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Abstract Life expectancy is longer in women compared to
men, and cardiovascular events occur at a lower rate and at a
later age in females than males. The impact of gender on the
prevalence, the presentation, and the long-term outcome of
cardiovascular disease has long been a topic of active re-
search. Gender differences have been found in several stud-
ies but opposite findings also exist. The impact of gender in
hypertension and antihypertensive therapy remains poorly
clarified. The prevalence, awareness, treatment, and control
rates of hypertension exhibit some differences between the
two sexes, which are age-dependent. The female advantage
in the cardiovascular risk of hypertensive patients might be
attenuated by comorbidities and target organ damage. An-
other aspect of major clinical importance is whether gender
differences exist on the effects of antihypertensive agents in
blood pressure reduction and cardiovascular morbidity and
mortality. The aim of this review is to critically evaluate
recent data regarding gender differences in hypertension and
incorporate new data into the body of existing knowledge.
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Introduction

Gender differences on the prevalence, presentation, symp-
toms and severity of cardiovascular complications of hyper-
tension have long been under investigation. Gender differ-
ences have been described in several studies for cardiovas-
cular risk factors and cardiovascular risk status, but results
are at times conflicting. Table 1 summarizes the major
differences between men and women with hypertension.

Life expectancy is longer in women and cardiovascular
events occur at a lower rate and at a later age than men [1].
A vast amount of evidence from observational studies dem-
onstrated that the risk for cardiovascular events is lower in
women than in men [1], but the gap is narrowing with age
possibly due to a survival effect of males reaching older age.
Female patients are more likely to experience poor out-
comes following a cardiovascular event or interventions
[2]. Whether gender differences in long-term outcomes
and prognosis represent a true phenomenon or result from
differences in patient management, diagnostic approach, and
therapeutic strategies is not yet clarified. For example, the
data point towards increased early mortality after myocardi-
al infarction in women than in men. This might be attributed
to a worse risk profile on admission, lower utilization of
invasive management or less compliance to therapy [3].
Naturally, the skeptics attribute some of the gender differ-
ences to “gender bias.”Women are not taken seriously when
they present with chest pain, they are not treated as aggres-
sively as men, or women at times may be deprived of state
of the art procedures.

Women are significantly under-represented in large clin-
ical trials within the cardiovascular disease arena. Female
representation is about 30 %, while specific gender analysis
is performed in only one out of three reports [4].

This review aims to describe gender differences in the
epidemiology and pathophysiology of hypertension, to present
the impact of gender on cardiovascular risk, target organ
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damage and comorbidities, and to discuss potential gender
differences on the effects of antihypertensive agents in blood
pressure reduction and cardiovascular morbidity and mortality.

Prevalence – Awareness – Treatment- Control

Hypertension affects 1 out of 3 US adults for an estimated
number of 77.9 million patients suffering from high blood
pressure [5••]. The prevalence of hypertension does not pres-
ent significant gender differences overall: 33.6 % (37.2 mil-
lion) for males and 32.2 % (40.7 million) for females. Signif-
icant gender differences exist however within different age
groups. The prevalence of hypertension is higher among
males until the age of 45, the prevalence is nearly equal
between the two genders from 45 to 64 years of age, and after
that hypertension becomes more prevalent among women.

Recent data from the NHANES 2007–2010 survey reveal
that 81.5% of hypertensive patients were aware of the disease,
74.9 % were receiving antihypertensive therapy, and blood
pressure was controlled in 52.5 % of them [5••]. Significant
differences exist however between males and females. Until
recently (NHANES 1988–2008) awareness and treatment of
hypertension was greater in women than in men, while control
rates were greater in men, suggesting that hypertension in
females is relatively ‘resistant’ to antihypertensive therapy
and several hypotheses to explain this issue have been pro-
posed [6]. However, the most recent data from the 2007–2010
NHANES survey reveal that awareness, treatment, and con-
trol rates are significantly higher in women than men, and this
is apparent for all races. Gender disparity is more pronounced
in African-American andMexican-American patients and less
pronounced in Caucasian patients. For example, in African-

Americans, awareness rates are 7.8 % higher, treatment rates
11.6 % higher, and control rates 12.4 % higher in women than
in men, while the corresponding differences in Caucasian
patients are 4.6 %, 6.8 %, and 3.8 %, respectively [5••].

