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Abstract
Purpose of Review This review aims to examine gender differences in both the epidemiology and pathophysiology of hyper-
tension and to explore gender peculiarities on the effects of antihypertensive agents in decreasing BP and CVevents.
Recent Findings Men and women differ in prevalence, awareness, and control rate of hypertension in an age-dependent manner.
Studies suggest that sex hormones changes play a pivotal role in the pathophysiology of hypertension in postmenopausal women.
Estrogens influence the vascular system inducing vasodilatation, inhibiting vascular remodeling processes, and modulating the
renin-angiotensin aldosterone system and the sympathetic system. This leads to a protective effect on arterial stiffness during
reproductive age that is dramatically reversed after menopause.
Summary Data on the efficacy of antihypertensive therapy between genders are conflicting, and the underrepresentation of aged
women in large clinical trials could influence the results. Therefore, further clinical research is needed to uncover potential gender
differences in hypertension to promote the development of a gender-oriented approach to antihypertensive treatment.
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Introduction

Hypertension is a prominent risk factor for global mortality
and morbidity and has been broadly associated with cardio-
vascular (CV) diseases [1]. The therapeutic control of high
blood pressure (BP) remains largely unsatisfactory. Gender
is a further important determinant to be evaluated, likewise
well-established factors such as age, race, and comorbidities.
CV and renal diseases are more frequent in males than age-
matched premenopausal females. However, BP and

consequent CVevents increase in postmenopausal women as
well [2]. In this context, females showed a higher risk of age-
related left ventricular hypertrophy [3] and symptomatic
postinfarction heart failure vs. smaller infarctions or preserved
left ventricular ejection fractions than similarly aged men [4,
5]. These differences are not exactly explained by classical
risk factors but could be ascribed to differences by gender in
terms of hemodynamic parameters, such as central and periph-
eral arterial BP. Hayward et al. [6] reported that men have a
higher systolic BP until middle age, while women’s BP sig-
nificantly increases with aging. Both sexes exhibit a direct
age-dependent increase of the augmentation index, a specific
marker of central aortic BP. Moreover, Redfield et al. [7]
showed that aging and female gender were related to an in-
creased vascular andmyocardial stiffness evenwithout known
CV disease. Among the possible determinants, sex differences
in hypertension could be considered as the consequence of
biological and behavioral issues. The most important biolog-
ical factors protective against high BP in females could in-
clude hormones, gene variability, and further biological gen-
der variables, some of these dominant in youth and until the
menopausal phase in women [8, 9]. Behavioral risk factors for
hypertension include obesity, smoking, and low physical
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activity, as well as the response to antihypertensive therapy,
the adherence, and to both pharmacological and non-
pharmacological interventions. Gender differences have been
investigated in several studies for both CV risk factors and
events, but research findings are not conclusive. This review
aims to examine gender differences in both the epidemiology
and the pathophysiology of hypertension and to explore gen-
der peculiarities on the effects of antihypertensive agents in
decreasing BP and CVevents.

Epidemiology

There is a continuous linkage between high levels of BP and
CV morbidity and mortality [10]. Hypertension is associated
with reduced life expectancy and early developing of CV dis-
ease [4]. Mean systolic BP in the overall population progres-
sively increases with aging in both sexes. Although the prev-
alence of high BP does not present significant gender differ-
ences overall, certain discrepancies emerge between men and
women in BP values during life. In particular, studies
collecting data from the USA show that BP is higher in men
than women during early adulthood [11, 12]. The National
Health and Nutrition Examination Survey (NHANES)
2007–2012 shows a smaller gap in the prevalence of hyper-
tension between women and men in younger groups in respect
to previous survey. Thus, premenopausal women less develop
hypertension compared with age-matched men [13].
However, this benefit gradually ends after menopause. The
prevalence of hypertension is 68% in women between the
ages of 65 and 74 years, and it is greater than men [13].
Accordingly, other studies confirm that hypertension becomes
more prevalent in women among elderly individuals. Similar
findings were observed in recent large population Canadian
studies [14], likewise in researches conducted in developing
countries (India, China, and Latin America) [15]. Contrarily,
an Italian survey failed to find any gender differences in BP
control [16]. Moreover, aging of world population and longer
life expectancies in women than in men are the principal rea-
sons of the increase in the prevalence of hypertension among
females. Consequently, hypertension has been predicted more
frequent in women than in men in the near future [17]. The
data from the 2007–2010 NHANES survey reveal that aware-
ness, treatment, and control rates are significantly better in
women thanmen, being evident for all races. Although similar
treatment, women had lower control of BP compared with
men, especially in older subjects. Awareness of high BP was
major in females than males but increased more in males [18,
19]. Data from this survey showed that treatment of hyperten-
sion increased in both sexes, and it was higher in females [18,
19]. The poorer outcome observed in women may be at least
partially related to the wrong perception by both patients and

physicians that women are at substantial lower risk than men
[20, 21].

