. The official journal of the Japan Atherosclerosis Society and
i the Asian Pacific Society of Atherosclerosis and Vascular Diseases @ @@@
& BY NC SA

4

J Atheroscler Thromb, 2023; 30: 1420-1426. http://doi.org/10.5551/jat.63816

Original Article

Hypertensive Disorders of Pregnancy are Associated with
Cardiovascular Disease in Middle- and Older-Aged Japanese Women

Makiko Egawa’, Eiichiro Kanda?, Hiroshi Ohtsu?, Tomohiro Nakamura* and Masayuki Yoshida®

'Department of Nutrition and Metabolism in Cardiovascular Disease, Graduate School of Medical and Dental Sciences, Tokyo
Medical and Dental University, Tokyo, Japan

2Medical Science, Kawasaki Medical School, Okayama, Japan

3Clinical Pharmacology and Regulatory Science, Graduate School of Medicine, Juntendo University, Tokyo, Japan

#Tohoku Medical Megabank Organization, Tohoku University, Sendai, Japan

>Department of Life Science and Bioethics, Graduate School of Medicine, Tokyo Medical and Dental University, Tokyo, Japan

Aim: Hypertensive disorders of pregnancy (HDP) are estimated to occur in up to 10% of all pregnancies and are
associated with an increased risk of future cardiovascular disease (CVD) and chronic hypertension (HT).
Therefore, we examined the impact of a history of HDP on CVD possibility in middle- and older-aged Japanese

women.

Methods: We used the Tohoku Medical Megabank database to obtain the data of 26,024 menopausal women
who were aged > 50 years, had children, did not smoke, and did not have chronic kidney disease and to analyze
the relationship between HDP history and CVD.

Results: A history of HDP was found in 4.6% of women. We divided the women into four groups according to
the presence or absence of HDP and HT. The percentage of women with dyslipidemia, diabetes mellitus, and
body mass index of > 25 kg/m? was the highest in the HDP + HT + group compared to the other groups (43.4%,
24.0%, and 45.2%, respectively). Adjusted odds ratio (OR) for the combined six CVD categories was higher for
those with a history of HDP alone (OR [95% confidence interval [CI]]: 1.61 [1.03-2.53]). Moreover, the OR
was significantly higher for those with combination with HDP history and HT (OR [95% CI]: 4.11 [3.16-
5.35]). The prevalence of individual CVD was also the highest in the HT + HDP + group.

Conclusion: An HDP history can influence the risk of CVD in Japanese women, indicating the importance of
information about pregnancy outcomes in health management.
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1. Introduction

Hypertensive disorders of pregnancy (HDP) are
estimated to occur in up to 10% of all pregnancies?.
HDP can be categorized into preeclampsia, gestational
hypertension (HT), superimposed preeclampsia, and
chronic HT. Though most HDP cases are temporary
and often improve postpartum, HDP can have an
impact on the long-term prognosis of women?%.

Previous studies overseas suggested that women

with a history of HDP are at an increased risk of
future cardiovascular disease (CVD), chronic HT, and
dyslipidemia (DL) compared with those with
normotensive pregnancies®?.

HDP prevalence has been increasing in other
countries, including Japan®> ©. Though the mortality
rate of HDP decreased due to advanced medical
intervention, the potential impact of HDP is
increasing with the current trend of advanced maternal
age and obesity. Therefore, HDP management
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strategies should be more intensively studied.
Moreover, evidence is limited linking HDP history
with future CVD risk among Japanese women.
Therefore, we aimed to determine the impact of HDP
history on CVD in relation to HT, another well-
known risk factor for CVD, using the Tohoku Medical
Megabank Community-based Cohort Study database

that includes data on more than 30,000 women.

2. Aim

The aim of the present study was to elucidate the
impact of the combination of HDP history and HT
on the risk of CVD among middle- and older-aged

Japanese women.

