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OBJECTIVE

Women who have gestational diabetes mellitus (GDM) have elevated lifetime
risks for the development of type 2 diabetes mellitus (T2DM) and cardiovascular
disease (CVD), compared with their peers. However, it is not knownwhether their
risk of CVD is dependent upon the development of T2DM. Thus, we sought to
evaluate the role of T2DM in determining vascular outcomes in women with
previous GDM.

RESEARCH DESIGN AND METHODS

All women in Ontario, Canada, with a live-birth pregnancy between April 1994 and
March 2014 (n = 1,515,079) were stratified into the following four groups: women
with GDM in whom T2DM subsequently developed (n = 15,585, median age
32 years); those with GDM in whom T2DM did not develop (n = 41,299; median
age 32 years); women who did not have GDM but in whom T2DM developed (n =
49,397; median age 31 years); and those with neither GDM nor T2DM (n =
1,408,798; median age 30 years). Women were followed over a median time of
10.0 years for the development of microvascular and macrovascular outcomes.

RESULTS

Among women who had GDM, only those in whom T2DM developed had an
increased risk of vitrectomy/photocoagulation (hazard ratio [HR] 4.49, 95% CI
3.90–5.17), renal dialysis (HR 7.52, 5.24–10.81), and hospitalization for foot in-
fection (HR 4.32, 3.42–5.46) (all P < 0.0001). However, for macrovascular out-
comes, both women with GDM in whom T2DM developed and those in whom
T2DM did not develop had increased risks of CVD (HR 2.82; 2.41–3.30; P < 0.0001;
and HR 1.30; 1.07–1.59; P = 0.008, respectively) and coronary artery disease (HR
3.54; 2.96–4.23; P < 0.0001; and HR 1.41; 1.11–1.80; P = 0.005, respectively),
although absolute event rates were very low.

CONCLUSIONS

Women with GDM have an elevated risk of cardiovascular outcomes, even in the
absence of T2DM. In contrast, microvascular risk emerges only in those in whom
T2DM develops.

1Lunenfeld-Tanenbaum Research Institute,
Mount Sinai Hospital, Toronto, Canada
2Leadership Sinai Centre for Diabetes, Mount
Sinai Hospital, Toronto, Canada
3Division of Endocrinology, University of Toronto,
Toronto, Canada
4Department of Medicine, Sunnybrook Health
Sciences Centre, Toronto, Canada
5Institute for Clinical and Evaluative Sciences,
Toronto, Canada
6Institute for Health PolicyManagement and Eval-
uation, University of Toronto, Toronto, Canada

Correspondingauthor: Baiju R. Shah, baiju.shah@
ices.on.ca.

Received 29 June 2016 and accepted 6 October
2016.

This article contains Supplementary Data online
at http://care.diabetesjournals.org/lookup/
suppl/doi:10.2337/dc16-1400/-/DC1.

© 2017 by the American Diabetes Association.
Readers may use this article as long as the work
is properly cited, the use is educational and not
for profit, and the work is not altered. More infor-
mation is available at http://www.diabetesjournals
.org/content/license.

Ravi Retnakaran1–3 and Baiju R. Shah3–6

Diabetes Care Volume 40, January 2017 101

P
A
TH

O
P
H
Y
SIO

LO
G
Y
/C
O
M
P
LIC

A
TIO

N
S

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/40/1/101/519487/dc161400.pdf by guest on 19 M

ay 2023

http://crossmark.crossref.org/dialog/?doi=10.2337/dc16-1400&domain=pdf&date_stamp=2016-11-23
mailto:baiju.shah@ices.on.ca
mailto:baiju.shah@ices.on.ca
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-1400/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-1400/-/DC1
http://www.diabetesjournals.org/content/license
http://www.diabetesjournals.org/content/license


