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Aims The effects of adding a sodium–glucose cotransporter 2 (SGLT2) inhibitor to a mineralocorticoid receptor antagonist
(MRA) or an angiotensin receptor–neprilysin inhibitor (ARNI) in patients with heart failure (HF) and mildly reduced
ejection fraction (HFmrEF) and preserved ejection fraction (HFpEF) are uncertain, even though the use of all three
drugs is recommended in recent guidelines.
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Methods
and results

The efficacy and safety of dapagliflozin added to background MRA or ARNI therapy was examined in patients
with HFmrEF/HFpEF enrolled in the DELIVER trial. The primary outcome was the composite of worsening HF
or cardiovascular death. Of 6263 patients, 2667 (42.6%) were treated with an MRA and 301 (4.8%) with an ARNI
at baseline. Patients taking either were younger, more often men and had lower systolic blood pressure and ejection
fraction; they were also more likely to have prior HF hospitalization. The benefit of dapagliflozin was similar whether
patients were receiving these therapies. The hazard ratio for the effect of dapagliflozin compared to placebo on
the primary outcome was 0.86 (95% confidence interval [CI] 0.74–1.01) for MRA non-users versus 0.76 (95% CI
0.64–0.91) for MRA users (pinteraction = 0.30). The corresponding values for ARNI non-users and users were 0.82 (95%
CI 0.73–0.92) and 0.74 (95% CI 0.45–1.22), respectively (pinteraction = 0.75). None of the adverse events examined
was more common with dapagliflozin compared to placebo overall or in the MRA and ARNI subgroups.
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Conclusions The efficacy and safety of dapagliflozin were similar, regardless of background treatment with an MRA or ARNI.
SGLT2 inhibitors may be added to other treatments recommended in recent guidelines for HFmrEF/HFpEF.
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Graphical Abstract

Effects of dapagliflozin in patients taking or not taking a mineralocorticoid receptor antagonist (MRA) and an angiotensin receptor–neprilysin inhibitor
(ARNI). CI, confidence interval; CV, cardiovascular; HF, heart failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure
with preserved ejection fraction; hosp., hospitalization.
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Introduction
Recent guidelines have recommended considering the use of a
mineralocorticoid receptor antagonist (MRA) and the angiotensin
receptor–neprilysin inhibitor (ARNI) sacubitril/valsartan in
patients with heart failure and mildly reduced ejection fraction
(HFmrEF).1,2 US guidelines also recommend the use of these drugs
in selected patients with heart failure and preserved ejection
fraction (HFpEF), particularly among patients with left ventricular
ejection fraction (LVEF) on the lower end of this spectrum.2

However, the strongest recommendation is for sodium–glucose
cotransporter 2 (SGLT2) inhibitors and the evidence supporting
the use of SGLT2 inhibitors has been strengthened by the results
of the DELIVER (Dapagliflozin Evaluation to Improve the LIVEs of
Patients With PReserved Ejection Fraction Heart Failure) trial.2–6

In DELIVER, 6263 patients with heart failure and an ejection
fraction >40% were randomized to dapagliflozin or placebo and ..
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. followed for a median of 2.3 years. The primary outcome, time
to first worsening heart failure event or cardiovascular death, was
reduced significantly by dapagliflozin (hazard ratio [HR] 0.82; 95%
confidence interval [CI] 0.73–0.92; p< 0.001).4

Key questions for clinicians raised by these new guidelines are
about the efficacy and tolerability/safety of combinations of these
different therapies for patients with HFmrEF/HFpEF.7–9 Although
the three classes of treatment are believed to work through dis-
tinct mechanisms and should have additive benefits, the evidence
that this is the case is limited. Indeed, in the EMPEROR-Preserved
trial, the effect of empagliflozin on first and recurrent heart failure
hospitalizations was more pronounced in MRA non-users (HR
0.60, 95% CI 0.47–0.77) than in MRA users (HR 0.90, 95% CI
0.68–1.19; pinteraction = 0.038) although the interaction for the
primary composite outcome including cardiovascular death was
not significant.7

© 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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While combination therapy appears well tolerated in patients
with heart failure and reduced ejection fraction (HFrEF), patients
with HFmrEF/HFpEF are considerably older and more comorbid,
with worse kidney function.10–12 Therefore, more information
on the tolerability of combination therapy is important to inform
clinical practice.

In this pre-specified analysis of DELIVER, we carried out a
detailed evaluation of the efficacy and safety of dapagliflozin in
patients who were and were not receiving background therapy
with an MRA, an ARNI, or both. DELIVER is the largest trial to
date in heart failure patients with an ejection fraction >40% and
had a larger proportion of patients treated with an MRA than in
any prior trial in such patients.4,13,14

Methods
Trial design and study population
The design and results of DELIVER have been reported previ-
ously.4,13,14 Briefly, DELIVER was a global, randomized, double-blind,
placebo-controlled, event-driven trial, which accessed the efficacy and
safety of dapagliflozin 10 mg daily with a matching placebo in patients
with heart failure and mildly reduced and preserved LVEF. The ethics
committee at each site approved the protocol, and all patients provided
written informed consent. The trial is registered with ClinicalTrials.gov
(NCT03619213).

