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OBJECTIVES This study sought to investigate the efficacy and safety of dapagliflozin in Black and White patients with

heart failure (HF) with reduced ejection fraction (HFrEF) enrolled in DAPA-HF (Study to Evaluate the Effect of Dapa-

gliflozin on the Incidence of Worsening Heart Failure or Cardiovascular Death in Patients With Chronic Heart Failure).

BACKGROUND Black patients may respond differently to certain treatments for HFrEF than White patients.

METHODS Patients with New York Heart Association functional class II to IV with an ejection fraction of #40% and

elevated N-terminal pro–B-type natriuretic peptide were eligible for DAPA-HF. Because >99% of Black patients were

randomized in the Americas, this post hoc analysis considered Black and White patients enrolled only in North and South

America. The primary outcome was the composite of a worsening HF event (HF hospitalization or urgent HF visit requiring

intravenous therapy) or cardiovascular death.

RESULTS Of the 4,744 patients randomized in DAPA-HF, 1,494 (31.5%) were enrolled in the Americas. Of these, 1,181

(79.0%) were White, and 225 (15.1%) were Black. Black patients had a higher rate of worsening HF events, but not

mortality, compared with White patients. Compared with placebo, dapagliflozin reduced the risk of the primary endpoint

similarly in Black patients (HR: 0.62; 95% CI: 0.37-1.03) and White patients (HR: 0.68; 95% CI: 0.52-0.90;

P-interaction ¼ 0.70). Consistent benefits were observed for other prespecified outcomes, including the composite of

total (first and repeat) HF hospitalizations and cardiovascular death (P-interaction ¼ 0.43) and Kansas City Cardiomy-

opathy Questionnaire total symptom score. Study drug discontinuation and serious adverse events were not more

frequent in the dapagliflozin group than in the placebo group in either Black or White patients.

CONCLUSIONS Dapagliflozin reduced the risk of worsening HF and cardiovascular death, and it improved symp-

toms, similarly in Black and White patients without an increase in adverse events. (Study to Evaluate the Effect of

Dapagliflozin on the Incidence of Worsening Heart Failure or Cardiovascular Death in Patients With Chronic

Heart Failure [DAPA-HF]; NCT03036124) (J Am Coll Cardiol HF 2022;10:52–64) © 2022 The Authors. Published by

Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).
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AB BR E V I A T I O N S

AND ACRONYM S

BMI = body mass index

eGFR = estimated glomerular

filtration rate

HF = heart failure

HFrEF = heart failure with

reduced ejection fraction

KCCQ = Kansas City

Cardiomyopathy Questionnaire

LVEF = left ventricular

ejection fraction

NT-proBNP = N-terminal pro–

B-type natriuretic peptide

NYHA = New York Heart

Association

OR = odds ratio

SBP = systolic blood pressure

SGLT2 = sodium glucose

cotransporter 2
R acial and ethnic variations in etiology, inci-
dence, prevalence, disease burden, and
response to treatment are well recognized in

heart failure (HF), with especially striking disparities
between Black patients and others in the United
States (1-3). A particular concern in Black patients is
the coupling of very high rates of hospitalization
and death with possibly diminished effects of key
pharmacological therapies, including renin-
angiotensin system inhibitors and certain beta
blockers (1-5).

Patients who self-identify as Black show differences
in demographics, comorbidities, socioeconomic fac-
tors, health behavior, and access to health care
compared to those who do not, and these differences
may influence outcomes and treatments provided
(1-5). Genetic and other traits related to African
ancestry, including heightened salt sensitivity and
lower activity of the renin-angiotensin-aldosterone
system, may contribute to the possibly reduced
response to angiotensin-converting enzyme in-
hibitors, angiotensin receptor blockers and beta
blockers in Black patients (1-6). To complicate the
picture further, assessment of the effect of treatments
in Black patients is usually difficult because of their
under-representation in clinical trials (1,3). Thismeans
that it is often not possible to get a robust estimate of
the effect of therapy because of few events in a small
number of Black patients. Nevertheless, it is clearly
important to assess the efficacy and safety of new
treatments in Black patients because of their very high
risk and because of the uncertainty about the benefit of
some standard therapies (7-10).

Recently, sodium glucose cotransporter 2 (SGLT2)
inhibitors have been shown to reduce cardiovascu-
lar risk in patients with type 2 diabetes, although
uncertainty about their benefit in Black patients has
been highlighted (11). SGLT2 inhibitors have been
demonstrated to be a valuable treatment for pa-
tients with HFrEF, irrespective of history of dia-
betes (12-14). Here, we describe the effect of this
new therapeutic approach in the DAPA-HF (Study to
Evaluate the Effect of Dapagliflozin on the Inci-
dence of Worsening Heart Failure or Cardiovascular
Death in Patients With Chronic Heart Failure) trial
in Black compared with White patients (12). Because
>99% of Black patients were enrolled in the
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Americas, the comparator White patients in
this analysis were also participants from
North and South America.

METHODS

DAPA-HF was a randomized, double-blind,
placebo-controlled trial in patients with
HFrEF that evaluated the efficacy and safety
of dapagliflozin 10 mg once daily compared
with matching placebo, added to standard
care. The design and primary results of the
trial are published (12). The ethics commit-
tees at the 410 participating institutions in 20
countries approved the protocol, and all pa-
tients provided written informed consent.

