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Abstract

It has long been recognized that there are significant differences between the sexes affecting
prevalence, incidence, and severity over a broad range of diseases. Until the early 1990s, the
limited research conducted on women’s health focused primarily on diseases affecting fertility
and reproduction, and women were excluded from most clinical trials. For these reasons, the
prevention, diagnosis, and treatment of serious chronic diseases such as cardiovascular disease in
women continue to be based primarily on findings in men, and sex-specific clinical guidelines

are mostly lacking. Hypertension, obesity, and diabetes, interrelated risk factors for cardiovascular
disease, differ by sex in terms of prevalence and adverse effects as well as by genetics and
biology. Research is needed to understand sex differences in hypertension, obesity, and diabetes to
optimally inform sex-specific prevention, diagnosis, and treatment strategies for women and men.
In this way, sex-specific clinical guidelines can be developed where warranted.
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The landmark 2001 Institute of Medicine report, “Exploring the Biological Contributions to
Human Health: Does Sex Matter?” confirmed that significant differences between the sexes
affect prevalence, incidence, and severity over a broad range of diseases. However, women
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were excluded from most clinical trials until the early 1990s, and sex differences have not
been widely studied until more recently. As a result, prevention, diagnosis and treatment of
serious chronic diseases, such as cardiovascular disease (CVD) in women, continue to be
based primarily on findings in men, and sexspecific clinical guidelines are mostly lacking.
Optimal care for women should include consideration and integration of sex differences into
therapeutic guidelines (Figure 1).2

As stated by the Canadian Institute of Health Research in 2020, “sex refers to a set

of biological attributes . . . including chromosomes, gene expression, hormone levels and
function, and reproductive/sexual anatomy.”3 Sex differences may affect health and should
be considered in trial design* (Figure 2). Identifying and understanding sex differences is the
first step in establishing sex-specific treatment guidelines where warranted.

As noted, a major challenge in the exploration of sex as a biological variable related to
clinical guidelines is that fewer women were included in studies and the resulting lack of
incorporation of sex-specific analyses. Therefore, in 2022, knowledge about CVD, including
critical CVD risk factors such as hypertension, obesity, and diabetes, still does not include
information about treatment options, treatments, and outcomes in women vs men based on
biological sex differences.*~7

The purpose of this manuscript is to focus on sex differences in 3 key interrelated risk
factors for CVD: hypertension, obesity, and diabetes. Although concepts related to gender,
which refers to psychosociocultural factors, are also of importance, they are not the focus of
this manuscript.

BACKGROUND: SEX DIFFERENCES IN HYPERTENSION, OBESITY, AND
DIABETES

Sex differences exist in hypertension, obesity, and diabetes.8 Although it is known that sex
modifies the incidence and risks posed by diabetes, obesity, and hypertension, there must be
prospective studies to guide evidence-based, sex-specific, goal-directed therapy to improve
cardiovascular health outcomes. Education is also needed so that women understand that
hypertension (including hypertensive disorders of pregnancy), obesity, and diabetes place
them at risk for CVD and to promote the prioritization of selfcare. To clarify what is known
and what remains to be studied, we examine hypertension, obesity, and diabetes through

the lens of sex differences, including the current epidemiologic data and differences in
clinical care, while highlighting the lack of clinical practice guideline recommendations that
incorporate sex differences (Figure 2). This paper is not meant to be a comprehensive review
of these differences but will serve to highlight what is known and, importantly, serve as a
call to action for future research in the area.

DESCRIPTIVE EPIDEMIOLOGY OF SEX DIFFERENCES
HYPERTENSION.

