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Blood Pressure and Stroke: A Review of Sex-
and Ethnic/Racial-Specific Attributes to the
Epidemiology, Pathophysiology, and Management
of Raised Blood Pressure
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ABSTRACT: Raised blood pressure (BP) is the leading cause of death and disability worldwide, and its particular strong
association with stroke is well established. Although systolic BP increases with age in both sexes, raised BP is more
prevalent in males in early adulthood, overtaken by females at middle age, consistently across all ethnicities/races. However,
there are clear regional differences on when females overtake males. Higher BP among males is observed until the seventh
decade of life in high-income countries, compared with almost 3 decades earlier in low- and middle-income countries.
Females and males tend to have different cardiovascular disease risk profiles, and many lifestyles also influence BP and
cardiovascular disease in a sex-specific manner. Although no hypertension guidelines distinguish between sexes in BP
thresholds to define or treat hypertension, observational evidence suggests that in terms of stroke risk, females would
benefit from lower BP thresholds to the magnitude of 10 to 20 mmHg. More randomized evidence is needed to determine if
females have greater cardiovascular benefits from lowering BP and whether optimal BP is lower in females. Since 1990, the
number of people with hypertension worldwide has doubled, with most of the increase occurring in low- and-middle-income
countries where the greatest population growth was also seen. Sub-Saharan Africa, Oceania, and South Asia have the lowest
detection, treatment, and control rates. High BP has a more significant effect on the burden of stroke among Black and Asian
individuals than Whites, possibly attributable to differences in lifestyle, socioeconomic status, and health system resources.
Although pharmacological therapy is recommended differently in local guidelines, recommendations on lifestyle modification
are often very similar (salt restriction, increased potassium intake, reducing weight and alcohol, smoking cessation). This
overall enhanced understanding of the sex- and ethnic/racial-specific attributes to BP motivates further scientific discovery
to develop more effective prevention and treatment strategies to prevent stroke in high-risk populations.
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ing multiple organ systems and is the primary modifiable
isk factor for stroke, which remains the second lead-
ing cause of death and disability worldwide." A 20 mmHg
increase in systolic BP (SBP) is associated with a 35%
greater risk for ischemic stroke (95% Cl, 1.28-1.42), 44%

Rflised blood pressure (BP) is a complex disorder involv-

Since 1990, the number of people with hyperten-
sion worldwide has doubled, with most of the increase
occurring in low- and middle-income countries.* In high-
income countries, prevalence has declined while health

(95% Cl, 1.32—1.58) for intracerebral hemorrhage, and 43%
(95% ClI, 1.25-1.63) for subarachnoid hemorrhage? The
mortality from stroke doubles with each 20 mmHg increase
of SBP or 10 mmHg increase of diastolic BP3

systems have achieved treatment rates of up to 80% and
control rates of up to 60%.* However, in low- and middle-
income countries, only 1in 3 are aware of their hyperten-
sion status, and 8% have their BP controlled.®
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Nonstandard Abbreviations and Acronyms

ACC American College of Cardiology

ACE angiotensin-converting enzyme

ALLHAT Antihypertensive and Lipid-Low-
ering Treatment to Prevent Heart
Attack Trial

AT1R angiotensin Il type 1 receptor

BP blood pressure

ccB calcium channel blocker

CVD cardiovascular disease

ESC/ESH the European Society of Cardiol-
ogy and the European Society of
Hypertension

HDP hypertensive disorders of
pregnancy

HELIUS Healthy Life in an Urban Setting

HIC high-income country

HR hazard ratio

INTERSTROKE Importance of Conventional and
Emerging Risk Factors of Stroke
in Different Regions and Ethnic
Groups of the World

MMM May Measurement Month

NHANES National Health and Nutrition
Examination Survey

RAS renin-angiotensin system

REGARDS Geographic and Racial Differences
in Stroke

SBP systolic blood pressure

Mounting evidence has also highlighted differences
between females and males in the manifestation of com-
mon cardiovascular diseases (CVDs). Although premeno-
pausal females have a lower incidence and severity of
hypertension—and therefore a lower incidence of CVD—
than males, the risk increases sharply after menopause.®
Nevertheless, females remain under-represented in
preclinical animal studies and clinical trials in humans.”®
There is evidence that females are undertreated both in
primary and secondary prevention of CVDs compared
with males.®

In this review, we discuss the available evidence
regarding sex and ethnic/racial differences in the epi-
demiology, pathophysiology, and management of raised
BPF, especially in relation to stroke. We are using sex
assuming the biological context has been reported,
ethnicity in the restricted geographic sense, and race
is a culturally structured systematic way of looking at,
perceiving, and interpreting reality.’®'? However, we
acknowledge that modern thinking on sex/sex and race/
ethnicity postdates most of the studies we review such
that distinguishing one from the other is challenging. We
performed a systematic review for each topic, with the
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methods presented in the Supplemental Data. These
included a PRISMA flow diagram for each review (Flow
diagram S1 through S7).

SEX DIFFERENCES
Hypertension Prevalence by Sex

The Non-Communicable Disease Risk Factor Collabo-
ration used data from population-representative studies
on people aged 30 to 79 years in 184 countries, cover-
ing 99% of the global population.* The estimated global
age-standardized prevalence of hypertension (defined
as SBP/diastolic BP>140/90 mmHg, or current use
of antihypertensive medication)* was 32% (95% Cl,
30%-34%) in females and 34% (95% ClI, 32%—-37%)
in males in 2019. This finding is consistent with a meta-
analysis including 135 population-based studies from
90 countries,'® where the age-standardized prevalence
of hypertension was 30% in females (95% ClI, 29%-
32%) and 32% in males (95% Cl, 30%-34%) aged
>20 years. Despite lower prevalence rates in females,
diagnosis, treatment and control rates are higher than in
males. Globally, more females (59% [95% Cl, 55-62])
than males (49% [95% ClI, 46-52]) were diagnosed
with hypertension. The treatment rate was 47% (95% Cl,
43-51) in females and 38% (95% ClI, 35—41) in males.
Less than half of those treated had achieved hyperten-
sion control, leading to global control rates of only 23%
(95% CI, 20-27) for females and 18% (95% CI, 16-21)
for males with hypertension.*

