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OBJECTIVE

Womenwhodevelopgestational diabetesmellitus (GDM)haveanelevated lifetime
risk of cardiovascular disease, which has been attributed to an adverse cardio-
vascular risk factor profile that is apparent even within the first year postpartum.
Given its presence in the early postpartum, we hypothesized that this adverse
cardiovascular risk factor profile may develop over time in the years before
pregnancy.

RESEARCH DESIGN AND METHODS

With population-based administrative databases, we identified all nulliparous
women in Ontario, Canada, who had singleton pregnancies between January
2011 andDecember 2016 and two ormoremeasurements of the following analytes
between 2007 and the start of pregnancy: A1C, fasting glucose, random glucose,
lipids, and transaminases. This population consisted of 8,047 women who de-
veloped GDM and 93,114 women who did not.

RESULTS

The twomost recent pregravid tests were performed at amedian of 0.61 years and
1.86 years before pregnancy, respectively. Women who went on to develop GDM
had higher pregravid A1C, fasting glucose, random glucose, LDL cholesterol,
triglycerides, and ALT and lower HDL cholesterol than their peers (all P <

0.0001). Notably, in the years before pregnancy, women who went on to develop
GDM had higher annual increases than their peers in A1C (1.9-fold higher)
(difference 0.0089%/year [95% CI 0.0043–0.0135]) and random glucose (4.3-fold),
greater annual decrease in HDL cholesterol (5.5-fold), and lesser annual decline in
LDL cholesterol (0.4-fold) (all P £ 0.0002). During this time, fasting glucose and
triglycerides increased in women who developed GDM but decreased in their
peers (both P < 0.0001).

CONCLUSIONS

The adverse cardiovascular risk factor profile of women with GDM evolves over
time in the years before pregnancy.
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It has been known for.50 years that the
diagnosis of gestational diabetesmellitus
(GDM) identifies a population of women
who are at risk for ultimately developing
type 2 diabetes mellitus (T2DM) (1,2). In
the past decade, it has emerged that
women with a history of GDM also have
anelevated lifetime riskof cardiovascular
disease (CVD) (3,4). As demonstrated in
a recent meta-analysis (5), women with
previous GDM have a twofold higher risk
of CVD that emerges within the first
decade after pregnancy and is not de-
pendent on the intercurrent develop-
ment of T2DM. This increased risk of
CVD has been attributed to their en-
hanced cardiovascular risk phenotype,
as evidenced by higher prevalence rates
of vascular risk factors in the years after
delivery (3,6–8). Indeed, by as early as
3monthspostpartum,womenwith recent
GDM exhibit higher rates of dysglycemia,
hypertension, elevated LDL cholesterol,
hypertriglyceridemia, low levels of HDL
cholesterol, and metabolic syndrome
(9–11). Its presence in the early post-
partum raises the possibility that this
adverse cardiovascular risk factor profile
may have developed over time in the
years before pregnancy in this otherwise
young healthy patient population. How-
ever, little is known about the natural
history of cardiovascular risk factors be-
fore pregnancy. Thus, our objective in
this study was to elucidate the changes
over time in cardiovascular risk factors in
the years before pregnancy in women
who go on to develop GDM and those
who do not.

RESEARCH DESIGN AND METHODS

We conducted a population-based ret-
rospective cohort study using real-world
data for Ontario, the most populous
province in Canada. The databases in-
cluded records from all hospitalizations
in the province anddemographic data for
all residents eligible for health care in
Ontario. The MOMBABY database is
derived from hospitalization data and
links hospitalization records of delivering
mothers with their newborns. The On-
tario Diabetes Database is a validated
registry of physician-diagnosed non-
GDM that is derived using these data
(12). TheOntario Laboratory Information
System includes data for laboratory
test orders and results from commu-
nity, hospital, and public health labo-
ratories. Laboratories have gradually

enrolled in the Ontario Laboratory In-
formation System to contribute their
data, starting in 2007. Enrollment gen-
erally occurred by region across the
province. Individuals are linked among
all data sources through unique en-
coded identifiers.

Population and Variable Definitions
The derivation of the study population is
shown in Supplementary Fig. 1. We first
identified all nulliparous women aged
20–50 years who had live singleton births
between January 2011 and December
2016. Pregnancies with pre-GDM, on the
basis of either a record in the Ontario
Diabetes Database or pregravid labora-
tory test results diagnostic for diabetes,
were excluded. For each woman, we
examined all available laboratory tests
from 2007 to the start of pregnancy to
find results for A1C, fasting glucose,
random glucose, total cholesterol, LDL
cholesterol, HDL cholesterol, triglycer-
ides, ALT, and AST. The study cohort
consisted of women who had measure-
ment of these analytes on at least two
occasions before the start of their preg-
nancy. In the total population of 309,629
women, there were 208,468 who did not
have two or more laboratory measure-
ments and 101,161 with the required
tests (Supplementary Fig. 1). Aswould be
expected, those who had the laboratory
measurements were slightly older than
those who did not (29.86 4.9 vs. 28.16
4.8 years). They were also slightly more
likely to live in urban areas (81.6% vs.
74.7%), but the women were otherwise
similar in ethnicity and income (data not
shown).

GDM was defined according to the
diagnostic criteria recommended by the
Canadian Diabetes Association (now Di-
abetes Canada) at the time (13). For
women in whom antenatal laboratory
test data were unavailable, GDM was
ascertained on the basis of inclusion of
the diagnosis on their delivery hospi-
talization record. Other baseline cha-
racteristics determined at the start of
pregnancy were maternal age, income
(on the basis of neighborhood median
household income), rurality (14), and
ethnicity (15).

