
European Journal of Heart Failure (2020) 22, 2018–2025 RESEARCH ARTICLE
doi:10.1002/ejhf.2005

Sex-based differences in biomarkers, health
status, and reverse cardiac remodelling
in patients with heart failure with reduced
ejection fraction treated with
sacubitril/valsartan
Nasrien E. Ibrahim1,2, Ileana L. Piña3, Alexander Camacho1, Devavrat Bapat1,
G. Michael Felker4, Alan S. Maisel5, Javed Butler6, Margaret F. Prescott7,
Cheryl A. Abbas7, Scott D. Solomon2,8, and James L. Januzzi Jr1,2,9*, on behalf of the
Prospective Study of Biomarkers, Symptom Improvement and Ventricular
Remodeling During Entresto Therapy for Heart Failure (PROVE-HF) Study
Investigators
1Cardiology Division, Massachusetts General Hospital, Boston, MA, USA; 2Harvard Medical School, Boston, MA, USA; 3Wayne State University, Detroit, MI, USA; 4Cardiology
Division, Duke University, Durham, NC, USA; 5Cardiology Division, University of California San Diego, San Diego, CA, USA; 6Cardiology Division, University of Mississippi,
Jackson, MS, USA; 7Novartis Pharmaceuticals, East Hanover, NJ, USA; 8Brigham and Women’s Hospital, Boston, MA, USA; and 9Baim Institute for Clinical Research, Boston, MA,
USA

Received 22 June 2020; revised 10 September 2020; accepted 11 September 2020 ; online publish-ahead-of-print 7 October 2020

Aims We sought to determine sex-based differences in biomarkers, self-reported health status, and magnitude of
longitudinal changes in measures of reverse cardiac remodelling among patients with heart failure with reduced
ejection fraction (HFrEF, left ventricular ejection fraction ≤40%) treated with sacubitril/valsartan (S/V).
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Methods
and results

This was a subgroup analysis of patients initiated on S/V in the Prospective Study of Biomarkers, Symptom
Improvement and Ventricular Remodeling During Entresto Therapy for Heart Failure (PROVE-HF) study. There were
226 (28.5%) women in the study. Though women had lower baseline N-terminal pro B-type natriuretic peptide
(NT-proBNP), they had more rapid early reduction in the biomarker after initiation of S/V. Compared to men,
women had lower average baseline Kansas City Cardiomyopathy Questionnaire (KCCQ)-23 Total Symptom score
(67.6 vs. 71.9; P = 0.003) but showed greater linear improvement (7.4 vs. 5.5 points; P< 0.001) and faster pace of
KCCQ change (P< 0.001) over the course of the trial. Women and men demonstrated similar degrees of reverse
left ventricular remodelling following S/V initiation; however, women did so earlier than men with more consistent
changes. These results remained unchanged with adjustment for relevant covariates. Reduction in NT-proBNP was
associated with reverse cardiac remodelling in both women and men. Treatment with S/V was well tolerated in all.
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Conclusions In women with HFrEF, treatment with S/V was associated with significant NT-proBNP reduction, health status
improvement and reverse cardiac remodelling.
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Introduction
Substantial differences exist in the epidemiology, progression,
and outcomes of cardiovascular disease in women vs. men. This
includes significant sex-based differences in those with heart fail-
ure (HF); women tend to have higher indexed left ventricular (LV)
wall thicknesses and worse diastolic function compared to men.1

Among those with HF and reduced ejection fraction [HFrEF; LV
ejection fraction (LVEF) ≤40%], women tend to clinically present
with more significant symptoms, especially those with an ischaemic
aetiology of HF.2 Outcomes in women with HFrEF may also differ
from men.

Unfortunately, women tend to be disproportionately underrep-
resented in clinical trials for HFrEF therapies, posing a substan-
tial challenge to investigating sex-based differences in responses
to favourable treatments for HFrEF. What limited data do exist
suggest women generally experience more favourable changes in
measures of cardiac reverse remodelling than men following drug
and device therapy for HF,3,4 with more improved LVEF, lower LV
mass and volume, and markedly attenuated activation of natriuretic
peptides.3 Thus, therapies with favourable effects on measures
of cardiac reverse remodelling5 may exert differential benefits in
women with HFrEF, however this has not been previously investi-
gated at a large scale.