The prevalence of hypertension is higher in men than in women before age 60 years.
National Health and Nutrition Examination Surveys (NHANES) data demonstrate a lower

JAm Coll Cardiol. Author manuscript; available in PMC 2022 September 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Regensteiner and Reusch Page 3

prevalence of hypertension in younger women as defined by a blood pressure >130/80
mm Hg%19 (Figure 3). This difference in prevalence may, in part, be explained by specific
impacts of estrogen on the vasculature and the sympathetic nervous system.® Mortality
related to hypertension is greater in women (with the exception of chronic kidney disease
[CKD]).8 Overall, non-Hispanic (NH) Black people have a higher blood pressure than
NH-White or Hispanic people. In NH-Black women, hypertension prevalence equals that of
NH-Black men. Age-adjusted prevalence in hypertension in the United States decreased in
women overall between 1999 and 2018, whereas overall it has not decreased in men.10
Hypertension has the highest impact on mortality of all pharmacologically modifiable
cardiovascular risk factors.1! It is estimated that elimination of hypertension could reduce
CVD mortality by 30.4% among men and 38.0% among women. However, hypertension
remains effectively undertreated. In the United States, based on NHANES 2015 to 2018
data, women have greater awareness, treatment, and control of hypertension with the
exception of NH Asian women.®

Globally, with new guidelines, there is an increase in the prevalence of hypertension
(exceeding 1.4 billion), including untreated hypertension.1213 In South Korea and China,
hypertension and its impact on mortality are greater in lower-income groups. The combined
impact of hypertension and lower income level on cardiovascular outcomes is male
predominant in Chinal® and India,* whereas this difference is not reported in South
Korea.1® In contrast, a small study from East Africa (using self-report) indicated twice the
incidence of hypertension in women compared to men.16

Disentangling the cardiovascular effects of hypertension from those of other risk factors
and comorbidities is challenging because hypertension is common in those who have
obesity, type 2 diabetes (T2D), or type 1 diabetes.8 Wenger et all7 reported that 20% to
30% of hypertension is associated with overweight/obesity, with a 2- to 6-fold increase

in prevalence of hypertension in the presence of overweight/obesity. Early studies of
hypertension and diabetes included relatively few or no women. Data generated in the

past 10 years are beginning to provide clarifying insights. For instance, premenopausal
women typically have lower blood pressure than men8 (Figure 3). With advancing age

(and postmenopausal status), hypertension rates are similar in women and men yet are
associated with greater mortality risk and poorer achievement of guideline-directed therapy
in women.818.19 Emerging evidence suggests that hypertension may be a more important
risk factor for acute coronary syndrome and heart failure with preserved ejection fraction

in women than men.18.20 Conditions that occur with pregnancy, such as preeclampsia, are
associated with a short-term increased risk of postpartum hypertension and a longer-term
risk of CVD.2! The relationship between blood pressure and CVD risk may also differ

for the sexes in nuanced ways. Ji et al?2 noted that CVD risk increased beginning at

lower thresholds of systolic blood pressure for women than for men. Other large studies
have reported that stroke is a complication of hypertension in women, whereas coronary
heart disease and heart failure are more commonly associated with hypertension in men.20
Kringeland et al?3 found that women with stage 1 hypertension in their early 40s doubled the
risk of acute coronary syndromes during midlife, whereas the association was nonsignificant
in men when adjusted for confounding cardiovascular risk factors. These epidemiologic
reports support the need for interventional studies for the development of sex-specific
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OBESITY.

hypertension management strategies. An examination of the effects of sex on the differences
in hypertension observed in men and women highlights key differences. For example,
analysis of the Stockholm Regional Healthcare Data Warehouse noted that men and women
were treated with different antihypertensive medications and that fewer medications were
dispensed for women.24 Genetics, age, race, and menopausal status—potential markers of
sex differences—are implicated in some of the differences seen, as noted earlier. However,
factors that are not biological also play a role. SPRINT-2015 (Systolic Blood Pressure
Intervention Trial) reported that intensive blood pressure targets were associated with 27%
lower all-cause mortality than the standardized targets (systolic blood pressure: 140) and
were expected to lead to sex-specific guidelines.2 Only 30% of SPRINT participants were
women, and the follow-up time was reduced in women. Sex-specific guidelines did not
result, in part because of a lack of statistical significance. However, the ability to formally
study sex and racial differences is growing, with increased sophistication in studies that
could lead to sex- or race-specific approaches to pharmacotherapy. For instance, Sherwood
et al?° studied the role of sympathetic activation, a mediator of increased blood pressure, in
normotensive and hypertensive African American men and women compared to NH-White
men and women. They found that p-adrenergic receptor responsiveness was reduced in
men, African American people of both sexes, and people with higher body mass index
(BMI). In contrast, a.l-adrenergic receptor responsiveness was increased in women, people
with hypertension, and African American people.2> More intentional study design with
prespecified endpoints is needed to sort out the influences of sex appropriately (Figure 2).

