM versus 7.4% with none. Metabolic impairment exists before GDM
pregnancy in nondiabetic women. Interconceptual metabolic screening could be included in routine health assess-
ments to identify high-risk women for GDM in a subsequent pregnancy and to potentially minimize fetal exposure to
metabolic abnormalities that program future disease.

cohort studies; diabetes, gestational; lipids; longitudinal studies; obesity; preconception care; pregnancy; risk
factors

Abbreviations: CARDIA, Coronary Artery Risk Development in Young Adults; CI, confidence interval; GDM, gestational diabetes
mellitus; HOMA-IR, homeostasis model assessment of insulin resistance.

Women who develop gestational diabetes mellitus
(GDM) are more likely to experience antepartum and peri-
partum complications (1, 2) and, for those free of diabetes
before pregnancy, are 4 times more likely to develop type 2
diabetes several years later (3). Their offspring are often
macrosomic at birth and more likely to become overweight
and develop the metabolic syndrome or type 2 diabetes later
in life (4–6). Better prepregnancy prediction of GDM may
enable a preventive approach that could improve long-term
health outcomes for women and avoid adverse intrauterine
metabolic programming of the offspring.

Established clinical predictors of GDM pregnancies in-
clude older maternal age, higher body mass index before
pregnancy, family history of diabetes, and weight gain in
early adulthood (7, 8). Obesity before pregnancy (9), weight
gain since the age of 18 years (10), interpregnancy weight
gain, and gain within 5 years before pregnancy have been
directly associated with GDM pregnancy (8, 11–13). Ges-
tational weight gain that precedes glucose tolerance screen-
ing during pregnancy has been directly associated with risk
of GDM (14, 15) or mild glucose intolerance during preg-
nancy (16, 17) but, in 2 studies, these associations were
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found only among nonobese women (15) or overweight
women (17).

Biomarkers measured during early pregnancy, such as
elevated plasma triglycerides and tumor necrosis factor, hy-
poadiponectinemia, and hyperandrogenicity have been di-
rectly associated with risk of GDM (18–23). Yet, metabolic
alterations in the first trimester produce fasting plasma glu-
cose and fatty acid levels below preconception levels (24).
Thus, prepregnancy metabolic measurements might be more
advantageous to prediction than early pregnancy values,
because they could provide more accurate profiles of sub-
sequent GDM risk. Although preconception metabolic pro-
files are rarely obtained in clinical care or epidemiologic
studies, health assessments during the interconceptual pe-
riod are routine. Metabolic screening could be included in
these routine health assessments and steps taken toward
preventing GDM in a subsequent pregnancy.

Previous studies of prepregnancy biochemical measures
have retrospectively examined women by history of GDM.
Women with a history of GDM were more likely to have had
dyslipidemia, obesity, and/or hypertension before preg-
nancy than those without GDM (25, 26). A single longitu-
dinal study reported higher prepregnancy plasma free fatty
acid levels among 5 women who later developed GDM
versus 4 women who did not (27). The Coronary Artery
Risk Development in Young Adults (CARDIA) Study mea-
sured risk factors before pregnancy (1985–1992) and found
that the waist/hip ratio, but not fasting insulin or body mass
index, was directly associated with subsequent risk of GDM
(28). Although these prospective studies excluded women
with overt diabetes, neither study examined prepregnancy
fasting glucose and lipid profiles as independent predictors
of GDM, even though the CARDIA Study (28) had mea-
sured these indices at each examination.

This study examines the independent associations of pre-
pregnancy cardiometabolic risk factors in relation to sub-
sequent risk of GDM pregnancy. We utilized biochemical
analyses and other clinical data obtained prospectively from
the US population-based CARDIA Study to assess whether
unfavorable levels of prepregnancy cardiometabolic risk
factors increase the risk of GDM.

MATERIALS AND METHODS

Study participants

The CARDIA Study is a multicenter, longitudinal, obser-
vational study designed to describe the development of risk
factors for coronary heart disease in young adults. In 1985–
1986, 2,787 women (52% black, 48% white) aged 18–30
years were enrolled from 4 geographic areas: Birmingham,
Alabama; Chicago, Illinois; Minneapolis, Minnesota; and
Oakland, California (29, 30). Retention was 81%, 79%,
74%, and 72% of the survivors 7, 10, 15, and 20 years later
(31, 32).

Of the 2,787 women enrolled at baseline (1985–1986),
we excluded women with no births during follow-up (n ¼
1,364) or lost to follow-up (n ¼ 96). We also excluded
women with diabetes (fasting glucose, �126 mg/dL; 2 hours
after a 75-g oral glucose tolerance test, �200 mg/dL;

diabetes medication use; and/or self-report) at examinations
preceding all of their pregnancies since baseline (n ¼ 14),
unknown delivery dates (n ¼ 1), or fasting triglyceride
levels above 400 mg/dL (n ¼ 1), as well as women who
were missing all prepregnancy measurements (n ¼ 147; 89
were pregnant or lactating), for examinations at years 0, 7,
10, or 15. We selected 1,164 women who delivered 1,809
livebirths during 20 years (Figure 1); 1,655 pregnancies
were classified as non-GDM and 154 as GDM. The analyt-
ical sample tended to be white, college educated, nonsmok-
ing, younger, nulliparous, and less centrally obese and to
have lower body mass index and fasting glucose levels than
those excluded. Institutional review boards at each partici-
pating study center approved the study. Written, informed
consent was obtained from subjects for all study procedures.

