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BACKGROUND Black people have a higher incidence and prevalence of heart failure (HF) than White people, and once

HF has developed, they may have worse outcomes. There is also evidence that the response to several pharmacologic

therapies may differ between Black and White patients.

OBJECTIVES The authors sought to examine the outcomes and response to treatment with dapagliflozin according to

Black or White race in a pooled analysis of 2 trials comparing dapagliflozin to placebo in patients with heart failure with

reduced ejection fraction (DAPA-HF [Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure]) and heart

failure with Mildly reduced ejection fraction/heart failure with preserved ejection fraction (DELIVER [Dapagliflozin

Evaluation to Improve the Lives of Patients With Preserved Ejection Fraction Heart Failure]).

METHODS Because most self-identified Black patients were enrolled in the Americas, the comparator group was White

patients randomized in the same regions. The primary outcome was the composite of worsening HF or cardiovascular

death.

RESULTS Of the 3,526 patients randomized in the Americas, 2,626 (74.5%) identified as White and 381 (10.8%) as

Black. The primary outcome occurred at a rate of 16.8 (95% CI: 13.8-20.4) in Black patients compared with 11.6 (95% CI:

10.6-12.7) per 100 person-years in White patients (adjusted HR: 1.27; 95% CI: 1.01-1.59). Compared with placebo,

dapagliflozin decreased the risk of the primary endpoint to the same extent in Black (HR: 0.69; 95% CI: 0.47-1.02) and

White patients (HR: 0.73 [95% CI: 0.61-0.88]; Pinteraction ¼ 0.73). The number of patients needed to treat with dapa-

gliflozin to prevent one event over the median follow-up was 17 in White and 12 in Black patients. The beneficial effects

and favorable safety profile of dapagliflozin were consistent across the range of left ventricular ejection fractions in both

Black and White patients.

CONCLUSIONS The relative benefits of dapagliflozin were consistent in Black and White patients across the range of

left ventricular ejection fraction, with greater absolute benefits in Black patients. (Dapagliflozin and Prevention of

Adverse Outcomes in Heart Failure [DAPA-HF]; NCT03036124) (Dapagliflozin Evaluation to Improve the Lives of Patients

With Preserved Ejection Fraction Heart Failure [DELIVER]; NCT03619213) (J Am Coll Cardiol HF 2022;-:-–-)
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ABBR EV I A T I ON S

AND ACRONYMS

eGFR = estimated glomerular

filtration rate

HF = heart failure

HFrEF = heart failure with

reduced ejection fraction

KCCQ-CSS = Kansas City

Cardiomyopathy Questionnaire

Clinical Summary Score

KCCQ-OSS = Kansas City

Cardiomyopathy Questionnaire

Overall Summary Score

KCCQ-TSS = Kansas City

Cardiomyopathy Questionnaire

Total Symptom Score

LVEF = left ventricular ejection

fraction

NYHA = New York Heart

Association

NT-proBNP = N-terminal pro-

B-type natriuretic peptide

SGLT2 = sodium-glucose

cotransporter-2
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C ompared with other racial or ethnic
groups in the United States, Black
individuals have a higher incidence

and prevalence of heart failure (HF), and,
once HF has developed, historically Black pa-
tients have been reported to have worse clin-
ical outcomes than others.1-3 Although race is
recognized to be a social, rather than a bio-
logical, construct, and socioeconomic deter-
minants of health are increasingly being
recognized as important factors underlying
the disparities in outcomes,1,2,4 another
potentially important explanation is that
Black individuals may respond differently
to certain HF treatments than others.5-8

For example, the effects of guideline-
recommended, life-saving pharmacologic
therapies, such as renin-angiotensin system
inhibitors and certain beta-blockers, may be
diminished in Black patients, in part possibly
because of genetic and other traits, including
heightened salt sensitivity and lower activity
of the renin-angiotensin-aldosterone sys-
tem.2,6-8 Conversely, hydralazine may be more effec-
tive in Black patients than in others, although this
treatment is widely underused in eligible pa-
tients.6,9,10 For these reasons, it is clearly important
to examine the efficacy and safety of new treatments
in Black patients, especially across the range of left
ventricular ejection fractions (LVEFs) because the
LVEF (and other cardiac indices) may vary according
to race, as may HF phenotype as defined by LVEF.11-13

Unfortunately, Black individuals are underrepre-
sented in clinical trials of HF,14,15 and the few events
in a small number of Black participants in individual
trials makes it difficult to obtain a robust estimate of
the effect of a therapy and to ensure generalizability
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of the results to this high-risk population. The
sodium-glucose cotransporter-2 (SGLT2) inhibitor,
dapagliflozin, has been shown to decrease HF hospi-
talizations, cardiovascular death, and all-cause mor-
tality, and to improve quality of life, in patients with
HF, with no evidence of heterogeneity of the benefit
across the range of LVEFs.16-18 Although a meta-
analysis of the individual trials of SGLT2-inhibition
in HF demonstrated a consistent benefit of these
drugs on the risk of first HF hospitalization or car-
diovascular death, irrespective of race,16,17,19,20 the
effect of these drugs on key secondary outcomes has
not been examined in detail in Black patients,
particularly those with a mildly reduced or preserved
LVEF.21

Here, we provide a detailed report of the effects of
dapagliflozin on clinical outcomes, along with a
description of safety and tolerability, in Black
compared with White patients across the range of
LVEF in a pooled analysis of 2 recent clinical trials in
HF, both of which randomized participants to treat-
ment with dapagliflozin or placebo.16,17 Because 99%
of Black patients in these trials were enrolled in the
Americas, Black and White participants solely from
North and South America were included in this
analysis.