CKD is one of the most serious sequelae of hypertension.28 A recent meta-analysis
exploring the relationship between hypertension and CKD demonstrated a stronger
relationship between hypertension and CKD progression in men than women.28 A regional
study in India that focused on sex differences in the relationship between hypertension

and the development of CKD progression supported increased risk in men.14 A cohort
analysis followed individuals with hypertension over 10.7 years comparing ambulatory
blood pressure monitoring to office blood pressure monitoring. Ambulatory blood pressure
monitoring revealed a greater burden of hypertension in men than women, which was
associated with greater progression to CKD and excess mortality.2” Taken together,
prevalence of hypertension is higher and confers a greater risk of CKD progression in men
than women, although the specific role of sex remains unclear.

The prevalence of obesity in the United States increased from 30.5% in 1999 to more

than 40% in 2017 to 2018 (as did severe obesity).28 The latest NHANES data reflect
epidemiologic changes in obesity in the United States. Hales et al,28 using NHANES data,
reported for the first time a similar prevalence of obesity in men and women (43% in men
and 41.9% in women) (Figure 4).28:2% Obesity was formerly more common in women than
men in middle age but is now similar between men and women across the lifespan.27:28
Severe obesity, which affects 9.2% of people, is still greatest between ages 40 and 59

years and is more prevalent in women than men (6.2% in men and 10.5% in women).8:28
NH-Black women have the highest prevalence of obesity, at 56.9%. Hispanic men and
women and NH-Black men have an obesity prevalence between 41% and 45%. In both men
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DIABETES.

and women, NH-Asian descent predicts a lower prevalence of obesity with no difference by
sex.28 Obesity is a leading modifiable cause of morbidity and mortality from heart disease,
stroke, and T2D for both men and women.1’ Obesity is increased in youth aged 6 to 19
years. It is greater in boys than girls between ages 6 and 11 years but greater in girls than
boys aged 12 to 19 years.28 The impact of race and ethnicity in youth is similar to that

in adults, with greater obesity in NH-Black and Hispanic individuals. However, in youth
younger than 19 years of age, there is no sex difference detected by race or ethnicity.28

There are sex differences in the manifestations of obesity (Figure 4). For instance, men

and women deposit adipose tissue differently, with men having greater central adiposity

and women (especially before menopause) having greater peripheral fat depots.39 These
differences are frequently depicted as the central/visceral adiposity (apple shape) distribution
in men vs the hip/subcutaneous (pear shape) distribution in women. This adipose distribution
has physiologic implications. For example, with menopause and the accompanying loss of
estrogen, there is a redistribution of adipose tissue to the visceral adipose depots in women,
which are classically less insulin sensitive and associated with increased cardiometabolic
risk. In addition, estrogen replacement in menopause decreases visceral adipose tissue,

and preclinical studies demonstrate estrogen regulation of fat cell proliferation and
differentiation.3! By comparison, men have higher skeletal muscle mass and lower fat mass
than women; however, the adipose distribution in men is less subcutaneous and more central,
and this distribution can be associated with lower insulin sensitivity in men. All of these
sex-based observations regarding adiposity are greatly modified by diet, physical activity,
and family history/genetic background.

