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Review

HYPERTENSION: A BRIEF HISTORY

The leading cause of death in the United States remains 
heart disease, accounting for 24.4% of all deaths among men 
and 22.3% of all deaths among women in 2015.1 Hypertension 
is a complex disorder which involves several organ systems 
and is the primary modifiable risk factor for heart disease. 
Hypertension is often termed the “silent killer” because 
many people with high blood pressure (BP) do not know 
they have the disease until it has progressed. Uncontrolled 
high BP leads to numerous complications including, but not 
limited to, heart attack, stroke, aneurysm, heart failure, renal 
failure, and dementia. The first goal of this article is to review 
the historical clinical trial data and hypertension guidelines 
from the perspective of both genders.

The earliest studies linking uncontrolled hypertension to 
premature morbidity and mortality were performed in the 
1960s, prior to which hypertension was viewed as a natural 
consequence of the aging process.2 The VA Cooperative Study 
phase 1 on hypertension was initiated in 1964 and was the 
first randomized controlled trial on hypertension. The study 
included 143 male veterans with severe hypertension (dias-
tolic BP (DBP) between 115 and 129 mmHg).2 Participants 
were randomly assigned to placebo or treatment groups with 
follow-up at 1.5 years; treatment included reserpine, hydro-
chlorothiazide, and hydralazine. The primary finding was 
antihypertensive treatment reduced cardiovascular(CV)/
morbid events and overall mortality: 4 deaths and 27 morbid 
events with placebo compared with 0 deaths and 2 morbid 

events with treatment. The VA Cooperative Study phase 2 
also started recruiting patients in 1964 and included 380 
men with less severe hypertension (DBP between 90 and 
114)  with follow-up of ~4  years.3 Consistent with phase 1 
results, patients receiving antihypertensive medications 
exhibited significant decreases in mortality and morbid 
events: 19 deaths and 56 morbid events with placebo com-
pared with 8 deaths and 22 morbid events with treatment. 
It is now well established that there is a direct relationship 
between BP and CV disease (CVD) where every 20 mm Hg 
increase in systolic BP (SBP) or 10 mmHg increase in DBP 
doubles the chances of developing CVD.4

We have made tremendous strides in our understanding 
of hypertension since the 1960s and developed a clinical ar-
senal to treat high BP. As a result, clinical trials turned to the 
question of which treatment is the most effective. Treatment 
of Mild Hypertension Study (TOMHS) was published in 
1993 and included men and women, aged 45–69 years, with 
DBP less than 100 mmHg. Results indicated that a diuretic, 
β blocker, α1 adrenergic blocker, calcium channel blocker 
(CCB), and angiotensin-converting enzyme (ACE) inhib-
itor reduced SBP and DBP similarly.5 Antihypertensive 
and Lipid-Lowering Treatment to prevent Heart Attack 
Trial (ALLHAT) was the largest clinical trial up to this 
point and was designed to compare the overall effective-
ness of a CCB, ACE inhibitor, and α-adrenergic blocker to 
the standard of care at the time, a diuretic. The trial was 
initiated in 1994 and ended in 2002 with 42,000 men and 
women aged 55 and older enrolled. ALLHAT found that 
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the “newer drugs” were inferior for controlling high BP and 
lowering the risk of CVD compared with the diuretic. As a 
result of this trial, diuretics were concluded to be the first 
choice for treating hypertension.6 Consistent with this find-
ing, the Seventh Report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure (JNC 7)  published in 2003 recommended 
thiazide-type diuretics as the initial therapy in “most people 
with hypertension.”7

