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Tailoring cardiovascular risk
assessment and prevention for
women: One size does not fit all
Nanette Wenger1 ,2*

INTRODUCTION
For many years, cardiovascular disease was considered predominantly a disease of
men, despite the fact that more U.S. women than men died annually from cardiovascular
illness.1 Because of this misperception of their cardiovascular risk, for many years women
were underdiagnosed and undertreated, with consequent increases in cardiovascular
morbidity, mortality, and disability. With recent appreciation of this historical gender
disparity, clinical and epidemiological research studies have identified cardiovascular
features specific to women, resulting in an improved spectrum of care. Although since
1984 more U.S. women than men died annually from cardiovascular disease, beginning
in the year 2000 there was a sharp decline in cardiovascular mortality for women,
indeed, more precipitous than that for men. Half of this favorable effect is considered
due to improved preventive strategies and the remainder to improved management of
recognized cardiovascular disease. In 2013, for the first time, more U.S. men than women
died of cardiovascular disease and we are delighted to be in second place.1 [Figure 1:
CVD Mortality Trends for Males and Females (United States 1979–2013).]

MODELS FOR RISK ASSESSMENT
The Framingham Risk Score
The initial assessment model for the estimation of coronary risk was the Framingham Risk
Score (FRS), first published in 19982 and revised in 2008. It provides a 10-year estimate
of coronary heart disease risk; a problem of this short-term risk estimation is that women
traditionally have a lower short-term cardiovascular risk but a higher lifetime risk. Thus,
the Framingham Risk Score characteristically underestimates cardiovascular risk for
women. As an example, in the MESA Study,3 women in the highest quartile of coronary
calcium scores were still characterized as at low risk by the Framingham Risk Score.

The Reynolds Risk Score
The predominant differences between the Framingham Risk Score and the Reynolds Risk
Prediction model is the inclusion of high sensitivity C-reactive protein and a family history
of myocardial infarction in the Reynolds calculation.4 As with the Framingham Risk Score,
the Reynolds Risk model fails to incorporate a number of the risk attributes unique to or
predominant in women, as will be discussed later.
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Figure 1. CVD mortality trends for males and femaies
(US, 1979–2013). Reproduced with permission from [1].

2011 Effectiveness-Based Guideline for the Prevention of CAD in Women Algorithm
This guideline attempted a simplification of the risk assessment for women. Women were
classified as at ideal cardiovascular health, at-risk for, or at high risk for cardiovascular
disease.5 Ideal cardiovascular health was characterized as a total cholesterol of
<200 mg/dL (untreated), a blood pressure <120/80 mmHg (untreated), a fasting blood
glucose <100 mg/dL (untreated), a body mass index <25 kg/m2, abstinence from
smoking, physical activity at goal, i.e., ≥150 minutes/week of moderate intensity or
≥75 minutes/week of vigorous activity or a combination, and a heart healthy diet.

Women considered at risk had ≥1 major risk factor; these included cigarette smoking,
SBP ≥ 120 mmHg, DBP ≥ 80 mmHg or treated hypertension; total cholesterol
≥ 200 mg/dL, HDL-C ≤ 50 mg/dL, or on treatment for dyslipidemia; obesity; poor diet;
and physical inactivity. Other at-risk characteristics included a family history of premature
CAD in a first degree relative, metabolic syndrome, evidence of advanced subclinical
atherosclerosis, a poor exercise capacity on treadmill testing and/or abnormal heart
rate recovery, the presence of systemic autoimmune collagen-vascular disease (i.e.,
SLE or RA), and a history of gestational diabetes, preeclampsia or pregnancy-induced
hypertension.

A high-risk status was characterized by ≥1 high risk state which included clinically
manifest CVD, clinically manifest cerebrovascular disease, clinically manifest peripheral
arterial disease, abdominal aortic aneurysm, end-stage or chronic renal disease,
diabetes mellitus or a 10-year predicted CVD risk ≥10%.5 Importantly, the 2011 Women’s
Prevention Guideline antedated the 2013 ACC/AHA Prevention Guidelines.

ACC/AHA Pooled Cohort Equation
More recently, the American College of Cardiology and American Heart Association
provided a new calculator for the estimation of cardiovascular events
(http://tools.cardiosource.org/ASCVD-Risk-Estimator/) which is gender-specific and
provides specific information for Caucasians and African Americans (Figure 2: ASCVD
Risk Estimator). The Pooled Cohort Equation provides both a 10-year atherosclerotic
cardiovascular risk and a lifetime risk. The advantage for women is that their higher
lifetime cardiovascular risk is included in this assessment the clinician provides to
the woman. Its use is delineated in the 2013 ACC/AHA Guideline on Assessment
of Cardiovascular Risk.6 A concern is the overestimation of cardiovascular risk with
advanced age.7–9

http://tools.cardiosource.org/ASCVD-Risk-Estimator/
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Figure 2. ASCVD Risk Estimator. Source http://tools.cardiosource.org/ASCVD-Risk-Estimator/.

