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ABSTRACT

Hypertension accounts for 1in 5 deaths among American women, posing a greater burden for women than men, and is
among their most important risk factors for death and development of cardiovascular and other diseases. Hypertension
affects women in all phases of life, with specific characteristics relating to risk factors and management for primary
prevention of hypertension in teenage and young adult women; hypertension in pregnancy; hypertension during use
of oral contraceptives and assisted reproductive technologies, lactation, menopause, or hormone replacement;
hypertension in elderly women; and issues of race and ethnicity. All are detailed in this review, as is information relative
to women in clinical trials of hypertension and medication issues. The overarching message is that effective treatment
and control of hypertension improves cardiovascular outcomes. But many knowledge gaps persist, including the
contribution of hypertensive disorders of pregnancy to cardiovascular disease risk, the role of hormone replacement,
blood pressure targets for elderly women, and so on. (J Am Coll Cardiol 2018;71:1797-813) © 2018 the American College
of Cardiology Foundation. Published by Elsevier. All rights reserved.

ypertension (HTN) accounts for about 1in 5

deaths of U.S. women and is a greater

burden for women than men (1,2). More
women than men with HTN develop adverse patho-
physiological consequences such as left ventricular
hypertrophy, diastolic dysfunction, heart failure
(HF) (with or without preserved ejection fraction),
increased arterial stiffness, diabetes, chronic kidney
disease (CKD) (1-5). HTN with prior cardiovascular
disease (CVD), such as coronary artery disease, is
the most prevalent dyad among female Medicare
beneficiaries (3). Control of HTN reduces CVD-
related adverse outcomes that contribute to poor

quality of life, disability, and health care resource
consumption (6).

Among adult Americans, HTN occurs in more
women than men (4). After age 60 years, the preva-
lence becomes higherin women than men, and this gap
widens with aging related to the large proportion of
older women, possibly medication access, and
ethnicity issues (Figure 1). HTN control rates appear
higher in women than men age =18 years; in those
age =60 years, controlin women is less than in men (4).
Yet, debate remains because optimal blood pressure
(BP) targets have not been established by the highest
level of evidence, particularly for older women (7).
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ABBREVIATIONS
AND ACRONYMS

ACE = angiotensin-convert
enzyme

ARB = angiotensin receptol
blocker

BP = blood pressure

CCB = calcium-channel blocker

CHC = combined hormonal
contraceptives

CVD = cardiovascular disea

HTN = hypertension

OCs = oral contraceptive pills

PE = pre-eclampsia

SNS = sympathetic nervous

system

Across a Woman's Life Cycle

PRIMARY PREVENTION OF
HYPERTENSION IN WOMEN

na CVD, the leading cause of death for women,

is “the most serious, neglected health prob-
lem for women in both developing and
developed worlds” (8), and HTN is among
the most important risk factors for devel-
oping CVD in women. Older women are more
likely to have multiple comorbidities such as
HTN, diabetes, and physical inactivity (8,9).
Based on 2011 to 2014 data, ~46% of adult
Americans age =18 years have HTN (defined
as systolic blood pressure [SBP] =130 mm ;Hg

r

se

ordiastolicblood pressure [DBP] =80 mm Hg);

this translates into >103 million Americans
with HTN, of which ~82 million would be
recommended for antihypertensive medications, and
this prevalence increases with age (Central
Illustration) (10). This translates to >50 million
women with HTN, of which >41 million are recom-
mended for antihypertensive medications. Among
adult Americans taking antihypertensive medication
with BP above treatment goals recommended by the
2017 American College of Cardiology (ACC)/American
Heart Association (AHA) guideline, ~55% are women
versus ~52% men. These fractions are highest among
African Americans, Asian Americans, and Hispanic
Americans.
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Common risk factors and sex-specific risk factors
offer opportunities to affect HTN and CVD burdens
in women. Common risk factors include obesity,
physical inactivity, increased salt intake, diabetes,
and alcohol use. Evidence suggests that multiple
sex-specific processes also mediate HTN develop-
ment among women (e.g., estrogen receptors and
sympathetic nervous system [SNS] activation [11],
pregnancy complications like pre-eclampsia [PE]
[12], and combinations of modifiable factors, such
as nutrition and physical activity). Relationships
between weight and BP are secure: 20% to 30% of
HTN is related to overweight/obesity, with a 2- to
6-fold increase in HTN prevalence when overweight.
Weight loss is directly associated with reduction
in cardiovascular (CV) risk factors, including HTN:
5% to 10% weight loss lowers BP in hypertensive
individuals (13,14).

Physical inactivity is associated with 2-fold increase
in CVD risk; physically active women have ~50%
risk reduction versus sedentary women (15-18). Reg-
ular, mild-to-moderate aerobic activity in women is
associated with a 5- to 8-mm Hg BP reduction (16,19),
independent of weight loss (8).

Alcohol intake (~40 g/day or 3 drinks) is
associated with BP elevation (20,21). Prospective
studies document decreased alcohol intake associ-
ated with BP decreases, independent of weight
loss (22).
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Modest sodium intake reduction is associated with
lower BP (23-25); a reduction from a high to low level,
with diet, reduces SBP in women with and without
HTN in many ethnic groups (24).

The lower incidence of HTN in pre-menopausal
women versus age-matched men (26) raises consid-
eration of sex hormones. Emerging data propose
that brain SNS activity is affected by obesity, neuro-
inflammation, and stress. Regulation of estrogen
receptors in these areas may blunt SNS activation,
lowering HTN risk (11). Research is needed to fill
knowledge gaps in this area.

PE portends future HTN risk. Postulated mecha-
nisms for HTN development with prior PE include
endothelial dysfunction, inflammation, and a hyper-
coagulable state (12). Although there are limitations,
associations appear strong. It is unclear whether
normal BP after delivery indicates resolution of this
process, but vascular changes likely persist. These
women warrant close BP monitoring and aggressive
risk factor modification.