METHODS

DAPA-HF (Dapagliflozin and Prevention of Adverse
Outcomes in Heart Failure) and DELIVER (Dapagli-
flozin Evaluation to Improve the Lives of Patients
With Preserved Ejection Fraction Heart Failure) were
event-driven, randomized, double-blind, controlled
trials in patients with symptomatic HF and elevated
natriuretic peptides, comparing the efficacy and
safety of dapagliflozin 10 mg once daily with
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TABLE 1 Baseline Characteristics According to Race in Patients Enrolled in the Americas

White Patients
(n ¼ 2,626)

Black Patients
(n ¼ 381) P Value

Age, y 70.0 � 10.4 64.3 � 11.1 <0.001

Sex 0.02

Women 901 (34.3) 154 (40.4)

Men 1,725 (65.7) 227 (59.6)

Physiological measures

Systolic blood pressure, mm Hg 123.6 � 16.6 126.7 � 19.6 0.001

Diastolic blood pressure, mm Hg 72.1 � 10.6 75.2 � 12.0 <0.001

Heart rate, beats/min 70.1 � 11.9 71.0 � 12.1 0.18

Body mass index 30.7 � 6.3 31.4 � 7.8 0.03

Body mass index 0.12

<18.5 11 (0.4) 2 (0.5)

18.5-24.9 406 (15.5) 69 (18.1)

25.0-29.9 890 (33.9) 114 (29.9)

30-34.9 699 (26.6) 89 (23.4)

$35.0 618 (23.6) 107 (28.1)

NT-proBNP, pg/mL 1,184 (687-2,193) 1,296 (655-2,496) 0.27

Atrial fibrillation/flutter on ECG 1,564 (1,057-2,612) 1,872 (1,072-3,272) 0.14

No atrial fibrillation/flutter on ECG 991 (590-1,956) 1,151 (623-2,204) 0.06

Hemoglobin A1c, % 6.7 � 1.6 6.8 � 1.6 0.03

Creatinine, mmol/L 105.6 � 31.8 115.6 � 36.2 <0.001

eGFR, mL/min/1.73 m2

2009 CKD-EPI creatinine equationa 61.2 � 19.2 66.5 � 23.0 <0.001

2021 CKD-EPI creatinine equationb 64.9 � 20.1 60.5 � 20.8 <0.001

Smoking status 0.001

Current 211 (8.0) 45 (11.8)

Former 1,295 (49.3) 154 (40.4)

Never 1,120 (42.7) 182 (47.8)

Duration of HF 0.008

0-3 mo 140 (5.3) 14 (3.7)

3-6 mo 190 (7.2) 17 (4.5)

6-12 mo 312 (11.9) 30 (7.9)

1-2 y 413 (15.7) 55 (14.4)

2-5 y 642 (24.4) 109 (28.6)

>5 y 929 (35.4) 156 (40.9)

LVEF, % 43.8 � 14.8 38.7 � 16.5 <0.001

LVEF, % <0.001

#40 1,180 (44.9) 225 (59.1)

41-49 459 (17.5) 41 (10.8)

$50 987 (37.6) 115 (30.2)

NYHA functional class 0.03

II 2,026 (77.1)c 275 (72.2)

III 590 (22.5) 102 (26.8)

IV 10 (0.4) 4 (1.0)

Continued on the next page
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matching placebo. The main difference between the 2
trials was that DAPA-HF enrolled patients with a
LVEF of 40% or less and DELIVER those with a LVEF
of >40%. The design, baseline characteristics, and
primary results of both trials are published.16,17,22-25

The trial protocols were approved by the ethics
committee at all participating institutions, and all
patients provided written informed consent.

TRIAL PATIENTS. Ambulatory patients in New York
Heart Association (NYHA) functional class II to IV,
with a LVEF of 40% or lower and an elevated N-
terminal pro-B-type natriuretic peptide (NT-proBNP)
level were eligible for DAPA-HF.22 Participants were
also required to receive guideline-recommended
treatments for heart failure with reduced ejection
fraction (HFrEF). The main exclusions to enrolment
were a history of type 1 diabetes mellitus, hypoten-
sion causing symptoms or a systolic blood pressure
of <95 mm Hg, and an estimated glomerular filtra-
tion rate (eGFR) <30 mL/min/1.73 m2, as assessed by
the 2009 CKD-EPI (Chronic Kidney Disease Epide-
miology Collaboration)-creatinine equation.22

Ambulatory and hospitalized patients in NYHA
functional class II to IV, with an LVEF of >40% and an
elevated NT-proBNP level were eligible for
DELIVER.24 Participants were also required to have
evidence of structural heart disease (either left atrial
enlargement or left ventricular hypertrophy). All pa-
tients in DELIVER had to be receiving at least inter-
mittent diuretic therapy. Key exclusion criteria were
similar to those in DAPA-HF, although the eGFR
threshold was lower in DELIVER (25 mL/min/1.73 m2,
as assessed by the 2009 CKD-EPI-creatinine
equation).24

In both trials, patients with and without type 2
diabetes were randomized, and randomization in
both trials was stratified by type 2 diabetes status.

RACE CATEGORIES. Patients were assigned a race
subgroup on the case report form based on their self-
identification. In accordance with U.S. Food and Drug
Administration guidance, the prespecified race sub-
groups were White, Black or African American, Asian,
Native Hawaiian or other Pacific Islander, American
Indian or Alaska Native, or other.26

TRIAL OUTCOMES. The primary outcome in both
trials was the composite of worsening HF (unplanned
HF hospitalization or urgent visit for HF requiring the
administration of an intravenous diuretic) or cardio-
vascular death. In the present study, we also exam-
ined each of the components of the primary outcome,
the composite of HF hospitalization or cardiovascular
death, death from any cause, and change from base-
line to 8 months in the KCCQ-TSS, KCCQ-OSS, and
Downloaded for Anonymous User (n/a) at Copenhag
2023. For personal use only. No other uses wit
KCCQ-CSS. We also focused on the composite of total
(first and repeat) HF hospitalizations and cardiovas-
cular death, given the additional power provided in
the context of low numbers of Black patients. In
DAPA-HF, the definition of a cardiovascular death
included any death not adjudicated to have a non-
cardiovascular cause, that is, deaths where the cause
could not be determined were included. In DELIVER,
deaths in which the cause could not be determined
were excluded from the definition of death from
en University Library from ClinicalKey.com by Elsevier on February 06, 
hout permission. Copyright ©2023. Elsevier Inc. All rights reserved.