Sacubitril/valsartan (S/V), a combined angiotensin
receptor–neprilysin inhibitor (ARNI), is among the newest
guideline-supported options for treatment of HFrEF6 reducing
risk in patients affected by chronic HFrEF.7 Most recently, the
Prospective Study of Biomarkers, Symptom Improvement and
Ventricular Remodeling During Entresto Therapy for Heart Fail-
ure (PROVE-HF; NCT02887183) study8 suggested that S/V had
favourable effects on measures of cardiac remodelling in patients
with chronic HFrEF. Longitudinal changes in measures of cardiac
reverse remodelling were also strongly associated with simulta-
neous reductions in N-terminal pro B-type natriuretic peptide
(NT-proBNP) concentrations. Whether sex-based differences
existed in responses to treatment with S/V remains unknown
despite guideline recommendations for its use in chronic HFrEF.

In this post hoc analysis of patients with HFrEF enrolled in the
PROVE-HF study, we evaluated sex-based differences in biomark-
ers, health status, and remodelling parameters after treatment with
S/V.

Methods
All study procedures were approved by each center’s Institutional
Review Board and carried out in accordance with the Declaration of
Helsinki.

PROVE-HF study design and participants
The design of PROVE-HF has been detailed previously.9 Briefly, this was
a 52-week, multicentre, open-label, single-arm study that enrolled 794
patients with chronic HFrEF who were then initiated and titrated on
S/V per United States prescribing information.8,9 Whenever possible,
the dose of S/V was titrated to the target dose of 97/103 mg twice ..
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.. daily. After informed consent was obtained, detailed clinical and his-
torical variables were recorded using a standardized case report form.
New-onset HF was defined as diagnosis <60 days from study enrol-
ment. Echocardiographic assessments of LVEF, LV mass, LV volume, and
diastolic function were performed at baseline and 6 and 12 months and
were read by temporally-blinded readers at a core laboratory after
study procedures had completed. Cardiac reverse remodelling was
defined by changes in LVEF, LV end-diastolic volume index (LVEDVi;
normal <76 mL/m2), and LV end-systolic volume index (LVESVi; normal
<30 mL/m2) after S/V initiation.8

Blood samples were collected from participants at each study
visit and sent to a central laboratory for measurement of plasma
NT-proBNP using a commercially available electrochemiluminescence
immunoassay (proBNP II, Roche Diagnostics).

The Kansas City Cardiomyopathy Questionnaire (KCCQ)-23 was
used to collect self-reported health status and health-related quality of
life (HRQoL); participant responses are scaled into multiple summary
scores including the Total Symptom (TS) score, Clinical Summary
(CS) score, and Overall Summary (OS) score. The KCCQ-23 was
administered to study participants at baseline, day 14, and months 1,
2, 3, 6, 9 and 12.9 All adverse events and serious adverse events were
recorded; suspected cases of angioedema were evaluated by a central
adjudication panel.8

Present analysis
This study was a post hoc analysis of data collected from PROVE-HF
participants with comparisons between the women and men in the
study. A study flow diagram is detailed in Figure 1.

There were two aims to the present study:

• Aim 1: To determine the magnitude of sex-based differences, if
any, in patient characteristics and compare values for NT-proBNP,
measures of health status (KCCQ-23 TS score) and values of
cardiac reverse remodelling (i.e. LVEF, LVEDVi, LVESVi) across time
points.

• Aim 2: To determine whether women and men shared simi-
lar trajectories of longitudinal changes in NT-proBNP, LVEF, and
KCCQ-23 TS score.

For our first study aim, we maximized the use of available data from
all cases (n = 794) and report characteristics and values using pairwise
deletion. Patient demographics, clinical biomarkers, and echocardio-
gram data were summarized using scale-appropriate measures for cat-
egorical variables (e.g. counts, percentages) and interval variables [e.g.
means± standard deviations, medians (25th–75th percentile)]. Given
the post hoc, non-prespecified nature of the comparisons, we used
Hedge’s g to estimate the magnitude of standardized mean differences
between sexes rather than chi-squared or t-tests; within-group (paired)
differences were estimated using a bias-adjusted standardizer (δ). The
Phi coefficient (rφ) was used to evaluate symmetry in distributions of
categorical variables; the Phi coefficient is analogous to a standardized
mean difference for interval-scaled variables.10

