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The prevalence of heart failure (HF) in the United States (U.S.) is estimated at over 6 million adults, with the
incidence continuing to increase. A large proportion of the U.S. population is also at risk of HF due to the high
prevalence of established HF risk factors, such as hypertension, diabetes, and obesity. Many individuals have
multiple risk factors, placing them at even higher risk. In addition, these risk factors disproportionately impact

various racial and ethnic groups. Recognizing the rising health and economic burden of HF in the U.S., the 2022
American Heart Association / American College of Cardiology / Heart Failure Society of America (AHA/ACC/
HFSA) Heart Failure Guideline placed a strong emphasis on prevention of HF. The purpose of this review is to
highlight the role of both primary and secondary prevention in HF, as outlined by the recent guideline, and
address the role of the preventive cardiology community in reducing the prevalence of HF in at-risk individuals.

1. Introduction

Heart failure (HF) continues to be an increasing health and economic
burden in the United States (U.S.). New HF diagnoses rise each year with
an estimated prevalence in the U.S. of over 6 million in adults, which is
projected to grow to over 8 million by 2030 [1]. Given this context, it
has become imperative to understand and treat those at risk for HF and
prevent the development of HF.

Because of this recognition, the 2022 American Heart Association /
American College of Cardiology / Heart Failure Society of America
(AHA/ACC/HFSA) Heart Failure Guideline placed a strong emphasis on
prevention of HF. The purpose of this review is to highlight the role of
both primary and secondary prevention in HF, as outlined by the recent
guideline, and address the role of the preventive cardiology community
in reducing the prevalence of HF in at-risk individuals.

2. Epidemiology of HF and its risk factors

The lifetime risk of HF continues to be high, ranging from 20% to
45% in adults ages 45 to 95 years of age, and is dependent on various

risk factors. For example, lifetime risk of HF is 1.6-fold higher in those
with elevated BP above 160/90 mmHg compared to those with BP under
120/80 mmHg, and lifetime risk is doubled in those with BMI greater
than 30 kg/m2 compared to those with a normal BMI, as well as for
current smokers compared to never smokers [2,3].

A large portion of the U.S. population is at risk of HF due to the high
prevalence of established HF risk factors. Approximately 115 million
people in the U.S. have hypertension, 100 million have obesity, 26
million have diabetes, 92 million have pre-diabetes, and 125 million
have atherosclerotic cardiovascular disease (ASCVD), all of which are
associated with increased risk of developing HF [1]. Furthermore, many
individuals have more than one of these modifiable HF risk factors,
which further increases risk [4].

Although HF mortality has improved over the past decade, it has
nonetheless remained high with the age-adjusted death rate for HF at 92
per 100,000 individuals in 2019, with significant differences between
racial and ethnic groups [5]. The HF death rates in Black men and
women are 2.6 and 2.9 times higher than White men and women,
respectively [6]. Similarly, HF hospitalization rates for Black individuals
are also about 2.5 times greater than White patients [6].
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Guideline Approach for Prevention of Heart Failure for At-Risk Patients (Stage A)

1. Identification of Patients at Risk for Heart Failure

2. Prevention of Heart Failure for At-Risk Patients
(Stage A)
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Fig. 1. Guideline Approach for Prevention of Heart Failure for At-Risk Patients (Stage A). The 2022 AHA/ACC/HFSA Heart Failure Guidelines highlight heart
failure prevention by (1) identifying patients at-risk for heart failure with comorbidities and screening measures, and (2) Optimizing Blood Pressure, Diabetes, and

Lifestyle in patients at-risk.

Hospitalizations for HF in the U.S. continue to rise, with 1.2 million
hospitalizations in 2017, a 26% increase from 2013 [7]. If left un-
changed, the total cost for HF is predicted to continue to increase from
$30.7 billion dollars in 2012 (in 2010 dollars) to a staggering projected
$69.8 billion by 2030 [8].

3. Re-defining the stages of HF

The 2022 AHA/ACC/HFSA HF Guideline redefined the stages of HF
to include those at risk of heart failure (HF) (stage A) and pre-heart
failure (stage B), in addition to the other stages where patients are
symptomatic with active HF (stage C & D). This new terminology de-
scribes the stages as a continuum. Stage A includes those at-risk for HF,
based on the presence of established risk factors, but without structural
heart disease. Those with hypertension, ASCVD, diabetes, metabolic
syndrome, obesity, exposure to cardiotoxic agents, genetic variants for
cardiomyopathy, or a family history of cardiomyopathy are persons at
risk for developing HF.