The majority of hypertensive patients require 2 or more 
antihypertensive medications to achieve BP control to rec-
ommended levels.7–10 Based on JNC 7 guidelines, com-
bination treatments typically included a diuretic, but the 
effectiveness of additional antihypertensive combinations 
had not been directly assessed. The Avoiding Cardiovascular 
Events through Combination Therapy in Patients Living 
with Systolic Hypertension (ACCOMPLISH) trial was a 
randomized, double-blind trial including 11,506 men and 
women with hypertension at high risk for CV events. The 
trial was designed to compare the effectiveness of an ACE 
inhibitor combined with a CCB to the same ACE inhibitor 
combined with a thiazide diuretic.11 The trial was terminated 
early due to the superior outcomes in the individuals ran-
domized to the ACE inhibitor and CCB combination; the 
results were published in 2008. In 2014, the JNC 8 guidelines 
were published, and the recommended first line of treat-
ment for “most people with hypertension” remained a thi-
azide diuretic, CCB, ACE inhibitor, or angiotensin receptor 
blocker (ARB).12 These recommendations were based on a 
wide range of studies indicating similar risk profiles for mor-
tality and outcome occurrences among all of these classes 
of drugs.

The most recent advance in our understanding of the con-
trol and treatment of hypertension comes from the Systolic 
Blood Pressure Intervention Trial (SPRINT) released in 
2015, which found that more aggressive BP control results 
in improved health outcomes.13 SPRINT was a random-
ized clinical trial of 9,361 men and women aged 50 years or 
older. Participants were randomized to an intensive treat-
ment group (SBP target of less than 120 mm Hg) or standard 
treatment group (SBP target of less than 140 mm Hg). The 
intensive treatment group had a ~25% greater reduction in 
CV events compared with those on standard treatment, sup-
porting the benefit of aggressive BP control.13 Intensive BP 
control also decreased: risk of CV-related death by 43%, risk 
of heart failure by 38%, and risk of death by 27% compared 
with standard treatment.

The “Guidelines for the Prevention, Detection, 
Evaluation, and Management of High BP in Adults” was 
released in 2017. Based on these guidelines, initial first-line 
pharmacological therapies for hypertension remain con-
sistent with the JNC 8 recommendations of thiazide diuret-
ics, with CCB, and ACE inhibitors or ARBs as alternatives. 
The most significant change to our understanding of hyper-
tension, however, was a reduction in the threshold SBP and 
DBP required to be considered hypertensive. In large part 
due to the outcomes of SPRINT, the 2017 Hypertension 
Guidelines redefined hypertension as SBP above 130 mm 
Hg and DBP above 80 mm Hg.14 As a result, the number 
of individuals classified as hypertensive dramatically 

increased. Applying this definition to the National Health 
and Nutrition Examination Survey (NHANES) data col-
lected between 2011 and 2014, 46% of adults over the age of 
20 in the United States have hypertension, which resulted 
in a 14% increase compared with 32% of hypertensive 
adults under the previous guidelines.14

Prevalence of hypertension: does gender matter?

The 2017 Hypertension Guidelines resulted in an imme-
diate and robust increase in the prevalence of hypertension 
among both men and women in the United States across 
all age groups. Gender differences in BP were first reported 
in 1947 in university students where men had consistently 
higher BPs compared with women.15 It became well estab-
lished that men had a higher prevalence of hypertension 
compared with women prior to the onset of menopause, 
after which women displayed a more rapid increase in the 
prevalence of hypertension relative to men such that hyper-
tension rates in women eventually exceed that seen in men. 
This is reflected in the prevalence of hypertension as defined 
by the JNC 7/8 Guidelines using the NHANES BP data from 
2011–2014. Using these definitions of hypertension, 34% of 
adults over the age of 20 in the United States were defined as 
hypertensive, and this included 34.5% of men (40.8 million 
males) and 33.4% of women (44.9 million females). As a re-
sult, women accounted for ~51% of the hypertensive popu-
lation. When examined by age, more men had hypertension 
from ages 45–54, the prevalence of hypertension was com-
parable between the genders from ages 20 to 44 and from 
55 until 74, but by age 75, more women were hypertensive 
(Figure 1).