Data collection

Characteristics of participants, including lifestyle, socio-
demographic and medical conditions, medication use, fam-
ily history of diabetes, reproductive events (pregnancies and
births), and GDM status, as well as clinical assessments,
anthropometric measurements, and blood specimens, were
obtained at baseline and follow-up examinations by stan-
dardized research methodologies that included self- and
interviewer-administered questionnaires (29, 30).

Pregnancies and GDM status

Reproductive events were assessed since the previous ex-
amination: current pregnancy or lactation status and number
of pregnancies ending in abortion, miscarriage, and live- or
stillbirths, along with length(s) of gestation, multifetal ges-
tation, dates of delivery(ies), and diabetes only during preg-
nancy. Livebirths were defined as delivery of a live infant
of >20 weeks’ gestation that was conceived after the baseline
CARDIA Study examination and delivered within the sub-
sequent intervals (0–7, >7–10, >10–15, and >15–20 years)
between 2 consecutive examinations. We calculated time to
conception from the prepregnancy examination for the first
pregnancy within each interval. We validated self-report of
GDM among 165 women for whom oral glucose tolerance
test results were available for GDM diagnosis (33, 34) for
their 200 births between baseline and year 10. Sensitivity for
classification by self-report as ever having GDM was 100%
(20 of 20), and specificity was 92% (134 of 145) (3).

Prepregnancy cardiometabolic risk factor
measurements

Venous blood samples were drawn in the morning after an
overnight fast of 8 or more hours. Procedures for blood
specimen collection and methodologies to assay concentra-
tions of triglycerides, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, total cholesterol,
glucose, and insulin are reported elsewhere (35, 36). The
homeostasis model assessment of insulin resistance
(HOMA-IR) evaluated insulin resistance (fasting glucose
(mmol/L) 3 fasting insulin (mU/L))/22.5, because of its
strong correlation with physiologic measures of insulin
sensitivity across a range of glucose levels (37–39). The
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metabolic syndrome before pregnancy was defined by
National Cholesterol Education Program Adult Treatment
Panel III criteria (40). All biochemical measurements were
obtained in the nonpregnant and nonlactating state in years
0, 7, 10, and 15 prior to subsequent pregnancies.

Blood pressure was measured, after an initial 5-minute rest,
3 times at 1-minute intervals by using a Hawksley random-
zero sphygmomanometer (Hawksley, Lancing, United
Kingdom) from baseline through year 15; the first and fifth
phase Korotkoff sounds were recorded with second and third
measurements averaged (30). The Omron HEM907XL oscill-
ometer (Omron Corporation, Schaumburg, Illinois) was used
at year 20. The appropriate cuff size (small, medium, large,
extra large) was based on the upper arm circumference, as the
midpoint between the acromion and the olecranon. Systolic
and diastolic blood pressure measurements in year 20 were

calibrated to random-zero sphygmomanometers from prior
CARDIA Study examinations (41).

Certified technicians obtained weight, height, and waist
circumference measurements using a standardized protocol
to the nearest 0.1 kg or 0.5 cm in participants wearing light
clothing and without shoes (42). Waist circumference was
measured midway between the iliac crest and bottom of the
rib cage (43). Body mass index was computed as weight
(kg)/height (m)2.

Other covariates

Sociodemographic, medical treatment, and behavioral
characteristics assessed before pregnancy included age,
race, education, parity, medication use (antihypertensives,
diabetes), cigarette smoking, and oral contraceptive use.

2,787 
Total women enrolled in
CARDIA at baseline 
(1986–1987)

– 1,460 women who had no interim births or were 
lost to follow-up 

– 1 woman with missing delivery dates 
– 7 births missing delivery date 

– 14 women with prepregnancy diabetes 
– 27 births to women with diabetes before 
pregnancy

– 1 woman 
– 2 births where fasting triglycerides > 400 mg/dl 
at the preconception examination

– 147 women with missing data 
–  441 births with incomplete data for all 
preconception risk factors (BMI, waist, fasting 
lipids, insulin, glucose, blood pressure) 

(Note: Biochemical measures were set to 
missing for 190 births to women currently 
pregnant or lactating at preconception 
examinations, resulting in 89 women excluded 
because of this reason)

1,327 women 
who delivered 

2,286 interim births 

1,326 women, 
2,279 interim births 

1,165 women 
1,811 interim births 

1,312 women, 
2,252 interim births 

1,164 women 
who delivered 

1,809 interim livebirths 

Figure 1. Flow diagram of analytical sample selection criteria, the Coronary Artery Risk Development in Young Adults (CARDIA) Study, 1985–
2006. BMI, body mass index.
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Categorical variables were smoking (never, current, or past),
years of education (�12, 13–15, �16), and oral contracep-
tive use (never, past, or current). Family history of diabetes
was based on report of one or more first-degree relatives
(father, mother, or siblings) with diabetes at examination
years 0, 5, and 10.

