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Abstract
We investigated whether the association between a history of hypertensive disorders of pregnancy (HDP) and hypertension
in later life varies by age group and the effect of obesity on the association between a history of HDP and hypertension in
later life. This cross-sectional population-based study was conducted at the Tohoku Medical Megabank Project in Miyagi
and Iwate, Japan. The study subjects were 33,412 parous women of 20 years of age and older. We used multivariate logistic
regression analysis to assess the association between a history of HDP and hypertension. We constructed a composite
variable that combined a history of HDP (±) and overweight/obesity (BMI ≥ 25 kg/m2) (±), resulting in four categories, and
analyzed the risks of each category by multivariate logistic regression analysis. In total, 1585 (4.7%) women had a history of
HDP. The prevalence of hypertension was higher in women with HDP (51.4%) than in those without HDP (36.8%; p <
0.01). The adjusted odds ratios (ORs) for hypertension in women with HDP in their 30s, 40s, 50s, 60s, and 70s or older were
3.63, 1.84, 2.15, 1.48, and 1.86, respectively. In the interaction analysis, the association between a history of HDP and
hypertension was stronger in women in their 30s–50s than in women who were 60 or older (p= 0.057). The adjusted ORs
for hypertension were higher in overweight/obese women with HDP than in their nonoverweight/obese counterparts in all
age groups (30s: 27.17 vs. 2.22; 70s: 4.75 vs. 1.90). In conclusion, the association between HDP and later hypertension was
stronger in younger women and in obese women in the 30–70 age group.
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Introduction

Hypertension is a common disease, affecting ~31% of the
adult population worldwide [1]. Hypertension is the leading
contributor to the global disease burden [2], particularly the
burdens associated with cardiovascular disease [3] and
chronic kidney disease; [4] hypertension is also associated
with dementia [5] and with age-related declines in activities
of daily living [6].

Hypertension is a multifactorial disease: lifestyle fac-
tors such as obesity and excess intake of sodium and
alcohol, underlying conditions such as diabetes and dys-
lipidemia, and genetic factors all play important roles [7].
The prevalence of obesity is increasing worldwide, and as
a result, the impact of obesity on hypertension has
increased [8, 9].

Interestingly, the association between obesity and
hypertension is stronger in women than in men [10, 11].
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The difference in body fat distribution is presumed to be
associated with this observed sex difference [11].

Women have other specific risk factors for hyperten-
sion, such as hypertensive disorders of pregnancy (HDP)
[12, 13] and menopause [7, 14]. Accumulating evidence
suggests that a history of HDP is a risk factor for hyper-
tension, metabolic syndrome, and cardiovascular disease
later in life [15, 16]. Reportedly, mortality from cardio-
vascular disease is higher in women with a history of early
onset preeclampsia than in women with late-onset pre-
eclampsia [17]. Although HDP is a good predictor of
future hypertension, there are few guidelines regarding
reducing the risk for future hypertension in women with a
history of HDP. It is unclear whether the association
between a history of HDP and hypertension in later life
varies by age group. If the effect of HDP on hypertension
is stronger in younger women, we should recommend that
women with a history of HDP undergo regular checkups
from a young age.

It also remains unclear which is more strongly correlated
with hypertension in women: a history of HDP or obesity.
Likewise, it is unknown whether the risk for hypertension is
equivalent in obese and nonobese women of any age group
who have a history of HDP. If the risk for hypertension after
a pregnancy complicated by HDP is higher in obese women
than in nonobese women, we might be able to use this
information to motivate these women to maintain an
appropriate body weight.

The aim of this study is to clarify whether the association
between a history of HDP and hypertension in later life
varies by age. We also aimed to determine whether the
association with hypertension is equivalent in obese and
nonobese women with a history of HDP by conducting an
age-group analysis.

