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A B S T R A C T

Objective: Menopausal transition has been associated with an increased risk of cardiovascular disease (CVD),
mainly attributed to atherogenic dyslipidaemia, central obesity and insulin resistance. Whether arterial hy-
pertension (AH) also contributes to menopause-associated CVD is currently unknown. The aim of this study was
to systematically investigate and meta-analyze the best available evidence regarding the association between
early menopause (EM) and AH risk.
Methods: A comprehensive search was conducted in PubMed, CENTRAL and Scopus databases, up to January
20th, 2020. Data were expressed as odds ratio (OR) with 95 % confidence intervals (CI). The I2 index was
employed for heterogeneity.
Results: Ten studies were included in the quantitative analysis (273,994 postmenopausal women, 76853 cases
with AH). Women with EM (age at menopause <45 years) were at higher AH risk compared with those of
normal age at menopause (>45 years) (OR 1.10, 95 % CI 1.01–1.19, p=0.03; I2 79 %). The direction or the
magnitude of this association remained significant when the analysis was restricted to studies including groups
matched for potential confounders, such as age, BMI, smoking or the use of menopausal hormone therapy or oral
contraceptives.
Conclusions: Women with EM have an increased risk for AH compared with those of normal age at menopause.

1. Introduction

Menopause is the consequence of ovarian reserve depletion leading
to estrogen deficiency, clinically defined as completion of 12 months
since the final menstrual period (FMP), except for cases with a history
of bilateral oophorectomy [1]. Most studies have shown that meno-
pausal transition is associated with a higher cardiovascular disease
(CVD) risk [2,3], which is more evident in women with early meno-
pause (EM; age at menopause <45 years) or premature ovarian in-
sufficiency (POI; age at menopause <40 years) [4,5]. EM has a pre-
valence of 10 %, whereas POI has a prevalence of 1 % [6]. Menopause-
related CVD risk is mainly attributed to the acquisition of a more
atherogenic lipid profile, central adiposity and glucose intolerance
compared with premenopausal women [7–10]. However, whether

arterial hypertension (AH) also contributes to this increased CVD risk is
currently unknown, with studies yielding contradictory results [11–14].

The aim of this study was to systematically review and meta-analyze
the existing evidence regarding the association between EM and AH
risk.

2. Materials and methods

2.1. Guidelines followed

This systematic review followed the MOOSE (Meta-analyses Of
Observational Studies in Epidemiology) guidelines [15]. The flow dia-
gram is presented in Fig. 1. A completed MOOSE checklist is available
in the Supplementary Table 1.
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2.2. Search strategy

To identify eligible studies, a systematic literature search was con-
ducted from conception until January 20th 2020 in three electronic
databases: MEDLINE, Scopus, and Cochrane (CENTRAL). A set of re-
levant terms was used to narrow the search, creating the following
search string (for PubMed): (“menopause, premature”[MeSH] OR
“primary ovarian insufficiency”[MeSH] OR “ovarian in-
sufficiency”[tiab] OR “ovarian failure”[tiab] OR ((menopause[MeSH]
OR menopause[tiab] OR menopausal[tiab] OR climacteric[tiab] OR
postmenopausal[tiab] OR post-menopausal[tiab]) AND (early[tiab] OR
premature[tiab] OR age[tiab] OR years[tiab] OR time[tiab]))) AND
("Hypertension"[Mesh] OR hypertens*[tiab] OR hypertension[tiab] OR
“hypertensive”[tiab] OR “blood pressure”) NOT (Animal[MeSH] NOT
Human[MeSH]) NOT (letter[pt] OR comment[pt] OR editorial[pt] OR
Review[pt] OR “practice guideline”[ptyp] OR “case reports”[ptyp]. The
review of eligible studies was conducted independently by four authors
(PT, KL, GK, KM). Any discrepancies were resolved by the consultation
of a fifth investigator (PA and DGG). Both cohort and case-control
studies were eligible.