3. Methods
3.1 Study Design, Approval, and Ethics

This was a cross-sectional study approved by the
Medical Research Ethics Committee of Tokyo Medical
and Dental University (M2019-190).

3.2 Study Population

We used the Tohoku Medical Megabank
Community-based Cohort Study database version
2.3.0 (TMM CommCohort Study, available at http://
www.dist.megabank.tohoku.ac.jp/about/data/_2.3.0/
index.html, accessed June 1, 2022), released by the
Tohoku Medical Megabank Organization, Tohoku
University, on July 31, 2019. This database contains
the data of 67,000 residents of Iwate and Miyagi
Prefectures in Northeastern Japan aged > 20 years who
provided their active consents’”®. This database also
includes the obstetric and medical history of women,
including CVD. This survey was performed in specific
municipal health checkup sites, in which researchers
explained the TMM CommCohort Study to
participants in the health checkup, and informed
consent was obtained with face-to-face individual
interviews. The participants underwent a health
checkup conducted by local governments once
between 2013 and 2015, and their serum and plasma
samples were collected. They also responded to
questionnaires regarding their medical history. In
addition, we used the estimated glomerular filtration
rate using cystatin C (eGFRcys) values obtained at
health checkups to ascertain chronic kidney disease
(CKD). In the current study, approximately 32,000
women aged > 50 years who had given birth and were
not planning any more pregnancies were surveyed to
investigate the effects of HDP. Of the 32,189 cases,
excluding obvious input errors, there were 29,504
women with children. To adjust effects of known

CVD risk factor, the analysis was performed on
26,024 menopausal women who did not smoke and

had an eGFRcys of >60 ml/min/1.73 m?.

3.3 Variable Definitions

To assess the participants HDP history, the
questionnaire asks, “Do you have a history of toxemia
or hypertensive disorders of pregnancy?”.
Demographic data, including number of children, age
at first birth, age at last birth, HT, DL, diabetes
mellitus (DM), menopausal status, and smoking
status, were also obtained through the self-reported
questionnaire. HT, DL, and DM were defined as
currently being treated or the previous diagnosis. Body
mass index (BMI) was calculated based on the height
and weight measured at medical checkups. A BMI of
25 kg/m? was used as the criterion for obesity based
on the Japan Society for the Study of Obesity”.
Menopausal status was defined as a woman’s
affirmation to having experienced menopause.
Smoking status was divided into two groups according
to participants’ smoking history of = 100 cigarettes in
their lifetime. CKD was indicated by an eGFRcys of
<60 ml/min/1.73 m?> 19,

The outcome included the presence of any of the
following CVDs: 1) angina/myocardial infarction, 2)
cerebral infarction, 3) cerebral hemorrhage, 4)
subarachnoid hemorrhage, 5) heart failure, and 06)
aneurysm/aortic dissection. The presence of these
CVDs was defined as currently under treatment or
previous diagnosis.

3.4 Statistical Analyses

All statistical analyses were performed using
JMP® 15 (SAS Institute Inc., Cary, NC, USA).
Continuous variables were expressed as median and
interquartile intervals and analyzed using the Kruskal—
Wallis test. The baseline characteristics of the
participants were compared according to a history of
HDP and HT. Next, we examined the correlation of a
history of HDP and CVD, using multivariable logistic
regression models adjusted for the combination of
HDP and HT, age group, obesity, DM, and DL.
Inclusion of variables in the models was based on
existing knowledge of risk factors for CVD V. Three-
and two-factor interaction tests were also performed
for HDP, HT, and age. In addition, the prevalence of
each CVD by age group based on the presence or
absence of HT and HDP was evaluated. All tests were
two-sided, and a p-value of <0.05 was considered as
statistically significant.

1421



Egawa et al.

