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ABSTRACT

Cardiovascular disease (CVD) remains the leading cause of death in women in the United States and globally, with heart disease actually on the rise among middle-
aged women in the United States. This disease burden can be reduced by prioritizing a preventive approach to cardiovascular health. The 2019 American College of
Cardiology (ACC)/American Heart Association (AHA) Guideline on the Primary Prevention of CVD contains important updates for delivery of primary prevention and
also highlights early menopause and pre-eclampsia as two female-specific risk factors that enhance CVD risk. Additionally other female-specific risk factors including
early menarche, polycystic ovarian syndrome, multi-parity, other adverse pregnancy outcomes, and hormone therapy also influence women’s CVD risk throughout
their lifespan. It is vital that both women and healthcare clinicians are made aware of this information as it has lifesaving potential. This review aims to (1) Introduce
the key points of the 2019 ACC/AHA Guideline (2) Highlight the evidence for the female-specific risk factors for refining CVD risk assessment and (3) Discuss the
impact of the female-specific risk enhancing factors on primary prevention interventions such as statin therapy. This approach will be able to more personalize risk
assessment in women, with an emphasis on the importance of shared decision making in building authentic partnerships between clinicians and women patients

throughout their lifespan.

1. Introduction

Cardiovascular disease (CVD) is the leading cause of morbidity and
mortality globally. Moreover, it results in high healthcare costs and lost
productivity. This disease burden can be reduced by prioritizing a pre-
ventive approach to cardiovascular health, which can be enhanced by
considering factors unique to women vs men. Sex refers to biological
difference between males and females; while gender refers to sociocul-
tural roles and behaviors and individual identity. Both sex and gender
interact to influence cardiovascular health in women and the imple-
mentation of cardiovascular prevention strategies.

CVD accounted for 418,665 deaths in women in 2017 in the United
States (U.S.) [1]. Back in the late 1990’s, CVD deaths in women in the
U.S. exceeded 500,000/year and were much greater than in men. Since
that time, much initial progress was made, with steep declines in CVD
deaths in women after the year 2000, in part driven by intensive
women-specific preventive efforts and awareness campaigns [1]. Some of
these efforts include the American Heart Association (AHA)’s Go Red for
Women campaign and the publication of women-specific guidelines for
CVD prevention by the AHA, first in 1999 and last updated in 2011 [2].
An updated summary of those primary prevention guidelines for women

was recently put forth by the American College of Cardiology (ACC) in
2020 [3].

Unfortunately, more work still needs to be done. Since 2010, tracking
along with the developing epidemic of obesity and type 2 diabetes
(T2DM), there has been a concerning plateauing or even slight rise in
CVD mortality in women (as well as in men). In fact, middle aged women
(age 45-65) experienced the greatest relative increase in heart disease
death rates between 2011 and 2017 [4]. This worrisome pattern is an
indication that more intensive preventive efforts are still sorely needed.
Prevention of CVD is not only focused on preventing atherosclerotic CVD
(ASCVD), which includes fatal and non-fatal coronary heart disease
(CHD), stroke, and peripheral arterial disease, but also preventing heart
failure and atrial fibrillation.

Unfortunately women remain under-represented in clinical trials for
preventive therapies such as lipid-lowering and cardiometabolic drugs,
which limits the generalizability of trial results regarding efficacy and
safety for this subgroup [5,6]. Additionally, women are less likely to be
treated with guideline-recommended therapy such as statins, and even
when offered statins, women are more likely to decline or discontinue
therapy [7]. Women may be more likely to underestimate their CVD risk
and over-estimate their risk for side effects [8], leading to
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underutilization of preventive therapies. Additionally even among
statin-treated women, residual risk can remain; newer non-statin thera-
pies offer opportunities for further intensification of prevention strategies
in high risk women [9]. Cardiovascular risk is less often discussed with
women resulting in missed opportunities for prevention [10].

