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1 | INTRODUCTION

For the provider, it is critical to understand the role that gender plays
in the recognition, diagnosis, and management of heart failure (HF).
HF numbers continue to grow in the United States, and approxi-
mately 50% of patients living with HF are women. The Framingham
cohort gives a glimpse into the epidemiology of HF in women. In the
1950s and 1960s, the HF incidence rate/10 000 person-years of
follow-up was 42 (95% confidence interval [Cl]: 34-50) in women
and 63 (95% Cl: 48-78) in men.! Subsequently, the incidence rate
declined in women but not in men. One could hypothesize that the
decline could have been related to the earlier recognition and treat-
ment of rheumatic heart disease. In the 1990s, as mortality from
myocardial infarction (MI) dropped, the 5-year incidence of HF
increased to 32% from a rate of 23% in the 1970s. For both men and
women who survived the first 30 days following M, the rates of inci-
dent HF did not change.? Over the 50 years from 1948 to 1988,
median survival for women was better than men, although both sexes
had higher mortality with increasing age. Nonetheless, after adjusting
for age, the women in Framingham had a better survival than the
men. In spite of these observations, if patients were diagnosed in the
1990s, the 5-year mortality was greater than 50%.% The lifetime risk
of HF without a prior Ml is 15% at age 40 years for women and 11%

for men, with the risk rising rapidly with age.#

2 | SYMPTOMS AND DIAGNOSIS

The symptoms of HF are similar between men and women. However,

women often present with more symptom burden, including more
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Heart failure (HF) numbers continue to grow in the United States and approximately 50% of
patients living with HF are women. For the provider, it is critical to understand the role that
gender plays in recognition, diagnosis, and management. The purpose of this literature review
is to highlight the prevalence of heart failure in women and discuss gender variations in epide-
miology, symptoms, pharmacology, and treatment as well as examine the representation of
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dyspnea, bronchitis-like symptoms, edema, fatigue, and worse quality
of life. Provider perceptions of HF being a “man's syndrome” often
lead to delay in diagnosis and treatment, instead treating a presumed
upper respiratory syndrome without further investigating the source.
Thus, symptoms of HF can often be missed or misinterpreted in
women. It is estimated that the prevalence of undiagnosed HF in pri-
mary care patients 265 years old with concomitant chronic obstruc-
tive pulmonary disease (COPD) is 20%.°> Additionally wheezing,
coughing, and shortness of breath can be misinterpreted as bronchial
asthma instead of cardiac asthma caused by congestive HF,® resulting
in treatment with nebulizers and inhalers. On presentation, older
women with HF are more likely to have heart failure with preserved
ejection fraction (HFpEF) and a background of hypertension (HTN).
The NHANES (National Health and Nutrition Examination Survey)
study found that before age 45 years, men are more likely to have
HTN, but that after age 65 years, the incidence is higher in women.
Additionally, women are more likely to develop heart failure after
an ML17

Some HF etiologies are singular to women, such as peripartum
cardiomyopathy, which can present up to 6 months after delivery
and be confused with the early demands of an infant on the mother.®
Stress cardiomyopathy is also more common in women and com-
poses approximately 90% of cases. Additionally, 80% of patients who
present with spontaneous coronary artery dissection are female,” and
should be considered in perimenopausal patients with chest pain.
These patients can present with an HF-like syndrome.

The interpretation of cardiac biomarkers should vary between
genders. In a recent study, high-sensitivity troponin | was shown to
significantly increase the diagnosis of acute myocardial infarction in
women (11%-22%) but not men (19%-22%).2° The role of B-type
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natriuretic peptide (BNP) and N-terminal prohormone of brain natri-
uretic peptide (NT-proBNP) has been well validated for both diagnos-
tic and therapeutic assessment of HF.!'2 Although the clinical
correlations of these measurements are similar, the baseline values
have significant gender differences.®> Women have a 1.6-fold increase
in baseline circulating plasma BNP levels and a 1.3-fold increase in
NT-proBNP levels when compared to men.*® Additionally, because
BNP has been validated in nonischemic cardiomyopathy, this test is