For our second aim, we examined longitudinal associations
between sex, NT-proBNP, LVEF, and KCCQ-23 TS score were
examined using latent growth curve models (LGCMs), similar to
other studies11–13; these analyses allow for understanding not only
the magnitude and speed of change in serially measured variables,
but also inter-relatedness with potentially associated factors (e.g.
NT-proBNP change and LVEF improvement). The LGCMs were

© 2020 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Study flow for the present analysis. We sought to characterize baseline and cross-sectional values as well as longitudinal aspects of
change in N-terminal pro B-type natriuretic peptide (NT-proBNP), health status, and cardiac remodelling parameters. KCCQ-23 TS, Kansas
City Cardiomyopathy Questionnaire-23 Total Symptom score; LVEF, left ventricular ejection fraction.

adjusted for ischaemic aetiology, LVEF, cardiac resynchronization
therapy (CRT) presence and use of angiotensin-converting enzyme
inhibitor or angiotensin receptor blocker (ACEi/ARB) at baseline.
Log-transformed values for NT-proBNP were used in all inferential
procedures. Associations between covariates were assessed using
Pearson correlations (r). To minimize residual variance, for Aim
2, we placed restrictions on the extent of allowable missing data;
for these analyses, we included cases with (i) valid baseline value
for NT-proBNP, LVEF, and KCCQ-23 TS score; (ii) valid values for
NT-proBNP and KCCQ-23 for month 3, month 6, and month 12; and
(iii) valid values for LVEF at baseline and month 12. After implementing
restrictions on missing data, 763 patients were included in the second
component of our analysis. We used the KCCQ TS score due to
multicollinearity with the CS and OS scores; additionally, the TS score
is the most proximal to individual metrics and, therefore, represents
patient self-report more directly. Probability thresholds for statistical
significance were set at 0.05 using two-sided tests and standard errors
were calculated with bootstrapping using 99% confidence intervals
and 1000 subsamples. All analyses were conducted using R v3.5.

Results
Aim 1: characterizing sex-based
differences in baseline and follow-up
variables
Baseline characteristics by participant sex are detailed in Table 1.
Briefly, 226 (28.5%) of the 794 patients enrolled in PROVE-HF
were women. Moderate-sized differences were observed for HF
aetiology with women more likely to have a non-ischaemic HF
aetiology than men (61.5% vs. 40.3%). Small-to-moderate-sized
differences were observed regarding use HF therapies at baseline;
women were less likely to receive ACEi/ARB (71.7% vs. 77.5%) ..
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. or prior CRT and implantable cardioverter-defibrillator placement

(8.8% vs. 18.0%).
At baseline, there were negligible differences in NT-proBNP

concentrations between sexes. In contrast, women had moder-
ately lower baseline values than men for LVEDVi (81.7 mL/m2 vs.
89.3 mL/m2) and LVESVi (56.4 mL/m2 vs. 63.5 mL/m2) with cor-
respondingly higher baseline values for LVEF (30.4% vs. 27.5%).
Small-sized differences were observed for left atrial volume index
and E/e′. Negligible differences were observed in the rate of par-
ticipants who achieved the target dose of 97/103 mg twice daily
(67.0% men; 57.8% women).

Cross-sectional concentrations of NT-proBNP in women and
men from baseline to 12 months are detailed in Table 2. In both
women and men, greatest decreases in NT-proBNP were seen by
14 days following S/V initiation. Within-group differences between
time points showed that men had greater decreases in NT-proBNP
from baseline to month 3 than women; however, across 12 months
of follow-up, women had more consistent NT-proBNP reduction
(online supplementary Table S1).

Cross-sectional results for the KCCQ-23 TS score are detailed
in Table 3. Following initiation of S/V, women had larger early
gains in KCCQ-23 TS scores from baseline to month 3; paired
differences at subsequent time points were small or negligible for
both sexes (online supplementary Table S1).