There are sex-differences in the risk conferred by several traditional
CVD risk factors, such as diabetes and smoking, in women compared to
men [3]. Additionally there are unique risks for women that men do not
experience. This review will discuss current approaches to CVD primary
prevention in women, specifically the female-specific risk-enhancing
factors, some of which were included in 2019 ACC/AHA Guideline on the
Primary Prevention of CVD [11]; others of which were recently high-
lighted in the 2020 ACC review of primary prevention in women [3].
These factors include early menarche, polycystic ovarian syndrome
(PCOS), multiparity, adverse pregnancy outcomes, premature meno-
pause, and other hormonal factors (Fig. 1). These female-specific ris-
k-enhancing factors are significant as they play an instrumental role in
determining ASCVD risk and thus will influence the treatment plan
including commencement of statin therapy. Pivotal times in a women’s
reproductive health throughout her lifespan also serve as prime oppor-
tunities for early CVD preventive interventions. Thus, it is imperative that
both clinicians and women are aware of these risk factors.

1.1. The 2019 ACC/AHA guideline on primary prevention of CVD

In 2019, the ACC/AHA released an updated Guideline for the primary
prevention of CVD [11]. The Guideline recommendations can be summa-
rized into 9 key topic areas, framed together by a global “ABCDE” approach
to prevention: 1) Assessment of CVD risk; 2) Aspirin therapy; 3) Blood
pressure management; 4) Cholesterol management; 5) Cigarette smoking
and other tobacco products cessation; 6) Diet; 7) Diabetes treatment and
prevention; 8) Exercise and physical activity; 9) Obesity and weight man-
agement. Furthermore, the value of patient-centric care is highlighted
throughout the guideline with 3 over-arching themes: 1) including a
team-based approach to prevention; 2) addressing the social determinants
of health which influence delivery and adherence to preventive recom-
mendations; and 3) emphasizing the importance of shared decision making
in building an authentic partnership between clinicians and patients.

1.2. The ACC/AHA primary prevention guideline applied to women

A healthy lifestyle through one’s lifespan is the foundation for all
preventive efforts. But when considering adding pharmacological ther-
apy, a core tenet of preventive guidelines is to match the intensity of
preventive efforts to the absolute risk of the patient. To guide risk-based
decisions, the 2019 ACC/AHA Guideline recommends starting with a 10-
year assessment of ASCVD risk, estimated by the race- and sex-specific
pooled cohort equations (PCE), for adults aged 40-75 years [11]. For
younger individuals age 20-59, who are not at high short-term risk, a
lifetime risk can be estimated using the same PCE tool.

Low risk individuals (<5% 10-year risk) can generally be managed by
lifestyle modifications alone, while for high risk individuals (>20%),
high intensity statin therapy is recommended in addition to lifestyle.
Statin therapy is also recommended for adults with LDL-C >190 mg/dL,
regardless of their 10-year risk given high lifetime risk associated with
severe primary hypercholesterolemia. Adults over the age of 40 years
with diabetes are also recommended for statin therapy for ASCVD pre-
vention. For those without diabetes who have low-density lipoprotein
cholesterol (LDL-C) of 70-189 mg/dL and 10-year risk >7.5-20% (in-
termediate risk), statin therapy is also generally recommended, but
additional information and clinician-patient risk discussion is particu-
larly needed for this group. Ten-year ASCVD risk estimation is the start of
the conversation with patients, but not the end. Unfortunately these risk
assessment tools, which are based on traditional CVD risk factors and
derived from older cohort data, have the potential to both under-estimate
[12,13] and over-estimate [14,15] risk in women.
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Fig. 1. Infographic showing the risk-enhancing factors for ASCVD across the
lifespan of women.

Many high risk women under the age of 40 years old are not identified
because the currently available tools were developed and validated in
older populations, i.e. >50 years of age [16,17]. Furthermore, women
develop CVD at older ages than men, resulting in lower risk estimates.
Risk scores that use a time-based framework can lead to underestimation
of risk. For example, one study demonstrated a significant association
between cumulative exposure to hyperlipidemia in young adulthood and
subsequent CHD risk despite the younger persons not meeting statin
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therapy criteria by the 10-year risk score [18]. Notably, the focus on
older age groups may further be harmful as it fails to include the younger
population, which due to its sheer size, indicates a higher population
burden who may benefit from an opportunity for earlier intervention
[19]. Alternative solutions that have been proposed include using a
lifetime risk score, or using age and sex-specific CVD thresholds to guide
cholesterol treatment recommendations [20].