Hypertension Prevalence by Sex and Age

Of 31 meta-analyses reviewed (Table S1), 26 meta-anal-
yses did not find sex differences in hypertension preva-
lence in the general population. Four studies analyzed
data from population-based studies in south Asia’'®
and the Niger Delta,'” reporting that males were more
likely to have hypertension than females. However, most
of the included studies enrolled relatively young patients
of <65 or 70 years with little consideration of confound-
ers that might explain the greater prevalence of hyper-
tension among males than females in the analyses. Six
studies' 822 reported hypertension in a sex- and age-
dependent manner, showing that hypertension preva-
lence increases with age in both sexes, but it is more
prevalent in males at early adulthood and in females
beginning at middle age, which is consistent across all
regions. However, the quality and publication bias of the
included studies were not assessed, which might impact
the validity of the conclusions. Mills et al'® estimated that
among 20- to 29-year-old adults globally, 9% (95% Cl,
7%—12%) of females but 15% (95% CI, 11%—18%) of
males had hypertension, but a steeper rise in hyperten-
sion rates is seen in the female after menopause. This
is reflected in the hypertension prevalence rates in the
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elderly of over 70 years, with the estimated rate of 76%
(95% Cl, 73%-80%) and 69% (95% Cl, 65%—72%)
for females and males, respectively. A similar trend was
also observed in the Non-Communicable Disease Risk
Factor Collaboration study?? (Figure 1). Those were fur-
ther confirmed by the MMM (May Measurement Month)
2018 study, which was an opportunistic cross-sectional
BP screening study during the month of May in over
1.5 million volunteers aged >18 years in over 89 coun-
tries?® MMM 2018 found a positive linear association
between age and SBP in untreated hypertensive males
and females, with the mean BP in females overtaking
that in males after 75 years of age.

The Association Between BP and Incident
Stroke by Sex

The association between usual SBP and the risk of
stroke have long been reported to be similar for males
and females, such that every 10 mmHg increment in
SBP is associated with an increased risk of stroke of
~25%?* (Table S2). In the REGARDS (Geographic and
Racial Differences in Stroke) Study® of 26641 adults
aged >4b years, the magnitude of the association
between SBP>140 mmHg and incident stroke were
comparable for females (hazard ratio [HR], 1.25 [95%
Cl, 1.16-1.34) and males (1.14, 1.05-1.23) (/~=0.09
for interaction). This is further confirmed by an obser-
vational analysis of the ALLHAT (Antihypertensive and
Lipid-Lowering Treatment to Prevent Heart Attack Trial)?®
involving participants with 4 to 7 SBP measurements

Sex and Ethnic/Racial Differences in BP and Stroke

during 22 months (n=24,309). Those with sustained BP
control, defined as SBP <140 mmHg, at <60% of study
visits, compared with those with SBP control at 100%
visits, were more likely to have a stroke for both females
and males (P=0.08 for interaction).

However, an analysis of 471971 UK Biobank par-
ticipants demonstrated that females with hypertension
had a greater excess risk of the first stroke than their
male counterparts with increasing severity of hyper-
tension during 9 years of follow-up.?” The multiple-
adjusted female-to-male ratios of HRs associated with
stage 2 hypertension were 1.36 (95% Cl, 1.26-1.47)
for stroke. This is further supported by studies inves-
tigating ambulatory BP monitoring, which found a
steeper relationship between higher ambulatory BP
and CVD risk in females than in males.?®?° Boggia et
al® performed a cohort study of 9357 participants from
11 populations, with a median of 11.2-years follow-up
and found that a 15 mmHg increase in 24-hour SBP
increased the risk of a cardiovascular event by 56% in
females, compared with 32% in males. The proportion
of stroke events preventable by BP control has been
found much higher in females (38.3%) than males
(25.9%).2° Those results were not able to be pooled
to generate estimates using meta-analysis because of
the inconsistent presentation of data.

Management

Other than special recommendations for the manage-
ment of hypertension during pregnancy,?°-% there is
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Figure 1. Global hypertension prevalence by region and sex.

Worldwide trends in blood pressure from 1975 to 2015: A pooled analysis of 1479 population-based measurement studies with 19.1 million
participants. Reproduced from Zhou et al?? with permission. Copyright ©2017.
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no evidence that the BP threshold for initiating drug
treatment, the treatment target, the choice of initial
antihypertensive medication, or the combination of
medications for lowering BP differs for females ver-
sus males.?*3® Randomized evidence has shown that
BP-lowering treatment provided broadly similar protec-
tion against major cardiovascular events in females and
males.® Differences in cardiovascular risks between
sexes do not reflect differences in response to BP-
lowering treatment (Table S3).2° However, females
were underrepresented in most of the trials and were
underpowered to examine sex differences in BP-low-
ering treatment effects.

Different CVD risk profiles between the sexes may
influence the choice of antihypertensive treatment. For
example, thiazide diuretics are useful in the management
of osteoporosis® and reported to significantly increase
the total body bone mineral density in postmenopausal
females,®” but not in males.®® ACE (angiotensin-convert-
ing enzyme) inhibitors and angiotensin receptor block-
ers (ARBs) are contraindicated for females who are or
intend to become pregnant because of the risk of fetal
developmental abnormalities®® Antihypertensive drugs
may also have sex-specific side effects.*® Females
experience more frequent electrolyte disturbances (eg,
hyponatramia*'#2 and hypokalamia*).** Gout* is more
common in females taking a diuretic than in males. ACE
inhibitor-induced dry cough is 2 to 3 times more frequent
in females than in males,*®%” and calcium channel block-
ers (CCBs)-related edema*® is much more common in
females than males.