Several studies with either cross-sectional or longitudinal
design have been planned to assess the association between
menopause and hypertension [22–24]. The effect of meno-
pause on BP is controversial, and the observed increase of
BP after menopause may not be evaluated independently of
the potential confounding effects of aging, other CV risk fac-
tors, such as body weight and lipid levels, and comorbidities.
It seems that aging and hormonal changes are responsible for
the majority of effects traditionally attributed to menopause.

Moreover, pregnancy-associated hypertension is present in
approximately 10% of all pregnancies, impacting on maternal
and fetal mortality [25]. Hypertension in pregnancy emerged
as a significant risk factor for future hypertension and CV
events. Furthermore, preeclampsia is associated with an in-
creased risk of chronic hypertension, type 2 diabetes, stroke,
and coronary heart disease [25–28].

Overall, CV disease remains the main cause of death in
women [29]. Awide range of evidence indicates that women
are at a lower CV risk than men before menopause, while the
risk for CV events increases significantly after menopause
[29].

The importance of risk factors for the development of es-
sential hypertension in women has been evaluated in a pro-
spective cohort study of approximately 83,000 female sub-
jects. Six modifiable lifestyle and dietary factors are indepen-
dently associated with lower risk of developing hypertension:
normal weight, physical exercise, correct dietary approach,
modest alcohol intake, moderate use of analgesics, and intake
of supplemental folic acid [30]. Other studies reported that
females are more prone than males to be physically inactive
at all ages, and physical inactivity worsens with age [31].

However, although increased salt sensitivity is strongly as-
sociated with all-cause mortality in men, no association is
found in women [32]. Overall, an increased prevalence of
concomitant risk factors, including central obesity, elevated
total cholesterol and low high-density lipoprotein cholesterol
(HDL) levels are likely to contribute to poor BP control in
elderly women [33].

It has been predicted that the overall life expectancy for
hypertensive adult female individuals is approximately 5 years
shorter compared to normotensive individuals of the same age
[34]. A large multicentric and international study estimates
that stroke mortality was significantly higher among women
compared to men [35]. Authors argue that it could be chiefly
attributed to the longevity of women, being stroke rates higher
in the elderly [35]. Similar findings were observed in stroke
incidence rates in Netherlands [36]. Contrarily, a recent meta-
analysis including more than 40,000 patients with a diagnosis
of heart failure observed a lower mortality in women com-
pared with men [37]. Overall, epidemiologic data suggest that
hypertension has a consistent impact on CV morbidity and
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mortality, both in women and in men [37]. In particular, the
study stated that womenwith heart failure are on average older
and more prone to suffer from hypertension [37].
Pathophysiologic reasons of these findings will be explored
in the next section.

Pathophysiology

Hormonal changes may represent the pathophysiologic mech-
anism underlying the age-dependent heterogeneity in hyper-
tension between the two sexes, especially in women.
Epidemiologic studies showed that menopause doubled the
risk of high BP even if corrected for other known CV risk
factors [38, 39]. The increase in BP among postmenopausal
women is likely due to dramatic changes in sex hormones
levels. It has been established that estrogen influences the
vascular system inducing vasodilatation, increasing nitric ox-
ide (NO) bioavailability, inhibiting vascular remodeling pro-
cesses and vascular response to injury, and modulating the
renin-angiotensin aldosterone system (RAAS) and the sympa-
thetic system. [40–43]. On the same hand, progesterone has
been shown to cause endothelium-dependent vascular dilation
[40]. Estrogen influences the renin-angiotensin system in dif-
ferent ways. In normotensive postmenopausal women, plasma
angiotensin II levels nearly double with oral administration of
estrogen and medroxyprogesterone [41]. Estrogen affects the
angiotensinogen gene expression and synthesis through mod-
ulation of regulatory elements in the gene promotor, thereby
increasing circulating angiotensinogen concentrations in
women [42]. Further, females have a lower expression of the
angiotensin II type 1 receptor, angiotensin-converting en-
zyme, and plasma renin compared to males [43], and the fall
in estrogen levels results in reduced NO bioavailability and
improved angiotensin II activity which causes impaired renal
sodium handling, oxidative stress, and high BP [44]. Among
normotensive premenopausal women, salt-loading causes re-
nal vasodilation and a reduced filtration fraction during the
luteal phase of the menstrual cycle [45]. Conversely, in post-
menopausal women, salt-loading induces a decrease in renal
plasma flow and a rise in the filtration fraction [46]. According
to these results, estrogens could play a pivotal role in renal
response to salt loading, by enhancing NO bioavailability and
modulating RAAS activity [46]. This is consistent with the
observation that surgical menopause is linked to salt-
sensitive hypertension [47].

