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Background—Preeclampsia and gestational hypertension (GH) are the most common hypertensive pregnancy disorders.
Preeclampsia has been linked to increased risk of cardiovascular disease (CVD), but a similar association for GH has not been
established. We aimed to determine the association between GH and subsequent CVD, and explore the additional role of small-for-
gestational-age infants, preterm delivery, and parity.

Methods and Results—Data from the Medical Birth Registry of Norway were linked to the Cardiovascular Disease in Norway
project and the Norwegian Cause of Death Registry. Hazard ratios and 95% confidence intervals were computed using Cox
proportional hazard regression, comparing women with and without GH during their first and/or second pregnancy. We included all
women with a first delivery from 1980 through 2009 (n=617 589) and followed them for a median of 14.3 (quartile 1—quartile 3:
6.9-21.5) years. Women with GH in the first pregnancy had 1.8-fold (95% confidence interval, 1.7-2.0) higher risk of subsequent
CVD compared with women without any hypertensive pregnancy disorder. When GH occurred in combination with small-for-
gestational-age infants and/or preterm delivery, the hazard ratio was 2.6 (95% confidence interval, 2.3—-3.0). When women with GH
were compared with women with preeclampsia, the risk of CVD was comparable when the pregnancy complications occurred in
either the first or second pregnancy but was significantly higher for preeclampsia without complications when the disorder
occurred in both pregnancies.

Conclusions—GH was associated with increased risk of subsequent CVD, and the highest risk was observed when GH was
combined with small-for-gestational-age infants and/or preterm delivery. (/ Am Heart Assoc. 2018;7:e¢008337. DOI: 10.1161/
JAHA.117.008337.)

Key Words: cardiovascular disease ° fetal growth restriction ¢ gestational hypertension * preeclampsia/pregnancy © preterm
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ypertensive pregnancy disorders are associated with
subsequent maternal cardiovascular disease (CVD)
morbidity and mortality'® and pregnancy is considered a

vascular stress test for later CVD risk. Hypertensive preg-
nancy disorders complicate around 5% to 10% of pregnancies
worldwide,®  and gestational hypertension (GH) and
preeclampsia account for most of these cases. GH is most
common and affects 5% to 8% of healthy women,® ' while
preeclampsia complicates 2% to 7% of all pregnancies.'
There are important similarities and differences in the causes
and pathophysiology of GH and preeclampsia.'?'* Risk
factors for both conditions include overweight, obesity, and
diabetes mellitus." ' Only preeclampsia occurs more often
in first pregnancies.'® Differences in the pathophysiology
between the 2 disorders are indicated by higher serum
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cytokine levels in the early phase of GH and stronger
involvement of placental dysfunction in preeclampsia.'?'¢"'8

An association between hypertensive pregnancy disorders
and other adverse pregnancy outcomes such as small-for-
gestational-age (SGA) infants and preterm delivery is of
clinical importance for preventing serious disease in both
mother and child.'? There is a well-established association
between preeclampsia, alone or in combination with SGA
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Clinical Perspective

What Is New?

» Gestational hypertension increases the risk of maternal
cardiovascular disease later in life, and the risk is further
elevated with the presence of a small-for-gestational-age
infant and/or preterm delivery.

What Are the Clinical Implications?

» Gestational hypertension should be considered in addition
to preeclampsia when assessing a woman’s future risk of
cardiovascular disease.

infants and/or preterm delivery, and subsequent risk of
maternal CVD.'">*'923 |n a study from 2016, we showed a
doubled risk of CVD when preeclampsia occurred alone and a
4-fold risk when preeclampsia occurred in combination with
SGA and/or preterm delivery.? A possible relationship
between GH and risk of maternal CVD has been studied to
a much smaller extent. While several studies have reported a
significant association between GH and subsequent
CVD,> 19292330 only 4 of these had a comparable cohort
size and a similar follow-up time compared with our
study.'??%%%2? None of these studies looked at the combined
effects of GH, SGA infant, preterm delivery, and parity as
predictors of subsequent CVD.

This study was undertaken to explore the role of GH on
subsequent CVD events, accounting for the additional role of
SGA and/or preterm delivery as well as the potential modifying
effect of parity in this association. The GH associated risk was
further compared with that of preeclampsia. We examined
these associations in a prospective population-based cohort
study by linking data from the Medical Birth Registry of Norway
(MBRN) with the Norwegian Cause of Death Registry and the
Cardiovascular Disease in Norway (CVDNOR) project, covering
up to 29 years of follow-up.

Methods

The data and study material will not be made available to
other researchers for purposes of reproducing the results or
replicating the procedure by reason of ethical and data
protective legislation.

