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Background: Although postmenopausal women are well known to have a high prevalence of hypertension, it is unclear whether
menopause itself increases blood pressure independently from the known risk factors of hypertension. This study sought to deter-
mine whether an association exists between reproductive aging and an increased risk of hypertension among Korean women.
Methods: This cross-sectional study used baseline data from 5,456 women aged 30 to 64 years who participated in the Cardiovas-
cular and Metabolic Diseases Etiology Research Center study in Korea from 2013 to 2018. The participants’ stage of reproductive
aging was assessed by a questionnaire and categorized as premenopause, perimenopause, and postmenopause. Multiple logistic
regression models were used to analyze the association between menopausal status and hypertension after adjusting for age, edu-
cation level, marital status, employment, household income, smoking, drinking, physical activity, body mass index, and hormone re-
placement therapy use.

Results: The prevalence of hypertension increased with reproductive aging: 9.8% in premenopause, 25.2% in perimenopause, and
27.7% in postmenopause. The adjusted odds ratio (95% confidence interval) for having hypertension was 1.70 (1.07-2.72) for peri-
menopausal women and 1.14 (0.88-1.48) for postmenopausal women, compared to premenopausal women.

Conclusions: Our study shows that perimenopausal women are at high risk of developing hypertension. Since the menopausal tran-
sition may last months or years, blood pressure monitoring and early interventions are crucial for not only postmenopausal women,

but also those in the transition.
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INTRODUCTION

Elevated blood pressure (BP) is the most prevalent risk
factor for cardiovascular morbidity and mortality world-
wide, although it is modifiable [1,2]. The widespread use of
antihypertensive medication and global efforts to alleviate
the impact of hypertension have resulted in either a stabi-
lization or a slight decrease in mean BP globally [3,4]. The
prevalence of hypertension, however, has increased world-

wide [1]. In Korea, 28% of adults were estimated to have hy-
pertension in 2019, and the increase in the prevalence was
more prominent in the elderly, particularly in women [5].
Although BP is likely to increase with aging in both men
and women, the sex difference is reversed when women
go through menopause [6]. Premenopausal women have
a lower prevalence of hypertension than men of the same
age, but hypertension increases rapidly after menopause,
and women have a higher prevalence of hypertension than
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men among the elderly [7-9]. These findings suggest that
menopause plays a notable role in hypertension.

However, there have been inconsistent findings on wheth-
er menopause itself affects hypertension. Some studies have
demonstrated a significant relationship between menopause
and hypertension [10]. In these studies, both systolic and
diastolic BP were associated with menopause after adjusting
for age and body mass index (BMI) [11-13]. Postmenopausal
women taking hormone replacement therapy had a lower
increase in BP than nonusers [14], implying that changes
and deficits in sex hormones during menopause play a
significant role in hypertension. Other studies, by contrast,
suggested that the association is mainly explained by post-
menopausal changes in established risk factors [10,15,16].
For instance, the higher risk of hypertension in the post-
menopausal group lost its significance after controlling for
age, smoking, BMI, and the presence of metabolic syndrome
[10,15,16]. A longitudinal study reported that menopause
appeared to have a protective effect on BP elevation due to
aging [17]. In this context, this study aimed to determine
whether an association exists between reproductive aging
and hypertension among Korean women.

METHODS
Ethical statement

This study used the baseline data of the Cardiovascular and
Metabolic Diseases Etiology Research Center (CMERC)
cohort study, that was approved by the Institutional Review
Boards of Severance Hospital, Yonsei University Health
System, Seoul, Korea (No. 4-2013-0661) and Ajou Univer-
sity Hospital, Suwon, Korea (No. AJIRB-BMR-SUR-13-272).
Written informed consent was obtained from all partici-
pants prior to the baseline survey.

Study participants

This cross-sectional study used baseline data from the
CMERC study. The CMERC study is a multicenter prospec-
tive study conducted to obtain valuable evidence for the
prevention and management of cardiovascular disease. A
total of 8,697 individuals free from myocardial infarction,
heart failure, stroke, or recent cancer were recruited at
baseline from 2013 to 2018. The detailed information on
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the study has been previously published in separate articles
[18,19]. After exclusion of male participants (n=3,060) and
those with missing data for related variables (n=181), 5,456
female participants aged 30 to 64 were included in our anal-
yses.

