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Abstract

Objective: Pre-eclampsia and gestational diabetes mellitus (GDM) are two common
pregnancy complications that affect birth outcomes and are associated with a long-
term risk of cardiovascular disease (CVD). The aims of this study were to investigate
if the pre-eclampsia association with CVD is independent of GDM and modified by
body mass index (BMI) or GDM.

Design: Case—control study.

Setting: Sweden.

Population: Cases were women with a first CVD event between 1991 and 2008 and
a previous pregnancy who were matched with controls without CVD (1:5) by year of
birth, age and region of birth.

Methods: Conditional logistic regression was used to evaluate the associations of
GDM, pre-eclampsia and maternal BMI with CVD adjusted for potential confound-
ers and effect modifications with interaction tests.

Main outcome measures: CVD.

Results: There were 2639 cases and 13 310 controls with complete data. Pre-eclampsia
and GDM were independent risk factors for CVD (adjusted odds ratio [aOR] 2.59,
95% CI 2.12-3.17 and aOR 1.47, 95% CI 1.04-2.09, respectively). After stratifying by
maternal BMI, the adjusted association of pre-eclampsia with CVD did not differ no-
tably between BMI groups: normal weight (aOR 2.65, 95% CI 1.90-3.69), overweight
(aOR 2.67, 95% CI 1.52-4.68) and obesity (aOR 3.03, 95% CI 0.74-12.4). Similar find-
ings were seen when stratifying on GDM/non-GDM.

Conclusions: Pre-eclampsia and GDM are independent risk factors for later CVD
and having both during pregnancy is a major risk factor for later CVD. The asso-
ciation between pre-eclampsia and CVD is not modified by BMI. Effective CVD
preventive programs for high-risk women are urgently needed in order to improve
women's long-term health.
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1 | INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death
for women worldwide including Sweden."* Pre-eclampsia
and gestational diabetes mellitus (GDM) are two common
pregnancy complications that affect maternal and perinatal
outcomes during pregnancy and labour; they are associated
with long-term health risks®® and often co-exist.

GDM increases the risk for subsequent type 2 diabe-
tes mellitus seven- to ten-fold and women with previous
GDM also have an elevated risk of later CVD.>*”'% A recent
Danish study showed that GDM is a risk factor for later CVD
and cardiometabolic health regardless of subsequent type 2
diabetes mellitus."

Hypertensive disorders during pregnancy are also as-
sociated with an increased risk of future CVD.*'? There is
evidence that CVD in women with hypertensive disorders
during pregnancy occurs at a younger age compared with
women without hypertensive disease'® and that early hyper-
tension during pregnancy modifies the risk."*

Reports on how well follow up of women with previous
GDM or pre-eclampsia is implemented are limited, with
only a small proportion proactively followed up in pri-
mary care’> "7 and the follow-up rates decline rapidly after
2years."®® CVD is a complication that mostly arises well
beyond 2years after delivery. With such limited follow up,
there is a risk that women suffer morbidity that could possi-
bly be prevented.

Both GDM and pre-eclampsia are associated with met-
abolic syndrome, a known risk factor for CVD.* There is a
three-fold risk of metabolic syndrome in women with pre-
vious GDM, after adjusting for age and body mass index
(BMI).2! A review by Wu et al.”2 showed that women with
pre-eclampsia have a two-fold risk of subsequent diabetes
up to 10years after pregnancy. One question that has arisen
is whether women with both GDM and pre-eclampsia are
at particularly high risk of later CVD. Pace et al. showed in
their study in a Canadian population a significantly elevated
risk for later CVD, in particular hypertension, if both GDM
and pre-eclampsia were present. However, they were not able
to adjust for maternal weight/BMI and did not assess for any
effect modification by the degree of obesity.”

The aims of this study were to investigate if the adjusted
association of pre-eclampsia with CVD is independent of
GDM, and whether BMI or GDM are effect modifiers.

2 | METHODS

The population and study design in this paper have been
previously described.” Data were obtained from Statistics
Sweden and the Swedish National Board of Health and
Welfare for the years 1991-2008. The data were linked using
personal identification numbers issued to all residents. The
Swedish Medical Birth register contains prospectively col-
lected data on pregnancies and delivery from 1973 onwards.
This register was validated in 2002 and the quality was con-
sidered high.** Tt includes data on 99% of all pregnancies

with information on pregnancy, delivery and the early neo-
natal and postpartum period. The Patient Register started
in 1964 and since 1987 has covered all of Sweden. It con-
tains diagnoses for all discharged patients. Since 2001 it
has also contained outpatient diagnoses (primary care not
included). All public and private healthcare providers have
been obliged to report to the register since 2001. The Cause
of Death Register was used to identify death from CVD.
CVD was defined as stroke, peripheral ischemic disease,
atherosclerosis or ischemic heart disease including myocar-
dial infarction. Cardiovascular disease or event was identi-
fied using the International Classification of Diseases, ninth
and tenth revisions (ICD-9, ICD-10). Five controls were se-
lected for each case. Statistics Sweden maintains the Total
Population Register for information on vital status, region
of residence and migration and also collects information on
educational level. This register was used to collect controls.

