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Hypertensive disorders of pregnancy: a strong risk
factor for subsequent hypertension 5 years after
delivery

Asako Mito1, Naoko Arata1, Dongmei Qiu2, Naoko Sakamoto3, Atsuko Murashima1, Atsuhiro Ichihara4,
Ryu Matsuoka5, Akihiko Sekizawa5, Yukihiro Ohya6 and Michihiro Kitagawa7

Hypertensive disorders of pregnancy are known to be a risk factor for future cardiovascular diseases. In contrast, there is a

paucity of data on the not so distant future prognosis of hypertensive disorders of pregnancy. In the present study, we evaluated

the incidence of the diseases causing cardiovascular problems (hypertension, diabetes mellitus, dyslipidemia and metabolic

syndrome) 5 years after delivery in Japanese women with hypertensive disorders of pregnancy. We performed a double-cohort

study and compared medical conditions between women with and without a history of hypertensive disorders of pregnancy. A

total of 1513 women who participated in the cohort study were invited to undergo a medical checkup 5 years after the index

delivery, of whom 829 responded. After excluding pregnant and lactating women at the time of examination, 25 women with

hypertensive disorders of pregnancy and 746 control subjects were analyzed. The incidence of hypertension was significantly

higher among women with hypertensive disorders of pregnancy than women who were normotensive during pregnancy (24.0 vs.
2.5%, Po0.001). They were also at an increased risk of subsequent hypertension 5 years after the index delivery, after

adjusting for confounding factors such as age, body mass index, family history of hypertension and salt intake (odds ratio 7.1,

95% CI, 2.0–25.6, Po0.003). These is no significant difference in the incidence of diabetes mellitus, dyslipidemia and

metabolic syndrome. In conclusion, hypertensive disorders of pregnancy are strong risk factors for subsequent hypertension only

5 years after delivery.
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INTRODUCTION

Hypertensive disorders of pregnancy (HDP) occur in 5–10% of all

pregnancies.1,2 Women with a history of pre-eclampsia3–6 or gesta-

tional hypertension5,7,8 are at an increased risk of cardiovascular

disease (CVD) later in life. Several studies have found that women

who have had pregnancies complicated by HDP are at higher risk of

developing hypertension,5,9,10 type 2 diabetes,11 dyslipidemia,12,13

elevated body mass index (BMI), and insulin resistance.10,12,14–16

However, little has been reported on the prognosis of these diseases

in the near future after delivery in Japanese women. We performed a

double-cohort study, consisting of an HDP group and a group of

women with normal blood pressure during pregnancy (control

group), to assess the incidence of hypertension, type 2 diabetes

mellitus, dyslipidemia and metabolic syndrome 5 years after the index

delivery. We calculated the odds ratio (OR) for developing hyperten-
sion adjusted for age, BMI, salt intake, family history of hypertension.

MATERIALS AND METHODS

Study subjects
This double-cohort study recruited study subjects from the Tokyo Children’s
Health, Illness and Development (T-CHILD) study being conducted by the
National Center for Child Health and Development (NCCHD) and the Showa
University Hospital Mother and Child Health Center (SUH) in Tokyo, Japan,
from October 2003 to December 2005. Study subjects consisted of women who
received antenatal care at NCCHD or SUH from the first trimester during this
time period and delivered singletons. Apart from patients who changed to
another hospital, had miscarriages or stillbirths, a total of 75 women with HDP
complications were included in the HDP group, while 1466 women with
normal deliveries were included in the control group. Based on the exclusion
criteria described below, a total of 70 women in the HDP group and 1443
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women in the control group were mailed information within 3 months of their
child’s fifth birthday about receiving a medical checkup 5 years after delivery.
Women who agreed to the medical checkup filled out a questionnaire and
underwent a physical examination, blood testing, and urinalysis.

Exclusion criteria
Women who met the following criteria were excluded: chronic hypertension,
diabetes mellitus, kidney disease before pregnancy, systolic blood pressure of
140 mm Hg or greater or diastolic blood pressure of 90 mm Hg or greater
before 20 weeks of gestation, no documented blood pressure prior to 20 weeks
of gestation. We also excluded a participant if we could not confirm that blood
pressure was less than 140/90 mm Hg within 12 weeks after the index delivery.

Study participant characteristics
Clinical information on the participants such as birth date, underlying disease,
past medical history, family history, obstetric history, as well as information on
the course of the index pregnancy and the newborn, was obtained from electric
medical records. Information on participants at 5 years after the index delivery
such as underlying disease, family history, current smoking habits, and
education level, was derived from the questionnaire filled out by participants.

