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BACKGROUND Patients with heart failure (HF) with mildly reduced or preserved ejection fraction in Asia may have

different clinical characteristics and outcomes compared with patients from other parts of the world.

OBJECTIVES The purpose of this study was to investigate the clinical characteristics, safety, and efficacy of dapagli-

flozin in patients in Asia vs outside Asia in the DELIVER (Dapagliflozin Evaluation to Improve the Lives of Patients with

Preserved Ejection Fraction Heart Failure) trial.

METHODS In the DELIVER trial, patients with HF and left ventricular ejection fraction >40% were enrolled across 353

sites in 20 countries. The effects of dapagliflozin vs placebo on primary (composite of worsening HF or cardiovascular

death) and secondary outcomes were compared in patients from Asia vs outside Asia.

RESULTS Among 6,263 participants, 1,226 (19.6%) were enrolled in Asia. Participants from Asia were less likely to have

diabetes, hypertension, history of myocardial infarction, or obesity. After adjusting for clinically relevant characteristics,

those in Asia had similar risks of primary composite outcome compared with those from outside Asia (HR: 0.97; 95% CI:

0.82-1.15). Those in Asia had a lower risk of all-cause mortality compared with those enrolled outside Asia (HR: 0.54;

95% CI: 0.44-0.66). Enrollment from Asia did not modify the effect of dapagliflozin on the primary outcome

(Pinteraction ¼ 0.54). Serious adverse events and rates of drug discontinuation were also balanced in both treatment arms,

irrespective of enrollment in Asia vs outside Asia.

CONCLUSIONS In the global DELIVER trial, dapagliflozin reduced the risk of CV death or worsening HF events and was

well tolerated among participants enrolled in both Asia and other geographic regions. (JACC: Asia 2024;4:108–118)
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AB BR E V I A T I O N S

AND ACRONYM S

ACE = angiotensin-converting

enzyme

aHR = adjusted HR

BMI = body mass index

CV = cardiovascular

HF = heart failure

HFpEF = heart failure with

preserved ejection fraction

KCCQ = Kansas City

Cardiomyopathy Questionnaire

LVEF = left ventricular

ejection fraction

NT-proBNP = N-terminal pro–

B-type natriuretic peptide

SGLT2 = sodium glucose

co-transporter 2
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A sia comprises 60% of the world’s population
and is both ethnically and socioeconomically
diverse. With a rapidly aging population, ur-

banization, and increased prevalence of comorbid-
ities such as diabetes, obesity, and hypertension,
heart failure (HF) has become an urgent public health
concern in this region.1

Epidemiological data suggest that many Asian
countries have worse HF outcomes compared with
Western countries, but with significant variation
among nations. For example, in the INTER-CHF (In-
ternational Congestive Heart Failure) study, India
had the highest 1-year mortality (23%), compared
with Southeast Asia (15%) and China (7%).2 Data from
the ASIAN-HF (Asian Sudden Cardiac Death in
Heart Failure) registry showed the highest mortality
in Southeast Asia.3 Moreover, comorbidities and
outcomes vary enormously between and even within
Asian countries and ethnicities.

Yet despite its large population with high rates of
adverse outcomes, Asian countries have been gener-
ally underrepresented in global clinical trials until
recently. For example, most of the pivotal trials for
angiotensin-converting enzyme (ACE) inhibitors and
beta blockers did not include any Asian countries at
all.4 The DELIVER (Dapagliflozin Evaluation to
Improve the Lives of Patients with Preserved Ejection
Fraction Heart Failure) trial included a fifth of par-
ticipants from Asia,5,6 thus providing a unique op-
portunity to study the characteristics, outcomes, and
response to therapy in a contemporary cohort of pa-
tients with HF from Asia.

