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Aims This pre-specified analysis of the DELIVER trial examined whether clinical benefits of dapagliflozin in heart failure
(HF) with left ventricular ejection fraction (LVEF)>40% varied by baseline New York Heart Association (NYHA)
class and examined the treatment effects on NYHA class over time.
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Methods
and results

Treatment effects of dapagliflozin by baseline NYHA class II (n = 4713) versus III/IV (n = 1549) were examined
on the primary endpoint (cardiovascular death or worsening HF event) and key secondary endpoints. Effects of
dapagliflozin on change in NYHA class at 4, 16, and 32 weeks were also evaluated. Higher baseline NYHA class was
associated with older age, female sex, greater comorbidity burden, lower LVEF, and higher natriuretic peptide levels.
Participants with baseline NYHA class III/IV, as compared with II, were independently more likely to experience
the primary endpoint (adjusted hazard ratio [HR] 1.16 [95% confidence interval, 1.02–1.33]) and all-cause death
(adjusted HR 1.22 [1.06–1.40]). Dapagliflozin consistently reduced the risk of the primary endpoint compared with
placebo, irrespective of baseline NYHA class (HR 0.81 [0.70–0.94] for NYHA class II vs. HR 0.80 [0.65–0.98]
for NYHA class III/IV; pinteraction = 0.921). Participants with NYHA class III/IV had greater improvement in Kansas
City Cardiomyopathy Questionnaire total symptom scores between baseline and 32 weeks (+4.8 [2.5–7.1]) versus
NYHA class II (+1.8 [0.7–2.9]; pinteraction = 0.011). Dapagliflozin was associated with higher odds of any improvement
in NYHA class (odds ratio [OR] 1.32 [1.16–1.51]), as well as improvement to NYHA class I (OR 1.43 [1.17–1.75]),
versus placebo at 32 weeks, with benefits seen as early as 4 weeks.
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Dapagliflozin and NYHA class in HFmrEF or HFpEF 1893

Conclusions Among symptomatic patients with HF and LVEF >40%, treatment with dapagliflozin provided clinical benefit irrespec-
tive of baseline NYHA class and was associated with early and sustained improvements in NYHA class over time.
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Graphical Abstract

Summary of clinical profiles and treatment effects of dapagliflozin by baseline New York Heart Association (NYHA) class, as well as the impact of
dapagliflozin on changes in NYHA class over time in this pre-specified analysis of the DELIVER trial. CI, confidence interval; DELIVER, Dapagliflozin
Evaluation to Improve the Lives of Patients with Preserved Ejection Fraction; HF, heart failure; HFmrEF, heart failure with mildly reduced ejection
fraction; HFpEF, heart failure with preserved ejection fraction; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEF, left ventricular ejection
fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OR, odds ratio.
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Keywords Dapagliflozin • Heart failure with preserved ejection fraction • Functional status • New York
Heart Association classification

Introduction
Heart failure (HF) with mildly reduced (HFmrEF) or preserved
ejection fraction (HFpEF) together constitute the majority of HF
in the contemporary era and are associated with substantial death,
disability, and healthcare costs.1–3 Identification of therapeutic
pathways to ameliorate symptom burden and functional impair-
ment remains a central priority in the clinical care of this at-risk
population, for whom evidence-based therapeutic options have
been historically lacking.4

Although with important limitations,5–8 the New York Heart
Association (NYHA) functional classification is independently pre-
dictive of mortality irrespective of left ventricular ejection fraction
(LVEF),9–11 is recommended in current international HF clinical
practice guidelines to guide treatment eligibility,12,13 and therein
remains an important clinical metric widely used in clinical practice
to characterize symptom burden and functional capacity. Further,
NYHA class represents a key inclusion criterion for enrolment in
virtually all contemporary HF clinical trials.

Previous trials evaluating the role of sodium–glucose cotrans-
porter 2 inhibitors (SGLT2i) in HF with reduced ejection fraction
(HFrEF) have suggested relative treatment benefits may be ..
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.. attenuated among patients with higher baseline NYHA class.14–16

Patients with HFpEF and HFmrEF with advanced NYHA class
often exhibit a higher comorbidity burden that may be challenging
to modify with HF-specific therapies,10,11 but it remains uncertain
whether SGLT2i treatment effects exhibit similar heterogeneity by
NYHA functional class at higher ejection fraction.

