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Gender/Sex as a Social Determinant
of Cardiovascular Risk

ABSTRACT: The social gradient for cardiovascular disease (CVD) onset Adrienne O’Neil, PhD
and outcomes is well established. The American Heart Association’s Anna J. Scovelle, BPsych
Social Determinants of Risk and Outcomes of Cardiovascular Disease (Hons)

Scientific Statement advocates looking beyond breakthroughs in Allison J. Milner, PhD
biological science toward a social determinants approach that focuses Anne Kavanagh, PhD

on socioeconomic position, race and ethnicity, social support, culture
and access to medical care, and residential environments to curb the
burden of CVD going forward. Indeed, the benefits of this approach

are likely to be far reaching, enhancing the positive effects of

advances in CVD related to prevention and treatment while reducing
health inequities that contribute to CVD onset and outcomes. It is
disappointing that the role of gender has been largely neglected

despite being a critical determinant of cardiovascular health. It is clear
that trajectories and outcomes of CVD differ by biological sex, yet the
tendency for sex and gender to be conflated has contributed to the idea
that both are constant or fixed with little room for intervention. Rather,
as distinct from biological sex, gender is socially produced. Overlaid on
biological sex, gender is a broad term that shapes and interacts with
one’s cognition to guide norms, roles, behaviors, and social relations. It
is a fluid construct that varies across time, place, and life stage. Gender
can interact with biological sex and, indeed, other social determinants,
such as ethnicity and socioeconomic position, to shape cardiovascular
health from conception, through early life when health behaviors and
risk factors are shaped, into adolescence and adulthood. This article will
illustrate how gender shapes the early adoption of health behaviors in
childhood, adolescence, and young adulthood by focusing on physical
activity, drinking, and smoking behaviors (including the influence of role
modeling). We will also discuss the role of gender in psychosocial stress
with a focus on trauma from life events (childhood assault and intimate
partner violence) and work, home, and financial stresses. We conclude
by exploring potential biological pathways, with a focus on autonomic
functioning, which may underpin gender as a social determinant of
cardiovascular health. Finally, we discuss implications for cardiovascular
treatment and awareness campaigns and consider whether gender Key Words: cardiovascular diseases
equality strategies could reduce the burden of CVD for men and women & Jenaer dentity ® risk factors & sex

- ® social determinants of health
at the population level. , »
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demonstrated that mortality and morbidity rates
rise steadily as social status decreases." Known as
the social gradient, these striking trends have been ob-
served for a range of health conditions including car-
diovascular disease (CVD) onset and outcomes in coun-
tries around the world,? including the United States.?
The social determinants of health model is now widely
used in public health and health promotion as an estab-
lished framework for understanding health inequities
within and across countries. The application of a social
determinants of health approach is particularly perti-
nent in the modern United States. The Shorter Lives,
Poorer Health report states that “Americans are dying
and suffering from illness and injury at rates that are
demonstrably unnecessary,” where adverse social and
economic conditions are implicated as a contributing
factor.* An unprecedented rise in death rates among
middle-aged, white American men and women be-
tween 1999 and 2014 is thought to reflect a marked
decline in their social and economic conditions in recent
decades. This provides an example of the inverse rela-
tionship between transience in socioeconomic position
and mortality outcomes.®
Data from the Whitehall Il study first revealed the as-
sociation between social and economic factors and cor-
onary heart disease (CHD)® in the early 1990s. In their
cohort of middle-aged, British, male civil servants, dif-
ferences in 10-year mortality rates could be explained
only in part by traditional risk factors, including smok-
ing, obesity, physical activity, lipids, and blood pressure.
Rather, age and the environments in which individuals
lived and worked were shown to be critical for shap-
ing cardiovascular health. Since then, there has been
a notable decrease in cardiovascular-related mortality,
largely because of medical and pharmacological ad-
vances, yet CVD still makes up one-third of all deaths
in the United States.” In their position paper, “Social
Determinants of Risk and Outcomes for Cardiovascular
Disease,” Havranek et al® advocate the need to look
beyond breakthroughs in biological science toward the
social determinants of cardiovascular health, focusing
on socioeconomic position (encompassing wealth and
income, education, employment/occupational status,
and other factors), race and ethnicity, social support (in-
cluding social networks), culture (including language),
access to medical care, and residential environments.
Indeed, the advantages of using a social determinants
of health approach to curb the burden of CVD have
the potential to be far reaching, enhancing the ben-
eficial effects of advances in CVD related to preven-
tion and treatment while reducing health inequities
that contribute to CVD onset. Although not explicated
in the position paper by Havranek et al,® gender and
sex are critical determinants of cardiovascular health.
In the 2011 summary by Mosca et al of the sex/gen-