67,000 residents aged =20 years, participated in TMM CommCohort Study

34,811 were excluded

* men

- women aged under 50 years
- obvious input error

Y
‘ 32,189 women aged =50 years |

2,685 women with no children were
excluded

Y
| 29,504 women with children |

3,480 were excluded
+ 1091 were non-menopausal
- 1131 were smoking
» 453 had an eGFRcys of <60 ml/min/1.73 m?
+ 965 who did not answer

26,024 women with children

Fig.1. Flow diagram of study participants

Table 1. Study population characteristics by presence or absence of HDP

HDP- HT- HDP+ HT- HDP- HT+ HDP+ HT+ P
No. of subjects (%) 15506 (59.6) 513 (2.0) 9337 (35.9) 668 (2.6) N.A
Age,y Median (interquartile range) 64 (60-68) 63 (59-67) 66 (63-70) 65 (62-69) <0.0001
Number of children Median (interquartile range) 2 (2-3) (2 3) 2 (2-3) 2 (2-3) 0.001
Age at first child, y ~ Median (interquartile range) 24 (23-27) 5(23-27) 24 (23-26) 25 (23-27) <0.0001
Age at last child, y ~ Median (interquartile range) 29 (27-32) 0 (27-33) 29 (27-32) 30 (27-32) <0.0001
Women with Dyslipidemia, % 3560 (22.9) 142 (27.7) 3417 (36.6) 290 (43.4) <0.0001
Women with Diabetes, % 1171 (7.55) 2 (10.14) 2053 (22.0) 160 (24.0) <0.0001
Women with BMI is > 25 kg/m?, % 3132 (20.2) 124 24.2) 3723 (39.9) 301 (45.2) <0.0001

HDDP, hypertensive disorders of pregnancy; HT, hypertension; BMI, body mass index.

4. Results

We analyzed 26,024 women in this study
(Fig.1). Table 1 presents the baseline characteristics
of all study participants according to a history of HDP
and HT. The prevalence of HDP was 4.6%. Although
there was no difference in the median number of
children among four groups, women with HDP
(HDP+ HT- group and HDP+ HT+ group) tended
to give birth at an older age.

The percentage of women with DL, DM, and a
BMI of > 25 kg/m? was significantly higher in the
HDP+ HT+ group (43.4%, 24.0%, and 45.2%,
respectively). Subsequently, we analyzed the adjusted
odds ratios (ORs) for the combined six CVD
categories for 26,024 women (Table 2). The ORs for
the six CVDs were calculated for each of the
following: combination of HT and HDP history, age
group, obesity, DM, and DL. Three- and two-factor
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interaction tests were also performed for HDP, HT,
and age, and no interaction effects were found to be
statistically significant (HDP, HT, and age: p=0.96,
HDP and HT: p=0.83, HDP and age: p=0.88, HT
and age: p=0.43). HDP+ HT- was associated with
CVD (OR [95% confidence interval [CI]]: 1.61
[1.03-2.53]). HDP+ HT+ was also associated with
CVD (OR [95% CIJ: 4.11 [3.16-5.35]). Age group
and obesity were associated with CVD (OR [95%
ClIJ; age 60s: 1.95 [1.56-2.43], age 70s and older:
3.22 [2.55-4.06], obesity: 1.15 [1.01-1.30]). By
contrast, DM and DL were not associated with CVD.

We investigated the impact of HDP history on
each of the six CVDs. We analyzed the prevalence of
each CVD by age group with and without HT and
HDP history (Table 3). The prevalence of angina/
myocardial infarction, cerebral infarction, and heart
failure generally increased with age. In particular, the

prevalence of CVD in the 70s and older group was the
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Table 2. Adjusted ORs for six CVDs

HDP+HT- (ref. HDP-HT-)

HDP-HT+ (ref. HDP-HT-)

HDP+HT+ (ref. HDP-HT-)

Age of 60s (ref. 50s)

Age of 70s and older (ref. 50s)

obesity (BMI 2 25 kg/m?) (ref. BMI <25 kg/m?)
DM (ref. no DM)

DL (ref. no DL)