2.3. Study selection

The following PICO (Population, Intervention, Comparison and
Outcome) elements were set as inclusion criteria: (i) Population: post-
menopausal women (either hysterectomized or not); (ii) Intervention:
early age at menopause, either EM or POI; (iii) Comparison group:

women with normal age at menopause; (iv) Outcome: AH. EndNote V8
was used as the search software.

The exclusion criteria were: (i) studies without a control group
[with normal blood pressure (BP)]; (ii) studies including pre- or peri-
menopausal women; (iii) studies with patients having genetic syn-
dromes associated with EM or POI (e.g. Turner’s syndrome); (iv) par-
ticipants with a history of polycystic ovarian syndrome (PCOS) and (v)
animal studies. Clinical trials, case series, case reports, reviews, ab-
stracts, letters-to-the editor were also considered as not eligible and
were excluded. Only papers written in English were included.

2.4. Data extraction

Two researchers (PT and KL) independently extracted data from the
eligible studies. The following parameters were recorded for the ana-
lysis: (i) first author’s name; (ii) year of publication; (iii) country in
which the study was conducted; (iv) study design (cohort or case-con-
trol); (iv) study duration (available in cohorts); (v) total number of
study participants; (vi) number of women with EM (vii) number of
women with normal age at menopause (defined as those with an age at
menopause >45 years); (viii) number of cases with AH in each of these
categories. Mean participants’ age and body mass index (BMI), type of
menopause (surgical or natural), level of education and physical ac-
tivity, as well as the prevalence of traditional CVD risk factors such as
dyslipidaemia, diabetes mellitus (DM) and smoking were also recorded.
Both subjects with natural (defined as a period of at least 12 months
since the FMP) and surgical (bilateral oophorectomy) menopause were

Fig. 1. Flow chart diagram.
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included.
The following comparisons were performed according to the in-

cidence or prevalence of AH: (i) women with EM were compared with
those whose age at menopause was >45 years; (ii) women with POI
were compared with those whose age at menopause was >45 years.
The effect of confounding factors, such as age, BMI and smoking, was
explored by performing pre-planned sensitivity or subgroup analyses.

2.5. Risk of bias and study quality assessment

Newcastle-Ottawa scale (NOS) was used for assessing studies’
quality. This system uses three criteria: (i) participant selection (max-
imum of four stars); (ii) comparability of study groups (maximum of
two stars) and (iii) assessment of outcome or exposure (maximum of
three stars) for the outcome/exposure category [16]. NOS results are
available in the Supplementary Table 2.

2.6. Statistical analysis

Heterogeneity was tested with the Cochrane chi-square test and the
degree of heterogeneity was quantified by the I2 statistics. An I2 of
40–60 % was considered as “moderate”, whereas values >60 % were
considered as “high degree” of heterogeneity. Both fixed-effect and
random-effect models were used for data synthesis, according to het-
erogeneity. Funnel plots and Egger’s test for small-study effects were
used to determine the likelihood of publication bias (p-values> 0.1
indicating absence of publication bias). Associations were reported as
odds ratios (OR) with 95 % confidence intervals (CI). A p-value of
<0.05 was considered statistically significant. All analyses were per-
formed with the Revman Software (Version 5.1. Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration, 2011).

3. Results

3.1. Descriptive data

The initial search provided 10,446 papers after excluding dupli-
cates, 68 of which were assessed as full-texts for eligibility (Fig. 1). Of
those, 56 papers were excluded, the reason for the exclusion being
presented in the Supplementary Table 3. Twelve studies were included
in the qualitative and ten in the quantitative analysis [11–14,17–22].
The two studies [23,24] were excluded from the quantitative analysis,
because they did not provide numerical data on women with age of
menopause >45 years. The studies were published between 1996 and
2020 The countries in which they were conducted were: China (n=2)
[13,14], Netherlands (n= 2) [19,20], USA (n= 2) [17,18], Australia
(n= 1) [21], Japan (n= 1) [11], South Korea (n= 1) [12] and mul-
ticenter (n=1) [22]. The number of participants ranged from 392 to
192,572, yielding a total of 273,994 postmenopausal women, including
76,853 cases with AH. AH was defined either as systolic and/or dia-
stolic BP>140 and/or >90mmHg, respectively (by using mercury
sphygmomanometer) [12], history of anti-hypertensive medication use
[17] or both [12,12,13,14,18–20]. One study used the self-reported
physician-diagnosed AH [13], whereas in one study the method of AH
definition was not reported [11].

