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BACKGROUND: Hypertension is the leading modifiable cardiovascular risk factor with recognized sex- and gender-based dif-
ferences. We assessed the incorporation of sex and gender reporting in the antihypertensive medication literature informing
hypertension guidelines.

METHODS AND RESULTS: Literature cited in the International Society of Hypertension (2020), European Society of Cardiology/
European Society of Hypertension (2018), American College of Cardiology/American Heart Association (2017), Latin American
Society of Hypertension (2017), Pan-African Society of Cardiology (2020), and Hypertension Canada (2020) guidelines was
systematically reviewed. Observational studies, randomized controlled trials, and systematic reviews involving antihyperten-
sive medications were included. Studies with participants of a single sex, guidelines, and commentaries were excluded.
Data on study participation-to-prevalence ratio by sex, analysis of baseline demographics and study outcomes by sex, and
stratification of adverse events by sex were extracted. Of 1659 unique citations, 331 studies met inclusion criteria. Of those,
81% reported the sex of participants, and 22% reported a male-to-female participation-to-prevalence ratio of 0.8 to 1.2.
Three percent of studies stratified baseline characteristics by sex, and 20% considered sex during analysis through statistical
adjustment or stratification. Although 32% of studies reported adverse events, only 0.6% stratified adverse events by sex.
Most (58%) studies reporting sex/gender used sex and gender terms interchangeably.

CONCLUSIONS: Incorporation of sex- and gender-based considerations in study population, analysis, or reporting of results and
adverse events is not common in the antinypertensive medication literature informing international hypertension guidelines.
Greater attention to sex- and gender-based factors in research is required to optimally inform management of hypertension.
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lobally, hypertension is the leading modifiable risk
factor for cardiovascular mortality in men and
women."* Although the number of adults living
with hypertension doubled between 1990 and 2019 to
1.3 billion, 4 of 5 individuals are not adequately treated.®
Underscoring blood pressure control as 1 of the most
important determinants of cardiovascular and kidney
health, the World Health Organization has recently set

a global target of a 25% relative reduction in the preva-
lence of increased blood pressure by 2025.°

However, despite increasingly recognized sex
(biological) and gender (sociocultural) differences in
the prevalence, cause, and control of hypertension as
well as antihypertensive effects of interventions,®’ clin-
ical recommendations for hypertension management
endorse a 1-size-fits-all approach. We assessed the
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CLINICAL PERSPECTIVE
What Is New?

Approximately 1 in 5 antihypertensive medica-
tion studies informing hypertension guidelines
do not incorporate any sex- and gender-based
reporting or analysis.

e Fewer than 1 in 4 antihypertensive medication
studies have appropriate sex-based represen-
tation in study participants, and sex-stratified
analysis of results is not common.

e Sex-stratified adverse events are rarely reported.

What Are the Clinical Implications?

e Despite an emphasis on precision medicine and
mandates from journals and funding agencies,
antihypertensive medication studies informing
hypertension guidelines rarely incorporate sex-
and gender-based reporting and analysis.

e Greater attention to sex- and gender-based fac-
tors in research is required to optimally inform
clinical practice and improve management of
hypertension in all individuals.

Nonstandard Abbreviations and Acronyms

AE adverse event
PPR participation-to-prevalence ratio

incorporation of sex and gender reporting in the anti-
hypertensive medication literature informing hyperten-
sion guidelines.