Statistical methods

We examined prepregnancy cardiometabolic risk factors
(body mass index, fasting glucose, insulin, triglycerides,
total and lipoprotein cholesterol, waist circumference, di-
astolic blood pressure, systolic blood pressure), hyperten-
sion status, sociodemographics, and time from examination
to conception for subsequent pregnancies by GDM and non-
GDM status utilizing repeated measures regression models.
P values were obtained from 2-sided tests of significance
(P < 0.05).

We calculated the proportion of women with GDM across
categories of the prepregnancy cardiometabolic risk factors,
sociodemographics, and clinical characteristics. We used
logistic regression to estimate of the odds ratios for GDM
and 95% confidence intervals for time-dependent prepreg-
nancy risk factors. Because 211 women contributed births
within more than one time interval, generalized estimating
equation methods accounted for correlations within individ-
uals (PROC GENMOD 9.1; SAS Institute, Inc., Cary, North
Carolina) for estimation of logistic regression parameters,
assuming compound symmetry as the working correlation
structure.

We examined each cardiometabolic risk factor separately
in unadjusted and adjusted models that included race, age at

delivery, education level, time from prepregnancy measure-
ment to conception, time-dependent parity, number and or-
der of births during the interval, and family history of
diabetes. Cardiometabolic risk factors that reached statisti-
cal significance in separate models (P < 0.05) formed a sin-
gle multivariate model to identify independent predictors of
GDM. First, we obtained estimates unadjusted for covari-
ates and then adjusted for the same covariates used in the
separate risk factor models. Models were adjusted for time-
dependent body mass index or waist circumference, but not
both, because of collinearity for these measures. We exam-
ined race, body mass index, family history of diabetes, and
parity as effect modifiers of prepregnancy risk factor asso-
ciations with risk of GDM and found no evidence for in-
teraction (P> 0.10), except for family history of diabetes by
high-density lipoprotein cholesterol levels (P ¼ 0.0475).

To describe the distribution of risk factors within our
sample, we compared the percentage of women having
a subsequent GDM pregnancy versus those with a non-
GDM pregnancy across combinations of 3 prepregnancy
risk factors that remained significant in multivariate models.
We also calculated the incidence of GDM as a percentage
for all women, women with one or more prepregnancy risk
factors, and women with no risk factors (none) within each
prepregnancy body mass index group.

RESULTS

Among 1,164 women, 141 (12.1%) had one or more
births with a range of 6.6%–12.9% across 4 time intervals
(Table 1). GDM was more likely to occur in women who

Table 1. Number and Percentage of Livebirths Within Each Time Intervala Between 2 Consecutive Examinations

by GDM Pregnancy Status and Number of Women by GDM Status Across Births, the CARDIA Study, 1985–2006

GDM Pregnancy Status

Livebirths by Consecutive CARDIA Examination Yearsb

Examination
Years 0–7
(1985–1986,
1992–1993)

Examination
Years >7–10
(>1992–1993,
1995–1996)

Examination
Years >10–15
(>1995–1996,
2000–2001)

Examination
Years >15–20
(>2000–2001,
2005–2006)

Total All 4
Intervals

(1985–2006)

No. % No. % No. % No. % No. %

Non-GDM 1,105 228 268 54 1,655

GDM 103 8.5 24 9.5 19 6.6 8 12.9 154 8.5

Total pregnancies 1,208 252 287 62 1,809

No. of Women Who Delivered 1,809 Livebirths by No. of Births per Woman

1
Birth

2
Births

3
Births

4
Births

5
Births

Total

Non-GDM births only 594 325 91 9 4 1,023

GDM births only 67 8 0 0 0 75

Non-GDM and 1 GDM 47 13 1 0 61

Non-GDM and 2 GDM 4 1 0 5

Total no. of women 661 380 108 11 4 1,164

Abbreviations: CARDIA, Coronary Artery Risk Development in Young Adults; GDM, gestational diabetes mellitus.
a An examination at the beginning of the time interval (range in years) serves as the prepregnancy measurement.
b Prepregnancy measurements were obtained at CARDIA examinations in years 0, 7, 10, and 15 since baseline.
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had a positive family history of diabetes, the metabolic syn-
drome, or higher education level; who were older, a current
smoker, heavier, more centrally obese, and insulin resistant;
or who had higher prepregnancy diastolic blood pressure,
fasting triglycerides, low-density lipoprotein cholesterol, in-
sulin, glucose, and HOMA-IR, as well as lower levels of
high-density lipoprotein cholesterol before pregnancy
(Table 2). For 73% of pregnancies, all cardiometabolic risk
factors were measured less than 4 years before conception
(range, 1–74 months). The median time from prepregnancy
measure to conception was 33.6 (interquartile range, 41)
months for GDM and 31.0 (interquartile range, 39) months
for non-GDM pregnancies.