Study Design and Study Population

The MBRN is a national registry established in 1967, based on
compulsory notification of live births and stillbirths. The
registry contains information on all pregnancies beyond
16 weeks of gestation, including maternal characteristics

and medical history, as well as pregnancy complications.?' To
follow women with regard to later development of CVD, we
linked the MBRN to the CVDNOR project (www.cvdnor.no).
Further linkage with the Norwegian Cause of Death Registry,
Statistics Norway, and the National Population Registry
provided us with information of cause and date of death
(1980-2009), sociodemographic status, and date of emigra-
tion, respectively.

A total of 708 614 women were recorded in the MBRN in
the study period (1980-2009). From this population we
defined 2 cohorts. Cohort 1 was defined as all women aged
16 to 49 years who had their first delivery during 1980-2009.
Only information from the first pregnancy is included in the
analyses and time of delivery represents start (baseline) of the
follow-up period. A total of 29 657 (4.2%) women emigrated
during the follow-up period and were excluded from the study,
leaving 678 957 eligible women. Exclusions were defined
according to the woman'’s first pregnancy and CVD history.
Based on information in the MBRN or the CVDNOR project,
6385 women with existing CVD (/nternational Classification of
Diseases [ICD], Tenth Revision: 100—199 and corresponding
codes for /CD-8 and /CD-9) at baseline were excluded. We
further excluded women with babies who had a z score
outside (—4, +4) of birthweight by gestational week (n=1640),
missing information on SGA and/or preterm delivery
(n=38 581), and multiple gestation (n=9507). Women with
births before 20 weeks of gestation (n=3) were excluded,
since hypertensive pregnancy disorders are diagnosed after
20 weeks of gestation. In addition, we excluded women with
missing information on education (n=5246) and women with
negative follow-up time, likely attributable to an erroneous
date of death (n=6). The final cohort 1 included 617 589
women (Figure 1).

Cohort 2 was defined as women in cohort 1 with at least 2
pregnancies (n=454 646), and follow-up started at the second
delivery. Information from the first and second pregnancies
was included and further exclusions were based on charac-
teristics in the second pregnancy: delivery of a baby with a z
score outside (—4, +4) of birthweight by gestational week
(n=922), missing information on SGA and/or preterm delivery
(n=24 175), multiple gestation (n=6550), and births before
20 weeks of gestation (n=3). We also excluded 1226 women
with a CVD diagnosis before the second pregnancy. The final
cohort 2 included 421 770 women (Figure 1).

Two different sets of additional analyses were performed.
First, we analyzed all women using information on hyperten-
sive pregnancy disorders in any of the women’s pregnancies
(up to 5 pregnancies). After exclusions according to informa-
tion in all of the women’s pregnancies we were left with
577 185 women for these analyses (for details see Table S1).
Second, further analyses were performed on women with >2
pregnancies (n=413 701).
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708,614 women with a first
birth in 1980-2009 age 16-49
years with parity <5

£

Cohort 1: 617,589 women with
a first birth in 1980-2009 age

Cohort 2: 421,770 multiparous
women with a first birth in
1980-2009 age 16-49 years

Exclusions of women according to characteristics in the first pregnancy:

- Children with extreme birth weight for gestational age (1640)
: - Multiple gestations (9507)

- Missing on SGA and/or preterm delivery (38,581)

i - Births before 20 weeks of gestation (3)

- Missing data on education (5246)

- Negative follow-up time (6)

- CVD diagnosis registered before the first pregnancy (6385)
i - Emigrated during follow-up (29,657)

T T T T T PP T PP T PP TP PP

£ Exclusions of women according to characteristics in the second pregnancy:

: - Women with one only registered pregnancy (162,943)

- Children with extreme birth weight for gestational age (922)
i - Multiple gestations (6550)

- Missing on SGA and/or preterm delivery (24,175)

- Births before 20 weeks of gestation (3)

: - CVD diagnosis registered before the second pregnancy (1226)

Figure 1. Flowchart describing the study population of 617 589 Norwegian women followed from 1980
through 2009, including exclusion criteria. CVD indicates cardiovascular disease; preterm delivery,
<37 weeks of gestation; SGA, small-for-gestational-age (<10th percentile).

The study was approved by the Regional Committee for
Medical and Health Research Ethics (2014/1047). Individual
informed consent was waived because data were collected
from national mandatory registries.