METHODS

The authors declare that all supporting data are avail-
able within the article and its online supplementary
files. We systematically reviewed all literature cited
in the International Society of Hypertension (2020),2
Latin American Society of Hypertension (2017),°
European Society of Cardiology/European Society
of Hypertension (2018),'© Pan-African Society of
Cardiology (2020),"" American College of Cardiology/
American Heart Association (2017),'? and Hypertension
Canada (2020)"® guidelines (Table $1). The terms sex
and gender are not synonymous. However, recog-
nizing these terms are often used interchangeably in
studies, we assumed women to mean female sex and
men to mean male sex. The inclusion criteria were ob-
servational studies, randomized controlled trials, and
systematic reviews involving antihnypertensive medica-
tions. The exclusion criteria were single-sex studies,
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guidelines, and commentaries (Table S2). Two review-
ers (N.G. and KT.M.) independently extracted data
using a standardized data abstraction form, with data
items including ratio of male-to-female participants,
analysis of baseline demographics and study out-
comes by sex, reporting of adverse events (AEs), and
stratification of AEs by sex. Any event reported using
terminology such as “adverse effects, side effects, ad-
verse outcomes, or safety outcomes” was defined an
“AE." The participation-to-prevalence ratio (PPR) is a
measure of the representation of a specific group in
the study population relative to the prevalence of the
condition of interest in the same group. In the context
of sex and hypertension, this metric can be calculated
by dividing the proportion of men or women in the
study population by the proportion of men or women,
respectively, with hypertension in the general popula-
tion," which, given that the global prevalence of hyper-
tension is roughly equal in men and women,®%1%is 0.5.
As a PPR approximating 1 suggests a representative
study population composition, a PPR <0.8 and >1.2
indicates the underrepresentation and overrepresenta-
tion of male or female participants. Calculation of the
PPR is an important metric in the development of sex-
specific guidelines.'*'® Institutional review board ap-
proval and informed consent were not required for this
study as all data were publicly available.

RESULTS

Of 1659 unique articles cited in the 6 guidelines, 331
studies met inclusion criteria (Figure 1). Of the 331 stud-
ies that met the inclusion criteria, 267 (81%) reported
the sex of participants (Table S3), with only 73 (22%)
reporting a male-to-female PPR of 0.8 to 1.2, 140 (42%)
with a PPR of >1.2 (overrepresentation of men), and 40
(12%) with a PPR of <0.8 (overrepresentation of women),
whereas the PPR could not be determined for 14 stud-
ies (4%) (Figures 2 and 3). Baseline characteristics were
stratified by sex in 11 studies (3%), and 67 (20%) consid-
ered sex in analysis through statistical adjustment (n=18
[5%)]) or stratification (=49 [15%)]). Although 105 studies
(32%) reported AEs, only 2 (0.6%) stratified AEs by sex.
Of the 267 studies that reported the sex or gender of
participants, 87 (33%) used sex-based terms (eg, male
or female) to describe their participants, 24 (9%) stud-
ies used gender-based terms (eg, men or women), and
156 (58%) used sex- and gender-based terms inter-
changeably. No study reported how the sex or gender
of participants was determined.!”

DISCUSSION

Our key findings were as follows: (1) approximately 1
in 5 antihypertensive medication studies informing
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| Published studies cited in the 6 guidelines (n=1873) l

A
| Studies screened (n=1659) ‘

> Duplicate studies removed (n=214)

Studies excluded (n=1285)

!

| Studies assessed for eligibility (n=374) l

"| + Did not relate to antihypertensive medications (n=1285)

Records excluded (n=43)

A4
| Studies included in review (n=331) |

v

*  Wrong study design (n=27)
* Included only 1 sex (n=16)

Figure 1.

hypertension guidelines did not incorporate any sex-
and gender-based reporting or analysis; (2) <1 in 4
studies had appropriate sex-based representation in
study participants; (3) approximately15% of studies
reported sex-stratified outcomes; (4) sex-stratified AEs
were rarely reported; and (5) sex- and gender-based
terminology was commonly used interchangeably. The
results highlight that despite the increasing emphasis
on precision health and personalized cardiovascular
care,'®?? few antihypertensive medication studies in-
forming commonly used guidelines for hypertension
management incorporated principles of sex- and gen-
der-based analysis, including targeting a study PPR of
0.8 to 1.2, reporting baseline participant demograph-
ics by sex and gender, or analyzing or reporting study

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.

outcomes and AEs stratified by sex and gender.?®
These findings are concerning given the recognized
sex and gender differences in the pathophysiology and
cardiovascular and kidney risks of hypertension,36:24-28
as well as access,?®% adherence,® and AES3?% re-
lated to antihypertensive agents.®