A global analysis of 10 million people from 239 studies originating from Asia, Australia
and New Zealand, Europe, and North America evaluated the impact of sex and BMI on
mortality.32 Men had a greater HR for mortality with increasing BMI (1.51 vs 1.30 per

5 kg/m? compared with women) (Figure 5). This mortality risk has prompted a global

call for obesity prevention and treatment. Interestingly, a large-scale analysis to define
genetic loci that influence body size identified single nucleotide polymorphisms associated
with obesity risk by sex and age together as well as individually, consistent with the
interaction of genetics and sex.33 These observations offer insights into sex differences in
obesity-related complications and comorbidities; they do not yet define parameters useful
in clinical practice. In children, obesity is more highly associated with hepatic steatosis in
boys and with early pubarche and menarche in girls.34 Obesity is an epidemiologic predictor
of premature mortality, likely stemming from its association with comorbid conditions
(reviewed by Bray et al3®) including hypertension, diabetes, depression, sleep apnea,
nonalcoholic steatohepatitis, and breast and endometrial cancer as well as sex difference
constructs.

A total of 34.1 million people live with diabetes in the United States (12% of the population
older than 18 years of age). Thirteen percent of men and 11% of women are affected36
(Table 1). Diabetes-related hospitalization and mortality are greater for men than women.8
However, in 2 different metaanalyses, the data were split on sex differences in diabetes
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related to all-cause mortality.8 The largest population affected by diabetes is the Hispanic
population, followed by NH-Black and NH-Asian people. The effects of sex on diabetes risk
were not robustly evaluated in the Centers for Disease Control and Prevention NHANES
report.36 Youth-onset T2D is rapidly increasing (although still rare), and with the exception
of Chinese boys, there is a 2:1 female predominance3’ (reviewed by Huebschmann et al38
and Kautzky-Willer et al®%); in contrast, male youth are more likely to have prediabetes

than female youth.8 The prevalence of gestational diabetes was highest in Hispanic females
(9.3%) and lower among NH-White and NH-Black females.®

In the United States, there is a consistent relationship between increases in obesity with
increased incidence of diabetes (with obesity accounting for 30%-53% of the attributable
risk), highest in NHWhite women.*? European studies have indicated that men develop
diabetes at a younger age with lower BMI than women.3° Girls and women have lower
physical activity and more sedentary time than boys and men.8 A secondary analysis of
global data sets tested the relationships between obesity and physical activity and diabetes
prevalence by sex. In men, the relationship between increased obesity prevalence and
increased diabetes was inconsistent. In women there was a stronger relationship between
obesity and diabetes than in men, but certain regions did not follow this pattern.#? It is likely
that different populations have different genetic backgrounds that regulate insulin secretion
and insulin sensitivity. Additional multinational examination of genetic loci associated with
clinical characteristics such as insulin sensitivity, adiposity, and fasting glucose reinforces
the sexual-dimorphic impact of genetic variants and highlights the need to examine genetic
risk by sex across populations.*

The cardiovascular consequences of diabetes differ in men and women, with women
having greater cardiovascular sequelae.*3 Reviews have highlighted epidemiologic data
and physiologic mechanisms potentially contributing to poorer CVD outcomes in women
compared to men.’:3%:38-40.4445 premenopausal women without diabetes have fewer heart
attacks than men. The reasons for this cardioprotection are not entirely clear but are likely
multifactorial, with contributions from physiologic differences, including the impact of sex
hormones, differences in cardiovascular risk factors, and differences between the sexes

in the diagnosis and treatment of diabetes and CVD. A striking sex difference is the

loss of cardioprotection in premenopausal women with diabetes relative to age-similar
women without diabetes.38 Even short diabetes exposure, such as gestational diabetes, is

a sex-specific risk factor for CVD. Not mentioned earlier, hypertension in pregnancy or
preeclampsia increases diabetes risk compared to normotensive pregnancy.8 Many reviews
have highlighted how sex influences in diabetes likely contribute to poor outcomes in
women and offspring of diabetic pregnancies.8:3%:38-40.4445 Degpite the differences, there
are no sex-specific therapeutic guidelines for preventing or treating diabetes at present.