In a recently published study from the Department of
Veterans Affairs, blood pressure control was examined over
a 10-year period (2000 to 2010). Overall blood pressure
control improved from 45 % in 2000 to 76 % in 2010, control
rates lagged behind among black patients, but there was no
difference in control rates among men and women [7].

Among older adults (>65 years), control rates were signif-
icantly lower in women than in men at the NHANES
1999–2004 survey [8]. Whether this gender disparity is still
apparent or has improved nowadays is currently not known. A
recent study of more than 150,000 hypertensive patients par-
ticipating in the Cardiovascular Research Network in the US
showed higher control rates in women than in men (45.7 %
versus 41.2 %) [9]. However, control rates were significantly
affected by age, with better control among women in young
and middle age, and better control among men in older age
(>65 years), suggesting that further efforts are needed to
alleviate gender disparity in control rates in the elderly.

Data from other parts of the world are also available. A
recent analysis of data from more than 26 million Canadians
revealed that the prevalence of hypertension was higher in
older (60 years) women than in men [10]. Similar findings
were observed in a recent large population study in devel-
oping countries (India, China, and Latin America) [11]. In
the Canadian Health Measures Survey it was found that
female patients were more likely to be aware of having
hypertension, since only 14 % of women were unaware
compared to 21 % of their male counterparts [12]. On the
other hand, women were less likely to have their blood

Table 1 Gender differences in hypertension

Epidemiology

- Higher awareness, treatment, and control rates in women than in men, especially in African-Americans and Mexican-Americans

- Lower control rates in older (>65 years) women compared to men

Pathophysiology

- Protective effects of estrogens before menopause in women

- Progesterone promotes and estradiol attenuates sympathetic activity

- Sexual dimorphism in salt sensitivity

- Attenuation of endothelin-1 effects in women

- More pronounced pulse pressure increments in women

Target organ damage

- Lower prevalence of left ventricular hypertrophy in women

- Higher prevalence of heart failure with preserved ejection fraction in women

Cardiovascular risk

- Lower cardiovascular risk in premenopausal women, reversal in older post-menopausal women

- Higher rates of physical inactivity among women

- Women are less likely than men to receive optimal diagnostic evaluation and therapeutic intervention
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pressure controlled, especially at advanced age (>60 years),
with uncontrolled rates being 34 % for women and 18.1 %
for men.

Pathophysiologic Mechanisms

The pathophysiologic mechanisms underlying the age-
dependent disparity in blood pressure levels between the two
sexes are poorly defined, althoughmany hypotheses have been
proposed with the hormonal component being the prevailing.

Experimental and clinical data suggest that estrogen exert
a variety of beneficial cardiovascular effects, including va-
sorelaxation, sympathoinhibition, prevention of vascular re-
modeling, and renoprotection [13]. Increased estrogen
levels in premenopausal women induce vasorelaxation and
subsequently decreased aortic stiffness via actions on the
endothelium and smooth muscle cells. Estrogen levels fall
abruptly in postmenopausal women, leading to the attenua-
tion of beneficial effects and finally to increased cardiovas-
cular risk. A recent report from the Multi-Ethnic Study of
Atherosclerosis shows that incident hypertension is posi-
tively associated with testosterone, estradiol, and dehydro-
epiandrosterone levels and inversely associated with sex-
hormone binding globulin levels [14•].

However, the observed increase of blood pressure after
menopause cannot be evaluated independently of the potential
confounding effects of aging and comorbidities. In fact, it
seems that aging is responsible for the majority of effects that
have traditionally been attributed to menopause [15].