Cases were defined as women with a pregnancy between
1991 and 2008 and a subsequent CVD event during the same
period. Women with CVD before the index pregnancy were
excluded. The index pregnancy was an identified pregnancy
during the study period 1991-2008. Both multiparous and
primiparous women were included, and the women could
have pregnancies before or after this time period. Cases and
controls were matched for age, but not for parity. They were
also matched for year of birth and region in which they gave
birth. Women with pre-gestational diabetes were excluded.
A detailed description of inclusion and exclusion criteria is
reported in the paper by Fadl et al.’ Diagnosis of GDM was
based on a 75-g oral glucose tolerance test with the diag-
nostic criteria of glucose measurements at least 6.1 mmol/L
(capillary whole blood) or at least 7.0 mmol/L (plasma) (fast-
ing) and/or a 2-hour glucose of at least 9.0 mmol/L (capil-
lary whole blood) or at least 10.0mmol/L (plasma). The
diagnostic criteria for this period have been described in
detail elsewhere.**> BMI was calculated as body weight in
kilogrammes divided by the square of height in meters. BMI
was divided into categories according to the World Health
Organization (normal weight >18.5 kg/m?, overweight 25.0—
29.99kg/m? obese 30.0-34.99kg/m’ and severely obese
>35.0 kg/m?). Weight was measured at the first antenatal
visit by midwives, which occurs in the first trimester; height
was self-reported. At that visit the smoking status of the
woman was also noted and was defined as current smoker
or non-smoker in early pregnancy. Country of birth was di-
vided into two groups; Nordic women (Sweden, Denmark,
Finland, Norway and Iceland) and non-Nordic women. Pre-
gestational hypertension (chronic hypertension) was defined
as ICD 9 codes 642.0-2 or ICD-10 codes 010.0, 010.2, 010.4
or O 10.9. Pre-eclampsia was defined as occurrence for the
first time of blood pressure of 140/90 mm Hg or higher and
proteinuria of 0.3 g/day of greater after 20 weeks of gestation.
Parity was divided into three categories; zero, one, or two or
more previous births. Educational level was categorised into
five groups; I, no education; II, compulsory school; III, post
compulsory school; IV, further education; V, higher educa-
tion. The information on educational level was collected as
close to the index pregnancy as possible.
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2.1 | Statistics

Conditional logistic regression was used to evaluate the as-
sociations of pre-eclampsia with CVD both unadjusted and
adjusted for potential confounding variables; mother's BMI,
parity, smoking habits, education level, chronic hypertension
and country of birth (ethnicity). All independent variables
were analysed on a categorical scale. The analysis strategy
was as follows: (1) evaluating if the adjusted association of
pre-eclampsia with CVD is independent of GDM, and (2)
evaluating if the adjusted association of pre-eclampsia with
CVD is modified by BMI and GDM by interaction tests. For
the second strategy, stratified analysis was performed within
normal weight, overweight and obese mothers but also across
the combined strata of overweight/obese mothers because
of data limitation in these groups and stratified by GDM.
Analysis strategy (1) was also used when pre-eclampsia was
categorised as mild and severe. Measure of association was
odds ratio (OR) with 95% confidence intervals (CI) and A P
value less than 0.05 was regarded as statistically significant.
The statistical analyses were performed using STATA release
14 (Stata Corp, College Station, TX, USA) and IBM SPSS ver-
sion 22 (IBM, Armonk, NY, USA).

3 | RESULTS

After exclusion of cases and controls with insufficient data
on background characteristics or study exposures there were
2639 cases and 13310 controls with 2614 cases and 10 160
matched controls eligible for the analysis. Among cases the
majority (56.4%) had been diagnosed with ischaemic heart
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disease. The second most common diagnosis was ischaemic
stroke (34.7%) and then peripheral ischaemic disease (7.3%)
and atherosclerosis (4.5%). Mean age of included women at
the time of diagnosis of CVD was 40.7 years+7.3 (standard
deviation). Mean time interval from first pregnancy during
the study period to cardiovascular event was 9.1 years+4.3.”
Figure 1 shows the cumulative proportion of CVD cases
after the index pregnancy for women with pre-eclampsia,
GDM and women with both pre-eclampsia and GDM.