TABLE 1 Continued

White Patients
(n ¼ 2,626)

Black Patients
(n ¼ 381) P Value

KCCQ-TSS 69.4 � 23.3 64.4 � 25.4 <0.001

KCCQ-CSS 67.2 � 22.1 62.4 � 23.5 <0.001

KCCQ-OSS 65.6 � 22.0 60.2 � 23.3 <0.001

Medical history

Hospitalization for HF 925 (35.2) 191 (50.1) <0.001

Time from last HF hospitalization <0.001

No prior HF hospitalization 1,701 (64.8) 190 (49.9)

0-3 mo 223 (8.5) 53 (13.9)

3-6 mo 145 (5.5) 24 (6.3)

6-12 mo 168 (6.4) 32 (8.4)

>1 y 389 (14.8) 82 (21.5)

Atrial fibrillation 1,129 (43.0) 108 (28.3) <0.001

Stroke 233 (8.9) 50 (13.1) 0.008

Myocardial infarction 893 (34.0) 99 (26.0) 0.002

PCI or CABG 993 (37.8) 96 (25.2) <0.001

Hypertension 2,227 (84.8) 349 (91.6) <0.001

Type 2 diabetes mellitus 1,201 (45.7) 200 (52.5) 0.01

Treatment

ACE inhibitor 1,018 (38.8) 160 (42.0) 0.23

ARB 894 (34.0) 123 (32.3) 0.50

ACE inhibitor/ARB 1,905 (72.5) 281 (73.8) 0.62

ARNI 295 (11.2) 52 (13.6) 0.17

Beta-blocker 2,341 (89.1) 353 (92.7) 0.04

MRA 1,252 (47.7) 197 (51.7) 0.14

Hydralazine 128 (4.9) 82 (21.5) <0.001

Loop diuretic 1,997 (76.0) 331 (86.9) <0.001

Digoxin 270 (10.3) 56 (14.7) 0.01

Statin 1,809 (68.9) 243 (63.8) 0.045

Antiplatelet 1,408 (53.6) 226 (59.3) 0.04

Anticoagulant 1,156 (44.0) 122 (32.0) <0.001

Atrial fibrillation/flutter on ECG 676 (90.4) 52 (82.5) 0.049

No atrial fibrillation/flutter on ECG 480 (25.6) 70 (22.0) 0.18

CRT-P/CRT-D 133 (5.1) 16 (4.2) 0.47

ICD/CRT-D 435 (16.6) 88 (23.1) 0.002

Values are mean � SD, n (%), or median (IQR), unless otherwise indicated. aCalculated using the 2009 CKD-EPI
creatinine equation, incorporating the racial coefficient. bCalculated using the 2021 CKD-EPI creatinine equation,
in which there are no racial coefficient. cOne additional patient was NYHA class I.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; ARNI ¼ angiotensin receptor-
neprilysin inhibitor; CABG ¼ coronary artery bypass grafting; CKD-EPI ¼ Chronic Kidney Disease Epidemiology
Collaboration; CSS ¼ clinical summary score; CRT ¼ cardiac resynchronization therapy; ECG ¼ electrocardiogram;
eGFR ¼ estimated glomerular filtration rate; HF ¼ heart failure; ICD ¼ implantable cardioverter-defibrillator;
KCCQ ¼ Kansas City Cardiomyopathy Questionnaire; LVEF ¼ left ventricular ejection fraction;
MRA ¼ mineralocorticoid-receptor antagonist; NYHA ¼ New York Heart Association; NT-proBNP ¼ N-terminal
pro-B-type natriuretic peptide; OSS ¼ overall summary score; PCI ¼ percutaneous coronary intervention;
TSS ¼ total symptom score.
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cardiovascular causes. In the present study, the
definition of death from cardiovascular causes
included deaths of undetermined causes, in accor-
dance with the prespecified statistical analysis plan.

STATISTICAL ANALYSES. Baseline characteristics
were summarized as frequencies with percentages,
means with SD, or medians with IQRs. Differences
in baseline characteristics were tested using the
chi-square test for binary or categorical variables and
Downloaded for Anonymous User (n/a) at Copenhagen University Library fr
2023. For personal use only. No other uses without permission. Copyri
the Wilcoxon test and two-sample Student’s t-test for
non-normal and normally distributed continuous
variables, respectively.

Regardless of treatment allocation, time-to-event
data were evaluated using Cox proportional hazards
models, stratified according to diabetes mellitus sta-
tus and trial and adjusted for treatment assignment
and history of HF hospitalization (except in the
analysis of all-cause death), and HR with 95% CIs
were reported. Total (first and recurrent) events were
evaluated with semiparametric proportional rates
models,27 stratified according to diabetes mellitus
status and trial and adjusted for treatment assign-
ment and history of HF hospitalization, and rate ra-
tios (RR) with 95% CIs were reported. In addition, HRs
and RRs, stratified according to diabetes mellitus
status and trial and adjusted for treatment assign-
ment, a history of HF hospitalization, age, sex, sys-
tolic blood pressure, heart rate, body mass index, log
of NT-proBNP, eGFR (2021 CKD-EPI-creatinine equa-
tion, which does not incorporate race), duration of
HF, LVEF, NYHA functional class, a history of
myocardial infarction, atrial fibrillation, and hyper-
tension were reported. In a supplementary analysis,
in addition to the previously mentioned variables,
HRs and RRs were adjusted for eGFR as assessed by
the 2009 CKD-EPI–creatinine equation. In addition,
Fine–Gray competing risk analyses were also per-
formed for time-to-event outcomes, with death from
any cause considered a competing risk. The propor-
tional hazards assumption was examined with
log(-log[survival]) curves and scaled Schoenfeld re-
siduals, and the assumption was not violated for any
of the models.