For decades, epidemiologists have consistently
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der differences in CVD prevention in the Unites States,
the authors show the ways in which trajectories and
outcomes of disease differ by sex.® Since 1984, there
has been a greater absolute number of CVD deaths for
women, but a greater number of men who live with
and die of CHD. Improved awareness of CVD in women
because of public health campaigns may have contrib-
uted to the reported increase in CVD deaths in women?®
by minimizing conventional detection and reporting
bias. However, there are other contributing factors.
For example, the sex-specific differential CHD and CVD
mortality rates appear to be a reflection of population
demographics in the United States (eg, women's longer
life expectancy). Yet there are specific age groups for
which the mortality attributable to CHD is increasing.
Perhaps most striking is the rise in CHD mortality rates
for women age 35 to 44 years: an annual increase of
1.3% between 1997 and 2002.° A recent analysis of
World Health Organization mortality data also revealed
stronger age-specific reductions in CHD in men than in
women at the global level.™

Because etiologic models of cardiovascular medi-
cine have been based on scientific research using
male-dominated samples, we are only beginning to
understand why sex-specific physiology might lead
to differential CHD development, onset, symptom
course, and outcomes, and importantly how we can
ameliorate such risk. The seminal INTERHEART study
(Effect of Potentially Modifiable Risk Factors Associ-
ated with Myocardial Infarction in 52 Countries) pro-
vided an indication of a differential risk factor burden
between men and women for incident myocardial in-
farction (Ml) at the population level. With the use of
case-control data from 52 countries, the population-
attributable risk for Ml owing to the modifiable risk
factors of smoking, alcohol use, high-risk diet, and
physical inactivity, was significantly higher among
women than men (74.3; 95% confidence interval
[Cl], 67.9-80.7 versus 67.3; 95% Cl, 63.9-70.8).
Significant differences in the population-attributable
risk because of psychosocial factors were also ob-
served (25.7; 95% Cl, 18.4-33.1 versus 21.7; 95%
Cl, 17-26.4)."

To date, the influence of gender on these risk fac-
tors and thus the onset and progression of CVD have
seldom been considered, much less the notion that
gender is a potentially modifiable target for CVD pre-
vention. This may be because of the tendency for sex
and gender to be used interchangeably, contributing to
putative thinking that both are constant or fixed.” The
relational theory posits that gender is a performative
and dynamic process that is shaped by the social con-
text in which one is embedded. The ways in which gen-
der is expressed differ across domains (eg, domestic,
economic, political) at the individual level, and are em-
bedded in the structures and practices of society.” Gen-
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der can interact with other social determinants, such
as ethnicity and socioeconomic position, to shape car-
diovascular health from conception, through early life
when health behaviors and risk factors are shaped, into
adolescence and adulthood. In 1997, Elizabeth Barrett-
Connor wrote a seminal piece published in Circulation
that demonstrated the importance of evaluating both
gender and sex differences in relation to CVD risk." Our
article builds on the multidisciplinary evidence present-
ed by Barrett-Connor from 2 decades ago by discussing
gender as a modifiable determinant of cardiovascular
health using key risk factors identified in the seminal
INTERHEART study."

Given the cumulative burden of these risk factors to
the overall population, the gender-specific differential
in population-attributable risk, and their potential to be
modified, this article will illustrate how gender shapes
the early adoption of health behaviors in childhood,
adolescence, and young adulthood focusing on physi-
cal activity, drinking, and smoking behaviors (including
the influence of role modeling). We also discuss the role
of gender in psychosocial stress with a focus on trauma
from life events (childhood assault and intimate partner
violence), and work, home, and financial stresses. We
conclude by exploring potential biological pathways
that may underpin sex and gender as determinants of
cardiovascular health, with a focus on autonomic func-
tioning; discuss implications for cardiovascular treat-
ment and awareness campaigns; and consider whether
gender equality strategies could reduce the burden of
CVD for men and women at the population level.

EARLY ADOPTION OF HEALTH
BEHAVIORS

In comparison with men, the clinical onset of heart at-
tack is delayed 9 years in women.' Although women'’s
estrogen and therefore high-density lipoprotein pro-
duction was considered to be largely cardioprotective
(at least up until menopause), population data show
that this delay in disease manifestation is narrowing,
possibly because of the changes in Western lifestyles of
younger women.'® Identifying the role of gender in the
early adoption of health behaviors could be pivotal for
reversing this trend.