The 2019 ACC/AHA Guideline acknowledged the limitations of term-
based (10-year) risk assessment and recommended that for adults at
borderline (5% to <7.5%) and intermediate (>7.5% to <20%) risk, the
following risk enhancing factors should be assessed and utilized to
modify the ASCVD estimate: family history of premature ASCVD, primary
hypercholesterolemia, metabolic syndrome, persistently elevated tri-
glycerides, chronic kidney disease, chronic inflammatory conditions,
high risk race/ethnicity such as South Asian ancestry, and if measured,
elevation in specific biomarkers such as high-sensitivity C-reactive pro-
tein, apolipoprotein B, and lipoprotein (a) [Lp(a)] [11]. Additionally, the
ACC/AHA Guideline specifically highlights female-specific risk factors
including a history of premature menopause and a history of pre-
eclampsia [11]. These female-specific factors will be further discussed in
the sections below.

It should be recognized that to date studies have not shown that in-
clusion of pregnancy-related factors improve current risk prediction
models after including conventional CVD risk factors [16,17]. However,
although these studies used population-based cohorts, they primarily
included women beyond their reproductive years in the sample pop-
ulations, which may in part explain the lack of positive findings. Ideally,
future registries should include sample populations that are closer to the
target populations intended for screening and intervention of CVD risk
following an adverse pregnancy outcome.

The 2019 ACC/AHA Guideline acknowledges that even after assess-
ment of 10-year risk by PCE score and assessment of these clinical risk-
enhancing factors, there can still be uncertainty for patients and clini-
cians about the net benefit of initiating pharmacological preventive
therapy, such as statins. If uncertainty remains as to the level of risk and
value of preventive therapy, further evaluation with coronary artery
calcium (CAC) by non-contrast CT can be employed to better determine
ASCVD risk [11]. Coronary artery calcium is a good surrogate marker of
total burden of atherosclerotic plaque and can predict future CVD risk,
even independently of age, sex, and other traditional risk factors [21].
CAC has proven to be an effective and reliable tool in revising risk esti-
mation both upwards and downwards after PCE assessment. Notably, the
CAC score improves risk prediction in women, even for those deemed to
be at low risk by traditional risk scoring estimates [22-24]. The presence
of a CAC score of 0 indicates a very low risk of incident CVD event in next
5-10 years and statin therapy thus could be deferred or postponed; on the
other hand any non-zero score indicates the presence of coronary
atherosclerosis where statin therapy could be considered and would be
recommended for high scores such as >100 Agatston units or >75th
age-sex percentile. The use of age-sex percentiles may be more applicable
to women who have lower CAC scores on average compared to men.

This rest of this narrative will focus on a deeper-dive into reviewing
the female-specific risk enhancing factors that can refine ASCVD risk
estimation and guide treatment decisions for statin therapy. For further
information about the other prevention topic areas (diet, physical ac-
tivity, tobacco cessation, weight management, blood pressure manage-
ment, diabetes management, and selective use of aspirin), please refer to
the 2019 ACC/AHA Guideline where these topics are discussed in detail
[11].

1.2.1. Risk factors for ASCVD associated with younger women
1.2.1.1. Polycystic ovarian syndrome. Polycystic ovarian syndrome

(PCOS) is a disorder characterized by hyperandrogenism and menstrual
irregularities [25]. Women affected by PCOS have a heightened risk of
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developing diabetes due to associated insulin resistance, central obesity
and hypertension. This adverse cardiovascular risk profile in women with
PCOS may lead to premature atherosclerosis [26,27]. Women with PCOS
have been shown to have increased risk for CVD events [28]; although it
is debated whether this is independent of the above CVD risk factors or
not [25]. Regardless, implementation of lifestyle management can help
mitigate some of this risk.

Once a woman is diagnosed with PCOS, clinicians should be judicious
and proactive by pursuing aggressive CVD risk factor management. For
example, blood pressure and body mass index (BMI) should be measured
regularly as per the guidelines. At diagnosis, measurement of lipids to
establish a baseline as well as testing for diabetes via oral glucose
tolerance test, fasting glucose and obtaining the hemoglobin Alc should
be performed. If impaired oral glucose tolerance is detected, yearly
screening for diabetes should be done. If the woman has normal glucose
tolerance, diabetes screening should be done at least every 2 years [29].