Interestingly, when the 2017 Hypertension Guidelines 
are applied to this same BP data set, the gender difference 
in the prevalence of hypertension was exacerbated. There 
is now a more pronounced gender difference where men 
have a much greater prevalence of hypertension from 20 
until 65 years of age where the gap between the genders is 
narrowed, yet more women over age 75 remain hyperten-
sive. This is driven by much greater increases in the prev-
alence of hypertension among men when compared with 
women, suggesting a historically larger number of men 
with prehypertension (as defined in JNC 7 as SBP 120–139 
or DBP 80–89). Indeed, when the prevalence of individu-
als with prehypertension was examined in 10,380 people 
from the NHANES data from 1999 to 2006, 36.3% of oth-
erwise healthy adults were prehypertensive and men had a 
much higher prevalence of prehypertension compared with 
women (45% vs. 27%).16 This finding is further supported 
by a recent meta-analysis of 250,741 individuals (120,605 
men and 130,136 women) from 13 countries17 where the 
overall prevalence of prehypertension was 36%, and the 
pooled prevalence of prehypertension was 40% among men 
vs. 33% among women.17 Regardless, these data re-estab-
lish the notion that young women (20–44) are relatively 
protected from developing hypertension compared with 
their male counterparts. It should not be ignored, however, 
that even at young ages (20–44), 20% of women are hyper-
tensive, and this number is only expected to increase. As a 
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result, gaining better understanding of BP control among 
women should remain a priority.

Hypertension from her point of view

Based on established gender differences in numerous 
aspects of CV physiology and pharmacology as discussed 
elsewhere,18–20 it seems appropriate to ask whether the 
conclusions drawn in the clinical studies above are equally 

applicable to both men and women. All of the clinical trial 
data discussed above were collected in either males alone 
(VA Studies) or in both sexes; however, the data were not 
presented separated by sex in the initial publications of the 
clinical trial results. As a result, it is difficult to draw sex-
specific conclusions regarding the impact of (i) hypertension 
on CV outcomes in women and (ii) the relative effectiveness 
of antihypertensive agents in controlling BP and reducing 
CVD risk in women. Furthermore, it is relevant to note 
that in the clinical trials discussed above that included both 
men and women, the average age of the participants was 67 
(ALLHAT) to 68 (ACCOMPLISH, SPRINT) years of age. At 
this age, the majority of both men and women are hyper-
tensive, and women are beginning to overtake men in the 
prevalence of hypertension, yet in the trials that included 
women, they represented less than 50% of the participants. 
In addition, BP control rates in women are lowest over the 
age of 60.21 Therefore, understanding how women respond 
to antihypertensive medications is critically important.

ALLHAT was the first clinical trial to compare the effects 
of nondiuretic-based antihypertensive therapy among 
women; 47% of participants in ALLHAT were women.22 
A  subgroup analysis examined mortality in 17,411 men 
and 15,393 women and morbidity in 9,537 men and 12,086 
women. When the data were examined separately by sex, no 
differences in CVD outcomes by sex were detected, thereby 
supporting the use of diuretics as the first-line defense for 
both genders in the treatment of hypertension. Although 
40% of enrolled participants in ACCOMPLISH and 38% of 
enrolled participants on TOMHS were women, the BP data 
have not been analyzed separately by gender as far as we 
are aware. A  review of the literature up to 2006 identified 
59 randomized controlled studies treating mild to moderate 
hypertension in women for at least 6 months of duration.23 
From the review of this literature, the authors concluded that 
“evidence from trials of antihypertensive treatment benefits 
specific to women is weak, but in studies where the analysis 
was adjusted for gender, the results appear to be similar for 
women and men.” However, it should be noted that none of 
these studies were designed or powered to specifically assess 
treatment effectiveness between the sexes.