Table 1 shows the association of pre-eclampsia with CVD
(unadjusted OR 2.75, 95% CI 2.28-3.32; adjusted OR 2.60,
95% CI 2.13-3.18 and OR further adjusted for GDM 2.59,
95% CI 2.12-3.17). In the last model, GDM showed an inde-
pendent association with CVD (OR 1.47, 95% CI 1.04-2.09)
as well as maternal BMI: overweight OR 1.31 (95% CI 1.18-
1.46) and obese OR 1.90 (95% CI 1.64-2.19) compared with
normal weight. No statistically significant interaction effect
of BMI was found.

Stratifying by maternal BMI in Table 2, the adjusted asso-
ciation of pre-eclampsia with CVD did not change substan-
tially, among normal weight (OR 2.65, 95% CI 1.90-3.69),
overweight (OR 2.67, 95% CI 1.52-4.68) and obese (OR 3.03,
95% CI 0.74-12.4) women. Further adjustment for GDM
showed similar findings.

Stratifying by GDM, the adjusted association of pre-
eclampsia with CVD among women with GDM had an OR
of 4.41 (95% CI 1.46-13.3) and for women without GDM the
OR was 2.65 (95%CI 2.15-3.26).

Women with missing data for any of the variables used
in the analysis did not differ by age, prevalence of GDM or
ethnicity, but had a higher BMI compared with women with
complete data.’

T T
0 2 4 6

T T T T T
8 10 12 14 16

Time since delivery (years)

Number of patients

only GDM 51 50 45 39
only PE 185 162 142 125
GDM and PE 11 10 9 7

34 26 15 7 0
100 75 48 29 5
4 3 2 2 1

FIGURE 1 Cumulative proportion of cardiovascular disease (CVD) cases after the index pregnancy for women with pre-eclampsia (only PE),
gestational diabetes mellitus (only GDM) and women with both gestational diabetes mellitus and pre-eclampsia (GDM and PE).
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TABLE 1 Conditional logistic regression for pre-eclampsia associations with cardiovascular disease.
Cases (n =2639) Controls (n = 13310) Unadjusted Adjusted® Adjusted®
n (%) n (%) OR (95% CI) OR (95% CI) OR (95% CI)
Pre-eclampsia 196 (7.4) 364 (2.7) 2.75 (2.28-3.32) 2.60 (2.13-3.18) 2.59 (2.12-3.17)
GDM 62 (2.3) 148 (1.1) 2.19 (1.59-3.01) 1.47 (1.04-2.09)
BMI
Under weight 62 (2.3) 336 (2.5) 1.11 (0.83-1.48) 0.98 (0.73-1.33) 0.99 (0.73-1.33)
Normal weight 1470 (55.7) 8942 (67.2) Reference Reference Reference
Overweight 686 (26.0) 2981 (22.4) 1.43 (1.29-1.59) 1.31 (1.18-1.47) 1.31 (1.18-1.46)
Obese 421 (16.0) 1051 (7.9) 2.37 (2.07-2.71) 1.93 (1.67-2.23) 1.90 (1.64-2.19)

Interaction pre-eclampsia x BMI
Pre-eclampsia x normal weight
Pre-eclampsia x overweight
Pre-eclampsia x obese

Pre-eclampsia x overweight or

Reference

0.99 (0.62-1.57)
0.76 (0.45-1.29)
0.94 (0.63-1.40)

Reference

0.99 (0.62-1.57)
0.76 (0.45-1.29)
0.93 (0.62-1.39)

obese

Interaction GDM x BMI

GDM x normal weight

GDM x overweight

GDM x obese

GDM x overweight or obese
Interaction pre-eclampsia x GDM

Pre-eclampsia x non-GDM

Pre-eclampsia x GDM

Reference

4.10 (1.50-11.2)
2.44 (0.93-6.37)
3.43 (1.41-8.38)

Reference

1.28 (0.40-4.11)

Abbreviations: BMI, body mass index; CI confidence interval; CVD, cardiovascular disease; GDM, gestational diabetes mellitus; OR, odds ratio.

*Pre-eclampsia association with CVD adjusted for BMI, chronic hypertension, smoking, ethnicity, education level and parity.

®Pre-eclampsia association with CVD adjusted for GDM, BMI, chronic hypertension, smoking, ethnicity, education level and parity.