Study Exposure and End Points

The MBRN defines GH as hypertension occurring after
20 weeks of gestation (systolic blood pressure [BP]
>140 mm Hg and/or diastolic BP >90 mm Hg, or an increase
>15 mm Hg from BP measured before gestational week 20).
A preeclampsia diagnosis requires the additional presence of
proteinuria (>0.3 g in 24-hour urine or a >1-point increase on
dipstick) and also includes eclampsia and HELLP (hemolysis,
elevated liver enzymes, low platelet count) syndrome. Preterm
delivery was defined as delivery less than 37 weeks of
gestation and SGA was defined as fetal growth below the 10th
percentile of Norwegian birth weight curves.®?

The primary end point was defined as CVD (/CD-9 codes
390-459; /ICD-10 codes 100199 [except 184]). Secondary end
points were coronary heart disease (CHD) (/CD-9 codes 410—
414; ICD-10 codes 120-125) and cerebrovascular disease
(/CD-9 codes 430438, /ICD-10 codes 160-169).

Statistical Methods

Descriptive characteristics are reported as means, SDs,
medians, interquartile range, and percentages. Time-to-event

analyses were conducted using Cox proportional hazard
regression to estimate hazard ratios (HRs) and 95% confi-
dence intervals (Cls) for each study outcome, comparing
women with and without GH or preeclampsia. Proportional
hazard assumption was checked by inspecting log-(log)
survival plots for all relevant variables. The level of signifi-
cance was defined as P<0.05 in all analyses (2-sided). In all
models we considered educational level, marital status, and
birth year of first child as potential confounders. Educational
level was classified into 3 categories: basic (compulsory)
education, upper secondary education (high school or voca-
tional school), and tertiary education (college or university).
Information on smoking, body mass index, and alcohol
consumption was not available.

In cohort 1, we analyzed the risk of CVD in women with or
without GH in their first pregnancy. Follow-up time was
calculated as the difference between the mother’s age at the
date of hospital admission, death, or December 31, 2009
(whichever occurred first), and age at first delivery. Women
were stratified into: (1) no GH, no preeclampsia, or no SGA or
preterm delivery; (2) GH only; (3) SGA only; (4) preterm
delivery only; and (5) GH with SGA and/or preterm delivery.

In cohort 2, follow-up time was calculated as the difference
between the mother’s age at the date of hospital admission,
death, or December 31, 2009 (whichever occurred first), and
age at second delivery. Analyses were stratified by first and/
or second pregnancy, and we assessed whether GH alone or
combined with SGA and/or preterm delivery differed in CVD
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risk according to parity. In separate analyses we directly
compared the obtained HRs and P values for risk of CVD
between women with GH and women with preeclampsia, with
or without the presence of SGA infants and/or preterm
delivery.

In the first sets of additional analyses (n=577 185),
looking at GH in any pregnancy, we introduced GH as a
time-dependent covariate in order to avoid classifying the
mother as exposed while still unexposed before occurrence of
her first pregnancy with GH. In addition to educational level,
marital status, and birth year of first child, we also adjusted
for parity and preeclampsia as time-dependent covariates. By
adjusting for preeclampsia, we estimated the part of the
effect of GH on risk of CVD that was not influenced by a
subsequent preeclamptic pregnancy in the same woman. In
the second set of additional analyses (n=413 701), we
examined the risk of CVD in women with both GH and
preeclampsia. Hypertensive pregnancy disorder was intro-
duced as a time-dependent covariate, and women were
stratified into: (1) no GH, no preeclampsia; (2) GH;

(3) preeclampsia; or (4) both GH and preeclampsia. The
women were followed from age at their first delivery in both
sets of additional analyses.

Results

Characteristics of the Study Population

Characteristics according to hypertensive pregnancy disorder
status in the first pregnancy (cohort 1) are summarized in
Table 1. A total of 41 434 (6.5%) women had a hypertensive
pregnancy disorder in the first pregnancy, distributed as
11 600 (28.0%) women with GH and 29 834 (72.0%) women
with preeclampsia.

Women with GH were more likely than women without
hypertensive pregnancy disorders to be married/cohabitants
and to have higher education. The occurrence of diabetes
mellitus, placental abruption, preterm deliveries, SGA infants,
and stillbirths was higher among women with GH compared
with  women without hypertensive pregnancy disorders.