Prevention of stroke in women
A recent statement from the American Heart Association and American Stroke
Association defines the risk factors for stroke sex-specific for women and those more
prominent in women (Figure 3: Stroke Risk Factors).10,11

My approach for cardiovascular risk assessment in asymptomatic women
I use as the basis the ACC/AHA Pooled Cohort Equation, but incorporate as well the risk
factors unique to or predominant in women (as discussed below). I also consider the sex-
specific components of stroke risk. See Figure 3 for further details.

EVALUATION OF SYMPTOMATIC WOMEN FOR ISCHEMIC HEART DISEASE
The AHA recommends a treadmill exercise test as the initial diagnostic test for
symptomatic women with an intermediate pre-test likelihood of CAD.12 This assumes a
functionally capable woman, i.e., an appropriate ability to exercise and an interpretable
resting electrocardiogram. For clinicians unsure of a woman’s functional capacity, the
12-item Duke Activity Status Index (DASI) can estimate the metabolic equivalents (METs)
associated with activities of daily living, identifying women unable to achieve 5 METs who
should be considered for pharmacologic stress testing.13 The Duke Treadmill Score (DTS)
provides valuable information about functional capacity and prognostic information for
the risk stratification of women;14–16 a low DTS is associated with <1% annual mortality vs
an annual mortality of nearly 5% in women with a high DTS.14 Low functional capacity is
associated with a higher occurrence of cardiovascular event rates. Importantly, a normal
stress ECG has a very high negative predictive value.

Stress echocardiography or SPECT imaging is appropriate for intermediate-risk
symptomatic women with a poor functional capacity or an abnormal resting
electrocardiogram precluding ST segment interpretation during exercise testing.
The addition of imaging to a treadmill test improves the diagnostic accuracy, with
echocardiography preferred compared with nuclear imaging because of the absence of
radiation exposure. The sensitivity and specificity of ETT for the detection of obstructive

http://tools.cardiosource.org/ASCVD-Risk-Estimator/
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Figure 3. Guideline for the prevention of stroke in women. Reproduced with permission from [10].

coronary disease increases from 31–71% and 66–86% respectively to 80–88% and
81–86% respectively with exercise stress echocardiography compared with ETT.17–20
Pharmacologic stress testing has a diagnostic sensitivity of 91% and specificity of 86%
in women and also provides information on the extent of ischemic perfusion defects
and ventricular function. Stress photon emission tomography (PET) also improves the
diagnostic accuracy of detecting obstructive CAD in women with suboptimal stress
SPECT imaging or poor windows for stress echocardiography; however, exercise cannot
be performed during stress PET testing and pharmacologic therapy is indicated. Stress
cardiac magnetic resonance (CMR) imaging has the advantage of avoiding radiation
compared with stress PET or SPECT, with increasing data being acquired as to its
sensitivity and specificity. Computed coronary tomographic imaging (CCTA) uniquely
provides information on the burden of obstructive coronary disease.

TRADITIONAL RISK FACTORS FOR CARDIOVASCULAR DISEASE
Traditional risk factors have a differential impact by gender. The best studied of the
traditional risk factors are diabetes mellitus, tobacco use, hypertension, lipids and
lipoproteins, obesity, and physical inactivity.21

Diabetes mellitus
Women with diabetes have a 3- to 7-fold increased likelihood of developing coronary
disease than nondiabetic women versus diabetic men whose risk is 2- to 3-fold
compared with nondiabetic men.22 Particularly in young and middle-aged women, who
generally have a lower occurrence of coronary heart disease than comparably aged men,
diabetes is associated with a 4- to 5-fold increased rate of CAD.23
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Diabetes confers a greater cardiovascular risk for women than men, 19.1% vs 10.1%.
Diabetic women have a 40% greater risk of incident coronary disease and a 25% excess
in stroke risk. More women than men at the time of presentation of an initial myocardial
infarction are diabetic, 25.5% vs 16.2%. The correlation of cardiovascular mortality is
greater in diabetic women than diabetic men. It remains uncertain whether this is related
to an increase in adiposity, excess abdominal adiposity, or insulin resistance, among
others. Nonetheless, diabetic women have a far more adverse cardiovascular risk profile
than do diabetic men. Additionally, diabetic women have less appropriate treatment
and control of cardiovascular risk factors than their male peers. Diabetic women were
the sole group without mortality improvement between 1971-75 and 1982-84 in the U.S.
Mortality in these temporal groups decreased in men with and without diabetes and
women without diabetes (13%, 36%, 21% respectively). However, mortality increased
among diabetic women 23%.23–27