Materials and methods

Study design and data source

The Tohoku Medical Megabank Project (TMM) [18],
conducted at Tohoku University; TMM Organization; and
Iwate Medical University, Iwate TMM Organization in
northern Japan, was launched to bring about creative
reconstruction and to solve medical problems in the after-
math of the Great East Japan Earthquake of 2011. A
population-based cohort study, the TMM CommCohort
Study, recruited over 80,000 participants of 20 years of age
and older in Miyagi and Iwate Prefectures between May
2013 and March 2016. Participants underwent a health
examination and completed a self-administered ques-
tionnaire. The health examination included measurements
of height, weight, and blood pressure as well as laboratory

blood analyses. Information on each individual’s medical
history, family history, pregnancy history (e.g., age at first
and last delivery, number of children), pregnancy compli-
cations such as HDP and gestational diabetes mellitus, and
lifestyle factors (e.g., smoking history, alcohol consump-
tion, physical activity) was collected using a self-
administered questionnaire.

Study population

A cross-sectional population-based study was conducted
as part of the TMM CommCohort Study. A total of 41,331
women participated in this study. Figure 1 shows the flow
chart illustrating participant selection. Men (n= 25,612),
individuals with no data on age at delivery (n= 7900),
those with an age at delivery ≤9 years old (n= 2), and
those with no data on blood pressure (n= 17) were
excluded; finally, 33,412 women were included in this
analysis.

Measurements

Women who provided an age at first delivery on the
questionnaire were regarded as parous, and women who
did not answer the question were considered nulliparous.
The history of HDP was assessed by questionnaire using
the question, “Do you have a history of hypertensive
disorders of pregnancy or toxemia?” Height and weight
were measured at the time of the health examination, and
body mass index (BMI) was calculated as the weight

Fig. 1 Flow chart of participant inclusion. BP blood pressure
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divided by the height squared (kg/m2). Overweight/obe-
sity was defined as a BMI ≥ 25 kg/m2, according to the
cutoff point recommended by the World Health Organi-
zation [19]. Blood pressure was measured by nurses while
the participants were seated in health check-up settings.
The values were recorded twice (if required) by an auto-
mated blood pressure measuring device. Hypertension
was defined as either a systolic blood pressure ≥ 140 mm
Hg or a diastolic blood pressure ≥ 90 mm Hg [20] at the
time of health examination or current use of medication
for hypertension reported on the questionnaire. The
questionnaire also asked about a history of hypertension
in the parents of the participants. Alcohol consumption
status was determined using the questionnaire and was
divided into four categories: never, past, current, and
unknown use.

Statistical analysis

Study population characteristics were described using the
mean and standard deviation for continuous variables and
number and frequency for categorical variables. The pre-
valence of hypertension in women with and without a his-
tory of HDP was compared using the chi-square test or
Fisher’s exact test in each 10-year age range group (20–29,
30–39, 40–49, 50–59, 60–69, and 70 years of age and
older). Multivariate logistic regression analysis was per-
formed, adjusting for age, BMI, family history of hyper-
tension, and alcohol consumption status in each age group,
to calculate the adjusted odds ratios (ORs) and 95% con-
fidence intervals of a history of HDP for hypertension in
later life. We also examined the interaction between a his-
tory of HDP and two age categories (30s–50s and 60s or
older) by multivariate logistic regression analysis, adjusting
for age, BMI, family history of hypertension, and alcohol
intake, to confirm age-related changes in the association
between a history of HDP and hypertension. These two age
categories were chosen to create a premenopausal and a
postmenopausal cohort.

Finally, we constructed a composite variable that com-
bined a history of HDP (±) and overweight–obesity (±),
resulting in four categories. The category of nonobese
women without a history of HDP was used as a reference,
and we calculated the adjusted ORs for hypertension in the
other three categories using multivariate logistic regression
analysis, adjusting for age, family history of hypertension,
and alcohol consumption status, to compare the ORs for
hypertension between women with a history of HDP,
overweight–obese women, and overweight–obese women
with a history of HDP.

All statistical analyses were carried out using SAS, ver-
sion 9.4 (SAS Inc, Cary, NC). A p value of <0.05 was
considered statistically significant.

Results

The baseline patient characteristics are shown in Table 1.
The mean age of the study population was 60.3 years (±10.6
years standard deviation). A total of 1585 women (4.7%)
had a history of HDP, and 12,524 women (37.5%) were
affected by hypertension.