Based on the far-reaching implications for SPRINT in 
defining a “safe” level for BP control, it may not be sur-
prising that the implications for SPRINT to women have 
been considered. Despite women accounting for approx-
imately half of the hypertensive population, only 36% of 
enrolled participants in SPRINT were women13; potential 
reasons behind this low enrollment and the implications 
are discussed elsewhere.24 Although SPRINT planned to de-
termine optimal BP management in both sexes, there were 
only 77 women compared with 166 men included in the in-
tensive treatment group and 89 women compared with the 
230 men in the standard treatment group. The incidence 
of primary outcomes and all-cause mortality was lower in 
women when compared with men, regardless of treatment, 
suggesting that women were lower risk when enrolled in 
the study.24 Moreover, the study was terminated early due 
to significantly better treatment outcomes in men receiving 
the intensive treatment. As a result, conclusions drawn from 
SPRINT are primarily based on the results among the men, 
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Figure 1. Prevalence of hypertension among men and women across 
adulthood. Data are adapted from the US Centers for Disease Control 
and Prevention/National Center for Health Statistics, National Health and 
Nutrition Examination Survey, 2011–2014 based on the definition of hy-
pertension as 140/90 mm Hg according to the JNC guidelines (top) and 
the 2014 Hypertension guidelines using 130/80 mm Hg as hypertensive 
(middle). The bottom panel is the calculated increase in the prevalence 
of hypertension based on the newer guidelines. Abbreviation: JNC, Joint 
National Committee.
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and inadequacy of power in the female cohort prevents 
drawing strong conclusions about intensive treatment effec-
tiveness in women. In response to these shortcomings from 
the female perspective, several studies have made attempts 
to analyze the SPRINT data to investigate both potential sex 
differences between the standard and intensive care groups 
and the relative effectiveness of more intensive BP control 
among women. It should be noted though that the relatively 
low numbers of women included in the trial prevent strong 
conclusions regarding women to be drawn.

Foy et al. reported in a gender-based analysis that women 
in SPRINT had significantly higher SBP than the men, al-
though they tended to be healthier with lower CV risk at 
enrollment.25 Among both genders, the intensive treatment 
groups had lower SBP than those randomized to standard 
treatment 6  months into the study, and SBP in the inten-
sive groups remained lower throughout the study. Moreover, 
treatment resulted in similar BP values between men and 
women at the 3-year assessment in both treatment groups, 
suggesting comparable effectiveness in the ability to lower 
BP although significance was not reached in the women. The 
effect of treatment on primary CVD outcomes was also con-
sistent between men and women, supporting a cardioprotec-
tive role of more intensive BP control among both genders. In 
addition, there were no differences in overall serious adverse 
events by randomized group either in women or in men, and 
there was not a gender by treatment–group interaction. It was 
therefore concluded that the intensive treatment was effective 
in both men and women over 3 years of follow-up.

In a separate study by Ochoa-Jimene et al., the patient-level 
data from SPRINT were analyzed to determine whether BP 
treatment effects differed by gender in participants less than 
60 or over 6026 in propensity score-matched populations. To 
account for the difference in baseline CV risk among men 
and women in SPRINT, propensity score matching was used 
to take into account this potentially confounding variable 
that can bias an outcome to control for baseline differences. 
When the effectiveness of standard vs. intensive therapy was 
compared among all participants, intensive treatment was 
clearly beneficial in regards to the primary outcome among 
men (P < 0.0001). While the intensive treatment also tended 
to be more beneficial among women, this did not reach sta-
tistical significance (P  =  0.206). When participants were 
then stratified by age, the benefits of the intensive treatment 
did not reach significance in either men (P = 0.09) or women 
(P = 0.43) less than 60 years old, although after 30 months 
of treatment, men in the intensive treatment group had a 
pronounced improvement in primary outcomes. When 
men and women 60 and over were examined, the intensive 
treatment was significantly better than standard treatment 
only in men (P  =  0.003). Although significance was again 
not achieved in women, the older women in the intensive 
treatment group had consistently lower probability of pri-
mary outcomes relative to those in the standard treatment 
group. Indeed, among all groups, there was a shift toward 
improved primary outcomes with intensive treatment com-
pared with standard treatment; the differences were in the 
degree of shift.