METHODS

STUDY DESIGN AND PATIENT POPULATION. The design
of DELIVER has been previously reported.5,7 Briefly,
6,263 patients were enrolled in the phase III, inter-
national, double-blind, randomized-controlled trial.
Patients with chronic HF and left ventricular ejection
fraction (LVEF) >40% (including previous LVEF
#40%) were randomized to receive dapagliflozin
10 mg daily or a matching placebo. In addition to
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NYHA functional class II-IV HF, evidence of
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hypertrophy), and elevated natriuretic pep-
tides (NT-proBNP [N-terminal pro–B-type
natriuretic peptides] $300 pg/mL for those
without atrial fibrillation/flutter, or $600 pg/
mL for those in atrial fibrillation/flutter). Pa-
tients were followed for a median of 2.3
years. The trial protocol for DELIVER were
approved by institutional review boards at
each trial center and trial participants gave
informed consent.

DEFINITION OF REGIONS AND ETHNICITIES. In
the DELIVER trial, the prespecified geo-
graphic regions included Asia, Latin America,
North America, and Europe and Saudi Arabia.

Participants enrolled from Asia were from Japan,
China, Taiwan, and Vietnam.

OUTCOMES. The primary outcome for the DELIVER
trial was a composite of worsening HF or cardiovas-
cular (CV) death, analyzed according to intention-to-
treat principles consistent with the DELIVER
statistical analysis plan. Worsening HF was defined as
HF hospitalization or urgent visit for HF.5,7 Secondary
outcomes included total number of worsening HF and
CV death, change from baseline in Kansas City Car-
diomyopathy Questionnaire (KCCQ) total symptom
score at 8 months, CV death, and all-cause death.

Key safety outcomes included serious adverse
events, adverse events, adverse events leading to
drug discontinuations or dose interruption, and
select adverse outcomes such as hypoglycemia and
diabetic ketoacidosis.

STATISTICAL ANALYSIS. Baseline characteristics for
those enrolled in Asia vs outside Asia were compared.
Continuous variables were analyzed using Student’s
t-test and reported as mean � SD. Non-normally
distributed variables were analyzed using Wilcoxon
rank-sum test. For comparisons between Asian
countries, analysis of variance and Kruskal-Wallis
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tests were used for normally and non-normally
distributed continuous variables, respectively. Cate-
gorical variables were compared using chi-square test
and reported as numbers and percentages. Cox
regression models were used to compare outcomes in
those enrolled in Asia vs outside Asia. Three models
were constructed: 1) unadjusted; 2) with age, sex, and
baseline LVEF as covariates; and 3) with body mass
index (BMI), NYHA functional class, atrial fibrillation/
flutter, stroke, dyslipidemia, diabetes, myocardial
infarction, hypertension, and prior HF hospitalization
as covariates in addition to those included in Model 2.
Total events analyses were performed using the Lin-
Wei-Yang-Ying model.

To evaluate the effect of dapagliflozin in partici-
pants in Asia vs outside Asia, we constructed Cox
proportional hazards models without covariates. To
assess the impact of region on the treatment effect of
dapagliflozin, we included a region-by-treatment
interaction term in the Cox proportional hazards
models.

Linear regression was used to compare changes in
KCCQ scores at 8 months, with baseline KCCQ
included in the linear regression model to account for
baseline differences. The impact of region was tested
by including a region-by-treatment interaction term
in the linear regression model. Stata, version 16
(StataCorp) was used for all analyses. The value
P < 0.05 was considered statistically significant. No
adjustments were made for multiple comparisons.