Socialization of Boys From Infancy
Encourages Greater Pursuit of Physical
Activity

Physical inactivity and sedentary activity are both risk
factors for CVD across the lifespan. From birth, boys are
encouraged to be more physical than girls, reflective of
underlying assumptions regarding inherent sex-based
physical characteristics and aptitude. The early social-
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ization process places emphasis on boys developing
physical strength and girls developing emotional and
verbal skills.' This may be emblematic of differences in
parenting style. Indeed, parenting style has been shown
to be associated with children’s’ attraction to physical
activity, in particular, in those who are overweight.™
This socialization begins in the early years and contin-
ues throughout later childhood and adolescence. As
early as 6 to 8 years of age, girls are more sedentary
than their male counterparts.'® Data from 2002 suggest
that, as they transitioned into adolescence, girls’ activity
levels reduced by up to 83%,% with the majority of girls
partaking in almost no physical activity, with the excep-
tion of school gym classes. As women age, this differ-
ential persists. A more recent 2017 analysis of various
sources of US government data demonstrates that in
children, as well as adults age >18, girls and women
are less likely to meet 2008 federal physical activity
guidelines (aerobic and muscle-strengthening activities)
across every age group (high school students, 18-24,
25-64, 65-74, 75+ years)?' in comparison with men
of the same age groups. As women progress through
age categories, a progressive decline in adherence to
physical activity guidelines (aerobic through leisure-time
activity and muscle-strengthening activities) was also
observed.

Reasons for this gradual and persistent decline in ac-
tivity in women are complex. Adolescence is the period
where young girls and women become aware of, and
alerted to, physical and sexual threats to their safety. A
critical implication of this is that women are less physi-
cally mobile—that is, less likely than men to exercise in
public spaces at night?? or ride a bike through cities.??
Women are also more likely to be harassed or abused
while in public,?* thereby limiting their ability to remain
as freely physically active as men. For example, a sur-
vey of women in Seattle, where, in 2012, 28% of bike
commuters were women, revealed that safety issues
were the biggest barrier to them cycling.?® Fostering
girls” ability to become and remain active from birth to
adolescence is critical in the context of life-course CVD
prevention in view of evidence that inactivity in adoles-
cence predicts inactivity in adulthood.?® This accumula-
tion of risk may subsequently elevate girls’ and wom-
en’s cardiovascular risk markers like cholesterol and
blood pressure levels, and incident CHD, stroke, high
blood pressure, and type 2 diabetes mellitus, as well.
Indeed, the lifetime cardiovascular and other health-
related benefits of targeting the physical activity levels
of girls during schooling years has been demonstrated
historically. For example, a 2010 analysis of a seminal
school-based intervention designed to increase physical
activity (Title IX of the Education Amendments of 1972)
resulted in (1) a 600% increase in girls’ sports participa-
tion (between 1972 and 1978) and, (2) in comparison
with those who did not participate, a lower body mass
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index and obesity rates 20 to 25 years later.?” However,
issues remain with measuring physical activity across
the life course, in particular, in older women. Conven-
tional measures of activity are often flawed with an in-
ability to discriminate between incidental and purposive
exercise. New approaches (eg, digital devices, exhaled
breath condensate) are being investigated for this pop-
ulation to more accurately capture physical activity in
populations such as older women.

Socialization of Boys in Teenage Years
Encourages Development of Social
Support Networks and Promotes
Antisocial Behaviors Like Drinking

Social isolation is a potent risk factor for CVD across the
life course, whereas social support is a well-established
protective factor.?¢?° From the time boys are newborns,
caregivers spend less time verbally interacting with
them, which can predict social-behavioral deficits in a
range of interpersonal contexts (with peers, romantic
partners, family).3° Evidence from the field of social psy-
chology suggests that boys maintain good friendships
throughout childhood, yet despite a continuing, strong
desire to maintain close friendships, many change or
disappear in mid- to late adolescence.?’ Adolescent
boys perceive their male peer group culture and their
socialization toward dominant masculine norms to
compromise the development and maintenance of
close male friendships.3? However, boys who develop
and maintain close male friendships can feel more
capable of resisting the social pressures of their peer
group.?> Comradery that comes from close male friend-
ships and the confidence to reject peer pressure are
critical in the formation of health and other risk-taking
behaviors. Conventionally, boys have been considered
predisposed or biologically determined to partake in
risk-taking behaviors, whereas girls are predisposed to
be risk-averse. Yet according to some,* there is very
little evidence to support this proposition; the social-
ization process including caretakers’ responses to gen-
dered norms increases the likelihood of boys exhibiting
delinquent and antisocial behavior in adolescence.34 Ev-
idence from the field of criminology indicates that anti-
social behaviors may induce cardiovascular risk factors
in boys with personality disorders.?> In comparison with
healthy controls, offenders with antisocial personality
disorders have markedly lower glucagon and nonoxida-
tive glucose metabolism.3®

