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BACKGROUND Statins are highly effective for primary prevention of atherosclerotic cardiovascular disease (ASCVD)

and mortality. Data on the benefit of statins in adults with heart failure with preserved ejection fraction (HFpEF) and

without ASCVD are limited.

OBJECTIVES The purpose of this study was to determine whether statins are associated with a lower risk of mortality

and major adverse cardiovascular events (MACE) in HFpEF.

METHODS Veterans Health Administration data from 2002 to 2016, linked to Medicare and Medicaid claims and

pharmaceutical data, were collected. Patients had a new HFpEF diagnosis and no known ASCVD or prior statin use at

baseline. Cox proportional hazards models were fit to evaluate the association of new statin use with outcomes (all-cause

mortality and MACE). Propensity score overlap weighting (PSW) was used to balance baseline characteristics.

RESULTS Among 7,970Veterans, 47% initiated a statin over amean6.0-year follow-up. AtHFpEF diagnosis,mean agewas

69 � 12 years, 96% were male, 67% were White, 14% were Black, and mean EF was 60% � 6%. Before PSW, statin users

were younger with more prevalent metabolic syndrome, arthritis, and other chronic conditions. All characteristics were

balanced after PSW. Therewere 5,314 deaths and 4,859MACE events. After PSW, the hazard for all-causemortality for statin

users vs nonusers was 22% lower (HR: 0.78; 95% CI: 0.73-0.83). The HR for MACE was 0.79 (95% CI: 0.74-0.84), 0.69

(95% CI: 0.60-0.80) for all-cause hospitalization, and 0.72 (95% CI: 0.59-0.88) for HF hospitalization.

CONCLUSIONS New statin use was associated with reduced all-cause mortality, MACE, and hospitalization in

Veterans with HFpEF without prevalent ASCVD. (JACC Adv 2024;3:100869) Published by Elsevier on behalf of the

American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
N 2772-963X https://doi.org/10.1016/j.jacadv.2024.100869

m the aNew England Geriatric Research, Education, and Clinical Center (GRECC), VA Boston Healthcare System, Boston, Mas-

husetts, USA; bMassachusetts Veterans Epidemiology Research and Information Center (MAVERIC), VA Boston Healthcare

stem, Boston, Massachusetts, USA; cDivision of Aging, Brigham & Women’s Hospital, Harvard Medical School, Boston, Massa-

usetts, USA; dProgram for the Care and Study of the AgingHeart, Department ofMedicine,Weill CornellMedicine, NewYork, New

rk, USA; eDivision of Cardiology, Department ofMedicine, BrighamandWomen’sHospital, Boston,Massachusetts, USA; fDivision

Cardiology, Department of Medicine, Northwestern University Feinberg School of Medicine, Chicago, Illinois, USA; gDepartment

Biostatistics, Boston University School of Public Health, Boston, Massachusetts, USA; hDivision of Cardiology, Department of

dicine, Boston,Massachusetts, USA; and the iDepartment ofMedicine, Brigham andWomen’s Hospital, HarvardMedical School,

ston, Massachusetts, USA. *Drs Orkaby and Goyal are co-first authors. yDrs Gagnon and Joseph are co-senior authors.

e authors attest they are in compliance with human studies committees and animal welfare regulations of the authors’

titutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more information,

it the Author Center.

nuscript received August 24, 2023; revised manuscript received November 10, 2023, accepted December 20, 2023.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jacadv.2024.100869
https://www.jacc.org/author-center
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacadv.2024.100869&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


ABBR EV I A T I ON S

AND ACRONYMS

ASCVD = atherosclerotic

cardiovascular disease

HFpEF = heart failure with

preserved ejection fraction

HFrEF = heart failure with

reduced ejection fraction

LVEF = left ventricular

ejection fraction

MACE = major adverse

cardiovascular events

MI = myocardial infarction

VA = Veterans Health

Administration
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S tatins are highly effective cholesterol-
lowering medications used for the
prevention of atherosclerotic cardio-

vascular disease (ASCVD)1 and are recommen-
ded for both primary and secondary
prevention of ASCVD.2,3 However, the bene-
fits of statins in individuals with heart failure
(HF) are uncertain and remain an area of
ongoing debate.4 Patients with HF were
excluded from many of the early landmark
studies examining the efficacy of statins;5