Sex steroids seem to significantly affect sympathetic ner-
vous system activity exerting opposing effects. Progesterone
is associated with sympathoexcitation, while estradiol is asso-
ciated with sympathoinhibition. The dynamic interaction be-
tween estradiol and progesterone levels during the luteal phase
has been proposed to explain the sympathoexcitation during
the mid-luteal phase of ovarian cycle [16]. Recent data in-
dicates that the interaction of sex steroids, including testoster-
one, with the sympathetic system during menopause is affect-
ed by several factors, including nitric oxide and b-adrenergic
receptor sensitivity [17, 18]. A positive relationship between
sympathetic overactivity and peripheral vascular resistance
that was not altered by beta-blockers was reported, suggesting
that beta-blockade does not attenuate sympathetic vasocon-
striction in postmenopausal women.

Sympathetic activity recently attracted wide scientific in-
terest in another ‘female disease’, the polycystic ovary syn-
drome [19]. The polycystic ovary syndrome is associated with
menses abnormalities, insulin resistance, hypertension and
sympathetic overactivity. Attenuation of sympathetic overac-
tivity through renal nerve ablation resulted not only in blood
pressure reduction but also in glucose metabolism improve-
ments [20••]. More impressively, reoccurrence of menses was

observed in one patient with long-lasting amenorrhea,
suggesting that sympathetic overactivity is implicated not
only in blood pressure elevation and insulin resistance but in
the pathogenesis of the syndrome itself as well.

Sex hormones seem to affect the activity of the renin–
angiotensin system. Experimental data point towards a sex-
ual dimorphism in salt-sensitive hypertension mediated by
enhanced intrarenal activity of the renin-angiotensin system
in male compared to female rats [21]. Sex hormones seem to
affect sodium handling, since blood pressure is salt-resistant
in premenopausal women and becomes salt-sensitive after
menopause [22], explaining the significant benefits of salt
restriction in postmenopausal women that were recently
reported [23].

Endothelin-1 actions in the kidney seem to be gender-
related. Experimental data suggests that male animals have
higher endothelin-1 mRNA expression in the kidneys and
enhanced vasoconstriction through type A receptors, while
gonadectomy attenuates these effects [24]. In contrast, fe-
male animals are relatively protected from high blood pres-
sure through increased diuresis and natriuresis mediated by
type B receptors [25].

Apart from this hormonal component, several other gen-
der differences exist in the cardiovascular system. A recent
longitudinal study from Framingham revealed that pulse
pressure increments with age and higher body mass index
are more pronounced in women than in men [26]. Moreover,
women have higher heart rate and lower cardiac output than
men, partly due to their lower height and size. Shorter height
results in premature arrival of the reflected wave, earlier in
systole, leading to reduced pulse amplification and augmen-
tation index.

Gender differences in the atherosclerotic process have
been recently described. The number of thrombotic plaques,
the necrotic area and the hemorrhagic extension were sig-
nificantly lower in women than men undergoing surgical
carotid endarterectomy [27]. Moreover, inflammation (as
assessed by various indices) was less pronounced in women
than in men. Similar findings were observed using magnetic
resonance imaging in patients with carotid atherosclerosis
[28]. A recent review reported that carotid plaques were
more stable in women than men affecting the outcome of
carotid endarterectomy [29].

Comorbidities

The prevalence of traditional cardiovascular risk factors like
central obesity and hypercholesterolemia was higher in
women than in men with hypertension in the 1999–2004
NHANES survey [30].

Although the prevalence of obesity is not significantly
different between female and male individuals (35.6 % versus
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33.6%), significant gender divergence is observed in African-
Americans (53.9 % versus 37.9 %) [31]. The association of
hypertension with obesity seems to be gender and age-related,
and the prevalence of hypertension and obesity is lower in
premenopausal women than in men [32]. A recent observa-
tional study in almost 30,000 young Japanese individuals
reported a strong association of obesity with hypertension
and prehypertension, which was significantly stronger in
women than in men [33]. Sex differences in the association
between abdominal and total obesity with hypertension have
also been reported. A large cross-sectional study of more than
25,000 Chinese individuals reported that hypertension was
associated more with abdominal than total adiposity in men
over the age of 45 years, while the opposite association (with
total obesity) was evident for women of all ages [34].