SEX DIFFERENCES IN CLINICAL CARE FOR HYPERTENSION, OBESITY,
AND DIABETES

Despite the significant sex differences revealed by the literature in hypertension, obesity,
and diabetes, only recently has the idea of sex-specific clinical cardiovascular care emerged.
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To date, no sex-specific recommendations for the management of hypertension, obesity,
and diabetes have been drafted, largely because of a lack of prospective evidence-based
support for such guidance. One reason for the lack of sex-specific care recommendations
stems from inadequate inclusion of women in clinical trials until relatively recently. Many
of the landmark cardiovascular outcomes trials on which current guidelines are formulated
included significantly fewer women than men (or no women), thereby limiting sex-specific
evidence. However, there are many examples that illustrate situations in which there

are signals that differentiating care between the sexes might lead to better outcomes.
Importantly, clinical trials must be designed prospectively to include adequate numbers of
women to support an examination of sex differences (Figure 2). This section serves as a call
to action for research efforts addressing this important topic.

Sex differences in therapeutic response to antihypertensive agents were recently reviewed by
Kalibala et al.*6 Pharmacokinetics are known to differ between women and men because of
differing gastrointestinal acid composition and motility as well as differences in volume of
distribution, organ perfusion, and hepatic metabolism.4¢ Additionally, because of concerns
for pregnancy risk, men are more often prescribed goal-directed angiotensin-converting
enzyme inhibitors, angiotensin Il receptor blockers, and beta-blockers in a setting where
women receive diuretics and calcium-channel blockers.#’ Biological factors, including salt
sensitivity in women and lower renin-angiotensin aldosterone system in women before
menopause, reinforce these prescribing patterns. Sex differences in cardiovascular outcomes
across the largest hypertension trials to date were also recently reviewed, and a few
differences were noted.*6 In the Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial, stroke rate in women was higher with angiotensin-converting enzyme
inhibitors compared to either diuretics or calcium-channel blockers; in the Valsartan
Antihypertensive Long-Term Use Evaluation Trial, women had a better cardiovascular
morbidity and mortality outcome with amlodipine than valsartan, whereas the majority

of studies (representing more than 150,000 person-years) demonstrated no sex difference

in outcome with antihypertensive therapy. Women appear to have lower clearance of and
response to beta-blockers and, therefore, a narrower therapeutic index.#” Even the relatively
recent SPRINT trial failed to include enough women and follow them for long enough

to gain conclusive results that could have led to sexspecific guidelines.?448 Hence, across
clinical trial data, there is no clear message as to evidence-based sex-specific guidelines.

Obesity is an increasing problem changing the global cardiometabolic health landscape. In
contrast to other cardiovascular outcomes studies, most participants in weight loss clinical
trials and lifestyle interventions are women. For example, 2 of the largest, most well-known
weight loss cohorts highlighting behavior change were predominantly female. These include
the National Weight Control Registry (a cohort of more than 10,000 individuals—80%

of them women—who have successfully lost at least 30 Ib and maintained that weight

loss for >1 year)*® and a younger cohort, the MedWeight study (69% women, with 15%—
25% weight loss with the regain over the first year as the comparator).%0 In these studies,
differences were noted in behavior and food choices between men and women, but no clear
sex differences in maintenance or weight regain emerged by sex.%0 Similarly, new agents

to treat obesity have been studied in female-predominant interventions, although no sex
differences in outcomes have been widely disseminated. The recently approved semaglutide
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2.4-mg preparation for obesity has been methodically studied across populations with and
without diabetes. Prespecified analysis of the full suite of Semaglutide Treatment Effect