and the 2 major randomized controlled trials
(RCTs) of statins specifically in participants
with pre-existing HF did not improve out-
comes. Indeed, in the CORONA (Controlled
Rosuvastatin Multinational Trial in Heart Failure)
study, rosuvastatin failed to improve the composite
endpoint of cardiovascular death, nonfatal myocardial
infarction (MI), or fatal stroke compared to
placebo over a median of 32.8 month;6 and in the
GISSI-HF (Rosuvastatin in patients with chronic heart
failure) trial,7 rosuvastatin failed to improve time to
death, or time to death or cardiovascular hospitaliza-
tion (coprimary endpoints) compared to placebo.
Based on these studies, professional cardiology soci-
eties currently do not recommend statins for HF
outside of other indications such as coronary artery
disease.8,9

Notably, the CORONA and GISSI-HF trials primarily
included HF with reduced ejection fraction (HFrEF)
participants. Consequently, the role of statins in HF
with preserved ejection fraction (HFpEF) is unclear.
Given the role of inflammation in the pathophysi-
ology of HFpEF,10 statins have been suggested as a
potentially important pharmacologic therapy for a
condition that until recently has had few therapeutic
options.10 Although several observational studies
have suggested statins may be beneficial in HFpEF,
inferences from these studies have been limited by
sample size, narrow geographic representation, and
limited attempts to address confounding by indica-
tion.11-13 Using the national Veterans Health Admin-
istration (VA) data, we sought to examine a large
cohort of patients with HFpEF to generate high-level
observational data on the association of statins with
mortality and ASCVD events in HFpEF.

METHODS

STUDY POPULATION. We utilized the entire VA clin-
ical database, which includes veterans seen across the
50 U.S. states and Puerto Rico, to curate an HFpEF
cohort using a validated algorithm applied to elec-
tronic medical record data from 2002 to 2012, as
previously described.14,15 Briefly, using claims data,
the clinical record, and natural language processing
tools, we developed an algorithm to identify cases of
HFpEF. This included: 1) International Classification
of Diseases-9th Revision codes diagnosis of HF (any
428.xx); 2) either B-type natriuretic peptide or amino
terminal pro-B-type natriuretic peptide values recor-
ded or diuretic usage within 1 month of HF diagnosis;
3) an echocardiogram in VA; and 4) all documented
ejection fraction values$50%, consistent with clinical
practice guidelines.4 Veterans with International
Classification of Diseases-9th Revision codes for
constrictive pericarditis, hypertrophic cardiomyopa-
thy, and any prior history of HF were excluded. In to-
tal, 80,248 Veterans were identified as having HFpEF.

To conduct this study on primary prevention of
ASCVD, we excluded Veterans with claims indicating
prior coronary artery bypass graft or percutaneous
coronary intervention, or who had claims indicating
prior MI, stroke/transient ischemic attack, or periph-
eral vascular disease. VA data were merged with
Medicare/Medicaid data to ensure complete capture
of events, comorbidities, and medication use.

To remove the possibility of historic statin use
influencing study results, we took a new-user
approach16,17 and excluded Veterans with any statin
use prior to HFpEF diagnosis. Therefore, at baseline,
the entire study cohort began as non-statin users, free
of ASCVD. Veterans entered the cohort with a new
diagnosis of HFpEF from 2002 to 2012 and were fol-
lowed through April 8, 2016.

EXPOSURE. The primary exposure was new statin
use. Medication data were extracted from VA phar-
macy records and augmented with Medicare claims
data. All statins approved for use in the United States
were included: atorvastatin, cerivastatin, fluvastatin,
lovastatin, pitavastatin, pravastatin, rosuvastatin,
and simvastatin.

Statin initiation was calculated from the first
outpatient statin prescription fill after HFpEF diag-
nosis date; inpatient prescriptions were excluded.
The entire cohort was considered statin nonusers at
baseline, and at baseline began contributing person-
time as statin nonusers. Once a statin was initiated,
a Veteran switched and began contributing time as a
statin user.

