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Of the estimated 5 million patients in the US diagnosed with
heart failure (HF), approximately 50% have HF with pre-
served ejection fraction (HFpEF),1,2 and its prevalence is in-
creasing by about 1% annually relative to that of heart failure

with reduced ejection frac-
tion (HFrEF).3 The mortality
associated with HF is sub-
stantial, and HF was esti-
mated to account for more
than 80 000 deaths annu-

ally in the US as of 2017.4 In addition, because HF is projected
to account for an estimated $69.8 billion in annual health care
spending by 2030, HFpEF represents an important public
health issue that will increase as the population ages, with a
concurrent increasing prevalence of associated risk factors, in-
cluding hypertension, obesity, and diabetes.4

However, the science underpinning the management of
HFrEF and HFpEF is quite different. Patients with HFrEF are
treated with an armamentarium of guideline-directed medi-
cal therapies, which is pathophysiologically linked to mitigat-
ing adverse neurohormonal activation and remodeling and is
well-established by mortality-driven end point randomized
clinical trials.5 Alternatively, physicians have no such treat-
ment algorithm for patients with HFpEF, which lacks a simi-
lar grounding in foundational principles.

Despite universal agreement for the need for therapies that
alter the trajectory of HFpEF, clinical trials that have enrolled
patients with HFpEF have not led to new therapies that mean-
ingfully improve morbidity or mortality. Rather, current HFpEF
guidelines focus on alleviating vascular congestion with di-
uretics; controlling comorbidities; and excluding alternative
diagnoses, such as ischemic heart disease or infiltrative
cardiomyopathies.6 Whether due to a limited syndromic clas-
sification and understanding of the pathophysiology, the ap-
proach to therapeutic discovery, or the choice of trial end
points, it appears that progress on treatment development re-
mains stagnant.

For HFpEF, a reasonable approach for research efforts may
be to shift from creating a single group of patients to focus in-
stead on improved patient stratification while evaluating the
effect of treatments on phenotypically defined cohorts within
the population. From the perspective of care delivery and
therapeutic development, the initial premise that HFpEF was
a uniform clinical syndrome managed with a singular ap-
proach is incorrect. In reality, it is a combination of multiple
disease states that necessitate unique approaches. Multiple
HFpEF definitions with varying clinical-based, imaging-
based, and laboratory-based criteria have influenced widely

variable inclusion criteria in clinical trials. This reinforces the
need to pivot to more well-defined HFpEF cohorts to refine
care, evaluate new therapeutics, and improve outcomes.7 As
an example of this challenge, a study demonstrated that 122
of 187 patients (65%) with HFpEF had an abnormal left ven-
tricular global longitudinal strain on echocardiographic
imaging.8 Although these results were found to correlate with
biomarkers of increased myocardial wall stress and fibrosis,
they did not corelate with functional capacity or quality of life.8

It has been hypothesized that elements of the HFpEF clini-
cal trajectory may be modifiable by agents proven beneficial
in HFrEF.7 Numerous agents already established through ran-
domized clinical trials as guideline-directed medical thera-
pies for HFrEF have now been tested in patients with HFpEF,
including renin-angiotensin-aldosterone system inhibitors, spi-
ronolactone, and sacubitril-valsartan.7 These trials enrolled
thousands of patients, but they may have missed the mark by
failing to meet their primary end points because the study
drugs were tested in undifferentiated patients with HFpEF.2

It remains unknown if choosing patients with HFpEF based on
demonstrable deficits in myocardial performance could have
led to improved outcomes using these agents. Alternatively,
for a likely significant proportion of this population, symp-
toms do not align with a myocardial performance deficiency.
Instead, an abnormal vascular response involving endothe-
lial dysfunction and nitric oxide (NO) signaling may predomi-
nate as the key symptom-driving pathophysiology. These pa-
tients represent a potentially large and high-risk component
of the HFpEF population, and the investigation strategy should
be reoriented to define this cohort better and evaluate thera-
peutic options to mitigate this specific pathophysiology to
move the field forward.