To compare the effects of dapagliflozin vs placebo
on clinical outcomes, time-to-event data and total
(first and recurrent) events were evaluated with Cox
proportional hazards models and semiparametric
proportional rates models, respectively, and these
models were stratified according to diabetes mellitus
status and trial and adjusted for a history of HF hos-
pitalization (except in the analysis of all-cause death).
The effect of dapagliflozin on the primary outcome,
each of its components, and total HF hospitalizations
and cardiovascular death was also examined accord-
ing to continuous LVEF as a fractional polynomial in
Black and White patients, respectively. The differ-
ence between treatment groups in the change in
KCCQ scores from baseline to 8 months was analyzed
using mixed-effect models for repeated measure-
ments, adjusted for baseline value, visit (months 4
and 8), treatment assignment, interaction of treat-
ment and visit, and trial. The least-squares mean
om ClinicalKey.com by Elsevier on February 06, 
ght ©2023. Elsevier Inc. All rights reserved.



TABLE 2 Outcomes According to Race in Patients Enrolled in the Americas

White Patients
(n ¼ 2,626)

Black Patients
(n ¼ 381)

Worsening HF or cardiovascular death

Number of events, % 505 (19.2) 101 (26.5)

Event rate per 100 person-years, 95% CI 11.6 (10.6-12.7) 16.8 (13.8-20.4)

Model 1: HR, 95% CIa Ref. 1.30 (1.05-1.62)

Model 2: HR, 95% CIb Ref. 1.27 (1.01-1.59)

HF hospitalization or cardiovascular death

Number of events, % 492 (18.7) 94 (24.7)

Event rate per 100 person-years, 95% CI 11.3 (10.3-12.3) 15.3 (12.5-18.8)

Model 1: HR, 95% CIa Ref. 1.22 (0.98-1.53)

Model 2: HR, 95% CIb Ref. 1.18 (0.93-1.50)

Worsening HF

Number of events, % 335 (12.8) 74 (19.4)

Event rate per 100 person-years, 95% CI 7.7 (6.9-8.6) 12.3 (9.8-15.4)

Model 1: HR, 95% CIa Ref. 1.43 (1.10-1.84)

Model 2: HR, 95% CIb Ref. 1.40 (1.07-1.83)

HF hospitalization

Number of events, % 321 (12.2) 64 (16.8)

Event rate per 100 person-years, 95% CI 7.3 (6.6-8.2) 10.4 (8.2-13.3)

Model 1: HR, 95% CIa Ref. 1.26 (0.96-1.65)

Model 2: HR, 95% CIb Ref. 1.22 (0.92-1.63)

Cardiovascular death

Number of events, % 268 (10.2) 42 (11.0)

Event rate per 100 person-years, 95% CI 5.8 (5.1-6.5) 6.4 (4.7-8.6)

Model 1: HR, 95% CIa Ref. 0.99 (0.72-1.38)

Model 2: HR, 95% CIb Ref. 0.96 (0.68-1.36)

All-cause death

Number of events, % 404 (15.4) 54 (14.2)

Event rate per 100 person-years, 95% CI 8.6 (7.8-9.5) 8.2 (6.3-10.7)

Model 1: HR, 95% CIa Ref. 0.92 (0.69-1.22)

Model 2: HR, 95% CIb Ref. 0.91 (0.68-1.23)

Total HF hospitalizations and cardiovascular death

Number of events, % 779 146

Model 1: RR, 95% CIa Ref. 1.17 (0.88-1.55)

Model 2: RR, 95% CIb Ref. 1.11 (0.83-1.49)

aCox regression models were stratified by diabetes status and trial and adjusted for treatment assignment and HF
hospitalization (except in the analysis of all-cause death). bCox regression models were stratified by diabetes
status and trial and adjusted for treatment assignment, a history of HF hospitalization (except in the analysis of
all-cause death), age, sex, systolic blood pressure, heart rate, body mass index, log of NT-proBNP, eGFR as
assessed by the 2021 CKD-EPI equation, duration of HF, LVEF, NYHA functional class, a history or myocardial
infarction, atrial fibrillation, and hypertension.

Ref. ¼ reference; RR ¼ rate ratio; other abbreviations as in Table 1.
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differences with 95% CI between treatment groups
were reported. All analyses were conducted using SAS
version 9.4 and STATA version 17.0.

RESULTS

Of the 11,007 patients randomized in DAPA-HF and
DELIVER, 3,526 were randomized in the Americas
(North or South America). Of these, 2,626 (74.5%)
identified as White, 381 (10.8%) as Black or African
American, 192 (5.4%) as American Indian or Alaska
Native, and 327 (9.3%) as either Asian, Native Ha-
waiian or other Pacific Islander, and other. The pro-
portion of Black patients (ie, Black or African
American) was 13.7% in North America and 8.6% in
South America. In the present analysis, only Black
and White individuals enrolled in the Americas were
included.

PATIENT CHARACTERISTICS. Baseline characteris-
tics of Black patients compared with White patients
are shown in Table 1. Black patients were much
younger (64 years vs 70 years), more often women
(40.4% vs 34.3%), and less often current or former
smokers, compared with White patients, and they had
a higher systolic blood pressure and body mass index.
Black patients had a higher eGFR than White patients,
as assessed by the 2009 CKD-EPI-creatinine equation,
but they had a significantly lower eGFR, as assessed
by the 2021 CKD-EPI-creatinine equation. Black pa-
tients more often had a history of hypertension, type
2 diabetes, and a prior stroke, but less often had a
history of atrial fibrillation (28.3% vs 43.0%) or
myocardial infarction (Table 1). compared with White
patients, Black patients had a longer duration of HF
(40.9% vs 35.4% diagnosis >5 years), worse NYHA
functional class and KCCQ scores, lower LVEF and
were substantially more likely to have a prior HF
hospitalization (50.1% vs 35.2%).