4 | DISCUSSION

4.1 | Main findings

This national, nested case—control study shows that pre-
eclampsia and GDM are statistically independent risk fac-
tors for later CVD. The pre-eclampsia association with CVD
was present across BMI classes (except obesity, probably be-
cause of small numbers). The pre-eclampsia association with
CVD was not modified by the presence of GDM. However,
the number of cases and controls with both pre-eclampsia
and GDM was low.

4.2 | Strengths and limitations

A strength of this study is that it is a national study using
prospectively collected data from medical records that are
collected in the national health registers. The registers have
good coverage and are validated.*™*® The study includes data
on possible confounders, such as maternal BMI and educa-
tional level. The definition of CVD varies between studies,
with inclusion of hypertension as a CVD category. It could
be argued that hypertension is a mediator of CVD rather
than a component of the diagnostic bundle and we therefore

did not include chronic hypertension as a CVD outcome.
The majority of cases with CVD in this study had a major
event/condition (myocardial infarction, stroke). One limita-
tion relates to the screening and diagnosis of GDM. Potential
limitations include GDM being defined differently over the
years in Sweden; and screening strategies have varied. Before
the early 1990s, screening for GDM was not routine in all
regions, and before introduction of the ICD-9 coding all dia-
betes forms during pregnancy had the same coding, making
it impossible to get older reliable data on GDM pregnancies.
In general, Swedish GDM criteria have used higher diag-
nostic thresholds, and therefore identify those with greater
degrees of hyperglycaemia than many other nations. To
handle any differences within Sweden between counties, the
controls and cases in the same risk-set were from the same
counties: this helped to eliminate confounding from differ-
ences in maternal health care and healthcare strategies in
different counties. Another potential limitation is that there
are several women with missing BMI in the beginning of the
study period as it was not routinely measured in maternal
health care at that time (routine measurements started in
1992). However, sensitivity analysis within the group with
missing BMI did not reveal any major differences in the risk
of CVD for these women. Another possible limitation was
that women with diabetes before pregnancy were excluded.
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TABLE 2 Conditional logistic regression for pre-eclampsia associations with cardiovascular disease stratified by body mass index and gestational

diabetes mellitus.

Stratified by BMI

Among normal weight (BMI 18.5 to <25 kg/m?)

Pre-eclampsia

n (%)
Cases (n = 1470)
79 (5.4)

Among overweight (BMI 25 to <30kg/m?)

Pre-eclampsia

Cases (n = 686)
63 (9.2)

Among obese (BMI >30kg/m?)

Pre-eclampsia

Among overweight and obese (BMI >25kg/m?)

Cases (n = 686)
52 (12.4)

Cases (n = 1107)

n (%)
Controls (n = 8942)
187 (2.1)

Controls (1 = 2981)
110 (3.7)

Controls (n = 2981)
63 (6.0)

Controls (n = 4032)

OR (95% CI)
Unadjusted
2.41 (1.75-3.30)

Unadjusted
2.36 (1.41-3.94)

Unadjusted
4.46 (1.25-15.9)

Unadjusted
2.48 (1.72-3.55)

OR (95% CI)
Adjusted”
2.65 (1.90-3.69)

Adjusted”
2.67 (1.52-4.68)

Adjusted®
3.03 (0.74-12.4)

Adjusted®
2.42 (1.63-3.60)

OR (95% CI)
Adjusted”
2.67 (1.92-3.72)

Adjusted®
2.58 (1.47-4.53)

Adjusted®
3.43 (0.79-14.9)

Adjusted”
2.38 (1.60-3.55)

1213

Pre-eclampsia 115 (10.4) 173 (4.3)
Stratified by GDM
Among GDM
n (%) n (%)
Cases (n = 62) Controls (n = 148)
Pre-eclampsia 11 (17.7) 7 (4.7)

Among non-GDM
Cases (n = 2577)
Pre-eclampsia 185 (7.2) 357 (2.7)

Controls (n =13162)

OR (95% CI)
Unadjusted
4.31 (1.57-11.8)

OR (95% CI)
Adjusted™®
4.41 (1.46-13.3)

Unadjusted
2.75(2.26-3.34)

Adjusted”
2.65(2.15-3.26)

Abbreviations: BMI, body mass index; CI confidence interval; CVD, cardiovascular disease; GDM, gestational diabetes mellitus; OR, odds ratio.

*Adjusted for BMI, chronic hypertension, smoking, ethnicity, education level, parity.

®Adjusted for BMI, chronic hypertension, smoking, ethnicity, education level, parity and GDM.

