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IMPORTANCE In the Dapagliflozin Evaluation to Improve the Lives of Patients With Preserved
Ejection Fraction Heart Failure (DELIVER) trial, dapagliflozin reduced the risk of time to first
worsening heart failure (HF) event or cardiovascular death in patients with HF with mildly
reduced or preserved ejection fraction (EF).

OBJECTIVE To evaluate the effect of dapagliflozin on total (ie, first and recurrent) HF events
and cardiovascular death in this population.

DESIGN, SETTING, AND PARTICIPANTS In this prespecified analysis of the DELIVER trial, the
proportional rates approach of Lin, Wei, Yang, and Ying (LWYY) and a joint frailty model were
used to examine the effect of dapagliflozin on total HF events and cardiovascular death.
Several subgroups were examined to test for heterogeneity in the effect of dapagliflozin,
including left ventricular EF. Participants were enrolled from August 2018 to December 2020,
and data were analyzed from August to October 2022.

INTERVENTIONS Dapagliflozin, 10 mg, once daily or matching placebo.

MAIN OUTCOMES AND MEASURES The outcome was total episodes of worsening HF
(hospitalization for HF or urgent HF visit requiring intravenous HF therapies) and
cardiovascular death.

RESULTS Of 6263 included patients, 2747 (43.9%) were women, and the mean (SD) age was
71.7 (9.6) years. There were 1057 HF events and cardiovascular deaths in the placebo group
compared with 815 in the dapagliflozin group. Patients with more HF events had features of
more severe HF, such as higher N-terminal pro–B-type natriuretic peptide level, worse kidney
function, more prior HF hospitalizations, and longer duration of HF, although EF was similar
to those with no HF events. In the LWYY model, the rate ratio for total HF events and
cardiovascular death for dapagliflozin compared with placebo was 0.77 (95% CI, 0.67-0.89;
P < .001) compared with a hazard ratio of 0.82 (95% CI, 0.73-0.92; P < .001) in a traditional
time to first event analysis. In the joint frailty model, the rate ratio was 0.72 (95% CI,
0.65-0.81; P < .001) for total HF events and 0.87 (95% CI, 0.72-1.05; P = .14) for
cardiovascular death. The results were similar for total HF hospitalizations (without urgent HF
visits) and cardiovascular death and in all subgroups, including those defined by EF.

CONCLUSIONS AND RELEVANCE In the DELIVER trial, dapagliflozin reduced the rate of total HF
events (first and subsequent HF hospitalizations and urgent HF visits) and cardiovascular
death regardless of patient characteristics, including EF.
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P atients with heart failure (HF) are frequently hospital-
ized for decompensation of HF. While the risk of death
declines as ejection fraction (EF) increases, the risk of

hospitalization for HF remains relatively static across the spec-
trum of EF.1 Therefore, repeated hospitalizations account for
a greater proportion of the burden of disease in patients with
HF with mildly reduced EF (HFmrEF) or HF with preserved EF
(HFpEF) compared with HF with reduced EF (HFrEF). These
repeated hospitalizations are the major driver of the burden
of HF on patients and health care systems. In HFmrEF and
HFpEF, as with HFrEF, these repeated hospitalizations are also
associated with a higher subsequent risk of death.2 The gra-
dient of risk is linear; as the number of repeated hospitaliza-
tions increases, the subsequent risk of both cardiovascular and
all-cause mortality also increases.3

Recognizing the importance of repeated hospitalizations
in patients with HF, analysis of repeated or total hospitaliza-
tions for HF was the primary outcome in a trial of sacubitril/
valsartan in patients with HFmrEF or HFpEF.4 More recently,
there has also been a recognition that urgent visits for treat-
ment for HF are associated with worse outcomes, and these
events have been incorporated into time to first event com-
posites along with HF hospitalizations.5-7 Trials of the sodium-
glucose cotransporter 2 (SGLT2) inhibitor dapagliflozin were
designed with a primary outcome of time to first worsening
HF event (first hospitalization for HF or urgent HF visit) or car-
diovascular death, in recognition of the prognostic impact of
both of these nonfatal events.8,9 However, to our knowledge,
the trials of SGLT2 inhibitors in HF still only examine the total
number of hospitalizations for HF as a secondary outcome7,10-12

and not the effect of treatment on the total burden of this con-
dition reflected by the full spectrum of HF events from ur-
gent visits through to cardiovascular death. In this prespeci-
fied analysis, we describe in detail the efficacy of dapagliflozin
on total HF events, ie, first and subsequent HF hospitaliza-
tions or urgent visits for HF and cardiovascular deaths, in the
population with HFmrEF or HFpEF enrolled in the Dapagli-
flozin Evaluation to Improve the Lives of Patients With Pre-
served Ejection Fraction Heart Failure (DELIVER) trial.10

Methods
In the DELIVER trial, patients with HFmrEF or HFpEF, de-
fined as HF with New York Heart Association (NYHA) func-
tional class II to IV and an EF greater than 40%, were random-
ized to the SGLT2 inhibitor dapagliflozin, 10 mg, once daily or
matching placebo in a double-blind, event-driven random-
ized clinical trial. The design, baseline characteristics, and pri-
mary results have been published previously.8,10,13 The trial
protocol can be found in Supplement 1, and the statistical analy-
sis plan can be found in Supplement 2. The ethics commit-
tees of all participating sites approved the protocol, and all
patients gave written informed consent.