Both ambulatory and hospitalized heart failure patients were eligible
if they were >40 years of age and had at least intermittent use of a
diuretic agent, New York Heart Association (NYHA) functional class
II–IV, LVEF >40%, evidence of structural heart disease, and N-terminal
pro-B-type natriuretic peptide (NT-proBNP) >300 pg/ml (>600 pg/ml
if atrial fibrillation/flutter on the electrocardiogram at enrolment).
Key exclusion criteria were type 1 diabetes, estimated glomerular
filtration rate (eGFR) <25 ml/min/1.73 m2, and systolic blood pressure
<95 mmHg. A complete list of exclusion criteria is provided in the
design paper.13

The use of drugs and devices at baseline was captured by the
electronic case report form.

Study outcomes
The primary outcome in the trial was a composite of cardiovascular
death or worsening heart failure, which included unplanned heart
failure hospitalization or urgent heart failure visit requiring intravenous
therapy, analysed as the time-to-first event. Secondary outcomes
included the total number of heart failure events (first and repeat
heart failure hospitalizations or an urgent heart failure visit) and
cardiovascular death; cardiovascular death; all-cause death; and change
in the Kansas City Cardiomyopathy Questionnaire (KCCQ) total
symptom score (TSS) from baseline to 8 months. In the present study,
we also examined the change in systolic blood pressure, body weight,
creatinine from baseline to 1 year, and eGFR from baseline to 2 years.
Among patients who were not treated with MRA or ARNI at baseline,
we examined the initiation of these drugs. Finally, among individuals
who were treated with MRA or ARNI at baseline, we examined the
discontinuation of these drugs.

The pre-specified safety analyses included serious adverse events,
adverse events leading to discontinuation of randomized treatment,
and selected adverse events, including volume depletion, renal adverse ..
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.. events, amputation, major hypoglycaemia, and diabetic ketoacidosis.
Safety analyses were only performed in patients who received at least
one dose of dapagliflozin or placebo (a total of 10 randomized patients
were excluded from these analyses).

Statistical analysis
Baseline characteristics are presented as means with standard devi-
ations (SD), medians with interquartile ranges and frequencies with
percentages. Differences in baseline characteristics were tested with
the Wilcoxon test and two-sample Student’s t-test for non-normally
and normally distributed continuous variables, respectively, and the
chi-square test for binary or categorical variables. Cox proportional
hazards models, stratified according to diabetes status and adjusted for
treatment group assignment, were used to analyse time-to-event data,
and HRs with 95% CI were reported. Semiparametric proportional
rates models, also stratified according to diabetes status and adjusted
for treatment group assignment, were used to examine total (first and
recurrent) events,15 and rate ratios (RRs) with 95% CI were reported.
The changes in KCCQ-TSS from baseline to 8 months following
randomization were analysed using mixed-effect models for repeated
measurements, with adjustment for baseline value, visit (months 1, 4,
and 8), treatment-group assignment, and interaction between treat-
ment and visit. The changes in other longitudinal measures (i.e. systolic
blood pressure, body weight, and creatinine) from baseline to 1 year
were analysed using mixed-effect models for repeated measurements,
with adjustment for baseline value, visit, treatment-group assignment,
and interaction between treatment and visit for the mixed-effect
models, and the least-squares mean differences with 95% CI were
reported. Finally, changes in eGFR from baseline to subsequent study
visits were plotted in the MRA subgroup, and the slope was reported
as per ml/min/1.73 m2 per year at the first visit (at 1 month) and
thereafter until 24 months. These analyses were not done in the ARNI
subgroup because of the small number of patients.

All analyses were conducted using Stata version 17.0 (Stata Corp,
College Station, TX, USA). A p-value <0.05 was considered statistically
significant.

Results
Among the 6263 participants, 2667 (42.6%) patients were receiving
an MRA and 301 (4.8%) an ARNI at baseline (Table 1). Of the 2667
patients taking an MRA, 197 (7.4%) were also receiving an ARNI
and of the 301 patients taking an ARNI at baseline, 197 (65.4%)
were prescribed an MRA as well (Table 1 and online supplementary
Table S1).

Baseline characteristics of patients
according to baseline treatment
Baseline treatment with a mineralocorticoid receptor
antagonist

Demographics, physiologic measures and medical history
Compared to patients not taking an MRA, those treated with an
MRA were younger, less likely to have been enrolled in North
America, and had a lower mean systolic blood pressure and body
mass index but higher eGFR. Patients treated with an MRA were
also less likely to have a history of hypertension and type 2 diabetes.