Table 1. Distribution of 617 589 Norwegian Women With a First Pregnancy During 1980—2009 According to Hypertensive

Pregnancy Disorders in the First Pregnancy (Cohort 1)

No Hypertensive Hypertensive Pregnancy Disorder (n=41 434)
Pregnancy Disorder
(=576 155)* GH (n=11 600) P Value® Preeclampsia (n=29 834) P Value*
Mother’s age, mean (SD), y 26.3 (5.0) 27.4 (5.0) <0.001 26.6 (5.0) <0.001
Education level <0.001 <0.001
Basic education, No. (%) 155 363 (27.0) 2882 (24.8) 8123 (27.2)
Secondary education, No. (%) 173 290 (30.0) 3342 (28.9) 9345 (31.3)
Tertiary education, No. (%) 247 502 (43.0) 5376 (46.3) 12 366 (41.5)
Marital status <0.001 <0.001
Married/cohabitants, No. (%) 482 982 (83.8) 10 200 (87.9) 25 523 (85.5)
Other, No. (%) 93 173 (16.2) 1400 (12.1) 4311 (14.5)
Diabetes mellitus, No. (%)* 2063 (0.4) 92 (0.8) <0.001 497 (1.7) <0.001
Maternal complications <0.001 0.001
Placental abruption, No. (%) 2764 (0.5) 93 (0.8) 355 (1.2)
Infant characteristics
Preterm delivery, No. (%) 31 206 (5.4) 811 (7.0 <0.001 6154 (20.6) <0.001
SGA infant, No. (%) 67 968 (11.8) 1913 (16.5) <0.001 7052 (23.6) <0.001
Stillbirth, No. (%) 3339 (0.6) 91 (0.9) 0.004 220 (0.7) 0.618
Mode of delivery <0.001 <0.001
Spontaneous, No. (%) 486 159 (84.4) 7467 (64.4) 11 747 (39.4)
Induced, No. (%) 70 563 (12.3) 3541 (30.5) 14 353 (48.1)
Cesarean, No. (%) 19 433 (3.4) 592 (5.1) 3734 (12.5)

Preterm delivery indicates <37 weeks of gestation; SGA, small-for-gestational-age (<10th percentile).

*No hypertensive pregnancy disorder indicates no gestational hypertension (GH) or preeclampsia.

P value compares differences among women with no hypertensive pregnancy disorder vs women with GH. Chi-square test for categorical data and t test for continuous data.
P value compares differences among women with GH vs women with preeclampsia. Chi-square test for categorical data and ¢ test for continuous data.

SDiabetes mellitus (defined as type 1, type 2, or unspecified) diagnosed before the first pregnancy.

DOI: 10.1161/JAHA.117.008337

Journal of the American Heart Association 4

HDOYVIASHY TVYNIDIYO



6T0Z ‘8T Afenuer uo Aq Bio'sfeuinofeye//:dny wouy papeojumoq

Gestational Hypertension and Cardiovascular Disease

Table 2. Distribution of Morbidity and Mortality of CVD in 617 589 Norwegian Women (Median Follow-Up of 14.3 Years) With a

Riise et al

First Pregnancy in 1980-2009 According to Hypertensive Pregnancy Disorders in the First Pregnancy (Cohort 1)

No Hypertensive Hypertensive Pregnancy Disorder (n=41 434)
Pregnancy Disorder
(n=576 155)* GH (n=11 600) P Value® Preeclampsia (n=29 209) P Value*
CvD 19 111 (3.3) 758 (6.5) <0.001 1950 (6.5) 0.995
Hospitalizations 17 628 (92.2) 715 (94.3) 1831 (93.9)
Deaths 1438 (7.8) 43 (5.7) 119 (6.1)
CHD 2517 (0.4) 99 (0.9) <0.001 269 (0.9) 0.639
Hospitalizations 2272 (90.3) 92 (92.9) 230 (85.5)
Deaths 245 (9.7) 7(7.1) 39 (14.9)
Cerebrovascular disease 2383 (0.4) 69 (0.6) 0.003 205 (0.7) 0.298
Hospitalizations 2054 (86.2) 59 (85.5) 180 (87.8)
Deaths 329 (13.8) 10 (14.5) 25 (12.2)

Values are expressed as number (percentage). CHD indicates coronary heart disease; CVD, cardiovascular disease.

*No hypertensive pregnancy disorder indicates no gestational hypertension (GH) or preeclampsia.

P value compares differences among women with no hypertensive pregnancy disorder vs women with GH. Chi-square test for categorical data and ¢ test for continuous data.
P value compares differences among women with GH vs women with preeclampsia. Chi-square test for categorical data and ¢ test for continuous data.

Women with GH had a higher proportion of cesarean section
(P<0.001) compared with women without hypertensive preg-
nancy disorders.

Compared with women with preeclampsia, women with GH
were less likely to have diabetes mellitus, preterm delivery,
and SGA infants. The proportion of cesarean sections was
significantly higher among women with preeclampsia com-
pared with women with GH (12.5% versus 5.1%, respectively;
P<0.001).