Study Patients
Patients were enrolled if they had HF with a left ventricular
EF (LVEF) greater than 40%, 40 years or older, HF of NYHA

class II to IV, had an elevated N-terminal pro–B-type natri-
uretic peptide (NT-proBNP) level of 300 pg/mL or greater
(greater than 600 pg/mL if atrial fibrillation was present on
electrocardiography at enrollment), and who were receiving
usual therapy. Patients who were hospitalized or were within
30 days of hospitalization for HF and patients ambulant in the
community were eligible for enrollment. In addition, pa-
tients with a previous measure of LVEF of 40% or less were
eligible for enrollment. The main exclusions to enrollment were
a history of type 1 diabetes, symptomatic hypotension or sys-
tolic blood pressure less than 95 mm Hg, and estimated glo-
merular filtration rate (eGFR) less than 25 mL/min/1.73 m2. The
complete list of exclusion criteria has been published.8 Pa-
tients were assigned a race subgroup on the case report form
based on their self-identification. The prespecified groups were
American Indian or Alaska Native, Asian, Black or African
American, Native Hawaiian or Other Pacific Islander, White,
or other race, in accordance with US Food and Drug Adminis-
tration guidance.

HF Events
The primary outcome of the DELIVER trial was the compos-
ite of worsening HF (HF hospitalization or urgent visit for HF
requiring intravenous therapy) or cardiovascular death, which-
ever occurred first. In the present analyses, we explored the
predefined secondary end point of total (first and repeated)
worsening episodes of HF and cardiovascular deaths. Hospi-
talizations or urgent visits occurring on the day of death were
not counted in this analysis.

Statistical Analysis
We summarized baseline characteristics with means and SDs,
medians and IQRs, or counts and percentages. Total HF events
were examined using 2 methods that were prespecified in the
statistical analysis plan, with the analyses stratified by base-
line diabetes status.

The first prespecified method used was the semiparamet-
ric proportional-rates model described by Lin, Wei, Yang, and
Ying (LWYY).14 This is an extension of the proportional haz-
ards model. The LWYY model uses a robust SE estimator to
account for the interdependence of events within an indi-
vidual. We specified in the statistical analysis plan that the 2

Key Points
Question Does dapagliflozin reduce the risk of total episodes of
worsening heart failure (HF; defined as hospitalization for HF or
urgent HF visit requiring intravenous HF therapies) and
cardiovascular death in patients with mildly reduced or preserved
ejection fraction heart failure?

Findings In this prespecified analysis of the DELIVER trial
including 6263 patients, dapagliflozin reduced the risk of total HF
events and cardiovascular death by 23%, and this was consistent
across a range of subgroups, including across the spectrum of
ejection fraction.

Meaning In this study, dapagliflozin demonstrated no reduction in
efficacy in reducing second or subsequent HF events.
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components in the composite end point (total number of HF
events and cardiovascular deaths) would be analyzed sepa-
rately to quantify the respective treatment effects and check
the consistency between the composite and the compo-
nents. Subgroup estimates, using the subgroups predefined for
the primary efficacy analysis of the trial, were also calculated
using the LWYY method and the interaction term tested. EF
was examined using prespecified categories and as a continu-
ous variable. EF was modeled as a restricted cubic spline with
3 knots based on the best-fitting spline according to the Akaike
information criterion. The knots were placed at EF of 45%, 54%,
and 70%.

The second statistical method for the analysis of total HF
events prespecified in the statistical analysis plan was the joint
frailty model.15 This method accounts for the association be-
tween HF events and subsequent mortality and the compet-
ing risk of mortality on HF events. The advantage of the joint
frailty model is that it allows a distinct treatment effect to be
estimated for each of the individual outcomes (HF events and
cardiovascular death) while taking account of the association
between the 2 through a common frailty term. The frailty is a
random term specific to a participant that accounts for some
patients being at higher risk (having large frailty) than others
(who have smaller frailty). Rate ratios for the effect of dapa-
gliflozin on HF events and cardiovascular death are provided
separately for the joint model. Total hospitalizations were plot-
ted using nonparametric estimates of the marginal mean of the
cumulative number of HF hospitalization rates over time, al-
lowing for cardiovascular death as the terminal event follow-
ing the approach of Ghosh and Lin.16 Finally, in a post hoc ex-
ploratory analysis, we used a model-free area under the receiver
operator characteristic curve (AUC) approach to describe the
efficacy of the randomized therapy.17 This AUC-based ap-
proach does not rely on any of the assumptions of the model-
based methods, such as the LWYY or joint frailty models de-
scribed above. In this method, the Ghosh-Lin cumulative event
curves were constructed using HF events and cardiovascular

death as events of interest and noncardiovascular death as com-
peting risk.16 The integrated AUC for each treatment arm was
used to measure the cumulative morbidity and mortality ex-
perienced by each randomized group. The absolute differ-
ence and relative ratio of the resulting AUCs were then esti-
mated.

All analyses were conducted using Stata version 16.1 (Stata-
Corp) and SAS version 9.4 (SAS Institute). Our exploratory
analyses of AUC were conducted using R version 4.2.1 (The R
Foundation). P values less than .05 were considered statisti-
cally significant, and all P values were 2-tailed. Continuous vari-
ables were compared across groups using analysis of vari-
ance and categorical variables using χ2 tests.