Combinations of risk factors likely lead to HTN
development and ensuing increased CV risks. The
effects of 6 risk factors in women and hypothetical
population-attributable risk were examined to esti-
mate the percentage of new HTN cases (19). Obesity
had the greatest impact, but all factors were associ-
ated with HTN risk in varying degrees both in isola-
tion and in combination. These data support a
multipronged approach to BP management in
women, including working toward a normal body
mass index (BMI), consuming a diet favoring fruits
and vegetables, restricting salt and fat, undertaking
regular physical exercise, and limiting alcohol and
non-narcotic analgesics, with adequate folic acid
intake.

HYPERTENSION IN TEENAGE AND
YOUNG ADULT WOMEN

Evidence indicates that adult HTN has antecedents
during childhood and teen years contributing to early
development of CVD (e.g., premature atherosclerosis
and left ventricular hypertrophy), so there is
increasing attention to detection of elevated BP in
younger individuals. Although beyond the scope of
this document, this area is well summarized else-
where (27).

Using older definitions, HTN prevalence in chil-
dren and adolescents is 1% to 5% (28), and prevalence
of pre-HTN, now termed stage 1 HTN, in children age
10 to 17 years is ~16% (29). Prevalent risk factors for
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HTN in children are obesity and family history of HTN
(30). Obesity alone contributes to primary HTN in
adolescents, especially among minorities (31). Also
important is family history of HTN (32).

In general, the younger the age of presentation, the
more likely there is a secondary cause for HTN,
including parent-related factors (obesity, HTN,
smoker in close proximity), extreme postnatal
weight gain, sedentary behavior, and obstructive
sleep apnea. Obstructive sleep apnea has also been
associated with higher BP and lack of nocturnal dip in
children (33).

It is prudent to evaluate adolescents and young
adults with HTN for secondary causes to prevent
long-term CV complications (Table 1) (27). Clinical
features may suggest a specific etiology of secondary
hypertension. Although most adults have essential
HTN, the opposite is true in children and young
adults, so an age-based approach is recommended
(34). In children, ~85% have an identifiable cause,
often involving renal parenchymal disease. In teen-
agers, especially girls, secondary causes may relate to
renal artery obstruction, usually fibromuscular
dysplasia. Other secondary causes may be endocrine,
including hyperaldosteronism, hypothyroidism,
combined hormonal contraceptives, illicit drugs, or
diet/herbal products. Hyperaldosteronism should be
suspected in those with hypokalemia (35). Pheo-
chromocytoma should be suspected with episodic
HTN that may be associated with headaches, sweat-
ing, and palpitations (36). Congenital heart disease,
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for example, aortic coarctation (37) with Turner syn-
drome, Takayasu arteritis, lupus erythematosus, and
rheumatologic diseases are more common in younger
women. Turner syndrome (and variants) is the most
common genetic abnormality of young women and
is associated with an increased risk of adverse CV,
cerebral, and renal problems, with HTN playing a
pathophysiological role (38).

Fibromuscular dysplasia occurs in ~3.3% of the
population, but >90% of cases are women (39). Renal
duplex ultrasound is a cost-effective, nonirradiating
screening tool for fibromuscular dysplasia, but is
highly operator dependent and is less sensitive than
coronary tomographic angiography or magnetic
resonance angiography (40). Coronary tomographic
angiography has better spatial resolution than mag-
netic resonance angiography, but at the cost of irra-
diation (40), with a “string-of-beads” pattern in
>80% of cases (40).

Race and ethnicity have an association with HTN in
young women, but are not readily identified as most
studies involve adults. There may be important social
and environment issues. Young African Americans

have higher CV morbidity rates, including myocardial
infarction and stroke (41), and may lack the nocturnal
dip in BP. This occurs at a very young age and is
accelerated during adolescence (42). Non-Hispanic
black women are more likely to have HTN when
they become pregnant, and even if normotensive at
start, have a higher incidence of HTN during preg-
nancy (43).

It is difficult to assess socioeconomic factors for
HTN in young adults. Younger adults without access
to health care or insurance, or below poverty level,
are less likely to take medications as prescribed and
may reduce financial burdens by taking fewer medi-
cations less frequently or not at all, which may result
in worse outcomes (44).

HYPERTENSION IN PREGNANCY

HTN disorders are the most prevalent CV conditions
during pregnancy; using older definitions, they occur
in ~5% to 10% of pregnancies in the United States
and up to 10% worldwide (45). The American College
of Obstetrics and Gynecology (ACOG) 2013 Task Force
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TABLE 1 Common Causes of Secondary Hypertension in Young Women

Physical Examination

Diagnostic Tools Confirmatory Findings

Structural

Fibromuscular dysplasia Epigastric bruit

Cervical bruit

May be associated with aneurysms,
dissections (carotid, vertebral,

coronary)
Brachial-femoral delay
Diminished lower extremity pulses and BP
Continuous “machine-Llike” murmur over
posterior chest

Coarctation of the aorta

Short stature

Webbed neck

Primary or secondary amenorrhea
Incomplete breast development

Turner syndrome

Endocrine

Primary hyperaldosteronism Hypokalemia
Hypernatremia

CTA or MRA Multifocal FMD: string of beads in the mid to
Renal artery duplex distal portion of the artery

ultrasound Focal FMD: a concentric or tubular stenosis
Catheter-based

angiography
Echocardiography Increased descending thoracic aorta velocity
CTA or MRA and persistent diastolic runoff on

echocardiography

Persistent diastolic runoff of abdominal aorta
on echocardiography

Focal narrowing just distal to left subclavian
artery origin on angiography

Karyotype analysis 45, X

45, X mosaicism

46 X, Partial X deletion

45, X/46, XY

Plasma aldosterone Elevated plasma aldosterone level (typically

and renin levels >15 ng/dl)
Adrenal CT imaging Elevated aldosterone:renin ratio (typically
>20)

Adrenal adenoma or hyperplasia on imaging

BP = blood pressure; CT = computed tomography; CTA = coronary tomographic angiography; FMD = fibromuscular dysplasia; MRA = magnetic resonance angiography.

on Hypertension in Pregnancy recommendations for
HTN diagnosis and management in pregnancy (46)
are summarized in the following paragraphs, but
note that these do not use the 2017 ACC/AHA hyper-
tension definitions:

1. Pre-eclampsia. Pre-eclampsia (PE) is a syndrome of
new-onset HTN and proteinuria or new-onset HTN
and end-organ dysfunction (e.g., elevated liver
enzymes, low platelet count, renal insufficiency)
with/without proteinuria, most often after
20 weeks gestation in a previously normotensive
woman. Eclampsia is diagnosed when seizures
occur.