Values of LVEF, LVEDVi and LVESVi at each time point are detailed
in Table 4 and online supplementary Figure S1. Overall, women
and men demonstrated comparable reverse cardiac remodelling
after S/V treatment. Similarly, though NT-proBNP values differed
between women and men, they had similar correlation between
change in NT-proBNP and reverse remodelling. Notably, women
tended to reverse remodel earlier, with average changes in LVEF,
LVESVi, and LVEDVi larger in women from baseline to month

© 2020 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Baseline demographics in men and women enrolled in PROVE-HF with standardized mean differences
(g or r𝝋)

Parameter All patients
(n = 794)

Women
(n = 226)

Men
(n = 568)

Standardized mean
differences
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

g or r𝛗 Category
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years, median 66 (57–74) 65 (57–74) 66 (58–74) 0.06 Small
NYHA class symptom severity, n (%) 0.17 Small

II 558 (70.3) 165 (73) 393 (69.2)
III 222 (28) 60 (26.5) 162 (28.5)
IV 14 (1.8) 1 (0.4) 13 (2.3)

Body mass index, kg/m2, median 30.5 (26.5–35.3) 30.1 (25.9–36.8) 30.6 (26.6–34.7) 0.005 Small
Past medical history, n (%)

Hypertension 699 (88) 196 (86.7) 503 (88.6) 0.11 Small
Coronary revascularization 376 (47.4) 68 (30.1) 308 (54.2) 0.27 Small-moderate
Diabetes mellitus 361 (45.5) 97 (42.9) 264 (46.5) 0.07 Small
Myocardial infarction 329 (41.4) 67 (29.6) 262 (46.1) 0.35 Small-moderate
Atrial fibrillation/flutter 280 (35.3) 69 (30.5) 211 (37.1) 0.14 Small

Ischaemic aetiology for HF, n (%) 426 (53.7) 87 (38.5) 339 (59.7) 0.43 Moderate
Time since HF diagnosis, months,

median (25th–75th)
50.5 (15.0–109.6) 51.8 (13.3–112.1) 50.4 (16.7–106.7) 0.003 Small

New-onset HF (<60 days before
enrolment), n (%)

78 (9.8) 30 (13.3) 48 (8.5) 0.16 Very small

Guideline-directed therapy, n (%)
Beta-blocker 766 (96.5) 218 (96.5) 548 (96.5) 0.001 Small
ACEi/ARB 602 (75.8) 162 (71.7) 440 (77.5) 0.21 Small-moderate
MRA 336 (42.3) 98 (43.4) 238 (41.9) 0.03 Small
CRT/CRT-D 122 (15.4) 20 (8.8) 102 (18) 0.21 Small-moderate
ICD alone 226 (28.5) 56 (24.8) 170 (29.9) 0.08 Small

Not taking ACEi/ARB, n (%) 0.21 Small-moderate
ACEi/ARB naïve (never exposed) 48 (6) 22 (9.7) 26 (4.6)
Previously taking but not currently 144 (18.1) 42 (18.6) 102 (18)

Baseline laboratory results
eGFR, mL/min/1.73 m2, median 62.6 (50.1–75.7) 60.75 (46.1–74.5) 63.3 (51.1–76.3) 0.18 Small
eGFR ≤60 mL/min/1.73 m2, n (%) 353 (44.5) 110 (48.7) 243 (42.8) 0.31 Small-moderate
NT-proBNP, pg/mL, median

(25th–75th)
816 (332–1821) 659 (278–1735.5) 863 (380–1866) 0.02 Small

Baseline vital signs
Systolic BP, mmHg, median 122 (113–134) 122 (112–134) 123 (114–134) 0.06 Small
Diastolic BP, mmHg, median 76 (69–82) 74 (68–81) 76 (70–82) 0.13 Small
Heart rate, bpm, median 71 (64–80) 72 (66–80.8) 70 (64–79) 0.21 Small-moderate

Baseline echo measurements, median
(25th–75th)
LVEF, % 28.3 (24.5–32.7) 30.4 (25.9–33.9) 27.5 (24.2–32.2) 0.34 Small-moderate
LVEDVi, mL/m2 86.9 (76.2–100.4) 81.7 (71.8–95.1) 89.3 (77.8–101.8) 0.41 Moderate
LVESVi, mL/m2 61.7 (52.0–74.8) 56.4 (48.5–68.7) 63.5 (53.6–77.03) 0.42 Moderate
LAVi, mL/m2 37.7 (31.6–46.1) 35.5 (30.8–44.2) 38.7 (31.8–46.5) 0.16 Small
E/E′ 11.7 (8.8–16) 12.9 (9.8–16.6) 11.1 (8.3–15.6) 0.18 Small