STUDY PATIENTS. Men and women aged $18
years with a diagnosis of HF for $2 months
were eligible if they were in New York Heart
Association (NYHA) functional classes II to IV,
had a left ventricular ejection fraction (LVEF)

of #40%, had a modest elevation of N-terminal pro–
B-type natriuretic peptide (NT-proBNP), and were
optimally treated with pharmacological and device
therapy. Key exclusion criteria included symptoms of
hypotension or systolic blood pressure (SBP)
of <95 mm Hg, estimated glomerular filtration rate
(eGFR) of <30 mL/min/1.73 m2, and type 1 diabetes.

PRESPECIFIED RACE CATEGORIES. Consistent with
U.S. Food and Drug Administration guidance, the
prespecified race subgroups were White, Black or Af-
rican American, Asian, Native Hawaiian or other Pa-
cific Islander, American Indian or Alaska Native, or
“other” (15). Patients were assigned a race subgroup on
the case report form based on their self-identification.

CLINICAL OUTCOMES. The primary outcome was the
composite of an episode of worsening HF (HF hospi-
talization or an urgent visit for worsening HF where
intravenous therapy for HF was administered) or
cardiovascular death, whichever occurred first. The
secondary outcomes in the trial were the occurrence
of HF hospitalization or cardiovascular death (we also
examined the components of the primary composite),
total HF hospitalizations (first and repeat) or cardio-
vascular death, change from baseline to 8 months in
the Kansas City Cardiomyopathy Questionnaire
(KCCQ) total symptom score (KCCQ-TSS), a composite
es and animal welfare regulations of the authors’
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TABLE 1 Baseline Characteristics According to Race Among Patients Enrolled in the Americas

Black Patients
(n ¼ 225)

White Patients
(n ¼ 1,181) P Values

Age, y 62.9 � 11.3 67.0 � 10.5 <0.001

Sex 0.002

Female 78 (34.7) 292 (24.7)

Male 147 (65.3) 889 (75.3)

NYHA functional classification 0.18

II 158 (70.2) 892 (75.5)

III 64 (28.4) 281 (23.8)

IV 3 (1.3) 8 (0.7)

Heart rate, beats/min 71.0 � 12.4 70.0 � 12.3 0.25

Systolic blood pressure, mm Hg 123.3 � 19.6 119.5 � 17.0 0.003

Left ventricular ejection fraction, % 26.8 � 7.9 30.1 � 6.9 <0.001

#30% 146 (64.9) 620 (52.5) <0.001

NT-proBNP, pg/mL 1,648 (905-3,394) 1,414 (846-2,717) 0.042

Atrial fibrillation on baseline ECG 2,186 (1,141-3,728) 1,858 (1,311-3,217) 0.56

No atrial fibrillation on baseline ECG 1,582 (845-3,362) 1,291 (786-2,516) 0.022

KCCQ-TSSa 70.8 (49.0-87.5) 77.1 (58.3-92.7) 0.001

KCCQ-CSSa 65.1 (47.2-84.0) 75.0 (55.7-88.9) <0.001

KCCQ-OSSa 60.9 (43.3-82.9) 72.1 (52.5-86.7) 0.001

Body mass index, kg/m2 30.8 � 8.2 29.4 � 6.0 0.004

$30 kg/m2 110 (48.9) 503 (42.7) 0.08

Principal cause of heart failure <0.001

Ischemic 65 (28.9) 642 (54.4)

Nonischemic 133 (59.1) 422 (35.7)

Unknown 27 (12.0) 117 (9.9)

Medical history

Hospitalization for heart failure 126 (56.0) 478 (40.5) <0.001

Atrial fibrillation 62 (27.6) 412 (34.9) 0.033

Type 2 diabetes 117 (52.0) 518 (43.9) 0.025

Hypertension 198 (88.0) 914 (77.4) <0.001

PCI 40 (17.8) 384 (32.5) <0.001

CABG 15 (6.7) 254 (21.5) <0.001

Estimated GFR, mL/min/1.73 m2 of body surface area 68.3 � 22.2 63.6 � 18.6 <0.001

Estimated GFR rate <60 mL/min/1.73 m2 90 (40.0) 537 (45.5) 0.13

Device therapy

Implantable cardioverter-defibrillatorb 81 (36.0) 379 (32.1) 0.25

Cardiac resynchronization therapyc 13 (5.8) 97 (8.2) 0.21

Heart failure medication at randomization visit

Diuretic 214 (95.1) 909 (77.0) <0.001

ACE inhibitor 96 (42.7) 575 (48.7) 0.10

ARB 72 (32.0) 328 (27.8) 0.20

Sacubitril/valsartan 45 (20.0) 220 (18.6) 0.63

Beta blocker 220 (97.8) 1,154 (97.7) 0.95

Mineralocorticoid receptor antagonist 142 (63.1) 744 (63.0) 0.97

Digitalis 53 (23.6) 207 (17.5) 0.033

Vasodilators 51 (22.7) 217 (18.4) 0.13

Hydralazine 50 (22.2) 61 (5.2) <0.001

Values are mean � SD, n (%), or median (IQR). Percentages may not total 100 because of rounding. aKCCQ-TSS: range from 0 to 100, with higher scores indicating fewer
symptoms and physical limitations associated with heart failure. A score of 75 or above is considered to reflect satisfactory health status. bEither implantable cardioverter-
defibrillator or cardiac resynchronization therapy with a defibrillator. cCardiac resynchronization therapy with or without a defibrillator.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin-receptor blocker; CABG ¼ coronary artery bypass graft; ECG ¼ electrocardiogram; GFR ¼ glomerular filtration rate;
KCCQ-CSS ¼ Kansas City Cardiomyopathy Questionnaire clinical summary score; KCCQ-OSS ¼ Kansas City Cardiomyopathy Questionnaire overall summary score; KCCQ-
TSS ¼ Kansas City Cardiomyopathy Questionnaire total symptom score; NT-proBNP ¼ N-terminal pro–B-type natriuretic peptide; NYHA ¼ New York Heart Association;
PCI ¼ percutaneous coronary intervention.
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TABLE 2 Cardiovascular Outcomes According to Race Among Patients Enrolled in the Americas