1.2.1.2. Hormone contraceptive use. The use of combination estrogen/
progestin oral contraceptive (OCP) elevates the possibility of developing
a thrombotic stroke or myocardial infarction. In general, because women
of child-bearing age are at low CVD risk, this excess risk conferred by
OCPs is very minimal and is offset by the benefits of avoiding an un-
planned pregnancy. However, risk conferred by OCP does increase with
the age of woman, smoking, hypercoagulable states, and with higher
estrogen doses. The risk is approximately 1.6-fold increased with the
highest risk associated with pills with >50 microgram of estrogen [30].
Notably, OCP use is not an independent risk factor for ASCVD risk long
term [31]. The risk of stroke is increased when women use OCPs and also
have other risk factors. These risk factors include smoking, hypertension,
hyperlipidemia, diabetes, obesity and migraine/aura [29]. A
meta-analysis found that the safest oral form of hormonal contraception
with regard to the OCP pill was the one containing levonorgestrel and 30
microgram of estrogen [30]. Thus, consideration should be given for this
formulation, especially if other risk factors are present and OCP is
absolutely required. Consideration should be given to progestin-only pills
or intra-uterine delivery systems if patient is above age 35 and has other
ASCVD risk factors [31].

Regarding the use of OCPs, healthcare professionals and female pa-
tients should be aware that use of OCP could contribute to ASCVD risk,
employ strategies to reduce the likelihood of ASCVD by mitigating other
risk factors through preventive efforts, and avoid estrogen-based OCPs in
women at highest CVD risk in favor of other progestin-only or non-
hormonal contraception.

1.2.1.3. Menarche. Early menarche is associated with a higher risk of
adverse CVD outcomes [32]. Results from the Women’s Ischemia Syn-
drome Evaluation (WISE) study demonstrated that in comparison to
women with menarche at age 12 years, there was an approximately
4-fold adjusted increased risk for major adverse cardiac events for
menarche <10 years [hazard ratio (HR) 4.53 (95% CI 2.13-9.64)] [33].
There is also an increased risk with late menarche >15 years. Increased
BMI and other behavioral/lifestyle factors may be one trigger for onset of
early menarche. Additionally, genetic studies are being undertaken to
better understand the reasons as to why age at menarche affects CVD risk
but currently the underlying mechanism is thought to be linked to weight
and height [34]. Age of menarche has potential to be used as a screening
tool to identify women at greater risk of CVD. Attention should be placed
on optimizing women’s cardiovascular risk profile and encouragement of
healthy lifestyle.

1.2.1.4. Primary ovarian insufficiency. Primary ovarian insufficiency
(POI) is a clinical condition defined by loss of ovarian activity before the
age of 40 years [35]. It is characterized by amenorrhea or oligomenor-
rhea, high levels of follicle-stimulating hormone (FSH) and low estradiol
and anti-Mullerian hormone levels [36]. It is thought to be due to genetic
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mutations, such as an autosomal recessive FSH receptor mutation [37],
or an inactivating ALA 189Val mutation [38]. The incidence of POI is
0.01% in women younger than 20, 0.1% in women younger than 30, and
approximately 1% of women younger than 40 [39].

POI is associated with a shortened life expectancy with the main
cause of mortality being identified as CVD. POI can result in reduced
vascular endothelial function, an early marker of atherosclerosis [40].
Hormone therapy (HT) has been shown to improve the endothelial
function in as short as 6 months [41]. Estrogen also improves cholesterol
metabolism which in turn decreases formation of atherosclerotic plaque
and reduces coronary constriction via catecholamine modulation [42].

Hormone therapy is essential in the treatment of women with POIL, so
as to mitigate the adverse effects of hypoestrogenism and prevent CVD. It
is recommended that HT formulations that most closely resemble normal
ovarian hormone production be employed and continued until the
average age of natural menopause, which is approximately 50 years [40].

Healthcare providers should be aware of POI to aid in a timely
diagnosis, the counselling of patients on the various health problems due
to estrogen deficiency and prompt initiation of HT. The relationship
between POI and CVD, underscores the importance of careful docu-
mentation of women’s menstrual history; investigating the age of
menarche, frequency of menses and family history so as to identify POI in
a timely fashion. Women with POI should also be advised to optimize
lifestyle risk factors such as diet, exercise and abstaining from tobacco in
order to further protect their cardiovascular health.