The DELIVER (Dapagliflozin Evaluation to Improve the Lives of
Patients with Preserved Ejection Fraction Heart Failure) trial
demonstrated an 18% improvement in cardiovascular death or
worsening HF among patients with HF and LVEF >40%.17 In
this pre-specified analysis, we aim to (i) evaluate the treatment
response to dapagliflozin by baseline NYHA class, and (ii) deter-
mine the impact of dapagliflozin on changes in NYHA class over
time.

Methods
Study design and patient population
The trial design, baseline characteristics, and primary results of
DELIVER have been previously reported.18,19 In brief, DELIVER was an

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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1894 J.W. Ostrominski et al.

international, multicentre, randomized, double-blind, parallel-group,
event-driven trial comparing the efficacy and safety of dapagliflozin
with placebo in patients with HF and mildly reduced, preserved, or
improved LVEF. DELIVER enrolled patients aged ≥40 years with HF
and an LVEF >40% (documented by echocardiography or cardiac mag-
netic resonance imaging within the 12 months preceding enrolment),
NYHA functional class II–IV symptoms, elevated concentrations of
N-terminal pro-B-type natriuretic peptide (NT-proBNP), and evidence
of structural heart disease (increased left atrial size or left ventricular
hypertrophy). Both ambulatory and hospitalized patients were eligible
for enrolment. Key exclusion criteria included recent (within 4 weeks
pre-enrolment) receipt or intolerance of an SGLT2i, type 1 diabetes,
estimated glomerular filtration rate<25 ml/min/1.73 m2, uncontrolled
hypertension, body mass index >50 kg/m2, the presence of an alter-
native diagnosis accounting for the patient’s symptoms (e.g. anaemia),
uncorrected primary valvular disease, and known infiltrative cardiomy-
opathy, myocarditis, or hypertrophic cardiomyopathy. The trial is
registered with ClinicalTrials.gov (NCT03619213) and conforms with
the principles outlined in the Declaration of Helsinki. The study proto-
col was approved by the institutional review board or ethics committee
at each participating site and all participants provided written informed
consent.

Assessment of New York Heart
Association functional class
NYHA class was a pre-specified subgroup in DELIVER, and treatment
effects of dapagliflozin versus placebo on NYHA class over time was
an exploratory endpoint pre-specified in the study protocol. Baseline
NYHA class was established by blinded clinicians at baseline, as well as
at 4, 16, and 32 weeks following randomization.

Clinical outcomes in DELIVER
The primary endpoint of DELIVER was the composite of cardiovas-
cular death or worsening HF event (inclusive of hospitalization for HF
or an urgent HF visit requiring intravenous HF therapy). Secondary
endpoints were cardiovascular death and total (first and recurrent)
HF events, patient symptom burden as assessed by the Kansas City
Cardiomyopathy Questionnaire total symptom score (KCCQ-TSS)
at 32 weeks, cardiovascular death, and all-cause death. All clinical
events were adjudicated by a blinded Clinical Endpoints Committee
at Brigham & Women’s Hospital (Boston, MA, USA) and University of
Glasgow (Glasgow, UK).

Statistical analysis
Normally distributed data are reported as mean (± standard deviation),
non-normally distributed data as median (interquartile range), and
categorical variables as frequencies and percentages. Study participants
were categorized into two groups: NYHA class II and III/IV. Differences
in baseline characteristics of trial participants by NYHA class at enrol-
ment were summarized for each group. The association between base-
line NYHA class and clinical outcomes were adjusted for covariates
determined a priori including age, sex, geographic region, recent HF
hospitalization within 30 days, time from HF diagnosis at baseline, body
mass index, history of atrial fibrillation or flutter, history of stroke, type
2 diabetes, chronic obstructive pulmonary disease, coronary artery dis-
ease, smoking status (current or former), LVEF, systolic blood pressure, ..
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.. estimated glomerular filtration rate, and log-transformed NT-proBNP.
Hazard ratios (HR) and 95% confidence intervals (CI) were calculated
for time-to-first endpoints using Cox proportional hazard models,
while rate ratios and 95% CI were calculated for recurrent event
endpoints based on the Lin–Wei–Yang–Ying model.20 Heterogeneity
in treatment response to dapagliflozin on each of the primary and
secondary endpoints was assessed by interaction testing. Treatment
effects of dapagliflozin on NYHA functional class at each follow-up time
point was evaluated. All available data at baseline, 4, 16, and 32 weeks
were included, with no imputation for missing data. Change in NYHA
functional class at 4, 16, and 32 weeks following randomization was
classified ordinally as ‘improved’, ‘no change’, or ‘worsened’. Only
patients alive at each follow-up visit could be assessed for NYHA class;
the proportion of participants with missing data for NYHA class at each
follow-up timepoint is detailed in online supplementary Table S1. The
effect of dapagliflozin was estimated using an ordinal logistic regression
model and reported as an overall odds ratio (OR) for the likelihood
of attaining better versus worse NYHA class. In a separate model, the
treatment effect on the odds of achieving NYHA class I symptoms at
32 weeks was assessed. A responder analysis was performed to evalu-
ate the proportion of participants with a deterioration or improvement
in KCCQ score at 32 weeks following randomization, using a≥5 point
threshold for deterioration and≥5 (at least ‘small’),≥10 (at least ‘mod-
erate’), and≥15 point (‘large’) thresholds for improvement. P-values
of <0.05 were considered statistically significant. Statistical analy-
ses were performed using STATA version 17.0 (StataCorp, College
Station, TX, USA).