Black Patients
(n ¼ 225)

White Patients
(n ¼ 1,181)

Primary composite endpointa

Event rate per 100 person-y 19.1 (14.7-24.6) 13.5 (11.8-15.4)

Unadjusted HR (95% CI) 1.37 (1.02-1.84); P ¼ 0.038 1.00 (ref.)

Adjusted HR (95% CI) 1.18 (0.86-1.62); P ¼ 0.31 1.00 (ref.)

Cardiovascular death

Event rate per 100 person-y 7.6 (5.1-11.3) 7.0 (5.8-8.4)

Unadjusted HR (95% CI) 1.04 (0.67-1.61); P ¼ 0.85 1.00 (ref.)

Adjusted HR (95% CI) 0.91 (0.58-1.44); P ¼ 0.69 1.00 (ref.)

Worsening HF event

Event rate per 100 person-y 14.5 (10.8-19.4) 8.5 (7.2-10.1)

Unadjusted HR (95% CI) 1.65 (1.17-2.33); P ¼ 0.005 1.00 (ref.)

Adjusted HR (95% CI) 1.35 (0.93-1.97); P ¼ 0.11 1.00 (ref.)

All-cause mortality

Event rate per 100 person-y 8.8 (6.1-12.7) 9.3 (8.0-10.9)

Unadjusted HR (95% CI) 0.92 (0.63-1.40); P ¼ 0.75 1.00 (ref.)

Adjusted HR (95% CI) 0. 87 (0.57-1.33); P ¼ 0.53 1.00 (ref.)

Total HF hospitalizations and cardiovascular deathb

Event rate per 100 person-y 22.5 (17.9-28.3) 19.9 (17.8-22.1)

Unadjusted rate ratio (95% CI) 1.07 (0.77-1.49); P ¼ 0.68 1.00 (ref.)

Adjusted rate ratio (95% CI) 0.82 (0.57-1.19); P ¼ 0.30 1.00 (ref.)

Unadjusted analysis includes factors for race, randomized treatment, and history of HF hospitalization and is stratified by diabetes status (For all-cause mortality, history of
hospitalization for HF was not included in the model). Adjusted analysis includes factors for race, randomized treatment, history of HF hospitalization, age, sex, heart rate,
systolic blood pressure, body mass index, ischemic etiology of HF, left ventricular ejection fraction, NYHA functional classification, log NT-proBNP, atrial fibrillation, and
estimated GFR. aThe primary outcome was a composite of worsening HF (hospitalization or an urgent visit resulting in intravenous therapy for HF) or death from cardiovascular
causes. bRisk estimate presented as a rate ratio.

HF ¼ heart failure; other abbreviations as in Table 1.
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worsening renal function endpoint, and all-cause
death. Because of the small number of renal events
overall, this endpoint was not examined in the pre-
sent subgroup analysis. Prespecified exploratory
endpoints included change from baseline in eGFR,
SBP, body weight, and hematocrit.

Prespecified safety analyses included serious
adverse events; adverse events leading to discontin-
uation of randomized treatment; and adverse events
of interest, including volume depletion, renal adverse
events, bone fracture, amputation, major hypoglyce-
mia, and diabetic ketoacidosis. Safety analyses were
performed in randomized patients who had received at
least 1 dose of either dapagliflozin or placebo. (Eight
randomized patients were excluded from the safety
analysis.)

STATISTICAL ANALYSES. Baseline characteristics
were summarized as frequency with percentage,
mean with SD, or median with IQR. Differences in
baseline characteristics were tested using the
chi-square test for categorical variables and the
Wilcoxon test and 2-sample Student’s t-test for
non-normal and normally distributed continuous
variables, respectively.

Time-to-event data for the primary outcome and
secondary clinical outcomes according to race,
regardless of treatment allocation, were evaluated
using the Kaplan-Meier estimator and Cox propor-
tional hazards models, stratified according to
diabetes mellitus status, with a history of HF hospi-
talization and treatment group assignment as fixed-
effect factors to calculate HRs, 95% CIs, and 2-sided
P values. Total, including recurrent events, were
evaluated with semiparametric proportional-rates
models, as described previously (12). The models for
all-cause death did not include adjustment for history
of HF hospitalization. Interaction between race and
the effect of treatment was examined using the
methods described with the addition of a race-by-
treatment interaction term in the models. In addi-
tion, adjusted HRs from models including age, heart
rate, SBP, body mass index (BMI), HF etiology, LVEF,
NYHA class, log NT-proBNP, atrial fibrillation, and
eGFR were reported.

Responder analyses examining proportions of pa-
tients with a deterioration (decrease in KCCQ-TSS
of $5 points) and clinically important improvement
(increase in KCCQ-TSS of $5 points) in symptoms,
physical function, and health-related quality of life at
8 months according to race were conducted, with the
treatment effect expressed as an odds ratio, and
missing KCCQ values were accounted for with



FIGURE 1 Cumulative Incidence of Cardiovascular Outcomes According to Race Among Patients Enrolled in the Americas

The cumulative incidences of (A) the primary outcome (a composite of worsening heart failure [hospitalization or an urgent visit resulting in intravenous heart failure

therapy] or cardiovascular death), (B, C) its individual components, and (D) death from any cause were estimated with the use of the Kaplan-Meier method.
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multiple imputation using methods described previ-
ously (12).