The prevalence of hypercholesterolemia is significantly
higher in females than in males: 44.9 % versus 41.3 % for
total cholesterol levels above 200 mg/dl, and 14.7 % versus
12.7 % for total cholesterol levels above 240 mg/dl. In con-
trast, HDL-cholestrol levels are consistently higher in women
than in men and the prevalence of low HDL-cholesterol
(<40 mg/dl) is 12.3 % for women versus 31.8 % for men
[35]. Mean triglyceride levels are significantly higher among
males (141.7 mg/dl) than females (119.1 mg/dl), while no
significant gender differences are noted for LDL-cholesterol
levels. It is clinically significant that LDL-cholesterol control
rates remain disappointingly low, especially for men (22.6 %)
versus women (26.9 %) [35].

A recent analysis of more than 10,000 patients from the
ARIC, CARDIA, and the Framingham Heart Study revealed
that incident diabetes mellitus type 2 was directly associated
with baseline blood pressure levels [36•]. Hypertensive pa-
tients were at increased risk to develop diabetes than
prehypertensive and normotensive individuals. In addition,
race and gender differences were observed: (1) diabetes
incidence rates were higher among African-Americans than
Caucasians, and (2) incidence rates were higher in women
than men in hypertensive African-Americans, while the
opposite was observed in hypertensive Caucasians.

An association between hypertension and cancer has been
previously suggested but available data is controversial. In a
large prospective observational study of seven European co-
horts from Norway, Austria, and Sweden with more than half
a million participants, significant gender-based differences
were reported, since blood pressure increment by 10 mmHg
was significantly associated to total incident cancer in men but
not in women [37•]. Moreover, gender differences were ob-
served by cancer site: increased blood pressure was associated
with cancer of oropharynx, colon, rectum, lung, bladder,
kidney, and skin (melanoma and non-melanoma) in men;
cancer of the liver, pancreas, cervix, uterine corpus, and mel-
anoma in women. In our opinion, the relationship of hyper-
tension with cancer is intriguing but should be examined with

skepticism and great caution, until a definite association and
gender differences are proved.

Target Organ Damage

A recent review of 26 studies with more than 12,000 pa-
tients showed that the prevalence of left ventricular hyper-
trophy (assessed by electrocardiography) was gender-related
affecting 16 % of women and 24 % of men with hyperten-
sion [38•]. Gender differences in echocardiographically
assessed left ventricular hypertrophy have been also de-
scribed, however contradictory results are available in the
literature. Regression of left ventricular hypertrophy was
less pronounced in women than in men in the LIFE study,
even after adjustments for confounders [39].

A sexual dimorphism in left ventricular structural and
functional alterations induced by hypertension has been
reported. Hypertension-induced left ventricular hypertrophy
is different in female and male patients, since hypertensive
women are more likely to develop concentric hypertrophy
while eccentric hypertrophy is more common among men
[40]. Left ventricular hypertrophy is common in hyperten-
sive women and increases with age, achieving a prevalence
of 80 % among nonagenarians [41].

Gender differences in left ventricular diastolic function are
less clear, since contradictory data exists. A recent report using
cutting-edge technology (magnetic resonance tissue phase
mapping ofmyocardial motion) showed that diastolic function
was enhanced in women compared to men at a younger age,
while this association was reversed at the older age and the
loss of function was greater in women than in men [42].

Heart failure appears either with reduced or preserved
ejection fraction in approximately equal frequency. Al-
though it is still unclarified whether these two forms are
completely distinct or simply ends of a same continuum,
heart failure with preserved ejection fraction is without any
doubt significantly more common in female patients, as
women outnumber men by a 2:1 ratio [43]. Heart failure
with preserved ejection fraction is currently attributed to a
global limitation in cardiovascular reserve affecting multiple
functional domains. In particular, vascular, endothelial, and
chronotropic impairments act synergistically and result in
heart failure symptoms [44]. Gender differences in any of
these factors may account for the observed inequality in
prevalence. Indeed, a study from the Framingham project
showed that flow-mediated dilatation abnormalities are mo-
re prevalent in older women than men (38 % versus 20 %
respectively) [45].