2. Chronic HTN. SBP =140 mm Hg and/or
DBP =90 mm Hg predating pregnancy is present
before week 20 of gestation, or high BP persisting
>12 weeks postpartum.

3. Chronic HTN with superimposed PE. A woman with
chronic HTN develops increased BP with new-
onset proteinuria or other evidence of end-organ
dysfunction characteristic of PE.

4. Gestational hypertension. Elevated BP first detec-
ted after 20 weeks gestation without proteinuria or
other systemic features of PE.

Defining HTN during pregnancy is based on general
population thresholds despite a 10- to 15-mm Hg SBP
reduction in most normotensive pregnant women
toward the end of their first trimester. HTN is diag-
nosed in pregnancy with SBP =140 mm Hg and/or
DBP =90 mm Hg or both, detected twice at least 4 h

apart (46). Chronic HTN prevalence has increased as
women have delayed pregnancy. HTN can be mis-
diagnosed as gestational HTN for women who first
present for prenatal care in the second trimester, as
this may be their first medical visit since childhood.
When BP is persistently elevated after the 12th week
postpartum, the diagnosis of chronic HTN is made
(47).

Chronic HTN affects 1% to 5% of pregnancies,
gestational HTN occurs in 6% to 7% of pregnancies,
and PE/eclampsia affects up to 10% of pregnancies
(45). PE in the United States has increased 25% in the
last 2 decades, likely related to older maternal age,
and is one of the greatest causes of maternal/peri-
natal morbidity and mortality (48). It disproportion-
ately affects African Americans and is more prevalent
at extremes of reproductive age range or in women
with underlying CV risk factors (e.g., prior HTN,
obesity, insulin resistance, hyperlipidemia) (49-51).
The ongoing CHAP (Chronic Hypertension and Preg-
nancy) Project (NCT02299414) is a large pragmatic
randomized trial evaluating the benefits and harms of
pharmacological treatment of mild chronic HTN in
pregnancy, but data are not yet available.

PE is a syndrome with a spectrum of progressive
and multisystemic disorders. It can be paroxysmal
and difficult to assign a rigid diagnosis; the term
“mild” PE should be avoided. All women with PE,
without severe features, must be monitored closely
during labor for progression to severe disease, which
can occur suddenly. Severe PE includes any of the
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following: SBP =160 mm Hg or DBP =110 mm Hg on 2
occasions at least 4 h apart while on bedrest, throm-
bocytopenia (<100,000/ul), elevated liver enzymes,
severe persistent right upper quadrant or epigastric
pain, renal insufficiency, pulmonary edema, and
new-onset cerebral or visual disturbances. Screening
for PE is recommended by BP measurement at each
pregnancy visit (52).

The cause of PE involves inadequate cytotropho-
blastic invasion of uterine myometrium with
placental hypoperfusion and generalized maternal
endothelial dysfunction. Sequential changes in
circulating angiogenic and antiangiogenic factors
appear in PE development (53-55).

PE may occur early (<34 weeks) or late (=34 weeks
gestation); late onset is more common, but early
onset is associated with high maternal and fetal
morbidity and mortality (56). Immediate risks of PE to
the mother include pulmonary edema, cerebral
hemorrhage, renal and hepatic failure, disseminated
intravascular coagulation, and progression to
eclampsia (56). Postpartum PE/eclampsia usually
occurs within 48 h of delivery but may develop up to
6 weeks after delivery. Given the prevalence of HTN
disorders of pregnancy, it is important to have
consensus on definitions; however, definitions vary
(57). The U.S. Preventive Services Task Force recom-
mends screening all pregnant women for PE by
measuring BP at every prenatal visit. After PE, ABPM
between 6 and 12 weeks after delivery reveals a high
rate of sustained ambulatory, nocturnal, and masked
HTN (58). This finding may help identify women who
should be included in a postpartum CV risk manage-
ment program.

TREATMENT OF HYPERTENSION
IN PREGNANCY

The 2017 ACC/AHA hypertension guideline recom-
mends that women with HTN who become pregnant,
or are planning to become pregnant, should be tran-
sitioned to methyldopa, nifedipine, and/or labetalol
during pregnancy (6). Furthermore, women with HTN
who become pregnant should not be treated with
angiotensin-converting enzyme (ACE) inhibitors,
angiotensin receptor blockers (ARBs), or direct renin
inhibitors.

Intravenous magnesium sulfate is used to manage
severe PE or eclampsia. A systematic review and
meta-analysis of antihypertensive treatment on
pregnancy outcomes complicated by chronic HTN (59)
concluded that antihypertensive therapy reduces risk
of severe HTN, but there is a paucity of data to guide
antihypertensive agent choice except for avoiding

JACC VOL. 71, NO. 16, 2018
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ACE inhibitors, ARBs, or direct renin inhibitors, as
noted previously. However, beta-blockers are useful.
A randomized controlled trial of labetalol versus
nifedipine for chronic HTN in pregnancy (60) re-
ported that both agents controlled BP to target. No
difference in treatment effect was observed in 73
black women, but a mean 4-mm Hg reduction in DBP
occurred with labetalol versus nifedipine in 49
nonblack women.

Daily low-dose aspirin is recommended to prevent
PE beginning in the first trimester for high-risk
women (history of early-onset PE, preterm
delivery <34 weeks, or >1 pregnancy complicated by
PE) (46,61).

There are no evidence-based U.S. recommenda-
tions for tapering BP medications during pregnancy
in women using them prior to conception, although
Canadian guidelines recommend tapering antihyper-
tensive drugs when BP declines to 130/80 mm Hg (57).
Due to the expected BP decline over the first and
second trimesters, it is reasonable to stop or reduce
antihypertensive medications when a woman with
chronic HTN becomes pregnant, with plans to restart
therapy if BP rises in the second or third trimester
(45). There are no randomized trials supporting any
therapy goals in HTN pregnant women; therefore,
there are no specified treatment goals. The ACOG
recommends maintaining SBP 120 to 160 mm Hg and
DBP 80 to 105 mm Hg (46).