Longitudinal measures, including eGFR, SBP, body
weight, and hematocrit, were analyzed using a
mixed-effects model for repeated measurements
(adjusted for baseline values, visit, randomized
treatment, and interaction of treatment and visit with
a random intercept and slope per patient). The least-
squares mean differences between treatment groups
were estimated with 95% CIs and plotted for each
group.

Interaction between race and the effect of treat-
ment on the occurrence of the prespecified safety
outcomes was tested in a logistic regression model
with a race-by-treatment interaction term. All ana-
lyses were conducted using Stata, version 16.1 (Stata
Corp), and SAS, version 9.4 (SAS Institute). A P value
of 0.05 was considered statistically significant.
RESULTS

Of the 4,744 patients randomized in DAPA-HF, 1,494
(31.5%) were enrolled in the Americas (North America:
677 [14.3%]; South America: 817 [17.2%]). Of these,
1,181 (79.0%) were White, and 225 (15.1%) were Black.
Of the 225 Black patients, 121 (53.8%) and 104 (46.2%)
were enrolled in North America and South America,
respectively. Only 1 (<0.1%) patient identified as
Native Hawaiian or other Pacific Islander, 4 (0.3%) as
American Indian or Alaska Native, 20 (1.3%) as Asian,
and 63 (4.2%) as “other” (ie, all others: n ¼ 88 [5.9%]).
Only Black and White patients are discussed further.

PATIENT CHARACTERISTICS. Black patients were
considerably younger (mean: 63 years) than White
patients (mean: 67 years). A larger proportion of Black
patients (34.7%), compared with White patients
(24.7%), were women (Table 1). Black patients had a



TABLE 3 Effect of Treatment on Clinical Outcomes According to Race Among Patients Enrolled in the Americas

Black Patients (n ¼ 225) White Patients (n ¼ 1,181)

Interaction P valueDapagliflozin Placebo Dapagliflozin Placebo

Primary composite outcomea

No. of events 26/122 (21.3) 32/103 (30.1) 83/568 (14.6) 130/613 (21.2)

Rate (95% CI) 15.0 (10.2-22.0) 24.4 (17.3-34.5) 10.8 (8.7-13.4) 16.0 (13.5-19.0)

HR (95% CI) 0.62 (0.37-1.03) 0.68 (0.52-0.90) 0.70

Cardiovascular death

No. of events 13/122 (10.7) 12/103 (11.7) 41/568 (7.2) 76/613 (12.4)

Rate (95% CI) 7.2 (4.2-12.4) 8.1 (4.6-14.3) 5.1 (3.7-6.9) 8.9 (7.1-11.1)

HR (95% CI) 0.86 (0.39-1.88) 0.57 (0.39-0.84) 0.34

Worsening heart failure eventa

No. of events 18/122 (14.8) 26/103 (25.2) 53/568 (9.3) 81/613 (13.2)

Rate (95% CI) 10.4 (6.5-16.5) 19.8 (13.5-29.2) 6.9 (5.3-9.0) 10.0 (8.0-12.4)

HR (95% CI) 0.54 (0.29-0.98) 0.71 (0.50-1.00) 0.38

All-cause death

No. of events 14/122 (11.5) 15/103 (14.6) 62/568 (10.9) 94/613 (15.3)

Rate (95% CI) 7.7 (4.6-13.1) 10.2 (6.1-16.9) 7.6 (5.9-9.8) 10.9 (8.9-13.4)

HR (95% CI) 0.77 (0.37-1.59) 0.70 (0.51-0.97) 0.85

First and recurrent heart failure hospitalization and
cardiovascular death

No. of events 28 46 122 208

Rate (95% CI) 15.5 (10.7-22.4) 31.2 (23.3-41.6) 15.1 (12.7-18.1) 24.3 (21.2-27.9)

Rate ratio (95% CI) 0.50 (0.29-0.85) 0.63 (0.46-0.86) 0.43

KCCQ-TSS

Mean change in score at 8 mo (95% CI) 7.5 (2.3-12.6) 7.6 (2.3-12.8) 7.6 (5.8-9.4) 4.0 (2.1-5.9) 0.99

Patients with >5-point improvement at 8 mo, % (95% CI) 61.6 (52.1-71.0) 53.7 (43.7-63.7) 60.4 (56.0-64.8) 53.9 (49.8-58.0)

Odds ratio (95% CI) 1.20 (0.89-1.61) 1.13 (1.10-1.28) 0.76

Patients with >5-point deterioration at 8 mo, % (95% CI) 26.6 (18.2-34.9) 36.9 (27.1-46.6) 25.8 (22.1-29.5) 32.4 (28.5-36.3)

Odds ratio (95% CI) 0.76 (0.55-1.05) 0.86 (0.76-0.99) 0.53

Values are n, n/N (%), unless otherwise indicated. Event rates are presented per 100 patient-y. HRs and 95% CIs were estimated with the use of Cox regression models, stratified according to diabetes status,
with a history of hospitalization for heart failure and treatment group assignment as explanatory variables (For all-cause mortality, history of hospitalization for heart failure was not included in the model).
aThe primary outcome was a composite of worsening heart failure (hospitalization or an urgent visit resulting in intravenous therapy for heart failure) or death from cardiovascular causes.
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higher BMI and SBP, as well as a higher prevalence of
hypertension and diabetes, than White patients.