On the other hand, it has been described that androgens
raise endothelin and catecholamines levels, increasing sodium
renal reuptake and promoting vasoconstriction [40]. Similarly,
testosterone lowers HDL and raises low-density lipoprotein
cholesterol (LDL), increasing the synthesis of angiotensin II
and homocysteine [40]. Overall, the abovementioned effects

result in detrimental outcome in terms of hypertension and CV
disease.

Postmenopausal women are more likely to develop meta-
bolic syndrome [48]. Changes in weight and body fat distri-
bution related to ovarian hormones deficiency lead to insulin
resistance and hypertension [48]. Aside from hormone pat-
terns, there are other differences in the CV system between
genders. Even though diastolic pressure is lower in women in
comparison to age-matched men, systolic and pulse pressures
are higher in women older than 45 years [49]. On the same
hand, isolated systolic hypertension is more common among
aged females than among men [49]. It has been described that
genders differ in terms of biomechanical properties of the
artery wall that influence arterial stiffness. Women show an
increased arterial stiffness compared to men during childhood
years and a rise after menopause; on the contrary, stiffness
increases linearly with aging within men, suggesting that fe-
male hormones modulate large artery stiffness during the re-
productive phase [49].

Antihypertensive Therapy

Many differences have been described about the pattern of
antihypertensive drug prescription and use in hypertensive
men vs. women. A large meta-analysis of 46 population-
based studies in 22 countries, including 123,143 men and
164,858 women aged 20–59 years [50], showed that hyper-
tensive women were 1.33-fold more likely to be treated with
drugs and were more prescribed diuretics, while men more
often used beta-blockers, ACE inhibitors, and calcium chan-
nel blockers. A further Dutch study [51] from the same group
analyzed subjects from two cross-sectional population-based
surveys of CV disease risk factors and reported a high preva-
lence of patients on monotherapy, 57 and 54% in treated men
and women, respectively. Among patients on antihypertensive
monotherapy, women were less likely to be taking beta-
blockers, calcium channel blockers, or ACE inhibitors than
diuretics compared to men. A possible explanation of these
findings could be gender differences in side effects. Women
are more prone to cough when treated with ACE inhibitors
than men [52]. Women also seem to be more susceptible to
vasodilation-related adverse symptoms by dihydropyridine
calcium channel blockers [53]. However, women more fre-
quently experience diuretic-induced adverse drug effects than
men do. Women more likely suffer electrolytic disturbances
and are less prone to diuretic-induced gout [54]. On the other
hand, diuretics may reduce the risk of osteoporotic fractures, a
possible advantage especially in older women [55]. Large ran-
domized trials with BP lowering treatment have shown similar
benefit in both sexes [56–59]. However, data from some small
clinical studies suggest that gender differences in BP response
might exist. For example, a prospective study comparing the