Results
Overall, 6263 patients with HFmrEF or HFpEF were randomized
across 350 sites and 20 countries in the DELIVER trial. A total of
4713 (75.3%) patients were classified as NYHA class II, while 1531

(24.4%) and 18 (0.3%) were NYHA class III and IV, respectively.
One patient had NYHA class I symptoms at randomization and
was excluded from this analysis.

Patient characteristics
Clinical profiles and medications of participants categorized by
baseline NYHA functional class II versus III/IV are displayed
in Table 1. Participants with higher NYHA class were more
likely to be older, female, and have a history of hypertension,
type 2 diabetes, chronic obstructive pulmonary disease, sleep
apnoea, any atherosclerotic cardiovascular disease, and prior
HF hospitalization as compared to lower NYHA class. Higher
baseline NYHA class was additionally associated with higher
body mass index, longer HF duration, lower LVEF, atrial fib-
rillation/flutter at the time of enrolment, higher NT-proBNP
concentrations, and lower baseline estimated glomerular filtration
rate. Participants with baseline NYHA class III/IV were more
likely to be treated with loop diuretics, beta-blockers, and min-
eralocorticoid receptor antagonists. Between-group use of an
angiotensin receptor–neprilysin inhibitor was similar at baseline.
Clinical profiles and medication use patterns were well-balanced
between treatment arms, irrespective of baseline NYHA functional
class group.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Dapagliflozin and NYHA class in HFmrEF or HFpEF 1895

Table 1 Baseline characteristics by New York Heart Association functional class

Characteristic NYHA class II (n = 4713) NYHA class III or IV (n = 1549) p-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 71.5± 9.6 72.1± 9.4 0.029
Age groups, years 0.06
≤65 1151 (24.4) 353 (22.8)
65–75 1835 (38.9) 577 (37.2)
>75 1727 (36.6) 619 (40.0)

Men 2714 (57.6) 802 (51.8) <0.001

Race <0.001

White 3201 (67.9) 1237 (79.9)
Asian 1065 (22.6) 209 (13.5)
Black or African American 120 (2.5) 39 (2.5)
American Indian or Alaska Native 145 (3.1) 44 (2.8)
Other 182 (3.9) 20 (1.3)

Geographic region <0.001

Europe and Saudi Arabia 2079 (44.1) 926 (59.8)
Asia 1030 (21.9) 196 (12.7)
Latin America 978 (20.8) 203 (13.1)
North America 626 (13.3) 224 (14.5)

History of AFF 2573 (54.6) 978 (63.1) <0.001

History of stroke 415 (8.8) 182 (11.7) <0.001

History of dyslipidaemia 3069 (65.1) 921 (59.5) <0.001

History of type 2 diabetes mellitus 2070 (43.9) 736 (47.5) 0.014
History of chronic obstructive pulmonary disease 452 (9.6) 240 (15.5) <0.001

History of non-coronary revascularization 115 (2.4) 25 (1.6) 0.06
History of sleep apnoea 334 (7.1) 151 (9.7) <0.001

Prior myocardial infarction 1243 (26.4) 396 (25.6) 0.53
History of hypertension 4135 (87.7) 1417 (91.5) <0.001