Black patients were approximately one-half as
likely to have an ischemic etiology and had a notably
lower mean LVEF and worse KCCQ-TSS than White
patients, as well as a higher mean NT-proBNP level,
despite a lower prevalence of atrial fibrillation/flutter
than White patients. (NT-proBNP was higher in Black
patients, irrespective of rhythm.) Black patients also
had experienced prior HF hospitalization more often
than White patients.

Black and White patients had similar treatment
rates with most pharmacological therapies,
including sacubitril/valsartan and intracardiac de-
vices. However, there was a striking difference in
the use of hydralazine, which was prescribed in 22%
of Black patients compared with 5% of White pa-
tients. Diuretics and digoxin were also used more
often in Black patients, the latter despite the lower
prevalence of atrial fibrillation/flutter in Black
patients.
OUTCOMES ACCORDING TO RACE. Compared to
White patients, Black patients had a higher risk of
worsening HF or cardiovascular death (HR: 1.37;
95% CI: 1.02-1.84), explained by a higher rate of
worsening HF events (HR: 1.65; 95% CI: 1.17-2.33)
rather than cardiovascular death (HR: 1.04; 95% CI:
0.67-1.61) (Table 2, Figure 1). The risk of all-cause
death was also similar in Black and White patients.
The higher risks of the primary composite outcome,
and worsening HF events, were attenuated after
adjustment for other prognostic variables but
remained directionally similar to the unad-
justed analysis.

EFFECTS OF DAPAGLIFLOZIN ACCORDING TO RACE.

Primary composite outcome. Dapagliflozin reduced the
risk of worsening HF or cardiovascular death to the
same extent in Black patients (HR: 0.62; 95% CI: 0.37-
1.03) and White patients (HR: 0.68; 95% CI: 0.52-
0.90), with no interaction between race and the
benefit of treatment (P-interaction ¼ 0.70) (Figure 2,
Central Illustration, Table 3). The number of Black



FIGURE 2 Effect of Dapagliflozin Compared With Placebo on Cardiovascular Outcomes According to Race Among Patients Enrolled in the Americas

The cumulative incidences estimated with the use of the Kaplan-Meier method are displayed for (A) the primary composite endpoint, (B) cardiovascular death,

(C) worsening heart failure event, and (D) all-cause mortality. Interaction P values represent a test for interaction between treatment effect and race.

Continued on the next page
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patients needed to treat throughout the trial (median
follow-up: 18.4 months; IQR: 12.9-21.1 months) to
prevent 1 from experiencing the primary composite
endpoint was 11 (5-59), and the number needed to
treat for White patients was 16 (10-46).

Both components of the primary composite
endpoint were reduced by a similar magnitude in
Black and White patients: the HR was 0.54 (95% CI:
0.29-0.98) for worsening HF events in Black patients
and 0.71 (95% CI: 0.50-1.00) in White patients
(P-interaction ¼ 0.38); the HR for cardiovascular
death was 0.86 (95% CI: 0.39-1.88) in Black patients
and 0.57 (95% CI: 0.39-0.84) in White patients
(P-interaction ¼ 0.34).
Secondary outcomes. HRs, rate ratios, and odds
ratios for the effect of dapagliflozin compared with
placebo on the secondary clinical endpoints are dis-
played in the Central Illustration and Table 3. The ef-
fect of dapagliflozin was consistent in Black and
White patients for all secondary endpoints (Table 3).
In particular, the rate ratio for the composite outcome
of total (first and repeat) HF hospitalizations and
cardiovascular death was 0.50 (95% CI: 0.29-0.85) in
Black patients and 0.63 (95% CI: 0.46-0.86) in White
patients (P-interaction ¼ 0.43). For all-cause mortal-
ity, the HR was 0.77 (95% CI: 0.37-1.59) in Black pa-
tients and 0.70 (95% CI: 0.51-0.97) in White patients
(P-interaction ¼ 0.85).
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The proportion of patients with an improvement of
KCCQ-TSS of $5 points was greater with dapagli-
flozin, compared with placebo, with consistent effects
in Black patients (odds ratio [OR]: 1.20; 95% CI: 0.89-
1.61) and White patients (OR: 1.13; 95% CI: 1.10-1.28)
(P- interaction ¼ 0.76). Conversely, the proportion of
patients with a decrease in KCCQ-TSS of $5 points
was smaller in those treated with dapagliflozin,
compared with placebo, in Black patients (OR: 0.76;
95% CI: 0.55-1.05) and White patients (OR: 0.86;
95% CI: 0.76-0.99) (P-interaction ¼ 0.53).

Changes in eGFR, weight, SBP, and hematocrit,
adjusting for baseline values, are shown in
Supplemental Figure 1. There was an initial decrease
in eGFR at 14 days following randomization
with dapagliflozin in both groups (placebo-
corrected change [95% CI] in Black patients:
-2.36 mL/min/1.73 m2 [-5.43 to 0.70]; White patients:
-3.26 mL/min/1.73 m2 [-4.39 to -2.14]), although the
between-treatment difference had attenuated by
8 months, with no interaction between race and the
effect of dapagliflozin (P-interaction ¼ 0.46)
(Supplemental Figure 1A).