Results
Of 6263 included patients, 2747 (43.9%) were women, and the
mean (SD) age was 71.7 (9.6) years. Among 6263 patients
randomized in the DELIVER trial, during a median (IQR)
follow-up of 2.3 (1.7-2.8) years, a total of 1380 nonfatal wors-
ening HF events (urgent visits or hospital admissions) oc-
curred in 822 patients (Figure 1). Most patients had 1 or 2 wors-
ening events during follow-up (median [IQR] number of
worsening HF events in both groups was 1 [1-2]), with a maxi-
mum of 16 events. The additional nonfatal HF events and car-
diovascular deaths occurring after a first HF event are shown
in Figure 1. There were an additional 447 events in the pla-
cebo groupsand an additional 303 events in the dapagliflozin
group. There were 212 fewer total worsening HF events (199
fewer total HF hospitalizations and 13 fewer urgent visits for
HF) and 30 fewer total cardiovascular deaths in the dapagli-
flozin group compared with the placebo group (Figure 1).

Baseline Characteristics
Of the patients who had a nonfatal worsening HF event, the
patients with 1 or more total events were older and more likely

Figure 1. Total Number of Heart Failure (HF) Events and Cardiovascular Deaths
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to be men (Table). They were also more likely to be from Asia
and North America but less likely to be from Latin America.
Participants with 2 or more HF events had higher heart rates,
body mass index, and NT-proBNP and hemoglobin A1c levels.
They also had worse kidney function, with higher creatinine
levels and lower eGFR, and a larger proportion had an eGFR
less than 60 mL/min/1.73 m2. With regards to HF characteris-
tics, patients with multiple HF events were more likely to be
in a higher NYHA class, had slightly longer duration of HF,
greater prevalence of prior hospitalization for HF, or had been
randomized in the hospital or within 30 days of hospitaliza-
tion. They also had worse Kansas City Cardiomyopathy Ques-
tionnaire total symptom, clinical summary, and overall sum-
mary scores. EF was similar in the patients with and without
multiple HF events, and the proportion with a previous mea-
surement of EF less than 40% was not different. Patients with
multiple HF events also had a higher prevalence of comorbidi-
ties, with higher rates of atrial fibrillation, stroke, type 2
diabetes, and chronic obstructive pulmonary disease. Pa-
tients with multiple HF events were more likely to be treated
with diuretics and less likely to be receiving angiotensin-
converting enzyme inhibitors or angiotensin receptor block-
ers but more likely to be receiving an oral anticoagulant or have
an implanted cardiac device.

Effect of Dapagliflozin on Total HF Events
and Cardiovascular Deaths
The rate of total (first and repeated) HF events and cardiovas-
cular death was 15.3 per 100 patient-years in the placebo group
and 11.8 per 100 patient-years in the dapagliflozin group, a re-
duction of 3.5 events per 100 patient-years of follow-up. The
cumulative rate of total HF events with cardiovascular death
as a competing risk was lower in the dapagliflozin group com-
pared with the placebo group when plotted according to the
method of Ghosh and Lin (Figure 2).16 The rate ratio from the
LWYY model for total HF events and cardiovascular death was
0.77 (95% CI, 0.67-0.89; P < .001) compared with a hazard ra-
tio of 0.82 (95% CI, 0.73-0.92; P < .001) for the traditional time
to first event composite of worsening HF event or cardiovas-
cular death (Figure 3). When the constituents of the total wors-
ening HF events and cardiovascular deaths composite were ex-
amined, there was a reduction in total HF events, with a rate
ratio of 0.73 (95% CI, 0.62-0.87; P < .001) but not in cardio-
vascular death (hazard ratio, 0.88; 95% CI, 0.74-1.05; P = .17).
In the joint frailty model, the rate ratio was 0.72 (95% CI, 0.65-
0.81; P < .001) for HF events and 0.87 (95% CI, 0.72-1.05;
P = .14) for cardiovascular death (Figure 3). As a sensitivity
analysis, we examined the effect of dapagliflozin on total HF
events and all deaths using the LWYY method, which found a
similar result (rate ratio, 0.81; 95% CI, 0.72-0.92), as well as
using the joint frailty model, which was also similar (total HF
events: rate ratio, 0.72; 95% CI, 0.65-0.81; all-cause death: rate
ratio, 0.93; 95% CI, 0.81-1.06).

In a post hoc analysis, compared with patients with no HF
event (HF hospitalization or urgent HF visit), the hazard of sub-
sequent death was 1.67 (95% CI, 0.90-3.12) in those whose first
event was an urgent HF visit and 5.70 (95% CI, 4.95-6.56) in
those whose first event was an HF hospitalization. Compared

with patients who had an HF hospitalization as their first event,
the risk of death in patients where the first event was an urgent
visit for HF was 0.30 (95% CI, 0.16-0.57). Therefore, the risk of
death in a patient whose first event was an urgent HF visit was
higher than patients who experienced no events but lower than
that of patients whose first event was an HF hospitalization.

To allow comparison with prior trials of SGLT2 inhibitors
in HF, we also examined the outcome of total HF hospitaliza-
tions, ie, without urgent visits for HF. There were 508 HF hos-
pitalizations in total in the dapagliflozin group and 707 in the
placebo group. When a composite of total HF hospitaliza-
tions and cardiovascular deaths was examined using the LWYY
approach (rate ratio, 0.76; 95% CI, 0.66-0.88; P < .001) and in
a joint frailty model (rate ratio, 0.71; 95% CI, 0.63-0.80;
P < .001), the findings were similar to the analysis of total HF
events.