“No estimate due to small sample size in the matched analysis, instead unconditional logistic regression adjusted for matching variables mother's age (<20, 20-29, 30-39,

>40years) and year of birth (1991-95, 1996-2000, 2001-06) was used.

Type 2 diabetes in pregnancy is still uncommon in Sweden,
approximately less than 0.3% of pregnancies during the time
of this study.” It would also have been valuable to have data
on family history of CVD.

4.3 | Interpretation, the interplay between
GDM and pre-eclampsia

It has been shown that women with a history of GDM have
vascular changes several years after pregnancy’®' and
that pre-eclampsia is a disease primarily affecting blood
vessels.” There are also studies that show similarities in
maladaptation to pregnancy in pre-eclampsia and GDM
(oxidative stress, dyslipidaemia and angiogenic imbal-
ance), but it is not clear if these maladaptations arise from
a common aetiology or are responses to different pro-
cesses.> It has been shown in a recent study that women
with GDM and women with pre-eclampsia have similar
impairment in myocardial function in the third trimes-
ter.”* Our study suggests that the relationship is independ-
ent, implying that there could be at least some different

steps in the pathological processes, albeit with the same
CVD end point.

A Canadian cohort study by Pace et al. studied the
associations between gestational hypertension, GDM or
the presence of both conditions with later CVD.* In that
study it was concluded that the combination of gestational
hypertension and GDM gave a 2.4 hazard ratio for later
CVD, with the limitation that they were not able to adjust
for maternal BMI.

There is evidence that women with GDM have an in-
creased risk of developing pre-eclampsia® and it has
previously been shown that the risk for pre-eclampsia is
increased even among normal weight women with GDM.
Treatment of GDM reduces the risk for pre-eclampsia but
whether the conditions share the same biological mecha-
nisms is unclear.’”’® On the other hand, there is some ev-
idence that women with pre-eclampsia have an increased
risk of GDM in a subsequent pregnancy or diabetes later
in life.***° In previous studies no adjustment was made
for BMI, a risk factor and confounder for pre-eclampsia,
GDM and CVD, leaving the possibility open that this re-
lationship was partly due to these potential confounders.
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Further work is needed to tease out how the patho-
aetiological pathways to CVD differ and overlap between
pre-eclampsia and GDM.

The risk of later CVD if you are exposed to pre-eclampsia
during pregnancy has been shown to be elevated.>*'™*
Whether CVD risk is mediated through hypertension after
pregnancy is largely unknown and not reported in studies.
Our findings suggest that the association of pre-eclampsia
and later CVD is not affected in the same way by mothers'
BMI in early pregnancy as is the case for GDM.” BMI greater
than 25kg/m? in early pregnancy is strongly associated with
obesity and type 2 diabetes later in life.**

In spite of the CVD risk among women with past pre-
eclampsia and/or GDM, evidence that intervention reduces
this risk, or differs between these two independent CVD
risk factors is limited. Furthermore, follow up of women
with previous GDM appears to be limited and there are no
conclusive data on when to commence screening for CVD
risk factors.'®'®**> Generally, monitoring and treatment of
CVD risk factors are recommended when the 10-year risk is
estimated to be approximately 10%.*® The mean time to an
event in these women was under 10years and yet guidelines
do not generally include past pre-eclampsia or past GDM as
risk factors.*>*’ Besides pharmacological interventions to re-
duce CVD risk, prevention programmes involving lifestyle
or metformin treatment have been shown to reduce or post-
pone type 2 diabetes mellitus incidence.*®™>°

When it comes to postpartum follow up after pre-
eclampsia the situation is even worse than for women with
GDM. There are few available studies on the evaluation
of follow-up programmes for women with pre-eclampsia.
Although there is no apparent international consensus on
how prevention should be organised within healthcare sys-
tems, our data suggest that the risk is so high that standard
interventions should either be tested through trials or simply
put into place. These would include CVD risk factor moni-
toring and treatment and lifestyle programmes like the dia-
betes prevention programmes.”’ There is evidence that such
programmes are difficult to implement because women
often have wider commitments, including to their family.>

Ongoing efforts to reduce overweight and obesity could
have an effect on the risk for GDM and subsequent type 2
diabetes mellitus, but BMI does not seem to be related to
CVD events associated with pregnancies complicated by
pre-eclampsia. Further studies are needed on prevention
strategies to improve women's health.

5 | CONCLUSION

We have shown in this study that GDM and pre-eclampsia
are statistically, independently associated with elevated risk
for CVD later in life and the association of pre-eclampsia is
similar in different BMI classes. In order to improve women's
health, structured follow up with access to preventive health-
care postpartum and onwards through their lives, is needed.
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