Prior HF hospitalization 1709 (36.3) 830 (53.6) <0.001

Coronary artery disease 2327 (49.4) 837 (54.0) 0.001

Atherosclerotic cardiovascular disease 2613 (55.4) 939 (60.6) <0.001

Smoking status <0.001

Current 363 (7.7) 121 (7.8)
Former 1776 (37.7) 485 (31.3)
Never 2574 (54.6) 943 (60.9)

Baseline body mass index, kg/m2 29.4± 5.9 31.1± 6.6 <0.001

Body mass index groups, kg/m2
<0.001

<18.5 (underweight) 46 (1.0) 8 (0.5)
18.5–24.9 (normal weight) 1064 (22.6) 279 (18.0)
25.0–29.9 (overweight) 1633 (34.7) 439 (28.4)
30.0–34.9 (class I obesity) 1160 (24.6) 414 (26.7)
35.0–39.9 (class II obesity) 560 (11.9) 238 (15.4)
≥40 (class III obesity) 245 (5.2) 170 (11.0)

Time from diagnosis of HF to baseline <0.001

0–3 months 472 (10.0) 96 (6.2)
>3–6 months 441 (9.4) 151 (9.7)
>6–12 months 657 (14.0) 185 (11.9)
>1–2 years 750 (15.9) 245 (15.8)
>2–5 years 1151 (24.4) 417 (26.9)
>5 years 1237 (26.3) 455 (29.4)

KCCQ-TSS at baseline 73.8± 20.6 58.4± 22.7 <0.001

Baseline LVEF, % 54.5± 8.8 53.0± 8.5 <0.001

Pooled LVEF groups <0.001

≤40% 4 (0.1) 0 (0.0)
41–49% 1500 (31.8) 612 (39.5)

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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1896 J.W. Ostrominski et al.

Table 1 (Continued)

Characteristic NYHA class II (n = 4713) NYHA class III or IV (n = 1549) p-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

50–59% 1704 (36.2) 552 (35.6)
≥60% 1505 (31.9) 385 (24.9)

Improved LVEF (prior LVEF ≤40%) 918 (19.5) 233 (15.0) <0.001

Baseline NT-proBNP, ng/L 943 [583–1591] 1263 [764–2426] <0.001

NT-proBNP in AFF, pg/ml 1322 [938–2055] 1642 [1042–2806] <0.001

NT-proBNP when no AFF, pg/ml 673 [455–1173] 907 [532–1910] <0.001

Baseline ECG AFF 1882 (39.9) 761 (49.1) <0.001

Baseline systolic blood pressure, mmHg 128.3±15.5 127.9±15.0 0.34
Baseline diastolic blood pressure, mmHg 73.7± 10.4 74.7±10.3 <0.001

Baseline HbA1c, % 6.5±1.4 6.7± 1.5 <0.001

Baseline pulse, bpm 71.1± 11.8 72.6±11.6 <0.001

Baseline creatinine, μmol/L 101.5± 31.0 105.6± 31.2 <0.001

Baseline eGFR, ml/min/1.73 m2 62.0± 19.2 58.1±18.7 <0.001

eGFR ≥60 ml/min/1.73 m2 2505 (53.2) 686 (44.3) <0.001

Loop diuretics 3482 (73.9) 1328 (85.7) <0.001

ACEi 1744 (37.0) 551 (35.6) 0.30
ARB 1746 (37.1) 526 (34.0) 0.027
ARNI 217 (4.6) 84 (5.4) 0.19
Beta-blocker 3858 (81.9) 1318 (85.1) 0.004
MRA 1958 (41.6) 709 (45.8) 0.004
Pacemaker 477 (10.1) 185 (11.9) 0.043
ICD 82 (1.7) 31 (2.0) 0.50

Values are mean± standard deviation, n (%), or median [interquartile range].
ACEi, angiotensin-converting enzyme inhibitor; AFF, atrial fibrillation/flutter; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; ECG,
electrocardiogram; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; HF, heart failure; ICD, implantable cardioverter-defibrillator; KCCQ-TSS,
Kansas City Cardiomyopathy Questionnaire total symptom score; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal
pro-B-type natriuretic peptide; NYHA, New York Heart Association.