In separate risk factor models (Table 3) adjusted for
covariates, prepregnancy risk factors directly associated
with risk of GDM included fasting triglycerides, total cho-
lesterol, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, insulin and glucose, homeostasis
model assessment of insulin resistance (HOMA-IR), body
mass index, and waist circumference (all P < 0.05). Pre-
pregnancy systolic blood pressure and diastolic blood pres-
sure were not associated with GDM. The metabolic

syndrome before pregnancy conferred a 7-fold higher risk
of GDM pregnancy but occurred in less than 0.1% of
women (8 of 1,164) overall.

We evaluated all significant prepregnancy risk factors si-
multaneously in multivariate models to identify independent
predictors of GDM accounting for all others (Table 4). Initial
models were unadjusted for sociodemographic covariates and
included either body mass index or waist circumference be-
fore pregnancy. Prepregnancy cardiometabolic risk factors
were strongly associated with GDM pregnancy, with minimal
influence of overall or central adiposity. In fact, body mass
index and waist circumference were no longer independently
associated with risk of GDM in multivariate models that in-
cluded fasting glucose, insulin, and lipids.

Multivariate risk factor models adjusted for body mass
index and potential confounders showed that prepregnancy
fasting glucose (100–125 vs. <90 mg/dL), middle and high-
est insulin levels (>15–20 and >20 vs. <10 lU/mL), and low
high-density lipoprotein cholesterol (<40 vs. >50 mg/dL)
plus negative family history of diabetes were each inde-
pendently associated with increased odds of GDM: odds
ratios ¼ 4.74 (95% confidence interval (CI): 2.14, 10.51),

Table 2. Sociodemographic and Prepregnancy Characteristics by Subsequent GDM Pregnancy Status, the CARDIA Study, 1985–2006

Prepregnancy Characteristics
GDM Pregnancies (n 5 154) Non-GDM Pregnancies (n 5 1,655)

P Value
No. % Mean (SD) No. % Mean (SD)

Race (black) 75 49 782 47 0.75

Education (high school or less)a 39 25 509 31 0.23

Smoker (past/current)a 78 51 670 41 0.02

Oral contraceptive use (current)a 28 18 239 15 0.28

Family history of diabetes (yes) 66 43 439 27 <0.001

Nulliparous 81 53 986 60 0.07

Multifetal pregnanciesb 5 3 33 2 0.37

Hypertensionc 5 4 40 2 0.23

Metabolic syndrome (NCEP ATP III) 5 3 6 0.4 <0.001

Age, years 27.4 (5.2) 27 (5.2) 0.17

Body mass index, kg/m2 26.7 (7.5) 24.1 (5.3) <0.001

Waist circumference, cm 79.5 (15.5) 73.7 (10.9) <0.001

Fasting

Glucose, mg/dL 83.9 (10.9) 81.6 (8.0) 0.01

Insulin, lU/mL 14.0 (10.1) 10.8 (6.9) <0.001

Triglycerides, mg/dL 79.0 (36.6) 65.6 (32.1) <0.001

HDL-C, mg/dL 52.1 (14.3) 56.1 (13.1) 0.002

LDL-C, mg/dL 110.9 (27.7) 105.1 (29.4) 0.008

Total cholesterol, mg/dL 179.0 (30.0) 174.4 (30.7) 0.05

HOMA-IR 3.0 (2.4) 2.2 (1.6) <0.001

Systolic BP, mm Hg 106.2 (10.6) 105 (9.5) 0.12

Diastolic BP, mm Hg 68.0 (7.8) 66.4 (8.9) 0.02

Mean arterial pressure, mm Hg 80.7 (8.0) 79.3 (8.2) 0.02

Abbreviations: BP, blood pressure; CARDIA, Coronary Artery Risk Development in Young Adults; GDM, gestational diabetes mellitus; HDL-C,

high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol;

NCEP ATP III, National Cholesterol Education Program Adult Treatment Panel III; SD, standard deviation.
a Missing variables: education (n ¼ 1); smoking (n ¼ 3); and oral contraceptive use (n ¼ 6).
b Multifetal pregnancies during follow-up.
c Hypertension before pregnancy (BP, �140/90 or taking antihypertensive medication).
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Table 3. Prepregnancy Cardiometabolic Risk Factors for 1,809 Pregnancies in 1,164 Women by Subsequent GDM Pregnancies and Risk of

GDM from Separate Logistic Regression Models, the CARDIA Study, 1985–2006

Prepregnancy Risk
Factor Measures

GDM
Pregnancies
(n 5 154)

Non-GDM
Pregnancies
(n 5 1,655)