Tobacco use
16.7% of women in the U.S. smoke and younger women are more likely than younger men
to initiate smoking behavior. There is a 25% increase in cardiovascular risk for women
as compared with men smokers,28 with cigarette smoking tripling the risk for women
for myocardial infarction. Tobacco use selectively disadvantages women who incur a
higher risk of myocardial infarction compared with men.29 Cardiovascular surgeons often
report that they rarely perform coronary artery bypass graft surgery in women younger
than 50 years of age, absent a history of tobacco use. Smoking cessation is the most cost
effective cardiovascular risk modification strategy in the U.S.

Hypertension
Hypertension is the leading cause of cardiovascular mortality worldwide, with an
increased population-adjusted cardiovascular mortality for women compared with men,
29.0% vs 14.9%.

Hypertension is more prevalent in U.S. men than women until about age 45, with a
higher prevalence in women after age 55-65.1,30 Multiple studies show that women with
hypertension are less likely to be treated to goal.31

There is an impressive correlation with body mass index and elevated systolic blood
pressure in women. Notably 80% of U.S. women aged 75 and older have hypertension,
but this increase in blood pressure with age is not present in non-industrialized societies,
identifying the likelihood of substantial societal contributions to hypertension. In the U.S.
20% of elderly women have adequate blood pressure control in contrast to the 41% of
elderly men.24,32–35

Lipids and lipoproteins
After menopause, lipoprotein levels change, with rising triglyceride and low-density
lipoprotein cholesterol (LDL-C) levels and a decrease in high-density lipoprotein
cholesterol (HDL-C) levels. The degree to which these are impacted hormonal changes
and lifestyle changes is uncertain, as menopausal women often have an increase in
body mass index and a decrease in physical activity. Nonetheless, the unfavorable lipid
profile in menopausal women is associated with a cardiovascular risk approaching that
for men. Despite comparable lipid lowering benefit, women are less likely to be treated
with statins than are men after myocardial infarction.36–39

Elevated cholesterol imparts the highest population-adjusted cardiovascular risk for
women, 47%, with similar statin benefit shown for women and men. The 2013 ACC/AHA
Guidelines recommended significant changes in the management of dyslipidemia. Risk
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was assessed based on the new Pooled Cohort Risk Equations and lifestyle guidelines
(dietary and physical activity) were recommended as initial management for LDL-C
lowering. Fixed-dose statin therapy was recommended for both women and men
based on risk categorization, with no target LDL-C levels. Moderate-dose statins were
recommended for both women and men older than 75 years and non-statin therapies
were not recommended. The latter issue antedated the clinical trial data showing benefit
from ezetimibe added to statin therapy, and from PCS K9 inhibitors; both therapies now
must be considered in the management of elevated LDL-C in women.

This composite will likely increase statin use in women, probably decrease
inappropriate use, decrease non-statin use, and certainly lessen laboratory
testing.6,24,32,40,41

Obesity
Two out of every three U.S. women are obese or overweight based on 2010 data. Obesity
is associated with hypertension, dyslipidemia, physical inactivity, and insulin resistance.
Obesity increases coronary risk more for women than for men, 64% vs 46%. Of interest
is that obesity is double in women compared with men in low-middle income nations,
whereas obesity is equivalent in women and men in high-income nations.24,42,43

Physical inactivity
32% of U.S. adults are physically inactive, 33.2% of women compared with 29.9% of
men. Physical inactivity is the most prevalent risk factor for U.S. women, with one quarter
of U.S. women reporting no regular physical activity, and 34% reporting less than the
recommended amount of daily activity. In the INTERHEART study, the protective effects
of exercise appeared greater for women than for men.24 Beneficial physical activity data
specific to women derive from the Nurses’ Health Study, where there was a decreased
development of type 2 diabetes among women who exercised regularly; as well, among
diabetic women in the Nurses’ Health Study, physical activity decreased the risk of
cardiovascular events. For secondary prevention, exercise-based cardiac rehabilitation
is a Class 1A recommendation in all U.S. clinical practice guidelines; despite this, women
are 55% less likely than men to participate.24,32,40,44,45

CARDIOVASCULAR RISK FACTORS SPECIFIC TO OR PREDOMINANT IN WOMEN
Systemic autoimmune disorders
Systemic autoimmune disorders are highly prevalent in women, including systemic lupus
erythematosus, rheumatoid arthritis, and psoriasis, among others.