Recent large-scale observational studies sug-
gest that females would have greater cardiovascu-
lar benefits from reducing BP to lower targets®® and
imply that optimal BP may be lower in females than
in males.?49 A prospective study?® of 3344 partici-
pants (1626 females) concluded that the optimal out-
come—based ambulatory BP threshold for males was
135/85 mmHg during the day and 120/70 mmHg
during the night, which align with current hyperten-
sion guidelines.®%° However, these thresholds are
substantially higher than the optimal thresholds for
females, which was found to be 125/80 mm Hg during
the day and 110/65 mmHg during the night?® This
sex discrepancy in optimal BP levels is further con-
firmed by a community-based cohort study*® of over
27 000 participants (54% female) in which the mag-
nitude of stroke risk (HR, 1.53 [95% CI, 1.07-2.21])
in females with SBP 120 to 129 mmHg was compa-
rable with risk in males (1.50: 0.85-1.64) with SBP
140 to 149 mmHg. This study found that stroke risk
increased from an SBP of 120 mmHg in males, but
the equivalent threshold in females was 110 mmHg
or lower (Figure 2). Since the 2021 European Soci-
ety of Hypertension practice guidelines® recommend
ambulatory BP monitoring thresholds of daytime and
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nighttime hypertension to align with those identified
for males, namely 135/85 mmHg and 120/70 mmHg,
respectively, it would be important to review this rec-
ommendation and to determine based on all available
evidence whether more appropriate targets should be
recommended for females.

Females tend to have more traditional CVD risk
factors than males, including central obesity, elevated
total cholesterol, and low high-density lipoprotein cho-
lesterol.®%* The association between hypertension
and obesity is sex and age-related, and the prevalence
of hypertension and obesity is lower in premenopausal
females than in males.®5% In addition, many lifestyles
also influence BP and CVD in a sex-specific man-
ner. Females are prone to physical inactivity,”” while
males are prone to a higher rate of smoking and alco-
hol consumption.® The second Nurses' Health Study®®
identified 6 low-risk factors for incident hyperten-
sion, including a body mass index of <25 kg/m? 30
minutes daily vigorous exercise, a high score on the
dietary approaches to stop hypertension diet, modest
alcohol intake up to 10 g/day, use of nonnarcotic anal-
gesics less than once per week, and intake of 400 pg/
day or more of supplemental folic acid. The authors
suggested that 78% of new-onset hypertension in this
population could have been prevented if all females
had these 6 low-risk factors. We have systematically
reviewed papers based on sex-specific differences
when adopting healthy lifestyles recommended in
the hypertension guidelines (Table 1). We found that
these are equally effective in lowering BP for males
and females. Collectively, these findings suggest that
management strategies for hypertension that are tai-
lored according to sex and their risk profiles could lead
to improved health outcomes.

ETHNIC/RACIAL DIFFERENCES
Hypertension Prevalence by Ethnicity/Race

Figure 1 demonstrates that fewer females than males
have hypertension at young ages, but the prevalence
increases markedly with age.?? It is clear that there are
major regional differences on when females overtake
males. Higher prevalence rates among males than
females are observed until =70 to 80 years of age
in high-income Western, European, and Asia-Pacific
countries, but in low- and middle-income settings, this
change occurs much earlier at 40 to 50 years. The
MMM study also shows substantial regional differ-
ences in hypertension with the highest prevalence in
sub-Saharan Africa,®® while the lowest rate of hyperten-
sive awareness,?® hypertensives on medications,?® and
controlled BP2398%9 Non-Communicable Disease Risk
Factor Collaboration further confirms the substantial
regional differences in hypertension with Sub-Saharan
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Figure 2. Sex differences and ethnic differences for the association between blood pressure and the risk of stroke.

Hazard ratio (HR) is for the risk of stroke in A. HR is for per 10 mmHg increase in systolic blood pressure for the risk the stroke in B. HR is for
>140/90 vs <120/80 mmHg (reference) for the risk of stroke in €. The center of each solid box is plotted against the point estimate, and the horizontal
lines are drawn to the 95% confidence limits. Areas of the boxes are proportional to the reciprocal of the variance of the estimates. A, Reproduced from
Ji et al with permission, Copyright ©2021, Wolters Kluwer Health, Inc. B, Reproduced from Howard et al with permission. Copyright©2013, American
Medical Association. All rights reserved. B, Reproduced from Arima et al with permission. Copyright©2013, Wolters Kluwer Health, Inc.

Africa, Oceania, and South Asia having the lowest
detection, treatment, and control rates.*

Regional differences in hypertension prevalence
rates are likely driven by socioeconomics and ethnic-
ity/race, as reflected by 32 studies listed in Table S3.
In the United States, Black adults have the highest, and
White adults have the lowest prevalence of hyperten-
sion.'910" South Asian'®?"%* and Hispanic adults'0210310
have a higher prevalence of hypertension compared with
White adults, while hypertension is less prevalent among
Mexican adults.'®1% Most studies in the United King-
dom also report a higher prevalence in Black and South
Asian adults than White adults.'%6-% Studies from other
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countries, including both developed'®®-""" and developing
countries,''?7'"% have generally found that ethnic/racial
minorities have higher levels of prevalent hypertension
than the majority population.

