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Background: Findings from previous studies examining the association between
gestational diabetes mellitus (GDM) and subsequent risk of cardiovascular disease
(CVD) have been inconsistent and inconclusive. We aimed to examine the associations
of a previous history of GDM with risk of CVD and status of cardiovascular risk factors
in a nationwide population-based study in the United States.

Methods: This study included 8,127 parous women aged 20 years or older in the
2007-2014 cycles of the National Health and Nutrition Examination Survey in the United
States. The exposure was self-reported diagnostic history of GDM and the outcomes
were self-reported diagnostic history of CVD and measurements of cardiovascular risk
factors, including blood pressure and blood lipids. Regression models with sample
weights were used to examine the associations of GDM with CVD and cardiovascular
risk factors.

Results: Among women with a history of both GDM and CVD, CVD was diagnosed on
average 22.9 years after the diagnosis of GDM. After adjustment for demographic, socio-
economic, and lifestyle factors, a history of GDM was associated with 63% higher odds
of CVD [odds ratio (OR) 1.63, 95% confidence interval (Cl) 1.02, 2.62, p-value = 0.04].
Further adjustment for body mass index (BMI) modestly attenuated the association (OR
1.52, 95% CI 0.95, 2.44, p-value = 0.08). A history of GDM was significantly associated
with lower serum level of HDL-cholesterol (adjusted B-coefficient —3.33, 95% CI -5.17,
—1.50, p-value < 0.001), but not associated with total cholesterol, LDL-cholesterol,
triglycerides, or systolic or diastolic blood pressure. Similarly, the association between a
history of GDM and HDL cholesterol was attenuated after additional adjustment for BMI
(adjusted p-coefficient —1.68, 95% Cl —3.38, 0.03, p-value = 0.54).

Conclusion: Women with a previous history of GDM have significantly higher risk for
developing CVD and lower serum level of HDL cholesterol, compared to women without
a history of GDM. The associations may be explained, at least partly, by BMI.

Keywords: gestational diabetes mellitus, cardiovascular disease, cardiovascular risk factors, pregnancy
complications, blood lipids
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INTRODUCTION

Gestational diabetes mellitus (GDM), a form of glucose intoler-
ance during pregnancy, is a common pregnancy complication
affecting approximately 7% (ranging from 1 to 14%) of all
pregnancies in the US (1). GDM not only increases short-term
risk of adverse pregnancy and birth outcomes but also increases
long-term risk of various health outcomes for mothers later in
life. A plethora of research has demonstrated that women with a
history of GDM are more likely to develop type 2 diabetes. Several
studies also suggest that GDM is associated with atherosclerosis
(2), metabolic syndrome (3, 4), endothelial and cardiac dysfunc-
tion (3), and other intermediate cardiovascular morbidities (5).
Based on existing evidence, the American Heart Association has
proposed GDM as a major cardiovascular risk factor (6).

Cardiovascular disease (CVD) is the leading cause of death
globally (7). Early identification and modification of risk factors
has been shown to reduce mortality and morbidity in people with
diagnosed or undiagnosed CVD (8). Evidence is still limited on
the association between GDM and subsequent risk of overt CVD.
Moreover, findings from available studies have been inconsistent
and inconclusive (9-12). For instance, Carr et al. found a signifi-
cantly increased risk of CVD after GDM in women with a family
history of type 2 diabetes (9). However, Savitz et al. reported that
GDM was significantly associated with the risk of subsequent type
1 and type 2 diabetes, but not CVD outcomes (11). These may be
partly due to different settings (population-based vs. hospital-
based), population characteristics (e.g., age, race/ethnicity) of
participants, and ways of assessment of CVD (self-reports vs.
examination) in those studies. Further, some studies examining
the association between GDM and CVD appear to be a lack of
diversity among participants. These underlie the need for further
investigations among the general population with multiple ethnic
groups to depict this association (13).

Thus, we sought to determine the risk of developing CVD
among women with a history of GDM compared with those
without such a history using data from the National Health
and Nutrition Examination Survey (NHANES), a nationally
representative and diverse population of the United States.
Additionally, we compared cardiovascular risk factors between
women with and without a history of GDM. We hypothesized
that women with a history of GDM would have greater risk of
developing overt CVD and unfavorable cardiovascular risk fac-
tors compared to women without a history of GDM.