Although the mechanism is not well understood, a robust literature demonstrates that
systemic lupus erythematosus and rheumatoid arthritis are associated with an increased
risk of coronary disease, independent of traditional cardiovascular risk factors,46–49 with
systemic autoimmune disorders predominating in women. Accelerated atherosclerosis
is a well-recognized finding in this population.46,50,51 Patients with SLE have premature
cardiovascular mortality, with a mean age of 52 for myocardial infarction in one study.52
Cardiovascular disease is the leading cause of morbidity and mortality in patients with
SLE, and patients with RA also have an increased risk of ischemic heart disease; they
have a doubled risk of developing heart failure and a 1.5- 2-fold risk of CAD. Psoriatic
arthritis also increases CVD event risk but not CVD mortality.53,54

Systemic autoimmune collagen vascular disorders pose an increased risk for both
coronary heart disease and cerebrovascular accident. Indeed, coronary disease is the
leading cause of morbidity and mortality in patients with systemic lupus erythematosus.
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There is a 2- to 3-fold increase in myocardial infarction and cardiovascular mortality in
women with rheumatoid arthritis. Thus this warrants screening for cardiovascular risk in
these women and institution of appropriate preventive interventions.5,53,55

Hypertensive and diabetic complications of pregnancy
Pregnancy complications, including preeclampsia, gestational diabetes, pregnancy-
induced hypertension, pre-term delivery, and small for gestational age weight are all early
indicators of an increase in cardiovascular risk.56–58 It has been said that pregnancy is
the first stress test a woman undergoes, in that the cardiovascular and metabolic stresses
of pregnancy have the potential for the early prediction of cardiovascular risk. It is
unlikely that the complications per se impose risk, but likely that there are shared risk
factors between preeclampsia and cardiovascular disease. With preeclampsia there is
a 3- to 6-fold increase of subsequent hypertension and a doubled risk of subsequent
ischemic heart disease59–62 and stroke. Although the preeclampsia subsides with
delivery, there remains residual endothelial dysfunction and there is a prominent
association of these complications with an increase in coronary artery calcium, evidence
of coronary atherosclerosis. A 2017 report of the US Preventive Services Task Force
recommended that pregnant women have their blood pressure checked at each prenatal
visit to screen for preeclampsia. Gestational diabetes imposes a 7-fold increased risk of
subsequently developing type 2 diabetes5,61–64 and an increased future risk of
cardiovascular disease.59,64,65 Therefore, a detailed pregnancy history is an integral
component of risk assessment for women.

Oral contraceptive therapy
Oral contraceptives increase blood pressure in most women, but rarely are associated
with malignant hypertension. Different oral contraceptive formulations have variable
effects on blood pressure. The most adverse effect is seen in association with cigarette
smoking. Oral contraceptives with low-dose estrogen increased the risk of hypertension
in the Nurses’ Health Study,30 but oral contraceptive discontinuation is typically
associated with a return to baseline blood pressure values within a few months.66

Oral contraception does not impose an increase in cardiovascular risk among healthy
women with no risk factors. However, smoking and oral contraception are associated
with a 7-fold increase in risk and at times the blood pressure increases in hypertensive
women. There is a 1.4–2.0 times increase in stroke, which increases with the age of
contraceptive therapy.

There are major differences among the generations of oral contraceptive therapy. For
example, a second generation OCP, levonorgesterol, is associated with an increased
risk for myocardial infarction, whereas some of the fourth generation OCPs such as
drospirenone do not increase but rather decrease blood pressure but nevertheless pose
an increased risk for VTE. Thus the recommendation is for risk factor assessment and
control in OCP users.10,11,67–70

Hormonal fertility therapy
The most comprehensive data on hormonal fertility therapy derive from a Canadian
population cohort between 1993 and 2010. Among women who had successful fertility
therapy, there was a decreased risk of all cause mortality, nonfatal coronary ischemia,
stroke, TIA, thromboembolism, and heart failure that was present across all age and
income groups, Obviously, this delineation likely reflects a healthy cohort selection
bias.71
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The women with unsuccessful fertility therapy had an increase in cardiovascular risk,
with uncertainty as to whether this reflects different patient characteristics or possibly
multiple cycles of hormonal therapies related to the lack of success of such therapy.
Nonetheless, these women merit surveillance for subsequent cardiovascular events.72

Menopause and menopausal hormone therapy
Although coronary risk increases beginning about 10 years from the onset of menopause,
premature menopause resulting from radiation, chemotherapy, or surgery increases the
risk for coronary disease compared with women with natural menopause.