Baseline KCCQ, median (25th–75th)
Overall score 64.6 (46.9–81.2) 59.6 (41.9–78.6) 65.9 (47.7–81.8) 0.18 Small
Clinical Summary score 69.8 (52–85.8) 65.2 (45.8–82.8) 71.4 (53.1–87) 0.24 Small-moderate
Total Symptom score 75.0 (53.1–87.5) 72.9 (47.9–85.4) 75.0 (54.7–87.5) 0.17 Small

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CRT, cardiac resynchronization therapy; CRT-D, cardiac resynchro-
nization therapy-defibrillator; eGFR, estimated glomerular filtration rate; HF, heart failure; ICD, implantable cardioverter defibrillator; KCCQ, Kansas City Cardiomyopathy
Questionnaire; LAVi, left atrial volume index; LVEDVi, left ventricular end-diastolic volume index; LVEF, left ventricular ejection fraction; LVESVi, left ventricular end-systolic
volume index; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA, New York Heart Association.

© 2020 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 Median (25th–75th percentile) N-terminal
pro B-type natriuretic peptide concentrations across
time points in the study as a function of sex

Time
point

Women n Men n

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Baseline 659 (282–1741) 217 863 (383–1886) 546
Day 14 485 (176–1262) 213 537 (267–1378) 535
Day 30 468 (164–1285.75) 210 572.5 (222–1319) 528
Day 45 484 (151–1303) 204 526 (228–1250) 523
Month 2 480 (159–1271) 200 552 (239–1294) 517
Month 3 467 (162–1414) 202 496 (245–1265) 515
Month 6 437 (161–1185) 192 469 (181–1089) 494
Month 9 391 (140–1023) 186 456 (191–1186) 463
Month 12 429 (132–1185) 193 529 (173–1264) 496

Table 3 Median (25th–75th percentile) Kansas City
Cardiomyopathy Questionnaire-23 Total Symptom
score across time points in the study as a function of
sex

Time
point

Women n Men n

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Baseline 75.0 (54.7–87.5) 530 72.9 (47.9–85.4) 210
Day 14 79.2 (62.5–95.8) 517 77.6 (64.6–89.6) 204
Day 30 83.3 (63.5–96.9) 513 77.6 (61.5–91.7) 206
Month 2 85.4 (67.7–97.9) 480 81.2 (66.7–95.6) 186
Month 3 85.4 (66.7–96.9) 493 81.2 (66.7–91.7) 197
Month 6 85.4 (66.95–97.9) 486 83.3 (68.8–93.8) 187
Month 9 85.4 (69.8–97.9) 450 82.3 (64–93.8) 179
Month 12 86.5 (66.7–97.9) 481 83.3 (62.5–94.3) 189

6 (online supplementary Table S1). Conversely, changes in these
measures from month 6 to month 12 were generally larger among
men.

Among women, higher baseline NT-proBNP concentrations cor-
related with lower baseline LVEF (r = −0.55); baseline NT-proBNP
and LVEF had trivial correlations with baseline KCCQ-23 TS scores
(r< 0.10). Among men, higher baseline NT-proBNP concentra-
tions similarly correlated with lower baseline LVEF (r = −0.45);
baseline NT-proBNP and LVEF values correlated weakly with base-
line KCCQ-23 TS scores (r = −0.12, r = 0.14, respectively).

Aim 2: longitudinal analyses
Among women, baseline values for NT-proBNP and LVEF were
weakly correlated with the subsequent change for each measure
(online supplementary Table S1 and Figure S2), suggesting the extent
of change was unrelated to baseline values. In contrast, after
initiation of S/V, the magnitude and speed of change in NT-proBNP
concentrations were more substantially correlated to changes in
LVEF (linear: r = −0.70; quadratic: r = 0.43).

Men experienced similar changes in NT-proBNP concentrations,
LVEF, and KCCQ-23 TS scores over the course of the PROVE-HF ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. Table 4 Measures of cardiac remodelling among
patients across time points in the study as a function
of sex

Measures Women (n = 226) Men (n = 568)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LVEF
Baseline 30.4 (25.9–33.9) 27.5 (24.1–32.2)
Month 6 36.1 (30.7–41.5) 33.3 (27.5–38.2)
Month 12 40.1 (33.4–47.5) 36.8 (31.7–44.2)

LVEDVi
Baseline 82.2 (72.5–95.6) 89.7 (77.7–101.9)
Month 6 73.6 (63.1–89.6) 81.8 (72.0–94.6)
Month 12 68.8 (57.4–83.4) 75.5 (65.3–87.9)