In contrast, stage B is defined as pre-HF where there are also no signs
or symptoms of HF but structural changes, evidence of increased filling
pressures, or the presence of risk factors with elevated biomarkers in the
absence of competing diagnoses. It is important to identify patients in
stage B, not only because they are at increased risk of developing
symptomatic HF, but because they also have a higher mortality risk than
those in stage A. Among asymptomatic individuals in the Framingham
Heart Study, individuals with low left ventricular ejection fraction
(LVEF) had a 60% increased risk of death compared to those without left
ventricular dysfunction [9].

4. Controlling risk factors for HF

There were three Class I prevention indications in the HF Guideline
for patients identified to be at-risk for HF (Fig. 1):

4.1. Controlling blood pressure

Elevated systolic and diastolic blood pressure are strong risk factors
for the development of symptomatic HF, and a blood pressure treatment
goal of <130/80 mmHg is recommended for those with a 10-year
ASCVD risk of >10% and is associated with a reduced risk of HF [10,
11]. The SPRINT (Systolic Blood Pressure Intervention Trial) trial found

that controlling blood pressure to SBP goal of <120 mmHg decreased
incident HF by 38% compared with an SBP goal of <140 mmHg [12]. A
meta-analysis also demonstrated a similar reduction in HF events (40%)
when blood pressure was controlled [13]. Yet, despite this robust data,
awareness, treatment, and control of hypertension remains inadequate.

4.2. Controlling diabetes

Heart failure hospitalization rates are two-fold higher in individuals
with diabetes than in those without diabetes [14,15]. Diabetes is also an
independent risk factor for worse clinical trajectory in those with HF,
including greater LVEF decline after 9 years [16]. The American Dia-
betes Association (ADA) has released updated evidence-based guidelines
for glycemic targets in patients with diabetes and highlights diabetes
management strategies for heart failure prevention as well [17,18].

Several RCTs and a meta-analysis in patients with type 2 diabetes
and who are either at high risk for or who have CVD, demonstrated that
when compared with placebo, sodium-glucose cotransporter-2 in-
hibitors (SGLT2i) therapy was associated with a 27-45% reduction in
the risk of HF hospitalization [19-22]. Only 10-14% of patients in these
trials had HF at baseline, so this dramatic reduction in HF hospitaliza-
tion reflects the impact of SGLT2i therapy in patients with diabetes as a
role for primary prevention of symptomatic HF.

While higher hemoglobin Alc, as a marker of diabetes severity, is
associated with increased HF risk, glycemic control alone has not been
associated with lower HF risk [23]. Thus, despite the modest impact
SGLT2i have on glycemia, it is likely that their impact on reducing HF
risk is through some other mechanism, although such mechanisms are
not yet elucidated. Of note, participants with eGFR <25
mL/min/1.73m? were excluded from these trials, so future studies in
patients with severe renal dysfunction will need to be performed to
better understand the impact in this population.

4.3. Obesity management and other lifestyle modifications

The 2019 AHA/ACC Primary Prevention Guideline provides recom-
mendations for diet, physical activity, and weight control to improve
overall cardiovascular health, including HF risk reduction[24]. The AHA
recommends optimizing “Life’s Essential 8" risk factors and behaviors
for ideal cardiovascular health, namely blood pressure management,
cholesterol control, fasting blood sugar reduction, diet and physical
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activity optimization, weight management, smoking cessation, and
adequate sleep [25]. The Atherosclerosis Risk in Communities (ARIC)
Study found that greater achievement of the AHA’s “Life’s Essential 8"
predecessor, “Life’s Simple 7,” in middle age is associated with a lower
lifetime risk of HF and greater preservation of cardiac structure and
function [26].

Many other studies have shown that healthy lifestyle habits are
associated with reduced HF risk [27-30]. A meta-analysis of 12 pro-
spective cohort studies including over 370,000 participants reported an
inverse dose-dependent association has been associated between phys-
ical activity and risk of HF [31]. Another study found that lifestyle
changes, including weight loss, smoking cessation, and physical activity,
supplemented with targeted pharmacologic therapy for multimodal risk
factor control was associated with a 70% reduction in incident HF in
adults with type 2 diabetes and albuminuria [32].