In this issue of JAMA, the VITALITY-HFpEF trial9 and the
CAPACITY-HFpEF trial10 evaluated the use of direct soluble
guanylate cyclase (sGC) stimulators, vericiguat in VITALITY-
HFpEF and praliciguat in CAPACITY-HFpEF, to increase
cyclic guanosine monophosphate (cGMP). In HFpEF, endo-
thelial inflammation leading to reduced NO bioavailability
is hypothesized to culminate in decreased production of
cGMP by sGC. This pathway is understood to regulate myo-
cardial contractility and relaxation, as well as relax smooth
muscle and have antiproliferative effects, and impairments
of this signaling pathway have been associated with ventricu-
lar remodeling, stiffening, and hypertrophy, as well as vas-
cular stiffening and inflammation.11 Accordingly, several
studies have attempted to increase NO by using oral and
inhaled nitrates and phosphodiesterase inhibitors.7 Com-
pared with prior attempts, the sGC stimulators evaluated
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in these 2 well-performed studies are novel because they
increase cGMP independently of NO.12

In the VITALITY-HFpEF trial, Armstrong and colleagues9

enrolled 789 patients with chronic HFpEF, a left ventricular
ejection fraction of at least 45%, and New York Heart Associa-
tion class II to III symptoms within 6 months of a recent de-
compensation event (HF hospitalization or intravenous di-
uretics for HF without hospitalization) and elevated natriuretic
peptides. Patients were randomized to receive vericiguat up-
titrated to a daily dose of 15 mg (n = 264) or 10 mg (n = 263) or
placebo (n = 262). At 24 months, the primary outcome, change
in physical performance, as assessed by the mean change in
the physical limitation score of the Kansas City Cardiomyo-
pathy Questionnaire (range, 0-100; higher scores indicate bet-
ter health), was 5.5 points in the 15-mg group, 6.5 points in the
10-mg group, and 6.9 points in the placebo group; differ-
ences between either vericiguat dose and placebo were not sta-
tistically significant.

In the CAPACITY-HFpEF trial, Udelson and colleagues10 en-
rolled 196 patients with HF and a left ventricular ejection frac-
tion of at least 40%, impaired peak rate of oxygen consump-
tion (V̇O2), and at least 2 conditions associated with NO
deficiency (diabetes, hypertension, obesity, or advanced age).
Patients were randomized to receive 40 mg of praliciguat daily
(n = 91) or placebo (n = 90). At 12 weeks, there was no signifi-
cant difference in the primary outcome, change in peak V̇O2

from baseline to week 12, in the 40-mg praliciguat group com-
pared with the placebo group (−0.26 vs 0.04 mL/kg/min).

Although the agents in both trials target the cGMP path-
way, neither trial directly studied physiological end points
of impaired vascular response, such as change in brachial
reactivity or noninvasive or invasive hemodynamics. The
potential effect of these drugs on diminishing an impaired
vascular response has not been previously studied in
patients with HFpEF and can only be inferred by the hypo-
tensive effects in patients.13 Vericiguat appears to have a
modest effect in reducing cardiovascular hospitalization in
patients with HFrEF,14 but when examined in a previous
study in patients with HFpEF, it did not reduce the primary
end points of N-terminal fragment of brain natriuretic pep-
tide or left atrial volume compared with placebo.12 Post hoc
analyses from that trial suggested improvements in the
Kansas City Cardiomyopathy Questionnaire physical limita-
tion score, which influenced the choice of the primary end
point in VITALITY-HFpEF.15 On the other hand, praliciguat
has had only limited in vivo human experience prior to
CAPACITY-HFpEF.16

Both groups of study investigators chose physical func-
tion changes as the primary end points: the physical limitation
score and 6-minute walk test distance in VITALITY-HFpEF and
a change in peak V̇O2 and 6-minute walk test distance in
CAPACITY-HFpEF. Because HFpEF predominantly affects older

patients, impairment in exercise capacity and dyspnea on ex-
ertion can significantly affect their activities of daily life. Yet, it
remains an open question as to whether a change in physical
functioning can meaningfully discriminate among effective
therapies in patients with HFpEF, many of whom have mul-
tiple comorbidities that lead to chronic deconditioning.

However, neither trial found that sCG stimulators
improved measures of physical functioning. Given the chal-
lenge of defining HFpEF, key limitations of these studies
involve the inclusion criteria. Although patients were
required to have a prior HFpEF decompensation, the natri-
uretic peptide levels at baseline were relatively low, even
more so in CAPACITY-HFpEF. Also, natriuretic peptide level
might not be a reliable biomarker in HFpEF, because levels
do not necessarily correlate with decompensation or disease
severity, especially among patients with obesity.7 Obesity
was relatively prevalent in both study cohorts, with a mean
body mass index of approximately 30 in VITALITY-HFpEF
and 34 in CAPACITY-HFpEF. This is not unexpected because
more than 80% of patients with HFpEF have overweight or
obesity,17 but it raises the question of whether the physical
functioning end points chosen can be improved indepen-
dent of weight loss.18

Overall, the results of these 2 randomized clinical trials of
sGC stimulators in patients with HFpEF reported in this issue
of JAMA, as well as previous studies that have attempted to
modify cGMP by other means, suggest that targeting this path-
way is not an effective population-based strategy to improve
physical functioning for patients with HFpEF in the short term.
However, due to the approaches for patient selection, the
length of follow-up, and the end points chosen, these studies
do not negate the potential that these agents may have to im-
prove outcomes. Future studies should select patients with
HFpEF based on demonstrable endothelial dysfunction, and
patients should be followed up longer for an end point such
as a reduction in HF hospitalization.