critical in the assessment of women with HF.1*

3 | HEART FAILURE WITH REDUCED
EJECTION FRACTION

In 2012, an estimated 5.8 million or 2.4% of the total US population
had heart failure.””*>*¢ Current guidelines differentiate HF classes by
both functional capacity and left ventricular ejection fraction (LVEF).
Despite the fact that the cumulative incidence of HF is similar
between both genders, women are approximately 65% less likely to
develop heart failure with reduced ejection fraction (HFrEF) (LVEF
<40%) than men, particularly in their younger years.1*>17*8 Although
cardiovascular (CV) risk factors predispose both genders to HFrEF,
diabetes and obesity significantly increases the risk of HFrEF in
women compared to men. From 1971 to 2000, mortality rates from
diabetes have decreased by 43% in men, whereas women's mortality
are unchanged.lz'13 Additionally, women are less likely to achieve a
glycated hemoglobin level < 7 than men, and are less frequently pre-
scribed primary preventative therapy such as aspirin or statins (odds
ratio: 0.75, P < 0.05).}* Obesity appears to have a worse outcome in
women than men. The Framingham Heart Study reported that obe-
sity increased the relative risk of coronary artery disease (CAD) in
women by 64%, as opposed to only 46% in men.*

In large datasets or clinical trials, women with HFrEF have a
higher prevalence of nonischemic cardiomyopathy when compared to
men.1%2° Although, in general, women have a better overall survival
with HFrEF than men,'® and women who have an ischemic etiology
for HFrEF may have a mortality similar to or worse than men with
ischemic HFrEF.

Despite comprising only 20% of subjects enrolled in the initial
cardiac resynchronization therapy (CRT) clinical trials, we now know
that women are more likely to have a mortality benefit after
CRT.2%22 National Cardiovascular Data Registry data published in
2014 found that women had an 18% lower mortality risk after car-
diac resynchronization therapy-defibrillator implantation (hazard ratio
[HR]: 0.82, 95% Cl: 0.78-0.87, P < 0.0001).3 In those with a left bun-
dle branch block (LBBB), women had a 21% lower mortality risk than
men (HR: 0.79, 95% CI: 0.74-0.84, P < 0.001). Although there was no
significant gender difference in mortality among patients with a QRS
>140 ms, women had a higher mortality benefit than those with a
QRS duration of 120 to 129 ms (HR: 0.73, 95% CI: 0.60-0.88,
P = 0.001). There was no observed sex difference in patients without
a LBBB. These studies highlight the importance of the accurate rec-
ognition of LBBB and symptomatic left ventricular (LV) dysfunction in
women, and potentially a role for earlier CRT implantation than male

patients.24 Yet, women are less likely to receive an indicated CRT, or

implantable cardioverter defibrillator, or both. Medical therapy will be

discussed below.

4 | HEART FAILURE WITH PRESERVED
EJECTION FRACTION

HFpEF (LVEF =55%) is twice as common in women than men, which
results from physiologic differences between the 2 genders.?® In the
presence of hemodynamic stress, female myocardium is more likely
to remodel in a concentric pattern compared to men who experience
eccentric hypertrophy.2® The HFpEF phenotype is heterogeneous,
encompassing various degrees of LV systolic and diastolic function,
pulmonary hypertension, and comorbid conditions. Specific risk fac-
tors for developing HFpEF include HTN, obesity, and atrial fibrillation,
but it is important to note that roughly 50% of patients with HFpEF
have 5 or more major comorbidities.

There is no single diagnostic test with adequate predictive char-
acteristics for the diagnosis of HFpEF. Symptoms of HFpEF are often
nonspecific, and thus, diagnosis is often supported with the addition
of biomarkers, echocardiography, and right heart invasive catheteriza-
tion.X® In the decompensated patient, BNP and NT-proBNP can rule
out HFpEF, but its utility is limited in obese patients and those with
renal dysfunction.'* Patients with HFpEF will uniformly have a LVEF
>40%, but many will have echocardiographic evidence of diastolic
dysfunction, elevated filling pressures, and pulmonary HTN. In the
patient with exertional symptoms and normal filling pressures at rest,
diastolic stress testing can be utilized.?”