3.2. Comparison of women with EM with those of normal age at menopause

Women with EM demonstrated a higher risk of developing AH
compared with those of normal age at menopause (>45 years) (ten
studies, 273,994 women) [11–14,17–22] (OR 1.10, 95 % CI 1.01–1.19,
p=0.03; I2 79 %) (Fig. 2). After excluding the study by Zhu et al. [22],
due to its large sample size, the association between EM and AH re-
mained significant (OR 1.12, 95 % CI 1.01–1.25, p=0.04; I2 78 %).Ta
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3.3. Sensitivity analysis

When women with POI were compared with those of normal me-
nopausal age (five studies, 192,219 women), the association between
POI and AH risk was not significant [12,19–22] (OR 1.14, 95 % CI
0.95–1.37, p=0.17; I2 58 %) (Fig. 3). Furthermore, when sensitivity
analysis was restricted to studies (n= 8) in which participants were
matched for age or BMI or smoking [11–14,17–19,21], the direction or
the magnitude of the effect observed did not change (OR 1.13; 95 % CI,
1.00–1.29; p=0.05). This was also the case after restricting the ana-
lysis to studies (n=2) matched for ever use of menopausal hormone
therapy (MHT) or oral contraceptives (OC) [13,18] (OR 1.26; 95 % CI
1.05–1.52; p=0.01).

3.4. Subgroup analysis

We performed subgroup analysis according to study design (cohorts
versus case-control studies). When analysis was restricted to cohort
(eight studies; OR 1.08; 95 % CI, 0.99–1.18; p=0.08)
[11–14,17,20–22] or case-control studies (two studies; OR 1.31, 95 %
CI 0.88–1.93; p=0.18) [18,19], no difference was observed between
the two groups. No separate analysis could be performed according to
race (black versus non-black populations).

The use of MHT and/or OC was reported in eight studies
[12,13,17–22], with respective rates of 2–84.5 % and 1–41 %. How-
ever, a separate analysis according to this confounder, was not feasible,
since data with regard to age at menopause were not extractable. With
respect to the type of menopause, no subgroup analysis could be con-
ducted, since no distinct data on surgical menopause were available
from the included studies.

4. Discussion

To our knowledge, the current study, including 273,994 post-
menopausal women (76853 cases with AH), is the first systematic re-
view and meta-analysis evaluating the association between age of me-
nopause and the risk of developing AH. Women entering menopause at
an age <45 years exert an increased risk of developing AH compared

with those with age of menopause >45 years. This association was not
affected by potential confounding factors, such as age, BMI, smoking or
the use of MHT and/or OC.

The underlying mechanisms regarding the association between EM
and AH risk cannot be fully clarified. A potential explanation might be
the shorter exposure to endogenous estrogens. Epidemiological data
cannot provide robust evidence on whether the increase in BP in
women entering menopause is a corollary of menopause per se or the
ageing process [25]. Notably, it has been observed that women after the
age of 50 years present a steeper increment in BP and are characterized
by a higher prevalence of AH compared with age-matched men [26].
On a pathogenetic basis, it has been suggested that the decline in es-
trogen concentrations and, more specifically, in estrogen-to-androgen
ratio during menopause, induces the production of specific vasocon-
strictive factors, such as endothelin and angiotensinogen (the latter
leading to upregulation of the renin-angiotensin system, renal sodium
reabsorption and vasoconstriction) [27]. Furthermore, a higher sym-
pathetic activity, potentially due to higher α1-adrenergic receptor re-
sponsiveness, has also been reported in women with AH compared with
their male counterparts [28].