The 2 analytic procedures are valid when their model as-
sumptions are met. For example, the LWYY assumes that the
2 curves in Figure 2A would be proportional over the entire
study period. To relax those model constrains, we conducted
a robust, model assumption–free analysis for the multiple out-
comes. Specifically, we used the mean cumulative count AUC
in Figure 2B as a summary measure as a total disease burden,
which is the total event-free time lost to HF and cardiovascular-
death. The larger the AUC, the worse the treatment. In this ex-
ploratory post hoc analysis, with 36 months of follow-up, the
AUC was 5.7 months for the dapagliflozin group and 7.8 months
in the placebo group (P < .001) (Figure 2). This corresponds to
an absolute increase of 2.2 months (95% CI, 1.2-3.2) and a rate
ratio of 0.72 (95% CI, 0.63-0.84) for dapagliflozin compared
with placebo, a 28% reduction in the cumulative burden of HF
events and cardiovascular death over time, favoring dapagli-
flozin. These results support those by the prespecified proce-
dures.

Efficacy of Dapagliflozin on Total HF Events by Subgroups
The effect of dapagliflozin on total HF events and cardiovas-
cular deaths did not differ across any of the predefined sub-
groups (Figure 4). There was no evidence of treatment hetero-
geneity in those with and without an improved EF or according
to whether they were randomized within 30 days of hospital-
ization. In particular, there was no evidence of treatment
heterogeneity by LVEF at baseline. When the interaction was
modeled with EF as a continuous variable, using a restricted
cubic spline, the rate ratio remained less than 1, in favor of da-
pagliflozin, across the entire EF spectrum when analyzed using
the LWYY model (eFigure in Supplement 3).

Discussion
In patients with HFmrEF or HFpEF, dapagliflozin reduced the
risk of total HF events, ie, repeated in addition to first events.
This benefit was observed in all the prespecified DELIVER sub-
groups and across the spectrum of EF. The characteristics as-
sociated with multiple HF events in this population with
HFmrEF or HFpEF were similar to those in patients with HFrEF
experiencing multiple hospitalizations.18

Research Original Investigation Dapagliflozin and Total HF Events in Patients With HF With Mildly Reduced or Preserved Ejection Fraction

E4 JAMA Cardiology Published online April 26, 2023 (Reprinted) jamacardiology.com

Downloaded From: https://jamanetwork.com/ on 05/10/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2023.0711?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.0711
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.0711


Table. Baseline Characteristics by Number of Heart Failure (HF) Events

Characteristic

HF events, No. (%)

P valueNone (n = 5441) 1 (n = 531) ≥2 (n = 291)
Age, mean (SD), y 71.6 (9.5) 71.5 (9.6) 72.9 (10.1) .06

Gender

Women 2416 (44.4) 216 (40.7) 115 (39.5)
.08

Men 3025 (55.6) 315 (59.3) 176 (60.5)

Racea

Asian 1105 (20.3) 102 (19.2) 67 (23.0)

<.001
Black or African American 130 (2.4) 15 (2.8) 14 (4.8)

White 3829 (70.4) 402 (75.7) 208 (71.5)

Other race 377 (6.9) 12 (2.3) 2 (0.7)

Geographic region

Europe and Saudi Arabia 2595 (47.7) 266 (50.1) 144 (49.5)

<.001
Asia 1064 (19.6) 98 (18.5) 64 (22.0)

Latin America 1099 (20.2) 66 (12.4) 16 (5.5)

North America 683 (12.6) 101 (19.0) 67 (23.0)

Physiological measures

Systolic blood pressure, mean (SD), mm Hg 128.2 (15.2) 127.8 (15.8) 128.8 (17.3) .66

Heart rate, mean (SD), beats per minute 71.2 (11.7) 73.1 (11.8) 73.3 (12.2) <.001

Body mass index, mean (SD)b 29.7 (6.0) 30.3 (6.5) 31.2 (6.4) <.001

NT-proBNP, median (IQR), pg/mL 961 (602-1644) 1433 (800-2695) 1500 (839-2618) <.001

Hemoglobin A1c, mean (SD), % 6.6 (1.4) 6.7 (1.5) 6.9 (1.6) <.001

Creatinine, mean (SD), mg/dL 101.0 (30.2) 109.4 (34.2) 116.5 (35.5) <.001

eGFR, mL/min/1.73 m2

Mean (SD) 61.7 (19.0) 57.9 (20.0) 53.6 (18.9) <.001

<60 2586 (47.5) 296 (55.7) 188 (64.6)
<.001

≥60 2854 (52.5) 235 (44.3) 103 (35.4)

HF-related characteristics

Prior LVEF measurement ≤40% 990 (18.2) 107 (20.2) 54 (18.6) .54

Randomized during or within 30 d of a HF hospitalization 497 (9.1) 96 (18.1) 61 (21.0) <.001

Duration of HF

0-3 mo 497 (9.1) 51 (9.6) 20 (6.9)

.02

>3-6 mo 536 (9.9) 40 (7.5) 16 (5.5)

>6-12 mo 747 (13.7) 58 (10.9) 37 (12.7)

>1-2 y 859 (15.8) 80 (15.1) 56 (19.2)

>2-5 y 1363 (25.1) 132 (24.9) 74 (25.4)

>5 y 1434 (26.4) 170 (32.0) 88 (30.2)

LVEF, mean (SD), % 54.2 (8.8) 53.9 (8.7) 53.5 (8.4) .26

LVE, %

≤49 1822 (33.5) 189 (35.6) 105 (36.1)

.6550-59 1965 (36.1) 184 (34.7) 107 (36.8)

≥60 1654 (30.4) 158 (29.8) 79 (27.1)