Over the past decade, data have emerged demonstrating the
high morbidity and mortality of HFpEF. In-hospital mortality rates
range from 2.4% to 4.9%,% with 90-day mortality rates estimated as
high as 9.5%. One-year mortality is estimated at 29% in patients who
were hospitalized at the time of diagnosis, whereas patients who
were diagnosed as outpatients have annual mortality rates of roughly
5%. Not surprisingly, the mortality of HFpEF increases with age and
comorbid conditions. Higher mortality rates are also observed in
patients with right ventricle dysfunction and pulmonary HTN. Most
deaths are noncardiac. Finally, the TOPCAT (Treatment of Preserved
Cardiac Function Heart Failure With an Aldosterone Antagonist) trial
uncovered that 43% patients with HFpEF report a low health-related
quality of life.28

5 | CARDIOMYOPATHIES

5.1 | lIschemic cardiomyopathy

CAD in women remains a distinct entity than in men. Women who
have ischemic cardiomyopathies are older, have multiple comorbid-
ities, and are less likely to have obstructive epicardial coronary steno-
sis (>50% obstruction), and have more comorbidities than men.??7-3°
Although more common in patients who present with HFrEF, the
prevalence of CAD in patients with HFpEF ranges from 20% to
76%.° However, despite the lack of obstructive CAD, women who

present with symptoms of angina have a higher mortality than
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asymptomatic females. The WISE (Women's Ischemic Syndrome Eval-
uation) study demonstrated that women experience symptoms of
obstructive CAD differently than men, with older women more likely
to present in a typical pattern.?43%32 During their event, women may
present with symptoms of shortness of breath (58%), weakness
(55%), unusual fatigue (43%), diaphoresis (39%), and dizziness
(39%).2° For decades, common teaching was that chest pain had a
typical presentation: substernal pain brought on by exertion, relieved
by rest or nitroglycerin.3® Unfortunately, these criteria have a low
sensitivity for ischemic heart disease in women, most notably in
women less than 55 years old.

Despite frequent atypical symptoms, it is important to note that
the most common symptom in women with acute coronary syndrome
(ACS) is still chest pain.? Although most present with acute symp-
toms, some report a prodrome of unique symptoms up to 1 month
prior including increased fatigue (70%), sleep disturbance (47.8%),
and shortness of breath (42.1%).2° The 10-year follow-up from the
WISE study demonstrated a 20% mortality rate in women referred
for invasive angiography for symptoms of ischemia. In those who did
not have obstructive disease, the 10-year mortality was 13%, signifi-
cantly greater than asymptomatic age-matched controls (2.8%).27-32

Women are far more likely than men to have evidence of coro-
nary microvascular dysfunction (CMD) on invasive testing. 1?2031
Although less likely than obstructive epicardial CAD to result in
HFrEF, CMD diagnosis should be considered in patients presenting
with HFpEF. In a postmortem analysis of subjects with HFpEF, there
was strong correlation between CMD and myocardial fibrosis. Inter-
estingly, patients who had CMD had similar levels of fibrosis as
patients with HFrEF and epicardial stenosis.* In an analysis of
women with suspected CMD, a reduced coronary flow reserve was
associated with a significantly higher risk of hospitalization for HF,
even without obstructive CAD. Additionally, CMD in women has neg-
ative prognostic implications in hypertrophic cardiomyopathy and

dilated cardiomyopathy.3>3¢

5.2 | Nonischemic cardiomyopathy

The etiology of nonischemic cardiomyopathies (NICM) has important
gender differences. Stress-induced or takotsubo cardiomyopathy pre-
dominantly affects postmenopausal women.®” Patients will present
with an ACS, nonobstructive CAD, and reduced LVEF. On echocardi-
ography, the classic finding is apical akinesis with preserved basal wall
motion.®® Patients may report a recent stressful event, although this
is not required for diagnosis. Most patients will recover within
3 months, and recurrence rate is low (2%-5%).5?