Statistical Analysis
The study population was stratified into
women who developed GDM and those
who did not. For each of the exposure

variables of interest (pregravid A1C, fast-
ing glucose, random glucose, total cho-
lesterol, LDL cholesterol, HDL cholesterol,
triglycerides, ALT, andAST), we compared
the mean values in the GDM and non-
GDM groups on two occasions: the last
measurement before pregnancy and
the preceding measurement (Table 1).
We also compared the mean adjusted
values of these analytes between the
groups on both occasions (Table 2)
after initial adjustment for age (model
1), followed by additional adjustment
for income and rurality (model 2), fol-
lowed by further adjustment for eth-
nicity (model 3).

To study the change over time in these
pregravid laboratory measurements, we
used a linear regression model, esti-
mated using generalized estimating
equation methods with the laboratory
test result as thedependent variable, and
with time,GDM,and the interaction term
between time and GDM as independent
variables.Weassumedanautoregressive
correlation structure for the repeated
measurements on each subject. Using
theb-coefficients of the resultantmodel,
we calculated the slope for the change
over time in the laboratorymeasurement
in women with and without GDM (Table
3). We then fit a similar model with
adjustment first for age (model 1), fol-
lowed by additional adjustment for in-
come and rurality (model 2), followed by
further adjustment for ethnicity (model
3). We used the slopes and intercepts
from the age-adjusted model to plot the
estimated trajectory of each laboratory
test over 5 years before pregnancy in
women with and without GDM. Time was
defined in relation to the start of preg-
nancy. The use of data in this study was
authorized under section 45 of Ontario’s
Personal Health Information Protection
Act, which does not require review by a
research ethics board.

RESULTS

Of 314,829 nulliparous women with live
singleton births, the study population
consisted of 101,161 women in whom
the two pregravid tests closest to ges-
tation were performed at a median of
0.61 years and 1.86 years before preg-
nancy, respectively. Of this study pop-
ulation, 8,047 womenwent on to develop
GDM in pregnancy, and 93,114 did not. As
shown in Table 1, women with GDM were
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slightly older (mean age 31.7 vs. 29.7
years), had a lower socioeconomic status
(as indicated by income quintile), and
were more likely to be of Chinese or
South Asian ethnicity and living in an
urbanarea (allP,0.001).Atboth the last
pregravid test before pregnancy and the
preceding measurement, the women
whowent on to developGDMhadhigher
A1C, fasting glucose, random glucose,
total cholesterol, LDL cholesterol, trigly-
cerides, and ALT and lower HDL choles-
terol thandid their peers (allP,0.0001).

We next compared mean adjusted
values of these pregravid measures be-
tween women who developed GDM and
those who did not (Table 2) after pro-
gressive sequential adjustment for age
(model 1), income and rurality (model 2),
and ethnicity (model 3). At both pregra-
vid tests and with each of these adjust-
ments, women who developed GDM
had a higher mean adjusted A1C, fasting
glucose, random glucose, total choles-
terol, LDL cholesterol, triglycerides, and
ALT and lower HDL cholesterol than

women who did not develop GDM (all
P, 0.0001). Mean adjusted AST did not
differ between the groups.

We next sought to determinewhether
the rate of change over time in these
factors differed between women who
developed GDM and those who did not.
As shown in Table 3, after adjustment for
the covariates noted above, the women
whowent on to developGDMhad higher
annual increases than their peers in A1C
(1.94-fold higher) and random glucose
(4.25-fold), greater annual decrease in
HDL cholesterol (5.53-fold), and lesser
annual declines in total cholesterol (0.31-
fold) and LDL cholesterol (0.42-fold)
(all P # 0.0002). Moreover, during this
time, fasting glucose and triglycerides
increased in women who developed
GDM but decreased in their peers
(both P , 0.0001). The women with
GDM also had a higher annual increase
in ALT (2.65-fold, P 5 0.02), with no
difference between the groups in the
change in AST. These findings of differ-
ential slopes between women with and
without GDM for all these analytes were
unchanged in 1) sensitivity analyses in
which model 3 was further adjusted for
the earliest (baseline) value of the ana-
lyte and 2) sensitivity analyses of model
2 in which women of Chinese and South
Asian ethnicity were excluded, thereby
yielding a primarily White population
(data not shown). It thus emerges that
in the years before pregnancy, the tra-
jectories of glycemic measures, lipids, and
ALT diverged between women who went
ontodevelopGDMandthosewhodidnot.

Figure 1 illustrates the clinical impli-
cations for cardiovascular risk factors by
showing the predicted trajectories of
thesemeasures in the years before preg-
nancy in a 29-year-old woman who goes
on to develop GDM versus a 29-year-old
woman who does not develop GDM.
These trajectories reveal that the rising
A1C over time in women who develop
GDM (Fig. 1A) is driven by rising random
glucose and the absence of the mild
decrement in fasting glucose seen in
their peers (Fig. 1B and C). Conversely,
the comparative increase in total and LDL
cholesterol in the GDM group reflects a
lesser decline in these measures than
that which occurred in the non-GDM
group (Fig. 1D and E). Finally, the women
who developed GDM exhibited a more
profound decline in HDL cholesterol
in the years before pregnancy (Fig. 1F)

Table 1—Clinical characteristics and pregravid cardiovascular risk factor
measurements of the study population, stratified into those who developed
GDM and those who did not

Characteristic
No GDM

(n 5 93,114)
GDM

(n 5 8,047) P value

Age (years) 29.7 6 4.9 31.7 6 4.9 ,0.001

Ethnicity ,0.001
Chinese 6,287 (6.8) 978 (12.2)
South Asian 4,084 (4.4) 713 (8.9)
General population 82,743 (88.9) 6,356 (79.0)

Income quintile ,0.001
Lowest 16,608 (17.8) 1,691 (21.0)
Second 18,723 (20.1) 1,797 (22.3)
Third 19,791 (21.3) 1,803 (22.4)
Fourth 21,128 (22.7) 1,624 (20.2)
Highest 16,584 (17.8) 1,116 (13.9)
Missing 280 (0.3) 16 (0.2)

Rurality ,0.001
Urban 75,546 (81.1) 6,987 (86.8)
Semiurban 13,687 (14.7) 831 (10.3)
Rural 3,881 (4.2) 229 (2.8)