The authors in this later study suggested that the lack of 
a significant difference between the standard and intensive 

treatment groups among women may suggest that men ex-
perience a greater CV benefit from a given decrease in BP 
compared with women. However, when absolute and rel-
ative risks associated with conventional and ambulatory 
BP measurements and CV complications were examined 
in men (n = 4,960) and women (n = 4,397), women exhib-
ited a greater risk of CV events with increasing BP and 
had a higher proportion of potentially preventable events 
compared with men, despite having a lower overall CV 
risk.27 In an additional study designed to derive diagnostic 
thresholds for the awake and asleep SBP and DBP means 
based upon CVD outcome in men vs. women, men again 
exhibited greater CVD event rates than women, yet the re-
lationship between ambulatory BP and CVD risk remained 
steeper in women than men.28 The authors concluded that 
the outcome-based reference thresholds for men were 
135/85 mm Hg for the awake and 120/70 mm Hg for the 
asleep SBP/DBP means compared with threshold values of 
125/80 mm Hg for the awake and 110/65 mm Hg for the 
asleep SBP/DBP for women. Together, these findings sug-
gest that women would be expected to actually have greater 
CV benefits from more intensive decreases in BP, yet this 
does not appear to be supported by the results of SPRINT 
where men clearly benefitted more from the intensive treat-
ment relative to women.

Regardless, the data question the current guidelines rec-
ommending the same level of BP control in men and women 
and underscores the importance of continued research to 
better understand the impact of more aggressive BP con-
trol in hypertensive women across the lifespan. The average 
age of the women included in the studies directly compar-
ing the impact of BP on CVD outcomes was ~53, yet this 
is not the age with the highest prevalence of hypertension 
among women, and therefore, these are not women most at 
risk for increased CV morbidity and mortality. There have 
been no randomized controlled trials powered to assess CV 
morbidity and BP outcomes in hypertension specifically in 
women, and as a result, we still do not know enough about 
the protective effects of lowering BP in at-risk women.

Mechanisms of BP control: linking the RAS to inflammation

With 46% of the population now defined as hypertensive 
and the prevalence of hypertension expected to increase, 
there is more interest than even in better understanding 
the molecular mechanisms regulating BP control in both 
sexes. Drugs targeting the renin–angiotensin–aldosterone 
system are widely used in the treatment of hypertension, in 
large part through the efforts and advances made by John 
Laragh.29,30 Dr Laragh discovered the central role of renin 
in contributing to increases in BP and the associated end-
organ damage in hypertension.31–33 This work provided the 
foundation and rationale for the development of 2 classes of 
antihypertensive drugs that remain a first-line defense for 
the treatment of hypertension, ACE inhibitors, and ARBs.

While both hypertensive men and women are routinely 
treated with ACE inhibitors and ARBs, there is an expan-
sive literature describing sex and gender differences in 
responses to both the activation and inhibition of the renin–
angiotensin system (RAS) that have recently been reviewed 
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elsewhere.18,34–36 In general, males have greater expression 
levels and physiological responses to activation of the clas-
sical RAS (Ang II, angiotensin II type 1 receptor (AT1R), 
ACE), while females have greater expression and physio-
logical responses to activation of the nonclassical RAS (Ang 
(1–7), angiotensin II type 2 receptor (AT2R), Mas receptor, 
ACE2). Our goal with the remainder of this review is to 
assess the basic science literature describing sex differences 
in the RAS and how these differences may ultimately un-
derlie sex differences in BP control.