Peripartum cardiomyopathy (PPCM) presents in women within
6 months of delivery, although the majority of diagnoses are within
the first week postpartum.*® Risk factors include advanced maternal
age, preeclampsia, and multiple gestations. The prognosis of PPCM is
generally favorable, with more than 70% of patients having full recov-
ery of LVEF at 6 months.*! Treatment includes standard American
College of Cardiology/American Heart Association (ACC/AHA)
guideline-based medical therapy, although small nonrandomized trials

have reported a benefit from bromocriptine administration at the

time of diagnosis (58% LV recovery vs 27%, P = 0.012),%**3 and
future pregnancies should be avoided as recurrence is common.**
With over 2.2 million women in the United States having under-
gone therapy for breast cancer, the cardiotoxicity of adjuvant chemo-
therapy is increasingly recognized as a risk factor for NICM in
women.** The incidence of cardiotoxicity varies depending on the
type of chemotherapy administered. In women who receive adjuvant
chemotherapy, the adjusted 3-year incidence of HF is as high as 42%
for patients receiving anthracycline and trastuzumab, 32% for
patients receiving trastuzumab alone, compared to 18% with no adju-
vant therapy.*® Current guidelines recommend long-term surveillance
in women who have undergone anthracycline-based therapy or medi-
astinal radiation therapy with symptom-based echocardiography at
5 and 10 years.*>*”Additionally, high-risk patients should receive a
functional noninvasive stress test at 5 or 10 years, based on

symptoms.

6 | SEXDIFFERENCES IN PHARMACOLOGY
AND TREATMENT OF HEART FAILURE

Gender differences in the pharmacokinetics (PK) and pharmacody-
namics (PD) exist and may result in disparities among drug absorp-
tion, distribution, metabolism, and excretion, as well as drug
concentration at the site of action and resulting effect of common
HF therapies. Table 1 summarizes some of the distinct variations
between the sexes. 2?3048

Clinically relevant PK and PD gender differences in HF pharma-
cotherapy include captopril, digoxin, torsemide and metoprolol succi-

nate. Captopril is better absorbed when administered on an empty

TABLE 1 Variations in PK properties of drugs in women

PK Property  Effect in Women Cause
Absorption Less oral drug absorption Less gastric acid
secretion
Slower Gl motility and
transit time
Distribution Larger for lipophilic drugs Greater body fat
Smaller for hydrophilic Lower total body water
drugs
Metabolism Phase | Variations in enzyme
Increased activity of activity due to
CYP2B6, CYP2D6, pregnancy,
CYP3A4 menopause, OC use
and menstruation
Decreased activity of
CYP1A2, CYP2E1
Phase I
Increased activity of
xanthine-oxidases
Decreased activity of
N-acetyltransferases,
sulfotransferases,
methyltransferases
Excretion Lower but marginal Decreased renal blood

Abbreviations: CYP, cytochrome P(450); Gl, gastrointestinal; GFR, glomer-

difference when
normalized for body
weight

flow, GFR, and
tubular secretion and
reabsorption

ular filtration rate; OC, oral contraception; PK, pharmacokinetic.
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stomach, and women should wait longer after eating, as prolonged
gastrointestinal transit may decrease absorption. Serum digoxin con-
centrations are higher in woman due to reduced volume of distribu-
tion (Vd) and lower clearance (Cl); lower doses and target serum
concentrations should be used to avoid toxicity.** The peak plasma
concentration and area under the curve of plasma levels of torsemide
are significantly higher in women resulting in reduced elimination and
noted gender differences in the frequency of hospitalizations second-
ary to diuretic use.>® A reduced Vd and slower Cl of metoprolol succi-
nate via CYP2Dé6 can result in a greater reduction in blood pressure
and heart rate at lower doses in women.

The incidence of adverse drug effects (ADEs) among women is
1.5- to 1.7-fold higher than men. Hospitalizations due to ADEs also
occur more frequently in women.>* Electrolytes should be monitored
closely, as women with HF receiving diuretic therapy are more likely
to experience hyponatremia, hypokalemia, and subsequent severe
arrhythmias. Angiotensin-converting enzyme (ACE) inhibitor-induced
cough occurs more frequently in women than men by a factor of
~1.5to 2.>*