Hypertension Prevalence by Ethnicity/Race and
Age

With consistent ethnic/racial differences in BP at all ages
in many countries, disparities in raised BP represents a
lifetime consideration.''"''® Raised BP is associated with
changes in vascular function and structure that are more
pronounced than the changes that would be expected as
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Table 1. Comparison Between Female and Male, and Ethnicities/Races According to the Lifestyle in the Hypertension
Guidelines?0-3259-68
. Sex differences Ethnic/racial differences
Evidence
level (class, | Epidemiological | Interventional Epidemiological
Guideline recommendations level) evidence evidence evidence Interventional evidence
Salt restriction <5 g per d I, A Salt con- Salt restriction is Salt consumption: Salt restriction is effective
sumption: effective on BP control | Asians>Westerners” | on BP control, and the
male>female®® in both males and Blacks>White™ magnitude of the effect size:
females, with no signifi- | Salt sensitivity: Blacks>Asians>Whites™
cant heterogeneity””! Blacks>Whites™
Asians>Westerners™
Moderation of alcohol consumption to: I, A Alcohol Alcohol reduction is Alcohol consumption: | Only limited information is
<14 units per week for males. Less than 8 consumption: effective on BP control | Asians>Westerners”™ | available on the effect of
units per wk for females male>female”™ in male,”””® but only lim- | Blacks>Whites® alcohol reduction on BP in
ited data are available Blacks™
in female™
Increased consumption of vegetables, fresh A DASH diet The DASH diet was DASH diet The DASH diet was more
fruits, fish, nuts, and unsaturated fatty acids consumption: effective in reducing consumption: effective in Blacks than
(olive oil); low consumption of red meat; and female>male®! BP in both males and Westerners>Asians® | Whites.®? And it is also
consumption of low-fat dairy products The females, and no signifi- | Whites>Blacks® effective in Asian popula-
DASH diet: a diet rich in fruits, vegetables, cant heterogeneity®? tions.®
whole grains, and low-fat dairy products, with
reduced content of saturated and total fat.
Potassium supplementation (3500-5000 I, A Potassium Potassium interventions | Dietary potas- Potassium interventions are
mg/d), preferably in dietary modification consumption: are effective in lowering | sium consumption: effective in lowering BP with
female>male®'®® | BP, and the magnitude | Whites>Blacks®®® the magnitude of the effect
of the effect size: Westerns>Asians’® size: Blacks>Whites.®® It is
female>male®” also effective in Asians.®”<°
Body-weight control to avoid obesity (BMI I, A Overweight: Weight reduction is Overweight: Blacks> | Weight reduction is effective
>30 kg/m? or waist circumference >102 cm female>®® effective in lowering Whites>Asians”®9® in lowering BP and the
in males and >88 cm in females) Regular BP in both males and magnitude of the effect size:
physical activity, for example, at least 30 min of females without signifi- Asians>Blacks>Whites®?
moderate dynamic exercise on 5 to 7 d per wk cant heterogeneity®?
Smoking cessation ,B Smoking rate: Incident hyperten- Smoking rate: Incident hypertension
male>female sion was high among Westerners<East was high among smokers
smokers compared with | Asians”™ compared with nonsmokers
nonsmokers in both Blacks>Whites® in Western countries,**%
male® and female®® Asia,®® and Africa®

BMl indicates body mass index; BP, blood pressure; and DASH, Dietary Approaches to Stop Hypertension.

part of a normal aging process. This process is referred
to as early vascular aging, which reflects increased arte-
rial stiffness at younger chronological ages.''®'?° Most
studies performing ethnic/racial-specific comparisons
in arterial stiffness report that populations of African
descent (and often also Hispanic populations) have
higher arterial stiffness than White populations from as
young as 6'?' to 70 years of age.'? Raised BP often
accompanies arterial stiffness in Black populations.’®
Data from National Health and Nutrition Examination
Survey (NHANES) demonstrated that Black adults had
significantly higher rates of hypertension compared
with Whites, Asians, and Mexican Americans, at all ages
and for both sexes.'?*"%6 Black individuals tend to have
an earlier age of onset, a longer duration, and greater
severity in terms of BP levels and organ damage than
in Whites, resulting in a higher incidence of CVD and
mortality.'?” An assessment of US children aged 8 to 17
years found SBPs to be 2.9 and 1.6 mmHg higher in
Black boys and girls, compared with age-matched White
boys and girls.'?® An observational study in South Africa
demonstrated that Black boys from 6 to 8 years of age
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have higher arterial stiffness throughout the arterial tree
along with higher diastolic BP when compared with
White boys of the same age.'?'

The Association Between Raised BP and
Incident Stroke by Ethnicity/Race

High BP is a major cardiovascular risk factor and one
of the top contributors to ethnic/racial disparities in
stroke.'?3° The REGARDS study, including 27 748 par-
ticipants 245 years, found the impact of higher BP levels
on stroke was 3 times greater for Black (24% increase
per 10 mmHg increment in SBP) than for White (8%)
participants over 4.5 years of follow-up.'®' (Figure 2) The
disparities of higher prevalence and greater risks from
high BP are most evident with the population attribut-
able risks, which are nearly twice as big for Black than
White adults.”®? The estimated benefits from modest
population-wide decrements in SBP for stroke were
also twice as large for Blacks (12 events reduced per 1
mmHg decrease) than for Whites (5 events).'® In addi-
tion, the Northern Manhattan Study (n=3298) found
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the population attributable risk for stroke resulting from
hypertension to be greater among Hispanics (50.6%)
than Whites (2.6%).

The Global Burden of Disease Study 2019'%*indicated
that high SBP had a large effect on the burden of stroke
in Asian countries (eg, 69% in Mongolia). This is much
higher than the burden reported in the developed coun-
tries, eg, United Kingdom (47%) and the United States
(45%) (Table S4). The Asia Pacific Cohort Studies Col-
laboration'*®~'¥" found hypertension (=140/90 mmHg),
compared with normal BP (<120/80 mm Hg), was asso-
ciated with a 1.5-fold increased risk of ischemic stroke
among non-Asian participants from Australia and New
Zealand, but a much greater increased risk of 3.4 fold
among Asian participants (Table S5, Figure 2). The dis-
parity was even more remarkable for intracerebral hem-
orrhage, with a risk of 2.5 and 9.7 times for non-Asians
and Asians, respectively. This was further confirmed by
the INTERSTROKE (Importance of Conventional and
Emerging Risk Factors of Stroke in Different Regions
and Ethnic Groups of the World) Study.®