© 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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Table 1 Baseline characteristics of patients according to the use of mineralocorticoid receptor antagonist and
angiotensin receptor–neprilysin inhibitor

Not on
MRA
(n = 3596)

On MRA
(n = 2667)

p-value Not on
ARNI
(n = 5962)

On ARNI
(n = 301)

p-value

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

Demographic characteristics
Age, years 72.8± 9.0 70.2±10.0 <0.001 71.8± 9.4 68.7±11.7 <0.001

Sex 0.024 <0.001

Female 1621 (45.1) 1126 (42.2) 2654 (44.5) 93 (30.9)
Male 1975 (54.9) 1541 (57.8) 3308 (55.5) 208 (69.1)

Region <0.001 <0.001

North America 622 (17.3) 229 (8.6) 789 (13.2) 62 (20.6)
Latin America 670 (18.6) 511 (19.2) 1150 (19.3) 31 (10.3)
Europe and Saudi Arabia 1707 (47.5) 1298 (48.7) 2920 (49.0) 85 (28.2)
Asia 597 (16.6) 629 (23.6) 1103 (18.5) 123 (40.9)

Race <0.001 <0.001

White 2636 (73.3) 1803 (67.6) 4280 (71.8) 159 (52.8)
Black or African American 104 (2.9) 55 (2.1) 152 (2.5) 7 (2.3)
Asian 637 (17.7) 637 (23.9) 1149 (19.3) 125 (41.5)
Other 219 (6.1) 172 (6.4) 381 (6.4) 10 (3.3)

Physiological measurements
SBP, mmHg 130.1±15.2 125.7±15.1 <0.001 128.7±15.2 119.8± 15.6 <0.001

DBP, mmHg 74.0±10.6 73.9±10.0 0.78 74.0±10.3 71.6±10.4 <0.001

Baseline pulse, bpm 70.9±11.9 72.2±11.5 <0.001 71.5±11.8 70.5±10.7 0.13
BMI, kg/m2 30.0± 6.1 29.6± 6.1 0.003 29.9± 6.1 28.6± 5.8 <0.001

Past medical history
Hypertension 3253 (90.5) 2300 (86.2) <0.001 5324 (89.3) 229 (76.1) <0.001

Atrial fibrillation 1998 (55.6) 1467 (55.0) 0.66 3323 (55.7) 142 (47.2) 0.004
Myocardial infarction 841 (23.4) 798 (29.9) <0.001 1550 (26.0) 89 (29.6) 0.17
Diabetes mellitus 1691 (47.0) 1115 (41.8) <0.001 2686 (45.1) 120 (39.9) 0.078
Chronic obstructive pulmonary disease 419 (11.7) 273 (10.2) 0.077 665 (11.2) 27 (9.0) 0.24
HF characteristics and investigations
Time since HF diagnosis 0.023 0.064

0–3 months 338 (9.4) 230 (8.6) 541 (9.1) 27 (9.0)
>3–6 months 359 (10.0) 233 (8.7) 572 (9.6) 20 (6.6)
>6–12 months 441 (12.3) 401 (15.0) 812 (13.6) 30 (10.0)
>1–2 years 574 (16.0) 421 (15.8) 945 (15.9) 50 (16.6)
>2–5 years 916 (25.5) 653 (24.5) 1475 (24.8) 94 (31.2)
>5 years 965 (26.9) 727 (27.3) 1612 (27.1) 80 (26.6)

Enrollment during or within 30 days after
hospitalization for HF

312 (8.7) 342 (12.8) <0.001 625 (10.5) 29 (9.6) 0.64

Previous hospitalization for HF 1339 (37.2) 1200 (45.0) <0.001 2392 (40.1) 147 (48.8) 0.003
NYHA functional class 0.003 0.19

I/II 2756 (76.6) 1958 (73.4) 4497 (75.4) 217 (72.1)
III/IV 840 (23.4) 709 (26.6) 1465 (24.6) 84 (27.9)

Quality of life scores
KCCQ clinical summary score 68.2± 20.5 68.5± 21.0 0.54 67.9± 20.7 76.1±18.3 <0.001

KCCQ total summary score 66.9± 20.2 66.3± 20.3 0.26 66.4± 20.3 72.3±17.9 <0.001

KCCQ total symptom score 70.0± 22.0 70.1± 22.4 0.79 69.6± 22.2 78.4±19.3 <0.001

ECG findings and NT-proBNP
Atrial fibrillation/flutter 1475 (41.0) 1169 (43.8) 0.027 2542 (42.7) 102 (33.9) 0.003
NT-proBNP, pg/ml 989 (604–1714) 1050 (647–1802) 0.001 1012 (622–1742) 974 (628–1892) 0.73

Atrial fibrillation/flutter on ECG 1430 (968–2173) 1381 (952–2295) 0.68 1394 (964–2206) 1557 (895–2326) 0.64
No atrial fibrillation/flutter on ECG 688 (455–1216) 748.5 (480–1400) 0.001 710 (466–1270) 796 (526–1408) 0.034

LVEF and other laboratory investigations
LVEF, % 55.3± 8.6 52.7± 8.7 <0.001 54.5± 8.7 48.3± 7.3 <0.001