NYHA class

I, II 4169 (76.6) 355 (66.8) 190 (65.3)
<.001

III, IV 1272 (23.4) 176 (33.2) 101 (34.7)

KCCQ, median (IQR)

Total symptom score 72.9 (56.3-88.5) 67.7 (50.0-83.3) 66.7 (46.9-83.3) <.001

Clinical summary score 71.1 (55.6-85.4) 65.3 (47.9-80.0) 65.3 (47.2-79.9) <.001

Overall summary score 69.2 (53.8-83.3) 63.8 (47.1-77.9) 62.5 (45.0-80.0) <.001

Medical history

Hospitalization for HF 2071 (38.1) 289 (54.4) 179 (61.5) <.001

Atrial fibrillation/flutter 3023 (55.6) 339 (63.8) 190 (65.3) <.001

(continued)
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The reduction in burden of total HF events with dapagli-
flozin was evident regardless of the method used to analyze
the total events and whether we examined total HF events in-
cluding urgent HF visits or HF hospitalizations without ur-
gent visits. The point estimates were more favorable to that

obtained in the time to first event analysis, which was the pri-
mary outcome of the DELIVER trial,10 ie, dapagliflozin dem-
onstrated no reduction in efficacy in reducing second or sub-
sequent events. The estimates were also consistent with other
trials of SLGT2 inhibitors in patients with HFmrEF HFpEF. In

Table. Baseline Characteristics by Number of Heart Failure (HF) Events (continued)

Characteristic

HF events, No. (%)

P valueNone (n = 5441) 1 (n = 531) ≥2 (n = 291)
Stroke 497 (9.1) 60 (11.3) 40 (13.7) .01

Angina 1302 (23.9) 126 (23.7) 69 (23.7) .99

Myocardial infarction 1416 (26.0) 142 (26.7) 81 (27.8) .75

Hypertension 4813 (88.5) 476 (89.6) 264 (90.7) .38

Type 2 diabetes 2370 (43.6) 276 (52.0) 160 (55.0) <.001

Chronic obstructive pulmonary disease 554 (10.2) 96 (18.1) 42 (14.4) <.001

Treatment

Loop diuretic 4086 (75.1) 466 (87.8) 259 (89.3) <.001

Other diuretic (excluding loop and MRA) 1212 (22.3) 77 (14.5) 54 (18.6) <.001

ACEI/ARB 3976 (73.1) 380 (71.6) 187 (64.5) .005

ARNI 250 (4.6) 29 (5.5) 22 (7.6) .05

β-Blocker 4521 (83.1) 421 (79.3) 235 (81.0) .06

MRA 2321 (42.7) 232 (43.7) 114 (39.3) .46

Digoxin 252 (4.6) 28 (5.3) 16 (5.5) .65

Antiplatelet 2310 (42.5) 194 (36.5) 126 (43.4) .03

Anticoagulant 2881 (53.0) 325 (61.2) 176 (60.7) <.001

Pacemaker 554 (10.2) 57 (10.7) 51 (17.5) <.001

CRT-P/CRT-D 84 (1.5) 6 (1.1) 10 (3.4) .03

ICD/CRT-D 136 (2.5) 21 (4.0) 11 (3.8) .07

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin
inhibitor; CRT-D, cardiac resynchronisation therapy–defibrillator; CRT-P, cardiac
resynchronisation therapy–pacemaker; eGFR, estimated glomerular filtration
rate; ICD, implantable cardioverter defibrillator; KCCQ, Kansas City
Cardiomyopathy Questionnaire; LVEF, left ventricular ejection fraction;
MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro–B-type
natriuretic peptide level; NYHA, New York Heart Association.

SI conversion factor: To convert creatinine to μmol/L, multiply by 88.4.
a Patients were assigned a race subgroup on the case report form based on their

self-identification. The prespecified groups were American Indian or Alaska
Native, Asian, Black or African American, Native Hawaiian or Other Pacific
Islander, White, or other race, in accordance with US Food and Drug
Administration guidance.

b Calculated as weight in kilograms divided by height in meters squared.

Figure 2. Cumulative Incidence and Mean Count of Total Heart Failure (HF) Events
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the Empagliflozin Outcome Trial in Patients With Chronic Heart
Failure With Preserved Ejection Fraction (EMPEROR-
Preserved) trial,12 the SGLT2 inhibitor empagliflozin reduced
the rate of total HF hospitalizations by 27% (rate ratio, 0.73;
95% CI, 0.61-0.88; P < .001) using the joint frailty approach
(compared with 0.71 [95% CI, 0.63-0.80; P < .001] using the
same outcome and model in the DELIVER trial).10 In a sepa-
rate analysis of the DELIVER trial, we also examined if this re-
duction in total HF events was also observed for all-cause hos-
pitalizations and found that there was a similar but smaller
relative risk reduction of 11%.19 The observation that the ben-
efits of dapagliflozin were consistent across the range of EF is
important, as an earlier pooled analysis of total HF hospital-
izations in the EMPEROR-Reduced and EMPEROR-Preserved
trials reported that the effect of empagliflozin on total HF hos-
pitalizations appeared to diminish at higher EFs.20 We did not
see any evidence of an attenuation of the benefit of dapagli-
flozin on total HF events at higher EFs in this analysis or for
total HF hospitalizations in our pooled analysis.21 We also found
that the elevated risk for subsequent death in a patient whose
first event was an urgent HF visit, compared with a patient who
did not have any worsening HF event, was elevated, in keep-
ing with reports from HFrEF trials.5,22 Furthermore, we found
that although urgent HF visits were associated with a higher
risk of death, the excess risk was not as high as in patients in
whom the first event experienced during follow-up was an HF
hospitalization, in keeping with the findings of a similar analy-
sis in the Prospective Comparison of ARNI With ARB Global
Outcomes in HF With Preserved Ejection Fraction (PARAGON-
HF) trial.6