Abnormalities in dynamic ventricular-vascular coupling
are more frequent in hypertensive women than men both at
rest and during exercise [46]. Arterial stiffening is enhanced
with aging and hypertension resulting in faster transmission
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of antegrade and reflected waves. Arterial stiffness becomes
more pronounced in postmenopausal women than men [47],
leading to greater pulsatile afterload and subsequent diastol-
ic dysfunction. This gender difference has been highlighted
in a recent study, in which arterial stiffness was inversely
related to diastolic function only in women [48].

Carotid media thickness is considered an independent
predictor of cardiovascular events. Significant differences
among male and female individuals were observed in almost
5,000 individuals participating in the Gutenberg Heart Stud-
y, for a median intima-media thickness of 0.67 mm in
hypertensive women versus 0.69 mm in hypertensive men
[49]. Similarly, carotid plaques were more common in hy-
pertensive men than women (57 % versus 45.3 %).

Males have a faster decline of renal function with age than
females; however, this gender association is reversed in older
age and postmenopausal women experience a more rapid
deterioration of renal function than male individuals [50].
Estrogen seems to exert beneficial actions on renal function.
Postmenopausal women have higher levels of fibroblast groth
factor-23 (a predictor of renal disease progression) compared
to men or women who are on replacement therapy [51].
Experimental data support the renoprotective effect of estro-
gens, since the progression of glomerulosclerosis is accelerat-
ed in estrogen-deficient mice [52].

Contradictory findings exist in the literature regarding the
impact of gender on the prevalence of chronic kidney dis-
ease. The prevalence of chronic kidney disease in women
was found lower, similar, or higher than in men in different
population cohorts. In a recent Italian study of about 3,500
hypertensive patients attending specialized centers, it was
found that the prevalence of microalbuminuria was lower in
women than in men, while the prevalence of reduced eGFR
was higher in women [53].

Cardiovascular Risk

A voluminous amount of evidence indicates that women are
at a lower cardiovascular risk than men before menopause,
while the risk for cardiovascular events increases signifi-
cantly after menopause so that female cardiovascular risk
eclipses male in late life. The 1999–2004 NHANES survey
demonstrated a higher cardiovascular risk profile in women
than in men, since at least three risk factors were identified
in more women than men (53 % versus 41 %). In a recent
report from the Nurses Health Study it was found that
incident hypertension can be prevented in a significant
percentage of individuals through lifestyle and dietary inter-
vention [24].

About one in three adults do not engage in leisure-time
physical activity. Females are more prone than males to be
physically inactive at all ages (33.2 % versus 29.9 %) and

physical inactivity advances with age; its prevalence in-
creases from 26 % in younger age to 52 % in older age
(>75 years) [54]. A recent report from Australia suggests
that 76 % of women are not adequately active compared to
68 % of men [55]. The corresponding US rates were 54.5 %
for women and 47.3 % for men [54]. Gender differences
also exist in individuals achieving the 2008 Federal physical
activity guidelines (17 % females, 25 % males). However,
these data are based on questionnaires. When objective
assessments with accelerometers are used, a dramatic drop
in rates of adequate physical activity is observed, achieving
levels of 2–3 %. Indeed, a recent systematic review found
that self-reported physical activity was significantly greater
than the objectively measured activity by 138 % in women
and by 44 % in men [56].

Gender differences in all-cause mortality according to
salt-sensitivity have been recently reported. Increased salt
sensitivity was strongly associated with all-cause mortality
in men, while no association was found in women [57].
However, salt-sensitivity was assessed indirectly by using
ambulatory blood pressure and heart rate indices, limiting
the validity of study findings.

Pulse pressure amplification, i.e., the consistently higher
blood pressure in peripheral than central arteries, is a result
of arterial stiffening and is particularly increased in post-
menopausal women [58]. Recently, pulse pressure amplifi-
cation (expressed as branchial to carotid pulse pressure
ratio) was found to be independently associated with car-
diovascular and all-cause mortality in a large cohort of more
than 120,000 French individuals [59•]. This association was
significantly stronger in women than in men, and more
importantly was markedly enhanced with aging only in
women and not in men. This finding highlights the alter-
ations in arterial elasticity that take place after menopause
due to estrogen loss.