ORs [95% CI] P
1.61 (1.03-2.53) 0.0370
2.30 (2.02-2.63) <0.0001
4.11 (3.16-5.35) <0.0001
1.95 (1.56-2.43) <0.0001
3.22 (2.55-4.06) <0.0001
1.15 (1.01-1.30) 0.0345
1.14 (0.97-1.34) 0.11
1.09 (0.94-1.24) 0.21

ORs, odds ratios; CVD, cardiovascular disease; HDP, hypertensive disorders of pregnancy; HT, hypertension; BMI, body mass

index; DM, diabetes; DL, dyslipidemia.

highest among HT and HDP history (HT+ HDP+
group). On the contrary, the prevalence of the six
CVDs was the lowest among those without HT and
HDP history (HT- HDP- group).

5. Discussion

5.1 Pregnancy and Childbirth as a “Stress Test”

In the present study including women aged > 50
years living in the Tohoku region, we found a
correlation between HDP history and CVD. Adjusted
ORs for the prevalence of the combined six CVDs
were significantly higher among women with HDP
history (HDP+ HT- group), especially combined
with HT (HDP+ HT+ group; OR [95% CIJ: 1.61
[1.03-2.53] and 4.11 [3.16-5.35], respectively).
Currently, CVD is the leading cause of death among
Japanese women'?. Apart from the conventional risk
factors for CVD, such as DL, smoking, and HT, there
could be another risk factor specific for women.
Though it could be physiological that lipid
composition, glucose metabolism, and circulating
blood volume markedly change during pregnancy'?, a
previous study suggests that those who failed to adapt
to these changes during pregnancy experienced adverse
pregnancy outcomes (APO) and had a higher risk of
future CVD. Therefore, pregnancy and childbirth can
be considered as a “stress test” and a predictor of

future CVD 9,

5.2 HDP History, HT, and Future CVD

HDP are defined as the presence of HT during
pregnancy; in most cases, an increase in blood pressure
was first observed after 20 weeks of gestation, and it
returned to normal within 12 weeks postpartum?.
The underlying mechanisms of HDP remain to be
unknown, but recent studies suggested the potential
roles for antiangiogenic factors such as soluble fms-
like tyrosine kinase 1 and soluble endoglin induced by

insufficient trophoblastic invasion to the placenta.
These factors may cause damage to the maternal
endothelial integrity!. Although the biological
mechanisms are unknown, several common risk
factors are shared by HDP and CVD!9, or insults
over time to the body are initiated by sustained
damage to the vascular, endothelial, or metabolic
systems during pregnancy. In Japan, the incidence
rates of HDP were 3.8% in 2001 and 4.1% in 2015 7.
With the increasing incidence of advanced maternal
age pregnancies or assisted reproductive pregnancies,
which are risk factors for HDP'?, the incidence of
HDP is not expected to decrease in Japan.

A study in Japan reported a correlation between
a history of HDP and HT, especially at a young age of
30s—50s'®. Another report from Japan showed that
women with a history of HDP have a higher incidence
rate of HT at 5 years postpartum, suggesting an
impact on younger age groups'”. Similarly, a study
from the Netherlands suggested that the prevalence of
HT increased among the younger age group of
women with a history of HDP??. Our results
indicated that the ORs for CVDs were significantly
increased among women with HDP history and HT,
despite the absence of a statistical interaction between
HDP history and HT. In addition, as shown in Table
3, the prevalence of each CVD increased in the HT+
HDP+ group, suggesting that women with HDP are
at potential risk when combined with HT. Our results
also showed that the ORs for CVD significantly
increased in accordance with age. Therefore, lifestyle
modification and early management of HT among
women with a history of HDP are important.