Curr Atheroscler Rep (2018) 20: 13 Page 3 of 7 13



effects of amlodipine monotherapy in men and women sug-
gested that diastolic BP reduction was greater in women than
in men, and BP control was achieved more in women than
men [60]. Similarly, the angiotensin receptor blockers plus
hydrochlorothiazide combination showed greater BP reduc-
tions in women [61, 62]. In the VALUE trial, CV morbidity
and mortality was greater with valsartan compared to
amlodipine in women but not in men [63]. Similarly, the
Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT) showed a major effect against
high BP values of calcium channel blockers compared with
ACE inhibitors in women, related to a greater reduction in
stroke rate [64]. In contrast, the Losartan Intervention For
Endpoint Reduction (LIFE) study showed significantly safer
effect of losartan compared to atenolol [65]. Despite compa-
rable BP reduction, fewer events occurred in females than
males [65]. The impact of gender on the benefits of antihyper-
tensive therapy has been the subject of a large meta-analysis
by the Blood Pressure Lowering Treatment Trialists’
Collaboration, which included 31 randomized trials with alto-
gether about 100,000 men and 90,000 women with hyperten-
sion [66]. No significant differences in CVoutcomes between
men and women were observed. Moreover, all of the antihy-
pertensive treatments analyzed conferred equal protection
against CVevents in both sexes. The investigators suggest that
differences in CV risks between sexes are not associated with
antihypertensive regimen but reflect other factors, such as
awareness, detection, and management of high BP.
However, in a recent meta-analysis of ten large randomized
studies exploring the effects of antihypertensive agents on CV
outcomes, we found that the occurrence of sudden death,
stroke, myocardial infarction, heart failure, CV death, hospi-
talization for CV disease, and renal dysfunction was signifi-
cantly higher in men compared with women (odds ratio [OR]
1.25, 95% confidence interval [CI] 1.17, 1.33, p < 0.001; I2

40.17%). This effect was robust in the sensitivity analysis,
showing the independence of the pooled estimate from any
single study [67•]. We believe that several reasons may ex-
plain the differences between this latter analysis and the pres-
ent results. First, we included different studies, because of
some differences in the inclusion criteria compared to the pre-
vious analysis. Second, we presented global results including
all antihypertensive regimens, while Turnbull et al. [66] ex-
hibited the results separately for each antihypertensive class.
However, even though our findings are general and do not
allow to discuss the effect of each pharmacological class, the
results reached statistical significance, demonstrating sex dif-
ferences in outcomes after antihypertensive treatment [67•].

More recently, the most appropriate targets for systolic BP
to reduce CV disease morbidity and mortality among people
without diabetes mellitus were analyzed in the Systolic Blood
Pressure Intervention Trial (SPRINT) [68], a randomized con-
trolled multicenter clinical study including about 9000 high

risk non-diabetic patients, of whom 35% women. It showed a
relation between a greater reduction of systolic BP (close to
120 mmHg) and lower rates of both fatal and non-fatal major
CV events and death from any cause, although with notably
higher rates of adverse events. Furthermore, the rate of the
primary composite outcome in the intensive treatment vs. in
the standard treatment group reached statistical significance in
men (hazard ratio [HR]with intensive treatment, 0.72; 95%CI
0.59–0.88), but not in women (HR with intensive treatment,
0.84; 95% CI 0.62–1.14) despite that no interaction was ob-
served between gender and degree of BP reduction. These
differences among genders have been stressed in recent inter-
national guidelines [69••] on hypertension. The updated
guidelines classify hypertension as BP reading of 130/
80 mmHg or higher. They focus on the global evaluation of
CV risk and identify new targets for BP reduction in patients
with comorbidities. Although there is no recommendation for
gender-oriented management of hypertension, guidelines take
into account the evidence about more adverse effects of anti-
hypertensive therapy in women and the need of new trials to
assess the effect of BP reduction in women [69••].

Conclusion

Men and women differ in prevalence, awareness, and control
rate of hypertension in an age-dependent manner. Studies sug-
gest that sex hormones changes play a pivotal role in the
pathophysiology of hypertension in postmenopausal women.
Estrogens influence the vascular system inducing vasodilata-
tion, inhibiting vascular remodeling processes, and modulat-
ing the RAAS and the sympathetic system. This leads to a
protective effect on arterial stiffness during reproductive age
that is dramatically reversed after menopause. Data on the
efficacy of antihypertensive therapy between genders are con-
flicting, and the underrepresentation of aged women in large
clinical trials could influence the results. Therefore, further
clinical research is needed to uncover potential gender differ-
ences in hypertension to promote the development of a
gender-oriented approach to antihypertensive treatment.
Research should be specifically addressed to define the major
clinical importance of difference in the complex expression of
the CV risk and the effects of ant ihyper tensive
(pharmacological and non-pharmacological) treatment on
BP reduction as well as CV morbidity and mortality.
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