Regarding pharmacological therapy, Black patients
were more frequently treated with hydralazine, a
beta-blocker, a loop diuretic, digoxin (despite the
lower prevalence of atrial fibrillation in Black pa-
tients), and an antiplatelet agent, but less often with a
statin and anticoagulant (if atrial fibrillation/flutter
on enrolment electrocardiogram), compared with
White patients. They were also more likely to have a
cardiac defibrillator.

OUTCOMES ACCORDING TO RACE. Black patients
had a significantly higher risk of the composite of
worsening HF or cardiovascular death and worsening
HF, but not of cardiovascular death or all-cause
death, compared with White participants (Table 2).
After adjustment for prognostic variables, including
Downloaded for Anonymous User (n/a) at Copenhag
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NT-proBNP, Black patients had a higher risk of
worsening HF or cardiovascular death and worsening
HF, but not mortality (Table 2). The associations were
overall similar when adjusting for eGFR assessed by
the 2009 CKD-EPI-creatinine equation (Supplemental
Table 1). In addition, findings were similar if time-to-
event outcomes were analyzed using a Fine-Gray
approach (Supplemental Table 1). Finally, the associ-
ations between race and outcomes were not modified
by sex (Supplemental Table 2).

The cumulative incidence of total events—all (first
and repeat HF hospitalizations) and cardiovascular
en University Library from ClinicalKey.com by Elsevier on February 06, 
hout permission. Copyright ©2023. Elsevier Inc. All rights reserved.
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FIGURE 1 Cumulative Incidence of the Composite of Total (First and Repeat) HF Hospitalizations and Cardiovascular Death According to

Race and Randomized Treatment Group in Patients Enrolled in the Americas

Nelson-Aalen cumulative hazard curve for total HF hospitalizations and cardiovascular death in the dapagliflozin and placebo arm according to

White or Black race. HF ¼ heart failure.
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death—was also higher in Black compared with White
patients (Table 2, Figure 1).

The crude event rates of the primary outcome, and
each of its components, according to continuous
LVEF in Black and White patients are shown in
Figure 2. Black patients had higher rates of worsening
HF or cardiovascular death and worsening HF than
White patients, and this association was not modified
by LVEF (Pinteraction $ 0.92). The rate of cardiovascu-
lar death was similar in Black and White patients, and
this association was also not modified by LVEF
(Pinteraction ¼ 0.67).

EFFECTS OF DAPAGLIFLOZIN ON CLINICAL OUTCOMES

ACCORDING TO RACE. Dapagliflozin, compared with
placebo, decreased the risk of worsening HF or car-
diovascular death to the same extent in Black (HR:
0.69; 95% CI: 0.47-1.02) and White patients
(HR: 0.73; 95% CI: 0.61-0.88), with no interaction
between race and effect of treatment
(Pinteraction ¼ 0.73). The absolute risk reduction with
dapagliflozin over the median follow-up was 5.9%
and 8.3% in White and Black patients, respectively.
The number of patients needed to treat with dapa-
gliflozin to prevent one event over the median
follow-up was 17 (95% CI: 12-33) in White patients
and 12 (95% CI: 9-23) in Black patients. The effect of
dapagliflozin was also consistent, regardless of race,
Downloaded for Anonymous User (n/a) at Copenhagen University Library fr
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for all secondary clinical outcomes (Table 3, Central
Illustration). The mean increases in KCCQ-TSS, OSS,
and CSS from baseline to 8 months were greater with
dapagliflozin, compared with placebo, regardless of
race (Pinteraction $ 0.22).

The effects of dapagliflozin, compared with pla-
cebo, on the primary outcome, each of its compo-
nents, and total HF hospitalizations and
cardiovascular death according to continuous LVEF in
Black and White patients, respectively, are shown in
Figure 3. The beneficial effect of dapagliflozin on each
of these outcomes was consistent across the range of
LVEF in both Black and White individuals
(Pinteraction $ 0.18).

The proportions of patients who discontinued trial
treatment or experienced adverse events according to
treatment assignment were similar, irrespective of
race (Table 4).

DISCUSSION

In a pooled analysis of DAPA-HF and DELIVER, Black
participants had a higher risk of worsening HF events,
including HF hospitalization, but a similar risk of
cardiovascular or all-cause death, compared with
White patients. Dapagliflozin decreased the relative
risk of worsening HF (both first and total HF
om ClinicalKey.com by Elsevier on February 06, 
ght ©2023. Elsevier Inc. All rights reserved.



FIGURE 2 Incidence Rates of Outcomes According to Race Across the Range of LVEF at Baseline in Patients Enrolled in the Americas

(A to C) Black patients (blue) had higher rates of worsening HF or cardiovascular death and worsening heart failure than White patients (red),

and this association was not modified by LVEF (Pinteraction $ 0.92). The rate of cardiovascular death was similar in Black and White patients,

and this association was also not modified by LVEF (Pinteraction ¼ 0.67). LVEF ¼ left ventricular ejection fraction; other abbreviation as in

Figure 1.
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TABLE 3 Effects of Dapagliflozin Compared With Placebo on Outcomes According to Race in Patients Enrolled in the Americas

White Patients (n ¼ 2,626) Black Patients (n ¼ 381)

P Value for
Interaction

Placebo
(n ¼ 1,333)

Dapagliflozin
(n ¼ 1,293)

Placebo
(n ¼ 179)

Dapagliflozin
(n ¼ 202)

Worsening HF or cardiovascular death 0.73

Number of events, % 292 (21.9) 213 (16.5) 55 (30.7) 46 (22.8)

Event rate per 100 person-years, 95% CI 13.5 (12.0-15.1) 9.8 (8.5-11.2) 19.9 (15.3-25.9) 14.1 (10.6-18.8)

HR, 95% CIa 0.73 (0.61-0.88) 0.69 (0.47-1.02)

HF hospitalization or cardiovascular death 0.54

Number of events, % 286 (21.5) 206 (15.9) 53 (29.6) 41 (20.3)