Clinical outcomes by baseline NYHA
class
As compared to participants with NYHA class II symptoms and
functional status at baseline, those with baseline NYHA class
III/IV were independently at higher risk of the primary outcome
of time-to-first cardiovascular death or worsening HF event
(adjusted HR 1.16, 95% CI 1.02–1.33; p = 0.029) and all-cause
death (adjusted HR 1.22, 95% CI 1.06–1.40; p = 0.006) (online
supplementary Figure S1). Participants with baseline NYHA class
III/IV experienced higher rates of HF hospitalization (adjusted HR
1.15, 95% CI 0.98–1.36; p = 0.087) and cardiovascular death
(adjusted HR 1.21, 95% CI 0.99–1.49; p = 0.062) compared
with those with NYHA class II, but these did not reach statistical
significance after covariate adjustment.

Treatment effects of dapagliflozin
by baseline NYHA class
Treatment with dapagliflozin reduced the risk of the primary
composite outcome irrespective of baseline NYHA class (HR 0.81

[95% CI 0.70–0.94] for NYHA class II vs. HR 0.80 [95% CI
0.65–0.98] for NYHA class III/IV; pinteraction = 0.921). There was no
evidence of treatment heterogeneity by baseline NYHA class for
any of the individual components of the primary endpoint, all-cause ..
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.. mortality, and composite total HF events and cardiovascular death
(Figure 1).

Participants with NYHA functional class III/IV exhibited more
severe patient-reported symptoms at baseline as compared with
NYHA functional class II, based on assessment with KCCQ-TSS.
When compared with placebo, participants in both NYHA groups
treated with dapagliflozin experienced significant improvement
in patient-reported health status by week 32, with greater
improvement among participants with NYHA functional class
III/IV (mean difference in KCCQ-TSS, +1.8 [95% CI 0.7–2.9] for
NYHA class II vs. +4.8 [95% CI 2.5–7.1] for NYHA class III/IV;
pinteraction = 0.011). Similar findings were observed for KCCQ
clinical summary score (CSS) and KCCQ overall summary score
(OSS) (Figure 2). A responder analysis depicting the proportion
of participants with clinically meaningful changes (≤5 point dete-
rioration and≥5, ≥10, and≥15 point improvement) in KCCQ
scores with dapagliflozin compared to placebo by baseline NYHA
functional class at 32 weeks is presented in online supplementary
Figure S2. For each KCCQ summary score, treatment effects of
dapagliflozin on clinically meaningful improvement or deteriora-
tion in health status were similar among participants with baseline
NYHA functional class II versus III/IV (online supplementary
Table S2).

Dapagliflozin was well-tolerated, with no effect modification by
baseline NYHA functional class on the risk of any adverse events

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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0.25 0.5 1 2

Composite of CV death 
and recurrent HF events

All-cause death

HF hospitalization

HF event

CV death

Primary composite outcome

NYHA II

NYHA III-IV

Favors dapagliflozin Favors placebo

 0.81 (0.70-0.94)

 0.80 (0.65-0.98)

 0.90 (0.73-1.13)

 0.80 (0.60-1.08)

 0.75 (0.64-0.89)

 0.83 (0.65-1.05)

 0.71 (0.60-0.85)

 0.85 (0.67-1.09)

 0.91 (0.79-1.06)

 0.96 (0.77-1.18)

 0.73 (0.61-0.87)

 0.82 (0.65-1.04)

P for 
interaction

Hazard or rate ratio
(95% CI)

0.921

0.541

0.531

0.246

0.715

0.408

7.5

Events per 100
patient-years

12.7

3.0

5.2

5.5

9.3

4.9

8.5

6.5

10.2

11.8

19.1

Figure 1 Effect of dapagliflozin versus placebo on primary and secondary endpoints by baseline New York Heart Association (NYHA)
functional class. CI, confidence interval; CV, cardiovascular; HF, heart failure.

-2 0 2 4 6 8

KCCQ-Overall
Summary Score

KCCQ-Clinical
Summary Score

KCCQ-Total
Symptom Score

NYHA II

NYHA III-IV

Mean Difference
(95% CI)

P for 
interaction

1.8 (0.7-2.9)

4.8 (2.5-7.1)

1.9 (0.9-2.9)

4.1 (2.0-6.1)

1.8 (0.7-2.9)

5.0 (2.7-7.4)

0.011

0.043

0.009

Favors dapagliflozinFavors 
placebo

Figure 2 Effect of dapagliflozin versus placebo on symptom burden and other measures of health status by baseline New York Heart
Association (NYHA) functional class. Values displayed as mean difference in Kansas City Cardiomyopathy Questionnaire (KCCQ) assessment
score between dapagliflozin and placebo groups at week 32 compared with week 0. CI, confidence interval.
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1898 J.W. Ostrominski et al.