Brief-type self-administered diet history questionnaire
Salt intake was calculated based on self-reported daily dietary data from the
brief-type self-administered diet history questionnaire (BDHQ).17,18

Medical checkup 5 years after the index delivery
At the medical checkup 5 years after the index delivery, the participant’s
demographic characteristics were ascertained and urine and fasting blood
samples were collected. Height, weight and waist circumference were measured
according to guidelines issued by the Ministry of Health, Labour and Welfare of
Japan.19 After a brief resting period upon arrival, blood pressure was measured
twice with 1 min between measurements using an automated sphygmoman-
ometer (Kentaro ADVANCE BP-203RV III, Colin, Tokyo, Japan).

Clinical criteria
In this study, we defined HDP as pre-eclampsia and gestational hypertension.
The diagnosis of pre-eclampsia and gestational hypertension was made retro-
spectively based on the participant’s medical records. We diagnosed pre-
eclampsia and gestational hypertension according to 2015 Best Practice Guide

for Care and Treatment of Hypertension in Pregnancy.20 These criteria define
pre-eclampsia as hypertension between 20 weeks of gestation to 12 weeks
postpartum with proteinuria. Gestational hypertension was defined as hyper-
tension during the same period without proteinuria. Hypertension was defined
as systolic blood pressure of 140 mm Hg or greater or a diastolic blood pressure
of 90 mm Hg or greater. Proteinuria was defined as 300 mg of urinary protein
per 24 h, ≥ 2+ protein on a voided urine sample, or ⩾ 1+ protein measured on
2 separate occasions. Because the authors were focused on the HDP group,
patients who experienced only labor onset hypertension which is related to the
perinatal outcomes21 was not included in this study.
We defined the blood pressure in early pregnancy as the average before

16 weeks gestation. We defined the blood pressure in middle pregnancy as the
nearest blood pressure to 20 weeks gestation from 18 to 22 weeks gestation.
Diagnostic criteria at the time of the medical checkup 5 years after the index

delivery were as follows. Hypertension was defined as mean systolic blood
pressure of 140 mm Hg or higher, mean diastolic blood pressure of 90 mm Hg
or higher, or current antihypertensive therapy. Type 2 diabetes mellitus defined
as either fasting blood glucose of 126 mgdl−1 or higher, hemoglobin A1c
(HbA1c) of 6.5% or higher, or taking medication for diabetes mellitus. In
addition, dyslipidemia was defined as high-density lipoprotein cholesterol
(HDL-C) of 40 mg dl− 1 or lower, triglycerides (TG) of 150 mg dl− 1 or higher,
or low-density lipoprotein cholesterol (LDL-C) of 140 mgdl−1 or higher while
on medication for dyslipidemia. Finally, our definition of metabolic syndrome
was based on the revised Japanese standards for abdominal girth in Asians.22,23

Metabolic syndrome was defined as waist circumference greater than 80 cm
with at least 2 of the following: (1) systolic blood pressure of 130 mm Hg or
higher or diastolic blood pressure of 85 mm Hg or higher; (2) fasting TG
greater than 150 mgdl−1, HDL-C of 40 mgdl−1 or less; and (3) fasting glucose
greater than 110 mg dl− 1.

Statistical analysis
The Mann–Whitney U-test was used to analyze differences between 2
continuous variables, while the χ2-test or Fisher’s exact test was used for
discrete variables. Logistic regression was used to assess the influence of HDP
on the development of subsequent hypertension, diabetes mellitus, dyslipide-
mia, and metabolic syndrome 5 years after delivery, respectively. For each OR, a
95% confidence interval (CI) was calculated. Independent variables used in the
model were age at delivery (years), BMI (kg m− 2), familial history of
hypertension (yes or no), salt intake calculated based on BDHQ data during
the medical checkup (g per day), kidney disease (yes or no), low maternal birth
weight (yes or no), and maternal preterm birth (yes or no). Po0.05 was
considered statistically significant. All analyses were performed with SPSS
software, version 18 for Windows (SPSS, Chicago, IL, USA).

