
History of gestational diabetes and future
cardiovascular disease: What have we learned?

It is well established that a history of ges-
tational diabetes mellitus (GDM) will
increase the risks of developing metabolic
syndrome (MetS) and type 2 diabetes
mellitus, and is often subsequently linked
to a future risk of cardiovascular disease
(CVD). Recommendations from The
American Diabetes Association (ADA)
indicate that GDM is one of the risk fac-
tors for future CVD in women based on
previous evidence showing strong associ-
ations between GDM and CVD, such as
myocardial infarction and stroke1. How-
ever, most of those relationships were
obtained from analysis of retrospective
data. To date, very few studies have ana-
lyzed GDM cohorts with long-term fol-
low up while carefully controlling for
many common risk factors and lifestyle
characteristics.
Tobias et al.2 reported long-term CVD

events in women with a previous history
of GDM using the Nurses’ Health Study
II, and these findings are clearly valuable
from a clinical perspective. The Nurses’
Health Study II was a longitudinal
prospective study that started in 1989 with
a total of 116,430 nurses aged between 24
and 44 years in the USA. Questionnaires
were carried out every 2 years to collect
updated patterns of lifestyle as well as
health-related information. Nurses were
enrolled if they reported having a previous
birth at age ≥18 years in the 1989 baseline
data collection or an incident first birth
during follow up until 2001. The last
phase of the questionnaire collected was in
year 2001, when incident GDM was ascer-
tained. Those participants who reported a
history of CVD, type 1 diabetes mellitus

or cancer before baseline or the first preg-
nancy were excluded from the analysis.
Among the 89,479 participants eligible

for analysis (with a mean age at first birth
of 26.6 years and a mean age of 34.9 years
at study enrollment in 1989), 5,292 (5.9%)
reported a history of GDM in at least one
pregnancy either at baseline (58%) or dur-
ing the follow-up period (42%). Those
with a history of GDM were more likely
to be older at pregnancy, had greater
prevalence rates of overweight or obesity
before pregnancy, pregnancy hypertensive
disorders, a family history of type 2 dia-
betes mellitus, did less physical activity
and consumed less alcohol.
Incident primary CVD events reported

in 1,161 parous women during a median
of 25.7 years of follow up (1.1 events per
1,000 person-years) included 612 myocar-
dial infarctions (MI) and 553 strokes.
Those women with a history of GDM had
a 60% greater risk of developing CVD
during follow up (hazard ratio [HR] 1.60,
95% confidence interval [CI] 1.26–2.04).
Additional adjustment for potential con-
founding factors moderately attenuated
the associations (HR 1.29, 95% CI: 1.01–
1.65). A history of GDM was still posi-
tively associated with MI risk (HR 1.45,
95% CI: 1.05–1.99) in the fully adjusted
model, but there was no positive correla-
tion with stroke risk.
Interestingly, among those nurses with

a history of GDM, 1,008 (19.0%) devel-
oped type 2 diabetes mellitus as compared
with the 4,078 (4.8%) nurses without prior
GDM. Compared with the reference
group of parous women without GDM or
type 2 diabetes mellitus, a more than
threefold higher risk of CVD was found
for women with both GDM and type 2
diabetes mellitus or type 2 diabetes melli-
tus only compared with women without
diabetes mellitus (HR 3.71, 95% CI: 1.79–
7.67 and HR 3.74, 95% CI: 1.85–7.53,

respectively) in the fully adjusted model.
One critical issue is whether there were
any protective effects on future CVD in
the women who had a history of GDM
without progression to type 2 diabetes
mellitus, possibly as a result of the mainte-
nance of healthy lifestyle habits. The find-
ings of the present study clearly show that
women with a history of GDM, but with-
out progression to type 2 diabetes mellitus,
did not have a higher CVD risk after
adjusting for weight changes and other
lifestyle factors. Similar trends were found
for MI and stroke outcomes. These phe-
nomena were further demonstrated by
results showing that GDM was not associ-
ated with CVD risk during follow up
among women who scored in the upper
half of the cohort for dietary quality. Most
of these women carried out at least 500
metabolic equivalent min/week of physical
activity, were never smokers and had a
body mass index of <25.0 kg/m2. Addi-
tionally, among women with at least three
out of the four above-mentioned healthy
lifestyle factors, a history of GDM was not
associated with increased CVD risk.
Although the absolute risk difference