Measurements

The stage of reproductive aging was assessed by a question-
naire. The definitions of menstruation adopted the 2001
Stages of Reproductive Aging Workshop criteria [20], which
divide adult female life into three broad phases: premeno-
pause (reproductive), perimenopause (menopausal transi-
tion), and postmenopause [2]. Those who had menstruated
in the last 3 months were classified as premenopausal
regardless of the regularity of menstruation. If participants
had menstruated occasionally over the past 12 months
but eventually stopped menstruating in the most recent
3 months, they were considered perimenopausal. Post-
menopause was defined as the absence of menstruation in
the past 12 months or more or a history of hysterectomy or
oophorectomy. Age at menopause was also collected and
used to calculate the period after menopause.

BP was measured in the right arm except when doing
so was not possible, such as in participants with a history
of breast cancer surgery. Participants rested for at least 5
minutes in a seated position before the first measurement.
Measurements were conducted three times at 2-minute
intervals using an automated oscillometric device (HEM-
7080; Omron Health, Matsusaka, Japan) under a standard-
ized protocol. This study used the average of the second
and third values. We defined hypertension (also referred to
herein as total hypertension) when the definition of systolic
hypertension, diastolic hypertension, or treated hyperten-
sion was satisfied. Systolic hypertension was defined as a
mean systolic BP >140 mmHg; diastolic hypertension as a
mean diastolic BP 290 mmHg; and treated hypertension
as being on antihypertensive medication. The subtypes of
hypertension were not mutually exclusive. Based on the
literature, we selected potential confounders that included
age, socioeconomic status (e.g., education level and annual
household income), health-related behaviors (smoking,
drinking, and physical activity), BMI, and hormone replace-
ment therapy.
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Statistical analysis

The general characteristics of the three groups (premeno-
pause, perimenopause, and postmenopause) were present-
ed as mean values with the standard deviation for continu-
ous variables, and as the number of cases with percentage
for categorical variables. Comparisons were conducted us-
ing analysis of variance or the chi-square test, correspond-
ingly. Simple and multiple logistic regression models were
used to estimate the association between the stage of repro-
ductive aging and hypertension before and after controlling
for potential confounders. Model 1 controlled for educa-
tion level, marital status, employment, household income,
smoking, drinking, physical activity, BMI, and hormone
replacement therapy use, and model 2 was adjusted for age
in addition to all covariates used in model 1. In a sub-anal-
ysis, postmenopausal women were divided into six groups
by units of 3 years from menopause. By doing so, their risk
of raised BP was estimated according to the time elapsed
since menopause. A two-sided P-value lower than 0.05 was
considered to indicate statistical significance. All analyses
were performed using SAS ver. 9.4 (SAS Institute Inc., Cary,
NC, USA).

RESULTS
Participants’ characteristics

Among 5,456 participants, 1,894 were premenopausal, 3,443
were postmenopausal, and 119 were in the menopausal
transition. The menopausal participants were older (meanx-
standard deviation; 42.81+6.37 years in the premenopaus-
al group; 50.80+4.03 years in the perimenopausal group;
56.88+4.21 years in the postmenopausal group), more likely
to have an educational level of middle school or lower (3.5%
in the premenopausal group; 11.8% in the perimenopausal
group; 27.1% in the postmenopausal group), and more likely
to be obese (23.2% in the premenopausal group; 29.4% in
the perimenopausal group; 31.2% in the postmenopaus-
al group) than the premenopausal and perimenopausal
groups (Table 1).
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Association between hypertension and the stage of repro-
ductive aging

The prevalence of total hypertension was higher in post-
menopause (27.7%), than in premenopause (9.8%) or per-
imenopause (25.2%). The prevalence of treated hyperten-
sion increased with the stage of reproductive aging. Systolic
and diastolic hypertension, however, were highest among
women in the menopausal transition (10.9% and 9.2%, re-
spectively) (Table 2).