Pregravid cardiovascular risk factors
A1C (%)
Measurement before pregnancy 5.35 6 0.002 5.56 6 0.006 ,0.0001
Preceding measurement 5.34 6 0.002 5.54 6 0.006 ,0.0001

Fasting glucose (mmol/L)
Measurement before pregnancy 4.68 6 0.003 4.95 6 0.008 ,0.0001
Preceding measurement 4.69 6 0.003 4.92 6 0.008 ,0.0001

Random glucose (mmol/L)
Measurement before pregnancy 4.80 6 0.003 5.14 6 0.011 ,0.0001
Preceding measurement 4.79 6 0.003 5.08 6 0.011 ,0.0001

Total cholesterol (mmol/L)
Measurement before pregnancy 4.54 6 0.004 4.74 6 0.013 ,0.0001
Preceding measurement 4.58 6 0.004 4.76 6 0.013 ,0.0001

LDL cholesterol (mmol/L)
Measurement before pregnancy 2.52 6 0.004 2.75 6 0.011 ,0.0001
Preceding measurement 2.56 6 0.004 2.77 6 0.011 ,0.0001

HDL cholesterol (mmol/L)
Measurement before pregnancy 1.58 6 0.002 1.43 6 0.006 ,0.0001
Preceding measurement 1.57 6 0.002 1.43 6 0.006 ,0.0001

Triglycerides (mmol/L)
Measurement before pregnancy 0.97 6 0.003 1.25 6 0.009 ,0.0001
Preceding measurement 1.00 6 0.003 1.23 6 0.009 ,0.0001

ALT (IU/L)
Measurement before pregnancy 18.4 6 0.1 21.7 6 0.2 ,0.0001
Preceding measurement 19.3 6 0.1 22.5 6 0.3 ,0.0001

AST (IU/L)
Measurement before pregnancy 21.6 6 0.1 22.1 6 0.4 0.26
Preceding measurement 23.4 6 0.2 23.8 6 0.7 0.57

Data are mean 6 SD or n (%).
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coupled with rising triglycerides (in con-
trast to the mild decline therein seen in
their peers) (Fig. 1G). Taken together,
these dynamic changes yield the evolu-
tion over time of an adverse cardiovas-
cular risk factorprofile in the yearsbefore
pregnancy in women who go on to de-
velop GDM.

CONCLUSIONS

In this study, we demonstrate two key
findings. First, before pregnancy, women
who go on to develop GDM already have
higher A1C, fasting glucose, random glu-
cose, total cholesterol, LDL cholesterol,
triglycerides, and ALT, along with lower
HDL cholesterol, than their peers. Sec-
ond, these differences arise over time
because of divergent trajectories of these
risk factors between women who de-
velop GDMand thosewho do not. It thus
emerges that the adverse cardiovascular
risk factor profile of women with GDM
evolves over time in the years before
pregnancy.

There have been few previous studies
of pregravid cardiovascular risk factors
in women who develop GDM, and these
have been limited by examining only
single measurements at ;3–7 years be-
fore pregnancy and by modest numbers
of GDM cases (16–18). Hedderson et al.
(16) reported that random glucose mea-
sured 7 years before pregnancy pre-
dicted GDM in 199 women. Similarly,
Harville et al. (17) found that higher
triglycerides at 7 years before pregnancy
predicted 16 cases of GDM. In the Cor-
onary Artery Risk Development in Young
Adults Study, higher fasting glucose and
low HDL measured at a median of
33.6months before pregnancy predicted
154 cases of self-reported GDM in 141
women (18). The current study thus
extends these observations with a
population-based cohort of 101,161women
(including 8,047 with GDM) in whom
pregravid cardiovascular risk factors
weremeasured on at least two occasions
at a median of 0.61 and 1.86 years,
respectively, before pregnancy. The re-
sultant findings provide a definitive dem-
onstration of differences in glycemia,
lipids, and ALT on both occasions be-
tween women who go on to develop
GDM and those who do not.

Importantly, the current study pro-
vides insight into how these differences
emerge. Indeed, as shown in Table 3,

Table 2—Mean adjusted values of pregravid cardiovascular risk factors in women
who developed GDM and those who did not

Covariate No GDM GDM P value

A1C (%)
Measurement before pregnancy
Model 1 5.35 6 0.002 5.55 6 0.006 ,0.0001
Model 2 5.35 6 0.002 5.54 6 0.006 ,0.0001
Model 3 5.36 6 0.002 5.54 6 0.006 ,0.0001

Preceding measurement
Model 1 5.34 6 0.002 5.54 6 0.006 ,0.0001
Model 2 5.34 6 0.002 5.53 6 0.006 ,0.0001
Model 3 5.35 6 0.002 5.53 6 0.006 ,0.0001

Fasting glucose (mmol/L)
Measurement before pregnancy
Model 1 4.68 6 0.003 4.94 6 0.008 ,0.0001
Model 2 4.68 6 0.003 4.94 6 0.008 ,0.0001
Model 3 4.68 6 0.003 4.94 6 0.008 ,0.0001

Preceding measurement
Model 1 4.69 6 0.003 4.91 6 0.008 ,0.0001
Model 2 4.69 6 0.003 4.91 6 0.008 ,0.0001
Model 3 4.69 6 0.003 4.91 6 0.008 ,0.0001

Random glucose (mmol/L)
Measurement before pregnancy
Model 1 4.80 6 0.003 5.13 6 0.011 ,0.0001
Model 2 4.80 6 0.003 5.12 6 0.011 ,0.0001
Model 3 4.80 6 0.003 5.12 6 0.012 ,0.0001

Preceding measurement
Model 1 4.79 6 0.003 5.07 6 0.011 ,0.0001
Model 2 4.79 6 0.003 5.07 6 0.011 ,0.0001
Model 3 4.79 6 0.003 5.07 6 0.011 ,0.0001