1.2.1.5. Fertility therapy. Greater numbers of women, mostly age 35-39
years, who suffer from infertility are electing fertility therapy to increase
their chance of a pregnancy [43]. Fertility therapy, however, has been
shown to have adverse cardiovascular outcomes. The pathophysiology is
thought to be due to fertility therapy generating thrombosis, vascular
injury from ovarian hyperstimulation and activation of the
renin-angiotensin system [44,45]. Moreover, vascular injury can be
worsened in women who undergo multiple fertility cycles or those who
have miscarriages [46,47].

There is also added risk for CVD in women who fail fertility therapy.
One cohort study investigated this, defining fertility therapy failure as
cycles of treatment that were not followed by a subsequent newborn
delivery within 1 year [48]. The results revealed that women who failed
fertility therapy were 19% more likely to develop adverse cardiovascular
health outcomes as compared to the group in which fertility therapy was
successful [48]. There was a marked increase in numbers of cases of heart
failure and ischemic stroke. Furthermore, the most substantial risk for
cardiovascular event or mortality was during the first year of follow up
after the failure of fertility therapy [48].

Women who fail fertility therapy should undergo close surveillance
for the development of risk factors for CVD and cardiovascular morbidity.
It is of paramount importance that clinicians and patients know about
this risk as more women with comorbidities are utilizing fertility therapy
[49], as well as more women partaking in oocyte cryopreservation for
future fertility [50]. Research is being done to looks at the utility of renin
angiotensin inhibitor therapy [51]. For prevention of thromboembolism,
there is the potential for the use of antiplatelet agents [52].

1.2.2. Risk factors for ASCVD associated with pregnancy

1.2.2.1. Hypertensive disorders of pregnancy: eclampsia, preeclampsia,
gestational hypertension. A history of preeclampsia was highlighted as a
CVD risk-enhancing factor in the 2019 ACC/AHA Prevention Guideline
and other reviews [3,11,53,54]. Preeclampsia is a pregnancy specific
disorder which results in hypertension and multi-organ dysfunction, after
20 weeks’ gestation [55]. It is a leading cause of maternal mortality
globally, affecting 2-8% of all pregnancies [55]. A recent meta-analysis
linked preeclampsia with a four-fold increased risk of heart failure
development and a two-fold increase in CHD, stroke and death due to
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CVD, after adjusting for age, BMI and diabetes mellitus [56]. Another
study demonstrated that women with a history of preeclampsia have
accelerated subclinical coronary atherosclerosis [57].

Hypertensive disorders of pregnancy (HDP), which includes gesta-
tional hypertension, preeclampsia and eclampsia, have been shown to be
linked to accelerated cardiovascular aging and a multitude of cardio-
vascular conditions such as valvular heart disease. This link can be
explained by the enhanced risk of developing chronic hypertension after
HDP, as highlighted by a large study from UK biobank [58].

The pathophysiology of preeclampsia is thought to include placental
ischemia and increase in anti-angiogenic milieu leading to vascular and
endothelial damage [59]. Consequently, this can result in systemic hy-
pertension and end-organ hypoperfusion. This damage may persist and
manifest as CVD in the future, even more than a decade after the
pre-eclamptic pregnancy [54,55]. An association between early onset of
pre-eclampsia and an increased risk of metabolic syndrome development
has also been shown [60]. The CHAMPS (Cardiovascular Health After
Maternal Placental Syndrome) study demonstrated a 12-fold increase in
CVD risk for women with a history of preeclampsia and metabolic syn-
drome as compared to women with neither of these conditions [61].
Notably, risk factors for development of preeclampsia, also fit the risk
profile for CVD such as dyslipidemia, obesity, chronic hypertension and
insulin resistance [56].

Moreover, the 2011 AHA Guideline for the Prevention of CVD in
Women also discussed gestational hypertension as a risk factor for CVD
[2]. Gestational HTN is defined as the development of hypertension
(blood pressure >140/90 mmHg on 2 separate occasions) after 20 weeks
of gestation with no evidence of proteinuria or preeclampsia. Gestational
HTN is thought to contribute to the consequent development of hyper-
tension, diabetes, CVD and heart failure [56].