More generally, the socialization of boys to display
stoicism and reject strong and intimate friendships
can lead to emotional dysregulation that compromises
one’s stress response. It is interesting to note that gen-
der roles and traits (masculinity in particular) have been
found to explain part of the gender differences in stress
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and coping, social constructions of gender that specifi-
cally influence the risk of CVD. One study found that
men who scored higher on conventional femininity at-
tributes had a lower risk of CHD death (hazard ratio
[HR] per unit increase in femininity score, 0.65; 95%
Cl, 0.48-0.87; P=0.004) after adjustments for smok-
ing, binge drinking, body mass index, systolic blood
pressure, household income, and psychological well-
being.* From a biobehavioral perspective, poor coping
skills or maladaptive stress responses can manifest in
anger and hostility, both risk factors for incident CVD.
Indeed, data from the Framingham Offspring Study
show that measures of anger and hostility predict the
development of atrial fibrillation in men.?” Although
social support is a strong protective factor against in-
cident and recurrent CVD, loneliness is associated with
lifetime illicit drug use (with the exception of marijuana)
among boys (odds ratio [OR], 3.09; Cl, 1.41-6.77). For
girls, loneliness has been associated with past 30-day
alcohol consumption (OR, 1.80; Cl, 1.18-2.75), lifetime
marijuana use (OR, 1.79; Cl, 1.26-2.55), and past 30-
day binge drinking (OR, 2.40; Cl, 1.56-3.70).3® Often
used as self-medication or coping mechanisms, all are
lifestyle-related risk factors for CVD. In addition, ex-
cessive use of drugs can induce or elevate the risk for
serious mental disorders, to which men are more sus-
ceptible, like schizophrenia, schizo-affective disorders,
substance abuse, or antisocial disorders.>® These are as-
sociated with both CVD and very short life expectancy.

Adolescents, Particularly Girls,
Use Smoking as a Weight Loss or
Maintenance Tool

Cigarette smoking is one of the most potent risk fac-
tors for CVD onset. Most commonly initiated in ado-
lescence, smoking during this critical period of devel-
opment is a strong predictor of continuation during
adulthood.*® Traditionally, boys were significantly more
likely to smoke cigarettes than girls; however; in more
recent times, this gap has narrowed. Indeed, in high-
income countries, like the United States, women now
smoke at rates comparable to men.*' Previous studies
show the most common reasons for adolescents smok-
ing is stress reduction and relaxation.* The most influ-
ential role model for initiation in girls is an immediate
family member, particularly of the same sex, whereas
boys were most influenced to smoke by peers in the
school setting.#? It has been argued that such findings
may reflect the influence of dominant gendered norms;
prior research suggests girls are more strongly influ-
enced by the domestic sphere, whereas boys’ influenc-
es are derived from environments outside the home.*
Analysis of NESARC data (National Epidemiologic Sur-
vey on Alcohol and Related Conditions)* shows no
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gender differences in CHD onset for children with an
age of smoking initiation <16, but for those age 16+,
females were more likely to develop hypertension (OR,
1.24; ClI, 1.09-1.41) and heart disease (OR, 1.20; Cl,
1.00-1.45). During adulthood, role modeling had an
impact on smoking cessation for women. In their analy-
sis of the Original Cohort and the Offspring Cohort of
the Framingham Heart Study, Darden (2010) modeled
30-year smoking behaviors of adult offspring alongside
parental behaviors and outcomes.** Despite limited
evidence that offspring smoking behaviors were not
sensitive to parent health during adulthood, women
significantly reduce their smoking intensity following a
smoking-related cardiovascular event of a parent. This
suggests that the influence of role modeling on smok-
ing behaviors of girls and women may be more pro-
nounced than in boys and men, in particular as they
relate to the risk of CVD.