Management

There are many areas where ethnic/racial/regional dis-
parities in hypertension have been shown, as this article
illustrates. Therefore, we searched national (eg, high-risk
countries in Asia and Africa in terms of ethnic/racial
population) and international guidelines to see if there
were any ethnic/racial-specific management strate-
gies to close the disparities gap (Table 2; Table S6). Of
the 16 regional guidelines identified, 3 were from East
Asia (China, South Korea, and Japan), 2 from Southeast
Asia (Malaysia and Thailand), 1 from South Asia (India),
9 from Africa (South Africa, Sierra Leone, Rwanda,
Tanzania, Somalia, Ethiopia, Kenya, Zambia, and Zim-
babwe), and 1 for Latin American countries. Almost all
the guidelines provided an explicit numerical diagnostic
threshold for hypertension, defined as a clinic-based BP
>140/90 mmHg and included distinct stages for clas-
sifying hypertension. In terms of BP-lowering goals, the
majority (14 out 16) of national guidelines recommend
a clinic-based BP target of <140/90 mmHg for gen-
eral hypertensive patients and <130/80 mmHg, if toler-
ated or in a high-risk population for CVD. This target is
aligned with the European Society of Cardiology and the
European Society of Hypertension 2018 guidelines,®’
the 2020 International Society of Hypertension global
hypertension practice guidelines®® and World Health
Organization (WHO) 2021 guidelines.® Japan®® and
India® recommend a lower target of <130/80 mmHg
in younger patients, which is in line with the American
College of Cardiologys and American Heart Associa-
tion 2017 guidelines*® Guidelines in Asian countries
and Latin America recommend the first-line agents of b
major drug classes: ACEls, ARBs, beta-blockers, CCBs,
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and diuretics, except Japan, Thailand, and India, who do
not recommend beta-blockers. In African guidelines, a
diuretic and/or a CCB is recommended initially for Black
people because of a better response rate compared with
an ACE inhibitor,?® except Somalia, where the cheapest
option with the fewest side effects is recommended.*°
Black patients may combine a diuretic with a CCB, or
a Renin-angiotensin system (RAS) blockade, making
CCB/RAS more effective.'*® Angioedema seems more
common with ACEls in Black patients, which may favor
the preferred use of ARBs in this population.®' Single-
pill combination drugs are preferred to improve patient
adherence, home BP monitoring, and a combined CV
risks and BP levels-based antihypertensive treatment
algorithm is recommended in almost all the guidelines.
As shown in Table 2, the recommended pharma-
cological intervention options for the management of
hypertension are largely similar despite some variations
among different guidelines. It has been reported that
Black hypertensive patients exhibit a very similar, impres-
sive, benefit from a reduction of cardiovascular and renal
events in response to BP-lowering treatment as White
patients, with somewhat different treatment modalities.!
Table S7 summarizes 19 trials comparing the effect of
different classes of antihypertensive agents on incident
stroke in Asian populations, consistent with the previous
findings,'*? suggesting that reduction in stroke risk could
be achieved irrespective of the class of antihyperten-
sive agent used (no evidence of publication bias; Figure
S1). The pooled HR was 1.14 (95% Cl, 0.84-1.56) for
CCB versus angiotensin receptor blocker, 1.08 (95% Cl,
0.82-1.42) for non- angiotensin receptor blocker ther-
apy versus angiotensin receptor blocker. Two trials'3'44
compared CCB with diuretics and all reported neutral
results. In addition, some Japanese studies reported that
diuretics are effective for salt-sensitive hypertension'*
and preventing stroke.'** Brewster et al'*® performed
a systematic review of antihypertensive drug therapy
in patients of South Asian ethnicity/race and found no
evidence of different efficacy of antihypertensive drugs.
However, there were no trials with morbidity and mortality
outcomes. Optimal treatment combinations (required by
most patients) are not identified for black, South Asian
or patients from East Asia.'*” While the CREOLE trial™*°
indicates that the combination of amlodipine with either
hydrochlorothiazide or perindopril is superior to perin-
dopril plus hydrochlorothiazide in reducing 24-hour BP
among black patients from sub-Saharan Africa with
hypertension, trials with hard outcomes such as cardio-
vascular morbidity and mortality are required for a clear
recommendation for each major ethnic/racial group.
Regarding optimal BP thresholds and targets for differ-
ent ethnic/racial groups, current randomized evidence
suggests that the treatment effects of different BP tar-
gets on cardiovascular events were similar for different
ethnicities/races (Table S3). However, those studies
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Table 2. BP Management in Hypertension Guidelines by Region

Sex and Ethnic/Racial Differences in BP and Stroke

Region
Southeast Latin Western®*' and International
East Asia®-® South Asia® Asia®e America® Africa®® guidelines®>3
Hypertension | 2140/90 mmHg >140/90 >140/90 mmHg | >140/90 >140/90 mmHg | >140/90 mmHg ACC/AHA: >130/80
definition mmHg mmHg mmHg
BP target Japan: <75y, <130/80 <60y: <50y: 130-140/90 | <140/80 mmHg ACC/AHA: <130/80 mmHg
mmHg South Korea: <65 <130/80 BP<130/80 mmHg ESC/ESH: <140/90 mmHg and fur-
y: 140/90 mmHg China: mmHg mmHg ther <130/80 mmHg, if tolerated
65-79 y <150/90 and
<140/80mmHg if tolerable
Japan: >75 y: <140/90 >60 y: the tar- | 60-80y: >80y: 140-150 ACC/AHA: <130/80 mmHg ESC/
mmHg South Korea: >65 y: | get should be | <140-150/90 mmHg ESH: <65y 120-129mmHg >65y
140/90 mmHg China: >80 | individualized mmHg. >80 130-139 mmHg
y <150/90 mmHg y:<150/90
mmHg
First-line Japan: ACEI, ARBs, CCBs, | <60y: ACEls | ACEls, ARBs, ACEls, Diuretics, CCB, ACC/AHA: diuretics, CCBs, and
BP-lowering | or diuretics, 220/10 mmHg | and ARBs. CCBs, diuretics, | ARBs, CCBs, | ACEIl or ARB. ACEI or ARBs; 2 drugs combination
drugs above target BP: drugs >60y CCB or beta-blocker | diuretics or BP>160/100 recommended if BP>140/90 mmHg, or
therapy combination recommended | and diuretics BP>160/100 Beta-blocker mmHg: drugs >20/10 mmHg above target BP. ESC/
South Korea and China: BP>160/100 mmHg, or at BP>160/100 combination ESH: ACEls, ARBs, Beta-blockers,
ACEls, ARBs, CCBs, mmHg: high risk: drugs | mmHg: drugs | recommended A | CCBs, and diuretics Combination
diuretics, and beta-blockers | two drugs combination combination diuretic and/or a treatment is recommended for most
BP>160/100 mmHg, or combination recommended recommended | CCB is recom- hypertensive patients as initial therapy
>20/10 mmHg above in a singer pill mended for Black | comprising a RAS blocker (either an
target BP, or at high risk: recommended patients ACEI or an ARB) with a CCB or diuretic.
drugs combination recom- Beta-blockers are combined with any of
mended the other major drug classes for specific
clinical situations, eg, angina, MI, HF

ACC/AHA indicates American College of Cardiology/American Heart Association; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;
BP: blood pressure; CCB, calcium channel blocker; ESC/ESH, the European Society of Cardiology and the European Society of Hypertension; HF, heart failure; MI,

myocardial infarction; and RAS, renin-angiotensin-system.

were underpowered to examine ethnic/racial differences
in BP-lowering treatment effects.