Total cholesterol (mmol/L)
Measurement before pregnancy
Model 1 4.54 6 0.004 4.71 6 0.013 ,0.0001
Model 2 4.54 6 0.004 4.72 6 0.013 ,0.0001
Model 3 4.54 6 0.004 4.72 6 0.013 ,0.0001

Preceding measurement
Model 1 4.58 6 0.004 4.72 6 0.013 ,0.0001
Model 2 4.58 6 0.004 4.73 6 0.013 ,0.0001
Model 3 4.57 6 0.004 4.73 6 0.013 ,0.0001

LDL cholesterol (mmol/L)
Measurement before pregnancy
Model 1 2.52 6 0.004 2.73 6 0.011 ,0.0001
Model 2 2.52 6 0.004 2.73 6 0.011 ,0.0001
Model 3 2.52 6 0.004 2.73 6 0.011 ,0.0001

Preceding measurement
Model 1 2.56 6 0.004 2.75 6 0.011 ,0.0001
Model 2 2.56 6 0.004 2.74 6 0.011 ,0.0001
Model 3 2.56 6 0.004 2.75 6 0.011 ,0.0001

HDL cholesterol (mmol/L)
Measurement before pregnancy
Model 1 1.58 6 0.002 1.41 6 0.006 ,0.0001
Model 2 1.58 6 0.002 1.42 6 0.006 ,0.0001
Model 3 1.58 6 0.002 1.42 6 0.006 ,0.0001

Preceding measurement
Model 1 1.57 6 0.002 1.42 6 0.006 ,0.0001
Model 2 1.57 6 0.002 1.43 6 0.006 ,0.0001
Model 3 1.57 6 0.002 1.43 6 0.006 ,0.0001

Triglycerides (mmol/L)
Measurement before pregnancy
Model 1 0.97 6 0.003 1.25 6 0.009 ,0.0001
Model 2 0.97 6 0.003 1.25 6 0.009 ,0.0001
Model 3 0.97 6 0.003 1.25 6 0.009 ,0.0001

Continued on p. 2504
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there are modest differences in the
annual rate of change in these cardio-
vascular risk factors between women
who develop GDM and their peers.
Over time, these differential rates of
change will yield the divergent trajecto-
ries (Fig. 1) that causemodestdifferences
to slowly increase in magnitude. As
shown in Table 2, by the time of their
measurement just before pregnancy, the
differences in A1C (;0.2%), fasting and
random glucose (;0.2–0.3 mmol/L), to-
tal and LDL cholesterol (;0.2 mmol/L),
HDL cholesterol (;0.2 mmol/L), and
triglycerides (;0.3 mmol/L) are readily
apparent between women who go on to
developGDMand their peers. Of note, at
this point in their lives (i.e., young nul-
liparous women in their 20s), the abso-
lute levels of glycemia and lipids are not
of a magnitude where one would con-
sider treatment in clinical practice. How-
ever,withdivergent trajectories, it canbe
anticipated that, over time, the women
who develop GDM will face greater cu-
mulative exposure to these vascular risk
factors. The potential clinical significance
of such exposure is underscored by the
recognition that women with GDM ulti-
mately have a twofold higher risk of CVD
than their peers (5). While the current
data do not directly link these glycemic
and lipid measures to this future risk of
CVD, they do suggest a model for how

modest differences in risk factors in
young adulthood may increase over
time and thereby ultimately contribute
to clinical vascular disease.

The current findings provide a clear
demonstration that although it is diag-
nosed in pregnancy, GDM is a chronic
metabolic disorder that precedes gesta-
tion. The clinical manifestation of this
condition in pregnancy is due to affected
women having a chronic defect in pan-
creatic b-cell function that results in
insufficient compensation for the pro-
found insulin resistance that character-
izes the latter half of gestation (thereby
yielding the hyperglycemia by which
GDM is diagnosed) (19). After pregnancy,
progressive worsening of this b-cell de-
fect is the pathophysiologic basis for their
increased future risk of T2DM (9,19). Of
note, this deterioration ofb-cell function
manifests primarily in rising postchal-
lenge glycemia (rather than fasting)
such that postpartum screening for dys-
glycemia in this patient population re-
quires an oral glucose tolerance test
(rather than fasting glucose measure-
ment) (9,20). In this context, it is notable
that the current study reveals that before
pregnancy, this patient population also
has primarily rising random glucose
(rather than fasting), suggesting that the
same pathophysiologic process of wors-
ening b-cell function may be unfolding.

Indeed, the concept of deteriorating b-cell
function over time before pregnancy
could provide a pathophysiologic basis
for the well-recognized association be-
tween higher maternal age and risk of
GDM.Although the roleofb-cell function
cannot be ascertained in this study and,
hence, remains conjecture, the current
data establish that women who go on to
develop GDM undergo concurrent wors-
ening of both glucose and lipid metab-
olism in the years before pregnancy.
Thus, from a life course perspective,
the diagnosis of GDM in pregnancy
may be viewed as a sentinel event
that enables the clinical identification
of a population of young women who
are on an otherwise unrecognized higher-
risk cardiometabolic track than their
peers as early as young adulthood (and
likely earlier) that may ultimately mani-
fest in CVD later in life.

Strengths of this study include the
population-based design using real-
world data with multiple measurements
of cardiovascular risk factors over time.
In addition, the sample size of 101,161
women, with 8,047 who developed
GDM, yields robust estimates. While
the performance of these laboratory
tests as part of clinical care meant
that they were not all done at the
same time, this large cohort of women
with multiple measurements made it
possible to study changes over time in
these risk factors. A limitation of the
study is the lack of data on BMI, which
are not captured with the administrative
data sources. In this regard, it should be
recognized that the smaller previous
studies that linked single measurements
of pregravid cardiovascular risk factors
with future GDM did so with adjustment
for BMI (16–18). Moreover, one of the
studies noted that neither BMI nor
waist circumference before pregnancy
remained independently associated with
GDM upon inclusion of pregravid lipid and
glucose metabolism measures (18).