As defined by The Institute of Medicine Committee on 
Understanding the Biology of Sex and Gender Differences,37 
“sex” refers to classification based on reproductive organs 
and functions assigned by the chromosomal complement, 
whereas “gender” includes the individual’s self-representa-
tion and presentation as male or female based on socially 
constructed characteristics. Therefore, clinical studies above 
referred to gender differences where participants self-
reported their gender, while basic science studies will refer 
to sex differences based on phenotype alone.

There are sex differences in the RAS in hypertension

Angiotensinogen is synthesized in the liver, and renin 
converts angiotensinogen into angiotensin I (Ang I).38 ACE 
1 further cleaves Ang I to Ang II, which can then bind to 1 
of 2 receptors: AT1R or AT2R. When bound to AT1R, Ang 
II constricts blood vessels, increases sodium reabsorption, 
and leads to increases in BP. In contrast, AT2R-bound Ang 
II triggers vasodilation and natriuresis. Angiotensin (1–7) is 
a vasodilatory peptide of the RAS which binds to the Mas 
receptor to increase nitric oxide (NO) production, trigger 
vasodilation, and induce natriuresis.39

Work from our group and others have shown that male 
spontaneously hypertensive rats (SHR) have greater AT1R 
mRNA and protein expression in the vasculature and kidney, 
while females have greater AT2R expression.40,41 Female 
SHR also have greater renal Ang (1–7) levels compared with 
males, although renal Ang II levels are comparable between 
the sexes.41 Sex differences in the expression levels of RAS 
components in hypertension are paralleled by sex differ-
ences in CV responses. Greater AT1R expression in male 
SHR vs. greater AT2R expression in females translates into 
enhanced constriction to Ang II in isolated aorta and mes-
enteric microvessels from males.40 Hypertensive male SHR 
are also more sensitive to chronic and acute Ang II-induced 
increases in BP,41,42 and greater increases in BP with chronic 
Ang II infusion in male SHR are mediated, in part, by greater 
Ang II-induced increases in oxidative stress. In contrast, 
enhanced Ang (1–7) production in females attenuates Ang 
II-induced increases in BP,41,43 and increased Ang (1–7) in 
female SHR during treatment with an ARB contributes to 
the BP-lowering effect of the ARB only in females.44

Role of the kidney and immune cells in sex differences in 
Ang II hypertension

The kidney is known to play a central role in the control 
of BP, in particular Ang II-induced increases in BP. This was 

elegantly shown using a kidney cross-transplantation strategy 
to separate the actions of systemic and renal AT1AR.45 The 
authors found that renal AT1AR were primarily responsible 
for mediating the hypertensive actions of Ang II in male 
mice. Interestingly, the kidney is also central to mediating 
sex differences in the BP response to Ang II. Using cross-sex 
renal transplantation studies in C57BL/6 mice, it was found 
that Ang II-induced increases in BP in male mice were at-
tenuated following transplant of a female, but not a male, 
kidney, while females receiving a male kidney exhibited a 
more robust increase in BP.46 The enhanced BP response to 
Ang II in the female mouse receiving a male kidney was as-
sociated with an increase in pro-inflammatory cytokines. 
Based on the growing body of literature linking immune cell 
activation to the development of Ang II hypertension, it is 
tempting to speculate that sex differences in inflammation 
and the immune system may underlie sex differences in Ang 
II hypertension.

Adaptive immune cells, more specifically  T cells, are 
well established to contribute to experimental hyperten-
sion in males (see recent reviews).47–49 In a seminal study 
by Guzik et  al.,50 it was found that RAG-1−/− male mice 
which lack T and B cells have a blunted increase in BP to 
Ang II that is restored after adoptive transfer of T cells. 
Later studies that included both male and female RAG-
1−/− mice yielded a number of interesting findings. First, 
the sex difference in the BP response to Ang II observed in 
wild-type mice is absent in Rag1−/− mice,51,52 suggesting a 
critical role for T cells in mediating sex differences in the 
BP response to Ang II. Second, adoptive transfer of CD3+ 
T cells from a male donor only restores Ang II hyper-
tensive responses to male recipients; female RAG1−/− re-
ceiving T cells from a male donor do not display increases 
in BP.51 Third, adoptive transfer of T cells from a female 
donor into a male RAG-1−/− mouse failed to restore Ang 
II-induced hypertension.52 These data suggest that sex of 
both the donor and recipient is critical determinant of the 
BP response to Ang II.