The decision to treat HTN during pregnancy should
include consideration of risks and benefits for both
the mother and fetus. Severe HTN (SBP =160 mm Hg
and/or DBP =110 mm Hg) should always be treated to
reduce risk of maternal pulmonary edema, stroke,
and placental abruption. A conservative approach is
advised in deciding whether to treat mild (SBP 140 to
150 mm Hg, DBP 90 to 100 mm Hg) to moderate (SBP
150 to 159 mm Hg, DBP 100 to 109 mm Hg) HTN, as
aggressive BP lowering may compromise extrap-
lacental and fetal circulation, possibly restricting fetal
growth or exposing the fetus to potentially harmful
medications without evidence of benefit (62).

Only 1 randomized trial examined “tight” (target
DBP 85 mm Hg) versus “less-tight” (target DBP
100 mm Hg) BP control during pregnancy (63); it
found no difference in either maternal or fetal out-
comes, but the “less-tight” group had significantly
more cases of severe maternal HTN.

All antihypertensive drugs cross the placenta; evi-
dence supporting appropriate treatment for pregnant
women is limited due to lack of controlled trials
examining efficacy and safety (64). Therefore, there
are no U.S. Food and Drug Administration risk cate-

gory A antihypertensive drugs for pregnancy.
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Hydrochlorothiazide and chlorthalidone are category
B, and nifedipine, labetalol, and hydralazine are
category C (45). Methyldopa, although only an anti-
hypertensive category B agent, has been widely used
in pregnancy and with fetal safety (62).

Lifestyle changes are recommended, but trials
supporting effectiveness are limited (46). The Insti-
tute of Medicine recommends limiting weight gain in
overweight and obese women during pregnancy, but
effects on BP control and/or PE are unknown. Roles of
the DASH (Dietary Approaches to Stop Hypertension)
diet and sodium restriction in hypertensive women
during pregnancy are also unknown, but the ACOG
recommends against very low-sodium diets (<100
mEq/day), which may induce low intravascular vol-
ume (46).

LONG-TERM IMPLICATIONS OF
HYPERTENSIVE DISORDERS OF PREGNANCY

HTN of any type during pregnancy is associated with
an increased risk of future CVD, diabetes, and/or CKD
(65). Pre-eclamptic women have up to 4-fold
increased risk for developing chronic HTN, and
ischemic heart disease risk is doubled at 15-year
follow-up (50,66). Ultimately, women with hyper-
tensive disorders of pregnancy have >2 times excess
ischemic heart disease mortality risk versus reference
women (67). It is unclear if PE is an independent CVD
risk factor, or simply a marker for pre-existing
CVD risk. The metabolic stress of pregnancy and
lactation may wunmask underlying CVD, which
then manifests as PE (50). However, endothelial
dysfunction plays a central pathogenetic role in PE
and may persist for years postpartum (68).

There are no recommendations for duration of
postpartum BP monitoring with pregnancy-related
HTN, save for annual BP measurement but without
goals or attention to other traditional risk factor
ascertainment. Given risks of future HTN and CVD,
this critical knowledge gap deserves special atten-
tion. Women who would benefit from periodic, close
BP monitoring and aggressive CV risk factor modifi-
cation may miss the opportunity of early detection
and HTN treatment.

MENOPAUSE AND HYPERTENSION

Epidemiological data (69) confirm an increasing
prevalence of elevated BP with aging and higher
prevalence of HTN in women age =65 years (4).
Findings of lower BP in pre-menopausal women
versus age-matched men, and higher HTN rates with
aging in women versus men, suggest that sex and/or
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sex hormones have a prominent role in HTN (70). Sex
differences exist in HTN; post-menopausal women
have pronounced increases in both SBP and pulse
pressure versus age-matched men (70).

Several studies support a positive relationship be-
tween menopause and HTN. One such study with 5-
year follow-up reported a rise only in SBP in a
cohort of perimenopausal and post-menopausal
women compared with age- and BMI-matched pre-
menopausal women and men. The post-menopausal
women had higher SBP at baseline, which increased
~5mm Hg over 5 years follow-up only in women who
were perimenopausal and post-menopausal, but not
in younger women (or men) (71). A decrease in arterial
compliance with aging was proposed to be respon-
sible for this rise in SBP (71). Different studies suggest
the apparent relationship between menopause and
HTN is explained by other factors, including age and
BMI (72). Another study, after controlling for age,
found no difference between pre-menopausal and
post-menopausal women in HTN or CV risk. The
women were evaluated twice separated by 16 years,
and the higher SBP and CV morbidity and mortality
in post-menopausal women was accounted for by
age (72). Aging was associated with a nonsignificant
increase in SBP only; however, increased BMI was
associated with HTN (73).

FACTORS INFLUENCING HTN IN MENOPAUSE

The BP rise after menopause also clearly involves
other factors, which include genetic predisposition,
aging, obesity, arterial stiffness, and so on (74,75);
genes and sex hormones may also contribute (76).

Studies in post-menopausal women suggest that
genetic factors account for 30% to 50% of interindi-
vidual variability in BP (77,78). HTN is most likely a
multigenetic disorder, with each gene contributing
only modestly to BP elevation. It is possible that
menopause might provide a trigger for expression of
certain genetic susceptibilities, resulting in genetic
influences that mediate HTN in women (79). A study
evaluating the relationship between BP extremes,
with 35 loci having physiological roles in BP regula-
tion, identified several gene-by-sex interactions. In
women, polymorphism at the 1- and 2A-adrenergic
receptors contributed to elevated BP, and in men,
polymorphism of the 2-adrenergic receptor and
angiotensinogen were associated with elevated BP
(80). Gene-environment interactions have been
shown, including BMI and salt intake (81,82).

With menopause, there is a reduction in estradiol
and estrogen/testosterone ratio (76) associated with
endothelial dysfunction, together with increases in
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FIGURE 2 Deaths Attributable to Individual Risk Factors, by Disease
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BMI, type 2 diabetes, sympathetic activation, renin
release, and angiotensin II. The latter decreases
bioavailable nitric oxide and increases endothelin,
and both contribute to salt sensitivity and increases
in renal vascular tone (83,84). It is well established
that endothelial dysfunction is associated with
atherosclerosis and increased BP (83,84). Menopause
and sex hormone changes do not appear to be the
only contributors to HTN in women independent of
age (85). Age-related impairment of endothelial
function occurs after menopause even in normoten-
sive women (84).