Event rate per 100 person-years, 95% CI 13.1 (11.7-14.7) 9.4 (8.2-10.8) 18.9 (14.4-24.7) 12.4 (9.1-16.8)

HR, 95% CIa 0.73 (0.61-0.87) 0.64 (0.42-0.96)

Worsening HF 0.77

Number of events, % 197 (14.8) 138 (10.7) 41 (22.9) 33 (16.3)

Event rate per 100 person-years, 95% CI 9.1 (7.9-10.5) 6.3 (5.4-7.5) 14.8 (10.9-20.1) 10.1 (7.2-14.2)

HR, 95% CIa 0.70 (0.57-0.87) 0.67 (0.42-1.06)

HF hospitalization 0.57

Number of events, % 190 (14.3) 131 (10.1) 37 (20.7) 27 (13.4)

Event rate per 100 person-years, 95% CI 8.7 (7.6-10.0) 6.0 (5.0-7.1) 13.2 (9.5-18.2) 8.1 (5.6-11.9)

HR, 95% CIa 0.69 (0.56-0.87) 0.60 (0.37-0.99)

Cardiovascular death 0.97

Number of events, % 161 (12.1) 107 (8.3) 23 (12.8) 19 (9.4)

Event rate per 100 person-years, 95% CI 6.9 (5.9-8.0) 4.6 (3.8-5.6) 7.5 (5.0-11.3) 5.4 (3.4-8.4)

HR, 95% CIa 0.68 (0.53-0.87) 0.69 (0.38-1.28)

All-cause death 0.44

Number of events, % 227 (17.0) 177 (13.7) 31 (17.3) 23 (11.4)

Event rate per 100 person-years, 95% CI 9.6 (8.5-11.0) 7.6 (6.6-8.9) 10.1 (7.1-14.4) 6.5 (4.3-9.8)

HR, 95% CIa 0.79 (0.65-0.97) 0.64 (0.37-1.10)

Total HF hospitalizations and cardiovascular death 0.75

Number of events 480 299 86 60

RR, 95% CIa 0.64 (0.52-0.79) 0.59 (0.36-0.99)

KCCQ-TSS 0.22

Change from baseline to 8 mo, 95% CIb 5.4 (4.3-6.5) 8.4 (7.2-9.5) 6.6 (3.2-10.1) 8.7 (5.4-11.9)

Placebo-corrected change at 8 mo, 95% CIb 3.0 (1.4-4.6) 2.0 (�2.7 to 6.8)

KCCQ-OSS 0.55

Change from baseline to 8 mo, 95% CIb 4.9 (3.8-5.9) 7.8 (6.7-8.8) 5.7 (2.6-8.8) 7.7 (4.8-10.6)

Placebo-corrected change at 8 mo, 95% CIb 2.9 (1.4-4.4) 2.0 (�2.3 to 6.3)

KCCQ-CSS 0.29

Change from baseline to 8 mo, 95% CIb 4.5 (3.5-5.6) 7.4 (6.4-8.5) 5.9 (2.7-9.1) 7.8 (4.7-10.8)

Placebo-corrected change at 8 mo, 95% CIb 2.9 (1.4-4.4) 1.9 (�2.6 to 6.3)

Cardiovascular death includes undetermined deaths. aModels were stratified by diabetes status and trial and adjusted for a history of HF hospitalization (except in the analysis of
all-cause death). bMixed-effect models for repeated measurements adjusted for baseline value, visit (months 4 and 8), randomized treatment, interaction of treatment and
visit, and trial.

Abbreviations as in Tables 1 and 2.
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hospitalizations), cardiovascular death, and all-cause
death, and improved symptoms and quality of life
across the range of LVEF to a similar extent in Black
and White patients. The absolute reductions in clin-
ical events were greater in Black patients because of a
higher absolute risk.
THE PROPORTION OF BLACK PATIENTS INCLUDED.

Among the 11,007 participants enrolled in DAPA-HF
and DELIVER, 385 (3.5%) were Black, and this low
proportion is in keeping with reports from other
multinational trials in HF.14,15 Even in the Americas
Downloaded for Anonymous User (n/a) at Copenhagen University Library fr
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where almost all Black participants were randomized,
Black patients (comprising 10.8% of the 3,526 partic-
ipants enrolled in the Americas and 13.7% of the 1,528
participants enrolled in North America) were under-
enrolled, considering that they comprise 12.2% of the
U.S. population and have a higher prevalence and
incidence of HF than other groups. Thus, Black pa-
tients continue to be underrepresented in clinical
trials of HF, and there is concern that the proportion
will decrease in the future with the increasing glob-
alization of clinical trials with limited U.S.
om ClinicalKey.com by Elsevier on February 06, 
ght ©2023. Elsevier Inc. All rights reserved.



CENTRAL ILLUSTRATION Effects of Dapagliflozin Compared With Placebo on Clinical Outcomes
According to Race in Patients Enrolled in the Americas

0.4
Favors Dapagliflozin Favors Placebo

0.6 1 1.5 2.5

Hazard or Rate
Ratio (95% CI)

Interaction
P-Value

Worsening HF or CV death 0.73
White 0.73 (0.61–0.88)
Black 0.69 (0.47–1.02)

Worsening HF 0.77
White 0.70 (0.57–0.87)
Black 0.67 (0.42–1.06)

Cardiovascular death 0.97
White 0.68 (0.53–0.87)
Black 0.69 (0.38–1.28)

All-cause death 0.44
White 0.79 (0.65–0.97)
Black 0.64 (0.37–1.10)

Total HF hospitalizations and CV deaths 0.75
White 0.64 (0.52–0.79)
Black 0.59 (0.36–0.99)

Butt JH, et al. J Am Coll Cardiol HF. 2022;-(-):-–-.