Figure 3 Effect of dapagliflozin versus placebo on New York Heart Association (NYHA) functional class over time. Values displayed as
percentage of participants with any improvement or deterioration in NYHA functional class. Odds ratios (OR) represent OR for improvement
rather than worsening NYHA functional class at each timepoint. CI, confidence interval.

with dapagliflozin as compared with placebo (online supplementary
Table S3).

Treatment effects of dapagliflozin
on NYHA class over time
Participants randomized to treatment with dapagliflozin more
often experienced any improvement in NYHA class by week
4 (11.0% vs. 8.7%), 16 (15.8% vs. 13.2%), and 32 (18.7% vs.
14.5%) as compared with placebo. Treatment with dapagliflozin
was additionally associated with a lower likelihood of deteri-
oration in NYHA class at each timepoint. Participants treated
with dapagliflozin were more likely than participants treated
with placebo to experience an improvement rather than wors-
ening in NYHA functional class as early as 4 weeks (OR 1.37,
95% CI 1.17–1.60; p< 0.001) and sustained through 32 weeks
(OR 1.32, 95% CI 1.16–1.51; p< 0.001) (Figure 3). By week
32, participants randomized to the dapagliflozin arm numeri-
cally more often experienced a one-class improvement (18%
vs. 14%) and two-class improvement (0.7% vs. 0.5%), and less
often experienced a one-class deterioration (3.0% vs. 3.6%) and
two-class deterioration (0.1% vs. 0.2%), as compared with placebo.
Additionally, participants treated with dapagliflozin compared to
placebo were significantly more likely to experience improve-
ment to NYHA functional class I at 32 weeks (OR 1.43, 95%
CI 1.17–1.75; p< 0.001). The distribution of NYHA class by
treatment arm at week 32 is displayed in online supplementary
Table S4. ..
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. Discussion
In this pre-specified analysis of DELIVER, we show that dapagliflozin
reduced the risk of cardiovascular death or worsening HF events as
compared with placebo among symptomatic patients irrespective
of baseline NYHA functional class. Patients with more advanced
functional class (III/IV) experienced greater improvement in symp-
tom burden and other domains of health status with dapagliflozin
compared with those with NYHA functional class II. Additionally,
participants treated with dapagliflozin were significantly more likely
to experience any improvement, more likely to achieve NYHA
functional class I, and less likely to experience any deterioration
in NYHA class over time. Improvement in NYHA functional class
was observed early (4 weeks) and sustained through 32 weeks.
Taken together, these findings demonstrate that treatment with
dapagliflozin provides significant, early, and sustained benefit on
NYHA class across a wide spectrum of functional impairment
(Graphical Abstract).

Prior trials evaluating the efficacy of SGLT2i in HFrEF have sug-
gested potential attenuation of relative treatment benefits among
those with higher (i.e. III/IV) baseline NYHA class. A meta-analysis
of the EMPEROR-Reduced (Empagliflozin Outcome Trial in
Patients With Chronic Heart Failure With Reduced Ejection
Fraction) and DAPA-HF (Dapagliflozin and Prevention of Adverse
outcomes in Heart Failure) trials demonstrated a nominally signifi-
cant treatment-by-subgroup interaction for NYHA functional class,
with potentially less clinical benefit in those with NYHA class III/IV
as compared with NYHA class II patients.16 The observed dis-
crepancy in the consistency of the effect of SGLT2i across NYHA

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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function classes by HF phenotype may be attributable to differences
in characteristics of the trial participants and/or pathophysiologic
mechanisms in HFrEF as compared to HFpEF and HFmrEF. As
compared with both EMPEROR-Reduced and DAPA-HF, wherein
the incidence rates of HF hospitalization and cardiovascular death
events were more balanced,14,15 HF hospitalization accounted for
a relatively higher proportion of primary events in DELIVER. This
heightened burden of HF hospitalization in HFmrEF and HFpEF21

may be similarly modified by SGLT2i across a range of baseline func-
tional status. Further, as compared with EMPEROR-Reduced and
DAPA-HF, DELIVER included participants with a higher proportion
of cardiometabolic comorbidities, including obesity, hyperten-
sion, and atrial fibrillation/flutter,19 which in turn are particularly
strongly linked with impaired health status and functional limitation
in HFpEF.10,11,22–27 However, comorbid cardiac and non-cardiac
conditions especially prevalent in this population, including
anaemia, chronic kidney disease, hypertension, and obesity, may be
favourably modified by SGLT2i.28,29 These factors underscore the
importance of evaluating the therapeutic effects of SGLT2i across
a range of baseline functional limitations in HFmrEF and HFpEF.