To summarize, HTN incidence rises more precipi-
tously in women than men after middle age (79).
Thus, most U.S. women will develop HTN in their
lifetime, increasing their risk for adverse CV events.
Longitudinal studies indicate that menopause-related
BP elevation is dependent on increased BMI and
aging, rather than ovarian failure to secrete estrogen
(86,87). Our understating of human menopause-
related increase in BP pathophysiology is incom-
plete. Suggestions from animal studies (88,89)
and limited studies in women implicate increased
arterial stiffness, activation of the renin-angiotensin-
system  (RAAS),
sensitivity, oxidative stress, obesity, and genetic
factors (79).

aldosterone increased  salt

HYPERTENSION IN ELDERLY WOMEN

EPIDEMIOLOGY OF HYPERTENSION RELATED TO
SEX AND AGING. HTN prevalence in women exceeds
that in men beginning about age 60 years; thus, the
fastest-growing segment of our population also has
the highest HTN prevalence, and most older Ameri-
cans with HTN are women. HTN prevalence in-
creases markedly with aging to exceed 90% of
people age =80 years, most of whom are women (4).
Lacking a novel discovery to prevent HTN, this
female HTN predominance among the elderly will
continue to increase.

Elderly women also have more severe HTN and
lower BP control rates versus middle-aged and
young women (4). Whether this is due to biological
factors (79), inadequate treatment intensity (physi-
cian inertia or adherence), or inappropriate drug
choice(s) is unknown (87). Critically important for
U.S. women, HTN carries the highest attributable
risk for all-cause, as well as CV mortality (Figure 2)
(90) and cognitive impairment (91); among
modifiable risk factors, BP management is a key
health care priority for all women, particularly
elderly women.

HTN IN OLDER WOMEN. Because BP-related adverse
outcomerisks begintoincreaseata BP ~115/75 mm Hg,
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SBP 120 to 139 or DBP 80 to 89 mm Hg identifies those
who may benefit from early BP reduction to limit
disease progression (92-94). It is reasonable to assume
that earlier BP reduction (e.g., at ~120 to 139 mm Hg)
would reduce risks across multiple conditions (e.g.,
death, stroke, HF, diabetes, cognitive impairment, and
so on).

Cognitive impairment is particularly prevalent
among older women, and HTN carries the highest
population attributable risk for dementia (91).
Nearly one-third of dementia cases could be
prevented through optimal CV risk factor manage-
ment (91). BP increases are also associated with
declines in cognitive abilities in younger, as well as
older women (95,96). An SBP of 102 to 139 mm Hg
at age 50 years predicts reduced cognition a decade
later, and untreated women with SBP =140 mm Hg
have worse memory versus peers with SBP 120 to
139 mm Hg (95). Reducing midlife BP, even at these
lower levels, may reduce subsequent cognitive
decline in middle-aged and older women (97).

MECHANISMS RESPONSIBLE FOR BP RISE WITH
AGING IN WOMEN. Many mechanisms contribute to
BP increases among aging women, but their relative
contributions vary (79,88,89). During a woman’s life,
physiological and pathophysiological events (e.g.,
menarche, menstrual cycling, pregnancy [perinatal
period, lactation, gestational diabetes, PE,
eclampsia, and reproductive disorders and their
management (assisted reproductive technologies)],
menopause, vasomotor menopausal symptoms, oral
contraceptive use, hormone replacement therapy,
and so on) have the potential to alter their CV
systems.

There is an increase in BP and decrease in
BP-control rates among women with aging. These
are linked to decline in endothelial function occur-
ring later in life in women versus men, in part
related to endogenous estrogen stimulation of
NO synthesis until menopause (98,99). The func-
tional relevance of impaired endothelium-mediated
vasodilation in the elderly is particularly evident
during exercise, resulting in exaggerated increases
in BP (100).

Higher endogenous estradiol (E2), testosterone (T),
and dehydroepiandrosterone (DHEA) with lower sex-
hormone binding globulin (SHBG) are associated with
greater incidence longitudinal BP rise and HTN
development (101). Associations for E2, T, and DHEA
are mostly explained by adiposity, while the associ-
ation for SHBG is independent of adiposity, insulin
resistance, and inflammation.
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BP TREATMENT BENEFITS: THRESHOLDS,
TARGETS, AGENTS, STRATEGIES, AND
CONTROL RATES

For women in general, and particularly older women,
the BP threshold for initiating drug treatment, BP
goal, and which drugs and drug combinations are
most effective for reducing CV events are not
conclusive. However, the ACC/AHA 2017 hyperten-
sion guideline notes that there is no evidence that
these issues differ for women versus men (6). Par-
ticipants in the SPRINT (Systolic Blood Pressure
Intervention Trial) who were frail and who had CKD
benefited from intensive SBP lowering to approxi-
mately the same extent as those who were not frail
and who did not have CKD (102).

However, are there subgroups of older women
(e.g., frail, CKD, combinations, and so on) in whom
HTN treatment to lower goals may not be beneficial?
The SPRINT subgroup report included 37.9% older
women (103) and suggested that the lower SBP target
was beneficial, in general, because there was no het-
erogeneity of effect between men and women on the
primary outcome or rates of serious adverse events.
But, for several individual outcomes (e.g., all stroke
[women hazard ratio [HR]: 1.21; men HR: 0.75], all
nonfatal stroke [women HR: 1.28; men HR: 0.71],
composite renal outcome [women HR: 1.43; men HR:
0.61]), risks by sex suggested a difference, although
treatment group by sex interactions did not reach
significance (interaction p values >0.05 suggesting no
heterogeneity). However, lack of heterogeneity is not
necessarily the same as a statistically significant dif-
ference, which would have provided the highest level
of evidence to support the lower SBP goal among such
women.