The current findings hold potential
future implications for researchandprac-
tice. First, these data suggest that higher
glycemic and lipid measures in young
nulliparous women may enable pregra-
vid identification of those who are at
greater risk of GDM. Such identification
of high-risk women could provide the
capacity for preconception lifestyle in-
tervention and enhanced clinical moni-
toring in pregnancy (21). Indeed, the

Table 2—Continued

Covariate No GDM GDM P value

Preceding measurement
Model 1 1.00 6 0.003 1.23 6 0.009 ,0.0001
Model 2 1.00 6 0.003 1.23 6 0.009 ,0.0001
Model 3 1.00 6 0.003 1.24 6 0.009 ,0.0001

ALT (IU/L)
Measurement before pregnancy
Model 1 18.3 6 0.1 21.7 6 0.2 ,0.0001
Model 2 18.3 6 0.1 21.7 6 0.2 ,0.0001
Model 3 18.3 6 0.1 21.7 6 0.2 ,0.0001

Preceding measurement
Model 1 19.3 6 0.1 22.5 6 0.3 ,0.0001
Model 2 19.2 6 0.1 22.5 6 0.3 ,0.0001
Model 3 19.2 6 0.1 22.6 6 0.3 ,0.0001

AST (IU/L)
Measurement before pregnancy
Model 1 21.6 6 0.1 22.2 6 0.4 0.16
Model 2 21.6 6 0.1 22.2 6 0.4 0.14
Model 3 21.6 6 0.1 22.2 6 0.4 0.14

Preceding measurement
Model 1 23.4 6 0.2 24.1 6 0.7 0.37
Model 2 23.4 6 0.2 24.1 6 0.7 0.36
Model 3 23.4 6 0.2 24.1 6 0.7 0.32

Model 1: adjusted for age. Model 2: model 1 further adjusted for income and rurality. Model 3:
model 2 further adjusted for ethnicity.

2504 Pregravid Cardiovascular Risk Factors Before GDM Diabetes Care Volume 43, October 2020

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/43/10/2500/630685/dc201037.pdf by guest on 17 April 2024



T
a
b
le

3
—
R
a
te

o
f
ch

a
n
g
e
o
ve

r
ti
m
e
in

ca
rd

io
va

sc
u
la
r
ri
sk

fa
ct
o
rs

in
th
e
y
e
a
rs

b
ef
o
re

p
re
g
n
a
n
cy

in
w
o
m
e
n
w
it
h
a
n
d
w
it
h
o
u
t
G
D
M

W
it
h
o
ut

G
D
M

W
it
h
G
D
M

R
at
e
o
f
ch
an
ge

o
ve
r
ti
m
e

fo
r
G
D
M

co
m
p
ar
ed

w
it
h
n
o
n
-G
D
M

C
o
va
ri
at
e

La
b
o
ra
to
ry

va
lu
e
at

5
ye
ar
s
p
re
gr
av
id
*

Sl
o
p
e
(9
5%

C
I)

La
b
o
ra
to
ry

va
lu
e
at

5
ye
ar
s
p
re
gr
av
id
*

Sl
o
p
e
(9
5%

C
I)

P
va
lu
e

co
m
p
ar
in
g
sl
o
p
es

A
b
so
lu
te

d
if
fe
re
n
ce

R
el
at
iv
e

d
if
fe
re
n
ce

C
h
an
ge

in
A
1C

(%
p
er

ye
ar
)

M
o
d
el

1
5.
3

0.
00
98

(0
.0
08

2–
0.
01
14

)
5.
5

0.
01

88
(0
.0
14

3–
0.
02
33

)
0.
00
01

0.
00
90

(0
.0
04

4–
0.
01

36
)

1.
92
3

M
o
d
el

2
5.
3

0.
00
97

(0
.0
08

1–
0.
01
13

)
5.
5

0.
01

89
(0
.0
14

4–
0.
02
33

)
0.
00
01

0.
00
91

(0
.0
04

5–
0.
01

38
)

1.
95
3

M
o
d
el

3
5.
3

0.
00
95

(0
.0
08

0–
0.
01
11

)
5.
5

0.
01

84
(0
.0
14

0–
0.
02
29

)
0.
00
02

0.
00
89

(0
.0
04

3–
0.
01

35
)

1.
94
3

C
h
an
ge

in
fa
st
in
g
gl
u
co
se

(m
m
o
l/
L
p
er

ye
ar
)

M
o
d
el

1
4.
7

2
0.
00

97
(2

0.
01
17

to
2
0.
00
78

)
4.
9

0.
00

89
(0
.0
02

3–
0.
01
55

)
,
0.
00

01
0.
01
86

(0
.0
11

8–
0.
02
54
)

O
p
p
o
si
te

d
ir
ec
ti
o
n

M
o
d
el

2
4.
7

2
0.
01

01
(2

0.
01
20

to
2
0.
00
81

)
4.
9

0.
00

85
(0
.0
01

9–
0.
01
51

)
,
0.
00

01
0.
01
86

(0
.0
11

8–
0.
02
54
)

O
p
p
o
si
te

d
ir
ec
ti
o
n

M
o
d
el

3
4.
7

2
0.
01

01
(2

0.
01
20

to
2
0.
00
81

)
4.
9

0.
00

85
(0
.0
01

9–
0.
01
51

)
,
0.
00

01
0.
01
85

(0
.0
11

7–
0.
02
53
)

O
p
p
o
si
te

d
ir
ec
ti
o
n

C
h
an
ge

in
ra
n
d
o
m

gl
u
co
se

(m
m
o
l/
L
p
er

ye
ar
)

M
o
d
el

1
4.
8

0.
01
14

(0
.0
09

0–
0.
01
38

)
5.
0

0.
04

63
(0
.0
37

0–
0.
00
55

)
,
0.
00

01
0.
03
49

(0
.0
25

4–
0.
04

44
)