The diagnosis of gestational diabetes
mellitus (GDM) identifies a population
of women who have an elevated risk of
the development of type 2 diabetes
mellitus (T2DM) in the future (1–3).
This well-established clinical association
between GDM and T2DM is a reflection
of their shared pathophysiology (2,3).
Specifically, women with GDM have a
defect in pancreatic b-cell function
that becomes clinically apparent as in-
sufficient compensation for the insulin
resistance of late pregnancy, resulting in
the antepartum hyperglycemia bywhich
GDM is diagnosed (2,3). After delivery,
ongoing worsening of this b-cell defect
can be detected as early as the first year
postpartum (4,5) and, coupled with in-
sulin resistance, ultimately underlies the
risk of subsequent progression over
time to prediabetes and T2DM (6–8).
In light of this pathophysiology, it is
not surprising that GDM is a robust pre-
dictor of future T2DM, with affected
women exhibiting a greater than seven-
fold higher incidence of T2DM, com-
pared with their peers (1).
In recent years, it has emerged that

women in whom GDM develops also
have an increased future risk of cardio-
vascular disease (CVD) (9–17). Indeed,
despite their relative youth (i.e., being
of childbearing age), women with GDM
have an elevated risk of clinical CVD
events compared with their peers that
is apparent within just over a decade
after the index pregnancy (15). How-
ever, it is not known whether this risk
of CVD is dependent upon the develop-
ment of T2DM (12,13), a distinction that
could have implications for appropriate
clinical surveillance and risk modifica-
tion. Specifically, if their cardiovascular
risk is entirely dependent upon T2DM,
then assessment for glycemic deteri-
oration may be sufficient for vascular
screening in this population. Conversely,
if their likelihood of CVD is not solely
determined by T2DM, then even those
individuals whose conditions do not
progress to T2DM may warrant surveil-
lance in this regard. Thus, to address
this question, we sought to evaluate
the role of T2DM in determining vascu-
lar outcomes in women with previous
GDM.

RESEARCH DESIGN AND METHODS

Weconducted a population-based cohort
study using health care administrative

databases from the Ministry of Health
and Long-Term Care of Ontario, Can-
ada. These databases included hospital
discharge abstracts from all hospitali-
zations, physician service claims, and
demographic data for all residents eli-
gible for health care in Ontario. Indi-
viduals are linked between all data
sources through a unique and repro-
ducibly encrypted health card number.
The MOMBABY database is derived from
the hospitalization data and links hospi-
talization records of delivering mothers
with their newborns. The Ontario Dia-
betes Database (ODD) is a validated
registry of physician-diagnosed non-
gestational diabetes mellitus that is de-
rived using these data (18). The study
was approved by the institutional re-
view board of Sunnybrook Health Sci-
ences Centre.

The study population consisted of all
women 15–54 years of age who had
a live-birth delivery between April
1994 and March 2014. Women with
pregestational diabetes mellitus were
identified through the ODD and were ex-
cluded from the study, as were women
who had previous CVD. For women with
multiple eligible pregnancies, one was
selected at random. Selecting the most
recent pregnancy would have mini-
mized the follow-up time for the study,
whereas selecting the first pregnancy
(when women were youngest) would
have minimized the prevalence of GDM.
We therefore selected a random preg-
nancy for those women with multiple
pregnancies so that the impact of these
two competing factors on the analysis
would be balanced and so that any po-
tential biases relating to birth sequence
would be mitigated. Baseline character-
istics identified for each woman were
age at index delivery, socioeconomic
status (ascertained ecologically based
on neighborhood household income,
divided into quintiles), and rurality of
residence (using the Rurality Index of
Ontario score) (19).

For each woman, the presence or ab-
sence of GDM in the index pregnancy
was ascertained from the diagnostic
codes associated with the delivery
hospitalization, and the development
of diabetes mellitus (DM) during the
follow-up period was ascertained from
postpartum entry into the ODD. Women
were divided into four mutually exclusive
exposure groups based on these two

factors: GDM and then DM, GDM and
no DM, no GDM and then DM, no GDM
and no DM.