Establishing effective therapies for HFpEF will require
improved patient characterization and enhanced under-
standing of the underlying pathophysiology.2 Proposed
patient subgroups to potentially study include those with
abnormal myocardial performance, obesity and metabolic
disorders, and abnormal endothelial dysfunction.7 Informat-
ics and machine-learning techniques may be helpful to facili-
tate a subphenotype classification, based on statistically clus-
tered clinical and biological characteristics.19 Although
improving physical performance and quality of life are no
doubt important treatment goals, these outcomes may not be
sensitive or specific enough to evaluate for the efficacy of
novel therapies. Rather, future research may need to priori-
tize linkage between pathophysiology defined cohorts and
end points to ultimately reduce morbidity and mortality
associated with HFpEF.

ARTICLE INFORMATION

Author Affiliations: Section of Cardiovascular
Medicine, Department of Internal Medicine, Yale
School of Medicine, New Haven, Connecticut.

Corresponding Author: Eric Velazquez, MD,
Section of Cardiovascular Medicine, Department
of Internal Medicine, Yale School of Medicine,
330 Cedar St, New Haven, CT 06510
(eric.velazquez@yale.edu).

Conflict of Interest Disclosures: Dr Velazquez
reported receiving grants and personal fees from
Novartis outside the submitted work. No other
disclosures were reported.

Editorial Opinion

jama.com (Reprinted) JAMA October 20, 2020 Volume 324, Number 15 1507

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Hubnet by Edward Stehlik on 10/20/2020

mailto:eric.velazquez@yale.edu
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15566


REFERENCES

1. Tadic M, Cuspidi C, Calicchio F, Grassi G,
Mancia G. Diagnostic algorithm for HFpEF: how
much is the recent consensus applicable in clinical
practice? Heart Fail Rev. Published online April 28,
2020. doi:10.1007/s10741-020-09966-4

2. Pfeffer MA, Shah AM, Borlaug BA. Heart failure
with preserved ejection fraction in perspective. Circ
Res. 2019;124(11):1598-1617. doi:10.1161/
CIRCRESAHA.119.313572

3. Shah SJ, Kitzman DW, Borlaug BA, et al.
Phenotype-specific treatment of heart failure with
preserved ejection fraction: a multiorgan roadmap.
Circulation. 2016;134(1):73-90. doi:10.1161/
CIRCULATIONAHA.116.021884

4. Virani SS, Alonso A, Benjamin EJ, et al; American
Heart Association Council on Epidemiology and
Prevention Statistics Committee and Stroke
Statistics Subcommittee. Heart disease and stroke
statistics—2020 update: a report from the
American Heart Association. Circulation. 2020;141
(9):e139-e596. doi:10.1161/CIR.
0000000000000757

5. Kramer DG, Trikalinos TA, Kent DM,
Antonopoulos GV, Konstam MA, Udelson JE.
Quantitative evaluation of drug or device effects on
ventricular remodeling as predictors of therapeutic
effects on mortality in patients with heart failure
and reduced ejection fraction. J Am Coll Cardiol.
2010;56(5):392-406. doi:10.1016/j.jacc.2010.05.011

6. Yancy CW, Jessup M, Bozkurt B, et al. 2017
ACC/AHA/HFSA focused update of the 2013
ACCF/AHA Guideline for the Management of Heart
Failure: a report of the American College of
Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines and the Heart Failure
Society of America. J Am Coll Cardiol. 2017;70(6):
776-803. doi:10.1016/j.jacc.2017.04.025

7. Parikh KS, Sharma K, Fiuzat M, et al. Heart failure
with preserved ejection fraction expert panel
report: current controversies and implications for
clinical trials. JACC Heart Fail. 2018;6(8):619-632.
doi:10.1016/j.jchf.2018.06.008

8. DeVore AD, McNulty S, Alenezi F, et al. Impaired
left ventricular global longitudinal strain in patients
with heart failure with preserved ejection fraction:
insights from the RELAX trial. Eur J Heart Fail. 2017;
19(7):893-900. doi:10.1002/ejhf.754

9. Armstrong PW, Lam CSP, Anstrom KJ, et al.
Effect of vericiguat vs placebo on quality of life in
patients with heart failure and preserved ejection
fraction: the VITALITY-HFpEF randomized clinical
trial. JAMA. Published October 20, 2020. doi:10.
1001/jama.2020.15922