During a median of 14.3 (quartile 1—quartile 3: 6.9-21.5)
years, follow-up after first delivery, 21 819 (3.5%) women
developed CVD, of whom 2885 (13.2%) had CHD and 2657
(12.2%) had cerebrovascular disease (Table 2). Among women
without hypertensive pregnancy disorders, there were 19 111
(3.3%) occurrences of CVD, 2517 (0.4%) CHD events, and
2383 (0.4%) cerebrovascular events. These occurrences were
all significantly higher (P<0.001) in women with GH in their
first pregnancy, with 758 (6.5%), 99 (0.9%), and 69 (0.6%)
events, respectively.

GH in First Pregnancy and Risk of Subsequent
CvD

The GH-associated risks for CVD (alone or in combination with
SGA and/or preterm delivery) in cohort 1 are shown in
Figure 2 and Table 3. Women with GH showed higher risk of
CVD compared to women without hypertensive pregnancy
disorders; HR, 1.8 (95% Cl, 1.7—2.0) for GH alone, increasing to
2.6 (95% Cl, 2.3-3.0) when GH occurred in combination with
SGA and/or preterm delivery. Women with SGA only or
preterm delivery only had an increased risk of CVD with HRs of

1.1 (95% CI, 1.1-1.2) and 1.3 (95% Cl, 1.2—1.3), respectively,
compared with women with no hypertensive pregnancy
disorders. Comparable results were found for CHD and
cerebrovascular disease, although the association between
GH and cerebrovascular disease was not significant (Table 3).

GH in the First and/or Second Pregnancy and
Risk of Subsequent CVD

Table 4 shows results for more in-depth analyses of GH in
combination with SGA and/or preterm delivery of women in
cohort 2. Among women with GH only, the risk was lowest for
GH in the first pregnancy (HR, 1.7; 95% CI, 1.5-2.0),
intermediate for GH in both pregnancies (HR, 1.9; 95% ClI,
1.3-2.6), and highest for GH in the second pregnancy (HR,
2.4; 95% Cl, 2.1-2.8). When GH occurred in conjunction with
SGA and/or preterm delivery, the risk was highest for women
with GH in both pregnancies (HR, 3.6; 95% CI, 2.4-5.2).

Comparison of GH and Preeclampsia

In general, the risk of CVD after GH or preeclampsia appeared
to be similar; however, recurrent GH had a significantly lower
risk of CVD compared with recurrent preeclampsia when the
disorders occurred without SGA/preterm birth (HR, 0.5; 95%
Cl, 0.4-0.8) (Table 5).

Additional Analyses

When studying GH in any of the women’s pregnancies
(n=577 185), we found an HR of 2.0 (95% Cl, 1.9-2.2) for the
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Figure 2. Kaplan—Meier curve of cardiovascular disease risk for 617 589 Norwegian women with
>1 pregnancies according to a hypertensive pregnancy disorder in the first pregnancy (cohort 1).
CVD indicates cardiovascular disease; GH, gestational hypertension; PE, preeclampsia; preterm
delivery, <37 weeks of gestation; SGA, small-for-gestational-age (<10th percentile).

risk of subsequent maternal CVD (Table S1). After adjustment
for educational level, marital status, birth year of first child,
parity (time-dependent), and preeclampsia (time-dependent),
the HR decreased to 1.9 (95% Cl, 1.8-2.0). This indicates that
the effect of GH on risk of CVD is not caused by a subsequent
preeclamptic pregnancy and that GH independently increases
the risk of subsequent maternal CVD. The same pattern was
found for CHD and cerebrovascular disease. When analyzing
women with >2 pregnancies (n=413 701), we found an HR of
3.3 (95% Cl, 2.9-3.7) for women who experienced both
hypertensive pregnancy disorders and risk of subsequent
maternal CVD (adjusted for educational level, marital status,
birth year of first child, and parity [time-dependent]). This is
higher than what we found for women who experienced only 1
of these hypertensive pregnancy disorders (GH: HR, 2.0 [95%
Cl, 1.8-2.2]; preeclampsia: HR, 2.1 [95% CI, 2.0-2.2]) (data
not shown in Tables).

Discussion

In this large cohort study based on nationwide health
registries, we found that GH increased the risk of subsequent
CVD both overall and for its major components of CHD and
cerebrovascular disease. When complicated with SGA and/or
preterm delivery, GH-associated risk for CVD was further
increased. The detrimental effect of GH was more pronounced

when it occurred in the second compared with the first
pregnancy. The risk for subsequent CVD was similar for
preeclampsia and GH when complicating only 1 pregnancy,
while for recurrent uncomplicated hypertensive pregnancy
disorder, the adverse effect of preeclampsia was more
pronounced than for GH.