LVESVi
Baseline 56.5 (48.7–69.0) 63.5 (53.6–77.2)
Month 6 46.4 (37.3–60.3) 53.6 (45.1–68.9)
Month 12 40.9 (30.4–54.1) 46.8 (37.1–59.6)

LVEF, left ventricular ejection fraction; LVEDVi, left ventricular end-diastolic
volume index; LVESVi, left ventricular end-systolic volume index.

study (online supplementary Table S1 and Figure S2). Similar to
women, baseline values and the extent of change in NT-proBNP
were weakly correlated (r = 0.19), but unlike in women, baseline
values for LVEF were moderately correlated to its subsequent
change (r = 0.42). Despite this fact, changes in NT-proBNP
concentrations after S/V initiation were still correlated to changes
in LVEF (linear: r = −0.46; quadratic: r = 0.33).

With adjustment for ischaemic aetiology, LVEF, CRT presence
and use of ACEi/ARB at baseline, rates of NT-proBNP change
were not significant. Additionally, differences in change in LVEF
or associations between NT-proBNP reduction and LVEF change
were not affected with adjustment.

Safety
Treatment with S/V was well tolerated in both women and men
(online supplementary Table S2).

Discussion
Previous studies have reported differences in biomarkers, health
status and reverse remodelling after HF treatment between women
and men1–4; however, data were lacking regarding these variables
in women and men treated with S/V. In this post hoc analysis
from PROVE-HF of patients with HFrEF initiated on S/V, nearly
30% of subjects were women. Following initiation of S/V, both
women and men demonstrated reduction in NT-proBNP, though
women had more consistency in NT-proBNP change. Women
had worse KCCQ-23 scores than men at baseline but had much
larger early gains in KCCQ-23 scores compared to men after
treatment with S/V. Importantly, women and men had similar
improvement in cardiac remodelling parameters, but these changes
tended to occur earlier in women. When adjusted for important
covariates at baseline, these results remained similar. Lastly, S/V
was well-tolerated in both sexes.

© 2020 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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The urgency of understanding sex-based differences in HF can-
not be overstated as incidence and prevalence of diagnosis have
reached epidemic proportions with rise in both women and men.14

The cornerstone of treatment of HFrEF entails optimization of
therapies that reduce morbidity and mortality,6 yet most landmark
trials serving as basis of guideline recommendations enrolled low
percentages of women15; despite this, clinical practice guidelines
apply to both women and men. Even with relatively permissive
inclusion criteria and executed at a time of heightened urgency
to include women in HF trials, it is worth noting that under 30%
of subjects in PROVE-HF were women. As development of ther-
apies to reduce morbidity and mortality in HF continues, future
clinical trials must aim for better representation, to ensure any dif-
ferences in pathophysiology are identified and whether responses
to HF therapies differ.

A potential sex-independent remodelling benefit of S/V for those
with HFrEF in this study is important. Beyond those with HFrEF,
benefit of S/V on remodelling may not be restricted to those with
LVEF <40%. A recent imputed placebo analysis suggests treatment
benefits of S/V on risk of adverse cardiovascular events up to
an LVEF of 60%,16 and in those with HF with preserved ejection
fraction (HFpEF), women may benefit more from S/V than men.17

Whether benefits of S/V in those with HFpEF indicate an effect on
remodelling is not clear, however, the risk factors for remodelling
differ substantially between HFrEF and HFpEF as does the biology;
significant differences exist regarding location and pattern of cell
death, microvascular changes, and fibrosis in both forms of HF.18

More data are needed to understand how S/V affects remodelling
across the range of LVEF.

In population-representative surveys, natriuretic peptide con-
centrations increase to a lesser extent in women compared to
men and only with severe LV dysfunction in women.3 Despite this,
women have greater frequency and larger magnitude of reverse
cardiac remodelling compared to men.3 In animal models, more
favourable adaptations to chronic pressure overload have been
linked to an attenuated increase in beta-myosin heavy chain and
atrial natriuretic peptide mRNA and a blunted decrease in sar-
coplasmic reticulum Ca-ATPase mRNA in female as compared to
male rats.3,19 Consistent with prior findings, women in PROVE-HF
had lower NT-proBNP at baseline compared to men but despite
this finding, women demonstrated similar improvement in cardiac
reverse remodelling parameters associated with treatment with
S/V. In both sexes, change in NT-proBNP similarly correlated with
improved cardiac remodelling parameters, findings that remained
even after adjustment for ischaemic aetiology, LVEF, CRT presence
and use of ACEi/ARB at baseline. Thus, despite quantitative differ-
ences in these parameters, clinicians should be reassured change
in NT-proBNP following S/V treatment imparts similar information
regarding LV remodelling regardless of sex.