Among multiple agents and strategies, none has
proven clearly more beneficial for older women,
except perhaps thiazide diuretics, which reduce cal-
cium excretion and prevent osteoporosis to prevent
fractures (104).

Despite outcome trials demonstrating benefits of
BP lowering among older individuals, treatment and
control rates are suboptimal and particularly difficult
in older women. In both the Framingham Heart Study
(105) and the Women’s Health Initiative (106), BP
control rates declined in older women with increasing
age.

ISSUES OF RACE AND ETHNICITY

Race/ethnic disparities in CVD, mainly driven by
disparate HTN control, have been noted. African
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Americans have the highest rates of lack of BP control
and of CVD, including coronary artery disease, stroke,
CKD, and mortality versus other racial/ethnic groups
(4,69). Primarily driven by HTN-related mortality,
black women have life expectancies shorter than non-
Hispanic white and Hispanic women. HTN control
disparities in women may be linked to access and
affordability of care, economic status, or other social
determinants of health in combination with over-
weight/obesity, physical inactivity, and high sodium
intake.

Non-Hispanic black adults have among the highest
age-adjusted prevalence of HTN (44%), not only in
the United States, but in the world. African-American
women have the highest HTN prevalence of all mi-
nority groups including men and women. HTN prev-
alence is high among Native Hawaiians/Pacific
Islanders (37%) and American Indians/Alaskan Na-
tives (25%) (107). It should be noted that the HTN
prevalence data in this section were collected before
the 2017 guideline and therefore relate to a BP =140/
90 mm Hg.

Minorities have poorer HTN control compared with
nonminority women. For hypertensive women, the
rates for non-Hispanic white adults with controlled
high BP are higher versus non-Hispanic black and
non-Hispanic Asian adults (107). There is a trend to-
ward better control rates in non-Hispanic white
women versus Hispanic women.

The Hispanic/Latino population, a growing and
heterogeneous subgroup, is currently the largest U.S.
minority. Hispanic adults have HTN rates not signif-
icantly different from non-Hispanic white adults;
however, most of these data are extrapolated from a
Mexican-American population (108). In another
study, the overall age-adjusted prevalence of HTN for
Hispanic women was about one-quarter, with preva-
lence rates higher in Dominican, Puerto Rican, and
Cuban adults (109).

In Hispanic women, the percentage aware of their
HTN ranged from 72% in South Americans, to 79% in
Cubans and Dominicans, and to 86% in mixed/other
subgroup. Control rates were lowest in Central
American women (32%) (109).

There is discordance between the 2014 U.S.
Hypertension Working Group on Women’s Cardio-
vascular Health and the 2014 HTN recommendations
(110) as well as the 2017 high blood pressure clinical
practice guideline (6). As most Americans age >60
years with HTN are women, women will be differen-
tially affected by recommendations to relax the SBP
threshold for initiating treatment and to raise the
treatment target (107). These recommendations do
not address that the HTN population is mostly
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female, that older women generally have poorly
controlled BP, and that about one-half of those with
poor BP control are African-American women, who
have the highest risks for stroke, HF, and CKD.

The American Diabetes Association recommends
BP measurement at every routine clinical visit, home
BP monitors for all hypertensive patients with dia-
betes to identify white-coat hypertension, and
orthostatic BP measurements (111).

Antihypertensive medication nonadherence may
worsen persistent racial/ethnic HTN control dispar-
ities among Medicare Part D beneficiaries. Non-
adherence was evident among about one-quarter of
whites and Asian/Pacific Islanders, but more than
one-third of Hispanics, African Americans, and
American Indians or Alaska Natives. One-third of
persons with a low-income subsidy were classified as
nonadherent, compared with one-quarter of those
with no subsidy (112). Improving medication adher-
ence in HTN, although a complex and difficult issue,
must be addressed.

Health information technology and electronic
medical records have an important role in reducing
institutional barriers to equal care. An example is the
large-scale HTN program by Kaiser Permanente of
Northern California that includes development,
sharing, and incorporation of performance metrics,
evidence-based guidelines, medical assistant visits
for BP measurement, and generic single-pill combi-
nation therapies. This program demonstrated high
rates of HTN control with >80% improvement, which
diminished, although did not eliminate, differences
in control rates between black and white adults (113).

High-risk black women in the ALLHAT population
had poorer outcomes, especially stroke, with lisino-
pril compared with amlodipine and chlorthalidone.
For amlodipine, overall CV events were similar except
for new-onset HF in women (114). Based on ALLHAT
and other trials, Hispanics and other racial/ethnic
groups appear to have no specific differences or re-
sponses to pharmacotherapy.

WOMEN IN CLINICAL TRIALS
OF HYPERTENSION

Evidence-based guidelines for HTN treatment from
clinical trials are similar for women and men, but
most do not include risk stratification by sex (Table 2)
(24,115-124). With lifestyle modification alone, BP
control is worse in women than men (125,126),
although this conclusion is not supported by the
DASH trial, which showed a pronounced antihyper-
tensive effect in women with dietary sodium restric-
tion (24).
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TABLE 2 Representation of Women in Hypertension Clinical Trials
Paper Trial Name (Ref. #) N (Total) Women, n (%) % Women Results Stratified by Sex

Effects on blood pressure of DASH diet, sodium intake and DASH Diet (n = 208) 233 (56.5) DASH Diet = 59; In all subgroups, including sex,
reduced dietary sodium and blood pressure trial Control Diet (n=204) Control Diet = 54 DASH diet and reduced
the Dietary Approaches to (DASH-sodium) (24) sodium intake were each
Stop Hypertension (DASH) associated with decreases in
diet blood pressure (p = 0.07)

(124)

Effects of losartan in women LIFE (Losartan Intervention for 9,193 4,963 54 Treatment effect consistent in
with hypertension and left Endpoint Reduction in women and men, but more
ventricular hypertrophy: Hypertension) Study (120) women in losartan group
results from the Losartan required hospitalization for
Intervention for Endpoint angina (120)

Reduction in Hypertension
Study

A comparison of outcomes with Second Australian National Blood 6,083 3,102 51 ACE inhibitor-based regimen
angiotensin-converting- Pressure Study Group (121) benefit was restricted to
enzyme inhibitors and men (121)
diuretics for hypertension in
the elderly