Despite this, the findings of the Heart and Estrogen Progestin Replacement Study
(HERS) in women with coronary heart disease and the Women’s Health Initiative (in
healthy women) provided conclusive evidence that menopausal hormone therapy
is not beneficial for the prevention of cardiovascular disease,73–75 such that it is not
recommended for cardiovascular primary or secondary prevention.

This is an area where clinical trial data dramatically altered both clinical
recommendation and clinical practice. Based on clinical trials in women with coronary
heart disease (HERS)73 and healthy women (Women’s Health Initiative),74,75 menopausal
hormone therapy is not recommended for the primary or secondary prevention of
cardiovascular disease. Indeed, the USPSTF 2012 recommendations do not recommend
menopausal hormone therapy for the primary prevention of any chronic condition.76,77

Polycystic ovary syndrome (PCOS)
PCOS is the most common endocrine disorder in women of reproductive age and places
them at increased risk for insulin resistance, type 2 diabetes, and the development of the
metabolic syndrome.78–80 PCOS women also have an increased prevalence of coronary
calcium.81 Given their increased prevalence of cardiovascular risk factors, risk assessment
and appropriate cardiovascular intervention is warranted.

Psychosocial factors (particularly depression)
More women than men have depression at all ages, with rates of depression in women
nearly twice that for men.82,83 The prevalence of depression is nearly 15% in a population
of cardiac patients, 3 times that seen in the general population.84 In prospective studies,
depression was associated with the development of CHD independent of other CHD risk
factors.85–87 Some data supports correlation between the severity of depression and the
risk of cardiovascular events.88 In women with symptoms of depression without known
CVD, these symptoms were associated with a CHD risk in age-adjusted and multivariate
models.89

Depressive symptoms occur in up to two-thirds of patients post-myocardial
infarction,90 with major depressive disorder in almost 20%.91,92

Anxiety has also been associated with an increased risk of fatal coronary heart disease
in women.93

A recent statement from the American Heart Association suggests that healthcare
provider consider the assessment and treatment of depression for its clinical benefits,
although it has not been shown to improve cardiovascular outcomes.94

Psychosocial issues, particularly depression, preferentially disadvantage women. In
the INTERHEART study, psychosocial factors were associated with greater cardiovascular
mortality for women than men, 45.2% vs 28.8%. These factors included stress at work
or at home; financial stress; and major life events. Depression in another database
increased cardiovascular mortality 1.64-fold, independent of the severity of the
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depression. A component of this likely reflects both high-risk behaviors and non-
adherence to therapy associated with depression. There is an increased mortality in
depressed young women (younger than 55 years of age) with established coronary
disease. Depression is also a risk factor for adverse outcomes in women with acute
coronary syndromes. Likely there will be an increase in stress in this era of global
violence and current global financial instability. Both in the U.S. and worldwide, a major
issue involves cultural taboos in access to psychosocial care.24,95–98

Aspirin for cardiovascular prevention
Aspirin is routinely recommended for the primary prevention of cardiovascular disease
in men, but not in women.99 These latter recommendations derive from the Women’s
Health Study100 which involved 38,876 healthy low-risk women older than age 45.
Aspirin prevented stroke, but not myocardial infarction or cardiovascular death in women
younger than 65 years of age, but with substantial potential for gastrointestinal bleeding.
In women older than age 65 in the Women’s Health Study, there was a small percentage
prevention of stroke, myocardial infarction, and cardiovascular death, but an almost
equal increase in the risk of gastrointestinal bleeding, mandating individualization of
the recommendations. These data are in sharp contrast to the Physicians’ Health Study,
which involved only men. In men, there was a benefit of aspirin for myocardial infarction
but not stroke. Of note is that the aspirin dosage in both the Women’s Health Study and
the Physicians’ Health Study was 100 mg every other day, the standard regimen at the
time these studies were initiated. Current recommendations are typically for 81 mg of
aspirin daily, with larger doses associated with increased bleeding without increased
benefit. The U.S. Preventive Services Task Force101 recommends low dose aspirin for CHD
and CRC primary prevention for adults 50-59 years with a 10% or greater CVD risk not
at increased risk of bleeding. Individualize at 60-69 years, but insufficient evidence for
benefit:harm balance below 50 years or older than age 70. There are comparable gender
recommendations for aspirin use for secondary prevention.
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