As most prior trials enrolling patients with an EF greater
than 40% have been neutral, there are few data with which to
compare the relative efficacy of SGLT2 inhibitors in reducing
total HF events. A post hoc analysis of the Candesartan in Heart
Failure Assessment of Reduction in Mortality and Morbidity–
Preserved (CHARM-Preserved) trial, which enrolled patients
with an EF greater than 40%, suggested that candesartan re-
duced total HF hospitalizations and cardiovascular death using
a negative binomial model.23 In that analysis, candesartan re-
duced total HF hospitalizations by 25%, ie, the rate ratio for
total HF hospitalizations and cardiovascular death was 0.75
(95% CI, 0.62-0.91; P = .003). This post hoc analysis ap-
peared to provide enough power to detect a treatment effect
that was not evident in a time to first event analysis. In theory,

total events should require a smaller sample size to demon-
strate a treatment effect, as not only are subsequent nonfatal
HF events counted but cardiovascular deaths that occur after
these events are also counted (whereas both are ignored after
a first HF event in a traditional time to first event analysis). In
our trial, these repeated events contributed a further 193 deaths
and 557 HF events that would otherwise have been ignored.
Consequently, power calculations in the setting of total events
are more complex, and factors such as heterogeneity of pa-
tient risk have to be incorporated, which is not currently part
of routine sample size estimation strategies.24 However, use
of total HF events as a primary outcome may result in a smaller
sample size than is needed for a time to first event primary end
point (or provide more power for secondary total events end
points in trials powered for a time to first event primary out-
come).

One attraction of recurrent or total events analysis is that
they describe the full burden of disease and are potentially
more meaningful to patients, representing the full disease ex-
perience. Therefore, describing reductions in total events may
be helpful to explain treatment effects to patients. Explain-
ing treatment efficacy is difficult in a clinical setting, and it is
well known that relative risks are poorly understood by pa-
tients and by some clinicians. Other methods of expressing
treatment benefits, such as the number needed to treat, are
equally, if not more difficult, in the setting of total events.25

We reported that the AUC ratio for dapagliflozin vs placebo was
0.72, not dissimilar to the estimates from the conventional
model-based approaches that we had prespecified. Although
the relative risk reduction can be described as a ratio, per-
haps more usefully the absolute risk reduction of 2.2 months
over a 3-year period is easily explained to clinicians and pa-
tients, ie, a gain of 2.2 months of event-free survival. This ab-
solute risk reduction with the accompanying time scale is a di-
rectly interpretably into clinically relevant terms for the patient.
Simulation studies of power calculations using this approach
suggest that sample sizes based on time to first events may be
20% larger than samples based on an AUC.17 The results that
we observed using the AUC method (which is an extension of
the restricted mean survival time used in multiple disease
areas26-29) were consistent with the more traditional model-
based approaches to analyzing total events. The technique may
be useful in situations where model assumptions are not met,
as the approach does not require a statistical model to be

Figure 3. Effect of Dapagliflozin vs Placebo on First Heart Failure (HF) Events or Cardiovascular Death
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constructed and could be used in addition to other metrics,
such as days alive and out of hospital.30

Limitations
This study has limitations. As with any clinical trial,
follow-up was limited. Therefore, we do not know what the
full lifetime burden of HF events or deaths was in each
treatment group and how this may affect the treatment

benefit in the longer term. Patients were selected according
to specific inclusion and exclusion criteria, and our findings
may not apply to all patients with HFmrEF or HFpEF in the
broader population. Hospitalization rates vary widely by
country and health care system, and patients were enrolled
in 20 countries; however, there was no heterogeneity of
treatment effect according to geographic region in the sub-
group analysis.

Figure 4. Effect of Dapagliflozin vs Placebo on Total Heart Failure Events and Cardiovascular Deaths
in the Prespecified Subgroups
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Lin, Wei, Yang, and Ying method.14

AF, atrial fibrillation; BMI, body mass
index (calculated as weight in
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squared); ECG, electrocardiography;
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rate; LVEF, left ventricular ejection
fraction; MRA, mineralocorticoid
receptor antagonist; NT-proBNP,
N-terminal pro–B-type natriuretic
peptide level; NYHA, New York Heart
Association; RR, rate ratio.
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Conclusions

In summary, among patients with HFmrEF or HFpEF, dapa-
gliflozin reduced the risk of total (first and recurrent) HF

events or cardiovascular deaths compared with placebo. HF
events are common and preventable, and the efficacy of
dapagliflozin in reducing the number of these events is con-
sistent across a broad range of subgroups and across the
spectrum of EF.

ARTICLE INFORMATION

Accepted for Publication: February 28, 2022.

Published Online: April 26, 2023.
doi:10.1001/jamacardio.2023.0711

Open Access: This is an open access article
distributed under the terms of the CC-BY-NC-ND
License. © 2023 Jhund PS et al. JAMA Cardiology.