Lifelong monitoring of cardiovascular risk factors, particularly blood
pressure and diabetes, in women with a history of preeclampsia is
required. In the postnatal appointments, cardiovascular risk assessments
should be performed, and interventional measures implemented as
necessary. Patient education about lifestyle modification to reduce risk
should be prioritized. Early identification of these high-risk women can
preclude future CVD events with timely prevention efforts. Furthermore,
for the prevention of preeclampsia, evidence suggests the use of low dose
aspirin, which has been shown to be safe [62]. Multi-disciplinary
collaboration between obstetrics, cardiology, and primary care can
improve delivery of CV preventive care for these high risk women,
including of implementation of dedicated post-partum cardiology clinics
[63].

1.2.2.2. Preterm delivery. Preterm delivery is defined as delivery before
37 weeks of gestation. Approximately 10% of pregnancies are affected by
preterm delivery in the U.S. annually [64,65]. Preterm delivery has been
shown to increase the risk of CVD development in mothers [65]. Studies
and subsequent meta-analyses have demonstrated that the occurrence of
a preterm delivery is associated with a 2-fold increased risk of future CVD
events [66,67]. The highest future CVD risk was among women who
delivered very prematurely before 32 weeks of gestation. Women with a
history of preterm delivery are also more likely to develop chronic hy-
pertension, T2DM, and hypercholesterolemia, with a more pronounced
risk in the first 10 years following the preterm delivery [68].

Preterm delivery is an independent predictor of CVD [69]. Thus, it
can be used as prognostic tool for CVD, identifying women who can
benefit from early screening, prevention and treatment. Primary care
providers should take into account preterm delivery in workup of pa-
tients’ CVD risk level. Interventions to reduce the risk of having a preterm
delivery should also be performed. This includes diet and exercise
management plans and weight reduction.

1.2.2.3. Gestational diabetes. The 2011 AHA guidelines for the preven-
tion of CVD in women discussed gestational diabetes mellitus (GDM) as a
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critical risk factor for CVD [2]. Gestational diabetes mellitus is charac-
terized as the presence of raised blood glucose during pregnancy, nor-
mally associated with insulin resistance. GDM independently increases
the risk of the development of CVD, as well as increases the risk of the
development of T2DM, a known risk factor for adverse cardiovascular
health outcomes [70]. If a woman develops gestational diabetes, she has
an 8-fold increased risk of acquiring T2DM [71]. Gestational diabetes
also results in a 63% higher odds of incident CVD and an absolute risk
increase of 2.8% [72]. This study that included 8127 parous women aged
20 years or older, also revealed that there was a significant association
between a history of GDM and a lower serum level of high density li-
poprotein cholesterol (HDL-C). Of note, adjustments for BMI, modestly
attenuated the associations described above [72].

Increased awareness of the heightened risk of developing T2DM and
CVD after GDM, can change clinical practice and positively alter the
trajectory of the impacted women’s lives. It provides an opportunity to
further investigate and utilize lifestyle (dietary, exercise) and pharma-
cological interventions that can decrease the likelihood of CVD compli-
cations in the affected women. One meta-analysis demonstrated that
GDM confers a 2.3-fold increased risk of CVD in the first decade post-
partum [70]. This emphasizes the urgency and the importance of early
surveillance and risk modification.

1.2.2.4. Parity. Greater parity, or number of live births, is independently
associated with risk for development of CVD in several observational
studies; however the mechanism which is not fully understood [73-75].
During pregnancy, there are normal physiologic changes that influence
CV risk factors of lipids, glucose, and weight), along with additional
stressors such as endothelial dysfunction, inflammation, and hemostatic
processes. Women may gain weight with each subsequent pregnancy,
with multi-parous women being more likely to have an elevated BMI
[76]. These factors may lead to an increased risk of incident CVD later in
life. Prior work from Multi-Ethnic Study of Atherosclerosis found that
multiparous women, particularly those with history of >5 live births
were less likely to have ideal cardiovascular health at middle to older
ages [76] and have worse arterial function later in life [77]. In the Dallas
Heart Study, higher parity was also associated with increased CAC [78].

More attention needs to be placed on the mother’s health after each
pregnancy, and some of the risk conferred by multi-parity could be
potentially mediated by more intensive lifestyle changes. Mothers need
more support and resources, including help with childcare, to be able to
prioritize their own well-being. Family-centric approaches that optimize
healthy diet and physical activity should be encouraged, which benefit
both children and adults.