OUTCOME. We studied 2 coprimary outcomes: 1) all-
cause mortality; and 2) major adverse cardiovascular
events (MACE) defined as coronary artery bypass
graft/percutaneous coronary intervention procedure,
incident MI, mortality due to MI, incident stroke/
transient ischemic attack, or mortality due to
stroke.18 Secondary outcomes included all-cause
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hospitalizations and HF hospitalizations (measured
as days hospitalized relative to days of follow-up, in
each case). Data for hospitalizations were extracted
from both VA data and Medicare to ensure capture of
admissions both inside and outside VA. Mortality
data were extracted from the National Death Index.19

Variable details are shown in Supplemental Table 1.

COVARIATES. Data were extracted from the VA
clinical record, including age, race, sex, and body
mass index; comorbidities including smoking status,
anemia, arthritis, atrial fibrillation, cancer, chronic
obstructive pulmonary disease, dementia, depres-
sion, diabetes, fatigue, gait issues, hyperlipidemia,
hypertension, liver disease, renal disease, and sleep
apnea. Risk of ASCVD was assessed using the VA
ASCVD risk calculator.20 Frailty was measured using
the VA Frailty Index.21,22 We removed stroke, coro-
nary artery disease, and peripheral vascular disease
from the VA Frailty Index calculation, since the study
population excluded people with baseline ASCVD;
and also removed HF from the VA Frailty Index
calculation, since the study population only included
adults with HF.

Information on other cardiovascular medications
used including antiplatelet agents, anticoagulants,
alpha-blockers, beta-blockers, angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers,
calcium channel blockers, loop diuretics, and non-
statin lipid-lowering medications were extracted
from the VA clinical record and Centers for Medicare &
Medicaid Services data. Veterans with use of medica-
tions from $5 drug classes were considered to have
polypharmacy.

ANALYTIC PLAN. To address confounding by indi-
cation,23 we developed a propensity score that
included variables that can influence both the choice
of using a statin and the outcome of interest, in order
to balance covariates between users and nonusers of
statins.24 We performed diagnostics on the pro-
pensity score to ensure adequate overlap between the
exposed and unexposed groups using Kernel Density
plots and assessing standard differences before and
after running the propensity score. We used the
overlap weighting method for the propensity
score,25,26 and then used survival analysis to model
time to each outcome.

To test the association between new statin use
and the primary outcomes of all-cause mortality
and MACE, we performed Cox proportional hazards
regression models, using the overlap weight
from the propensity modeling, and measured
time to event. For all primary aim models, HRs and
95% CIs were calculated, overall and for subgroups
of interest. We tested the proportional hazards as-
sumptions for all models.

For the secondary outcomes of all-cause and HF-
specific hospitalizations, we calculated the number
of days hospitalized and ran Poisson regression
models with the log of follow-up time as the offset (to
model days hospitalized per year relative to total
follow-up time), and calculated rate ratios (RRs) and
95% CIs. We assessed deviance statistics to check the
goodness of fit of the Poisson models.

Stratified analyses for each outcome were con-
ducted to test the interactions by age group (<50, 50-
64, 65-74, and 75þ), race, sex, diabetes history,
ASCVD risk score (null, <5%, 5%-9.9%, and 10þ%),
and frailty (frailty score <0.20 vs $0.20). In sensi-
tivity analysis, we further restricted the cohort to
those who had at least 2 prescriptions for statins in
follow-up. A 2-sided P value <0.05 was considered
statistically significant. The study was approved by
the VA Boston Healthcare System Institutional Re-
view Board.

RESULTS

The final curated study population included 7,970
Veterans with HFpEF who were free of ASCVD and
prior statin use (Supplemental Figure 1). Among these,
3,759 (47%) initiated a statin over the follow-up
period. At baseline, average age was 69 � 12 years,
96% were male, 67% were White, 14% were Black, and
mean ejection fraction was 60%. The most commonly
prescribed statin was simvastatin (76%) followed by
lovastatin (9%), atorvastatin (7%), and pravastatin
(6%), all other statins were <1%. In total, 93.4% had 2
or more prescriptions over follow-up, representing at
least 6 months of statin use. Before propensity score
weighting, statin initiators were more likely to be
younger, have metabolic syndrome, arthritis, and
other chronic health conditions such as chronic kidney
disease and sleep apnea. Non-statin users were older
and more likely to have liver disease. Kernel Density
plots demonstrated sufficient overlap for analyses
(Supplemental Figure 2). Table 1 and Supplemental
Figure 3 show cohort characteristics at baseline
which were all balanced after overlap weighting.