SBP declined in both patient groups (placebo-cor-
rected change at 2 months: -3.08 mm Hg [-7.53 to 1.37]
in Black patients vs �2.60 mm Hg [-4.34 to -0.85] in
White patients), with no interaction between race and
the effect of dapagliflozin (P-interaction ¼ 0.70)
(Supplemental Figure 1B). There was no significant
decrease in weight with dapagliflozin in Black pa-
tients at 4 months (placebo-corrected change:
-0.01 kg [-0.95 to 0.92]), whereas there was a signifi-
cant decline in White patients (-0.52 kg [-0.90 to
-0.14]); however, there was no significant interaction

https://doi.org/10.1016/j.jchf.2021.08.006
https://doi.org/10.1016/j.jchf.2021.08.006
https://doi.org/10.1016/j.jchf.2021.08.006


CENTRAL ILLUSTRATION Summary of the Effect of Dapagliflozin on Morbidity/Mortality Outcomes in the Overall
Trial and in Black and White Patients Enrolled in the Americas

Primary Composite Outcome

Cardiovascular death

HF hospitalization or urgent HF visit

Recurrent HF hospitalization or cardiovascular death

Dapagliflozin Placebo Effect Estimate (95% CI) Interaction P Value

0.70

0.34

0.38

0.43

0.53

0.85

0.2

≥5-point deterioration in Kansas City
Cardiomyopathy Questionnaire Total Symptom Score

All-cause death

0.4 0.6

Dapagliflozin
Better

Placebo Better

0.8 1.21.0 1.4

0.70 (0.51-0.97)15.3%10.9%White patients Americas
0.77 (0.37-1.59)14.6%11.5%Black patients Americas

0.83 (0.71-0.97)13.9%11.6%All trial patients

0.76 (0.55-1.05)†36.9%26.6%Black patients Americas
0.86 (0.76-0.99)†32.4%25.8%White patients Americas
0.84 (0.78-0.90)†32.9%25.3%All trial patients

0.50 (0.29-0.85)*n = 46n = 28Black patients Americas
0.63 (0.46-0.86)*n = 208n = 122White patients Americas

All trial patients 0.75 (0.65-0.88)*n = 742n = 567

Black patients Americas 0.54 (0.29-0.98)25.2%14.8%
White patients Americas 0.71 (0.50-1.00)13.2%9.3%
All trial patients 0.70 (0.59-0.83)13.7%10.0%

Black patients Americas 0.86 (0.39-1.88)11.7%10.7%
White patients Americas 0.57 (0.39-0.84)12.4%7.2%
All trial patients 0.82 (0.69-0.98)11.5%9.6%

Black patients Americas 0.62 (0.37-1.03)30.1%21.3%
White patients Americas 0.68 (0.52-0.90)21.2%14.6%
All trial patients 16.3% 21.2% 0.74 (0.65-0.85)

Docherty, K.F. et al. J Am Coll Cardiol HF. 2022;10(1):52–64.

The primary outcome was a composite of worsening heart failure (hospitalization or an urgent visit resulting in intravenous therapy for heart failure) or death from

cardiovascular causes. Effect estimates are displayed as HRs and 95% CIs, unless otherwise indicated and were estimated with the use of Cox regression models,

stratified according to diabetes status, with a history of hospitalization for heart failure and treatment group assignment as explanatory variables. (For all-cause

mortality, history of hospitalization for heart failure was not included in the model.) “All trial patients” refers to all 4,744 patients randomized in 20 countries

worldwide. *Effect estimate is a rate ratio. †Effect estimate is an odds ratio. HF ¼ heart failure.
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between race and the effect of dapagliflozin on
weight throughout the trial (P interaction ¼ 0.34)
(Supplemental Figure 1C).

Hematocrit increased with dapagliflozin in both
Black and White patients, with a plateau reached after
approximately 4 months (placebo-corrected increase:
2.04% [1.04-3.05] in Black patients vs 2.79% [2.38-
3.19] in White patients), with no significant interac-
tion between race and the effect of dapagliflozin
(P-interaction ¼ 0.07).

In Black patients, NT-proBNP decreased by 548
pg/mL (95% CI: -1,256 to 159 pg/mL) in the
dapagliflozin group and increased by 446 pg/mL
(95% CI: -757 to 1,649 pg/mL) in the placebo group
(placebo-corrected difference: -1,122 pg/mL [95% CI:
-2,370 to 127 pg/mL]). The corresponding results
for White patients were a decrease of 104 pg/mL
(95% CI: -298 to 91 pg/mL) in the dapagliflozin group
and an increase of 156 pg/mL (95%CI: -83 to 395 pg/mL)
in the placebo group (placebo-corrected difference:
-245 pg/mL [95% CI: -551 to 59 pg/mL])
(P-interaction ¼ 0.06).
SAFETY ANALYSES. The occurrence of the pre-
specified adverse events according to treatment

https://doi.org/10.1016/j.jchf.2021.08.006


TABLE 4 Occurrence of Prespecified Adverse Events by Treatment Group According to

Race Among Patients Enrolled in the Americas

Black Patients
(n ¼ 225)

White Patients
(n ¼ 1,179)

Interaction
P value

Dapagliflozin
(n ¼ 122)

Placebo
(n ¼ 103)

Dapagliflozin
(n ¼ 567)

Placebo
(n ¼ 612)

Discontinuation because of
adverse event

8 (6.6) 5 (4.9) 22 (3.9) 39 (6.4) 0.19

Volume depletion 10 (8.2) 10 (9.7) 62 (10.9) 60 (9.8) 0.54

Renal adverse event 18 (14.8) 11 (10.7) 51 (9.0) 61 (10.0) 0.29

Fracture 1 (0.8) 2 (1.9) 13 (2.3) 14 (2.3) 0.50

Amputation 0 (0.0) 0 (0.0) 3 (0.5) 4 (0.7) —

Major hypoglycemia 1 (0.8) 1 (1.0) 2 (0.4) 1 (0.2) 0.62

Diabetic ketoacidosis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) —

The safety population included all patients who had undergone randomization and received at least 1 dose of
dapagliflozin or placebo (n ¼ 2,368 in both treatment groups).
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group in Black and White patients is shown Table 4. In
general, the proportions of patients who discontinued
trial treatment or experienced adverse events ac-
cording to randomized treatment assignment were
similar in Black and White patients.