4.
06
3

M
o
d
el

2
4.
8

0.
01
07

(0
.0
08

3–
0.
01
31

)
5.
0

0.
04

57
(0
.0
36

4–
0.
05
50

)
,
0.
00

01
0.
03
50

(0
.0
25

5–
0.
04

45
)

4.
27
3

M
o
d
el

3
4.
8

0.
01
08

(0
.0
08

4–
0.
01
33

)
5.
0

0.
04

59
(0
.0
36

6–
0.
05
51

)
,
0.
00

01
0.
03
50

(0
.0
25

5–
0.
04

45
)

4.
25
3

C
h
an
ge

in
to
ta
l
ch
o
le
st
er
o
l

(m
m
o
l/
L
p
er

ye
ar
)

M
o
d
el

1
4.
70

2
0.
03

54
(2

0.
03
81

to
2
0.
03
27

)
4.
78

2
0.
01

02
(2

0.
01
70

to
2
0.
00

34
)

,
0.
00

01
0.
02
52

(0
.0
18

2–
0.
03

22
)

0.
29
3

M
o
d
el

2
4.
68

2
0.
03

59
(2

0.
03
86

to
2
0.
03
32

)
4.
77

2
0.
01

10
(2

0.
01
78

to
2
0.
00

42
)

,
0.
00

01
0.
02
49

(0
.0
17

9–
0.
03

19
)

0.
31
3

M
o
d
el

3
4.
70

2
0.
03

57
(2

0.
03
84

to
2
0.
03
31

)
4.
79

2
0.
01

09
(2

0.
01
77

to
2
0.
00

41
)

,
0.
00

01
0.
02
49

(0
.0
17

9–
0.
03

19
)

0.
31
3

C
h
an
ge

in
LD

L
ch
o
le
st
er
o
l

(m
m
o
l/
L
p
er

ye
ar
)

M
o
d
el

1
2.
66

2
0.
03

06
(2

0.
03
29

to
2
0.
02
83

)
2.
80

2
0.
01

24
(2

0.
01
84

to
2
0.
00

63
)

,
0.
00

01
0.
01
83

(0
.0
12

1–
0.
02

45
)

0.
41
3

M
o
d
el

2
2.
65

2
0.
03

11
(2

0.
03
34

to
2
0.
02
87

)
2.
79

2
0.
01

29
(2

0.
01
89

to
2
0.
00

68
)

,
0.
00

01
0.
01
82

(0
.0
12

0–
0.
02

44
)

0.
41
3

M
o
d
el

3
2.
66

2
0.
03

13
(2

0.
03
36

to
2
0.
02
90

)
2.
81

2
0.
01

33
(2

0.
01
93

to
2
0.
00

72
)

,
0.
00

01
0.
01
81

(0
.0
11

9–
0.
02

42
)

0.
42
3

C
on

ti
nu

ed
on

p.
25

06

care.diabetesjournals.org Retnakaran and Shah 2505

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/43/10/2500/630685/dc201037.pdf by guest on 17 April 2024

http://care.diabetesjournals.org


T
a
b
le

3
—
C
o
n
ti
n
u
e
d

W
it
h
o
ut

G
D
M

W
it
h
G
D
M

R
at
e
o
f
ch
an
ge

o
ve
r
ti
m
e

fo
r
G
D
M

co
m
p
ar
ed

w
it
h
n
o
n
-G
D
M

C
o
va
ri
at
e

La
b
o
ra
to
ry

va
lu
e
at

5
ye
ar
s
p
re
gr
av
id
*

Sl
o
p
e
(9
5%

C
I)

La
b
o
ra
to
ry

va
lu
e
at

5
ye
ar
s
p
re
gr
av
id
*

Sl
o
p
e
(9
5%

C
I)

P
va
lu
e

co
m
p
ar
in
g
sl
o
p
es

A
b
so
lu
te

d
if
fe
re
n
ce

R
el
at
iv
e

d
if
fe
re
n
ce

C
h
an
ge

in
H
D
L
ch
o
le
st
er
o
l

(m
m
o
l/
L
p
er

ye
ar
)

M
o
d
el

1
1.
59

2
0.
00

27
(2

0.
00
39

to
2
0.
00
15

)
1.
46

2
0.
01

14
(2

0.
01
43

to
2
0.
00

84
)

,
0.
00

01
2
0.
00
87

(2
0.
01

17
to

2
0.
00
56

)
4.
22
3

M
o
d
el

2
1.
59

2
0.
00

24
(2

0.
00
36

to
2
0.
00
12

)
1.
46

2
0.
01

12
(2

0.
01
41

to
2
0.
00

82
)

,
0.
00

01
2
0.
00
88

(2
0.
01

18
to

2
0.
00
57

)
4.
67
3

M
o
d
el

3
1.
59

2
0.
00

19
(2

0.
01
35

to
2
0.
00
76

)
1.
46

2
0.
01

05
(2

0.
01
35

to
2
0.
00

76
)

,
0.
00

01
2
0.
00
86

(2
0.
01

17
to

2
0.
00
56

)
5.
53
3

C
h
an
ge

in
tr
ig
ly
ce
ri
d
es

(m
m
o
l/
L
p
er

ye
ar
)

M
o
d
el

1
1.
00

2
0.
00

43
(2

0.
00
64

to
2
0.
00
21

)
1.
15

0.
02

96
(0
.0
22

7–
0.
03
65

)
,
0.
00

01
0.
03
39

(0
.0
26

8–
0.
04
09
)

O
p
p
o
si
te

d
ir
ec
ti
o
n

M
o
d
el

2
0.
99

2
0.
00

52
(2

0.
00
74

to
2
0.
00
31

)
1.
15

0.
02

84
(0
.0
21

5–
0.
03
53

)
,
0.
00

01
0.
03
36

(0
.0
26

6–
0.
04
07
)

O
p
p
o
si
te

d
ir
ec
ti
o
n

M
o
d
el

3
1.
00

2
0.
00

54
(2

0.
00
76

to
2
0.
00
33

)
1.
16

0.
02

81
(0
.0
21

2–
0.
03
50

)
,
0.
00

01
0.
03
35

(0
.0
26

5–
0.
04
06
)