Because women are under-represented in clinical trials, the cur-
rent guidelines for HF are not gender specific. Early landmark trials
with ACE inhibitors suggested that reductions in mortality and HF
hospitalizations were observed in men and not women with HFrEF.
However, a small percentage of women were enrolled in the CON-
SENSUS (The Effects of Enalapril on Mortality in Severe Congestive
Heart Failure), SAVE (Survival And Ventricular Enlargement Trial), and
SOLVD (Effects of Enalapril on Survival in Patients With Reduced
Left Ventricular Ejection Fractions and Congestive Heart Failure) tri-
als. Furthermore, the teratogenic effects of ACE inhibitors may pre-
clude women of child bearing age from receiving this therapy.
Subsequent meta-analyses have demonstrated comparable benefits
of ACE inhibitors survival and HF hospitalization in both men and
women with HFrEF.>2

In addition, the landmark trials with angiotensin Il receptor
blockers (ARBs) have achieved similar benefit on survival and HF hos-
pitalization in men and women with HFrEF. Aldosterone antagonists,
such as spironolactone and epleronone, demonstrated a total mortal-
ity benefit among women with HFrEF in post hoc subgroup analysis
of the RALES (Randomized Aldactone Evaluation Study) and EPHE-
SUS (Eplerenone Post-Ami Heart Failure Efficacy and Survival Study)
trials.>2 Pooled mortality data by sex from the MERIT-HF (Metoprolol
Cr/Xl Randomized Intervention Trial in Congestive Heart Failure),
CIBIS (Cardiac Insufficiency Bisoprolol Study)-1l, and COPERNICUS
(Effect of Carvedilol on Survival in Severe Chronic Heart Failure) trials
showed similar and significant survival benefits in women and men
with HFrEF receiving metoprolol succinate, bisoprolol, and carvedilol,
respectively.>® Given the morbidity and mortality benefits of renin-
angiotensin-aldosterone system inhibitors along with guideline-
specific p-blockers, triple therapy should not be withheld from
women with HFrEF.

Both men and women with HFrEF who self-identify as African
American with New York Heart Association class Ill to IV symptoms
benefited from combination hydralazine and isosorbide dinitrate
when added to ACE inhibitor/ARB and p-blocker therapy as evi-

denced by A-HeFT (African-American Heart Failure Trial).>* However,

there are no published data for women to support substituting
hydralazine and isosorbide dinitrate for an ACE inhibitor/ARB among
intolerant patients. An increase in all-cause mortality among women
with HFrEF was noted in a post hoc analysis of the DIG (Digoxin
Investigation Group) study. However, a second retrospective analysis
concluded that there was a beneficial effect on morbidity in women
and no excess mortality between concentrations between 0.5 and
0.9 ng/mL.>? Newer agents for HFrEF, such as ivabradine and sacubi-
tril/valsartan, appear to have similar effects in both men and women.

The 2017 focused update of the HF guidelines included a rec-
ommendation for aldosterone antagonists to reduce HF hospitaliza-
tions in patients with HFpEFA55 A subgroup analysis of the TOPCAT
trial that included the Americas had a study population where
women composed 50%.5° An existing recommendation suggests
ARB use to decrease HF hospitalizations based on the CHARM
(The Effects of Candesartan for the Management of Patients With
Chronic Heart Failure)-Preserved trial where 40% of the 3025
study participants were women.”’” Both the I-PRESERVE (Irbesartan
in Heart Failure With Preserved Ejection Fraction Study) and the
CHARM-Preserved trials identified specific subgroups with different
clinical features, outcomes, and response to treatment.’® ¢ Worse
outcomes were noted in elderly women with renal dysfunction and
a group of 44% women with multiple CV comorbidities. Interest-
ingly, the latter population was the only one that had a significant
reduction in adverse events with irbesartan compared to placebo
(HR: 0.72, 95% CI: 0.52-0.91).

As HFpEF continues to represent a disease of older women, and
in the setting of limited pharmacotherapy treatments, it is critical that
future clinical trials reflect the patient population. The limited data on
women due to low enrollment in clinical trials make analysis of sex-
specific data extremely difficult. Although the National Institutes of
health and other funding agencies continue to ask for better recruit-
ment, the numbers are still inadequate.’” Table 2 provides a list of
well-known HF trials and the percent of women enrolled.