1.2.3. Risk factors for ASCVD associated with older women

1.2.3.1. Menopause. Cardiovascular risk accelerates after menopause
due to withdrawal of endogenous estradiol levels, which can worsen
many traditional CVD risk factors including body fat distribution,
impairment of glucose tolerance, adverse changes in lipid profile, ele-
vations in blood pressure, endothelial dysfunction and increased sym-
pathetic tone, which all have detrimental effects on arterial/
cardiovascular function [79]. In regard to lipids, at the time of meno-
pausal transition, women experience increases in total cholesterol,
LDL-C, very low density lipoprotein cholesterol (VLDL-C), and tri-
glycerides, and a decrease in HDL-C [80,81]. The atherogenic index (total
cholesterol/HDL-C ratio) is significantly higher in post-menopausal
women as compared to premenopausal women [80]. However,
conversely, an elevated HDL-C may not be cardioprotective among
post-menopausal women [82], which may lead to false reassurance and
underestimation of women'’s risk.

In pre-menopause state, estrogen contributes to cardio-protection
through several mechanisms including the maintenance of a healthy li-
poprotein profile. This is evident by the negative correlation of estrogen
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levels with total cholesterol, LDL-C, triglycerides, and VLDL-C while
positively correlated with HDL-C. Estrogen alters vascular tone by pro-
ducing nitrous oxide resulting in stabilization of endothelial cells,
enhancement of antioxidant effects and modification of fibrinolytic
protein; however, this cardio-protection is lost with menopause. Women
with higher androgen levels relative to estrogen after menopause are at
greater risk of endothelial dysfunction, atherosclerosis, and subsequent
CVD events [83-85].

Menopause is an event that all women experience during their life-
time. However, of particular concern is when menopause comes pre-
maturely (<45 years), with early menopause being linked to an increased
risk of CVD even independently of traditional CVD risk factors [86,87].
The enhanced risk occurs regardless if menopause onset was natural or
surgically induced [86]. [See above discussion in the younger women
section about premature ovarian failure (POI) which is associated with
increased cardiovascular risk too.] A recent pooled meta-analysis
including over 300,000 women found a graded association of CVD risk
depending on timing of menopause. Compared to women with meno-
pause at age 50-51 years, the risk for younger women were as follows:
<40 years [HR 1.55 (95% CI 1.38-1.73)], age 40-44 [HR 1.30
(1.22-1.39), age 45-49 [HR 1.12 (1.107-1.18)] [88].

Early menopause can identify women who are at greater risk of
developing ASCVD, and this is highlighted as a risk-enhancing factor in
the 2019 ACC/AHA Primary Prevention Guideline [11]. Thus, women
with early menopause may benefit from aggressive CVD primary pre-
vention and consideration of assessment of CAC to refine risk if decisions
for statin therapy are unclear. They would also benefit from strategies to
reduce the likelihood of premature menopause such as following a
healthy lifestyle and smoking avoidance. Smoking is linked to earlier
onset of menopause, with smokers undergoing menopause 2 years prior
to non-smokers [86].

1.2.3.2. Post-menopausal hormone therapy. As mentioned above, post-
menopausal women are at greater risk of developing CVD as compared
to premenopausal women, which is thought to be due to the lower levels
of endogenous estrogens [79]. Multiple observational studies has sug-
gested that menopausal hormone therapy (MHT) has cardioprotective
potential [89]. This effect was further enhanced if MHT is started early
after menopause [90]. One study underscored a possible mechanism for
this effect; by demonstrating that MHT use led to a substantial reduction
in pro-thrombotic Lp(a). Lp(a) is associated with an increased risk of CHD
[89]. A 2006 meta-analysis outlined the reduction in risk factors for CHD
such as abdominal obesity, insulin resistance, lipids, and blood pressure
with MHT use. However, there was a caveat that while oral agents
resulted in larger beneficial effects than transdermal agents, they can
adversely affect C-reactive protein and protein C, which was not seen
with transdermal agents [90].

It is still however unclear as to what modification of sex hormones is
most suitable for CVD risk reduction. Unfortunately, randomized clinic
trials such as the Women’s Health Initiative (WHI) failed to confirm
beneficial effect of MHT on CVD events, and risks even exceeded benefits
in that trial [91]. For this reason, MHT is not recommended for the sole
purpose of CVD prevention. Notably, the trials included women who on
average were at older ages and more distant from the menopause tran-
sition. Additionally, the trials focused on conjugated equine estrogen and
medroxyprogesterone acetate [92,93]. The beneficial effects may be
dependent upon the formulation for MHT of which there are many
various strengthens of estrogen and progestin [94]. Thus, more research
is ideally needed on the use of MHT in post-menopausal women for
primary prevention of CVD, particularly for those in the peri-menopausal
transition; however, it is unlikely there will ever be another large scale
randomized clinical trial conducted to replace the findings from the WHI.