Nonpharmacological, nonpersonal interventions are
also important for hypertension prevention and con-
trol. Recommended nonpharmacological strategies of
healthy lifestyles are summarized in Table 1. For example,
higher salt sensitivity, even with mild obesity and higher
salt intake, is an Asian characteristic of hypertension.'#®
Similarly, a recent systematic review examining salt
intakes in sub-Saharan Africa, including the data from
13 countries, suggested that over 80% of adult popu-
lations consume more than the WHO recommended 5
g salt or 2 g sodium each day.'*® To achieve effective
BP control, salt restriction is particularly important in
high-risk populations.'*""'®® Other strategies to improve
prevention and control of hypertension at the individual
level include efforts towards increased awareness and
self-care skills, availability of, and adherence to, qual-
ity antihypertensive therapies, availability of university
health coverage and access to health care.'”” Health
care—related reasons for poor hypertension control
include accepted standards and goals in hypertension
treatment and control, physician education and familiar-
ity with therapeutic options, physician-to-patient ratio or
nurse-to-patient ratio, antihypertensive regime complex-
ity, provider-patient interaction, and adequate patient fol-
low-up.'®! Broader efforts to investigate the challenges
in effective implementation of evidence-based care are

Stroke. 2022;53:1114-1133. DOI: 10.1161/STROKEAHA.121.035852

likely to address social and ethnic/racial differences in
hypertension treatment and control.’s?

THE INTERACTION BETWEEN SEX AND
ETHNICITY/RACE

National surveys, such as NHANES, have highlighted
the heterogeneity in hypertension based on sex and
ethnicity/race.'02126193154 This is similar to findings in
European ethnic/racial minority groups(Table S8).'% In
the HELIUS (Healthy Life in an Urban Setting) Study in
Amsterdam,'®® compared with people of Dutch origin, the
prevalence ratio of hypertension was higher in all the eth-
nic/racial minority groups, except for Moroccan females,
ranging from 1.29 to 3.57 in males and from 1.28 to
1.90 in females. However, data on the impact of the
interaction between sex and ethnicity/race on hyperten-
sion prevalence, awareness, treatment, and control are
lacking, although they may have significant implications
for patient care. Data from NHANES Il and NHANES
1999 to 200426 showed there was some improvement
in awareness of hypertension, which was most clear in
White males but not improved among Mexican Ameri-
can or White females. Treatment and control rates among
Mexican American persons remain substantially lower
than for other ethnic/racial groups. NHANES 2011 to
2014 showed the percentage of males with controlled
hypertension was lower than that for females among
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Black and Hispanic adults.”™ There were also ethnic
and sex disparities identified in response to antihyper-
tensive therapies'® and the association of hypertension
with stroke.'™® Social and physical environments have
been implicated as major determinants of cardiovascular
health. Certain social and physical environments tend to
promote a cause-and-effect chain of events that con-
tribute to developing CVD."” Community characteristics,
including racial segregation, employment opportunities,
neighbourhood safety, lack of access to timely and qual-
ity health care, low education and income levels and poor
social support, influence different ethnicities/races in a
different way.'®® Some ethnic/racial disparities in CVD
risk factors were explained by differences in individual
and community characteristics, but other disparities per-
sisted even after controlling for these factors.'”” Greater
understanding of how sex and ethnicity/race influence
the prevalence, diagnosis and management of hyperten-
sion is needed given the health impact and economic
burden of hypertension are only expected to increase as
the population ages.

HYPERTENSIVE DISORDERS IN
PREGNANCY

Prevalence

An important sex-specific aspect related to BP and stroke
is hypertensive disorders of pregnancy (HDP), which is
a common complication in females during pregnancy
with an overall prevalence of 10% to 20%.'%7'%2 This
includes chronic hypertension, gestational hypertension,
preeclampsia, eclampsia, and chronic hypertension with
superimposed preeclampsia.’®® HDP is the second most
common direct cause of maternal mortality worldwide
(14% [95% CI, 11%-17%])."® Chronic hypertension
complicates 0.2% to 3% of deliveries,'®9'641%8 whereas
gestational hypertension develops in 2% to 10% of preg-
nancies,'8199160169170 Preeclampsia affects 2% to 10%
of pregnancies'%9160.167-169171-173 and eclampsia develops
in ~1% of pregnant females (Table S9).'

Ethnic/Racial Differences

Studies have shown apparent ethnic/racial disparities in
developing HDP (Table S10).'™'" HDP is estimated to
cause 10% to 15% of maternal deaths in Asia, 16% to
17% in Africa and 22% in Latin America and the Carib-
bean.'®® Ghosh et al'™ examined 56617 nulliparous
females with singleton deliveries and found that Black
females experienced more chronic hypertension and
mild, severe, and superimposed preeclampsia, White His-
panic females and Asian/Pacific Islanders had an overall
decreased risk of HDP compared with White females.
Among females with chronic hypertension or preeclamp-
sia, all minority females in the United States (Blacks,
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Hispanics, and Asian/Pacific Islanders) had a higher risk
of stroke than White females.''™ Some of these eth-
nic/racial differences may be attributable to differences
in socioeconomic position'89-'82 or different prevalences
of other CVD risk factors, such as obesity, smoking, or
physical inactivity.'®3'8% In addition, minority females
were also at risk for delay in seeking prenatal care.'®18¢
Studies from Australia,'® New Zealand,'” Norway,'®®
and the Netherlands'™ found immigration was gener-
ally associated with reduced risk of HDP compared with
nonimmigrant females, which was further confirmed by a
systematic review.'®¥ A plausible explanation for the lower
prevalence of HDP among immigrant females could be
related to a disproportionately higher under-diagnosis of
HDP among immigrants because of a lack of access or
underutilization of health care services.'