≥41–49% 1014 (28.2) 1098 (41.2) 1919 (32.2) 193 (64.1)

© 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, MRA and ARNI 2311

Table 1 (Continued)

Not on
MRA
(n = 3596)

On MRA
(n = 2667)

p-value Not on
ARNI
(n = 5962)

On ARNI
(n = 301)

p-value

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

≥50% 2581 (71.8) 1566 (58.7) 4039 (67.7) 108 (35.9)
Prior LVEF ≤40% 571 (15.9) 580 (21.7) <0.001 999 (16.8) 152 (50.5) <0.001

Creatinine, μmol/L 103.3± 32.7 101.4± 28.7 0.019 102.3± 31.2 105.8± 28.7 0.054
eGFR, ml/min/1.73 m2 60.2±19.3 62.1± 18.9 <0.001 61.0±19.1 61.9± 19.6 0.40
eGFR ≥60 ml/min/1.73 m2 1789 (49.7) 1403 (52.6) 0.024 3035 (50.9) 157 (52.2) 0.67
Medication and other interventions
Diuretics 3456 (96.1) 2667 (100.0) <0.001 5834 (97.9) 289 (96.0) 0.035

Loop diuretic 2847 (79.2) 1964 (73.6) <0.001 4576 (76.8) 235 (78.1) 0.60
Furosemide equivalent dosea, mg/day 48.2± 55.5 55.2± 68.0 <0.001 51.3± 61.8 46.1± 42.5 0.22
Thiazide diuretic 627 (17.4) 180 (6.7) <0.001 795 (13.3) 12 (4.0) <0.001

Digitalis 138 (3.8) 158 (5.9) <0.001 276 (4.6) 20 (6.6) 0.11

Beta-blocker 2887 (80.3) 2290 (85.9) <0.001 4924 (82.6) 253 (84.1) 0.51

ACEi 1260 (35.0) 1035 (38.8) 0.002 2292 (38.4) 3 (1.0) <0.001

ARB 1391 (38.7) 881 (33.0) <0.001 2262 (37.9) 10 (3.3) <0.001

ARNI 104 (2.9) 197 (7.4) <0.001 N/A N/A
CCB 1266 (35.2) 649 (24.3) <0.001 2470 (41.4) 197 (65.4) <0.001

MRA N/A N/A 1889 (31.7) 26 (8.6) <0.001

Pacemaker 384 (10.7) 278 (10.4) 0.75 614 (10.3) 48 (15.9) 0.002
CRT-P or CRT-D 50 (1.4) 50 (1.9) 0.13 82 (1.4) 18 (6.0) <0.001

ICD 54 (1.5) 59 (2.2) 0.037 89 (1.5) 24 (8.0) <0.001

ICD (including CRT-D) 76 (2.1) 92 (3.5) 0.001 131 (2.2) 37 (12.3) <0.001

Data are presented as mean± standard deviation, median (interquartile range) for continuous measures, and n (%) for categorical measures.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; BMI, body mass index; CCB,
calcium channel blocker; CRT-D cardiac resynchronization therapy-defibrillator; CRT-P cardiac resynchronization therapy-pacemaker; DBP, diastolic blood pressure; ECG,
electrocardiogram; eGFR, estimated glomerular filtration rate; HF, heart failure; ICD, implantable cardioverter defibrillator; KCCQ, Kansas City Cardiomyopathy Questionnaire;
LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; N/A, not applicable; NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA, New
York Heart Association; SBP, systolic blood pressure.
aDose was calculated as equivalent of furosemide, presented as mean± standard deviation.

Heart failure history, characteristics and treatment
Compared to patients not taking an MRA, those treated with
an MRA were more likely to have a history of heart failure
hospitalization and had a lower mean LVEF but similar KCCQ
scores. They were also more likely to have a prior LVEF ≤40%
and to have been enrolled during or shortly after hospitalization
for heart failure.

Participants treated with an MRA were more likely to be receiv-
ing a beta-blocker and have a defibrillating device. Patients receiving
an MRA at baseline were more likely to be taking a loop than a
thiazide diuretic and were on a higher mean dose of loop diuretic
compared to people not receiving an MRA at baseline (Table 1). The
mean (± SD) daily MRA dose was 29.7± 16.6 mg in the placebo
group and 29.5±16.4 in the dapagliflozin group (p = 0.80).

Within the MRA subgroup, baseline characteristics were well
balanced among patients assigned to dapagliflozin versus placebo
(online supplementary Table S2).

Baseline treatment with an angiotensin
receptor–neprilysin inhibitor

Demographics, physiologic measures and medical history
The differences between patients treated with an ARNI and not
treated with an ARNI were similar to those observed for MRA ..
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to have been enrolled in North America (and patients treated with
an MRA less likely to be recruited in that region). Patients treated
with an ARNI were also less likely to have atrial fibrillation than
those not treated with an ARNI, a difference not observed for
MRA therapy.