Fig. 1 shows the unadjusted and adjusted odds ratios of
hypertension and its subtypes compared to the premeno-
pausal group. The unadjusted odds ratio (95% confidence
interval) for total hypertension was 3.10 (1.99-4.81) in
perimenopausal women and 3.52 (2.98-4.17) in postmeno-
pausal women. Treated hypertension showed an increasing
unadjusted risk with reproductive aging, but those in the
menopausal transition seemed to have the highest risk for
systolic and diastolic hypertension. Two models were used
to examine the adjusted odds ratios. Model 1 controlled
for all related variables except age. The risks of systolic and
diastolic hypertension were consistently higher in peri-
menopause. The odds ratio of being on antihypertensive
medication became the greatest in perimenopause after
adjustment. Model 2 was fully adjusted, including age. The
finding that perimenopausal women had the highest odds
ratio was persistent in this model (Table S1).

To determine how the increased risk of hypertension in
perimenopause changed with time after menopause, the
postmenopausal period was calculated, and postmeno-
pausal participants were divided into six groups. As shown
in Fig. 2, the risk of systolic hypertension was highest during
menopause and decreased immediately after menopause,
but gradually increased again over time. The risk of dia-
stolic hypertension was highest during menopause and
continued to decrease over time. However, we could not
fully assess the age-independent effects of postmenopausal
duration on hypertension, because the sample size of this
study was not large enough and the duration of the post-
menopausal period was closely correlated with age.

DISCUSSION

In this study, we observed that women going through the
menopausal transition had a higher prevalence of hyper-
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Table 1. Characteristics of participants by the stage of reproductive aging

Variable Pr?rr]\lelrjggil;se Peri(rgirﬁ%?use Pos(;rzgwgg;;se P-value®
Age (yr) 42.81+6.37 50.80+4.03 56.88+4.21 <0.001
Education level <0.001
Middle school or less 67 (3.5) 14 (11.8) 934 (27.1)
High school 797 (42.1) 61 (51.3) 1,718 (49.9)
University or beyond 1,030 (54.4) 44 (37.0) 791 (23.0)
Marital status 0.051
Married 1,613 (85.2) 103 (86.5) 2,849 (82.8)
Divorced, widowed, or single 281 (14.8) 16 (13.5) 594 (17.2)
Working status <0.001
Working 1,208 (63.8) 85 (71.4) 1,706 (49.5)
Nonworking 686 (36.2) 34 (28.6) 1,737 (50.5)
Household annual income <0.001
Q1 199 (10.5) 15 (12.6) 782 (22.7)
Q2 579 (30.6) 31(26.1) 959 (27.9)
Q3 581 (30.7) 4 (28.6) 781 (22.7)
Q4 535 (28.3) 9 (32.8) 921 (26.7)
Smoking <0.001
No 1,709 (90.2) 110 (92.4) 3,315 (96.3)
Ever 185 (9.8) 9 (7.6) 128 (3.7)
Current drinking <0.001
No 524 (27.7) 40 (33.6) 1,464 (42.5)
Yes 1,370 (72.3) 79 (66.4) 1,979 (57.5)
Body mass index <0.001
Normal or low body weight 1,038 (54.8) 49 (41.2) 1,420 (41.2)
Overweight 416 (22.0) 35 (29.4) 950 (27.6)
Obesity 440 (23.2) 35 (29.4) 1,073 (31.2)
Physical activity (MET score) <0.001
Inactive 852 (45.0) 56 (47.1) 1,280 (37.2)
Minimally active 772 (40.7) 44 (37.0) 1,532 (44.5)
Health-enhancing physical activity 270 (14.3) 19 (15.9) 631 (18.3)
Hormone replacement therapy <0.001
No 1,825 (96.4) 108 (90.8) 2,676 (77.7)
Yes 69 (3.6) 11(9.2) 767 (22.3)

Values are presented as meanzstandard deviation or number (%).
MET, metabolic equivalent of task.
¥Analysis of variance was used for age; the chi-square test was used for other variables.

Table 2. Prevalence of hypertension by the stage of reproductive aging

Subtype of hypertension®

Stage of reproductive aging Total Total hypertension : = = = : =
Systolic hypertension Diastolic hypertension Treated hypertension
Premenopause 1,894 186 (9.8) 75 (4.0) 100 (5.3) 75 (4.0)
Perimenopause 119 30(25.2) 13 (10.9) 11 (9.2) 21 (17.7)
Postmenopause 3,443 955 (27.7) 330(9.6) 225 (6.5) 664 (19.3)