Unadjusted Separate
Models Ptrend

Adjusted Separate
Modelsa Ptrend

No. % No. % OR 95% CI OR 95% CI

Anthropometric

Body mass index, kg/m2b <0.001 <0.001

<25 85 6.8 1,161 93.2 1.00 Referent 1.00 Referent

25–29.9 26 8.4 283 91.6 1.31 0.82, 2.10 1.34 0.81, 2.21

�30 43 16.9 211 83.1 3.01 1.96, 4.61 2.78 1.74, 4.44

Waist circumference, cm <0.001 <0.001

�80 98 6.9 1,317 93.1 1.00 Referent 1.00 Referent

80.1–92 26 11.0 211 89.0 1.78 1.12, 2.84 1.64 1.00, 2.70

>92 30 19.1 127 90.9 3.53 2.14, 5.83 3.29 1.95, 5.55

Biochemical, fasting

Glucose, mg/dL <0.001 <0.001

<90 109 7.2 1,407 92.8 1.00 Referent 1.00 Referent

90–99 33 12.8 225 87.2 2.01 1.30, 3.11 1.78 1.14, 2.80

100–125 12 34.3 23 65.7 7.62 3.45, 16.8 7.32 3.30, 16.26

Insulin, lU/mL <0.001 <0.001

<10 64 6.1 987 93.9 1.00 Referent 1.00 Referent

10–15 40 9.2 396 90.8 1.57 1.02, 2.41 1.81 1.17, 2.80

>15–20 22 12.3 157 87.7 2.30 1.34, 3.94 2.88 1.65, 5.03

>20 28 19.6 115 80.4 3.85 2.30, 6.42 4.33 2.43, 7.71

Triglycerides, mg/dL <0.001 <0.001

<70 80 6.8 1,095 93.2 1.00 Referent 1.00 Referent

70–119.9 54 10.7 453 89.3 1.74 1.21, 2.49 1.67 1.15, 2.43

�120 20 15.7 107 84.3 2.58 1.48, 4.50 2.45 1.39, 4.32

LDL-C, mg/dL 0.06 0.07

<100 57 7.2 730 92.9 1.00 Referent 1.00 Referent

100–129 64 9.1 636 90.9 1.35 0.92, 1.98 1.39 0.94, 2.05

�130 33 10.2 289 89.8 1.51 0.93, 2.44 1.48 0.91, 2.42

HDL-C, mg/dL <0.001 <0.001

<40 31 19.0 132 81.0 3.41 2.09, 5.58 3.02 1.79, 5.11

40–50 47 9.6 444 90.4 1.51 1.03, 2.23 1.47 1.00, 2.17

>50 76 6.6 1,079 93.4 1.00 Referent 1.00 Referent

Total cholesterol, mg/dL 0.02 0.04

<150 22 5.9 354 94.1 1.00 Referent 1.00 Referent

150–180 63 8.6 671 91.4 1.53 0.92, 2.54 1.51 0.90, 2.53

>180 69 9.9 630 90.1 1.80 1.09, 2.99 1.73 1.04, 2.89

HOMA-IR <0.001 <0.001

�4.0 120 7.4 1,509 92.6 1.00 Referent 1.00 Referent

>4.0 34 18.9 146 81.1 2.93 1.89, 4.54 2.91 1.79, 4.73

Clinical and anthropometric

Systolic BP, mm Hg 0.18 0.20

<100 39 7.5 479 92.5 1.00 Referent 1.00 Referent

100–115 92 8.8 953 91.2 1.25 0.82, 1.89 1.29 0.85, 1.97

116–130 19 8.6 202 91.4 1.21 0.67, 2.15 1.24 0.68, 2.25

>130 4 2.6 21 1.3 2.68 0.90, 7.97 1.93 0.70, 5.36

Table continues
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2.19 (95% CI: 1.15, 4.17), 2.36 (95% CI: 1.20, 4.63), and
3.07 (95% CI: 1.62, 5.84), respectively (all Ptrend < 0.01).
Total cholesterol above 180 mg/dL showed a borderline 1.6

times higher odds of GDM independent of other risk factors
(P¼ 0.09). Low levels of high-density lipoprotein cholesterol
were associated with greater risk of GDM, but only for those

Table 3. Continued

Prepregnancy Risk
Factor Measures

GDM
Pregnancies
(n 5 154)

Non-GDM
Pregnancies
(n 5 1,655)