Influence of age, sex and blood NORDIL Study (116) 10,876 5,587 51.3 Consistency of benefit was
pressure on the Principal present across subgroups
Endpoints of the Nordic including sex (116)
Diltiazem (NORDIL) Study

Influence of gender on HOT (Hypertension Optimal 18,790 8,883 47.3 No
prevention of myocardial Treatment) Study Group (117)
infarction by
antihypertensives and
acetylsalicylic acid: the HOT
study

Treatment of mild hypertension Treatment of Mild Hypertension 902 345 38.2 Men and women assigned to
study. Final results. Study (119) active drugs experienced
Treatment of Mild greater and generally similar
Hypertension Study benefits (123)

Research Group

Outcomes of combined ACCORD (Action to Control BP trial (n = 4,733); n = 2,258 BP BP trial = 47.7; Lipid No
cardiovascular risk factor Cardiovascular Risk in Lipid trial n = 1,694 Lipid trial = 30.7;
management strategies in Diabetes) Trial (118) (n = 5,518); n = 3,952 Glycemia
type 2 diabetes: the ACCORD Glycemia trial trial = 38.5
randomized trial (n =10,251)

A randomized trial of intensive ~ SPRINT (Systolic Blood Pressure Intensive treatment  Intensive treatment  Intensive No
versus standard blood- Intervention Trial) (122) (n = 4,678); (n =1,684); treatment = 36;
pressure control Standard Standard Standard

treatment treatment treatment = 35.2
(n = 4,683) (n =1,648)
ACE = angiotensin-converting enzyme; BP = blood pressure.

Additionally, the Blood Pressure Lowering Treat-
ment Trialists’ collaboration compared drug treat-
ment outcomes by sex and found no major
differences (127). In contrast, randomized controlled
trials have reported that some antihypertensive drugs
have sex-specific adverse profiles. In general, women
more frequently experience edema with calcium an-
tagonists and cough with ACE inhibitors versus men.
Hyponatremia and hypokalemia are more frequently
associated with diuretic therapy among women. Ex-
amples from specific randomized trials are summa-
rized in the following text.

The LIFE (Losartan Intervention for Endpoint
Reduction in Hypertension) study suggested that
ARB (losartan) with a thiazide diuretic was superior
to beta-blockade (atenolol) plus thiazide diuretic in

preventing CVD outcomes in hypertensive women
with left ventricular hypertrophy, including a more
favorable adverse effect profile of ARB-based treat-
ment in women who were at high CV risk (120).
However, it should be noted that atenolol was given
only once daily in the LIFE study. Conversely, a
superior effect of ACE inhibitor compared with hy-
drochlorothiazide in preventing myocardial infarc-
tion was observed in hypertensive men but not
women, perhaps suggesting sex differences in the
ACE inhibitor versus ARB response (121). Other large
antihypertensive treatment trials have not demon-
strated significant sex differences (116,117). Impor-
tantly, RAAS blockers and direct renin inhibitors are
contraindicated in pregnancy due to potential tera-
togenic effects and should be used with caution in
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women who may become pregnant; beta-blockers
are preferred.

In LIFE and TOMHS (Treatment of Mild Hyperten-
sion Study), women reported side effects more often
than men (119,120,127). Women developed cough
related to ACE inhibitor therapy 3 times more often
than men (128), and were more likely to develop
hyponatremia and hypokalemia associated with
diuretic therapy (104,125). Sexual dysfunction related
to antihypertensive therapy may occur in women, as
well as men (129).

The lower stroke risk observed in the ACCORD-BP
(Action to Control Cardiovascular Risk in Diabetes—
Blood Pressure) trial among those assigned the lower
BP target, at the expense of more sides effects, is
important for women (118), given that stroke is the
third leading cause of death among women and dia-
betes is highly prevalent among women. Each year,
55,000 more women have a stroke than men.
Because, in general, women live longer than men,
stroke will have a more negative effect on their lives.
More women will live alone when they have a stroke,
and they are more likely to reside in a long-term
health care facility after a stroke and have poorer
recovery versus men. Each year, twice as many
women die from stroke as from breast cancer (130),
yet HTN is not generally recognized as their major
risk factor.

The SPRINT trial aimed to clarify optimal BP
management in both sexes (115,122). Although con-
firming that a lower BP goal is generally better,
outcome differences in women were not statistically
significant, because female enrollment was only 36%,
event rates were low, and follow-up was terminated
early. Thus, some believe that optimal BP goals for
women have not been established with the highest
level of evidence (7). This concern is acknowledged in
the 2017 high blood pressure clinical practice guide-
line (6).

Older women comprise a majority of the elderly
HTN American population (7). Due to CVD clinical
trial underenrollment of women, this dominant pop-
ulation of hypertensive older women is often
addressed as a “subgroup.” Subgroup analyses in
clinical trials examine if observed treatment effects
may differ by baseline characteristics. When re-
ported, such subgroup analyses can have a substan-
tial influence on clinical practice and health policy
decision making; yet, subgroup analyses can be
misleading, with a well-documented history of sub-
sequent studies proving that many subgroup findings
are spurious, particularly relative to women’s health
and CVD (7).
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HYPERTENSION IN WOMEN:
MEDICATION ISSUES

Hypertensive women appear to have better BP re-
sponses versus men to antihypertensive drugs from
at least 3 different drug classes: diuretics, ACE in-
hibitors, and beta-blockers (131-134); however, these
data are limited, and information about race/
ethnicity and mechanisms underlying these sex dif-
ferences are poorly understood.