Comparison With Other Studies

Most previous studies of the association between hypertensive
pregnancy disorders and future maternal CVD have either
examined GH and preeclampsia combined or focused solely on
preeclampsia. %34 The risk of future CVD for GH alone has
been less studied, but some previous studies support our
finding of a positive association between GH and cardiovascular
events.'920:23-26:29.30 £ 1 of these are large Scandinavian reg-
ister-based cohort studies with long follow-up periods '?"2%-2%2?
that observed higher risk of CVD morbidity and mortality in
women who experienced GH, with the highest CVD risk for the
highest degree of severity of GH?® and stronger association
with postpregnancy hypertension for GH than preeclampsia.?’
Three studies®* ¢ reported that GH as well as preeclampsia
increased the risk of CVD. Other studies report more inconsis-
tent, conflicting, or negative results, with no association
between GH alone and CVD for nonblacks after stratifying by
race,” with a positive association between GH and CVD but not
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Table 3. Associations Between GH in First Pregnancy and Risk of CVD Among 617 589 Women Followed From 1980 to 2009

(Cohort 1)
No./Events Unadjusted HR (95% Cl) Adjusted HR (95% Cl)
CvD
No HPD, no SGA, no preterm delivery 481 500/15 182 1 1
GH only 9148/534 1.8 (1.7-2.0) 1.8 (1.7-2.0)
SGA only 63 449/2580 1.1 (1.1-1.2) 11 (1.1-1.2)
Preterm delivery only 26 687/1086 1.3 (1.2-1.4) 1.3 (1.2-1.3)
GH and SGA and/or preterm delivery 2452/224 2.7 (2.4-3.1) 2.6 (2.3-3.0)
CHD
No HPD, no SGA, no preterm delivery 481 500/1863 1 1
GH only 9148/65 1.7 (1.3-2.2) 1.7 (1.3-2.1)
SGA only 63 449/464 1.6 (1.5-1.8) 15 (1.4-1.7)
Preterm delivery only 26 687/144 14 (1.2-1.7) 1.3 (1.1-1.6)
GH and SGA and/or preterm delivery 2452/34 2.9 (2.1-4.1) 2.8 (2.0-3.9)
Cerebrovascular disease
No HPD, no SGA, no preterm delivery 481 500/1824 1 1
GH only 9148/45 1.3 (0.9-1.7) 1.3 (0.9-1.7)
SGA only 63 449/364 1.3 (1.2-1.5) 1.3 (1.2-1.4)
Preterm delivery only 26 687/152 1.5 (1.3-1.8) 1.4 (1.2-1.7)
GH and SGA and/or preterm delivery 2452124 2.3 (1.5-3.9) 2.3 (1.5-3.4)

Cox proportional hazard regression analyses with mother’s age as the time scale. Follow-up starts at mother’s age at first delivery. Category with other combinations (ie, preeclampsia
alone, small-for-gestational-age [<10th percentile] [SGA]+preterm delivery) not shown (n=34 353). Adjusted for educational level, marital status, and birth year of first child (all are
significant in full model). CHD indicates coronary heart disease; Cl, confidence interval; CVD, cardiovascular disease; GH, gestational hypertension; HPD, hypertensive pregnancy disorder;

HR, hazard ratio; preterm delivery, <37 weeks of gestation.

for thromboembolic events (deep venous thrombosis or
pulmonary embolism),?” and lack of positive association
between GH and CVD.?® Compared with our study, these
studies had limitations in terms of small population size and
relatively short follow-up for cardiovascular events.?®> 28

The role of GH combined with SGA and/or preterm delivery
on future CVD has been addressed in a few studies.>?%?*28
These studies support our findings, but have limitations. A
Swedish study of GH or preeclampsia combined with SGA or
preterm delivery found an incidence rate ratio of 2.6 for
subsequent risk of ischemic heart disease; however, most
analyses combined GH and preeclampsia.?® Two studies of
the combination of maternal placental syndrome with SGA/
preterm delivery found an increased risk of CVD, but without
specifying the types of hypertensive pregnancy disorders.?*?8
The study presented here is the first large cohort study
analyzing GH as a separate disorder combined with SGA and/
or preterm delivery and we observed a strong and significant
increased risk of CVD in these women.