was quite low (0.5 additional events per
1,000 person-years), the findings from
this longitudinal study confirmed previ-
ous studies that found a history of GDM
was associated with a modest higher risk
of CVD compared with women without
a history of GDM. It is interesting to
note that adjusting for updated lifestyle
risk factors for CVD explained some, but
not all, of this relationship. Furthermore,
it is encouraging that GDM was not
shown to be associated with CVD risk
among women who live with healthier
behavior profiles (such as having a
healthy diet, more physically active, never
smoker, or not overweight or obese).
There are several concerns with respect

to a history of GDM and outcomes
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(incident non-fatal and outcomes of fatal
MI and stroke), as some of the patients’
information was self-reported. As such,
some data might have been misclassified.
However, the authors stated that self-
reported GDM was previously validated
against medical records in a subgroup of
the Nurses’ Health Study II participants
in a 1991 questionnaire, with 94% of
cases confirmed3. The outcomes of diag-
nosis were either ascertained by review of
medical records with participants’ con-
sent or by examining death certificates
and autopsy reports. We do not know
how many outcomes were confirmed by
those measures. In addition, both physi-
cal activities and dietary records were
assessed once every 4 years and con-
verted into metabolic equivalent tasks, so
the healthy dietary pattern adherence
scores were relatively arbitrary. Further-
more, we do not know how genetic
determinants might interact with lifestyle
patterns and influence the development
of MetS, diabetes mellitus or even CVD
risks in those women with a history of
GDM. The nurses who participated in
this study were mainly white women
(89% of those with GDM, 92% of those
without GDM), which might preclude
generalizing the results to other races.
However, a recent study in which nearly
half of the female participants were black
reported a very similar finding4. In the
Coronary Artery Risk Development in
Young Adults study, investigators

enrolled 898 young women (age 10–
30 years, among them, 47% were black)
who did not have diabetes mellitus and
heart disease at baseline (1985–1986),
delivered one or more post-baseline
births, reported a history of GDM and
had common carotid intima media thick-
ness (ccIMT; mm) measured in the years
2005–2006. A total of 119 (13%) reported
GDM (7.6/100 deliveries), with an aver-
age age of 31 years at the last birth dur-
ing the 20-year follow-up period. In 777
women without subsequent development
of MetS or diabetes mellitus, the mean
ccIMT was 0.023 mm higher for GDM
vs non-GDM groups after controlling for
race, age, parity and pre-pregnancy body
mass index (0.784 vs 0.761, P = 0.039).
Addition of the pre-pregnancy insulin
resistance index had a minor impact on
the adjusted mean net ccIMT difference
(0.22 mm). The mean ccIMT did not
differ by GDM status among 121 women
who developed diabetes mellitus or MetS
(P = 0.58). The authors concluded that a
history of GDM might be a marker for
early atherosclerosis independent of pre-
pregnancy obesity. Additionally, investi-
gators from the Coronary Artery Risk
Development in Young Adults study
recently found that a history of GDM
among black women was associated with
the subsequent development of chronic
kidney disease (defined by an estimated
glomerular filtration rate <60 mL/min/
1.73 m2 or a urine albumin:creatinine

ratio ≥25 mg/g), with a mean follow up
of 20.8 years5.
The main message is that GDM is

possibly related to future CVD risk, but
only in women with a sustained
unhealthy lifestyle after pregnancy. Those
women who maintained physical activity
with at least 500 metabolic equivalents
min/week, were never smokers, increased
dietary quality with less weight gain and
kept a body mass index of <25.0 kg/m2

had a lower chance of developing future
CVD, despite having GDM before (Fig-
ure 1). Further studies to evaluate long-
term health interventions in women with
a history of GDM among different races
are clearly warranted.
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Figure 1 | Women who had history of gestational diabetes mellitus (GDM) had a lower chance of developing future cardiovascular disease (CVD)
if they maintained physical activity, had increased dietary quality and had lower weight gain. Dot line denotes less chance. DM, diabetes mellitus;
Non DM, without diabetes mellitus.
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