MATERIALS AND METHODS
Study Population

The study population consisted of parous women from the 2007
to 2014 cycles of the NHANES. Briefly, the NHANES, conducted
by the Centers for Disease Control and Prevention (CDC), is a
large-scale, ongoing, nationally representative health survey of
the non-institutionalized US population. NHANES survey data
are released every 2 years, with each 2-year cycle consisting of
approximately 10,000 participants (14). The surveys comprise
population-based, cross-sectional surveys that aim to capture

data on diet, nutritional status, general health, disease history,
and health behaviors (14). The surveys use multistage, probability
clusters to develop a population sample that is nationally repre-
sentative of the US based on age, sex, and race/ethnicity. In doing
so, NHANES proportionally oversamples certain subpopulations
of the US in comparison to others to better target the health inter-
ests of these subpopulations (15). From 2007 to 2010, NHANES
cycles oversampled Hispanic persons, non-Hispanic black
persons, low-income non-Hispanic white, and other persons at
or below 130% of the federal poverty level (16). The oversampled
subpopulations changed slightly in the 2011-2012 and 2013-2014
cycles, with the addition of the low-income non-Hispanic non-
Black Asian subgroup, which replaced the non-Hispanic white
subgroup in the 2007-2010 cycles (17). NHANES data along
with documents on the survey methods and other information
are publicly available on the NHANES online website (18). All
subjects gave written informed consent in accordance with the
Declaration of Helsinki. The study protocol was approved by the
NCHS Research Ethics Review Board.

For this analysis, we included female participants, aged
20 years or older, with a prior history of pregnancy. Individuals
who reported having a diagnosis of CVD or diabetes present
before or during the same year as their diagnosis of GDM were
excluded. Finally, we included 8,127 women in this study. The
University of Iowa Institutional Review Board has approved this
study.

Exposure Measurement

During the one-time interview through home visit, women
were asked “Have you ever been pregnant?” Parous women
were further asked, “During your pregnancy, were you ever told
by a doctor or other health professional that you had diabetes,
sugar diabetes or gestational diabetes?” and “How old were you
when you were first told you had diabetes during a pregnancy?”
Similarly, the participants were also asked about their diagnostic
history and timing for overt diabetes. Based on their response to
these questions, parous women were classified as having or not
having a history of GDM. Participants who had overt diabetes
before the diagnosis of GDM were excluded from the analysis.

Covariate Assessment

Information on age, race/ethnicity, annual household income,
smoking status, and physical activity were obtained during
interviews (18). Information on diet was obtained through two
24-h dietary recalls and total energy intake and alcohol intake
was calculated using food composition database. Measurements
of height, weight, and waist circumference were performed fol-
lowing a standardized protocol, and body mass index (BMI) was
computed as weight in kilograms divided by the square of height
in meters.

Outcome Measurement

The primary outcome was CVD, which was self-reported by par-
ticipants in NHANES during the interview through the following
questions: “Has a doctor or other health professional ever told
you that you ... had 1) congestive heart failure? 2) coronary heart
disease? 3) angina/angina pectoris? 4) heart attack? 5) stroke?”
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and “How old were you when you were first told you had 1) con-
gestive heart failure? 2) coronary heart disease? 3) angina/angina
pectoris? 4) heart attack? 5) stroke?” Accordingly, we classified
women as developing CVD if they reported having a diagnosis
of one or more of these diseases and were classified as not having
CVD if they did not report any of these diseases.

Secondary outcomes were CVD risk factors, including blood
pressure and blood lipids. Blood pressure, including systolic blood
pressure and diastolic blood pressure, was directly measured
using standardized protocols. Total cholesterol, triglycerides,
and high-density lipoprotein (HDL) cholesterol levels in serum
samples were measured using enzymatic methods. Low-density
lipoprotein (LDL) cholesterol was calculated from measured
values of total cholesterol, triglycerides, and HDL cholesterol
via the Friedewald’s formula (19): [LDL cholesterol] = [total
cholesterol] — [HDL cholesterol] — [triglycerides/5].

Statistical Analysis

All statistical analyses accounted for the complex, multistage,
stratified, and cluster-sampling design (including oversampling
of certain subpopulations) of NHANES by using sample weights,
strata, and primary sampling units embedded in the NHANES
data. Comparisons of baseline characteristics among women
with and without a history of GDM were performed using ¢ test
for continuous variables and the chi-square test for categorical
variables.