Based on the central role of the kidney in mediating 
Ang II hypertension as discussed above, the renal T-cell 
profile was examined in RAG-1−/− mice assessing the im-
pact of sex of the donor and sex of the T cell on Ang II hy-
pertension. Although Ang II administration did not alter 
the infiltration of T cells into the kidney of either male 
or female RAG-1−/− mice following adoptive transfer of T 
cells from a male donor, consistent with greater increases 
in BP, males exhibited increases in pro-inflammatory 
cytokines (interleukin (IL)-2, tumor necrosis factor-α, 
and monocyte chemoattractant protein 1).51 Neither T 
cells nor cytokines were increased in females following 
adoptive transfer of T cells from a male donor and Ang 
II infusion, although, since the female mice did not dis-
play an increase in BP, this finding may not be surprising. 
Similarly, there were no differences in renal infiltration of 
T cells in male RAG-1−/− regardless of the sex of the donor 
T cell for adoptive transfer.52 However, male RAG-1−/− 
mice that received T cells from a female donor exhibited 
greater renal mRNA expression of the T regulatory cell 
(Treg) marker FoxP3 and the anti-inflammatory cytokine 
IL-10 but also greater expression of the pro-inflammatory 
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markers IL-2, IL-6, IL-17A, IFN-γ, and monocyte chemo-
attractant protein 1.

Based on the anti-inflammatory and antihypertensive 
roles of Tregs, we propose that Tregs contribute to the 
blunted increase in BP with Ang II infusion when females 
served as the T-cell donor. Adoptive transfer of Tregs blunts 
Ang II-induced increases in BP and attenuates vascular and 
renal end-organ injury in male mice.53–59 Our group has 
examined the renal T-cell profile in hypertensive males and 
females. Male SHR have greater renal Th17 cell infiltration, 
while female SHR have greater Tregs.60–63 Greater Tregs in 
female SHR is dependent on increases in BP with age,61,63 
suggesting this increase is a compensatory mechanism that 
contributes to the lower BP in young adult female SHR com-
pared with males.64 In addition, Ang II-induced increases in 
BP in male and female Sprague-Dawley rats result in greater 
increases in Tregs in the females compared with the males.65

CONCLUSIONS

A 2010 meta-analysis examining the representation of 
women in randomized clinical trials for CVD prevention 
reported that representation of women in trials for hyper-
tension at that time was 44%, which was increased from in-
clusion rates of 34% in 2006, yet still below the percentages 
reflected in the general population.66 Disappointingly, inclu-
sion rates in SPRINT were well below this historical average, 
and we remain unable to draw strong gender-specific con-
clusion regarding the impact of BP control on overall CV 
health in women.

At the same time, however, there is an increase in the num-
bers of basic science studies that incorporate both sexes, and 
we are slowly advancing our understanding of the mechanisms 
underlying hypertension in both sexes. Recent studies examin-
ing immune cell activation and the role of T cells in BP control 
have the potential to (i) provide key insight into how persistent 
overactivation of the RAS leads to hypertension and (ii) ex-
plain the basis underlying sex differences in BP control where 
activation of the RAS preferentially increases Tregs in the fe-
male which contributes to the delayed increase in BP. More 
clinical and basic science studies are needed however to better 
understand BP control in women and determine optimal treat-
ment. The last “new” class of antihypertensive medications to 
become a first-line treatment was ARBs and that was decades 
ago. It is tempting to speculate on the potential of immuno-
therapy to selectively increase Tregs to lower BP and protect 
against end-organ damage, particularly among women.
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