Author Affiliations: British Heart Foundation
Cardiovascular Research Centre, University of
Glasgow, Glasgow, United Kingdom (Jhund, Talebi,
Butt, McMurray); Cardiovascular Division, Brigham
and Women’s Hospital, Boston, Massachusetts
(Claggett, Desai, Vaduganathan, Solomon);
Late-Stage Development, Cardiovascular, Renal,
and Metabolism, BioPharmaceuticals R&D,
AstraZeneca, Gothenburg, Sweden (Gasparyan,
Wilderäng, Bengtsson, Petersson, Langkilde);
Harvard T. H. Chan School of Public Health, Boston,
Massachusetts (Wei); Insitro, South San Francisco,
California (McCaw); Erasmus Medical Center,
Rotterdam, the Netherlands (de Boer); Duke
University Medical Center, Durham, North Carolina
(Hernandez); Associate Editor, JAMA Cardiology
(Hernandez); Yale School of Medicine, New Haven,
Connecticut (Inzucchi); Saint Luke’s Mid America
Heart Institute, University of Missouri–Kansas City
(Kosiborod); National Heart Centre Singapore and
Duke-National University of Singapore, Singapore
(Lam); University of Cordoba, Cordoba, Argentina
(Martinez); Northwestern University Feinberg
School of Medicine, Chicago, Illinois (Shah).

Author Contributions: Drs Jhund and Claggett had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis. Drs Jhund and
Claggett contributed equally.
Study concept and design: Jhund, Claggett, Butt,
Gasparyan, Wei, Langkilde, Inzucchi, Lam, Shah,
Solomon.
Acquisition, analysis, or interpretation of data:
Jhund, Claggett, Talebi, Butt, Gasparyan, McCaw,
Wilderäng, Bengtsson, Desai, Petersson, Langkilde,
de Boer, Hernandez, Inzucchi, Kosiborod, Martinez,
Vaduganathan, McMurray.
Drafting of the manuscript: Jhund, Talebi.
Critical revision of the manuscript for important
intellectual content: Claggett, Butt, Gasparyan, Wei,
McCaw, Wilderäng, Bengtsson, Desai, Petersson,
Langkilde, de Boer, Hernandez, Inzucchi,
Kosiborod, Lam, Martinez, Shah, Vaduganathan,
Solomon, McMurray.
Statistical analysis: Jhund, Claggett, Talebi, Butt,
Gasparyan, Wei, McCaw, Wilderäng, Bengtsson,
Petersson.
Obtained funding: Petersson, Lam, Solomon.
Administrative, technical, or material support: Butt,
Petersson, Shah.
Supervision: Langkilde, Kosiborod, Martinez, Shah,
Solomon, McMurray.

Conflict of Interest Disclosures: Dr Jhund has
received grants and personal fees from AstraZeneca
and has done clinical trial work for AstraZeneca
during the conduct of the study; grants from

Boehringer Ingelheim and Analog Devices Inc;
personal fees from Novartis, Boehringer Ingelheim,
ProAdwise, Sun Pharmaceuticals, and Alkem
Metabolics outside the submitted work; has done
clinical trial work for Novartis, Bayer, and Novo
Nordisk; and is Director of GCTP Ltd. Dr Claggett
has received personal fees from Amgen, Cardurion,
Corvia, Cytokinetics, Intellia, and Novartis outside
the submitted work. Dr Butt has received personal
fees from Bayer, AstraZeneca, and Novartis outside
the submitted work. Dr Desai has received grants
and personal fees from AstraZeneca during the
conduct of the study; grants from Abbott, Alnylam,
Bayer, and Novartis; and personal fees from Abbott,
Alnylam, Avidity Biopharma, Axon Therapeutics,
Bayer, Biofourmis, Boston Scientific, Cytokinetics,
GlaxoSmithKline, Medpace, Merck, New
Amsterday, Novartis, Parexel, Regeneron, Roche,
Veristat, Verily, and Zydus outside the submitted
work. Dr de Boer has received grants from
AstraZeneca, Abbott, Boehringer Ingelheim,
Cardior Pharmaceuticals GmbH, Ionis
Pharmaceuticals, Novo Nordisk, and Roche as well
as personal fees from Abbott, AstraZeneca, Bayer,
Bristol Myers Squibb, Novartis, and Roche outside
the submitted work. Dr Hernandez has received
grants from AstraZeneca during the conduct of the
study; grants from American Regent, Amgen, Bayer,
Boehringer Ingelheim, Merck, Verily, Somologic,
and Novartis; and personal fees from Amgen,
AstraZeneca, Bayer, Boston Scientific, Boehringer
Ingelheim, Cytokinetics, Eidos, Intercept, Merck,
Novartis, and Bristol Myers Squibb outside the
submitted work. Dr Inzucchi has received
nonfinancial support from AstraZeneca during the
conduct of the study as well as personal fees from
Boehringer Ingelheim, Novo Nordisk, Merck/Pfizer,
Lexicon, Abbott, VTV Therapeutics, Esperion, and
Bayer outside the submitted work. Dr Kosiborod
has received grants from AstraZeneca and
Boehringer Ingelheim as well as institutional fees
from Alnylam, Amgen, Applied Therapeutics,
AstraZeneca, Bayer, Boehringer Ingelheim,
Cytokinetics, Eli Lilly, Esperion Therapeutics,
Janssen, Lexicon, Merck, Novo Nordisk,
Pharmacosmos, Sanofi, and Vifor Pharma outside
the submitted work. Dr Lam has done clinical trial
work for AstraZeneca during the conduct of the
study; has received grants from National Medical
Research Council of Singapore, Bayer, and Roche
Diagnostics; and personal fees from Actelion,
Alleviant Medical, Allysta Pharma, Amgen,
AnaCardio AB, Applied Therapeutics, AstraZeneca,
Bayer, Boehringer Ingelheim, Boston Scientific,
Cytokinetics, Darma Inc, EchoNous Inc, Eli Lilly,
Impulse Dynamics, Intellia Therapeutics, Ionis
Pharmaceutical, Janssen Research & Development,
Medscape/WebMD Global LLC, Merck, Novartis,
Novo Nordisk, Prosciento Inc, Radcliffe Group Ltd,
ReCor Medical, Sanofi, Siemens Healthcare
Diagnostics, and Us2.ai outside the submitted
work; serves as cofounder and nonexecutive
director of Us2.ai; has a patent for PCT/SG2016/
050217 pending and a patent for US Patent No.
10,702, 247 issued. Dr Martinez has received