We used multivariable logistic regression to estimate the
odds ratios (ORs) and 95% confidence intervals (CIs) of CVD
risk according to history of GDM. We used multivariable linear
regression to estimate the B-coeflicient and 95% Cls for the asso-
ciations of history of GDM with blood lipids and blood pressure
levels. In multivariable models, we adjusted for age, race/ethnic-
ity, education, family income to poverty ratio, smoking status,
alcohol intake, physical activity, total energy intake, and BML

Excess adiposity is a strong risk factor for both GDM (20)
and CVD (21). Of note, 46.2% of GDM cases was attributable to
overweight or obesity (20). Because there was evidence indicat-
ing a possible effect modification on the association between
GDM and CVD by BMI (22), we performed stratified analyses
according to obesity status. In addition, we performed stratified
analyses according to hypertension and diabetes status. We con-
ducted interaction tests via multiplicative interaction terms in the
multivariable models. For the analysis of the secondary outcomes
(i.e., blood pressure and blood lipids), we excluded participants
who developed CVD and who were currently on medication for
hypertension or dyslipidemia. We have checked model assump-
tions for all the analyses. All analyses were performed using
survey procedures of SAS 9.4.

RESULTS

We identified 787 women who developed CVD among 7,572
women without a history of GDM, and 42 women developed
CVD among 555 women with a history of GDM. In the analytical
population, women with a history of GDM were more likely to be
younger, non-white, more obese, and drink less alcohol (Table 1).
Among women with a history of both GDM and CVD, CVD was

TABLE 1 | Characteristics among parous women with or without a history of

GDM.
Characteristic Women without Women with p-Value
history of GDM history of GDM
No. of participants 7,572 555
Age, years 51.2(0.25) 44.9 (0.62) <0.001
Race/ethnicity, % 0.002
Non-Hispanic white 68.5 (1.93) 61.4 (3.35)
Non-Hispanic black 12.5 (1.04) 11.5 (1.38)
Hispanic 13 1(1.26) 18 0(2.33)
Other 9(0.46) 2(1.38)
Education, % 0.43
Less than high school 18.7 (0.88) 19.8 (1.88)
High school 23.0 (0.75) 20.4 (2.14)
College or above 58.3 (1.22) 59.8 (2.82)
Ratio of family income 0.54
to poverty, %
<13 22.6 (1.03) 24.7 (1.86)
>1.3-3.5 33.7 (0.91) 34.7 (2.25)
>3.5 37 0(1.29) 37 0(2.83)
Missing 7 (0.45) 4 (1.20)
Smoking status, % 0.91
Non-smoker 58.1(0.85) 59.1 (2.63)
Current smoking 19.2 (0.87) 19.2 (2.15)
Ever smoker 22.7 (0.90) 21.6 (2.25)
Alcohol intake, % 0.006
0 g/day 78.3(0.82) 85.5 (2.08)
0.1-14.9 g/day 6.1 (0.33) 4.9 (1.20)
> 15 g/day 15.6 (0.70) 9.7 (1.89)
Physical activity, 0.80
MET-min/week
<600 46.1 (0.90) 44.6 (2.91)
>600-1,200 12.2 (0.49) 11.8(1.77)
>1,200 41.7 (0.79) 43.5 (2.97)
Total energy intake 1,808 (10.6) 1,880 (40.7) 0.09
(kcal/day)
BMI (kg/m?) 29.1(0.12) 31.7 (0.36) <0.001
BMI categories, % <0.001
Normal/underweight 31.3(0.76) 19.5 (2.02)
Overweight 30.1(0.77) 25.8 (2.42)
Obesity 37 7(0.82) 54 6 (2.50)
Missing 9(0.11) 1(0.07)

Values are means (SE) or percentages (SE) and are weighted.
BMI, body mass index; GDM, gestational diabetes mellitus.

diagnosed on average 22.9 (SE = 1.8) years after the diagnosis of
GDM.

Compared to women without a history of GDM, women
with a history of GDM were more likely to develop CVD, with
multivariable-adjusted ORs (95% Cls) of CVD as 1.63 (1.02,
2.62). However, the associations were attenuated and became
non-significant after additional adjustment for BMI (Table 2).
In a stratified analysis by obesity status, we observed a stronger
association between GDM and CVD in obese women [2.16 (1.34,
3.49)], compared to non-obese women [1.58 (1.01, 2.50)] (Table
S1 in Supplementary Material). The association did not vary by
hypertension status or diabetes status.