In obese individuals and in those with diabetes, greater weight loss
has been associated with greater HF risk reduction [33,34]. Certain
diets, such as whole grain and plant-based diets, the Mediterranean, and
the DASH (Dietary Approaches to Stop Hypertension) diets are inversely
associated with incident HF and should be recommended to all patients
at risk of HF [35-38]. In obese patients who are not achieving desired
weight loss with lifestyle modifications alone, anti-obesity medications
such as glucagon-like peptide-1 receptor antagonists (GLP1-RA), endo-
scopic procedures, and bariatric surgery should be considered given
their implementation is associated with significant observed reduction
in incident heart failure and cardiovascular mortality in this population
[39,40].

Though lifestyle modifications are primarily focused on in the
context of patients at risk of HF, it is important to continue emphasizing
these strategies to those at all stages of this disease. Healthy lifestyle
modification is a key feature of cardiac rehabilitation programs, and
participation in these programs is associated with a reduction in car-
diovascular mortality and HF hospitalization [41].

5. Biomarker based screening

There is emerging data regarding biomarker screening and identi-
fying persons at risk for HF. Currently the use of biomarkers are Class 2
recommendations to identify for persons at-risk for HF.

5.1. NT-proBNP/BNP screening

In the ambulatory setting, BNP and NT-proBNP, which are measures
of ventricular stretch, can be useful screening tools in those with HF risk
factors, an equivocal physical exam, and presenting symptoms that
could be attributed to HF. A low BNP or NT-proBNP can help exclude HF
as a cause of symptoms in the ambulatory setting, though BNP and NT-
proBNP both tend to be lower in obese patients, and thus have lower
sensitivity [42,43]. The specificity of these biomarkers is lower than the
sensitivity, though higher levels do have higher positive predictive
values in diagnosing HF and also portend greater risk of adverse short-
and long-term outcomes [44]. For example, those with stage B HF by
elevated biomarkers, even in the absence of echocardiography findings,
are at increased risk for HF and mortality [45].

6. Risk scores to estimate risk of subsequent HF incidence

Multivariable risk scores can be useful to estimate the subsequent
risk of incident HF and were recommended in the guideline as a Class 2a
recommendation.

Examples of validated multivariable risk scores include:

Framingham Heart Failure Risk Score — 1999 [46]

Health ABC Heart Failure Score — 2008 [47]

ARIC Risk Score — 2012 [48]

Pooled Cohort equations to Prevent HF (PCP-HF) — 2019 [10]
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The Pooled Cohort equations to Prevent HF (PCP-HF) model provides
race- and sex-specific 10-year risk of HF based on data from 7
community-based cohorts with long-term follow-up [10]. Predictors of
HF in the models above included blood pressure, fasting glucose, body
mass index, cholesterol, smoking status, and QRS duration [10,46-48].
In the ambulatory setting, one may input these variables for patients at
risk of HF to determine long-term incident HF risk, with the caveat that
these models are derived from population data averages and that indi-
vidual risk may vary.

Though the hope is that integrating risk scores into clinical practice
will improve clinical outcomes, data thus far has been limited. The
REVEAL-HF trial has been the only randomized clinical trial thus far to
assess whether 1-year prognostic knowledge affects clinical decision-
making and patient outcomes, and the authors did not find any evi-
dence to support this hypothesis [49]. Further studies are needed with
longer follow-up to better assess the impact of multivariable risk scores
on HF outcomes.

7. Disparities and vulnerable populations

A focus area for prevention highlighted by the HF guideline is the
disparity in populations affected by HF. For example, HF hospitaliza-
tions are nearly 2.5 times more prevalent in Black adults compared with
White adults, with no significant improvement over the past decade [50,
51]. Causes for this could be related to disparities in both medical risk
factors and social determinants of health, which are -closely
inter-related. Hypertension, obesity, and diabetes mellitus affect Black
individuals significantly more than White individuals [50,52]. Social
determinants of health are both independent risk factors for, and inex-
tricably linked with, these medical risk factors for HF and HF
hospitalizations.

A recent study demonstrated that several social determinants of
health, such as lower level of education, lower income, housing insta-
bility, and being born in a country outside the United States were
independently associated with increased HF hospitalization length of
stay, after adjusting for both clinical status and hospital-level factors
[53]. This analysis estimated that social determinants of health
accounted for about 25% of the risk for prolonged length of stay among
Black patients, compared with 10% of risk for non-Black patients [53].