Long-Term Risk for Stroke

We updated the previous systematic reviews on the risk
of HDP for future stroke (Table S11)9'-198 gnd found
that females who previously experienced HDP were at
increased odds of a stroke (Figure 3A, HR, 1.6 [95% Cl,
1.28-1.86]). Preeclampsia (Figure 3B, HR, 1.7 [95% C],
1.43-1.94]) is now recognized by the American Heart
Association/American Stroke Association as a sex-spe-
cific risk factor for future stroke, recommending that all
females be evaluated for a history of preeclampsia as part
of routine CVD risk assessment.'®® However, the pooled
data showed significant heterogeneity (Figure 3) and
the analysis of HDP and stroke showed significant pub-
lication bias, indicating the quality of the evidence is low
(Supplementary Figure 1). The risk of stroke in females
with previous gestational hypertension was higher than
for other females (Figure S2, HR, 1.5 [95% CI, 1.26-
1.70]). In a meta-analysis, the excess risk of stroke was
greater with early (HR, 5.08 [95% CI, 2.09-12.35)),
compared with late (after 37 weeks), preeclampsia (HR,
0.98 [95% Cl, 0.60—-1.92]).1°"

PATHOPHYSIOLOGY OF RAISED BP
Sex

Fewer females have hypertension at young ages than
males, but over the age of 75 years, *81% of females
and ~73% of males have hypertension.® This marked
reversal of sex difference in the prevalence of hyper-
tension in older people may, in part, be attributable to
males with hypertension-related CVD frequently dying
before the age of 75.2°° However, loss of cardiorenal
protective mechanisms with age may also contribute to
the sharp increase in hypertension in postmenopausal
females.?® Defects in these protective pathways may
contribute to the development of vascular diseases that
are unique to younger premenopausal females (such as
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Study Outcome Follow up Adjusted estimates (95%Cl) Weight
Odds Ratio
Lanska 2000  Stroke Peripartum . 6.1(4.44-8.32) 26.76
Lanska 2000  Stroke Postpartum . 14.0(8.38-23.22) 25.53

Honigberg 2019 Stroke median 7 yrs g 1.1(0.40-2.40) 21.03

Stroke up to 40 yrs .

S

Tooher 2017 1.94(1.39-2.69) 26.68

Subtotal (I-squared = 94.4%, p = 0.000) 3.88(1.50-10.04) 100.00
Relative Risk

Canoy 2016 Stroke median 11.6 yrs . 1.23(1.20-1.27) 100.00

Hazard Ratio

Wang 2010 Stroke upto8yrs —a— 2.04(1.18-351) 8.39
Ray 2005 Stroke  median 8.7 yrs —i— 1.9(1.40-2.50)  9.08
Garovic 2010  Stroke median 10 yrs —— 21(1.19371)  7.95
Heida 2015 Stroke upto 10 yrs . 1.26(1.06-1.48) 23.92
Nelander 2016 Stroke upto 10 yrs Hil— 1.4(1.00-1.81) 15.22
Andolf 2017 Stroke median 35 yrs L 1.25(1.10-1.42) 26.36
Garovic 2020 Stroke median 35 yrs —— 23(1.37-376)  9.08
Subtotal (I-squared = 59.1%, p = 0.023) <> 1.6(1.28-1.86)  100.00

f T 1

A 1 5 50

B

Study Outcome Follow up Adjusted estimates (95%Cl) Weight
Odds Ratio
Bateman 2006 ICH During pregnancy ] 10.4(8.32-12.98) 20.54
Pensee 2020 Stroke Peripartum | 5.7(5.04-6.54) 20.73
Savitz 2014 Stroke 1yrs —— 3.1(1.60-6.30) 18.50
Bhattacharya Stroke up to 40 yrs | 1.2(0.93-1.45) 20.55
Brown 2006 IS - 1.6(1.02-2.62) 19.68
Subtotal (I-squared = 98.3%, p = 0.000) B> 3.2(1.39-7.58) 100.00
Relative Risk
Tang 2009 ICH 3 Months Antepartum — 10.7(3.4-33.59) 8.67
Tang 2009 ICH 3 days —_—— 6.5(1.42-29.29)  7.63
Tang 2009 ICH 6 weeks i s — 5.6(0.71-44.10) 6.18
Tang 2009 ICH 6 months —a— 11.8(4.05-34.11)  8.88
Tang 2009 ICH 12 months —— 19.9(7.75-51.11)  9.21
Tang 2009 IS 3 Months Antepartum —8—— 40.9(12.14-137.47) 8.49
Tang 2009 Is 3 days —=——  34.7(11.08-108.68) 8.69
Tang 2009 Is 6 weeks e — 11.2(2.45-51.59) 7.64
Tang 2009 5] 6 months —a— 11.6(3.30-40.82) 8.37
Tang 2009 IS 12 months T 4.4(0.58-32.92) 6.28
Hannaford 1997 Stroke median 12.5 yrs Hil— 1.4(0.89-2.16) 10.23
Wilson 2003 Stroke median 32 yrs —-— 2.1(1.02-4.32) 9.73
Subtotal (I-squared = 85.3%, p = 0.000) <> 8.9(3.91-19.27) 100.00
Hazard Ratio
Hovsepian 2014 Stroke 6 weeks 2.1(1.6-2.8) 10.86
Lin 2011 Stroke 3yrs —A——— 145 (1.3-165.1) 0.40
Stuart 2013 Stroke up to 8 yrs - 1.9(1.4-2.6) 9.98
Lin 2011 Stroke median 10 yrs ——4&— 14.5(1.3-165.1) 0.40
Irgens 2001(16-36w) Fatal stroke median 13 yrs — 5.1(2.09 -12.35) 2.54
Irgens 2001(37w) Fatal stroke median 13 yrs —— 1.0(0.5-1.91) 3.97
Lin 2015 ICH 13 yrs —— 2.2(1.22-3.90) 4.82
Lykke 2009(mild) Stroke median 15 yrs n 1.4(1.30-1.58) 15.81
Lykke 2009(severe)  Stroke median 15 yrs = 1.6(1.23-2.03) 11.10
Leon 2020 Stroke 20 yrs = 1.9(1.53-2.35) 12.39
Garovic 2020 Stroke median 35 yrs o 1.4(0.89-2.22) 6.78
Andolf 2017 Stroke median 35 yrs ] 1.3(1.08-1.53) 13.68
Mannisté 2013 Stroke median 39 yrs —— 1.2(0.68-2.09) 5.18
Tooher 2017 Stroke up to 40 yrs T 2.0(0.75-5.49) 2.09
Subtotal (I-squared = 65.6%, p = 0.000) O 1.7(1.43-1.94) 100.00

T 1 1
A 1 5 50

Figure 3. Meta-analysis for the association between hypertensive disorders of pregnancy (A)/preeclampsia (B) and the risk of stroke.