Values are presented as number (%).
JNot mutually exclusive.
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Q Total hypertension
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Fig. 1. Association between stage of reproductive aging and hypertension. Model 1, adjusted for education level, marital status, em-
ployment, household income, smoking, drinking, physical activity, body mass index, and hormone replacement therapy use. Model 2,
adjusted for age in addition to all covariates used in model 1. (A) Total hypertension, (B) systolic hypertension, (C) diastolic hyperten-

sion, and (D) treated hypertension.

tension than premenopausal and postmenopausal women.
Menopause typically occurs between the ages of 49 and 52
years [21]. The prevalence of hypertension also increases
with age [22]. Therefore, age may affect both menopause
and the development of hypertension. It is noteworthy that
perimenopausal women had a higher risk of hypertension
than postmenopausal women, even after adjustment for age.

Although there is little research directly investigating
the mechanism linking perimenopause and elevated BP
in humans, a mechanism can be inferred from studies
on postmenopausal hypertension and on animal models
comparable to human perimenopause. The mechanism of
postmenopausal hypertension was explained by changes
in the estrogen/androgen ratio, along with changes in other
established risk factors of hypertension [10]. Menopause is
accompanied by a deficit of estradiol and a decrease in the
estrogen-to-testosterone ratio, resulting in a disturbance
of the renin-angiotensin system, endothelial dysfunction,
and increased BMI. These lead to increased levels of angio-
tensin II, oxidative stress, and endothelin, but decreased
levels of endogenous nitric oxide, and all of these changes
contribute to increases in renal vasoconstriction, causing
hypertension [8,10,23,24]. Furthermore, mouse models
mimicking the characteristics of human perimenopause

38 www.e-jcpp.org

(accelerated ovarian failure in estrogen receptor [ reporter
mice) suggested that estrogen receptor [ signaling plays
a significant role in BP regulation. An estrogen receptor f
agonist suppressed the increase in BP in mice with neuro-
genic hypertension induced by angiotensin II, and deletion
of estrogen receptor p produced a phenotype with sensi-
tivity to hypertension [25,26]. In this context, fluctuations
of sex hormones and their impact on angiotensin II among
perimenopausal women may at least partially explain the
increased risk of hypertension.

This study has some strengths and limitations. Consider-
ing that most previous studies on the association between
menopause and hypertension divided participants into
only two groups (nonmenopausal and menopausal), a
strength of our study is that it took perimenopausal women
into account and highlighted that they showed the highest
level of risk. We were able to adjust for most known risk fac-
tors including socioeconomic status, lifestyle factors, and
hormone replacement therapy use, thereby minimizing
confounding effects. Despite these advantages, some lim-
itations should be acknowledged. First, we measured BP in
the clinic with a single visit. The data used in this study did
not permit us to distinguish “white coat” hypertension or
“masked” hypertension, although the average of the second
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Fig. 2. Association between years after menopause and hypertension. The risk of hypertension was adjusted for education level, mar-
ital status, employment, household income, smoking, drinking, physical activity, body mass index, and hormone replacement therapy
use, not age. (A) Total hypertension, (B) systolic hypertension, (C) diastolic hypertension, and (D) treated hypertension.

and third measurements was used, with at least a 5-minute
rest preceding the measurements. Given that out-of-office
BP is recommended to evaluate white coat or masked hy-
pertension [27-29], the use of only in-office BP measure-
ments may have affected our findings. Second, information
on reproductive aging was obtained by self-report, so the
possibility of misclassification cannot be excluded. Third,
although we controlled for most of the major risk factors for
hypertension, there remains the possibility of residual con-
founding due to measurement errors and/or unmeasured
confounders.

Cardiovasc Prev Pharmacother 2022;4(1):34-41

In conclusion, perimenopausal women were found to be
at risk of developing transient or persistent hypertension.
While recognizing that elevated BP among women in the
menopausal transition might be transient or persist, we
need to be cautious not to overlook the hypertension risk of
perimenopausal women by focusing only on managing oth-
er menopausal symptoms and complications. Considering
that the menopausal transition may last months or years,
BP monitoring and early interventions are crucial for not
only postmenopausal women, but also those in the meno-
pausal transition.
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SUPPLEMENTARY MATERIAL

Table S1. Unadjusted and adjusted odds ratios of hyperten-
sion (n=5,456). Supplementary data are available at https://
doi.org/10.36011/cpp.2022.4.€2.
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