All women were observed for out-
come events until March 2015. The pri-
mary outcome of interest was a CVD
event, defined as a hospitalization for
myocardial infarction, acute coronary
syndrome, coronary artery bypass sur-
gery, percutaneous coronary interven-
tion (PCI), stroke, transient ischemic
attack, or carotid endarterectomy. The
other macrovascular outcome, coronary
artery disease (CAD) events, was a sub-
set of the primary outcome consisting
of hospitalizations for myocardial in-
farction, acute coronary syndrome, cor-
onary artery bypass surgery or PCI.
Microvascular outcomes were 1) reti-
nopathy procedures (physician service
claims for laser photocoagulation or
vitrectomy) and 2) incident dialysis
(based on physician service claims, ex-
cluding women who were already re-
ceiving dialysis prior to pregnancy).
We also evaluated hospitalizations
for foot infections (hospitalization
for foot ulcer, lower extremity celluli-
tis, or lower extremity osteomyelitis),
recognizing that this outcome may
have both microvascular (neuropathy)
and macrovascular (peripheral vascu-
lar) components, the relative contri-
butions of which may vary between
individuals.

Baseline characteristics were com-
pared among the four exposure groups.
Cumulative incidence curves for the
primary outcome and each of the sec-
ondary outcomes were constructed
as 1 minus the Kaplan-Meier survival
curve. Cox proportional hazards regres-
sion was used to model the independent
association of the exposure group with
each outcome, censoring at death, the
end of health care eligibility, or the end
of follow-up. Models were constructed
both unadjusted, and adjusting for age,
income, and rurality. Sensitivity analy-
ses were performed for the cardiovas-
cular models with further adjustment
for diagnosed hypertension and dyslipi-
dema. Analyses were performed using
SAS version 9.3 (SAS Institute, Inc.,
Cary, NC).

RESULTS

The 1,515,079 women comprising the
study population were observed over
a median period of 10.0 years and
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stratified into four groups, as follows: 1)
those who had GDM and then DM de-
veloped during follow-up (GDM and
then DM; n = 15,585); 2) those who
had GDMbut DM did not develop during
follow-up (GDM and no DM; n = 41,299);
3) those who did not have GDM but DM
developed during follow-up (no GDM
and then DM; n = 49,397); and 4) those
who did not have GDM or subsequent
DM (no GDM and no DM; n = 1,408,798).
Table 1 shows that age at the index
pregnancy was higher in the GDM
groups, while socioeconomic status (as
measured by income quintile) was lower
in the two groups in which DM devel-
oped. Diagnosed hypertension was
more common in the groups in which
DM developed, whereas diagnosed
dyslipidemia was more prevalent in
the two GDM groups. As shown in
Supplementary Table 1, absolute event
rates of the study outcomes were
all ,1/1,000 person-years, except for
retinopathy in women with GDM in
whom DM subsequently developed,
where the rate was 1.1/1,000 person-
years (i.e., if 100 such women were
observed for a median period of
10 years, one would have retinopa-
thy requiring laser photocoagulation
or vitrectomy). Cardiovascular and
CAD events were less frequent, al-
though events in women with GDM
not followed by DM were ;25% more
frequent than in women with neither
GDM nor DM. On average, the events

occurred ;10 years after the index
pregnancy, when the women were in
their 40s (Supplementary Table 1).