Heart failure history, characteristics and treatment
Compared to patients not taking an ARNI, those treated with
an ARNI were more likely to have a history of heart failure
hospitalization and had a lower mean LVEF, similar to what was
observed for MRA therapy. However, KCCQ scores were better
in patients receiving an ARNI compared to those not (this differ-
ence was not seen with MRA therapy). Patients treated with an
ARNI at baseline were more likely to have a prior LVEF ≤40%
and to have been enrolled during or shortly after hospitalization
for heart failure. Participants treated with an ARNI were more
likely to have a defibrillating device and cardiac resynchronization
therapy.

Within the subgroup defined by ARNI use, baseline character-
istics were well balanced among patients assigned to dapagliflozin
versus placebo (online supplementary Table S2).
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2312 M. Yang et al.

Figure 1 Event rates in patients taking a mineralocorticoid receptor antagonist (MRA) or angiotensin receptor–neprilysin inhibitor (ARNI)
or neither drug at baseline. CV, cardiovascular; HF, heart failure.

Efficacy outcomes and effects of dapagliflozin according
to baseline treatment

Overall, crude event rates were similar in MRA users and
non-users. However, patients taking ARNI had numerically higher
event rates than those not receiving an ARNI, although the differ-
ences were not statistically significant (Figure 1, Tables 2, 3, online
supplementary Table S2).

Effects of dapagliflozin according to background mineralocorticoid recep-
tor antagonist treatment
The benefit of dapagliflozin on the primary outcome was consistent
in patients taking an MRA or not taking an MRA: the HR (95%CI)
for dapagliflozin compared with placebo was 0.86 (0.74–1.01) in
participants not taking an MRA compared with 0.76 (0.64–0.91)
in patients taking an MRA (pinteraction = 0.30) (Table 2 and Graphical
Abstract). The benefit of dapagliflozin added to an MRA was consis-
tent in patients with an eGFR <60 and ≥60 ml/min/1.73 m2 (online
supplementary Figure S1). A consistent picture was also seen for
other outcomes (Table 2, online supplementary Table S2, and Graph-
ical Abstract). In particular (in light of the EMPEROR-Preserved ..
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. findings described in the Introduction), the rate ratio for total
(first and repeat) heart failure events and cardiovascular death
was 0.85 (0.70–1.02) in patients not treated with an MRA at
baseline and 0.68 (0.54–0.84) in participants receiving an MRA
(pinteraction = 0.13).

In addition, there was a similar increase (improvement) in
KCCQ-TSS at 8 months in patients treated or not treated
with an MRA at baseline (Table 2). The initial decrease (‘dip’)
in eGFR with dapagliflozin was similar in users and non-users
of an MRA at baseline (Figure 2). The rate of decline in eGFR
after 1 month (‘chronic eGFR slope’, months 1–24) was slowed
by dapagliflozin, compared with placebo, to a similar extent
in patients treated and not treated with an MRA at baseline
(Figure 2).

Effects of dapagliflozin according to background angiotensin
receptor–neprilysin inhibitor treatment
The benefit of dapagliflozin on the primary outcome was similar in
patients taking an ARNI or not taking an ARNI: the HR (95%CI)
for dapagliflozin compared with placebo was 0.82 (0.73–0.92) in
participants not taking an ARNI compared with 0.74 (0.45–1.22)
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Dapagliflozin, MRA and ARNI 2313

Table 2 Clinical outcomes by randomized treatment in patients with and without mineralocorticoid receptor
antagonist

NotonMRA OnMRA pinteraction
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

Placebo
(n = 1805)

Dapagliflozin
(n = 1791)

Placebo
(n = 1327)

Dapagliflozin
(n = 1340)

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

CV death or worsening HFa 0.30
No. of events (%) 344 (19.1) 299 (16.7) 266 (20.1) 213 (15.9)
Rate per 100 patient-years (95% CI) 9.2 (8.3–10.3) 7.9 (7.1–8.9) 10.1 (9.0–11.4) 7.7 (6.8–8.8)
HR (95% CI) 0.86 (0.74–1.01) 0.76 (0.64–0.91)

Worsening HFa 0.40
No. of events (%) 260 (14.4) 217 (12.1) 195 (14.7) 151 (11.3)
Rate per 100 patient-years (95% CI) 7.0 (6.2–7.9) 5.7 (5.0–6.6) 7.4 (6.4–8.5) 5.5 (4.7–6.4)
HR (95% CI) 0.83 (0.69–1.00) 0.74 (0.60–0.91)

HF hospitalizationa 0.28
No. of events (%) 236 (13.1) 195 (10.9) 182 (13.7) 134 (10.0)
Rate per 100 patient-years (95% CI) 6.3 (5.5–7.1) 5.1 (4.5–5.9) 6.9 (5.9–7.9) 4.8 (4.1–5.7)
HR (95% CI) 0.82 (0.68–1.00) 0.71 (0.56–0.88)