10. Udelson JE, Lewis GD, Shah SJ, et al. Effect of
praliciguat on peak rate of oxygen consumption in
patients with heart failure with preserved ejection
fraction: the CAPACITY HFpEF randomized clinical
trial. JAMA. Published October 20, 2020. doi:10.
1001/jama.2020.16641

11. Gheorghiade M, Marti CN, Sabbah HN, et al;
Academic Research Team in Heart Failure (ART-HF).
Soluble guanylate cyclase: a potential therapeutic
target for heart failure. Heart Fail Rev. 2013;18(2):
123-134. doi:10.1007/s10741-012-9323-1

12. Pieske B, Maggioni AP, Lam CSP, et al. Vericiguat
in patients with worsening chronic heart failure and
preserved ejection fraction: results of the soluble
guanylate cyclase stimulator in heart failure
patients with preserved EF (SOCRATES-
PRESERVED) study. Eur Heart J. 2017;38(15):1119-1127.
doi:10.1093/eurheartj/ehw593

13. Lyle MA, Brozovich FV. HFpEF, a disease of the
vasculature: a closer look at the other half. Mayo
Clin Proc. 2018;93(9):1305-1314. doi:10.1016/j.
mayocp.2018.05.001

14. Armstrong PW, Pieske B, Anstrom KJ, et al;
VICTORIA Study Group. Vericiguat in patients with
heart failure and reduced ejection fraction. N Engl J
Med. 2020;382(20):1883-1893. doi:10.1056/
NEJMoa1915928

15. Filippatos G, Maggioni AP, Lam CSP, et al.
Patient-reported outcomes in the soluble guanylate
cyclase stimulator in heart failure patients with
preserved ejection fraction (SOCRATES-
PRESERVED) study. Eur J Heart Fail. 2017;19(6):
782-791. doi:10.1002/ejhf.800

16. Hanrahan JP, Seferovic JP, Wakefield JD, et al.
An exploratory, randomised, placebo-controlled, 14
day trial of the soluble guanylate cyclase stimulator
praliciguat in participants with type 2 diabetes and
hypertension. Diabetologia. 2020;63(4):733-743.
doi:10.1007/s00125-019-05062-x

17. Haass M, Kitzman DW, Anand IS, et al. Body
mass index and adverse cardiovascular outcomes in
heart failure patients with preserved ejection
fraction: results from the irbesartan in heart failure
with preserved ejection fraction (I-PRESERVE) trial.
Circ Heart Fail. 2011;4(3):324-331. doi:10.1161/
CIRCHEARTFAILURE.110.959890

18. Madamanchi C, Alhosaini H, Sumida A,
Runge MS. Obesity and natriuretic peptides, BNP
and NT-proBNP: mechanisms and diagnostic
implications for heart failure. Int J Cardiol. 2014;176
(3):611-617. doi:10.1016/j.ijcard.2014.08.007

19. Segar MW, Patel KV, Ayers C, et al.
Phenomapping of patients with heart failure with
preserved ejection fraction using machine
learning-based unsupervised cluster analysis. Eur J
Heart Fail. 2020;22(1):148-158. doi:10.1002/ejhf.1621

Opinion Editorial

1508 JAMA October 20, 2020 Volume 324, Number 15 (Reprinted) jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Hubnet by Edward Stehlik on 10/20/2020

https://dx.doi.org/10.1007/s10741-020-09966-4
https://dx.doi.org/10.1161/CIRCRESAHA.119.313572
https://dx.doi.org/10.1161/CIRCRESAHA.119.313572
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.021884
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.021884
https://dx.doi.org/10.1161/CIR.0000000000000757
https://dx.doi.org/10.1161/CIR.0000000000000757
https://dx.doi.org/10.1016/j.jacc.2010.05.011
https://dx.doi.org/10.1016/j.jacc.2017.04.025
https://dx.doi.org/10.1016/j.jchf.2018.06.008
https://dx.doi.org/10.1002/ejhf.754
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.15922?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15566
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.15922?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15566
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.16641?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15566
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.16641?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15566
https://dx.doi.org/10.1007/s10741-012-9323-1
https://dx.doi.org/10.1093/eurheartj/ehw593
https://dx.doi.org/10.1016/j.mayocp.2018.05.001
https://dx.doi.org/10.1016/j.mayocp.2018.05.001
https://dx.doi.org/10.1056/NEJMoa1915928
https://dx.doi.org/10.1056/NEJMoa1915928
https://dx.doi.org/10.1002/ejhf.800
https://dx.doi.org/10.1007/s00125-019-05062-x
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.110.959890
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.110.959890
https://dx.doi.org/10.1016/j.ijcard.2014.08.007
https://dx.doi.org/10.1002/ejhf.1621
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15566