Microvascular Outcomes
Figure 1 shows the incidence of retinop-
athy procedures (vitrectomy or photo-
coagulation) (Fig. 1A), initiation of
dialysis (Fig. 1B), and hospitalization
for foot ulcer (Fig. 1C) in each of the
four groups across the duration of
follow-up. The risk of retinopathy pro-
cedures was elevated in both of the
groups in which DMwent on to develop,
as follows: 1) GDM and then DM (HR
5.23; 95% CI 4.55–6.01; P , 0.0001);
and 2) no GDM and then DM (HR 2.28;
2.06–2.53; P , 0.0001) (Table 2).
However, the GDM and no DM group
had no increased risk compared with
the reference group (no GDM and no
DM). These findings were unchanged
upon adjustment for age, income, and
region of residence (Table 2). The ab-
solute event rates per 1,000 patient-
years were 0.22 in the no GDM and no
DM group, 0.22 in the GDM and no DM
group, 0.54 in the no GDM and then DM
group, and 1.13 in the GDM and then
DM group (Supplementary Table 1).

The same pattern was seen for the
initiation of dialysis, with increased risk
in GDM and then DM group (HR 7.72;
95% CI 5.40–11.04; P , 0.0001) and
the no GDM and then DM group (HR
5.02; 3.99–6.33; P , 0.0001), but not
in the GDM and no DM group (P =

0.56). Again, the findings were un-
changed in the adjusted analysis. The
absolute event rates per 1,000 patient-
years were 0.023 in the no GDM and no
DM group, 0.025 in the GDM and no DM
group, 0.13 in the no GDM and then DM
group, and 0.18 in the GDM and then
DM group (Supplementary Table 1). Fi-
nally, the very same pattern applied to
hospitalization for foot infection, as
well. This risk was elevated in the GDM
and then DM group (HR 4.32; 3.42–5.45;
P, 0.0001) and in the no GDM and then
DM group (HR 4.22; 3.73–4.78; P ,
0.0001), but not in the GDM and no
DM group (P = 0.64), with no salient
change upon covariate adjustment
(Table 2). The absolute event rates per
1,000 patient-years were 0.093 in the
no GDM and no DM group, 0.098 in
the GDM and no DM group, 0.41 in
the no GDM and then DM group, and
0.41 in the GDM and then DM group
(Supplementary Table 1). Thus, although
event rates were modest, the risk of
microvascular outcomes was present
only in the women in whom DM went
on to develop during postpartum
follow-up.

Macrovascular Outcomes
Figure 2 shows the incidence of CVD
events (Fig. 2A) and CAD events (Fig.
2B) in each of the four groups across
the follow-up period. As with microvas-
cular outcomes, the risk of CVD events
was elevated in both of the groups in

Table 1—Characteristics of the study population stratified into the following four groups: 1) women who had neither GDM nor
subsequent DM, 2) women who did not have GDM but then developed DM, 3) women who had GDM but did not develop DM,
and 4) women who had GDM and then subsequent DM

No GDM and no
DM (N = 1,408,798)

No GDM and then
DM (N = 49,397)

GDM and no
DM (N = 41,299)

GDM and then
DM (N = 15,585) P

Age (years) 30 (26–34) 31 (27–35) 32 (29–36) 32 (29–36) ,0.001

Income quintile
Lowest 312,293 (22.2) 15,064 (30.5) 10,788 (26.1) 4,717 (30.3) ,0.001
Second 286,212 (20.3) 10,697 (21.7) 9,065 (21.9) 3,382 (21.7)
Third 283,435 (20.1) 9,402 (19.0) 8,501 (20.6) 3,085 (19.8)
Fourth 286,194 (20.3) 8,254 (16.7) 7,516 (18.2) 2,576 (16.5)
Highest 233,587 (16.6) 5,635 (11.4) 5,154 (12.5) 1,707 (11.0)
Missing 7,077 (0.5) 345 (0.7) 275 (0.7) 118 (0.8)

Region of residence
Urban 1,062,180 (75.4) 39,476 (79.9) 34,402 (83.3) 13,072 (83.9) ,0.001
Semiurban 244,660 (17.4) 6,740 (13.6) 4,857 (11.8) 1,680 (10.8)
Rural 88,159 (6.3) 2,447 (5.0) 1,571 (3.8) 572 (3.7)
Missing 13,799 (1.0) 734 (1.5) 469 (1.1) 261 (1.7)