Unadjusted Separate
Models Ptrend

Adjusted Separate
Modelsa Ptrend

No. % No. % OR 95% CI OR 95% CI

Diastolic BP, mm Hg 0.05 0.08

<65 50 6.7 700 93.3 1.00 Referent 1.00 Referent

65–75 77 9.6 727 90.4 1.45 0.99, 2.14 1.45 0.97, 2.16

76–85 23 10.9 188 89.1 1.65 0.95, 2.88 1.71 0.97, 3.00

>85 4 9.0 40 91.0 1.36 0.43, 4.25 1.05 0.35, 3.17

Hypertensionc 0.23 0.49

No 148 8.4 1,615 91.6 1.00 Referent 1.00 Referent

Yes 6 13.0 40 87.0 1.75 0.70, 4.41 1.38 0.55, 3.45

Metabolic syndrome <0.001 0.004

No 149 8.3 1,649 91.7 1.00 Referent 1.00 Referent

Yes 5 45.4 6 54.6 9.50 2.77, 32.59 8.18 1.97, 33.94

Family history of diabetes <0.001 <0.001

No 88 6.7 1,216 93.3 1.00 Referent 1.00 Referent

Yes 66 13.1 439 86.9 2.16 1.51, 3.10 2.24 1.56, 3.20

Sociodemographics

Age, years 0.57 0.83

<30 106 8.3 1,171 91.7 1.00 Referent 1.00 Referent

�30 48 9.0 484 91.0 1.17 0.69, 1.98 1.06 0.61,1.84

Race 0.75 0.62

White 79 8.3 873 91.7 1.00 Referent 1.00 Referent

Black 75 8.8 782 91.2 1.06 0.74, 1.53 0.90 0.59, 1.36

Center 0.43 0.40

Oakland, California 42 8.6 447 91.4 1.00 Referent 1.00 Referent

Birmingham, Alabama 43 10.0 386 90.0 1.18 0.74, 1.89 1.25 0.78, 2.01

Chicago, Illinois 33 6.7 459 93.3 0.79 0.48, 1.30 0.79 0.47, 1.32

Minneapolis, Minnesota 36 9.0 363 90.4 1.07 0.65, 1.75 1.01 0.61, 1.69

Time to conception, months 0.09 0.37

<12 30 7.7 360 92.3 1.00 Referent 1.00 Referent

12–24 19 5.8 310 94.2 0.78 0.44, 1.37 0.79 0.44, 1.43

>24 105 9.6 985 90.4 1.40 0.89, 2.20 1.39 0.71, 2.70

Order of birth 0.41 0.01

First birth 116 8.3 1,277 91.7 1.13d 0.85, 1.50 1.51d 1.09, 2.10

Second birth 34 9.4 326 90.6

Third birth 4 8.0 46 92.0

Fourth birth 0 0.0 6 100

Abbreviations: BP, blood pressure; CARDIA, Coronary Artery Risk Development in Young Adults; CI, confidence interval; GDM, gestational

diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; LDL-C, low-density

lipoprotein cholesterol; OR, odds ratio.
a Adjusted for family history of diabetes, parity at conception (time dependent), births during the interval, time to the first conception, smoking,

age at preconception examination (continuous), and race; Ptrend test.
b The numbers of women with body mass index�30 and waist girth>88 cm include the following: 36 (83.7%) in the GDM group and 156 (73.9%)

in the non-GDM group.
c Hypertension prior to pregnancy is defined as blood pressure �140/90 or taking antihypertensive medication.
d Ordinal variable expressed as increase in risk of GDM per additional birth.
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with negative family history of diabetes (2-way interaction
P ¼ 0.0475). Adjustment for waist circumference instead of
body mass index had little impact on the odds ratios (data not
shown).

Fasting glucose and insulin showed stronger associations
in the multivariate model as individual risk factors than as
their product (HOMA-IR; data not shown). Covariates in-
cluding race, parity, smoking, number and order of births in
the interval, and age at delivery also had minimal impact on
risk of GDM. In a sensitivity analysis, removal of repeat

pregnancies within the same interval and multifetal preg-
nancies did not alter the findings (data not shown).

The prevalence of prepregnancy risk factors is shown
in Figure 2 for 1,164 women. Impaired fasting glucose
(100–125 mg/dL), with or without elevated fasting insulin
(>15 lU/mL) or low high-density lipoprotein cholesterol
levels (<40 mg/dL), was found in 7.1% of women who later
developed GDM versus only 1.3% of women without GDM.
Among women with normal fasting glucose (<100 mg/dL),
prepregnancy fasting hyperinsulinemia combined with

Table 4. Multivariate Adjusted Odds Ratios of GDM From a Single Model With All Prepregnancy Cardiometabolic