SEX-RELATED DIFFERENCES IN PHARMACOKINETICS
AND PHARMACODYNAMICS. Sex-related differences in
pharmacokinetics and pharmacodynamics of antihy-
pertensive drugs are primarily due to differences in
drug transporters affecting absorption (e.g., P-glyco-
protein) or enzymes affecting metabolism and/or
clearance (cytochrome P450). Sex hormones interact
with metabolizing enzymes to result in differences in
drug exposure, elimination, efficacy, and adverse ef-
fects. Metoprolol, metabolized by CYP2D6, illustrates
these links. In healthy volunteers, women had greater
drug exposure (e.g., higher concentration for same
time exposure) than men; however, no difference
occurred in elimination half-life, heart rate, or BP
responses (135). In uncontrolled hypertensive pa-
tients, a greater decrease in BP with metoprolol was
observed in women versus men (134). As evidence
indicating a sex-specific pharmacokinetic profile for
metoprolol, modeling and simulation suggest that a
50-mg dose in adult women provides similar meto-
prolol exposure to a 100-mg dose in adult men (136).
Adverse events of CYP2D6 metabolized beta-blockers
(metoprolol, carvedilol, nebivolol, and propranolol)
versus non-CYP2D6 metabolized beta-blockers (sota-
lol, bisoprolol, and atenolol) were greater in female
users of CYP2D6 metabolized beta-blockers than in
men (137). No differences among male and female
users of non-CYP2D6 metabolized beta-blockers
occurred. A review of sex-related differences in
pharmacokinetics/pharmacodynamics of antihyper-
tensive drugs concluded that mounting evidence
suggests sex differences in kinetic profiles of several
antihypertensive drug classes (138). But, there are
conflicting data regarding pharmacodynamic effects
of sex differences, and additional investigations are
necessary to elucidate interactions between sex hor-
mones, transporters, and metabolizing enzymes and
BP responses, adverse events, long-term adverse CV
outcomes, and antihypertensive drugs. Differences in
pharmacokinetics have also been noted, with
increased clearance in women for verapamil
and amlodipine (139). Amlodipine has a greater anti-
hypertensive effect, but major HTN trials with
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calcium-channel blockers (CCBs) have not observed
sex-specific differences in outcomes.

Women, especially black women, have a 3-fold in-
crease in ACEI-related cough (140). Elderly women are
the predominant population with osteopenia and
osteoporosis, so thiazide diuretics may provide benefit
regarding bone loss (104). No data are provided in
many HTN studies regarding menopausal hormone
therapy, a common omission from medication regis-
ters when both sexes are included in clinical trials.

COMBINED HORMONAL CONTRACEPTIVES AND
HTN. Combined hormonal contraceptives (CHC) with
estrogen and progesterone may be associated with a
small, but significant BP increase. CHCs include
combined hormonal oral contraceptive pills (OCs),
vaginal ring, and transdermal patch (141). Although
mechanisms are not fully understood, potential cau-
ses include estrogen-induced RAAS stimulation, so-
dium retention, and increased arterial stiffness. In 1
study, women on OCs had >3-fold higher levels of
plasma renin substrate versus women not on OCs
(142). Among young women on OCs, SBP, pulse
pressure and arterial pulse wave velocity were all
higher than those not on OCs (143). HTN developing
as a result of CHC is usually mild and resolves with
discontinuation (144). In rare cases, severe HTN can
occur. The risk of developing CHC-related HTN in-
creases with age, tobacco use, obesity, and duration
of CHC use (145). CHCs are considered relatively
contraindicated in women with pre-existing HTN
(141). Oral contraceptives may result in higher plasma
metoprolol levels (139).

SEX-RELATED DISPARITIES IN BP CONTROL. HTN is
present in 85.7 million U.S. adults over age 20 years
(4), and HTN prevalence is higher in men versus
women until their mid-60s, and then women have a
higher HTN prevalence. BP in women tends to in-
crease during menopause coincident with lower es-
trogen levels. However, lack of estrogen is not the
sole factor in BP rise in menopausal women. Effects of
hormone replacement therapy to reduce BP are
controversial (146,147).

Regardless of ethnicity and race, more women
report BP control compared with men (4); there are,
however, age and ethnic disparities. BP control was
lower among those age >65 years and among ethnic
minorities versus whites. A cross-sectional analysis of
U.S. primary care clinics found women were less
likely to have BP control versus men; this persisted
after adjustment of other variables among women age
65 to 80 years (148).

ISSUES AFFECTING MEDICATION ADHERENCE.
Many strategies have been identified to improve
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antihypertensive medication adherence, including
regimen simplification, reduction in medication cost,
increased utilization of pharmacists and advanced
practice providers to deliver meaningful medication
education, and BP-self-monitoring (149). Factors
associated with nonadherence among women, but
not men, include dissatisfaction with their health
care providers and depressive symptoms (150). A
meta-analysis of interventions to improve adherence
in hypertensive patients found the most promising
intervention components linked adherence behavior
with habits; gave adherence feedback to patients; and
included self-BP monitoring, use of pill boxes and
other special packaging, and motivational interview-
ing (151). The most effective interventions deployed
multiple components delivered over many days (151).
Although the meta-analysis was neither specifically
designed nor powered to assess sex differences,
exploratory analyses revealed that interventions
were most effective among female, older, and mod-
erate- or high-income participants (151). Additional
research is needed assessing the effect of sex-specific
factors on improved adherence, prescription refill
patterns, and long-term BP control.

ADVERSE EFFECTS AND TOLERABILITY OF
ANTIHYPERTENSIVE MEDICATION BASED ON SEX.
Women have more adverse effects from CV drugs
than men (1.5- to 1.7-fold higher), and the effects tend
to be more severe. Women are more likely to develop
hyponatremia, hypokalemia, or arrhythmia with di-
uretics versus men, who are more likely to develop
gout (125). Peripheral edema due to CCBs and
minoxidil-related hirsutism occur more frequently in
women than men (152). With equivalent doses of
verapamil, women have higher plasma levels than
men due to higher CYP3A4 activity or lower P-glyco-
protein activity in women (153).

Although amlodipine exhibited greater antihyper-
tensive effects and a higher incidence of edema in
women versus men, major HTN trials with CCBs
found no sex-specific differences in outcomes. Sexual
dysfunction in men as a result of beta-blocker use is
well known; however, it may also occur in women
with thiazide diuretics, beta-blockers, or centrally
acting agents (145).

SUMMARY

Hypertension is a common CV condition affecting
women in all phases of their lifecycle. It contributes
importantly to their morbidity and mortality,
although effective treatment improves CV outcomes.
Many knowledge gaps persist, for example, the
contribution of hypertensive disorders of pregnancy
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to future CVD in women; postpartum surveillance of
such women; optimal management of PE; and, some
would add, optimal BP targets for elderly women.
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