Hypertension 27,365 (1.9) 2,273 (4.6) 1,794 (4.3) 1,069 (6.9) ,0.001

Dyslipidemia 24,178 (1.7) 1,452 (2.9) 1,600 (3.9) 816 (5.2) ,0.001

Categorical data are presented as n (%); age is presented as median (interquartile range).
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which DM went on to develop: 1) the
GDM and then DM group: HR 3.38;
95% CI 2.89–3.96; P , 0.0001; and 2)
the no GDM and then DM group: HR
2.18; 1.98–2.39; P , 0.0001 (Table 2).
However, unlikewithmicrovascular out-
comes, the GDM and no DM group also
exhibited an increased risk of CVD
events (HR 1.53; 1.26–1.86; P ,
0.0001). These findings were unchanged
upon adjustment for age, income, and
region of residence (Table 2). The abso-
lute number of event rates per 1,000
patient-years were 0.26 in the no GDM
and no DM group, 0.33 in the GDM and

no DM group, 0.67 in the no GDM and
then DM group, and 0.89 in the GDM
and then DM group (Supplementary
Table 1). The same pattern was seen
for CAD events, with increased risk in
the GDM and then DM group (HR 4.44;
3.72–5.30; P, 0.0001), the no GDMand
then DM group (HR 2.49; 2.22–2.78; P,
0.0001), and the GDM and no DM group
(HR 1.73; 1.36–2.20; P, 0.0001). Again,
these findings were unchanged on the
adjusted analysis. The absolute event
rates per 1,000 patient-years were
0.16 in the no GDM and no DM group,
0.22 in the GDM and no DM group, 0.47

in the no GDM and then DM group, and
0.70 in the GDM and then DM group
(Supplementary Table 1).

Finally, we performed sensitivity anal-
yses with further adjustment for the car-
diovascular risk factors of diagnosed
hypertension and dyslipidemia. The
findings again remained unchanged on
these analyses for both CVD and CAD,
with increased risks of each outcome
in the GDM and then DM group (CVD:
HR 2.58; 95% CI 2.20–3.02; P , 0.0001;
CAD: HR 3.23; 2.70–3.86; P , 0.0001),
the no GDM and then DM group (CVD:
HR 1.90; 1.72–2.08; P, 0.0001; CAD: HR
2.12; 1.89–2.38; P , 0.0001), and the
GDM and no DM group (CVD: HR 1.26;
1.03–1.53; P = 0.02; CAD: HR 1.36; 1.06–
1.73; P , 0.01) (data not shown). We
also performed sensitivity analyses in
which PCI was not included in the defi-
nitions of CVD and CAD. As shown in
Supplementary Table 2, the findings
were unchanged with the exclusion of
PCI. It thus emerges that the risk of mac-
rovascular outcomes of CVD and CAD
was elevated in women with GDM,
even if T2DM did not develop.

CONCLUSIONS

In this study, we demonstrate that, al-
though absolute event rates are low,
the risks of CVD and CAD are highest
in women who have GDM in whom
T2DM subsequently develops, followed
by those in whom T2DM develops in
the absence of preceding GDM. Impor-
tantly, however, women with GDM in
whom T2DM does not develop still
have an elevated risk of CVD and CAD.
In contrast, the risks of microvascular
outcomes of advanced retinopathy pro-
cedures, the initiation of renal dialysis,
and hospitalization for foot infection
are only increased in women in whom
T2DM develops. It thus emerges that, in
women with GDM, future microvascular
risk is dependent upon subsequent
T2DM, whereas their macrovascular
risk is elevated even in the absence of
T2DM.