In this study, we found that women and men demonstrated
comparable changes in LV remodelling parameters by the end of
the study, though women showed these changes earlier. Female
sex itself may be associated with greater frequency and magni-
tude of reverse cardiac remodelling compared to men.20 Whether
this reflects other unmeasured differences such as sex-based vari-
ation in medication compliance is unclear. Of importance is the ..
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.. observation that regardless of baseline NT-proBNP or LVEF, with
adjustment for important baseline covariates, the extent of change
in both measures was similar between women and men, suggesting
a common, sex-independent effect of S/V.

Women with HFrEF live longer than men; however, their addi-
tional years of life are poorer in quality, with greater self-reported
psychological and physical disability.21 This is reflected in worse
health status scores in tools such as the KCCQ. Consistent with
this, a recent pooled analysis of 12 058 men and 3357 women
enrolled in two recent HFrEF trials reported that women had
worse KCCQ-23 CS scores than men despite similar LVEF and
NT-proBNP.21 This was unlike PROVE-HF, where women had
higher baseline LVEF and lower NT-proBNP at baseline compared
to men. However, women in PROVE-HF had worse KCCQ-23
scores at baseline. Intriguingly, early on after initiation of S/V,
there was proportionally greater and more rapid improvement
in the KCCQ-23 scores in women. Further data are needed to
better understand sex-based differences in response to S/V on
patient-reported outcomes.

It has been noted that women have a 1.5- to 1.7-fold greater
risk of developing an adverse drug reaction compared with men
for unclear reasons. These may include gender-related differences
in pharmacokinetic, immunological and hormonal factors as well
as differences in the use of medications by women compared
with men.22 Little is known however about adverse drug reactions
in women with HF treated with S/V due to scarcity of data
stratified by sex.23 Indeed, women and men may have different
pharmacokinetics; however, it is difficult to know what the optimal
maximum concentration of S/V for effect is for women vs. men. We
found no difference in adverse events between women and men.

Several limitations exist for our analysis, including the observa-
tional, single-group, open-label design of the Phase 4 PROVE-HF
trial. Thus, we cannot compare differences in reverse remodelling
among those taking S/V vs. ACEi/ARB. The reasons for this relate
to the fact S/V was a class I guideline-recommended treatment,
and widely clinically available at the time of study execution, mak-
ing it untenable to randomize patients. However, the comparison
in this study was focused on change in NT-proBNP, KCCQ-23, and
remodelling parameters between women and men after treatment
with S/V; addition of a control group would not have altered the
observation that initiation of S/V was associated with a substantial
reverse remodelling among women and men in this study. As well,
more than 80% of the study participants were taking ACEi/ARB
at baseline and yet substantial reverse remodelling was noted.
Unfortunately, we do not have baseline doses of ACEi/ARB or
beta-blocker. The comparisons are specific only to women and men
with HFrEF treated with S/V and should not be translated to other
HF therapies. Though our analysis comprised of a slightly higher
percentage of women compared to other recent HFrEF studies, it
is nonetheless somewhat limited in power and the first examination
of sex-based differences relative to S/V treatment. As this is a post
hoc analysis, risk for residual confounding is present. Additionally,
NT-proBNP was not interpreted in the context of atrial fibrillation
prevalence and renal function, both known to affect NT-proBNP
concentrations. Finally, this is a post hoc analysis from PROVE-HF
which carries inherent error of such analyses.

© 2020 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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In conclusion, following S/V initiation, women and men both
showed clinically similar changes in biomarkers, health status
and remodelling parameters. Though similar overall, scrutiny of
these changes revealed subtle sex-based differences in NT-proBNP
reduction, KCCQ-23 score change, and measures in cardiac
reverse remodelling. These results provide clinicians reassuring
data regarding potential benefits of ARNI therapy on health sta-
tus and cardiac remodelling across sexes, while identifying further
avenues for translational study of how reverse remodelling differs
between women and men.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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