DISCUSSION

In this post hoc subgroup analysis of DAPA-HF, Black
patients experienced a higher risk of worsening HF
events, but similar rates of CV and all-cause death, as
compared with White patients. When added to con-
ventional therapy for HFrEF, dapagliflozin reduced
the risk of worsening HF events and cardiovascular
death to a similar extent in Black andWhite patients. In
addition, dapagliflozin increased the proportion of
individuals with a clinically important improvement
in KCCQ-TSS and decreased the proportion with a
deterioration in KCCQ-TSS among both Black and
White patients.

The number (n ¼ 226) and proportion (4.8%) of
Black patients enrolled in DAPA-HF overall was small,
but consistent with that reported in other multina-
tional trials (2). In a recent review, the median num-
ber of Black patients included in HF trials was 162,
and the proportion was 5.9%, and there is concern
that this proportion is declining with the globaliza-
tion of clinical trials (2). However, among patients
from the Americas analyzed in this substudy of DAPA-
HF, 13.6% of patients randomized in South America
were Black, and in North America the proportion was
18.9%, somewhat higher than the estimated per-
centage of the U.S. population that is Black (12.2%) or
a recent U.S. HF registry, although Black individuals
in the United States are more likely to develop HF
than White individuals (1,16).

Despite the small absolute number of Black patients
in DAPA-HF, clear differences in outcomes between
Black and White patients were demonstrable, as were
the benefits of dapagliflozin in both patient groups.

BASELINE CHARACTERISTICS AND OUTCOMES IN

BLACK AND WHITE PATIENTS. There were substan-
tial differences in the clinical profile between Black
and White patients, which largely confirmed those
described in prior epidemiologic and registry studies,
as well as trials (1-3,16-18). As expected, Black pa-
tients were younger, less likely to have an ischemic
etiology, and more likely to have a history of hyper-
tension than White patients, in keeping with the high
burden of hypertension among Black patients. Simi-
larly, obesity and diabetes were more common in
Black patients compared with White patients, as
previously reported. Less is known about LVEF and
NT-proBNP levels according to race among patients
with HFrEF, and it was notable that Black patients
had a higher mean NT-proBNP despite a lower prev-
alence of atrial fibrillation/flutter, perhaps explained
by their lower mean LVEF, compared with White pa-
tients (17,18). Despite no difference in physician-
assessed functional limitation (ie, as assessed using
NYHA functional class), patient-reported symptoms
were much worse (ie, the median KCCQ-TSS, KCCQ
clinical summary score, and KCCQ overall summary
score were lower) among Black, compared with
White, patients, consistent with recent data from the
U.S. CHAMP-HF (Change the Management of Patients
With Heart Failure) registry (16). Age, BMI, the prev-
alence of atrial fibrillation, and eGFR should each
have favored lower rather than the higher NT-proBNP
levels, although standard equations may over-
estimate eGFR in Black people. While there has been a
concern that Black patients may be less optimally
treated than White patients, we did not find evidence
of this, either for evidence-based drug or device
therapies. Specifically, a similar proportion of Black
and White patients were prescribed sacubitril/val-
sartan and had a defibrillating device and cardiac
resynchronization therapy implanted (1-5).

In line with previous findings, Black patients
experienced a substantially higher (around 50%)
rate of worsening HF events compared with White
patients. However, neither the rate of cardiovascu-
lar nor all-cause death was higher in Black patients.
The explanation for this dissociation between
nonfatal and fatal events is uncertain but has been
reported before across inpatient and outpatient
registry cohorts (16-19). However, this is not to
underestimate the importance of nonfatal wors-
ening to patients, their families, and the health care
system. As mentioned, in DAPA-HF, this does not
appear to be related to inferior use of guideline-



Docherty et al J A C C : H E A R T F A I L U R E V O L . 1 0 , N O . 1 , 2 0 2 2

Dapagliflozin and Race in HFrEF J A N U A R Y 2 0 2 2 : 5 2 – 6 4

62
recommended therapies, although we do not know
about treatment adherence, other aspects of self-
care, access to ambulatory compared with hospital
care, quality of care, socioeconomic and educational
factors, and other considerations (such as implicit
bias and neighborhood environmental conditions)
(20).