In this analysis, we show that HF outcomes are substan-
tially improved with dapagliflozin, even among participants with
advanced NYHA functional class at baseline. These findings are
concordant with and extend the results of previous analyses of
the EMPEROR-Preserved (Empagliflozin Outcome Trial in Patients
With Chronic Heart Failure With Preserved Ejection Fraction)
trial showing improved odds of improvement in NYHA functional
class and overall health status after treatment with SGLT2i in
HFmrEF and HFpEF.30,31 Improvement in NYHA functional class
also occurred early in EMPEROR-Preserved, with statistically
significant benefits observed by 12 weeks and sustained for at
least 2 years. We show that improvement in functional status may
occur even earlier (i.e. 4 weeks), and is seen regardless of baseline
NYHA functional class. In addition, participants with NYHA class
III/IV symptoms in DELIVER experienced greater improvements
in multiple KCCQ summary scores as compared with those with
NYHA class II. These observations are well-aligned with the results
of PRESERVED-HF (Dapagliflozin in Preserved Ejection Fraction
Heart Failure), a trial that enrolled a highly symptomatic cohort of
patients with high rates of multimorbidity.32 These findings suggest
that, instead of a barrier to clinical benefit, impaired functional
status may be a unique therapeutic opportunity for SGLT2i in
contemporary HFmrEF and HFpEF.

Baseline NYHA functional classification was highly and indepen-
dently predictive of subsequent HF events and all-cause mortality
in DELIVER after adjusting for numerous covariates, empha-
sizing the important role of NYHA functional classification in
both clinical practice and clinical trials for patients with HFmrEF
and HFpEF. Although clinician assessment of NYHA functional
classification in practice may be limited by inconsistent method-
ology and high interobserver variability,7 these data reinforce its
contemporary prognostic relevance. Further, contemporary HF
guidelines recommend the use of the NYHA functional classifica-
tion to help inform management decisions (e.g. in the context of
perceived worsening or improvement functional class),12,13 high-
lighting that clinician-assessed measures remain central to HF care. ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. However, we recognize that patient-reported outcomes (such
as the KCCQ) are equally if not more important from a patient
perspective, and their collection should continue to be prioritized
in research and clinical settings. Of note, given KCCQ has been
shown to be more responsive to clinically meaningful change than
NYHA class over time,8 the improvement in NYHA classification
observed in DELIVER underscores the clinically important effects
of dapagliflozin on overall health status.

Study limitations
Key limitations of this analysis should be highlighted. First, DELIVER
predominantly enrolled patients with NYHA functional class II
and III symptoms at baseline, hence findings may not readily
generalize to adjacent groups with NYHA class I and IV symptom.
However, the findings reported herein are concordant with those
reported by a prior trial with higher enrolment of participants with
NYHA functional class III/IV at baseline.32 Second, serial NYHA
assessment was not performed beyond 32 weeks, but no signal
of attenuation was observed until this point to suggest that these
clinical benefits would wane with time. Third, the apparently lower
extent of improvement in KCCQ scores among participants with
baseline NYHA functional class II versus III/IV may reflect a limited
capacity for improvement owing to good baseline health status.
Indeed, baseline KCCQ is known to be predictive of short-term
changes in KCCQ.33 However, when applying benchmarks for clin-
ically meaningful changes in responder analyses, it is noteworthy
that participants in DELIVER experienced similar clinically mean-
ingful changes in KCCQ with dapagliflozin, irrespective of baseline
NYHA functional class. Finally, we relied on investigator-reported
NYHA functional class, and assessment of NYHA class is known
to be subject to inter-rater variability.

Conclusions
Among symptomatic patients with HFmrEF or HFpEF, treatment
with dapagliflozin provided clinical benefit irrespective of baseline
NYHA class and those with advanced NYHA functional class expe-
rienced relatively greater health status benefits with dapagliflozin.
Initiation of dapagliflozin led to early, sustained, and clinically mean-
ingful improvements in NYHA functional class over time.

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