It is possible that both EM and AH are the consequence of risk
factors predisposing to both entities, such as smoking, low physical
activity and socioeconomic status. However, epidemiological evidence
suggests that smoking may increase AH risk in women, especially when
it exceeds the number of 15 cigarettes/day [29]. On the other hand,
smoking has also been associated with a decline in ovarian reserve [30].
The latter effect is mainly attributed to the toxic chemicals released by
tobacco use, such as polycyclic aromatic hydrocarbons, which induce
oocyte apoptosis [31]. Moreover, low socio-economic status and edu-
cation, which have been associated with increased AH risk [32], may
also predispose to EM [33]. Data on low physical activity, an estab-
lished risk factor for AH [34], are inconclusive, since physical activity
has been associated with both later [33] and earlier [35] age at me-
nopause. However, no sufficient data were available for subgroup
analysis on this concept in the present study. Furthermore, genetic
predisposition, accounting for approximately 50% of the variation in
the age at menopause, may contribute to both EM and AH [36]. For
instance, polymorphisms in genes implicated in DNA repair have been

Fig. 2. Forest plot of the comparison between early menopause and menopause at normal age (>45 years).

Fig. 3. Forest plot of the comparison between premature ovarian insufficiency (POI) and menopause at normal age (>45 years).
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associated both with earlier timing of menopause [37] and the risk of
developing AH [38].

The main clinical implication of the present study is the early
identification of women with EM as a group of women at a higher risk
of AH. Although the evidence is not robust from current data, the
finding of the positive association between EM and AH may sub-
stantiate timely effective lifestyle interventions to prevent the devel-
opment of AH in this group of postmenopausal women. This should be
the case especially in women with pre-existing risk factors for AH, such
as obesity, positive family history and other causes of secondary hy-
pertension [39]. Another ensuing key issue is whether MHT decreases
the BP in postmenopausal women or, ideally, if it is associated with a
reduction in AH risk. An older meta-analysis of randomized-controlled
trials (RCT) showed a slight reduction in mean BP by MHT (−1.7 %, 95
% CI −2.9 to −0.5 %). Subgroup analysis showed that this effect was
significant only with conjugated equine estrogen and not with other
types of estrogen (oral esterified or transdermal 17β-estradiol) [27]. In
contrast, recent RCTs have not demonstrated such a beneficial effect of
either estrogen formulation [40].

The present study has certain limitations. First, the high degree of
heterogeneity, which may be attributed to the different study design, as
well as to different ethnicity of the populations. Second, the diagnosis of
AH was set with different methodology in the included studies and,
therefore, its validity could be questioned. Third, the exact effect of the
past use of MHT or OC on the study’s outcomes could not be estimated,
although subgroup analysis did not alter the association between EM
and AH risk. Notably, the percentage of the participants having re-
ceived MHT or OC was relatively low in most studies, with no precise
data on the duration of use. MHT is routinely administered in POI and
this might be the potential reason regarding the lack of association
between POI and AH risk. Interestingly, a very recent study showed
adjusted HR for developing AH 1.43 (95 % CI 1.24–1.65; p<0.001)
and 1.93 (95 % CI 1.37–2.74; p<0.001) for natural and surgical POI,
respectively [24]. However, we did not include this study, since the
comparison was made with women with age at menopause >40 rather
than >45 years. Fourth, the age of natural menopause may be sub-
jected to recall bias, since it was self-reported in most of the included
studies.

In summary, this is the first systematic review and meta-analysis
showing that women entering menopause at an earlier age (<45 years)
exert an increased risk of developing AH compared with those with age
of menopause >45 years. This finding contributes to what is already
known in the field of menopause-associated CVD risk and should be
taken under consideration for early detection of AH in these women.
Timely effective lifestyle interventions are warranted to prevent the
development of AH in this high-risk population. The key issue is to
conduct well-designed interventional studies to further elucidate this
field further.
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