The prevalence and adjusted ORs for hypertension in
each age group according to a history of HDP are shown in
Table 2. The prevalence of hypertension was significantly
higher in women with a history of HDP (814/1585, 51.4%)
than in those without (11,710/31,827, 36.8%; p < 0.01).
There were no hypertensive women in their 20s. Women in
all other age groups (30s–70s) had a significantly higher
prevalence of hypertension if a history of HDP was reported
(all p < 0.01). The adjusted ORs for hypertension in women
with a history of HDP were significantly higher in women
in all age groups except for women in their 20s. The
adjusted ORs for hypertension in women with a history of
HDP tended to be higher in younger age groups; the
adjusted OR in women in their 30s–50s was 1.88
(1.57–2.26) and that in women older than 60 was 1.51
(1.32–1.74) (p for interaction= 0.057).

Table 1 Study population characteristics

n= 33,412

Age at health examination, year (mean ± SD) 60.3 (±10.6)

20–29, n (%) 179 (0.5)

30–39, n (%) 2133 (6.4)

40–49, n (%) 3004 (9.0)

50–59, n (%) 6179 (18.5)

60–69, n (%) 15,642 (46.8)

70≤, n (%) 6275 (18.8)

Age at first delivery, year (mean ± SD) 25.3 (±3.7)

BMI, kg/m2 (mean ± SD) 23.1 (±3.6)

<25 kg/m2 24,640 (73.8)

≥25 kg/m2 8772 (26.3)

History of HDP, n (%) 1585 (4.7)

Prevalence of hypertension, n (%) 12,524 (37.5)

Family history of hypertension, n (%)

Present 11,218 (33.6)

Absent 20,520 (61.4)

Unknown 1674 (5.0)

Alcohol drinking status, n (%)

Never 21,405 (64.1)

Past 546 (1.6)

Current 11,105 (33.2)

Unknown 356 (1.1)

BMI body mass index, HDP hypertensive disorders of pregnancy, SD
standard deviation

Hypertensive disorders of pregnancy, obesity, and hypertension in later life by age group: a. . . 1279



We calculated the adjusted ORs for hypertension in the
categories of the combination of HDP history and obesity in
all age groups except for the 20s group because there were
no hypertensive women in the 20s group, and the results are
shown in Table 3. Overweight/obese women with a history
of HDP had the highest OR for hypertension in all age
groups. Overweight/obese women without a history of HDP
had a higher OR for hypertension than nonoverweight/
obese women with a history of HDP in all age groups.
Among women with a history of HDP, overweight/obese
women had a higher OR for hypertension than nonover-
weight/obese women in all age groups.

Discussion

This cross-sectional analysis revealed a significant asso-
ciation between a history of HDP and hypertension in later
life in all age groups; although the difference was not sta-
tistically significant, the adjusted ORs of a history of HDP
for hypertension were higher in the 30s–50s group than in
the 60s and older group. When we considered overweight/
obesity status, participants with normal body weight had a
lower risk for hypertension than overweight/obese women,
even if they had a history of HDP.

To the best of our knowledge, this is the first study to
address age-related changes in the association between HDP
history and hypertension. Although the difference was not
statistically significant, our subgroup analysis showed that

the adjusted ORs of a history of HDP for hypertension were
higher in the 30s–50s group than in the 60s and older group.
This may be because aging, menopause, and declining
estrogen levels play an important role in endothelial dys-
function and oxidative stress, resulting in hypertension in
older women [14, 21]. The reported average age of hyper-
tension onset is 7.7 years earlier after a pregnancy com-
plicated by HDP than in a woman without this history [22].
In our study, the prevalence of hypertension in women with
a history of HDP was almost 16%, even for women in their
30s. Therefore, continuous follow-up immediately after the
postpartum period is important for women with a history of
HDP to enable early detection of hypertension. This follow-
up could take the form of aperiodic health examination and
home blood pressure measurement.