To the best of our knowledge this is the first study to
explore how parity affects the association between GH (with
or without SGA and/or preterm delivery) and subsequent risk

of CVD. Interestingly, we observed that whether GH occurred
in the first or second pregnancy profoundly affected the risk
of CVD, and that GH and preeclampsia showed comparable
patterns in this respect, implying comparable effects of parity
for the 2 conditions. For preeclampsia, a different cause for a
group of women only experiencing the disorder in their first
pregnancy is acknowledged'® and it has been shown that the
risk for future CVD is higher when preeclampsia occurs in the
second pregnancy compared with the first.>'® Such a parity-
specific pattern has not previously been shown for GH and our
findings point to differences in severity of the maternal
disorder or underlying maternal characteristics when com-
paring the occurrence of GH in a woman’s first or second
pregnancy. For recurrent hypertensive pregnancy disorder, a
difference between GH and preeclampsia was apparent with
higher preeclampsia-associated CVD risk compared with GH.
Together, our findings point to both shared and distinct
underlying processes in these disorders. The difference
between GH and preeclampsia is reflected by the highest
risk for future CVD in women who experience both GH and
preeclampsia and suggests that both disorders have a unique
contribution to the vascular load and risk of CVD later in life.
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Table 4. GH in First and/or Second Pregnancy and Risk of
CVD Among 421 770 Women With at Least 2 Pregnancies
Followed From 1980 to 2009 (Cohort 2)

No./Events HR (95% CI)*
No HPD, no SGA, no preterm delivery’ | 302 623/8828 | 1
GH only
First, but not second pregnancy 4901/254 1.7 (1.5-2.0)
Second, but not first pregnancy 2646/180 2.4 (21-2.8)
Both pregnancies 543/32 1.9 (1.3-2.6)
GH and SGA and/or preterm delivery
First, but not second pregnancy 1139/71 2.0 (1.6-2.5)
Second, but not first pregnancy 418/39 3.0 (2.2-4.1)
Both pregnancies’ 230/26 3.6 (2.4-5.2)

Cox proportional hazard regression analyses with mother’s age as the time scale. Follow-up
starts at mother’s age at second delivery. Women with preeclampsia are excluded from the
analysis (n=24 026). Category with other combinations of gestational hypertension (GH)/
small-for-gestational-age (<10th percentile) (SGA) infant/preterm not shown (n=85 244).
Cl indicates confidence interval; CVD, cardiovascular disease; HPD, hypertensive pregnancy
disorder; HR, hazard ratio; preterm delivery, <37 weeks of gestation.

*Adjusted for educational level, marital status, and birth year of first child (all are
significant in full model).

"No GH, preeclampsia, SGA, or preterm delivery in first or second pregnancy.

GH in both pregnancies, SGA/preterm in at least 1 pregnancy.

Strengths and Limitations

The major strengths of our study are inclusion of a large
nationwide cohort consisting of more than 600 000 women
and detailed follow-up of both nonfatal and fatal CVD over a
period of up to 29 years. We were able to investigate relatively
young women in a homogeneous, nonselected low-risk

population. The national personal identification number
allowed linking of data from several sources of information,
thus improving the completeness of information and ensuring
minimal loss to follow-up. Some limitations also need to be
addressed. Inclusions of deliveries from 1980 to 1993 gave up
to 14 years without morbidity follow-up. However, the majority
of CVD events in women occur after age 50 years and the
median age at first delivery was 26 years; thus, the number of
CVD events before 1994 was expected to be low. Complete
follow-up for CVD mortality was available from 1980 through
2009, as previously described.? The diagnostic validity for
preeclampsia in the MBRN is high,35’36 while the positive
predictive value for GH has been found to be 68% in a validity
study with data from the MBRN and the population-based
HUNT (Nord-Trendelag Health) study in Nord-Trendelag
County.?” This study did not have the possibility to apply the
newer stricter criteria for GH that requires at least 2 high BP
recordings.é The low prevalence of GH in our study may be a
result of underreporting of the less severe cases to the MBRN,
possibly making this diagnosis less reliable.'® Moreover, it is
acknowledged that chronic hypertension is underdiagnosed in
young women.*® Women may have their first BP measured
during pregnancy and thereby receive a misdiagnosis of GH
instead of chronic hypertension. Another weakness of our
study is the inability to adjust for several confounders
including smoking, body mass index, and alcohol consumption,
attributable to missing information in the registries. We can
therefore not exclude the possibility that these risk factors
might play a role in the association between hypertensive
pregnancy disorders and CVD.