5.3 Importance of Pregnancy Outcome Information

The European Society of Hypertension and
European Society of Cardiology guidelines suggest a
primary care physician to conduct an annual
follow-up of blood pressure?! 22. In Japan, the
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Table 3. Prevalence of CVD by age group, presence or absence of HT and HDP

50s (n=4718) 60s (z=15110) > 70s (n=6196)
angina / myocardial infarction
HT category HDP category % n/N % n/N % n/N
HT+ HDP+ 1.9 2/106 5.4 22/406 5.8 9/156
HDP- 0.8 9/1107 2.5 134/5359 4 116/2871
HT- HDP+ 0.8 1/132 1.6 5/306 4 3175
HDP- 0.4 12/3373 1 93/9039 1.9 60/3094
cerebral infarction
HT category HDP category % n/N % n/N % n/N
HT+ HDP+ 0.9 1/106 3.4 14/406 5.1 8/156
HDP- 1.4 16/1107 1.8 98/5359 2.5 71/2871
HT- HDP+ 0.8 1/132 1 3/306 0 0/75
HDP- 0.2 8/3373 0.6 50/9039 1.6 51/3094
cerebral hemorrhage
HT category HDP category % n/N % n/N % n/N
HT+ HDP+ 1.9 2/106 1.7 71406 1.9 3/156
HDP- 0.5 6/1107 0.7 35/5359 0.5 14/2871
HT- HDP+ 0 0/132 0 0/306 0 0/75
HDP- 0.1 2/3373 0.1 7/9039 0.2 713094
subarachnoid hemorrhage
HT category HDP category % n/N % n/N % n/N
HT+ HDP+ 0 0/106 1.7 71406 3.2 5/156
HDP- 0.4 4/1107 0.9 49/5359 1 29/2871
HT- HDP+ 0.8 1/132 0 0/306 1.3 1/75
HDP- 0.4 13/3373 0.3 31/9039 0.4 13/3094
heart failure
HT category HDP category % n/N % n/N % n/N
HT+ HDP+ 0 0/106 1.2 5/406 2.6 4/156
HDP- 0.2 2/1107 0.3 14/5359 0.6 16/2871
HT- HDP+ 0 0/132 0.7 2/306 1.3 1/75
HDP- 0.1 2/3373 0.1 5/9039 0.2 7/3094
aneurysm/aortic dissection
HT category HDP category % n/N % n/N % n/N
HT+ HDP+ 0 0/106 1.7 71406 5.1 8/156
HDP- 0.5 5/1107 1 54/5359 1.2 34/2871
HT- HDP+ 0 0/132 1 3/306 1.3 1/75
HDP- 0.2 8/3373 0.5 4719039 0.5 16/3094

CVD, cardiovascular disease; HDD, hypertensive disorders of pregnancy; HT, hypertension.

Guidelines for the Management of Hypertension future CVD risks. The blood pressure of women with
2019 include a chapter on “Pregnancy-related a history of HDP could increase as early as 5 years
hypertension,” but it only involved improving the postpartum!'?. Thus, women with HDP history
perinatal prognosis?? and few comments on their should be informed about the risk of HT and CVD,
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and the appropriate health care management should
be addressed. Internists who manage women with HT
should consider that women with HDP history are at
a high risk of future CVD and should inquire about
APO, especially HDP, when obtaining patient history.
Moreover, future studies are needed to establish an
efficient follow-up system to prevent the progression
of CVD among women with a history of HDP.

5.4 Limitations

This study had several limitations. First, we used
cross-sectional data and did not conduct a prospective
analysis; therefore, the causal relationship between the
factors remains to be unknown. Second, HDP history
was self-reported, and the diagnostic criteria of HDP
have changed over time, resulting in potential memory
bias. Finally, we could not collect detailed information
regarding pregnancy and delivery, the onset or severity
of HDD, or any other factors that may have an impact
on future CVD risk, such as stillbirth or
breastfeeding??.

6. Conclusions

Women with a history of HDP should avoid HT,
a major risk factor of CVD. Among women with HT,
a history of HDP indicates a higher risk of CVD;

internists should be aware of this risk.
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