In terms of cardiovascular risk factors, women with a history
of GDM had lower levels of HDL cholesterol than those without
a history of GDM, with adjusted fB-coefficient (95% Cls) as
—3.33 (—5.17, —1.50) (Table 3). The association did not vary by
hypertension status or diabetes status. The association between
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TABLE 2 | Association between history of GDM and risk of CVD among parous
women.

TABLE 3 | Association between history of GDM and CVD risk factors among
parous women.

Women without Women with p-Value
history of GDM history of GDM
Cases of CVD (n) 787 42
Model 1° 1.00 (reference) 1.60 (1.02, 2.53)* 0.04
Model 2¢ 1.00 (reference) 1.63 (1.02, 2.62) 0.04
Model 3¢ 1.00 (reference) 1.52 (0.95, 2.44) 0.08

GDM, gestational diabetes mellitus; CVD, cardiovascular disease.

Bold values are the values that are statistically significant.

20dds ratio (95% confidence intervals).

bMultivariable model 1: adjusted for age (years).

°Multivariable model 2: multivariable model 1 plus race/ethnicity, education, ratio of
family income to poverty, smoking status, alcohol intake, physical activity, and total
energy intake.

IMultivariable model 3: multivariable model 2 plus body mass index.

history of GDM and triglyceride levels differed by hypertension
status. Specifically, a history of GDM was not associated with
triglyceride levels among women without hypertension; how-
ever, among women with hypertension, a history of GDM was
associated with higher level of triglycerides, with p-coeflicient
(95% ClIs) as 47.72 (4.78, 90.67) (Table S2 in Supplementary
Material). A history of GDM was not significantly associated
with total cholesterol, LDL cholesterol, systolic blood pressure,
or diastolic blood pressure.

DISCUSSION

This study suggests that women with a history of GDM are at
greater risk for developing CVD later in life than women without
a history of GDM. In addition, women with prior GDM have
lower levels of HDL cholesterol and higher levels of triglycerides,
compared to women without a history of GDM.

Previous studies on the association of GDM and CVD risk
in the general population are sparse. Those studies were con-
ducted in Canada (12, 23, 24), Sweden (22), and France (25).
Our results, using data from a nationwide population-based
study in the United States were generally consistent with those
previous studies. In addition, the magnitude of risk between
GDM and CVD presented in this study appears to be similar
to that of previous, mostly hospital-based, studies among US
women (3, 9, 11, 26). One study in a UK population found a
significant association between GDM and calculated CVD risk
(based on the Framingham score) in the age-adjusted model,
but following further adjustment, the association became non-
significant (10).

The associations between GDM and CVD risk factors in this
study are consistent with some but not all of previous studies.
Zajdenverg et al. found very similar findings with no significant
cardiovascular risk factor differences between women with and
without a history of GDM but also observed lower levels of
HDL cholesterol among women with a history of GDM (27). In
some instances, no significant associations between GDM and
CVD risk factors have been observed, including no differences
in HDL cholesterol (28). Alternatively, other studies have found
significant differences in CVD risk factors, with women who have

Women Women with p-Value
without history of GDM
history of
GDM
Systolic blood N 4,925 398
pressure Model 1*  Reference  0.20 (—1.24, 1.64) 0.78
(mm Hg) Model 2°  Reference 0.16 (-1.34, 1.66) 0.83
Model 3¢  Reference  —0.47 (—1.98, 1.04) 0.54
Diastolic blood N 4,925 398
pressure Model 1*  Reference 0.77 (-0.56, 2.10) 0.25
(mm Hg) Model 2¢  Reference 0.93 (-0.41, 2.28) 0.17
Model 3¢ Reference 0.53 (-0.81, 1.88) 0.43
Total cholesterol N 5,699 438
(mg/dL) Model 1*  Reference  —0.19 (-5.08, 4.69) 0.94
Model 2¢  Reference  —0.17 (-5.05, 4.70) 0.94
Model 3¢  Reference  —0.90 (-5.59, 3.78) 0.70
Triglycerides N 2,710 199
(mg/dL) Model 1*  Reference  15.37 (-2.23, 32.97) 0.09
Model 2°  Reference  13.44 (-4.06, 30.95) 0.13
Model 3¢  Reference  7.11 (-9.86, 24.07) 0.41
HDL-cholesterol N 5,599 438
(mg/dL) Model 1*  Reference ~ —4.05(—6.02, —2.08) <0.001
Model 2¢  Reference  —3.33 (-5.17, —1.50) <0.001
Model 3¢  Reference  —1.68 (-3.38, 0.03) 0.54
LDL-cholesterol N 2,687 196
(mg/dL) Model 1*  Reference 1.77 (—4.82, 8.37) 0.59
Model 2°  Reference 1.05 (-5.12,7.22) 0.73
Model 3¢  Reference  —0.63 (-6.62, 5.37) 0.83

GDM, gestational diabetes mellitus; CVD, cardiovascular disease; Cl: confidence
interval.