Other racial and ethnic disparities in HF should also be noted. A
MESA (Multi-Ethnic Study of Atherosclerosis) analysis showed that
incident HF is 4.6 per 1000 person-years in Hispanic Black adults, 3.5
per 1000 person-years in Hispanic adults, compared with 2.4 per 1000
person-years in Non-Hispanic White adults [54]. HF risk factors with
higher prevalence in Hispanic populations, compared with
non-Hispanic, include diabetes mellitus, obesity, and hypertension [55,
56]. South Asian individuals tend to have a higher burden of coronary
artery disease, diabetes mellitus, and obesity, which are all associated
with increased risk of HF [52,57].

Another population of individuals with unmet HF prevention needs
includes cancer survivors, particularly those who have received poten-
tially cardiotoxic agents as part of their cancer therapy. One study found
that cancer survivors were at a 1.5-fold increased risk of heart failure
compared to individuals without cancer history [58]. The European
Society of Cardiology has released cardio-oncology guidelines that focus
on prevention of cardiovascular disease in this unique population [59].

In vulnerable patient populations at risk for health disparities, HF
risk assessments and multidisciplinary management strategies should
target both known risks for CVD and social determinants of health, as a
means toward elimination of disparate HF outcomes [60]. Addressing
structural racism and biases that lead to disparities in social de-
terminants of health could help address primary & secondary prevention
in vulnerable populations [50]. Evidence of health disparities should be
monitored and addressed at the clinical practice and the health care
systems levels.
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Guideline Approach for Management of Pre-Heart Failure (Stage B)

Optimal Blood Pressure Management
Optimal Diabetes Management
Lifestyle Optimization

LVEF < 40?

History of Ml or ACS?

Fig. 2. Guideline Approach for Management of Pre-Heart Failure (Stage B). The 2022 AHA/ACC/HFSA Heart Failure Guidelines highlight management of Pre-
Heart Failure by continued optimizing Blood Pressure, Diabetes, and Lifestyle with the addition of ACEi and Beta Blockers with patients with reduced Left Ventricular
Ejection Fraction (LVEF) and high-intensity statin with patients with history of myocardial infarction and/or acute coronary syndrome (ACS).

8. Guideline directed medical therapies (GDMT) for those with
pre-heart failure to prevent development of symptoms

The use of standardized GDMT is emphasized throughout these
guidelines. Reducing advanced stages of HF, hospitalizations and
adverse outcomes requires adherence to GDMT. For those in stage B, or
pre-HF, there were several classes I indications in the Guideline (Fig. 2):

8.1. ACE-inhibitors (ACEi) or angiotensin receptor blockers (ARB)

ACEi initiation in patients with asymptomatic reduced LVEF (<40%)
after acute MI is associated with reduced HF hospitalizations, progres-
sion to severe HF, and mortality compared with placebo [61,62].
Reduced HF hospitalization and mortality associated with enalapril
have also been shown in patients with asymptomatic LV dysfunction,
even in absence of recent MI, in the Studies of Left Ventricular Systolic
Dysfunction (SOLVD) prevention trial [63,64]. Thus, all patients with
asymptomatic LV dysfunction, regardless of recent MI history, should be
initiated on an ACEi.

The trials evaluating ARBs in patients with asymptomatic LV
dysfunction have only been in the setting of previous MI. The Valsartan
in Acute Myocardial Infarction (VALIANT) study, in which 25% of the
study population included those with asymptomatic LV dysfunction,
demonstrated that the reduction of mortality and other adverse car-
diovascular outcomes of valsartan were comparable to that of captopril
[65,66]. Thus, those with asymptomatic LV dysfunction and recent MI
who are intolerant to ACEi or develop suspected ACEi-induced cough
should be initiated on an ARB instead. Care should be taken in those who
previously developed ACEi-induced angioedema as some patients may
also develop angioedema with ARB.

8.2. Statins

Statin therapy in patients with a history of MI, acute coronary syn-
drome (ACS), or high cardiovascular risk is associated with a reduced
risk of incident HF [67-69]. A meta-analysis of 6 RCTs including >110,
000 patients with ACS demonstrated that intensive statin therapy was
associated with reduced HF hospitalizations [68]. This data was subse-
quently supported by evidence from another larger meta-analysis of 17
RCTs, which showed that statin therapy is associated with a reduced risk
of HF hospitalization [70]. Thus, all patients with history of acute MI or
ACS should be initiated on statin therapy to help prevent symptomatic
HF.