Visit-to-visit blood pressure variability has been recently
introduced as a strong independent predictor of cardiovascular
morbidity and mortality in hypertensive patients [60, 61]. It
has to be kept in mind however that these were findings from
post hoc analyses of randomized studies carrying the inherent
limitations of such analyses. A recent report of almost 3,000
participants in the Flemish population study failed to show
any association between visit-to-visit blood pressure variabil-
ity and cardiovascular outcomes, except for women in whom
blood pressure variability was an independent predictor of
cardiovascular events [62]. Another recent report from a large
population study in England ofmore than 20,000 patients with
a follow-up period of 29 years revealed that transiently high
readings of diastolic blood pressure (suggesting higher blood
pressure variability) were strongly associated with cardiovas-
cular and all-cause mortality only in women and not in men
[63]. In our opinion, the abovementioned data suggests that
the concept of visit-to-visit variability remains controversial
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and future studies are needed to prove this concept, clarify its
clinical significance, and evaluate whether gender differences
truly exist.

Cardiovascular Risk Assessment

Middle-aged women have a substantial lifetime risk for
cardiovascular disease. The presence of comorbidities in-
creases the 30-year cardiovascular risk to 42 % in women at
the age of 45 [64].

Gender differences in the management of hypertensive
patients seem to exist. A recent study among French cardi-
ologists treating about 3,500 hypertensive patients revealed
that significantly fewer tests have been performed in women
than in men to assess for myocardial ischemia (gender bias)
[65]. Female patients are less likely to receive optimal
evidence-based therapy and appropriate diagnostic proce-
dures (gender bias) [66].

A very large study of over 9,000 patients undergoing
ambulatory blood pressure monitoring found that the pro-
portion of preventable cardiovascular complications is
greater in women than in men, despite a lower absolute
cardiovascular risk [67•]. In this study, a steeper relationship
between blood pressure and cardiovascular events was ob-
served in female compared to male participants. The impact
of nighttime blood pressure on cardiovascular outcomes was
higher in women than in men. Despite a lower absolute
cardiovascular risk in women, the preventable cardiovascu-
lar risk is significantly higher (by 30 %-100 %) in women.
The clinical significance of this observation for cardiovas-
cular risk prediction remains to be elucidated.

Hypertension in pregnancy emerged as a significant risk
factor for future hypertension and cardiovascular events.
Preeclampsia is associated with a fourfold increased risk
for chronic hypertension, a threefold increased risk for dia-
betes mellitus, and a twofold increased risk for stroke and
coronary heart disease [68–70]. In addition, risk increments
observed with preeclampsia are significantly enhanced by
the concomitant presence of other abnormalities, such as
preterm birth [71]. The importance of a hypertensive disor-
der during pregnancy in female cardiovascular risk predic-
tion has been acknowledged in the latest guidelines of the
American Heart Association [72]. However, this opportuni-
ty is frequently missed in everyday clinical practice, since
most obstetricians are not aware of the association between
the future sequelae of preeclampsia [73•].

Significant gender differences in estimated lifetime med-
ical expenditures for hypertensive men and women have
been reported, with an estimated expenditure of about
$250,000 for a 20-year-old hypertensive woman compared
to about $190,000 for a hypertensive man of the same age
[74], possibly due to greater longevity among women.

However, the hypertension-attributable lifetime expenditure
was more than double in men than in women, suggesting
that diagnostic and therapeutic approaches vary significantly
among the two genders.

Morbidity and Mortality

It has been estimated that the overall life expectancy for
50 years old individuals is 4.9 years shorter for hypertensive
women and 5.1 years shorter for hypertensive men com-
pared to normotensive individuals of the same age [75].

A recent analysis of stroke mortality in 39 countries of
Europe and Central Asia revealed a disproportional toll
among women, who largely outnumbered stroke deaths com-
pared to men (739,000 versus 487,000 deaths, respectively)
[76]. Stroke rates followed an age-dependent pattern, with
lower rates at younger age and higher rates at older age. Since
the vast majority of stroke deaths occur in the elderly, the
greater longevity of women seems to account for this differ-
ence along with a potential ‘survivor effect’ among men
reaching older ages.