RESULTS

Seventy women from the HDP group (NCCHD, 39; SUH, 31) were
invited for a medical checkup 5 years after their index delivery, and 27
(NCCHD, 20; SUH, 7) underwent the checkup (38.6%). From the
normotensive control group, 1,443 women were invited and 802
underwent the checkup (55.6%).
A total of 771 women were analyzed, after excluding 30 who were

pregnant, 26 who were breast-feeding at the time of the medical
checkup, and 2 who declined blood pressure measurement at the
medical checkup. Of the 25 women with HDP, 11 had pre-eclampsia
and 14 had gestational hypertension. In the normotensive control
group, 746 women were analyzed (Figure 1).
Characteristics of the index pregnancy of the HDP and control

groups were compared (Table 1). There were no significant differences
in age at delivery, height, pre-pregnancy body weight, and BMI
between the groups. Gestational weeks was significantly lower in the
HDP group compared to the control group. The proportion of
preterm births was significantly higher in the HDP group than in
the control group. Mean birth weight was significantly lower in the
HDP group than in the control group. The proportion of low birth

Figure 1 Flow diagram showing sample selection. Seventy women from the
HDP group were invited for a medical checkup, and 27 underwent a
checkup (follow-up proportion, 38.6%). From the normotensive control
group, 1443 women were invited and 802 received a checkup (follow-up
proportion, 55.6%). A total of 771 women were analyzed, after excluding 30
who were pregnant and 26 who were breast-feeding at the time of the
medical checkup and 2 who declined blood pressure measurement. A total
of 25 women from the HDP group and 746 from the normotensive control
group were analyzed.
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weight was significantly higher in the HDP group than in the control
group. Blood pressure in early and middle pregnancy and 1 month
after delivery was significantly higher in HDP group. There was
significant difference in the proportion of participants with a history of
previous HDP.
Characteristics and current study of the women at the time of the

medical checkup are shown in Table 2. There were no significant
differences between the HDP and control groups in underlying
disease; family history of hypertension, diabetes, or dyslipidemia;
proportion of smokers, daily salt intake, and education. Furthermore,
there were no significant differences between the groups in terms of
body weight, BMI, and waist circumference.

Hypertension
The HDP group had significantly higher blood pressure than the
control group (Po0.001) (Table 2). Six women in the HDP group
(24.0%) and 19 women (2.5%) in the normotensive control group
developed subsequent hypertension (Po0.001) (Table 3). One woman
in the HDP group and 7 women in the control group were taking
antihypertensive medication.

Diabetes mellitus
There was no significant difference in the glucose metabolism profile
between the groups (Table 2). None of the women in the HDP group
developed diabetes mellitus, compared to 6 (0.8%) in the normoten-
sive control group. There was no significant difference in the
proportion of participants with diabetes mellitus between the groups
(Table 3). Five women in the control group were taking antidiabetic
medication.

Dyslipidemia
There were no significant differences in the lipid profile between the
groups (Table 2). Three women in the HDP group (12.0%) developed
dyslipidemia, compared to 106 women (14.2%) in the control group.
There was no significant difference in the proportion of participants
with dyslipidemia between the groups (Table 3). One woman in the
control group was taking medication for dyslipidemia.

Metabolic syndrome
Four women in the control group (0.5%) developed metabolic
syndrome. There was no significant difference in the proportion of
participants with metabolic syndrome between the groups (Table 3).

Risk for subsequent hypertension 5 years after the index delivery in
the HDP group
The crude OR for subsequent hypertension 5 years after the index
delivery in the HDP group was 12.1 (95% CI, 4.3–33.7; Po0.001).
Multiple logistic regression analysis identified that HDP was associated
with a 7.1–12.1-fold increased risk of subsequent hypertension after
adjusting for confounding factors such as age, BMI, family history of
hypertension, salt intake (Table 4).
There were no significant differences in blood pressure and the

proportion of participants with hypertension between the pre-
eclampsia group (n= 11) and the gestational hypertension group
(n= 14). The blood pressure of the pre-eclampsia group and the
gestational hypertension group was 112.3± 10.9/73.0± 9.3 mmHg
and 126.0± 23.2/81.8± 16.1 mmHg, respectively. Two women in
the pre-eclampsia group (18.2%) and 4 women in the gestational
hypertension group (28.6%) developed subsequent hypertension.

Table 1 Characteristics of study participants before and during pregnancy

HDP (n=25) Control (n=746) P-value

Index pregnancy
Age at delivery (y) Mean (s.d.) 35.3 (5.0) 33.9 (3.9) NS

Height (cm) Mean (s.d.) 159.5 (5.5) 159.3(5.3) NS

Pre-pregnancy body weight (kg) Mean (s.d.) 52.2 (8.2) 51.0 (6.8) NS

Pre-pregnancy BMI (kgm−2) Mean (s.d.) 20.4 (2.3) 20.1 (2.5) NS

Nulliparous N (%) 15 (60.0) 419 (56.2) NS

Parous N (%) 10 (40.0) 327 (43.8) NS

Gestational weeks Mean (s.d.) 37.1 (3.2) 39.2 (1.6) o0.001

Preterm birth (o37weeks) N (%) 11 (44.0) 37 (4.9) o0.001

Birth weight (g) Mean (s.d.) 2453.6 (753.2) 2985.9 (403.4) o0.001

Low birth weight (o2500 g) Mean (s.d.) 11 (44.0) 62 (8.1) o0.001

Male infant N (%) 10 (40.0) 367 (49.2) NS

Blood Pressure during and after index pregnancies
SBP in early pregnancy Mean (s.d.) 119.1 (7.9) 111.8 (11.0) o0.005