O
p
p
o
si
te

d
ir
ec
ti
o
n

C
h
an
ge

in
A
LT

(I
U
/L

p
er

ye
ar
)

M
o
d
el

1
19

0.
24
72

(0
.1
44

0–
0.
35
04

)
22

0.
61

46
(0
.3
01

2–
0.
92
81

)
0.
02

0.
36
74

(0
.0
51

6–
0.
68

33
)

2.
49
3

M
o
d
el

2
19

0.
22
40

(0
.1
21

4–
0.
32
65

)
22

0.
59

15
(0
.2
77

9–
0.
90
51

)
0.
02

0.
36
76

(0
.0
51

6–
0.
68

35
)

2.
64
3

M
o
d
el

3
19

0.
22
27

(0
.1
20

0–
0.
32
54

)
22

0.
59

01
(0
.2
76

7–
0.
90
35

)
0.
02

0.
36
74

(0
.0
51

5–
0.
68

33
)

2.
65
3

C
h
an
ge

in
A
ST

(I
U
/L

p
er

ye
ar
)

M
o
d
el

1
24

0.
12
14

(2
0.
06

10
to

0.
30
38

)
25

0.
31

43
(2

0.
32
20

to
0.
95
07

)
0.
56

0.
19

29
(2

0.
45
73

to
0.
84

32
)

N
o
si
gn
ifi
ca
n
t
d
if
fe
re
n
ce

M
o
d
el

2
24

0.
11
25

(2
0.
06

66
to

0.
29
15

)
25

0.
30

16
(2

0.
33
41

to
0.
93
73

)
0.
57

0.
18

92
(2

0.
46
01

to
0.
83

84
)

N
o
si
gn
ifi
ca
n
t
d
if
fe
re
n
ce

M
o
d
el

3
23

0.
11
10

(2
0.
06

81
to

0.
29
01

)
25

0.
30

03
(2

0.
33
47

to
0.
93
52

)
0.
57

0.
18

92
(2

0.
45
94

to
0.
83

79
)

N
o
si
gn
ifi
ca
n
t
d
if
fe
re
n
ce

M
o
d
el
1:
ad
ju
st
ed

fo
r
ag
e.
M
o
d
el
2:
m
o
d
el
1
fu
rt
he

r
ad
ju
st
ed

fo
r
in
co
m
e
an
d
ru
ra
lit
y.
M
o
d
el
3:
m
o
d
el
2
fu
rt
h
er

ad
ju
st
ed

fo
r
et
h
ni
ci
ty
.*
La
b
o
ra
to
ry

va
lu
es

at
5
ye
ar
s
p
re
gr
av
id
ar
e
es
ti
m
at
ed

fr
o
m

th
e
m
o
d
el
fo
r
a

ge
n
er
al

p
o
p
u
la
ti
on

o
f
w
o
m
en

at
th
e
co
h
o
rt

m
ea
n
ag
e
o
f
29
.8

ye
ar
s
liv
in
g
in

an
u
rb
an

ar
ea

w
it
h
an

in
co
m
e
in

th
e
th
ir
d
q
u
in
ti
le
.

2506 Pregravid Cardiovascular Risk Factors Before GDM Diabetes Care Volume 43, October 2020

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/43/10/2500/630685/dc201037.pdf by guest on 17 April 2024



potential importance of early identifica-
tion is underscored by growing recogni-
tion that intrauterine biochemical changes
(22) and fetal overgrowth (23) can precede

the clinical diagnosis ofGDM in late second
trimester. Second, in demonstrating ad-
verse trajectories of cardiovascular risk
factors at a young age in a patient

population that is known to have an ele-
vated lifetime risk of CVD, the current data
suggest that these factors may warrant
closer postpartum surveillance in women

Figure 1—Predicted trajectories of the following cardiovascular risk factors in the years before pregnancy in a 29-year-old woman who goes on to
develop GDM and in one who does not. A: A1C. B: Fasting glucose. C: Random glucose. D: Total cholesterol. E: LDL cholesterol. F: HDL cholesterol. G:
Triglycerides. H: ALT.
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whoarediagnosedwithGDM.Thisconcept
would align with a recent call from the
American College of Obstetricians and
Gynecologists for a new paradigm of in-
dividualized postpartum care to improve
long-term health in women (24,25).
In summary, even before pregnancy,

there are clear differences in cardiovas-
cular risk factors between women who
go on to develop GDM and those who do
not. Specifically, women who develop
GDM have higher pregravid A1C, fasting
glucose, random glucose, total choles-
terol, LDL cholesterol, triglycerides, and
ALT coupled with lower HDL cholesterol.
These differences arise because of di-
vergent pregravid trajectories in women
whodevelopGDMandtheir peers. It thus
emerges that from a life course perspec-
tive, the diagnosis of GDM identifies a
population of women who are already
on a higher-risk cardiometabolic track
than their peers in young adulthood, one
thatmay contribute to their elevated risk
of CVD later in life.

Funding. R.R. holds the Boehringer Ingelheim
Chair in Beta-Cell Preservation, Function and
Regeneration at Mount Sinai Hospital, and his
research program is supported by the Sun Life
Financial Program to Prevent Diabetes in
Women. The Institute for Clinical Evaluative
Sciences (ICES) is a nonprofit research institute
funded by the Ontario Ministry of Health and
Long-TermCare (MOHLTC). Parts of this material
are based on data and/or information compiled
andprovidedby theCanadian Institute forHealth
Information (CIHI). This study was supported by
intramural funds.
The opinions, results, and conclusions re-

ported in this study are those of the authors
and are independent from the funding sources.
No endorsement by ICES, MOHLTC, or CIHI is
intended or should be inferred.
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. R.R. conceived the hy-
pothesis and wrote the manuscript. R.R. and
B.R.S. designed the analysis plan. Both authors
interpreted the data and critically revised the
manuscript for important intellectual content.
Both authors approved the final manuscript.