PRIMARY OUTCOME. Over amean follow-up of 6.0�4.0
years from HFpEF diagnosis, 5,314 deaths and 4,859
major ASCVD events occurred. Theweighted incidence
rate difference per 1,000 person-years was �23.55
(95% CI: �29.87 to �17.23) for all-cause mortality
and �46.33 (95% CI: �56.38 to �36.29) for MACE. After
propensity score overlap weighting, the HR for statin
users vs nonusers was 0.78 (95% CI: 0.73-0.83) for
all-cause mortality, and 0.79 (95% CI: 0.74-0.84)

https://doi.org/10.1016/j.jacadv.2024.100869
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TABLE 1 Baseline Characteristics of 7,970 Veterans With HFpEF, Before and After Propensity Score Inverse Overlap Weighting

Crude After Propensity Score Weighting

No Statin
(n ¼ 7,970)

Statin Use
(n ¼ 3,759)

Standardized
Difference

No Statin
(n ¼ 7,970)

Statin Use
(n ¼ 3,759)

Standardized
Difference

Age, y 69.2 � 12.3 67.3 � 11.2 16.4 67.9 � 6.1 67.9 � 8.2 -

Body mass index, kg/m2 33.0 � 8.4 34.9 � 8.3 21.8 34.3 � 4.3 34.3 � 5.9 -

VA Frailty Index (% frail) 24.1 28.7 10.6 26.7 26.7 -

Sex

Men 96.3 96.4 0.2 96.5 96.5 -

Women 3.7 3.6 0.2 3.5 3.5 -

Race

White 66.6 69.8 7.0 68.7 68.7 -

Black/African American 14.3 16.2 5.5 15.9 15.9 -

Other 19.2 13.9 14.1 15.5 15.5 -

Hispanic ethnicity 2.5 2.0 3.0 2.2 2.2 -

Smoking status

Current 15.4 20.7 13.8 18.8 18.8 -

Former 70.3 59.4 22.9 63.0 63.0 -

Never 14.3 19.9 14.8 18.2 18.2 -

Comorbidities

Atrial fibrillation 19.2 25.0 14.1 23.1 23.1 -

Anemia 16.6 22.2 14.3 19.3 19.3 -

Arthritis 33.2 42.6 19.6 38.8 38.8 -

Cancer 25.6 30.0 9.9 28.3 28.3 -

COPD 32.5 42.5 20.8 38.4 38.4 -

Dementia 5.2 5.3 0.4 5.0 5.0 -

Depression 19.9 28.5 20.4 25.0 25.0 -

Diabetes 26.9 36.0 19.7 33.9 33.9 -

Fatigue 4.9 7.9 12.4 6.1 6.1 -

Gait issues 5.2 8.0 11.2 6.3 6.3 -

Hyperlipidemia 17.1 47.7 69.4 34.1 34.1 -

Hypertension 64.9 85.6 49.3 80.2 80.2 -

Kidney disease 2.8 7.2 20.4 4.7 4.7 -

Liver disease 2.4 1.7 4.6 1.9 1.9 -

Sleep apnea 10.8 24.1 35.6 18.0 18.0 -

Medication use

ACE inhibitors 53.8 62.2 17.1 60.4 60.4 -

ARB 8.6 12.5 12.7 11.0 11.0 -

Alpha blockers 23.0 21.8 2.9 22.9 22.9 -

Beta-blockers 43.5 55.9 25.0 52.2 52.2 -

Calcium-channel blockers 32.7 36.6 8.2 35.9 35.9 -

Diuretics 97.3 91.3 26.2 95.9 95.9 -

Anticoagulants 13.5 16.0 7.1 15.4 15.4 -

Antiplatelets 1.5 6.2 24.7 3.1 3.1 -

Non-statin lipid-lowering
medications

4.4 7.7 13.9 6.4 6.4 -

Polypharmacy (5 or more
medication classes)

83.3 95.1 38.5 93.3 93.3 -

Values are mean � SD or %.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blockers; COPD ¼ chronic obstructive pulmonary disease; HFpEF ¼ heart failure with preserved ejection
fraction; VA ¼ Veterans Affairs.
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for MACE (Table 2, Figure 1). Results were consistent
among multiple subgroups (Figure 1). For all-cause
mortality, there were no significant interactions
after stratifying by age, including above age 75,
race, sex, diabetes, frailty, or ASCVD risk score
(all P > 0.05).
For MACE, results remained overall consistent;
however, there were significant interactions by sex
and ASCVD risk category; and a borderline-significant
interaction by age (Figure 2). Among those aged 65 to
74 years, HR for MACE was 0.67 (95% CI: 0.57-0.77),
while for those aged <50, 50 to 64 or $75 years HRs