Bold values are the values that are statistically significant.

aB-coefficient (95% ClIs).

bMultivariable model 1: adjusted for age (years).

°Multivariable model 2: multivariable model 1 plus race/ethnicity, education, ratio of
family income to poverty, smoking status, alcohol intake, physical activity, and total
energy intake.

IMultivariable model 3: multivariable model 2 plus body mass index.

a history of GDM tending to be more obese, have higher blood
pressure, and higher triglyceride levels (10, 29, 30).

The underlying mechanisms linking GDM to CVD remain to
be elucidated. Obesity is a shared risk factor of GDM and CVD.
In this study, we observed a significant association between GDM
and CVD among both obese and non-obese women, although the
association seemed stronger among obese women compared to
non-obese women. Previous studies have shown that altered lipid
metabolism, impaired endothelial function, and vascular inflam-
mation may be implicated in the pathogenesis of CVD after GDM
(31, 32). Our results indicate that low levels of HDL cholesterol
may contribute to the increased risk of CVD in women with prior
GDM. Low HDL cholesterol is an established and independent
risk factor for coronary artery disease (33) and atherosclerotic
CVD (34). In our study, women with a history of GDM reported
comparable physical activity levels to women without a history
of GDM, but had higher values for BMI and total energy intake.
BMI has been inversely associated with HDL cholesterol levels
(35). The results in our study also suggested that the association
between GDM and low HDL cholesterol levels might be partly
explained by BMI. It has been proposed that insulin resistance can
cause irregularities in the shapes and sizes of HDL cholesterols,
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which is an abnormality known to be inversely related to plasma
triglyceride levels (35), suggesting that low HDL cholesterol
could be secondary to elevated plasma triglyceride levels and
increased BMI. It is worth noting that low HDL cholesterol is a
more significant risk factor for CVD in women than it is for men
(34), which could increase CVD morbidity in women with prior
GDM.

The major strength of this population-based study is the use of
a nationally representative sample, which facilitate generalization
of the findings to the general population in the United States. In
addition, with the detailed data collected in the NHANES, we
were able to control potential confounding effects from a variety
of demographic, socioeconomic, anthropometric, and lifestyle
factors. This study has some limitations. First, a history of GDM
and CVD diagnosis were both self-reported in NHANES, poten-
tially leading to misclassification of GDM and CVD outcomes.
However, previous validation studies have shown high agreement
between self-reported and medical record data for both GDM
(36) and CVD (37, 38) in US women. Self-report is also applied
in NHANES for diet, physical activity, and smoking status. It
has been observed that total energy intake was underreported
by overweight individuals in previous cycles of NHANES (14),
therefore, the USDA’s automated multi-pass method has been
employed to reduce misreporting in NHANES 24-h recalls (39).
Second, although the sample size was relatively large, we did not
have sufficient power to estimate the risk for each of the CVD
outcomes. Finally, temporal relationship and reverse causation
are common causes for concern in many observational studies,
especially in a cross-sectional study setting. However, it is unlikely
that reverse causation between GDM and CVD affected our
results because the average length of time between a pregnancy
complicated with GDM and diagnosis of CVD in our study was
22.9 years. In addition, we excluded cases that reported having a
diagnosis of CVD prior to their GDM.

Our findings have important clinical and public health
implications. The majority of previous studies involving high-
risk populations of CVD focused on older adults. Women who
are diagnosed with GDM during pregnancy represent younger,
high-risk but usually overlooked population of CVD. For
women, the routine screening of GDM during pregnancy offers
a unique lifetime opportunity at a young age to reveal their risk
of cardiometabolic disorders later in life. Based on the findings
of increased risk of CVD after GDM, targeted interventions may
be implemented to mitigate the risk at a young age in women
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