Table 5. GH or Preeclampsia in First and/or Second Pregnancy and Risk of CVD Among 421 770 Women With at Least 2

Pregnancies Followed From 1980 to 2009 (Cohort 2)

Preeclampsia GH
No./Events | HR (95% Cl) No./Events HR (95% CI)*
HPD only
First, but not second pregnancy 10 455/493 1 (reference) 4901/254 1.0 (0.8-1.1)
Second, but not first pregnancy 3855/261 1 (reference) 2646/180 1.0 (0.9-1.2)
Both pregnancies 1389/133 1 (reference) 543/32 0.5 (0.4-0.8)"
HPD and SGA and/or preterm delivery
First, but not second pregnancy 4813/204 1 (reference) 1139/71 1.2 (1.0-1.6)
Second, but not first pregnancy 1693/131 1 (reference) 418/39 1.1 (0.8-1.5)
Both pregnancies* 1821/185 1 (reference) 230/26 0.9 (0.6-1.4)

Cox proportional hazard regression analysis with mother’s age as the time scale. Follow-up starts at mother’s age at second delivery. Women without preeclampsia or gestational
hypertension (GH) in the 2 first pregnancies (302 623) and women with other combinations of GH/preeclampsia/small-for-gestational-age (<10th percentile) (SGA) infant/preterm
delivery (ie, women with GH in the first and preeclampsia in the second or vice versa) not shown (n=85 244). Cl indicates confidence interval; CVD, cardiovascular disease; HPD,

hypertensive pregnancy disorder; HR, hazard ratio; preterm delivery, <37 weeks of gestation.

*Adjusted for educational level, marital status, and birth year of first child (all are significant in full model).

j'Significantly different from preeclampsia without SGA/preterm in both pregnancies.

*HPD in both pregnancies, SGA infant and/or preterm delivery in at least 1 of the 2 pregnancies.
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Conclusions

Results from our study suggest that more attention should
be given to the course and consequence of GH, and that GH
and preeclampsia should be addressed as separate disorders
in future studies. The results related to parity and risk of
future CVD point out that recognition of different subtypes
of GH and preeclampsia is important for prevention and
treatment of CVD and that special attention should be given
to women at highest risk of future CVD. Our findings identify
a new severity of GH with regard to future maternal health
and underline the need for further attention toward these
affected women.
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Table S1. Hazard ratios (HRs) and 95% confidence intervals (CI) using time-dependent covariates for associations between

gestational hypertension (GH) in at least one pregnancy during 1980-2009 and risk of cardiovascular disease (CVD) among

577,185 women.

No. /events Unadjusted* Model 1* No./events Model 2%
HR (95 % CI) HR (95 % CI) HR (95 % CI)

CvD

No GH 526,213/16,257 1 (ref.) 1 (ref.) 560,305/18,491 1 (ref.)

GH in at least one pregnancy 14,259/871 2.0 (1.9-2.2) 2.0 (1.9-2.2) 16,880/1133 1.9 (1.8-2.0)
CHD

No GH 526,213/2148 1 (ref.) 1 (ref.) 560,305/2411 1 (ref.)

GH in at least one pregnancy 14,259/108 1.7 (1.4-2.1) 1.7 (1.4-2.1) 16,880/143 1.7 (1.4-2.0)
Cerebrovascular disease

No GH 526,213/2038 1 (ref.) 1 (ref.) 560,305/2283 1 (ref.)

GH in at least one pregnancy 14,259/83 1.5(1.2-1.9) 1.6 (1.3-1.9) 16,880/108 1.5(1.2-1.8)
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GH indicates gestational hypertension; PE, preeclampsia; CVD, cardiovascular disease; CHD, coronary heart disease; HR, hazard
ratio; CI, confidence interval.

Additional analyses on all women was performed using information on hypertensive pregnancy disorders in any of the women's
pregnancies (up to five pregnancies). Cox proportional-hazard regression analyses were performed with GH as a time-dependent
covariate. Follow-up starts at mother’s age at first delivery (baseline) and mother’s age was applied as the time scale. From the study
population of 678, 957 women we did exclusions according to: previous diagnosis of CVD at baseline (n=6385), multiple gestation
(n=21,125), births before 20 weeks of gestation/or missing on length of pregnancy (n=69,198), missing on education (n=5058) and
women with negative follow—up time, probably due to an erroneous date of death (n=6). We were then left with 577,185 women for
these analyses.

*Women with PE (n=36,713) are excluded from the analysis.

+Adjusted for educational level, marital status, birth year of first child and parity (time-dependent) (all are significant in full model).

1 Women with PE are included in the analysis. Adjusted for educational level, marital status, birth year of first child, parity (time-

dependent) and PE (time-dependent) (all are significant in full model).