Body image pressure is also likely to play a role in the
uptake of smoking in adolescence. Although body dis-
satisfaction is prevalent in both boys and girls, the so-
cialization process prioritizes the esthetic value of girls
and women from a very young age. Indeed, an Austra-
lian study of 600 girls age 15 to 19 found that they feel
that they are seldom or never valued for their brains
over their looks.*® This perception subsequently shapes
girls" health behaviors at vulnerable periods of both
emotional and physical development such as adoles-
cence, a period of development that can coincide with
rapid weight gain for some girls (particularly those from
low socioeconomic backgrounds and those exposed to
environmental chemicals during childhood*’). To coun-
ter this, smoking initiation and other weight loss and
control tactics, as well, such as disordered eating*® or
overexercising, are common in adolescent girls. Age of
onset for anorexia nervosa is 10 to 14 years, and the
age of onset for bulimia nervosa is 15 to 19 years.®®
Stice and Shaw* found that body dissatisfaction and
eating disturbances markedly increase a girl’s risk for
smoking initiation. A behavioral economic approach has
recently been applied to quantify the extent to which
smoking behaviors are related to weight control. Us-
ing nationally representative data in which adolescents
were directly asked whether they smoke to control their
weight, Cawley et al*® found that, of those who fre-
quently smoked, almost half (46 %) of girls and 30% of
boys smoked in part to control their weight. This was
particularly true for those who described themselves as
too fat. The authors concluded that the demand for
cigarettes is less price-elastic among those who smoke
for weight loss, all else being equal. It is interesting to
note that the World Health Organization found that,
in countries where women have higher empowerment,
women’s smoking rates are higher than men’s, inde-
pendent of the level of economic development and of
the level of income inequality. In fact, the gender em-
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powerment measure was by far the strongest predic-
tor of the gender smoking ratio, even after including
the other 2 competing predictors in the model. That
is, women’s empowerment as measured by economic
participation and decision making, political participa-
tion and decision making, and power over economic
resources, was found to be associated with the ratio of
female-to-male cigarette smoking prevalence.®’

PSYCHOSOCIAL STRESS

Life Events: Traumatic Events Predict CHD
mortality, With Young Girls and Women
Most Commonly Victimized

Adverse childhood events are robust predictors of car-
diovascular problems in later life, including onset>? and
recurrent CVD.>* Although =50% to 80% of this rela-
tionship is mediated by traditional cardiovascular risk
factors, psychological factors®* and neighborhood af-
fluence,>® chronic and maladaptive stress responses as
a result of adverse childhood events also elicit a cas-
cade of stress-induced alterations in immunoinflamma-
tory, autonomic, and endocrine responses that elevate
cardiovascular later-life risk. One of the most severe
forms of adverse childhood events is physical, sexual,
and emotional abuse. National data show that 1 in 5
girls are victims of sexual abuse, in comparison with 1
in 20 boys.>® In 2011, a national survey of high school
students demonstrated that 11.8% of grade 9 to 12
girls and 4.5% of boys reported they had been forced
to have sexual intercourse at some time in their lives.>’
Almost half (42.2%) of female victims were first raped
before age 18, 1in 3 (29.9%) between 11 and 17 years
of age.”” Developmentally, trauma that occurs in early
life—particularly during critical growth periods before
the age of 16 years—is a potent predictor of later life
cardiovascular health. A meta-analysis of 24 studies
found a large effect size (Cohen d=0.66) for adult CVD
attributable to physical and sexual abuse that occurred
in childhood.*® Similarly, intimate partner violence
(IPV) victimization in adulthood has been associated
with deleterious cardiovascular risk behaviors and out-
comes.> Young women age <25 years are most vulner-
able to IPV victimization.>” This subgroup of women is
most likely to be victimized for a number of reasons.
One is that young people are beginning to negotiate
their intimate relationships, influenced by longstanding
gender roles that see the sexualization of girls from a
very early age and the socialization of boys to include
dominant, heteronormative masculinity. The cardiovas-
cular effects of IPV victimization have been extensively
researched and include higher rates of carotid athero-
sclerosis, Takotsubo cardiomyopathy (broken heart syn-
drome), obesity, high triglycerides, and low high-densi-
ty lipoprotein cholesterol, cigarette, drug, and alcohol
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consumption in comparison with women who are not
exposed.”® IPV can have cardiovascular consequences
for perpetrators® in addition to victims.®" Forms of IPV
including coercive control can have adverse cardiovas-
cular outcomes for perpetrators by way of health be-
haviors and psychological and physiological factors.
Baron et al®? found that behaviors characterized by
higher trait control (ie, dominance) predicted higher
systolic and diastolic blood pressure in men. Interest-
ingly, evidence from laboratory studies illustrates the
immediate effects of IPV perpetration on aspects of the
cardiovascular system during buildup, enactment, and
aftermath of a violent incident such as pulse rate, heart
rate, and arousal levels.®® Surprisingly, these relation-
ships were not always linear. Approximately 80% of IPV
perpetrators experienced hyperarousal characterized by
elevated cardiovascular markers during buildup and en-
actment before returning to baseline levels. In contrast,
the remaining 20% exhibit hypoarousal, reflected via a
dramatic drop in heart rate during the buildup and ex-
ecution phases of violence before elevating to baseline
levels in the aftermath. This suggests that emotional
dysregulation is not shared by all IPV perpetrators, and
the use of IPV may be driven by other factors. This is im-
portant considering how persistent IPV may impact the
cardiovascular system in the long term. Although there
is limited research on the long-term impact of gendered
violence perpetration on incident CVD, preliminary data
suggest that IPV perpetration that occurs in late adoles-
cence and young adulthood increases the risk of CVD in
the ensuing 7 to 14 years.®® Although the mechanisms
underpinning this relationship are unclear, it is plausible
that persistent behavioral patterns associated with IPV
perpetration, victimization, or both triggers a cascade
of stress-induced alterations in immunoinflammatory,
autonomic, and endocrine responses that elevates car-
diovascular later-life risk.