Of course, regular measurement of blood pressure is
recommended for all adults aged 20 years or over by the US
preventive service task force [23]. We considered that a
more intensive recommendation should be required for
women with a history of HDP. Heidema et al. compared
women with and without a history of HDP in three BMI
classes (BMI 19.5–24.9, 25.0–29.9, 30.0 kg/m2) 12 months
after delivery and concluded that HDP is a more important
risk factor for hypertension and cardiac syndrome than
obesity [24]. However, their study was limited by the fact
that they evaluated women immediately after delivery, and
pregnancy-related metabolic abnormalities may not yet
have resolved. Our study included women in a wide range
of age groups, and we found that obesity has a stronger

Table 2 Adjusted ORs for HT
according to history of HDP

Age group HDP category HT+/HT− (n/N) Prevalence of HT (%) Adjusted OR (95% CI) p value

20s HDP− 0/172 0 NA

HDP+ 0/7 0

30s HDP− 63/1958 3.1 1.00 (Ref)

HDP+ 18/94 16.1a 3.63 (1.94–6.79) <0.0001

40s HDP− 358/2473 12.7 1.00 (Ref)

HDP+ 53/120 30.6a 1.84 (1.26–2.70) 0.0018

50s HDP− 1649/4204 28.2 1.00 (Ref)

HDP+ 160/166 49.1a 2.15 (1.69–2.73) <0.0001

60s HDP− 6299/8615 42.2 1.00 (Ref)

HDP+ 413/315 56.7a 1.48 (1.26–1.74) <0.0001

70s≤ HDP− 3341/2695 55.4 1.00 (Ref)

HDP+ 170/69 71.1a 1.86 (1.38–2.50) <0.0001

Adjusted odds ratios were calculated using age, BMI, family history of hypertension, and alcohol intake for
each age group. The adjusted ORs for hypertension in women with a history of HDP tended to be higher in
younger age groups, the adjusted OR in 30–50s was 1.88 (1.57–2.26) and that in 60s≤ was 1.51 (1.32–1.74)
(p for interaction= 0.057)

HDP hypertensive disorders of pregnancy, HT hypertension, OR odds ratio, 95% CI 95% confidence
interval, NA not applicable, Ref reference
aThe prevalence of HT is significantly higher in the HDP+ group than in the HDP− group in all age groups
except for patients in their 20s (p < 0.01). Fisher’s exact test was used for patients in their 30s. The chi-square
test was used in the other age groups
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association with hypertension than a history of HDP in all
age groups. A previous literature review suggests that life-
style interventions after a pregnancy complicated by HDP
are effective at decreasing cardiovascular risk [25]. There-
fore, even after a pregnancy complicated by HDP, weight
control might be an effective method of reducing the risk
for hypertension. In our study, the prevalence of hyperten-
sion in participants with a history of HDP without obesity
was lower than that in those with obesity who did not have a
history of HDP.

The underlying mechanisms of HDP are reduced pla-
cental perfusion secondary to abnormal implantation and
subsequent reduced placental vascularization. The exacer-
bation of hypoxia–ischemia may induce the overproduction
of antiangiogenic factors and result in vascular endothelial
dysfunction [26]. Several possibilities have been proposed
for the mechanisms underlying the association between
HDP and future hypertension [27, 28]. One theory is the
“failed stress test.” Hypertension and HDP share several
common risk factors, such as obesity and diabetes mellitus
[29], which may lead to both HDP and hypertension in later
life. Another explanation is that HDP itself may induce

irreversible metabolic and vascular abnormalities that con-
tribute to the risk of developing hypertension and cardio-
vascular disease later in life [30]. Because of the
overlapping and complex pathways, the precise causal
relationship between HDP and hypertension in later life
remains incompletely understood, and it is unclear which is
the greater risk factor for future hypertension: HDP itself or
the underlying metabolic conditions. Romundstad et al.
reported that the positive association between preeclampsia
and post pregnancy cardiovascular risk factors is attenuated
after adjustment for prepregnancy BMI and high-density
cholesterol and triglyceride levels, and they suggest that
post pregnancy cardiovascular risk factors are mainly
shared prepregnancy risk factors rather than the HDP state
itself [31]. In our study, obesity had a stronger association
with hypertension than a history of HDP; this finding may
support the hypothesis that common risk factors for HDP
and hypertension have a greater effect on hypertension in
later life than HDP itself.