in People With Obesity program and A Heart Disease Study of Semaglutide in Patients
with Type 2 Diabetes clinical trials may offer the opportunity for well-powered analyses
to define sex differences in medication tolerance, weight loss, and cardiovascular benefit.>1
In another example, women currently undergo bariatric surgery more commonly than men.
Approximately 80% of bariatric surgery patients are women, and 20% are men.>2 Reasons
for this discrepancy remain unclear and likely reflect social context beyond sex. Men also
have worse complications secondary to bariatric surgery and yet express more satisfaction
with the treatment.52 Although significant behavioral and pharmacologic weight loss data
are available (predominantly in women), rigorous data to support sex-specific treatment
approaches are not established.

Similarly, there are no sex-specific recommendations for diabetes prevention and treatment,
although there are sex differences in the effects of diabetes and CVD and medication effects
in women compared to men (Table 2). For instance, the loss of cardioprotection in younger
women with diabetes is not well addressed in cardiovascular risk engines that support

the initiation of risk factor interventions. There is literature reporting on sex differences

in the response to drugs that treat T2D.57 Dennis et al®8 studied 22,379 patients starting
sulfonylurea or thiazolidinedione therapy in the U.K. Clinical Practice Research Datalink.
They found that there were different benefits as well as complications according to sex

and BMI. For hemoglobin Alc lowering, men had greater response to sulfonylureas, and
women responded better to thiazolidinediones (although there was weight gain in obese
women). Several studies demonstrated greater cardiovascular benefit from drugs to treat
diabetes in men vs women.8.69 Raparelli et al®® reported that among a total of 167,254
adults with T2D, including 46% women, newer glucose-lowering drugs such as glucagon-
like peptide-1 receptor agonists were associated with a lower risk of cardiovascular

events than sulfonylureas. The effects were stronger in women than men. Gouni-Berthold
et al’0 reported that women with diabetes and CVD had poorer control of CVD risk
factors including lipids, blood pressure, and low-density lipoprotein cholesterol, as well as
hemoglobin Alc, than men. These findings identify the need for prospectively designed
studies to investigate sex differences in pharmacologic, interventional, and behavioral
treatments for diabetes. The finding that women with T2D are less aggressively treated
than men also requires further study.>3.69

To summarize, sex differences must be included in the approach to optimize the clinical
management of hypertension, obesity, and diabetes. Healthy behaviors differ in women vs
men and girls vs boys; these differences are reported by sex in some cases, although not

all. One key example with clinically relevant sex differences is physical activity.’? Physical
activity is beneficial for the prevention and treatment of hypertension, obesity, and diabetes.
Most people in the United States are sedentary, and women and girls are less active than men
across all ages, races, and ethnicities for reasons that are unclear.8 Therefore, useful physical
activity interventions must address evidence-based approaches to increase physical activity
for women and girls.
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CLINICAL PRACTICE GUIDELINE RECOMMENDATIONS

Increasingly, the sex differences observed in hypertension, obesity, and diabetes are leading
to evidence-based reports of sex differences in outcomes. Much more research is needed

to understand the biological basis for the influence of sex and to bring these findings to
establishing sexspecific clinical guidelines. Women are now included in clinical studies

in greater numbers (although this remains an area of concern), and data need to be
prospectively analyzed, disaggregated, and reported by sex. Findings of sex differences

in epidemiologic and interventional studies should be analyzed as a routine aspect of
prespecified study design supported by U.S. Food and Drug Administration guidance to
inform evidence-based recommendations that are specific to women and men (summarized
in Table 2).