TABLE 2 Association of Statin Use With All-Cause Mortality, Major Cardiovascular Events, and Hospitalizations in 7,970 U.S. Veterans With HFpEF and Free of

ASCVD at Baseline, After Propensity Score Overlap Weighting

Statin User
N ¼ 3,759

Statin Nonuser
N ¼ 7,970 Outcome HR (95% CI) P Value

Primary outcome # events/1,000 person-y # events/1,000 person-y Weighted incidence rate
difference/1,000 person-y (95% CI)

All-cause mortality 2,031/22.5 3,283/25.2 �23.55 (�29.87, �17.23) 0.78 (0.73-0.83) <0.001

MACE compositea 1,576/13.9 3,283/18.8 �46.33 (�56.38, �36.29) 0.79 (0.74-0.84) <0.001

Secondary outcome # days hospitalized/
1,000 person-y

# days hospitalized/
1,000 person-y

Risk difference (difference in # days
hospitalized/y)

All-cause hospitalization days per y 108.0/22.3 169.2/24.8 �2.11 (�2.97, �1.26) 0.69 (0.60-0.80) <0.001

HF-specific hospitalization days per y 41.4/22.3 61.3/24.8 �0.69 (�1.12, �0.26) 0.72 (0.59-0.88) <0.001

aMACE composite ¼ MI/MI death, stroke/stroke death, revascularization.

ASCVD ¼ atherosclerotic cardiovascular disease; HF ¼ heart failure; HFpEF ¼ heart failure with preserved ejection fraction; MACE composite ¼ major adverse cardiovascular events composite.
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were 0.83 (95% CI: 0.60-1.17), 0.80 (95% CI: 0.71-
0.90), and 0.87 (95% CI: 0.78-0.98), respectively,
overall p-interaction 0.06 for age. For men, HR for
MACE was 0.77 (95% CI: 0.72-0.83) and for women,
HR was 1.19 (95% CI: 0.81-1.74), P value for inter-
action was 0.02. Among those with an ASCVD risk
score 5% to 9.9%, HR for MACE was 0.72 (95% CI:
0.64-0.81), while the HR for those with an
ASCVD <5% and >10% was 0.81 (95% CI: 0.67-0.98)
FIGURE 1 Association Between Statin Use and All-Cause Mortality in

Stratified by Age, Race, Sex, Frailty, Diabetes, and ASCVD Risk Categ

Events/N ¼ # of deaths per # of person-years of follow-up; RD ¼ weighte

nonusers).
and 0.84 (95% CI: 0.76-0.93), respectively, p-inter-
action was <0.01.
SECONDARY OUTCOMES. Over the course of the
study period, there were 7,256 hospitalizations,
including 4,632 HF-specific hospitalizations. RR for
all-cause hospitalization was 0.69 (95% CI: 0.60-0.80)
and for HF-specific hospitalization was 0.72 (95% CI:
0.59-0.88), Table 2. There were no significant in-
teractions when stratified by age, race, sex, frailty
7,970 U.S. Veterans With HFpEF Free of Atherosclerotic Cardiovascular Disease at Baseline,

ory

d incidence rate difference (ie, the # of fewer deaths per 1,000 Person-years for statin users vs



FIGURE 2 Association Between Statin Use and Major Adverse Cardiovascular Events in 7,970 U.S. Veterans With HFpEF Free of Atherosclerotic Cardiovascular

Disease at Baseline, Stratified by Age, Race, Sex, Frailty, Diabetes, and ASCVD Risk Category

Events/N ¼ # of deaths per # of person-years of follow-up; RD ¼ weighted incidence rate difference (ie, the # of fewer deaths per 1,000 Person-years for statin users vs

nonusers).
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status, diabetes history, or ASCVD risk category
(Supplemental Figures 4 and 5).

SENSITIVITY ANALYSIS. When the cohort was
restricted to those with 2 or more statin prescriptions
during follow-up, results remained consistent for all
outcomes (Supplemental Table 2).