Gender differences in the prognosis of heart failure patients
have been described, however not universally identified in
randomized and observational studies. A recent meta-analysis
of 31 studies with more than 40,000 patients with heart failure
demonstrated that mortality was lower in women than in men,
irrespective of the ejection fraction [77]. The female survival
benefit was also evident in hypertensive women who com-
prised about half of studied patients. Of note, lower mortality
rates in women were observed despite lower prescription rates
of renin–angiotensin system inhibitors.

A recent report evaluated the trends in cardiovascular and
all-cause mortality among hypertensive and normotensive in-
dividuals, using the 1971–1975 and the 1988–-1994NHANES
surveys [78]. Mortality rates were higher in hypertensive than
normotensive individuals, and in hypertensive men compared
to women in both surveys. A significant reduction in mortality
rates was observed in the second survey; however, the reduc-
tion was much more pronounced in hypertensive men than
women. This subpar reduction is worrisome and if confirmed
in recent surveys calls for intense public health efforts to
attenuate this gender disparity. A similar trend was observed
in stroke incidence rates in the Netherlands, with a substantial
reduction (34 %) in men between the 1990 and 2000 cohorts
compared to no change in women [79]. Mortality trajectories
in hypertensive patients are influenced by the other traditional
risk factors (smoking, obesity, diabetesmellitus, dyslipidemia),
which may significantly affect mortality along with other
existing comorbidities.

History of hypertension is identified in the vast majority of
patients experiencing stroke, heart attack, and congestive heart
failure [80]. Recently, a large study of more than 170,000 US
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patients with incident hypertension was published [81]. Wom-
en compared to men with incident hypertension were signif-
icantly less likely to suffer from myocardial infarction and
stroke or die from any cause, while they were significantly
more likely to develop chronic kidney disease. Despite the
large number of study participants, several limitations need to
be noted. First, significant differences in baseline characteris-
tics existed which might have influenced the outcome. Then,
information about the use of antihypertensive medication was
not provided. Gender-related dissimilarities in prescription of
the various antihypertensive drug classes due to either physi-
cians’ habits or based on existing differences in patients’
profile and comorbidities might significantly affect the out-
come. Finally, gender-related differences on the effects of
antihypertensive drugs might also be implicated. The latter
two speculations are addressed in the next chapter.

Antihypertensive Therapy

The impact of lifestyle and dietary factors in the develop-
ment of hypertension is imperative. Normal weight, physi-
cal activity, and adoption of a healthy diet was associated
with a significantly lower risk for incident hypertension in
the second Nurses’ Health Study [24].

Data from some small clinical studies suggest that gender
differences in blood pressure response might exist. For exam-
ple, a prospective study comparing the effects of amlodipine
monotherapy in men and women suggested that diastolic
blood pressure reduction was greater in women than in men,
and blood pressure control was achieved in more women than
men [82]. Similarly, greater blood pressure reductions were
recently observed in women using the combination of angio-
tensin receptor blockers with hydrochlorothiazide [83, 84].

No significant differences in blood pressure reduction be-
tween men and women were observed in almost all large,
prospective, randomized trials in the hypertension arena.
However, some minor differences might be identified. In the
ALLHAT study, blood pressure reduction was greater with
amlodipine than with lisinopril, and was associated with re-
duced stroke rates [85]. In the VALUE trial, cardiovascular
morbidity and mortality was greater with valsartan compared
to amlodipine in women but not in men [86]. It has to be noted
however that these findings are not convincing and should
probably be disregarded since in the vast majority of prospec-
tive, randomized, large clinical trials gender differences in
blood pressure control have not been observed.