Work, Home, and Financial Stress:
Traditional Gender Roles Within and
Across the Domestic and Workplace
Settings Can be Cardiotoxic, Particularly
for Women

Everyday harassment and discrimination can be consid-
ered a chronic stressor that erodes cardiovascular health.
In their scientific statement, Havranek et al® detail the
multiplicative effects of marginalization attributable to
ethnicity on CVD risk. Indeed, the adverse physiological
responses to perceived racism are well documented, via
its effects on nocturnal blood pressure recovery® and
higher daytime systolic and diastolic blood pressure.®
Compelling statistics show that 33% of women and
9% of men report sexual harassment over the lifetime,
with 4 of 5 of perpetrators being male.®® Gendered vio-

Circulation. 2018;137:854-864. DOI: 10.1161/CIRCULATIONAHA.117.028595

Gender as a Determinant of Cardiovascular Risk

lence, discrimination, and harassment can be a chronic
and persistent stressor that compromises cardiovascular
health in the same manner as other forms of subju-
gation, with intersectional effects for women of color,
minority religions, or nonheterosexual orientation. Lon-
gitudinal data reveal that exposure to workplace sexual
harassment more than doubles the likelihood of psy-
chological distress after 2 years for women (OR, 2.03;
95% Cl, 1.2-3.39) but not men (OR, 1.32; 95% Cl,
0.72-2.43).%” Possible pathophysiologic mechanisms
linking gendered violence at work and CVD include
pronounced daytime systolic blood pressure,®® a me-
diator of various forms of CVD and cardiovascular risk
factors, including cortisol secretions, pulse rate, and
changes in heart rate variability. For men, poor work-
place conditions that affect cardiovascular health are
more likely to be characterized by low job control and
high demand, a combination known to have cardio-
toxic effects. The Whitehall Il study found that low de-
cision latitude predicted incident CHD (1.55; 95% Cl,
1.26-1.90) and heightened risk of fatal CHD/nonfatal
Ml for men less so than women. Despite being much
less researched, gender role expectations in the domes-
tic sphere are also of relevance to cardiovascular health.
In Western culture, boys are often socialized from a
young age to believe they are financially responsible
for a family, whereas girls are more likely to be social-
ized to be emotionally responsible. Despite this, a re-
cent study conducted with 3000 married couples over
15 years’ revealed that acting as a sole breadwinner
can be detrimental to a man’s health and well-being.
When women took more financial responsibility, the
impact on both their husband’s and their own health
and well-being increased by up to 5% for couples with
less rigid gender role expectations. Related to gender
role expectations, the effects of marital tension seem
to be particularly pronounced for women. Women
with poor-quality marriages have higher rates of sev-
eral markers for CVD,”" including low high-density lipo-
protein cholesterol, high triglycerides, and higher body
mass index, blood pressure, depression, and anger. In
a study following 292 women for 5 years after an M,
women reporting high levels of marital conflict were
nearly 3 times more likely to have a recurrent event.”?
Another 13-year longitudinal study of married women
found that unsatisfying marriages increased cardiovas-
cular risk over the study period.”® Expectations around
women as caregivers can also have deleterious health
consequences. Almost two-thirds of caregivers of par-
ents and children in the United States are women, with
the average caregiver a 49-year-old married woman
caring for her mother.”* High-intensity caregiving has
been associated with the highest levels of self-reported
stress in comparison with low or no caregiving respon-
sibilities.” Moreover, there is some evidence that long
hours of caregiving could be an independent risk factor
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for incident nonfatal CHD for middle-aged women (HR,
1.98; 95% Cl, 1.27-3.08), but not men (HR, 1.35; 95%
Cl, 0.67-2.71). Poor mental health more generally is a
risk factor for incident CVD, particularly in women,’®
because the prevalence of common mental disorders
(depression, anxiety) is higher in women. Since 1997,
there has been an increase in cardiac-related mortality
for young and middle-aged women 35 to 54 years,”’
the age group in which the strongest association of de-
pression and CHD has been observed. There is, how-
ever, a dearth of intervention research regarding how
best to reduce or prevent the associated unnecessary
burden associated with CHD in these women.