Risk Factors for 1,809 Pregnancies in 1,164 Women, the CARDIA Study, 1985–2006

Prepregnancy Risk Factors
All Risk Factors

Ptrend

All Risk Factors
Covariate Adjusteda

Ptrend

OR 95% CI OR 95% CI

Fasting

Glucose, mg/dL <0.001 <0.001

<90 1.00 Referent 1.00 Referent

90–99 1.53 0.96, 2.45 1.42 0.88, 2.29

100–125 4.54 2.16, 9.55 4.74 2.14, 10.51

Insulin, lU/mL 0.03 0.005

<10.0 1.00 Referent 1.00 Referent

10–15 1.38 0.87, 2.20 1.56 0.98, 2.48

>15–20 1.71 0.91, 3.22 2.19 1.15, 4.17

>20 1.90 1.02, 3.53 2.36 1.20, 4.63

HDL-C, mg/dLb

Negative family history of diabetes 0.002 0.005

<40 3.38 1.80, 6.34 3.07 1.62, 5.84

40–50 1.22 0.70, 2.14 1.18 0.67, 2.07

>50 1.00 Referent 1.00 Referent

Positive family history of diabetes 0.87 0.99

<40 0.97 0.43, 2.19 0.90 0.39, 2.07

40–50 1.17 0.66, 2.07 1.19 0.66, 2.14

>50 1.00 Referent 1.00 Referent

Total cholesterol, mg/dL 0.08 0.09

<150 1.00 Referent 1.00 Referent

150–180 1.40 0.83, 2.37 1.41 0.84, 2.39

>180 1.59 0.94, 2.69 1.56 0.92, 2.64

Triglycerides, mg/dL 0.14 0.31

<70 1.00 Referent 1.00 Referent

70–119 1.26 0.86, 1.84 1.21 0.82, 1.79

�120 1.37 0.77, 2.45 1.21 0.67, 2.17

Body mass index, kg/m2 0.55 0.56

<25 1.00 Referent 1.00 Referent

25–29.9 0.92 0.57, 1.51 0.95 0.58, 1.57

�30 1.22 0.70, 2.15 1.21 0.68, 2.17

Abbreviations: CARDIA, Coronary Artery Risk Development in Young Adults; CI, confidence interval; GDM,

gestational diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; OR, odds ratio.
a Adjusted for race, family history of diabetes, parity at conception (time dependent), number of births during the

interval, time to the first conception, smoking, and age at preconception examination. Prepregnancy risk factors are

repeated measurements.
b Pinteraction ¼ 0.0475 for the test between family history of diabetes and HDL-C categories.
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a low level of high-density lipoprotein cholesterol occurred
in 7.1% of GDM women versus 2.2% of non-GDM women.
Overall, 41.1% who developed GDM exhibited one or more
cardiometabolic risk factors versus 21.3% with no GDM.
The prevalence of prepregnancy risk factors (one or more)
also varied by body mass index group (Figure 3). Only 12%
of the normal body mass index group had one or more risk
factors compared with 31% and 69% in overweight and
obese groups, respectively. Among women who developed
GDM, 62% of overweight women and 74% of obese women
had one or more risk factors.

The rates of GDM varied by risk factors and body mass
index groups (Figure 4). Among overweight women with
one or more risk factors, the rate of GDM was 26.7% versus
7.4% in those with none. Differences in GDM rates across
the risk factor groups (one or more vs. none) were smaller
for other body mass index groups: 24.8% versus 19.6% in
obese and 13.6% versus 9.0% in normal weight.

DISCUSSION

In our study, the strongest predictors of GDM in a sub-
sequent pregnancy were impaired fasting glucose (100–125

mg/dL), fasting hyperinsulinemia (>15 lU/mL), and low
high-density lipoprotein cholesterol (<40 mg/dL) with neg-
ative family history of diabetes, and lastly, fasting insulin
above 15 lU/mL before pregnancy; relative risks for GDM
were 4.7, 3.1, and 2.4, respectively (all P < 0.01). These
findings were adjusted for race, parity, family history of
diabetes, body mass index or waist circumference, time
from prepregnancy measurement to conception, age, and
other confounders. Although overall adiposity and abdom-
inal adiposity are antecedents to insulin resistance, prepreg-
nancy obesity was no longer independently predictive of
GDM after taking into account cardiometabolic risk pro-
files. We also found no association between prepregnancy
blood pressure or hypertension and risk of GDM, possibly
because of the low prevalence of these disorders in healthy
women of reproductive age. By combining all prepregnancy
risk factors into a single multivariate, adjusted model, we
identified the respective independent associations with de-
velopment of glucose intolerance during pregnancy (i.e.,
GDM).

Among 141 nondiabetic CARDIA Study women who
subsequently developed GDM, impaired fasting glucose,
elevated fasting insulin levels, and/or low high-density lipo-
protein cholesterol were present before pregnancy in 41% of
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Figure 2. Percentage of women by subsequent gestational diabetes mellitus status groups among prepregnancy cardiometabolic risk factor
groups, the Coronary Artery Risk Development in Young Adults (CARDIA) Study, 1985–2006. Cardiometabolic risk factors include fasting
glucose �100 mg/dL, fasting insulin >15 lU/mL, and/or high-density lipoprotein cholesterol <40 mg/dL. Cardiometabolic groupings are hierar-
chical. The category of fasting glucose �100 mg/dL includes women regardless of insulin or HDL-C. For all other risk factor groups, fasting
glucose<100 mg/dL is combined with hyperinsulinemia (fasting insulin>15 lU/mL), with or without low HDL-C (defined as<40mg/dL), or with low
HDL-C alone. GDM, gestational diabetes mellitus; HDL-C, high-density lipoprotein cholesterol.
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women (n ¼ 58). Normoglycemia with at least one risk
factor (low plasma high-density lipoprotein cholesterol
and/or hyperinsulinemia) was present before pregnancy in
34% of women who developed GDM. Among overweight
women, the presence of any cardiometabolic risk factors

was associated with almost 4-fold higher GDM rates
(26.7% for any vs. 7.4% for none).