Gender differences in the long-term cardiovascular ben-
efits of antihypertensive therapy have been also described.
In two older studies (Heart Attack Trial and Hypertension
Care Computing Project), beta blockers were associated
with reduced mortality only in men and not in women [87,
88]. The Second Australian National Blood Pressure study

raised a lot of concerns about the efficacy of ACE-inhibitors
in women [89]. A significant reduction in cardiovascular
events was demonstrated in men using ACE-inhibitors when
compared to diuretic use, while there were no differences in
cardiovascular outcomes between the two drugs in women
despite a similar blood pressure reduction in both sexes.

The impact of gender on the benefits of antihypertensive
therapy has been the subject of a large meta-analysis by the
Blood Pressure Lowering Treatment Trialists’ Collaboration,
which included 31 randomized trials with about 100,000 men
and 90,000 women with hypertension [90]. No significant dif-
ferences in cardiovascular outcomes between men and women
were observed. Moreover, there was no convincing sign that the
various antihypertensive drug classes exert gender-related blood
pressure lowering effects or cardiovascular protection. These
findings provide strong evidence that the efficacy of antihyper-
tensive drugs is similar in men andwomen, regarding both blood
pressure reduction and long-term cardiovascular risk reduction.

Although this meta-analysis established the absence of
any significant impact of gender on blood pressure response
to antihypertensive therapy and on cardiovascular outcomes,
a closer look unveils some minor differences. For example,
calcium antagonists offered greater benefits in stroke pre-
vention than ACE-inhibitors in women when compared to
men, while calcium antagonists compared to placebo re-
duced all-cause mortality in males but not in females. How-
ever, these gender differences might be attributed to chance
given the significant number of performed comparisons.

An analysis of more than 12,000 visits in primary care
providers revealed that diuretics were more frequently used
in women (20.9 % versus 16.9 %), while ACE-inhibitors
were more frequently used in men (28.7 % versus 20.9 %)
[91]. The more frequent use of diuretics in women might be
attributed to the observed effects of diuretics in reducing hip
fractures in older women [92].

Adverse effects of antihypertensive therapy were twice as
frequent in women as in men in the TOMHS study [93]. A
similar greater frequency of adverse effects in women was
observed in the LIFE study, however serious adverse effects
were more common among men [94]. Dry cough is more
common in women than men; genetic polymorphisms in
ABO have been recently proposed as candidate mediators
of ACE-inhibitors induced cough [95], but further studies
are needed to establish the clinical significance of this
observation. A higher incidence of edema with calcium
antagonists is observed in women than in men, which is
frequently associated with a greater therapeutic response
[82]. Diuretic-induced adverse drug effects are more fre-
quently experienced by women than men. Women are more
likely to experience hypokalemia and hyponatremia and less
likely to experience gout with diuretics [96].

Sexual dysfunction is more common among hypertensive
women than men and is significantly related to beta blockers
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in female patients [97]. Antihypertensive drugs seem to
exert different effects on sexual function with older drugs
(beta blockers, diuretics, centrally acting) being detrimental,
and newer agents being either neutral (calcium antagonists,
ACE-inhibitors) or even beneficial (angiotensin receptor
blockers, nebivolol) [98].

Conclusions

Awareness, treatment, and control rates of hypertension are
higher among women than men; however control rates are
lower in older hypertensive women. The pathophysiologic
mechanisms underlying the age-dependent differences be-
tween the two genders are poorly defined, with hormonal
and mechanical factors being the prevailing candidates. Gen-
der differences exist in target organ damage and comorbidities
in hypertensive patients affecting the overall cardiovascular
risk. Cardiovascular morbidity and mortality present some
differences between male and female hypertensive patients.
Data from large clinical trials and a meta-analysis offer strong
evidence that the effects of antihypertensive therapy are sim-
ilar between men and women regarding the reduction in both
blood pressure levels and cardiovascular events.

Further intense clinical research is needed to uncover
potential gender differences in hypertension and antihyper-
tensive therapy not only in the general population but also in
specific subgroups, such as patients with concomitant dia-
betes, overt cardiovascular disease, chronic kidney disease,
and the very elderly. Moreover, further basic research is of
paramount importance to uncover the biological plausibility
and the mechanisms mediating potential gender differences
in hypertension and associated cardiovascular disease.
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