DBP in early pregnancy Mean (s.d.) 72.8 (8.5) 67.1 (7.5) o0.001

SBP in middle pregnancy Mean (s.d.) 120.4 (11.8) 109.2 (10.3) o0.001

DBP in middle pregnancy Mean (s.d.) 73.5 (9.3) 65.4 (7.2) o0.001

SBP one month after delivery Mean (s.d.) 124.7 (13.0) 115.4 (10.3) o0.001

DBP one month after delivery Mean (s.d.) 77.6 (9.2) 70.7 (7.7) o0.001

History of abnormal pregnancies
HDP N (%) 3 (33.3) 0 o0.001

FGR N (%) 0 2 (0.6) NS

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FGR, fetal growth restriction; HDP, hypertensive disorders of pregnancy; NS, no significant difference; SBP, systolic blood
pressure; y, years.
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There were no significant differences in BMI, waist circumference and
blood profile (HbA1c, glucose, insulin, HOMA-R, LDL-C, HDL-C
and TG) between the groups (data not shown).

DISCUSSION

Blood pressure
Our study revealed that the proportion of participants with subsequent
hypertension 5 years after the index delivery is significantly higher
among women with HDP. Watanabe et.al reported the positive
relation between HDP and future hypertension in Japanese women
retrospectively. Mean age of their study participants at the medical
checkup was 46.5 years old and the diagnosis of HDP is from the
Maternal and Child Health Handbook.24 In our study, the average age
of the women at the medical checkup was 39.0 years old which was 5
years after the index delivery. This indicates the possibility of elevated
blood pressure at an early stage of life after delivery.
Mangos et al.10 reported that women with a history of pre-

eclampsia or gestational hypertension have significantly higher ambu-
latory blood pressure compared with women who have had normo-
tensive pregnancies, although the period between the index pregnancy
and blood pressure measurement ranges from 2 to 12 years. Moreover,
BMI, which might affect blood pressure, was significantly higher in the
HDP group. Hermes et al.25 reported that women with HDP during
pregnancy had significantly higher blood pressure compared to
women with normotensive pregnancies 2.5 years after the index
pregnancy. The prevalence of hypertension was significantly higher in
the HDP group, and BMI was higher in the same group as well. In
studies from other countries, women with HDP tend to have
subsequent hypertension and obesity. The average BMI of the women
in our study was 20.1 kg m− 2 before pregnancy and 20.6 kg m− 2 at
the 5 years after medical checkup. This study population was not
affected by obesity but was prone to hypertension, which is a unique
finding. In addition, we adjusted for salt intake. There is a positive
correlation between sodium intake and blood pressure26 and Katsuya
et al. reported that the Japanese have high salt sensitivity genetically.27

We added salt intake as a confounding factor and confirmed that
higher blood pressure in the HDP group was not dependent on salt
intake.
Parikh NI et.al reported that pre-eclampsia was independently

associated with higher systolic and diastolic blood pressure levels at 40
years of age.28 Hypertension is a leading risk factor for CVD among
women.29 HDP is recognized as a major risk factor for CVD in the
guidelines for the prevention of CVD in women by the American
Heart Association,30 but specific long-term postpartum management
remains unclear.31 Pregnancy and childbirth represent an excellent
chance to identify women who are at high risk of future hypertension
and cardiovascular disease. As a next step, constructing appropriate
follow-up systems after delivery for women with a history of HDP may
be necessary.