EFFICACY AND SAFETY OF DAPAGLIFLOZIN IN

BLACK AND WHITE PATIENTS. Renin-angiotensin
system blockers are less effective antihypertensive
agents in Black compared to White patients, and
concerns about a similar difference in efficacy in
HFrEF have also been raised, based on analyses of
the SOLVD (Studies Of Left Ventricular Dysfunction)
trials and V-HeFT II (Vasodilator-Heart Failure Trial
II) (4,21). In V-HeFT II, enalapril appeared to be su-
perior to the combination of hydralazine and iso-
sorbide dinitrate in reducing annual mortality among
White patients (11.0% vs 14.9%) but not in Black pa-
tients (12.8% vs 12.9%). In a post hoc analysis of
SOLVID, each Black patient was matched with 4
White patients to examine the effect of enalapril,
compared with placebo, on outcomes. Angiotensin-
converting enzyme inhibitor treatment was associ-
ated with a lower rate of HF hospitalization in White
(relative risk: 0.56; 95% CI: 0.43-0.73) but not Black
patients (relative risk: 0.96; 95% CI: 0.74-1.24)
(4,6,21). In that analysis, there was no reduction in
mortality with enalapril in either patient group.
Likewise, 2 beta blockers, bucindolol and metoprolol,
were reported to be less effective in Black compared
with White patients, although, as with the ACE in-
hibitor trials, interpretation of these data is
hampered by the small number of Black patients
included (5,6). Conversely, the combination of hy-
dralazine and isosorbide dinitrate is effective in Black
patients, and it was notable that 22% of Black pa-
tients in DAPA-HF were prescribed hydralazine
compared to 5% of White patients (P < 0.001) (8).
This is twice the rate of use of hydralazine (11%)
recently reported among Black patients in the
CHAMP-HF Registry (22).

In the present analyses, the magnitude of the effect
of dapagliflozin on the primary composite outcome of
a worsening HF event or cardiovascular death was at
least as large in Black as White patients and consis-
tent with the effect in the overall trial. Indeed, within
the subgroup of Black patients alone, treatment with
dapagliflozin led to a significant reduction in wors-
ening HF events as well as in the composite of total
(first and repeat) HF hospitalizations and cardiovas-
cular death, despite the relatively small number of
patients and events within this subgroup. Of
importance, because of their higher risk for wors-
ening HF events, the absolute benefit of dapagliflozin
in reducing this risk was even greater in Black than in
White patients. The effect of dapagliflozin on mor-
tality was also directionally similar in Black and
White patients and consistent with the benefit in the
overall trial.

The effects of dapagliflozin on eGFR, body weight,
SBP, and hematocrit were directionally similar in
Black and White patients. In this respect, it is worth
noting that the blood pressure response of renin-
angiotensin system inhibitors and beta blockers is
less in Black than non-Black patients with hyperten-
sion. Consistent with our finding of no race-based
difference in blood pressure in DAPA-HF, a recent
placebo-controlled, randomized trial in Black patients
with hypertension showed a substantial reduction in
blood pressure with empagliflozin, which was at least
as large as that seen in non-Black patients (23). The
higher prevalence of a hypertensive etiology, higher
baseline SBP, and more frequent “salt-sensitive”
phenotype may all be relevant to the substantial
benefit of SGLT2 inhibition in Black patients.

A key goal in the treatment of patients with HFrEF
is to improve patient health status by reducing the
symptom burden and improving physical function
and quality of life. Dapagliflozin increased the pro-
portion of patients with a clinically significant
improvement in symptoms ($5-point increase in
KCCQ-TSS) at 8 months and reduced the proportion
with a clinically meaningful deterioration ($5-point
decrease in KCCQ-TSS), irrespective of race. This
finding is especially important in Black patients given
that they experience a greater burden of symptoms at
baseline.

Finally, the tolerability of dapagliflozin was similar
in Black and White patients. These data are reassur-
ing and underline the substantial, and clinically
important, benefits of dapagliflozin and its favorable
benefit-risk balance, irrespective of race, in an opti-
mally treated cohort of patients with HFrEF. Unfor-
tunately, the use of SGLT2 inhibitors in the United
States remains low in people with diabetes, including
those with HFrEF and chronic kidney disease (24).
Women, Black patients, and patients with low socio-
economic status are less likely to be treated with
these drugs, and measures may be needed to improve
equitable prescription.

STUDY LIMITATIONS. Although race was a pre-
defined subgroup analysis, the analyses reported here
were done post hoc for the reasons outlined. The
proportion of Black patients in DAPA-HF was small, as
discussed earlier, and Black patients continue to be
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under-represented in HF trials, primarily because of
modest enrollment in the United States and the
involvement of few, if any, investigative sites in
Africa (1-3). The inclusion and exclusion criteria pre-
cluded the enrollment of hospitalized and other very-
high-risk patients. These limitations might affect the
generalizability of our results. We were unable to
fully examine the structural and social factors that
may underlie any race-related disparities in prognosis
because such information was not collected. These
factors may also differ in North and South America,
requiring a larger sample size to detect any relevant
influences on the differences reported here.

CONCLUSIONS

In DAPA-HF, dapagliflozin, compared with placebo,
reduced the risk of worsening HF events, cardiovas-
cular death, and all-cause death, and it improved
symptoms similarly, in Black and White patients.
These findings provide further support for the use of
dapagliflozin as a new treatment option in HFrEF,
regardless of race.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Concerns

have been raised previously about the efficacy and safety

of some HFrEF pharmacologic therapies in Black patients.

Evidence of a consistent benefit and the safety of the

SGLT2 inhibitor dapagliflozin in Black patients, as

compared with White patients, means that dapagliflozin

should be considered as a foundational treatment for

HFrEF in all patients, regardless of race.

TRANSLATIONAL OUTLOOK: In DAPA-HF, as re-

ported previously, Black patients, as compared with

White patients in the Americas, had a higher rate of

worsening HF events with no significant difference in

mortality rates. Further research is required to under-

stand the reasons underlying this difference.
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