CV deatha 0.09
No. of events (%) 131 (7.3) 132 (7.4) 130 (9.8) 99 (7.4)
Rate per 100 patient-years (95% CI) 3.2 (2.7–3.8) 3.3 (2.8–3.9) 4.5 (3.8–5.4) 3.4 (2.8–4.1)
HR (95% CI) 1.02 (0.80–1.30) 0.75 (0.58–0.97)

All-cause deatha 0.65
No. of events (%) 291 (16.1) 278 (15.5) 235 (17.7) 219 (16.3)
Rate per 100 patient-years (95% CI) 7.2 (6.4–8.0) 6.9 (6.1–7.8) 8.2 (7.2–9.3) 7.5 (6.6–8.6)
HR (95% CI) 0.97 (0.82–1.14) 0.91 (0.76–1.10)

Recurrent HF events/CV deatha 0.13
No. of events 590 492 467 323
Rate per 100 patient-years (95% CI) 14.6 (12.9–16.7) 12.3 (10.8–14.1) 16.3 (14.1–19.1) 11.1 (9.5–13.1)
RR (95% CI) 0.85 (0.70–1.02) 0.68 (0.54–0.84)

KCCQ total symptom score 0.93
Change from baseline to 8 months (95% CI) 5.7 (4.8–6.7) 8.1 (7.1–9.0) 5.3 (4.3–6.4) 7.8 (6.7–8.8)
Placebo-corrected change at 8 months (95% CI) 2.3 (1.0–3.6) 2.4 (0.9–3.9)

CI, confidence interval; CV, cardiovascular; HF, heart failure; HR, hazard ratio; KCCQ, Kansas City Cardiomyopathy Questionnaire; MRA, mineralocorticoid receptor
antagonist; RR, rate ratio.
aStratified by diabetes status and adjusted for treatment assignment.

in patients taking an ARNI (pinteraction = 0.75) (Table 3 and Graphical
Abstract). The benefit of dapagliflozin added to an ARNI was
consistent in patients with an eGFR <60 and ≥60 ml/min/1.73 m2

(online supplementary Figure S1). A similar picture was also seen
for other outcomes (Table 3, online supplementary Table S2 and
Graphical Abstract). There were too few patients in the ARNI
subgroup to calculate eGFR slopes.

Although only 197 (3.1%) patients were prescribed both an MRA
and ARNI at baseline, the effect of dapagliflozin on the primary
endpoint in these participants (HR 0.86, 95% CI 0.45–1.64) was
consistent with what was observed in the trial overall (HR 0.82,
95% CI 0.73–0.92) (online supplementary Table S2).

While not pre-specified, we also examined the effects of
dapagliflozin according to background treatment with other thera-
pies (diuretic, angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker or beta-blocker) and found a consistent benefit
across these additional subgroups (online supplementary Table S3). ..
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.. Effects of dapagliflozin on physiologic measures and
safety outcomes according to baseline treatment with a
mineralocorticoid receptor antagonist or angiotensin
receptor–neprilysin inhibitor

Systolic blood pressure, serum creatinine, and weight
The placebo-corrected change in systolic blood pressure from
baseline to 1 year with dapagliflozin did not differ significantly
according to baseline MRA treatment: −1.29 mmHg in patients
not taking an MRA versus −0.64 mmHg in those receiving an
MRA (pinteraction = 0.42). The findings were similar for the ARNI
subgroup: −1.11 mmHg in those not taking an ARNI compared
with 0.79 mmHg in patients treated with an ARNI at baseline
(pinteraction = 0.27) (Table 4). The overall picture was similar for
change in creatinine and weight.

Discontinuation of dapagliflozin, compared to placebo, was not
greater overall or among patients receiving background MRA or
ARNI therapy. None of the adverse events examined differed
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2314 M. Yang et al.

Table 3 Clinical outcomes by randomized treatment in patients with and without angiotensin receptor–neprilysin
inhibitor

NotonARNI OnARNI pinteraction
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

Placebo
(n = 2996)

Dapagliflozin
(n = 2966)

Placebo
(n = 136)

Dapagliflozin
(n = 165)

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

CV death or worsening HFa 0.75
No. of events (%) 579 (19.3) 481 (16.2) 31 (22.8) 31 (18.8)
Rate per 100 patient-years (95% CI) 9.5 (8.7–10.3) 7.7 (7.1–8.4) 13.5 (9.5–19.2) 10.5 (7.4–14.9)
HR (95% CI) 0.82 (0.73–0.92) 0.74 (0.45–1.22)

Worsening HFa 0.99
No. of events (%) 430 (14.4) 342 (11.5) 25 (18.4) 26 (15.8)
Rate per 100 patient-years (95% CI) 7.0 (6.4–7.7) 5.5 (4.9–6.1) 10.9 (7.4–16.1) 8.8 (6.0–12.9)
HR (95% CI) 0.78 (0.68–0.90) 0.77 (0.44–1.33)

HF hospitalizationa 0.78
No. of events (%) 394 (13.2) 303 (10.2) 24 (17.7) 26 (15.8)
Rate per 100 patient-years (95% CI) 6.4 (5.8–7.0) 4.8 (4.3–5.4) 10.4 (7.0–15.5) 8.8 (6.0–12.9)
HR (95% CI) 076 (0.65–0.88) 0.79 (0.45–1.39)