Models were stratified by diabetes status and trial and adjusted for a history of HF hospitalization (except in the analysis of all-cause death). The

beneficial effect of dapagliflozin was consistent in both Black and White individuals (Pinteraction $ 0.44). CV ¼ cardiovascular; HF ¼ heart failure.
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enrollment.14,15 Adequate inclusion of Black patients,
and other underrepresented groups, is necessary to
ensure the generalizability of study findings to all
patients with HF. Barriers to representative enroll-
ment of underrepresented groups include inequities
in care access, logistical issues in participation,
restrictive enrollment criteria, English language re-
quirements, and the almost complete exclusion of
African countries from clinical trials.3 Strategies to
overcome these barriers have been suggested and
include methodical study design and site selection,
diversification of research leadership and staff, a
careful review of eligibility criteria, community and
patient engagement, and broad stakeholder commit-
ment, as well as the participation of study sites
in Africa.3

BASELINE CHARACTERISTICSANDOUTCOMESACCORDING

TO RACE. There were many differences in the clinical
characteristics of Black and White patients at baseline
in keeping with what we and others have described
Downloaded for Anonymous User (n/a) at Copenhag
2023. For personal use only. No other uses wit
previously. The much younger age of Black patients
(mean difference: 6 years) is striking, especially as
Black patients had longer duration HF, highlighting
the much younger age at which HF is diagnosed in
Black compared with White patients.28-30 Similarly,
despite the higher prevalence of HFrEF among
Black patients, more Black patients were women and
fewer had a history of myocardial infarction, which is
a different profile to that expected based on what is
seen in White patients. Indeed, the relative excess of
HFrEF, compared to HF with mildly reduced ejection
fraction/HF with preserved ejection fraction, in Black
patients is striking and consistent with the view that
Black people have elevated myocardial sensitivity to
afterload.31 Another striking finding was the sub-
stantial difference in the eGFR provided by the 2009
and 2021 CKD-EPI-creatinine equations. With the new
equation, which does not incorporate race, Black pa-
tients had a lower average eGFR than White patients
(60.5 mL/min/1.73 m2 vs 64.9 mL/min/1.73 m2) but the
en University Library from ClinicalKey.com by Elsevier on February 06, 
hout permission. Copyright ©2023. Elsevier Inc. All rights reserved.



FIGURE 3 Effects of Dapagliflozin Compared With Placebo on Outcomes According to Race Across the Range of LVEF at Baseline in Patients Enrolled in the

Americas

(A to B) Models were stratified by diabetes status and trial and adjusted for a history of HF hospitalization. The beneficial effect of dapagliflozin was consistent across

the range of LVEF in both Black and White individuals (Pinteraction $ 0.18). Abbreviations as in Figures 1 and 2.

Continued on the next page
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opposite was observed with the 2009 equation
(66.5 mL/min/1.73 m2 vs 61.2 mL/min/1.73 m2). This
difference may have implications for eligibility for
some pharmacological therapies.32

In keeping with previous reports, we found that
Black patients had a significantly higher risk of the
composite of worsening HF or cardiovascular death
compared with White patients.21,28,33 The excess risk
was entirely driven by worsening HF events; the risk
of cardiovascular death and all-cause death did not
differ between Black and White patients. The disso-
ciation between fatal and nonfatal events has been
reported previously, although the explanation for this
finding is not clear. However, despite comprehensive
adjustment for potential confounders, including
Downloaded for Anonymous User (n/a) at Copenhagen University Library fr
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NT-proBNP, the findings from our, and previous, an-
alyses should be interpreted with caution since we do
not have data on social determinants of health, which
are increasingly being recognized as important fac-
tors for the observed disparities in outcomes between
Black patients and others.1,2,4 For example, the
availability of and access to care in the community as
opposed to a hospital may differ according to socio-
economic circumstances, including neighborhood
and other variables. It is notable, however, that there
was no apparent underuse of pharmacologic and de-
vice therapy for HF in Black compared with White
patients, although Black patients with atrial fibrilla-
tion were less likely to be treated with anticoagulants
than White patients with this condition. It was also
om ClinicalKey.com by Elsevier on February 06, 
ght ©2023. Elsevier Inc. All rights reserved.



FIGURE 3 Continued
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encouraging that mortality did not differ between
Black and White patients, although the number of
Black patients was relatively small and follow-up was
relatively short. The patients studied were also
selected and patients participating in clinical trials
may receive better care than the population at
large.34

EFFECTS OF DAPAGLIFLOZIN ON CLINICAL OUTCOMES

ACCORDING TO RACE. The effect of novel therapies
for HF is of interest in relation to race, because the
benefits of certain pharmacological HFrEF treatments
may be less in Black individuals. In the V-HeFT II
(Vasodilator-Heart Failure Trial II) trial, enalapril,
compared with the combination of hydralazine and
isosorbide dinitrate, decreased mortality among
White patients, but no such benefit was observed
among Black patients.6 Similarly, in patients with left
ventricular dysfunction, enalapril, compared with
Downloaded for Anonymous User (n/a) at Copenhag
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placebo, significantly decrease the risk of HF hospi-
talization in White patients, but not in Black patients
(Pinteraction ¼ 0.005).7 In the BEST (Beta-Blocker
Evaluation of Survival Trial) trial, the effect of
bucindolol, compared with placebo, was modified by
race, with a significant reduction in all-cause mor-
tality with the therapy in non-Black patients, but not
in Black patients (Pinteraction ¼ 0.02).8 However, these
findings should be interpreted with caution given the
inherent limitations of subgroup analyses and the
small number of Black patients included in
these trials.

SGLT2 inhibitors are the most recent class of drugs
shown to decrease both morbidity and mortality in
patients with HF, and a meta-analysis of the indi-
vidual trials of SGLT2 inhibition in HF demonstrated a
consistent benefit of these drugs on the risk of first HF
hospitalization or cardiovascular death, regardless of
race, although key secondary outcomes were not
en University Library from ClinicalKey.com by Elsevier on February 06, 
hout permission. Copyright ©2023. Elsevier Inc. All rights reserved.