In an earlier study involving 8,191
women with GDM and 81,262 control
subjects, adjustment for the develop-
ment of T2DM attenuated the relation-
ship between GDM and subsequent
CVD, leading to the suggestion that in-
tervening T2DM drives the enhanced
cardiovascular risk observed in this pop-
ulation (15). Conversely, however, since
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Figure 1—Cumulative incidence of retinopathy procedures (vitrectomy or photocoagulation)
(A), initiation of renal dialysis (B), and hospitalization for foot infection (C) in each of the
following four groups: 1) GDM and then DM; 2) GDM and no DM; 3) no GDM and then DM;
and 4) no GDM and no DM.
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the atherosclerotic process takes many
years to manifest clinically, the emer-
gence of a higher incidence of CVD
events in just over a decade after a
GDM pregnancy raises the possibility
that insufficient time exists for the post-
partum development of T2DM to fully
account for this pathology. Thus, the
current study was designed to address
this key question. This study was con-
ducted in a much larger population
of .1.5 million women (including
56,884 women with GDM) who were
stratified based on both 1) whether or
not they had GDM and 2) whether or
not T2DM subsequently developed.
With this approach, it is apparent that
incident diabetes indeed amplifies the
risk of CVD, as would be expected.
More importantly, however, we directly
demonstrate that, even if T2DM does
not develop, women with GDM still
have higher incidence rates of both
CVD and CAD events in the first decade
postpartum, compared with their peers
(although it must be recognized that ab-
solute event rates are low).
After a pregnancy complicated by

GDM, it is recommended that women

undergo oral glucose tolerance testing
to ascertain diabetes status. In clinical
practice, however, it is widely recog-
nized that the rates of this recom-
mended postpartum testing remain
suboptimal across jurisdictions (20). Ac-
cordingly, it is possible and, even likely,
that our GDM and no DM group in-
cluded some women with undiagnosed
T2DM. In this regard, the comparison of
relative microvascular and macrovascu-
lar risks across the four study groups
may offer relevant insight. Specifically,
it is clear from our analyses that, irre-
spective of GDM status, women in
whom T2DM develops have increased
risks for all of the microvascular and
macrovascular outcomes under study.
As such, any undiagnosed diabetes in
the GDM and no DM cohort should ef-
fectively increase the likelihood of each
of these outcomes within that group.
Of note, however, women in the GDM
and no DM group exhibited increased
risks only for CVD and CAD, and not for
the microvascular end points. These
findings suggest that undiagnosed
T2DM is thus unlikely the underlying
basis for their macrovascular risk. As the

incidence of impaired glucose tolerance
(IGT) is known to be much higher in
womenwith previous GDM than in their
peers (8,21), it is possible that the po-
tential cardiovascular risk implications
of IGT may be relevant, but this remains
conjecture at this time (our administra-
tive data sources do not provide reliable
tracking of IGT). The current findings
would suggest that, if IGT is indeed con-
tributing to macrovascular risk in this
patient population, then it does so with-
out increasing the incidence of micro-
vascular outcomes during the 10 years
after the index pregnancy. Further-
more, these data underscore the gen-
eral concept that the microvascular
outcomes are specifically associated
with diabetes.

Since their cardiovascular risk is not
entirely attributable to T2DM, we need
to consider other possible contributors
in women with GDM. Although our sen-
sitivity analyses found that clinically di-
agnosed hypertension and dyslipidemia
did not fully account for the observed
differential in macrovascular risk, there
exists the possibility of their underdiag-
nosis in young women. In this context,

Table 2—HRs with 95% CI for each of the following outcomes: (I) retinopathy procedures, (II) dialysis initiation, (III)
hospitalization for foot infection, (IV) CVD events, and (V) CAD events

Unadjusted Adjusted

HR 95% CI P HR 95% CI P

(I) Retinopathy procedures
GDM and then DM 5.23 (4.55–6.01) ,0.0001 4.49 (3.90–5.17) ,0.0001
GDM and no DM 1.11 (0.88–1.41) 0.39 0.96 (0.75–1.21) 0.71
No GDM and then DM 2.28 (2.06–2.53) ,0.0001 2.16 (1.95–2.40) ,0.0001
No GDM and no DM Reference Reference