DISCUSSION

The American Heart Association has published 3 sex-
specific, evidence-based guidelines for the prevention
of CVD.>787° Their impact on physician behavior or
sex-specific patient outcomes is not yet clear.® Argu-
ably, progress in this area of cardiology has been slow
because of the prioritization of the reproductive sys-
tem in women’s health (sometimes referred to as bikini
medicine). Evidence from the VIRGO study (Variation in
Recovery: Role of Gender on Outcomes of Young Acute
Myocardial Infarction [AMI] Patients) indicates that both
health practitioners and women themselves continue to
neglect or remain uneducated about women’s CHD risk
factors and CHD development.® It appears likely that
these guidelines will have a suboptimal impact on the
absence of a broader approach to CVD prevention that
considers gender as a social determinant of cardiovas-
cular health across the lifespan. This article provides ex-
amples of the ways in which gender, a social construct,
can directly and indirectly influence individuals’ cardio-
vascular risk, as outlined in the Figure. The directions
of these relationships are complex and likely differ, de-
pending on the extent to which they interact with other
domains and demographic factors. To date, it is unclear
whether reducing gender inequities at the broader so-
cietal level (ie, upstream) or lessening strict gendered
roles that shape cardiovascular-related behaviors at the
individual level (ie, downstream) would improve the
cardiovascular risk of populations.

Indeed, it is plausible that challenging the ways in
which boys and girls are socialized could have a cascade
of beneficial health effects over the life course at the in-
dividual level. The key risk factors discussed in this article
that link gender to CVD risk and onset share common
biological, stress-related pathways. Physical inactivity,
excessive drinking, smoking behaviors, and psychosocial
stress are all known to promote immunoinflammation,®'
oxidative stress, cell ageing, neuroendocrine hormones,
and possibly poor gut health, which may contribute to
intermedial thickening, atherosclerotic disease, diabe-
tes mellitus, and hypertension. In recent years, the role
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of the autonomic nervous system specifically has gar-
nered attention as a key indicator of optimal health.
The autonomic nervous system is pivotal for regulating
how one responds to stressors and the body’s ability
to induce homeostasis. Comprising sympathetic activity
(the flight or fight response) and parasympathetic activ-
ity (vagal activity that stimulates responses that occur
at rest), cardiac sympathovagal balance is a marker of
good cardiovascular health. It is commonly measured
by heart rate variability (HRV) and is a known prognos-
tic indicator, particularly for women,®? following MI1.83 In
early life, impairments in HRV can be influenced by ge-
netics, childhood illness, and preterm birth.®* However,
there is emerging evidence that HRV changes because
of lifestyle factors in a manner that may precipitate or
mirror cardiovascular pathology. A review article by Val-
entini and Parati® identified physical activity, smoking,
alcohol, and psychosocial stress as key determinants of
HRV and therefore neural cardiovascular modulation.
Indeed, sex-specific differences in both heart rate and
HRV have been consistently observed in (premenopaus-
al) women who have a higher resting heart rate and
lower HRV than men.® Although Valentini and Parati
argue that sex is a nonmodifiable determinant of HRYV,
we have demonstrated here the ways in which gender,
overlying sex, shapes key stress and lifestyle behaviors
that may induce or protect against CVD via autonomic
nervous system pathways. Targeting gender as a means
of modifying biobehavioral aspects of CVD may be an
avenue worthy of further investigation.