CV deatha 0.60
No. of events (%) 250 (8.3) 221 (7.5) 11 (8.1) 10 (6.1)
Rate per 100 patient-years (95% CI) 3.8 (3.3–4.2) 3.3 (2.9–3.8) 4.3 (2.4–7.8) 3.1 (1.7–5.8)
HR (95% CI) 0.89 (0.74–1.07) 0.72 (0.30–1.70)

All-cause deatha 0.34
No. of events (%) 500 (16.7) 473 (16.0) 26 (19.1) 24 (14.6)
Rate per 100 patient-years (95% CI) 7.5 (6.9–8.2) 7.1 (6.5–7.8) 10.1 (6.9–14.8) 7.5 (5.0–11.2)
HR (95% CI) 0.95 (0.84–1.08) 0.73 (0.42–1.27)

Recurrent HF events/CV deatha 0.97
No. of events 999 757 58 58
Rate per 100 patient-years (95% CI) 15.0 (13.6–16.7) 11.5 (10.3–12.8) 22.8 (15.4–35.3) 18.3 (12.3–28.4)
RR (95% CI) 0.76 (0.66–0.88) 0.76 (0.44–1.31)

KCCQ total symptom score 0.32
Change from baseline to 8 months (95% CI) 5.7 (5.0–6.4) 8.2 (7.5–8.9) 2.9 (−0.3 to 6.1) 2.8 (0.0 to 5.7)
Placebo-corrected change at 8 months (95% CI) 2.5 (1.5–3.5) −0.1 (−4.4–4.2)

ARNI, angiotensin receptor neprilysin inhibitor; CI, confidence interval; CV, cardiovascular; HF, heart failure; HR, hazard ratio; KCCQ, Kansas City Cardiomyopathy
Questionnaire; RR, rate ratio.
aStratified by diabetes status and adjusted for treatment assignment.

Figure 2 Change in estimated glomerular filtration rate (eGFR) during follow-up by randomized treatment in patients with and without
mineralocorticoid receptor antagonist (MRA). Changes in eGFR slope are shown as per ml/min/1.73 m2.

© 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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2316 M. Yang et al.

Figure 3 Initiation and discontinuation of a mineralocorticoid receptor antagonist (MRA) or angiotensin receptor–neprilysin inhibitor
(ARNI) after randomization according to randomized treatment group.

between dapagliflozin and placebo overall, or according to back-
ground MRA or ARNI therapy (Table 5).

Changes in concomitant therapy according
to randomized therapy

Mineralocorticoid receptor antagonist therapy
Among patients who were not on an MRA at baseline and ran-
domly assigned to dapagliflozin, 217/1791 patients (12.1%) started
treatment with an MRA compared with 295/1805 patients (16.3%)
assigned to placebo, giving a HR of 0.73 (95% CI 0.61–0.87)
(Figure 3A).

Among patients receiving an MRA at baseline, 243/1340 patients
(18.1%) randomly assigned to dapagliflozin discontinued this treat-
ment, compared to 251/1327 patients (18.9%) assigned to placebo
stopping an MRA, giving a HR of 0.96 (95% CI 0.81–1.15)
(Figure 3C).

Sacubitril/valsartan
Among patients who were not on an ARNI at baseline and ran-
domly assigned to dapagliflozin, 80/2966 patients (2.7%) started ..
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.. treatment with sacubitril/valsartan compared with 125/2996
patients (4.2%) assigned to placebo, giving a HR of 0.64 (95% CI
0.48–0.85) (Figure 3B).

Regarding discontinuation of baseline treatment with an ARNI,
this occurred in 24/165 patients (14.6%) assigned to dapagliflozin,
and in 22/136 patients (16.2%) assigned to placebo, giving a HR of
0.85 (95% CI 0.47–1.53) (Figure 3D).

Discussion
In this pre-specified analysis of DELIVER, we examined the efficacy
and safety of dapagliflozin used in combination with an MRA
or an ARNI. We found that the benefits of dapagliflozin were
consistent, irrespective of background therapy with these two
agents with no statistically significant interactions (in contrast
to what was observed in EMPEROR-Preserved with an MRA).7

Regarding tolerability and safety, again there was no evidence
that background treatment with either an MRA or an ARNI
modified the tolerability of dapagliflozin. These findings are of
clinical importance, given that guidelines recommend considering

© 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, MRA and ARNI 2317

the use of both MRA and ARNI in selected patients with mildly
reduced and preserved ejection fraction.