B.R.S. is guarantor of this work and, as such, had
full access to all of the data in the study and
takes responsibility for the integrity of the data
and the accuracy of the data analysis.

References
1. O’Sullivan JB, Mahan CM. Criteria for the oral
glucose tolerance test in pregnancy. Diabetes
1964;13:278–285
2. Bellamy L, Casas JP, Hingorani AD,Williams D.
Type 2 diabetes mellitus after gestational di-
abetes: a systematic review and meta-analysis.
Lancet 2009;373:1773–1779
3. Retnakaran R. Hyperglycemia in pregnancy
and its implications for a woman’s future risk of
cardiovascular disease. Diabetes Res Clin Pract
2018;145:193–199
4. Kramer CK, Campbell S, Retnakaran R. Ges-
tational diabetes and the risk of cardiovascular
disease in women: a systematic review and
meta-analysis. Diabetologia 2019;62:905–914
5. Retnakaran R, Shah BR. Glucose screening in
pregnancy and future risk of cardiovascular
disease in women: a retrospective, popula-
tion-based cohort study. Lancet Diabetes Endo-
crinol 2019;7:378–384
6. Sullivan SD, Umans JG, Ratner R. Gestational
diabetes: implications for cardiovascular health.
Curr Diab Rep 2012;12:43–52
7. Lauenborg J,Mathiesen E, Hansen T, et al. The
prevalence of the metabolic syndrome in a Dan-
ish population of women with previous gesta-
tional diabetes mellitus is three-fold higher than
in the general population. J Clin Endocrinol
Metab 2005;90:4004–4010
8. Xu Y, Shen S, Sun L, Yang H, Jin B, Cao X.
Metabolic syndrome risk after gestational di-
abetes: a systematic review and meta-analysis.
PLoS One 2014;9:e87863
9. Kramer CK, Swaminathan B, Hanley AJ, et al.
Each degree of glucose intolerance in pregnancy
predicts distinct trajectories of b-cell function,
insulin sensitivity, and glycemia in the first
3 years postpartum. Diabetes Care 2014;37:
3262–3269
10. Retnakaran R, Qi Y, Connelly PW, Sermer M,
Zinman B, Hanley AJ. Glucose intolerance in
pregnancy and postpartum risk of metabolic
syndrome in young women. J Clin Endocrinol
Metab 2010;95:670–677
11. Retnakaran R, Qi Y, Connelly PW, Sermer M,
Hanley AJ, Zinman B. The graded relationship
between glucose tolerance status in pregnancy
and postpartum levels of low-density-lipoprotein
cholesterol and apolipoprotein B in young
women: implications for future cardiovascular
risk. J Clin Endocrinol Metab 2010;95:4345–
4353

12. Hux JE, Ivis F, Flintoft V, Bica A. Diabetes in
Ontario: determination of prevalence and in-
cidence using a validated administrative data
algorithm. Diabetes Care 2002;25:512–516
13. Canadian Diabetes Association Clinical Prac-
tice Guidelines Expert Committee. Canadian Di-
abetes Association 2008 clinical practice guidelines
for the prevention and management of Diabetes
in Canada. Can J Diabetes 2008;32(Suppl. 1):S168–
S180
14. Kralji B.Measuring “rurality” for purposes of
health-care planning: an empirical measure for
Ontario. Ont Med Rev 2000;67:33–52
15. Shah BR, ChiuM, Amin S, RamaniM, Sadry S,
Tu JV. Surname lists to identify South Asian and
Chinese ethnicity from secondary data in On-
tario, Canada: a validation study. BMC Med Res
Methodol 2010;10:42
16. Hedderson MM, Darbinian JA, Quesenberry
CP, Ferrara A. Pregravid cardiometabolic risk
profile and risk for gestational diabetes mellitus.
Am J Obstet Gynecol 2011;205:55.e1–55.e7
17. Harville EW, Viikari JS, Raitakari OT. Pre-
conception cardiovascular risk factors and preg-
nancy outcome. Epidemiology 2011;22:724–730
18. Gunderson EP, Quesenberry CP Jr., Jacobs
DR Jr., Feng J, Lewis CE, Sidney S. Longitudinal
study of prepregnancy cardiometabolic risk fac-
tors and subsequent risk of gestational diabetes
mellitus: theCARDIA study. AmJ Epidemiol 2010;
172:1131–1143
19. Buchanan TA, Xiang AH. Gestational diabe-
tes mellitus. J Clin Invest 2005;115:485–491
20. AmericanDiabetesAssociation. 14.Manage-
ment of diabetes in pregnancy: Standards of
Medical Care in Diabetesd2020. Diabetes Care
2020;43(Suppl. 1):S183–S192
21. Phelan S. Windows of opportunity for life-
style interventions to prevent gestational
diabetes mellitus. Am J Perinatol 2016;33:
1291–1299
22. Tisi DK, Burns DH, Luskey GW, Koski KG.
Fetal exposure to altered amnioticfluid glucose,
insulin, and insulin-like growth factor-binding
protein 1 occurs before screening for gesta-
tional diabetesmellitus. Diabetes Care 2011;34:
139–144
23. Sovio U, Murphy HR, Smith GC. Accelerated
fetal growth prior to diagnosis of gestational
diabetes mellitus: a prospective cohort study of
nulliparouswomen. Diabetes Care 2016;39:982–
987
24. ACOG Committee opinion no. 736: optimiz-
ing postpartum care. Obstet Gynecol 2018;131:
e140–e150
25. Murray Horwitz ME, Molina RL, Snowden
JM. Postpartum care in the United States - new
policies for a new paradigm. N Engl J Med 2018;
379:1691–1693

2508 Pregravid Cardiovascular Risk Factors Before GDM Diabetes Care Volume 43, October 2020

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/43/10/2500/630685/dc201037.pdf by guest on 17 April 2024