(II) Dialysis initiation
GDM and then DM 7.72 (5.40–11.04) ,0.0001 7.52 (5.24–10.81) ,0.0001
GDM and no DM 1.23 (0.61–2.49) 0.56 1.25 (0.62–2.52) 0.54
No GDM and then DM 5.02 (3.99–6.33) ,0.0001 4.79 (3.80–6.05) ,0.0001
No GDM and no DM Reference Reference

(III) Foot infection hospitalization
GDM and then DM 4.32 (3.42–5.45) ,0.0001 4.32 (3.42–5.46) ,0.0001
GDM and no DM 1.09 (0.76–1.55) 0.64 1.13 (0.79–1.62) 0.50
No GDM and then DM 4.22 (3.73–4.78) ,0.0001 4.10 (3.62–4.65) ,0.0001
No GDM and no DM Reference Reference

(IV) CVD events
GDM and then DM 3.38 (2.89–3.96) ,0.0001 2.82 (2.41–3.30) ,0.0001
GDM and no DM 1.53 (1.26–1.86) ,0.0001 1.30 (1.07–1.59) 0.008
No GDM and then DM 2.18 (1.98–2.39) ,0.0001 2.01 (1.82–2.20) ,0.0001
No GDM and no DM Reference Reference

(V) CAD events
GDM and then DM 4.44 (3.72–5.30) ,0.0001 3.54 (2.96–4.23) ,0.0001
GDM and no DM 1.73 (1.36–2.20) ,0.0001 1.41 (1.11–1.80) 0.005
No GDM and then DM 2.49 (2.22–2.78) ,0.0001 2.25 (2.01–2.52) ,0.0001
No GDM and no DM Reference Reference

For each of the groups, the HR is shown unadjusted and after adjustment for age, income, and region of residence. For each outcome, the reference
group is no GDM and no DM.
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it should be noted that several car-
diovascular risk factors are known to
be more prevalent in women with GDM,
compared with their peers (9–13). These
features include higher rates of meta-
bolic syndrome, hypertension, elevated
levels of C-reactive protein, hypoadi-
ponectinemia, and dyslipidemia (in-
cluding low levels of HDL cholesterol,
and elevated levels of triglycerides, LDL
cholesterol, apolipoprotein-B, and small
dense LDL particles) (10,22–31). More-
over, the presence of each of the above
risk factors in women with GDM has
been demonstrated as early as 3 months
postpartum (24,28,29), suggesting a
chronicity that could provide sufficient
duration of exposure to contribute
to atherosclerosis. Indeed, a growing
body of literature (32–34) suggests
that cardiometabolic abnormalities
may precede the pregnancy in women
in whom GDM develops, the diagnosis
of which results from population glu-
cose tolerance screening in the setting
of the physiologic stress test posed for
the b-cells by the insulin resistance of
late gestation (a test that they are des-
tined to fail because of their b-cell

defect). In this way, the diagnosis of
GDM can be seen as identifying a phe-
notype with an enhanced lifetime risk
not for only T2DM (as per their b-cell
defect), but also for CVD (due to a long-
standing enhanced cardiovascular risk
factor profile).

Although we show that preceding
T2DM does not fully account for the in-
cidence of CVD in women with previous
GDM, it is clear that the development
of T2DM in this patient population
yields the greatest cardiovascular risk.
Indeed, as shown in Fig. 2 and Table 2,
this risk is much higher than that of the
no GDM and then DM group, possibly
reflecting the impact of differences in
the underlying chronic risk factor profile
of women in whom GDM develops and
in those in whom it does not develop.
Furthermore, comparison of the no
GDM and then DM group with the
GDM and no DM group suggests that
the relative impact of incident T2DM
on CVD and CAD outcomes likely ex-
ceeds that of the cardiovascular risk fac-
tor profile of women with GDM.