TABLE 4 Adverse Events of Dapagliflozin Compared With Placebo According to Race in

Patients Enrolled in the Americas

White Patients
(n ¼ 2,623)

Black Patients
(n ¼ 381)

P Value for
Interaction

Placebo
(n ¼ 1,332)

Dapagliflozin
(n ¼ 1,291)

Placebo
(n ¼ 179)

Dapagliflozin
(n ¼ 202)

Discontinuation of study
drug for any reason

179 (13.4) 157 (12.2) 23 (12.8) 36 (17.8) 0.11

Discontinuation of study
drug caused by
adverse event

86 (6.5) 59 (4.6) 11 (6.1) 11 (5.4) 0.62

Volume depletiona 74 (5.6) 88 (6.8) 15 (8.4) 13 (6.4) 0.24

Renal adverse eventb 92 (6.9) 78 (6.0) 17 (9.5) 27 (13.4) 0.14

Amputation 11 (0.8) 9 (0.7) 1 (0.6) 1 (0.5) 0.97

Major hypoglycemia 4 (0.3) 4 (0.3) 2 (1.1) 2 (1.0) 0.90

Diabetic ketoacidosis 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0) NA

Values are n (%). A total of 3 randomized patients were excluded from the safety analysis, because these were
performed in patients who had undergone randomization and received at least one dose of dapagliflozin or
placebo. aAny serious adverse event or adverse event that led to discontinuation of dapagliflozin or placebo that
was suggestive of volume depletion in DELIVER. bAny renal serious adverse event or adverse event that led to
discontinuation of dapagliflozin or placebo in DELIVER.

DELIVER ¼ Dapagliflozin Evaluation to Improve the LIVEs of Patients With PReserved Ejection Fraction
Heart Failure; NA ¼ not applicable.
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examined.16,17,19,20,35 Recently, we have shown that
the benefits of dapagliflozin on secondary clinical
outcomes were not modified by race in DAPA-HF.21

However, the low number of Black participants in
each of these trials individually precludes the
attainment of statistically robust estimates of the ef-
fects of SGLT2 inhibitors on key secondary outcomes
in Black patients. The present patient-level pooled
meta-analysis of DAPA-HF and DELIVER extends
previous findings by providing more reliable and
precise estimates of the effect of dapagliflozin in
Black patients and by demonstrating the same clinical
benefit of treatment on key secondary outcomes, in
addition to the primary outcome, across the spectrum
of LVEFs, regardless of race. Specifically, we found
that the benefits of dapagliflozin on clinical outcomes
were not modified by race, with remarkably consis-
tent decreases in the primary composite outcome of
worsening HF or cardiovascular death, its compo-
nents, first and total HF hospitalizations, and all-
cause death in Black and White patients across the
spectrum of LVEF. Importantly, the absolute de-
creases in clinical events seemed to be greater in
Black patients because of the higher absolute risk.

In addition to decreasing HF hospitalization and
mortality, improving health status is a major goal in
the treatment of patients with HF, and this is all the
more so in Black patients, who have a much greater
symptom burden and worse physical function and
quality of life than White patients as demonstrated by
the KCCQ scores recorded at baseline in DAPA-HF
and DELIVER. It is, therefore, important that
Downloaded for Anonymous User (n/a) at Copenhagen University Library fr
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dapagliflozin, compared with placebo, increased
(improved) the mean KCCQ scores from baseline to
8 months to a similar extent in both Black and White
patients.

Reassuringly, adverse events and discontinuation
of randomized treatment were not significantly more
common in the dapagliflozin group than in the pla-
cebo group in Black and White individuals.

Collectively, these data underscore the substantial
and clinically important benefits, and favorable
tolerability and safety profile, of dapagliflozin in
patients with HF, across the spectrum of ejection
fraction, irrespective of race. However, despite the
well-established, and substantial, benefits of these
drugs in HF, chronic kidney disease, and diabetes
(all of which are more prevalent in Black individuals),
Black patients with diabetes are less likely to receive
an SGLT2 inhibitor than others with this condi-
tion.36,37 Failure to prescribe novel therapies with
proven efficacy in high-risk populations will only
serve to exacerbate preexisting health care dispar-
ities, and efforts to ensure more equitable use of
SGLT2 inhibitors may be needed to improve outcomes
in Black patients with HF, chronic kidney disease, and
diabetes.36-38

STUDY LIMITATIONS. The findings of this study
should be viewed in the context of potential limita-
tions. First, the analyses were not prespecified. Sec-
ond, the prespecified inclusion and exclusion criteria
in DAPA-HF and DELIVER precluded the enrolment of
very high-risk patients, which may affect the gener-
alizability of our results. Third, the number and pro-
portion of Black patients were small in both trials.
Fourth, the association between race and clinical
outcomes should be interpreted with caution given
the observational nature of the analyses and the lack
of data on social determinants of health.

CONCLUSIONS

In patients with HF, Black participants had a higher
risk of worsening HF events, but a similar risk of
cardiovascular or all-cause death, compared with
White patients. The beneficial effects of dapagli-
flozin on the relative risk of clinical outcomes were
consistent in Black and White patients across the
range of ejection fractions, with a greater absolute
benefit in Black patients due to their higher absolute
risk.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In a pooled

analysis of the DAPA-HF and DELIVER trials, Black participants

had a higher risk of worsening HF events, but a similar risk of

cardiovascular or all-cause death, compared with White patients.

Dapagliflozin decreased the relative risk of worsening HF (both

first and total HF hospitalizations), cardiovascular death, and all-

cause death, and improved symptoms and quality of life across

the range of LVEFs to a similar extent in Black and White pa-

tients. The absolute decreases in clinical events were greater in

Black patients because of a higher absolute risk.

TRANSLATIONAL OUTLOOK: These data underscore the

substantial and clinically important benefits, and favorable

tolerability and safety profile, of dapagliflozin in patients with

HF, across the spectrum of ejection fraction, irrespective of race.
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