The National Institutes of Health launched the
Precision Medicine Initiative and instituted the Sex as a
Biological Variable Policy in 2015%6%7; and although the
guidelines included in this review were published be-
tween 2017 and 2020, the design of this study does not
capture more recently published research. However, a
subanalysis of literature informing the guidelines pub-
lished during or after 2015 demonstrated a similar pat-
tern to our overall results (Figure S1). Our findings are

| Studies included in review (n=331) |

| Reported study participation by sex (n=267, 81%) |

Male- to-Female PPR >1.2
(n=140, 42%)
Male- to-Female PPR <0.8
e —
(n=40, 12%)
Male- to-Female PPR could not
> .
be determined (n=14, 4%)*

A4

Studies reported at least 1
outcome stratified or adjusted by
sex (n=67, 20%)

Studies reported adverse
events (n=105, 32%)

Male- to-Female PPR
0.8-1.2 (n=73, 22%)

Studies reported baseline
characteristics stratified
by sex (n=11, 3%)

A4

v

Studies stratified
Stratified Adjusted adverse events by sex
(n=49, 15%) (n=18, 5%) (n=2, 0.6%)

Figure 2. Flowchart of sex-based analysis and reporting in antihypertensive medication studies informing clinical
hypertension guidelines.

*Studies that were systematic reviews. PPR indicates population-to-prevalence ratio.
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Figure 3. Bar chart displaying the number of studies looking at sex-based analysis and reporting in antihypertensive

literature informing clinical hypertension guidelines.

AE indicates adverse event; and PPR, population-to-prevalence ratio.

also consistent with a recent scoping review of anti-
hypertensive medication studies published between
1964 and 2020 that showed substantial underrepre-
sentation of female participants in clinical trials, with
only 3.7% of studies stratifying results by sex.®® Our
results are also in keeping with previous work high-
lighting the underrepresentation of women in cardio-
vascular and kidney trials.'*38-4! Pharmacokinetics and
pharmacodynamics of drugs differ by sex,* which
may account for greater AEs and lower adherence in
women compared with men using antihypertensive
medications,®?3% underscoring the importance of re-
porting sex-stratified AEs.

The incomplete reporting of sex and gender and
an emphasis on sex rather than gender noted in this
study have also been observed in other research set-
tings.*3-4 Similar to our findings showing most studies
used the terms sex and gender interchangeably, only
35% of Canadian clinical practice guidelines published
between 2013 and 2015 for noncommunicable health
conditions that included “sex” and/or “gender” used
the terms correctly*® according to the Sex and Gender
Equity in Research guidelines.*” This may partially re-
flect alack of integration of sex, as a biological attribute,
and gender, as a socially constructed identity, in health
research reporting guidelines. In a systematic review of
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407 reporting guidelines listed on the Equator Network
registry and published between 1995 and 2018, only 1
reporting guideline met the criteria of the correct use of
sex and gender concepts.*®

The fact that no study reported both the sex and
the gender of participants deserves mention. The as-
sumption that sex assigned at birth always aligns with
gender identity does not take into account the grow-
ing global transgender, gender-diverse, and nonbinary
populations; moreover, these populations are im-
pacted by disparities across a variety of cardiovascu-
lar risk factors compared with their cisgender peers.*
Most research on hypertension in transgender or non-
binary adults has focused on the impact of gender-af-
firming hormone therapy on blood pressure, which to
date has been overall inconclusive.5%5" Application of
frameworks®>%% to improve incorporation of sex and
gender considerations in blood pressure research has
the potential to create new knowledge in the manage-
ment of hypertension.

Our study provides evidence that literature inform-
ing guidelines for management of hypertension poorly
incorporates sex and gender considerations in study
design, analysis, and reporting despite mandates
from funders,®8:54%5 journals,*” and governments.%6-58
Structured frameworks exist to determine whether
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sex-specific recommendations should be made in clin-
ical guidelines.?® However, research informing guide-
lines first needs to systematically incorporate sex- and
gender-related considerations to achieve the goal of
optimizing health outcomes for all.
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