7 | EXERCISE TRAINING AS THERAPY

The ACC/AHA guidelines recommend exercise training as another
therapeutic modality for patients with HF. The data on the benefits
are derived from the National Heart, Lung, and Blood Institute trial
HF-ACTION (Heart Failure-A Randomized Controlled Trial Investigat-
ing Outcomes of Exercise Training), which randomized 2231 patients
with HFrEF to a control group or an exercise group of aerobic train-
ing at 70% of heart rate reserve. The percent of women recruited
was 29%, with more nonischemics than ischemics. The population
was well medicated, with a mean ejection fraction of 25%. Post hoc
subgroup analysis by sex showed that the women had a greater ben-
efit related to the primary endpoint of all-cause mortality or all cause
hospitalization.?® Based on the totality of the data with safety and
improvement in health-related quality of life, the Centers for Medi-
care and Medicaid Services now covers cardiac rehabilitation for
patients with HFrEF. Therefore, sex should not limit referral to exer-

cise training.
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TABLE 2 Heart failure trials: number and percent of women enrolled
in each and LVEF for entry

Study % Women No. of Women LVEF
A-HeFT 40 420 <35%
CHARM-Overall 32 2400 Any
CHARM-Preserved 40 1212 >40%
CIBIS Il 19 515 <35%
COMPANION 32 493 <35%
CONSENSUS 30 75 Unknown
COPERNICUS 20 469 <25%
DIG 22 1520 <45%
ELITE-I 33 240 <40%
ELITE-II 31 966 <40%
MADIT Il 16 192 <30%
MERIT-HF 23 898 <40%
MIRACLE 32 145 <35%
PARADIGM 22 1832 <40%
RALES 27 446 <35%
SCD HeFT 23 588 <35%
SOLVD-Prevention 11 484 <35%
SOLVD-Treatment 20 505 <35%
Val-HEFT 20 1003 <40%
V-HeFT 111N 0 0 <45%
WARCEF 20 339 <40%
HF ACTION 29 653 <35%

Abbreviations: A-HeFT, African-American Heart Failure Trial; CHARM,
Effects of Candesartan for the Management of Patients With Chronic
Heart Failure; CIBIS, Cardiac Insufficiency Bisoprolol Study; COMPAN-
ION, Comparison of Medical Therapy, Pacing and Defibrillation in Chronic
Heart Failure; CONSENSUS, Effects of Enalapril on Mortality in Severe
Congestive Heart Failure; COPERNICUS, Effect of Carvedilol on Survival
in Severe Chronic Heart Failure; DIG, Digoxin Investigation Group; ELITE,
Evaluation of Losartan in the Elderly; HF-ACTION, Heart Failure—A Ran-
domized Controlled Trial Investigating Outcomes of Exercise Training;
LVEF, left ventricular ejection fraction; MADIT, Multicenter Automatic
Defibrillator Implantation Trial; MERIT-HF, Metoprolol Cr/XI Randomized
Intervention Trial in Congestive Heart Failure; MIRACLE, Multicenter
Insync Implantable Cardioversion Defibrillation Randomized Clinical Eval-
uation; PARADIGM-HF, Prospective Comparison of ARNI with ACEI to
Determine Impact on Global Mortality and Morbidity in Heart Failure;
RALES, Randomized Aldactone Evaluation Study; SCD HeFT, Sudden Car-
diac Death in Heart Failure Trial; SOVLD, Effects of Enalapril on Survival
in Patients With Reduced Left Ventricular Ejection; Val-HEFT, Valsartan
Heart Failure Trial; V-HeFT, Effects of Vasodilator Therapy on Mortality
in Chronic Congestive Heart Failure; WARCEF, Warfarin and Aspirin in
Patients With Heart Failure and Sinus Rhythm.

8 | CONCLUSION

It is important for the clinician to recognize the prevalence of HF
in women and not to confuse symptoms of HF with those of
other disorders, such as COPD or asthma. Medical therapy
should be offered to female patients the same as to male
patients using evidence based-care and not preconceived
notions. There also needs to be a larger number of women repre-
sented in HF clinical trials so that appropriate and statistically
sound conclusions can be made in analyses by sex. Until then,
and as discussed above, extrapolation of results in women are
often relegated to post hoc analyses of small numbers with all its

pitfalls.
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