A limitation of this study is that our
administrative data sources do not

distinguish between T2DM and type 1
diabetes. However, in women with pre-
vious GDM, the vast majority of subse-
quent diabetes will be T2DM, as per the
shared pathophysiology of both condi-
tions. Second, with the median 10-year
follow-up period of this study, we can-
not exclude the possibility that women
with GDM in whom T2DM does not
develop may be at increased risk of mi-
crovascular outcomes after the first de-
cade postdelivery. In this context, the
current data emphasize that screening
for the development of T2DM in this
patient population may be important
for identifying those women who may
be at risk for the early presentation of
these outcomes in the first decade. An-
other limitation is that the databases
do not track the actual measurements
of cardiovascular risk factors such as
lipids, A1C, and blood pressure, which
might otherwise provide insight into
the underlying basis of the enhanced
macrovascular risk of women with GDM
in whom diabetes does not develop.
Conversely, though, the population-
based nature of our data has made it
possible to study the impact of both
GDM and subsequent diabetes in all
pregnant women in the population and
thereby conclusively demonstrate the
latter risk.

As would be expected in a population
of young women of childbearing age ob-
served for median period of 10.0 years,
the absolute incidence of the vascular
outcomes is not very high. Indeed, the
absolute event rates were all ,1/1,000
patient-years (with the exception of the
rate of 1.14 for retinopathy procedures
in women with GDM and then DM).
However, the clinical importance of
these data relates to the implications
for vascular risk assessment. First, the
higher incidence of macrovascular out-
comes in women in whom T2DM de-
velops after GDM, compared with
those who have no history of preceding
GDM, suggest that the former group
may warrant a heightened index of
suspicion in clinical practice for earlier
presentation of CVD. Second, among
women who do not have diabetes,
the higher incidence of macrovascular
outcomes in those with preceding
GDM raises the possibility that, despite
their relative youth, this patient group
potentially may benefit from earlier
cardiovascular risk factor assessment
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Figure 2—Cumulative incidence of CVD events (A) and CAD events (B) in each of the following
four groups: 1) GDM and then DM; 2) GDM and no DM; 3) no GDM and then DM; and 4) no GDM
and no DM.
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and optimization. Indeed, although their
event rates are not very high within the
first decade after a pregnancy at a
mean age of 32 years, this early presen-
tation of enhanced macrovascular risk
suggests that the long-term benefit of
risk factor modification may be particu-
larly great in this patient population (one
that had not been previously recognized
as being at elevated risk, in contrast with
individuals with diabetes). It should be
noted that, based on the current data,
we cannot suggest that early risk factor
screening and modification is necessary,
as such practices may not be cost effec-
tive in such a large patient population in
which the absolute risk of cardiovascular
events remains low. Rather, the current
demonstration that consideration of
both GDM history and subsequent DM
status stratifies cardiovascular risk even
when the incidence is low in the first
decade postpartum raises the possibil-
ity that this insight could hold relevance
for risk factor evaluation and modifica-
tion later in life, as the women move
through middle age and its attendant
increase in the incidence of vascular
outcomes. Ultimately, the clinical value
of such insight and the cost-effectiveness
of strategies for acting upon it later in
life will need direct evaluation in future
studies.
In summary, although event rates are

low, women in whom GDM is diagnosed
have an elevated risk for the future de-
velopment of CVD and CAD, whether or
not T2DM develops in the years after
the pregnancy. Progression to T2DM
only modifies the magnitude of this
risk increment. In contrast, the risks of
advanced retinopathy, nephropathy,
and foot infection outcomes are only in-
creased in women in whom T2DM de-
velops. Thus, future macrovascular risk
is an inherent feature of GDM, irrespec-
tive of subsequent T2DM, whereas mi-
crovascular risk emerges only in those
in whom T2DM develops.
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