DISCUSSION

In this study of 7,970 Veterans with prevalent HFpEF,
free of ASCVD at baseline, and who were regular users
of VA care, nearly half were initiated on statin ther-
apy over a mean follow-up of 6 years. New statin use
was associated with a significant reduction in all-
cause mortality, MACE, and both all-cause and HF
hospitalizations (Central Illustration). This has
important implications on a 2-decade search for a
therapy to improve survival in HFpEF; in particular, it
strengthens the foundation for a potential RCT to
examine the effect of statins in HFpEF.

IN THE CONTEXT OF THE CURRENT LITERATURE. Data
remain limited on the utility of statins in HF. Two
major RCTs, CORONA and GISSI-HF have been pre-
dominantly conducted in participants with HFrEF. In
the CORONA trial, 5,011 individuals aged at a mean of
73 years with NYHA functional class II-IV HF had a
mean left ventricular ejection fraction (LVEF) was
31%. With randomization to rosuvastatin 10 mg or
placebo and follow-up over nearly 33 months, there
was no significant benefit associated with statin
therapy in prevention of the composite outcome of
cardiovascular death, nonfatal MI, or fatal stroke and
secondary outcomes of CVD mortality and any coro-
nary events.6 The GISSI-HF trial, which included
4,575 participants with a mean age of 68 years, did
not require a specific LVEF threshold, but ultimately
enrolled mostly participants with HFrEF (mean LVEF
of 33%). The initiation of rosuvastatin 10 mg over a
follow-up of 47 months demonstrated no significant
difference in the endpoints of all-cause mortality or
the composite of mortality and hospitalization from
CVD causes in both ischemic and nonischemic HF
when compared to placebo. Despite inclusion of any
LVEF, a major limitation of this study was that a total
of 461 participants had an LVEF >40% precluding
meaningful inferences regarding statins in patients
with HFpEF.7

To date, no RCTs have investigated the potential
benefit of statins in HFpEF. However, there have
been several observational studies. In a meta-analysis

https://doi.org/10.1016/j.jacadv.2024.100869
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CENTRAL ILLUSTRATION Association of New Statin Use With All-Cause Mortality, MACE, and Hospitalizations in
Veterans HFpEF and No Atherosclerotic Cardiovascular Disease

Orkaby AR, et al. JACC Adv. 2024;3(4):100869.

ASCVD ¼ atherosclerotic cardiovascular disease; HF ¼ heart failure; HFpEF ¼ heart failure with preserved ejection fraction; MACE ¼ major adverse cardiovascular

events.
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of 11 observational studies that included 17,985 pa-
tients with HFpEF, statin use was associated with a
decreased risk of mortality (RR: 0.60; 95% CI: 0.49-
0.74; P < 0.001).11 Another meta-analysis that
included only studies that employed propensity score
methods to address confounding by indication (4
observational studies; n ¼ 5,536) also reported a
mortality benefit among statin users (OR: 0.69;
95% CI: 0.49-0.97; P ¼ 0.030).12 However, these
studies were not restricted to primary prevention of
ASCVD (42%-64% had underlying coronary artery
disease); 2 had a sample size of <200 patients;13,27

and the majority of patients studied were from 2
European countries, Poland and Sweden.28,29 In
addition to examining endpoints beyond ASCVD,
including mortality and both HF and all-cause hos-
pitalizations, our study extends the literature by
investigating the benefit of statins for preventing
primary MACE. Furthermore, the mean follow-up
time for our study at 6 years was longer than the
majority of studies included in both meta-analyses.

Our results are comparable to the propensity-
adjusted cohort study that included 24,598 naive
patients with newly diagnosed HF.30 Among those
who initiated a statin, there was a 24% reduction in
risk of all-cause mortality and 21% reduction in HF
hospitalization compared to non-statin users. How-
ever, 80% of those studied had prior coronary heart
disease, and while 29% of the statin users and 22% of
the non-statin users had HFpEF, analyses were not
stratified by type of HF. Additionally, this study
demonstrated that event rates remained significantly
lower in subgroups stratified by the presence or
absence of baseline coronary heart disease. The ana-
lyses conducted in our study are novel in that they
focus specifically on a cohort with HFpEF for primary
prevention of CVD, and the methods employed in our
study uniquely consist of both a new user study
design and propensity score methods to address
confounding by indication.