personal fees from AstraZeneca during the conduct
of the study as well as grants and personal fees
from Baliarda, Bayer, Boehringer Ingelheim, Bristol
Myers Squibb, Gador, Milestone, Novartis, Pfizer,
and St Lukes University outside the submitted
work. Dr Shah has received grants and personal
fees from AstraZeneca during the conduct of the
study. Dr Vaduganathan has received personal fees
from Amgen, AstraZeneca, American Regent,
Baxter HealthCare, Bayer AG, Boehringer
Ingelheim, Cytokinetics, Relypsa, Novartis, Roche
Diagnostics, Lexicon Pharmaceuticals, Galmed,
Occlutech, Impulse Dynamics, Tricog Health, Novo
Nordisk, and Chiesi outside the submitted work.
Dr Solomon has received grants from AstraZeneca
during the conduct of the study; grants from
Actelion, Alnylam, Amgen, AstraZeneca,
Bellerophon, Bayer, Bristol Myers Squibb, Celladon,
Cytokinetics, Eidos, Gilead, GlaxoSmithKline, Ionis,
Lilly, Mesoblast, MyoKardia, National Institutes of
Health/National Heart, Lung, and Blood Institute,
Neurotronik, Novartis, Novo Nordisk, Respicardia,
Sanofi Pasteur, Theracos, and Us2.AI; and personal
fees from Abbott, Action, Akros, Alnylam, Amgen,
Arena, AstraZeneca, Bayer, Boehringer Ingelheim,
Bristol Myers Squibb, Cardior, Cardurion, Corvia,
Cytokinetics, Daiichi Sankyo, GlaxoSmithKline, Lilly,
Merck, Myokardia, Novartis, Roche, Theracos,
Quantum Genomics, Cardurion, Janssen, Cardiac
Dimensions, Tenaya, Sanofi-Pasteur, Dinaqor,
Tremeau, CellProThera, Moderna, American
Regent, Sarepta, Lexicon, Anacardio, Akros, and
Puretech Health outside the submitted work.
Dr McMurray has received institutional fees and
done clinical trial work for AstraZeneca during the
conduct of the study; institutional fees and done
clinical trial work for Bayer, Amgen, Alnylam,
Cytokinetics, Servier, Theracos, Dalcor, KBP
Biosciences, Cardurion, GlaxoSmithKline, Bristol
Myers Squibb, Alnylam, and Novartis; personal fees
from Abbott, Alkem Metabolics, Eris Lifesciences,
Hikma, Lupin, Sun Pharmaceuticals, Medscape/
Heart.Org, ProAdWise Communications, Pfizer,
Radcliffe Cardiology, Servier, the Corpus, and
Boehringer Ingelheim; and institutional fees from
Ionis Pharmaceuticals outside the submitted work.
No other disclosures were reported.

Funding/Support: The DELIVER trial was funded
by AstraZeneca. Drs Jhund and McMurray are
supported by British Heart Foundation Centre of
Research Excellence grant RE/18/6/34217 and the
Vera Melrose Heart Failure Research Fund.

Role of the Funder/Sponsor: AstraZeneca was
involved in the overall design and conduct of the
trials and collection, management, and
interpretation of the data but had no role in the
drafting and preparation of the manuscript, or
decision to submit the manuscript for publication.
Coauthors who are employees of AstraZeneca
reviewed and approved the manuscript in
accordance with authorship guidelines.

Data Sharing Statement: See Supplement 4.

Additional Information: The Dapagliflozin
Evaluation to Improve the Lives of Patients With

Dapagliflozin and Total HF Events in Patients With HF With Mildly Reduced or Preserved Ejection Fraction Original Investigation Research

jamacardiology.com (Reprinted) JAMA Cardiology Published online April 26, 2023 E9

Downloaded From: https://jamanetwork.com/ on 05/10/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2023.0711?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.0711
https://jamanetwork.com/pages/cc-by-nc-nd-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.0711
https://jamanetwork.com/pages/cc-by-nc-nd-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.0711
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2023.0711?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.0711
http://www.jamacardiology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2023.0711


Preserved Ejection Fraction Heart Failure
(DELIVER) trial was designed by the academic
members of the respective executive committees in
collaboration with representatives from
AstraZeneca. The sponsor, AstraZeneca, was
responsible for study supervision, site monitoring,
and data collection for both trials. Data analysis of
the trial was performed by AstraZeneca and
independent academic statisticians at the
University of Glasgow, United Kingdom, and the
Brigham and Women’s Hospital, Boston,
Massachusetts. This prespecified secondary
analysis was conducted by an independent
academic group at the University of Glasgow and
the Brigham and Women’s Hospital.
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