ICH indicates intracerebral hemorrhage; and IS, ischemic stroke

HDP and gestational diabetes).?®® Moreover, this may
be related, in part, to sex differences in vascular tone
and possible vascular protective effects of the female
sex hormones estrogen and progesterone.®' In addi-
tion, numerous systems contribute to the control of BP,
including the vasculature, the nervous system, and the
kidney,?°? and each of these systems exhibit sex differ-
ences in hypertension.?%®

Sex differences in the RAS system are well estab-
lished. Male have greater expression levels and physio-
logical responses to activation of the classical RAS (Ang
ll, angiotensin Il type 1 receptor [AT1R], ACE). How-
ever, females have greater expression and physiological
responses to activation of the nonclassical RAS (Ang
[1-7], angiotensin Il type 2 receptor [AT2R], Mas recep-
tor, ACE2).2%5-205 Sex hormones, particularly testosterone
and estrogen, have also been well documented to impact
not only BP, renal, central, and vascular function but also
numerous pathways linked to BP control?%® Greater
AT2R expression in females compared with males is
dependent on both estrogen and sex chromosome
complement®”and there is growing evidence to support
a sex-specific role for the AT2R in offering cardiovascu-
lar protection to females.?*® Other molecular mechanisms
driving sex differences in hypertension include oxidative
and endoplasmic reticulum stress, nitric oxide, inflamma-
tion, and the endothelin system.2%®

Stroke. 2022;53:1114-1133. DOI: 10.1161/STROKEAHA.121.035852

Ethnicity/Race

Hypertension prevalence, treatment, and control rates vary
significantly according to ethnicity/race. Such difference
is driven by a complex set of gene/gene (not modifiable),
environment/environment (modifiable), and gene/environ-
ment interactions.?®® Blacks tend to have a suppressed
renin-angiotensin-aldosterone system activity, including low
renin status and accordingly, low renin hypertension is com-
mon.2'%2"" Other hypothesized etiology for more prevalent
hypertension among Blacks include sodium abnormalities,
epithelial sodium channel changes, altered genes regulat-
ing the renin-angiotensin-aldosterone system, increased
peripheral vascular resistance, increasing obesity, early
vascular aging (large artery stiffness), and underweight
phenotype.'?°21° East Asians have a genetically higher salt
sensitivity.”®?'? The Gly460Trp variant of the a-adducin
gene has been associated with renal sodium retention
and salt-sensitive hypertension through enhancement of
the activity of the sodium pump.”® a-adducin Gly460Trp
polymorphism was only associated with salt sensitivity in
Asians, but not in Whites, indicating that BP response to
sodium varies among ethnic/racial groups.2'®

CONCLUSIONS

This review synthesizes the most up-to-date evidence
on sex- and ethnic/racial-specific aspects of raised BP

April 2022 1123

$31vadn aisnaod



FOCUSED UPDATES

Wang et al

and related stroke risk (Table 3). We highlight the need
for more randomized evidence on optimal BP thresholds
and targets in females and males since observational
evidence suggests that, in terms of stroke risk, females
would benefit from lower BP thresholds to the magni-
tude of 10 to 20 mmHg in males. Also, with a substan-
tially increased stroke risk in females with HDP, there will
be benefits from the development of strategies, serving
pregnant females from all backgrounds to eradicate the
barriers to accessing clinical care throughout the con-
tinuum of pregnancy and beyond. Prevention and control
of hypertension require multi-faceted strategies at the
individual, community, and population levels. Interven-
tions targeting high-risk ethnicities/races across the
life course would be beneficial to reduce the burden
of raised BP and subsequent stroke risk. Prospective

Table 3. Executive Summary

Executive summary

Sex differences in hypertension

Higher hypertension prevalence rates among males than females are
observed until the 7th decade of life in high-income Western, European,
and Asia-Pacific countries (HICs), but the change occurs almost 3
decades earlier in LMICs.

Observational evidence suggests females derive greater cardiovascular
benefits at lower BP thresholds than males, implying that optimal BP may
be lower in females than males.

Ethnic/racial differences in hypertension

In HICs, prevalence has declined while health systems have achieved
treatment rates of up to 80% and control rates of up to 60%. However, in
LMICs, only 1 in 3 are aware of their hypertension status, and ~8% have
their BP controlled.

The highest prevalence of hypertension occurs in LMICs, with Sub-Saha-
ran Africa, Oceania, and South Asia have the lowest detection, treatment,
and control rates.

Black individuals tend to have an earlier age of onset, a longer duration,
and greater severity in terms of BP levels and organ damage than Whites.

The impact of higher BP levels on stroke was greater for Blacks and
Asians than for Whites

In general, immigrant females presented with a lower prevalence of
hypertensive disorders of pregnancy compared to nonimmigrant females,
likely due to under-diagnosis. Among females with chronic hypertension or
preeclampsia in the United States, all minority females (Blacks, Hispanics,
and Asian/Pacific Islanders) had a higher risk of stroke than White females.

Actions required

More inclusion of females and reporting sex-specific data in BP-lowering
trials, including females of different ethnic/racial groups and regions to iden-
tify optimal treatments across diverse ethnic/racial groups, are needed.

Developing appropriate policies across the life course to eliminate social
and economic disparities, which reduce the access to the management
and control of raised BP is needed.

Prospective studies of how the interaction of sex and ethnicity/race
influence the prevalence, diagnosis and management of hypertension are
needed.

Ethnicity/race needs to be clearly defined in these types of studies.

Strategies are required to better access clinical care throughout the
continuum of pregnancy and potentially reimagine a care delivery model
that serves pregnant females from all backgrounds.

BP indicates blood pressure; HIC, high-income country; and LMIC, low- and
middle-income country.
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studies are needed to investigate the impact of the inter-
action between sex and ethnicity/race in contributing to
hypertension prevalence, treatment and control.

Gender/sex and ethnicity/race are often used inter-
changeably in the literature, and it is challenging to dis-
tinguish one from the other, while attitudes toward the
dichotomy between sex and gender and between ethnic-
ity and race have evolved over time. This compromises
our ability to describe specific associations with BF.
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