FUTURE DIRECTIONS

Much more research is needed to understand and incorporate sex differences in studies of
the prevention, diagnosis, and treatment of hypertension, obesity, and diabetes, especially
because they are associated with CVD (Central Illustration). However, in addition to
understanding the influences of sex differences, it is essential that much more research also
evaluate and incorporate gender constructs, which may also strongly affect optimal care for
both sexes and all genders’2 (Figure 2). Women are more likely to be deleteriously affected
by gender-related issues such as lower socioeconomic status, depression, education, power,
and physical activity as well as reduced access to medical care; these factors demonstrate

a positive interaction with obesity as well as hypertension and diabetes.?4 The intersection
of sex and gender may underlie the observation that women receive less goal-directed
therapy than men. It is crucial to consider, for instance, that control of cardiovascular risk
factors was better predicted by gender than by biological sex, showing the importance of
understanding gender as well as sex differences.’ Future studies must therefore incorporate
both sex and gender constructs.

CONCLUSIONS

Biological sex differences such as genetic predisposition, gene expression, and hormone
levels likely have a powerful and understudied impact on the presentation of hypertension,
obesity, and diabetes.”3 These differences are not well understood because of a combination
of the inadequate inclusion of women in clinical trials and a lack of prespecified analyses
of these factors. Biological sex differences in hypertension are supported by studies in
preclinical models and specifically demonstrated in the case of hypertensive disorders

of pregnancy and preeclampsia.11:26:74 Menopause and the resulting changes in hormone
levels also likely play a role in age-related increases in hypertension. The interaction
between obesity, body fat distribution, genes, and environment also differs by sex.33:35:42.74
Genetic and biological differences in the risk for developing diabetes and cardiovascular
mortality are established.”:33:39:42 prospective clinical trials are lacking to support sex-
specific guidelines for hypertension, obesity, or diabetes except screening and management
in anticipation of pregnancy and during pregnancy as well as with postpartum breastfeeding.
Understanding the influences of sex to inform optimal clinical guidance and improve the
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health of men and women will require comprehensive analysis of available data dedicated to
these issues and thoughtful design of further prospective studies to formally address sex and
gender (Figure 2).
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HIGHLIGHTS

. A lack of sex-specific clinical guidelines can adversely affect patient care,
especially for women with hypertension or diabetes, for whom therapy often
falls short of goals.

. Carefully designed studies of the influence of sex on responses to clinical
interventions could improve care for all patients.

. Sex and gender should be incorporated into the design of prospective trials
to ensure that outcomes and the implementation of findings are broadly and
appropriately applicable to patient care.
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Gendered Variables - External Factors

Gender (role, relations, institutionalize gender), environment, social
determinants of health including & policies/guidelines

. In .

Biological Variables - Internal Factors

Interaction

Sex influences at genetic, molecular, cellular, hormonal & physiological levels

I I I I I I NIH Strategic Plans and Visions

FIGURE 1. Intersection of Sex and Gender Across the Lifespan
Sex and gender have an intersectional influence on disease risk, treatment, and

complications across the lifespan. Adapted from “The Trans-NIH Strategic Plan for
Women’s Health Research.”2 NIH = National Institutes of Health.
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Dissemination

« Report sample characteristics and
effects by sex/gender

* Report whether the sex/gender
results were designed a priori or
post hoc (exploratory)

Data Analysis (9
* Including sex/gender in the
statistical models
» Assessing always confounding
and effect modification
» Assessing potential effects in
sex/gender subgroups

Data Collection (9

« Sex/gender related questions
(reproductive cycle, contraceptives,
hormonal therapy)

« Collecting potential sex/gender
confounders (socioeconomic factors)

FIGURE 2. Embedding Sex and Gender Into Clinical Research?

planning
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Planning

« Defining terms (sex vs gender)

« Defining the role of sex/gender
in your research question

« Training research team

(inclusive language)

€ Research design

* Inclusion/exclusion criteria

» Adequate sample size
calculation

« Sex/gender as subgroup
(stratified randomization)

« Sex as biological co-factor
in a priori analysis plan

0 Recruitment and Adherence
* Incentive
« Specific strategies (snowball,
community-targeted, support
groups)
« Flexible participation schedule