Although it is believed that SGLT2 inhibitors and MRAs work
through distinct mechanisms, these possibly could overlap to some
extent for example, through initiating or facilitating diuresis. How-
ever, two large trials in patients with HFrEF showed clear bene-
fits of adding an SGLT2 inhibitor to baseline MRA therapy, with
no suggestion that background MRA treatment modified the ben-
eficial effects or safety profile of SGLT2 inhibition.10,12 It was
therefore surprising that the EMPEROR-Preserved investigators
reported an interaction between MRA therapy and the effects of
empagliflozin in patients with HFmrEF/HFpEF whereby the main
benefit of empagliflozin, a reduction in heart failure hospitaliza-
tion, appeared to be much more pronounced in MRA non-users,
and greatly attenuated in MRA users.7 The EMPEROR-Preserved
authors reported that MRA users in their study may have been
more congested and speculated that this may have influenced the
observed differences in the effect of empagliflozin between MRA
users and non-users. MRA users in DELIVER may also have been
more congested as a larger proportion were recruited during
or shortly after hospitalization and their NT-proBNP level was
higher than in MRA non-users. However, in DELIVER we did not
observe any interaction between baseline MRA use and the effects
of dapagliflozin. If anything, there was a tendency to numerically
greater benefits in participants receiving an MRA at baseline, a
trend also observed in both large SGLT2 inhibitor HFrEF trials.10,12

Thus, we believe that it is more likely the interaction found in
EMPEROR-Preserved was probably due to the play of chance.

A major barrier (both perceived and real) to MRA use is renal
dysfunction, and chronic kidney disease is common in patients
with HFmrEF/HFpEF.16,17 SGLT2 inhibitors also cause an initial
decline (‘dip’) in eGFR and this may lead some physicians to be
concerned about combining these agents in HFmrEF/HFpEF.18,19

We observed that the initial ‘dip’ in eGFR due to dapagliflozin was
similar in MRA users and non-users in DELIVER and the benefit
of dapagliflozin in slowing the long-term rate of decline in eGFR
was maintained in patients receiving background MRA therapy
compared to those not receiving an MRA at baseline, as has been
seen in patients with HFrEF.10,12 We also looked specifically at the
efficacy of dapagliflozin added to an MRA in patients with an eGFR
<60 ml/min/1.73 m2 and found a consistent benefit in these patients
compared to participants with an eGFR ≥60 ml/min/1.73 m2, again
as observed in patients with HFrEF.3,4,6,7,20,21 Overall, our data
show that the cardiovascular and renal benefits of dapagliflozin
are maintained in patients receiving MRA treatment and these
treatments can be combined safely, as discussed below.

The effects of adding an SGLT2 inhibitor to an ARNI in patients
with HFmrEF/HFpEF have not been described. However, in patients
with HFrEF, the benefits of adding an SGLT2 inhibitor to sacubi-
tril/valsartan were consistent in patients receiving and not receiving
an ARNI at baseline.11,22 Overall, only 301 participants (4.8%) were
taking an ARNI at baseline in DELIVER, although the proportion
was higher in patients also receiving an MRA at baseline (7.4% vs.
2.9%), as was also found in EMPEROR-Preserved (3.8% vs. 1.3%).
Approximately half of the patients treated with sacubitril/valsartan
at baseline had a history of a prior LVEF ≤40% which is perhaps ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. not surprising given that these participants were enrolled before
new guidelines recommended this therapy in patients with HFm-
rEF/HFpEF and the main indication for an ARNI during the trial
enrolment period was HFrEF.1,2 Because of the much smaller num-
ber of patients receiving an ARNI, our findings are less robust and
any inferences must be more cautious. However, the benefits of
dapagliflozin once again appeared consistent in this subgroup of
patients, compared to those not treated with an ARNI with no
hint of an interaction. We could not analyse eGFR slopes in the
ARNI subgroup because of the small number of patients taking this
treatment at baseline.

Interestingly, the addition of both an MRA and an ARNI after ran-
domization was significantly less common in the dapagliflozin group
than in the placebo group. Initiation of new therapy frequently
reflects the treating physician’s response to a patient experienc-
ing worsening heart failure.23,24 Therefore, we speculate that the
greater use of these two treatments in the placebo group during
follow-up likely reflects the greater risk of worsening in the placebo
group compared with the dapagliflozin group.

Limitations
A major limitation of this report is that it is about subgroups which
are always underpowered and this was especially true for baseline
ARNI treatment. Neither MRA nor ARNI treatment was random-
ized. Potassium concentration was not measured during follow-up
and only investigator-reported serious adverse events were avail-
able for hyperkalaemia. The patients studied were enrolled in a
clinical trial with inclusion and exclusion criteria and thus were rel-
atively selected compared with the overall population of patients
with HFmrEF/HFpEF. The data relating to treatment with an ARNI
may not be generalizable to all patients with HFmrEF/HFpEF as
in this study half had prior HFrEF. Other limitations are the
under-representation of Black patients and the absence of serial
measurements of NT-proBNP.

Conclusions
Among patients with HFmrEF/HFpEF, we found that the benefits
and safety of dapagliflozin were similar when added to background
treatment with an MRA or an ARNI. The clinical decision to initiate
SGLT2 inhibitors in this patient group should not be contingent on
the background use of an MRA or ARNI.

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