Our analysis extends findings from previous studies that
examined only prepregnancy clinical risk factors such as
body size, weight gain, hypertensive conditions, or health
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behaviors retrospectively in relation to risk of GDM preg-
nancy. Two earlier prospective studies (27, 28) examined
only 1 or 2 metabolic risk factors but did not report blood
glucose data, and one had a very small sample (n< 10) (27).
A study of first trimester plasma triglyceride levels reported
a direct association with risk of GDM but did not measure
other cardiometabolic risk factors (23). Plasma triglyceride
levels steadily increase during gestation to a zenith of 300%
above nonpregnant levels by the second to third trimester, but
previous studies never assessed triglycerides as a predictor of
GDM (44). Plasma high-density lipoprotein cholesterol below
40 mg/dL, a known strong correlate of type 2 diabetes mel-
litus in women after pregnancy, was also strongly associated
with higher risk of GDM. The link between low prepregnancy
high-density lipoprotein cholesterol and risk of GDM, to our
knowledge, had not been previously explored.

Strengths of our study include the longitudinal cohort
design and measurements before all pregnancies, no preex-
isting diabetes before pregnancy based on glycemia and/or
diagnosis of diabetes, and prepregnancy cardiometabolic and
clinical risk factor measurements in a large, population-based
sample of women of reproductive age, of whom only 7%
had ever taken lipid-lowering medications in the 20-year
follow-up.

Limitations of our study include the variable time inter-
vals for risk factor measurements before pregnancy and re-
current pregnancies for 20% of women within a single
interval. However, we controlled for time from prepreg-
nancy examination to conception and for number and order
of births as covariates, and we utilized statistical methods
that accounted for correlations between repeated pregnan-
cies and prepregnancy risk factor measurements over mul-
tiple intervals for the same woman. Self-report of GDM by
CARDIA Study women proved to be extremely reliable on
the basis of our validation study (3). Because GDM is a het-
erogeneous disorder in which elevated glucose and insulin
resistance are not evident before pregnancy, our study could
not determine how well preconception risk factors predicted
severity of GDM (i.e., post-meal defect vs. fasting hyper-
glycemia) because oral glucose tolerance test results during
pregnancy were unavailable in the CARDIA Study. Future
studies are needed that assess the rate of gestational weight
gain before screening and diagnosis of GDM to examine
whether prepregnancy cardiometabolic risk factors predict
GDM independent of gestational weight gain.

Maternal overweight or obesity is the most common high-
risk obstetric condition in the United States, affecting 45%
of pregnant women (45). High prepregnancy weight has
clinical importance for obstetricians primarily to identify
women at risk for fetal macrosomia and delivery complica-
tions, as well as those likely to develop maternal metabolic
abnormalities. In 1988–1997, about 39% of US women
were overweight or obese (body mass index, �25) before
pregnancy (45), which is comparable to 34% of CARDIA
Study women who were classified as overweight or obese.
In our study, 14% of overweight or obese women developed
GDM, which is consistent with 5%–15% reported by others
(46). Previous studies have reported a 2-fold to 6-fold higher
risk of GDM for prepregnancy overweight and obesity (47–
49). Our study found a 3-fold higher risk of GDM associated

with obesity (body mass index, �30 vs. <25), but it was
largely explained by metabolic risk factors, which were
present in about 70% of the women. However, being over-
weight (body mass index, 25–29.9), along with unfavorable
cardiometabolic risk factors, was related to higher risk of
GDM.

In conclusion, prepregnancy impaired fasting glucose and
hyperinsulinemia, individually or in combination with low
high-density lipoprotein cholesterol in nondiabetic women,
were strong predictors of GDM. At least one of these risk
factors was present in over 40% of all women who later
developed GDM.

For prevention of GDM before pregnancy, our findings
suggest that interventions should be provided to all obese
women and that overweight and normal weight women
should be screened for cardiometabolic risk factors. Among
1,164 CARDIA Study women, 141 subsequently developed
GDM, with a ratio of 8.2 women screened to 1 case of
GDM.

Prevention of GDM is important for minimizing intra-
uterine exposure of the fetus to maternal metabolic abnor-
malities that program the fetus for future disease. The US
Centers for Disease Control and Prevention (CDC) and the
March of Dimes have recognized the importance of precon-
ception health care for prevention of adverse pregnancy
outcomes (50, 51). Among the recommendations, the
CDC 2006 report stated that all women of child-bearing
age should receive preconception care services, including
‘‘evidence-based risk screening, health promotion, and
interventions’’ (50, p. 1). Screening for cardiometabolic risk
is important for all young women. Measurement of fasting
insulin, glucose, and high-density lipoprotein cholesterol
levels during the postpartum and interconceptual periods
(particularly for 30% of US women aged 20–39 years who
are overweight) is feasible within the current health-care
system and could identify a high-risk group for subsequent
GDM pregnancy. All women with metabolic risk factors
could benefit from interventions before and/or during early
pregnancy to prevent GDM and from early screening for
GDM during pregnancy. Metabolic risk factor screening
during the preconception or interconceptual period may also
motivate women to modify lifestyle behaviors, and it pro-
vides an opportunity not only to prevent GDM before preg-
nancy but also to reduce weight retention and central obesity
that lead to type 2 diabetes and cardiovascular disease in
midlife.
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