The use of MHT to decrease CVD risk remains controversial. Estrogen
therapy has the potential to prevent subclinical atherosclerosis if given to
women closer to their menopausal transition [95]. However, the CVD



P. Elder et al.

preventive benefit of MHT if given later in menopause is significantly
reduced and may even be harmful in this setting [93]. At this point, MHT
is not recommended for CVD prevention, but is reasonably safe to
administer to women 50-59 years free of clinical CVD in efforts to
manage vasomotor symptoms. Therefore, it should be a shared decision
making process between clinician and patient to determine if to utilize
MHT. If a woman’s CVD risk is uncertain before starting MHT, the use of
CAC may be helpful to refine risk estimation further.

1.2.3.3. Transgender individuals. Accounting for 0.6% of adults in the
U.S., the transgender population has unique CVD risks, with a higher risk
of myocardial infarction compared to the cisgender population [96].
Efforts must be made to better understand the CVD risk factors in this
population, so as to promote better health. Data from a large gender
clinic in the Netherlands reported that transwomen receiving trans-
gender hormone therapy (THT) (typically estrogens) had an increased
risk of venothromboembolism and stroke, while transmen receiving THT
(testosterone) had an increased risk of myocardial infarction, compared
to their cis-counterparts [97]. Transmen receiving testosterone therapy
are at risk for elevated blood pressure, lipid derangements and insulin
resistance. Given risk of venothromboembolism in transwomen, lower
doses of transdermal estrogen is preferred [96]. One study indicated that
there is a protective effect of progestin therapy in transgender women
due to decreased blood pressures [98]. Other studies show that trans-
gender men and women may have other prevalent risk factors for CVD
such as diabetes and being overweight[99] and social stressors; so it is
not entirely clear from these observational studies how much of the
excess CVD risk is due to the THT itself or due to other risk factors in this
population. More research needs to be done as most studies thus far look
at younger transgender adults, thus lacking generalizability to older co-
horts who are more likely to have CVD. Additionally, there are limited
randomized control studies comparing the different THT formulations
[96]. Since THT is an important part of gender identity, it is not rec-
ommended to withhold hormone therapy but rather to screen for and
address CVD risk factors in this population to help mitigate their excess
risk.

2. Conclusions

Despite substantial progress over the past two decades, more recent
trends in the increased prevalence of obesity and diabetes have slowed or
even reversed prior reductions in CVD mortality in women. Thus, more
work remains to be done to further improve cardiovascular health in
women. Healthcare professionals should be cognizant of female-specific
risk factor that enhance women’s risk for ASCVD [100]. These include
adverse pregnancy outcomes (e.g., hypertensive disorders of pregnancy,
gestational diabetes) and hormonal factors (e.g. PCOS, POI, infertility
treatment, early menarche, early menopause, and use of hormone ther-
apies (OCPs, MHT, or THT). These “red” flags of risk warrant more
intensive primary preventive efforts, notably lifestyle changes and closer
monitoring for progression of CVD risk factors. The use of statin therapy
should be employed for higher risk women. When women’s risk is un-
certain after calculation of 10-year ASCVD risk and consideration of these
female-specific and other risk-enhancing factors, assessment for the
presence of subclinical atherosclerosis by measurement of CAC is a
helpful tool to refine CVD upwards or downward and guide shared de-
cision making about preventive therapies.

For other preventive recommendations to manage CV risk factors, the
2019 ACC/AHA Primary Prevention Guideline provides a useful
“ABCDE” framework. Finally, disparities in socioeconomic factors are
key drivers of CVD risk and should not be overlooked. None of these
preventive efforts will be successful without paying attention to patients’
access to health insurance, transportation, availability of healthy food
sources, safe neighborhoods for physical activity, and freedom from
violence and abuse. Preventive therapy should be leveraged in the
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context of building successful clinician-patient partnerships towards a
shared goal of CV health promotion, with recommendations individual-
ized for a given patient.
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