Glucose metabolism and insulin resistance
Callaway et al.11 reported that HDP is associated with diabetes mellitus
21 years after delivery. However, BMI before pregnancy and 21 years
after delivery attenuates this association. In their study, 33 women had
hypertension before pregnancy or before 20 weeks of gestation. As
such, the HDP group may already have higher BMI, insulin resistance,
and blood pressure before pregnancy than the control group. Girouard
et al.12 reported that women with previous HDP show signs of insulin
resistance based on HOMA-R 7.8 years after delivery. However,
women who developed HDP had significantly higher BMI at the
beginning of the index pregnancy than control subjects, which might
be associated with high insulin resistance in HDP. No significant
difference in BMI at 5 years after the index delivery was observed
between the HDP group and the normotensive control group. There

Table 2 Characteristics and current study of study participants at the

time of their medical checkup

HDP (n=25) Control (n=746) P-value

Underlying disease
Kidney disease N (%) 0 5 (0.7) NS

Diabetes mellitus N (%) 0 0 NS

Collagen disease N (%) 0 1 (0.1) NS

Family history
Hypertension N (%) 13 (52.0) 284 (38.1) NS

Diabetes mellitus N (%) 1 (4.0) 146 (19.6) NS

Dyslipidemia N (%) 4 (16.0) 72 (9.7) NS

Smoking
Yes N (%) 2 (8.0) 39 (5.2) NS

No N (%) 23 (92.0) 706 (94.6) NS

Salt intake (g per day) Mean (s.d.) 10.0 (3.1) 9.3 (2.3) NS

Education
⩾ Junior college

graduate

N (%) 14 (66.7) 364 (75.5) NS

4Junior college

graduate

N (%) 7 (33.3) 118 (24.5) NS

Current study
Age (y) Mean (s.d.) 40.3 (5.0) 39.0 (3.9) NS

Height (cm) Mean (s.d.) 159.8 (5.8) 159.5 (5.3) NS

Body weight (kg) Mean (s.d.) 55.0 (9.1) 52.3 (7.7) NS

BMI (kg m−2) Mean (s.d.) 21.5 (3.0) 20.6 (2.9) NS

Waist circumference

(cm)

Mean (s.d.) 77.8 (7.6) 75.2 (8.0) NS

Systolic BP (mmHg) Mean (s.d.) 120.0 (19.7) 108.4 (10.1) o0.001

Diastolic BP

(mmHg)

Mean (s.d.) 77.9 (14.0) 69.1 (8.1) o0.001

Mean BP (mmHg) Mean (s.d.) 91.9 (15.6) 82.2 (8.4) o0.001

Blood profile
FBS (mg dl−1) Mean (s.d.) 84.8 (4.9) 82.8 (6.2) NS

HbA1c (%) Mean (s.d.) 5.0 (0.3) 5.0 (0.3) NS

Insulin (μIU ml−1) Mean (s.d.) 4.5 (2.2) 4.2 (2.8) NS

HOMA-R Mean (s.d.) 1.0 (0.5) 0.9 (0.7) NS

HDL-C (mg dl−1) Mean (s.d.) 68.9 (12.5) 70.8 (13.5) NS

LDL-C (mg dl−1) Mean (s.d.) 113.0 (23.6) 106.2 (27.9) NS

TG (mg dl−1) Mean (s.d.) 62.6 (22.4) 60.7 (32.7) NS

Abbreviations: BMI, body mass index; BP, blood pressure; FBS, fasting blood sugar; HDL-C,
high-density lipoprotein cholesterol; HDP, hypertensive disorders of pregnancy; LDL-C, low-
density lipoprotein cholesterol; NS, no significant difference; TG, triglycerides.

Table 3 Proportion of hypertension, diabetes mellitus, dyslipidemia,

and metabolic syndrome 5 years after the index delivery

HDP (n=25) Control (n=746) P-value

Hypertension N (%) 6 (24.0) 19 (2.5) o0.001

Diabetes mellitus N (%) 0 6 (0.8) NS

Dyslipidemia N (%) 3 (12.0) 106 (14.2) NS

Metabolic syndrome N (%) 0 4 (0.5) NS

Abbreviations: HDP, hypertensive disorders of pregnancy; NS, no significant difference.
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was also no significant difference in the proportion of patients who
developed diabetes mellitus or insulin resistance based on HOMA-R.

Lipid metabolism
Some researchers have reported a high prevalence of dyslipidemia after
pregnancy among women with HDP.12,13 On the other hand, there
have been reports of no significant differences in the prevalence of
dyslipidemia after pregnancy between women with HDP and women
who were normotensive during pregnancy.4,10,14,16 Our study did not
find such a difference.

Metabolic syndrome
Women who develop HDP have been reported to have a high
prevalence of metabolic syndrome.32 However, our study found no
increase in the prevalence of metabolic syndrome among women
with HDP.

Study limitations
The case group had a higher percentage of patients lost to follow-up.
However, as there were no significant differences between those who
participated in medical checkups and those who did not in terms of
mean age at delivery, proportion of nulliparous women, mean
duration of gestation and mean birth weight, our findings may be
representative of the HDP group.
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