8.3. Beta-blockers

Carvedilol reduces maladaptive remodeling and mortality compared
to placebo in patients with reduced LVEF <40% and recent MI [71]. The

SOLVD prevention trial and the Survival and Ventricular Enlargement
(SAVE) trial showed beta blockers, in addition to ACEi, was associated
with reduced mortality and hospitalizations in those with asymptomatic
LV dysfunction [72,73]. Thus, patients with reduced LVEF <40%,
regardless of history of MI, should be initiated on a beta-blocker, such as
carvedilol or metoprolol succinate, to reduce symptomatic HF, mortal-
ity, and hospitalizations.

8.4. Medications to avoid

In those with LVEF <50%, thiazolidinediones and non-
dihydropyridine calcium channel blockers with negative inotropic ef-
fects are not recommended, as they increase the risk of HF, including
hospitalizations. In RCTs of patients with type 2 diabetes who were
largely free of symptomatic HF at baseline, thiazolidinediones have been
associated with fluid retention and increased rates of symptomatic HF
[74,75]. In patients with depressed LVEF and mild HF symptoms (NYHA
class I to II), rosiglitazone was associated with worsening edema and
need for increased HF medications [76]. In studies of patients with
reduced LVEF after MI, diltiazem was associated with increased risk of
HF (54, 55). Although nondihydropyridine calcium channel blockers
have not been specifically evaluated in patients with asymptomatic LV
dysfunction, they should generally be avoided due to negative inotropic
effects.

9. GDMT and other secondary prevention strategies in those
with symptomatic (Stage C) or advanced (Stage D) heart failure

The HF Guideline also focuses on secondary prevention strategies in
those with symptomatic or advanced HF. These hallmarks of secondary
prevention include: a multidisciplinary approach to health care and
patient education, regular physical activity for those who are able,
diuretic management, and GDMT. Although this review focuses pri-
marily on those with heart failure with reduced left ventricular ejection
fraction (HFrEF), it is important to note that individuals with heart
failure with preserved left ventricular ejection fraction (HFpEF) repre-
sent about 50% of the population with HF. GDMT for secondary pre-
vention of HF, specifically HFrEF, and its ensuing complications
includes: renin-angiotensin-aldosterone system (RAAS) inhibitors,
angiotensin receptor neprilysin inhibitor (ARNI), beta-blockers, miner-
alocorticoid-receptor antagonists (MRA), SGLT2is, and in those who
self-identify as Black — hydralazine and isosorbide dinitrate.

There are Class I indications listed in the Guideline that recommend
up-titration of GDMT to doses shown to be efficacious in RCTs, or to
maximally tolerated doses, to reduce cardiovascular mortality and HF
hospitalizations. Implantable cardioverter defibrillator (ICD) implanta-
tion is also recommended in those with symptomatic HF on GDMT and
LVEF <30-35% at least 40 days post-MI for primary prevention of
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Central lllustration: The AHA/ACC/HFSA 2022 Heart Failure Guidelines: Heart Failure Prevention

ACC/AHA Stage A (At-Risk for Heart Failure) | |

ACC/AHA Stage B (Pre-Heart Failure) |

ACC/AHA Stage A Prevention Measures

Optimal Diabetes Management

=
@

Lifestyle Optimization

. . Screening
(HF Risk Prediction Models, NT-proBNP/BNP)

1. Guideline Directed Medical Therapy
(GDMT) for reduced systolic function
(Ejection Fraction < 40%) including
ACEIi/ARB & -Blocker

2. High-Intensity Statin in history of
Myocardial Infarction / ACS

Central Illustration. The 2022 AHA/ACC/HFSA Heart Failure Guidelines emphasizes Heart Failure Prevention for individuals at-risk for Heart Failure (ACC/AHA

Stage A) and for individuals with Pre-Heart Failure (ACC/AHA Stage B).

sudden cardiac death (SCD) and to reduce total mortality. Cardiac
resynchronization therapy with defibrillator (CRT-D) is recommended
for those with symptomatic HF and LVEF <35% on GDMT with a left
bundle branch block (LBBB) and QRS duration >150 ms to reduce total
mortality, reduce hospitalizations, and improve symptoms and QOL.

10. Conclusion

The recent AHA/ACC/HFSA HF Guideline places a strong emphasis
on the prevention of HF in the setting of continued rising health and cost
burden of HF in the United States [44]. The Guideline focuses on
updated definitions for the stages of HF, including definitions for those
who are at risk of HF and pre-HF, and places key recommendations for
risk factor management and pharmacotherapy to prevent HF endpoints
(Central Illustration). The implementation of prevention strategies in
this population is critical to reduce the risk of developing HF and HF
hospitalizations.
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