Our study had several strengths. Since a wide range of
age groups is represented in our study, we were able to
conduct age-group analysis and assess the change in the

Table 3 Adjusted ORs for HT according to the combination of history of HDP and overweight–obesity

Age group

30s 40s 50s 60s 70s≤

HDP−
Overweight/obesity−

HT+/HT− 41/1708 188/2040 1008/3421 3829/7054 2022/2159

Prevalence of HT (%) 2.3 8.4 22.8 35.2 48.4

Adjusted OR (95% CI) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

HDP+
Overweight/obesity−

HT+/HT− 5/75 24/74 80/129 222/240 106/56

Prevalence of HT (%) 6.3 24.5 38.3 48.1 65.4

Adjusted OR (95% CI) 2.22 (0.84–5.92) 3.03 (1.84–4.99) 2.12 (1.57–2.84) 1.53 (1.26–1.85) 1.90 (1.36–2.66)

p value 0.11 <0.0001 <0.0001 <0.0001 0.0002

HDP−
Overweight/obesity+

HT+/HT− 22/250 170/433 641/783 2470/1561 1319/536

Prevalence of HT (%) 8.1 28.2 45.0 61.3 71.1

Adjusted OR (95% CI) 3.61 (2.09–6.25) 4.32 (3.40–5.48) 2.89 (2.54–3.29) 3.00 (2.78–3.24) 2.70 (2.40–3.04)

p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

HDP+
Overweight/obesity+

HT+/HT− 13/19 29/46 80/37 191/75 64/13

Prevalence of HT (%) 40.6 38.7 68.4 71.8 83.1

Adjusted OR (95% CI) 27.17 (11.81–62.48) 5.83 (3.53–9.63) 7.48 (4.99–11.20) 4.71 (3.58–6.19) 4.75 (2.60–8.68)

p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Adjusted ORs were calculated using age, family history of hypertension, and alcohol intake for each age group

HDP hypertensive disorders of pregnancy, HT hypertension, OR odds ratio, 95% CI 95% confidence interval, NA not applicable, Ref reference
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association of HDP, obesity, and hypertension with age. As
this population-based study had a large sample size, we
could assess prevalence and associations in the general
study population.

This study has several limitations. First, the history of
HDP was obtained using a questionnaire. Agreement
between a history of HDP by self-reporting vs. medical
records has been assessed in several studies, and the sen-
sitivity and specificity are 60–70% and >90%, respectively
[32–35]. The sensitivity of recall is relatively low, and the
effect of our method of gathering information could lead to
an underestimation of HDP. The false negative rate was
reported to be higher in older age groups [35], and this
might result in an underestimation of the effect of HDP,
especially in older age groups. Furthermore, the diagnostic
criteria of HDP changed over time, and it was also possible
that the diagnosis was not adequately communicated to the
women by the health care personnel in the past, which
might affect the recall rate of HDP in each age group.
Second, we had no information about the severity or onset
of HDP. Early onset HDP is often considered to be a disease
of placental dysfunction, whereas late-onset HDP is pro-
posed to be caused primarily by maternal factors [36]. The
influences of early and late-onset HDP on hypertension in
later life may therefore be caused by different mechanisms.
Further study is needed to clarify the influence of early and
late-onset HDP on hypertension. Finally, we did not men-
tion any other chronic conditions. Although we focused on
the relationship between a history of HDP and hypertension
later in life, HDP will contribute to other conditions related
to hypertension and obesity later in life. Further study is
required to clarify the relationship between HDP and these
conditions, such as diabetes, chronic kidney disease, and
metabolic syndrome.

In conclusion, our findings suggest that there was a
significant association between a history of HDP and
hypertension in women in the 30s–70s age group. There-
fore, physicians and other health care providers should
recommend regular health examinations and home blood
pressure monitoring after the postpartum period. Our study
also demonstrated that women with normal body weight
had a lower risk for hypertension than overweight–obese
women, even if they had a history of HDP. Therefore, even
after a pregnancy complicated by HDP, weight control may
reduce the risk for future hypertension. Although pregnancy
represents a chance to predict future cardiovascular disease
risk, the best method of reducing the risk for hypertension
in women after a pregnancy complicated by HDP has not
been well discussed. Further study is needed to evaluate the
preventive effect of lifestyle interventions, such as exercise
and dietary habits, on hypertension in women with a history
of HDP.
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