Model for the prospective incorporation of sex and gender into clinical investigation. This
model proposes a strategy to investigate the critical role of gender identity and sex in the
planning, analysis, and conduct of clinical trials
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FIGURE 3. Hypertension Prevalence by Sex, Age, Race/Ethnicity, and Educational Status8
Age-adjusted prevalence of hypertension among adults aged =18 years by sex, race, and

Hispanic origin in the United States. Hypertension is defined as systolic blood pressure =130
mm Hg, diastolic blood pressure =80 mm Hg, or currently taking medication to lower blood

pressure.
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FIGURE 4. Obesity Prevalence by Sex, Age, and Race/Ethnicity28
(A) Prevalence of obesity among adults aged =20 years by sex and age: United States, 2015

to 2016. (B) Age-adjusted prevalence of obesity among adults aged =20 years by sex, race,
and Hispanic origin. (C) Prevalence of obesity among youth aged 2-19 years by sex and
age. (D) Prevalence of obesity among youth aged 2-19 years by sex, race, Hispanic origin.
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FIGURE 5. Body Mass Index and All-Cause Mortality in Men and Women32
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Association of body mass index with all-cause mortality, by sex, based on an individual-
participant-data meta-analysis of 239 prospective studies on 4 continents. Analyses were

restricted to 3.9 million never-smokers without pre-existing chronic disease.
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Hypertension Obesity Diabetes

+ Pathogenesis, epidemiology, treatment, outcomes
+ Gender-based risk and infrastructure to impact risk

Yet...
current
guidelines
Research needed
* Prospective RCTs o Evidence-baseFI_
« Secondary RCT analysis Prespecified sex/gender N "

power and analysis

clinical guidelines

* Real-world
» Formal gender assessment

Regensteiner JG, et al. J Am Coll Cardiol. 2022;79(15):1492-1505.

CENTRAL ILLUSTRATION. A Call to Action for Studying Sex Differences
The pathogenesis, epidemiology, and outcomes for hypertension, obesity, and diabetes

differ in women and men and in boys and girls, demonstrating the intersection of sex and
gender. However, because of a lack of specifically designed studies to examine therapeutic
sexspecific responses to therapy, we lack a robust evidence base to present well-defended
sex-specific guidance. Future studies should address sex and gender as outcome variables
incorporated into the design of the study. Currently available data from completed and
in-process studies should be explored for sex differences. RCT = randomized controlled
trial; rx = treatment.
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Diabetes Demographics38

TABLE 1

Diagnosed Diabetes

Undiagnosed Diabetes

Total Diabetes Percentage

Total
Sex
Men
Women
Race/ethnicity
White, Non-Hispanic
Black, Non-Hispanic
Asian, Non-Hispanic
Hispanic
Education
Less than high school
High school

More than high schoo

9.4 (8.6-10.2)

10.4 (9.2-11.7)
8.6 (7.7-9.)

7.9 (7.2-8.7)
13.7 (12.5-15.1)
11.3 (9.2-13.7)
13.7 (12.1-1S.6)

12.7 (11.4-14.2)
9.7 (8.5-11.1)
8.3(7.3-9.)

2.6(2.2-3.1)

3.0 (2.2-4.0)
2.2 (1.8-2.8)

202 (1.6-2.9)
3.0 (2.0-4.5)
47 (3.0-7.3)
41 (3.1-S.4)

3.9(2.5-S.8)
3.0 (2.1-4.4)
2.2 (1.6-2.8)

12.0 (11.1-12.9)

13.3 (12.0-14.8)
10.8 (9.9-11.8)

10.0 (9.2-11.0)
16.8 (15.4-18.1)
16.0 (13.7-18.5)
17.9 (16.0-19.9)

16.6 (14.8-18.6)
12.8 (11.1-14.7)
10.8 (9.4-11.8)
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Values are % (95% CI). Age-adjusted prevalence of diagnosed, undiagnosed, and total diabetes among adults aged 18 years or older, United States,
2013 to 2016. Data source: 2013 to 2016 National Health and Nutrition Examination Survey.36
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