Upstream determinants of health such as employ-
ment, domestic, and political contexts that promote
gender equality could theoretically benefit cardiovascu-
lar health.®” According to the United Nations, an indica-
tion of a nation’s level of gender equality specifically
includes (1) attainment of higher education, (2) labor
force participation, (3) maternal mortality rate, (4) ad-
olescent fertility rate, and (5) parliamentary represen-
tation. It is important to note that countries with the
highest levels of gender equality have reported some of
the greatest reductions in 40-year CHD mortality rates
in Western countries. For example, between 1981 and
2006, these rates dropped by 80% in Iceland in both
men and women age 25 to 74 years.®® This average of
3.2% per year is one of the largest reductions recorded
in Western populations, comparable to Finland (4.2%
per annum) and Sweden (3.3%);% both countries also
rank in the top 10 for gender equality, whereas the
United States recorded a decline of 2.5%.%8 This de-
cline in Iceland was largely because of secular reduc-
tions in cholesterol (32%; predominantly from dietary
intake, not lipid-lowering drugs), systolic blood pres-
sure (22%), and smoking (22%), and a further 5%
came from increases in physical activity. All of these, as
demonstrated in this article, can be heavily shaped by
gender.
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Indeed, economic development is inextricably linked
to gender equality, thereby making these concepts diffi-
cult to disentangle. Common features of countries with
higher gender equality (such as the Nordic countries)
are policies that promote gender equality, focusing on
financial independence in both domestic and work set-
tings. For decades, these countries have had a history
of implementing key policies around paid maternity
leave,® extensive day care services, and a parental leave
scheme that provides quotas for couples to negotiate
their own combination of absence from their employ-
ment.?° First introduced in Sweden, Iceland, and subse-
quently Finland in 1974, 1981, and 1985, respectively,
this dual earner/dual care model has supported equal
labor force and domestic participation for both women
and men®' and is now socially and politically institution-
alized because of the widespread acknowledgment of
its importance.®® Ultimately, this model has been suc-
cessful in its attempt to remove key structural barriers
that otherwise preclude the freedom of choice around
domestic and labor participation, thereby perpetuating
gender inequalities that are deleterious to cardiovascu-
lar health. It is indeed plausible that equality-based ini-
tiatives that focus on gender would have other positive
effects on the cardiovascular health of both genders
and further generations. For example, encouraging and
teaching men to participate in an egalitarian manner in
the domestic sphere could foster the emotional intelli-
gence and well-being of both fathers and boys, thereby

Circulation. 2018;137:854-864. DOI: 10.1161/CIRCULATIONAHA.117.028595

reducing the risk of delinquency or social isolation, both
CVD risk factors.

Yet evidence that gender equality is beneficial to
the health of men and women is far from unequivocal.
Although women’s financial independence is greatest
in countries with the highest gender equality, we have
highlighted how gender empowerment has been as-
sociated with an increase in some cardiovascular risk
behaviors for women, such as smoking. Another unex-
pected consequence of gender equality is referred to as
the Nordic paradox,®? the disproportionally high preva-
lence rates of IPV against women occurring in Nordic
countries. IPV victimization rates in the European Union
average 22%, while they range from 28%, 30% and
32% in Sweden, Finland, and Denmark, respectively.
Gracia and Merlo®? postulate reasons for this unantici-
pated trend, which should be taken into consideration
in the context of social determinants of CVD. Evidence
from other high-income countries suggests that wom-
en with higher economic status (relative to their part-
ners) are at greater risk of IPV victimization, particularly
if their partner holds traditional gender beliefs and ex-
pectations. Negative perceptions and responses to gen-
der equality may also incite a backlash effect against
women in powerful positions.®* Also plausible is men’s
sense of resistance or resentment toward gender-based
social progress that manifests in the form of IPV in the
privacy of the domestic sphere. Of course, an alterna-
tive explanation for this trend may be higher reporting
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of IPV. Progressive cultural expectations and standards
encourage, or may at least alleviate, the stigma asso-
ciated with IPV reporting, meaning that the adverse
consequences of reporting are fewer. As generations
become more accustomed to the expansion of egalitar-
ianism and fluidity of gendered roles, we might expect
rates of IPV to decline.

It should be noted that, although cardiovascular risk
as it specifically relates to lesbian, gay, bisexual, trans-
gender, queer, questioning, and intersex populations
was beyond the scope of this article, it is indeed im-
portant when considering gender and sex as a social
determinant of CVD and an area that warrants greater
attention in both a research and a public health sense.
An intersectional, gendered approach to CVD preven-
tion that considers lesbian, gay, bisexual, transgender,
queer, questioning, and intersex populations is there-
fore required.

In conclusion, gender (as it overlies biological sex)
should be considered a social determinant of CVD that
is modifiable through efforts to improve gender equali-
ty. This approach warrants the attention of government
and health professionals. Indeed, the most recent social
determinants of CVD risk and outcomes position paper
should be updated to reflect this and the contexts in
which CVD develops for women and men. Research is
required to determine whether gender equality policies
at the national level, such as those introduced in coun-
tries that have also experienced major reductions in
CVD mortality, would impact the cardiovascular health
of the US population.
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