POTENTIAL MECHANISMS. The mechanisms for
which statins may be beneficial in HFpEF are not yet
clear. Our findings were among adults without base-
line ASCVD and were consistent across pooled-
cohort, 10-year risk categories. This suggests that
the benefits of statins for HFpEF go beyond its impact
on atherosclerosis. Statins have multiple biological
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effects—although they are principally used as
cholesterol-lowering agents,31 they also have pleio-
tropic effects with capacity to reduce inflammation.32

This is relevant for HFpEF because its pathophysi-
ology is closely linked to systemic inflammation,33

with consequent derangements in microvasculature,
nitric oxide and cyclic guanosine monophosphate
availability, and changes in titin phosphorylation.34

Based on myocardial biopsies from individuals with
HFpEF, statins lower levels of myocardial nitro-
tyrosine (a marker of oxidant stress), reduce car-
diomyocyte hypertrophy and resting tension, and
increase myocardial protein kinase G activity.10,34

Statins are also known to lower risk of atrial fibrilla-
tion35 which leads to remodeling of the left atrium
and is an important pathophysiologic feature of
HFpEF.35,36 This could represent another etio-
logic mechanism.

It is also possible that the impact of statins is
mediated through physical parameters such as
frailty, which is highly prevalent in HFpEF and is
closely intertwined with the pathophysiology of
HFpEF.37 Taken together, our work here further
supports the need for additional mechanistic
studies that include detailed cardiovascular imaging
data and biomarkers, as well as extracardiac
markers of aging such as physical frailty. We addi-
tionally call for a trial specifically examining the
effect of statins in adults with HFpEF without prior
ASCVD. Of note, statins have a unique mechanism
of action compared to other guideline-directed
agents for HFpEF, most of which were not in
routine use for HFpEF during the study period. This
provides additional rationale for statins to serve as
add-on therapy for patients with HFpEF, though
more evidence is needed.

CLINICAL IMPLICATIONS AND FUTURE DIRECTIONS. The
current joint society guidelines on the management
of HF recommend statins in patients with a history of
prior or recent MI to prevent symptomatic HF and
adverse CVD events.4 Notably, in prevalent HF, there
are no specific recommendations for the primary
prevention of future adverse events within the cur-
rent guidelines. This is largely based on the neutral
findings of the CORONA and GISSI-HF trials for
HFrEF. However, the lack of RCTs testing statins in
HFpEF precludes any meaningful recommendations
for this unique HF phenotype. Our study has impor-
tant implications on a 2-decade search for a therapy
to improve survival in HFpEF; in particular, it lays the
groundwork for trials to examine the benefits of
statins in HFpEF, which may shape future clin-
ical practice.

STUDY STRENGTHS AND LIMITATIONS. This study
has several strengths. This is a highly curated clin-
ical data set that combines both electronic health
record data and claims data, with the inclusions of
all recorded LVEFs, to ensure close to complete
capture of data. We restricted to those without a
history of ASCVD to focus on primary prevention as
there is less debate about the use of statins for
secondary prevention. A new user design ensured
everyone in the cohort had the same probability of
receiving a statin and to reduce the risk of survivor
and prevalent user biases.38 Propensity overlap
weighting addressed confounding by indication
and limited to influence of extreme pro-
pensity scores.

This study also has important limitations. The data
were restricted to users of VA which may limit
generalization to populations not receiving care in
the VA. The predominance of the cohort is male,
although most prior studies have been mostly female,
and this work therefore provides insight for men with
HFpEF who are understudied. The most commonly
prescribed statin was simvastatin, which no longer
reflects current practice. Additionally, the MACE
analysis may be impacted by competing risk for
mortality, however although the CV specific mortality
was included in the MACE definition this represents
the majority of mortality. Although we used several
approaches to mitigate confounding, this observa-
tional study is inherently limited by residual con-
founding and potential for reverse causation.

CONCLUSIONS

Among Veterans with HFpEF without known CVD,
statins were associated with reduced all-cause mor-
tality and MACE. These findings should be confirmed
in a future RCT.
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outcomes in adults who have HFpEF without concurrent ASCVD.

TRANSLATIONAL OUTLOOK: Statins could be considered for

prevention of mortality, MACE, and hospitalization in patients

with HFpEF. Future RCTs are needed to support these findings.
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