RESULTS

BASELINE CHARACTERISTICS. There were 1,226
(19.6%) participants enrolled from Asia, all of whom
were of Asian ethnicity. Among the participants who
were enrolled from outside Asia, most were White
(88.1%), with 48 participants of Asian ethnicity (1%).
At baseline, those enrolled in Asia were of similar age
as those enrolled outside of Asia but were more likely
to be men (Table 1). Those enrolled in Asia had a lower
burden of comorbidities, as evidenced by less obesity,
dyslipidemia, type 2 diabetes, hypertension,
myocardial infarction, stroke, chronic obstructive
pulmonary disease, and sleep apnea (Table 1).
Compared with those enrolled from outside Asia,
those enrolled in Asia had similar levels of NT-
proBNP, higher baseline LVEF, were less likely to
have NYHA functional class III/IV symptoms, but
were more likely to have a history of HF hospitaliza-
tion. Participants from Asia were less likely to be on
loop diuretics, ACE inhibitors, and beta blockers, but
were more likely to be on angiotensin receptor
blockers and mineralocorticoid receptor antagonists.
Within Asia, patients from China were the youn-
gest (mean age 66 � 10 years), and patients from
Japan were the oldest (mean age 75 � 9 years)
(Table 1). The proportion of patients who were men
was highest in China (66.5%) and lowest in Vietnam
(48.3%). Dyslipidemia was highly prevalent in Viet-
nam (80.7%) compared with Japan (65.4%), Taiwan
(58.2%), and China (21.6%). Diabetes was more prev-
alent in Taiwan (45.3%) and China (42.3%) than Japan
(36.0%) and Vietnam (28.4%). Baseline NT-proBNP
was similar in countries of Asia. Patients from China
most often reported a prior hospitalization for HF
(61.9%) compared with least often in Vietnam
(29.5%). Those enrolled from China had the highest
prevalence of NYHA functional class III/IV symptoms
(36.5%) compared with those enrolled from Vietnam
with the lowest prevalence (5.7%). Patients from
China had the lowest baseline LVEF (51% � 8%)
compared with Taiwan (58% � 10%), Japan (58% �
10%), and Vietnam (57% � 11%) (Table 1).

OUTCOMES IN ASIA VS OUTSIDE ASIA. Participants
enrolled in Asia and outside Asia had a similar inci-
dence of the primary composite outcome and wors-
ening HF outcomes (including HF hospitalization and
urgent HF visits) (Table 2). However, those enrolled in
Asia had a lower risk of CV death (HR: 0.64; 95% CI:
0.49-0.84; P ¼ 0.001) and all-cause death (HR: 0.61;
95% CI: 0.50-0.73; P < 0.001) (Figure 1) compared with
those enrolled outside Asia. These differences per-
sisted after adjusting for age, sex, and baseline LVEF,
with adjusted HRs (aHRs) of 0.66 (95% CI: 0.51-0.87)
and 0.60 (95% CI: 0.49-0.72) for CV death and all-
cause death, respectively (Table 2). After adjusting
for baseline clinical profiles, those enrolled in Asia
still had an almost 50% lower risk of CV death, non-
CV death, and all-cause death (Table 2).

OUTCOMES IN ASIAN COUNTRIES. Within countries
of Asia, China and Taiwan had a higher rate of the
primary composite outcome compared with Japan
(HR: 2.38; 95% CI: 1.58-3.58 and HR: 1.90; 95% CI:
1.31-2.76, respectively). Compared with patients
enrolled in Japan, those enrolled in China also had a
higher risk of an HF event (HR: 2.41; 95% CI: 1.57-3.72)
(Supplemental Figure 1), which was mostly driven by
HF hospitalization (HR: 2.53; 95% CI: 1.62-3.95)
(Table 3). Similar trends were observed after adjusting
for age, sex, and baseline LVEF. The incidence of CV
death was similar in China and Japan; however, the
incidence of all-cause death was higher in China after
adjusting for age, sex, and baseline LVEF (aHR: 2.22;
95% CI: 1.14-4.35). In comparison, those enrolled in
Vietnam had a higher risk of CV death (aHR: 3.09
[95% CI: 1.39-6.89]), non-CV death (aHR: 3.35 [95% CI:
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TABLE 1 Baseline Characteristics of Patients Enrolled in Asia vs Outside Asia

Outside Asia
(n ¼ 5,037)

Asia
(n ¼ 1,226)

Asia vs Outside Asia
P Value

China
(n ¼ 310)

Taiwan
(n ¼ 318)

Japan
(n ¼ 422)

Vietnam
(n ¼ 176)

Within Asia
P Value

Age, y 71.7 � 9.3 71.4 � 10.4 0.25 66.0 � 9.6 72.8 � 10.6 75.3 � 9.0 69.0 � 9.9 <0.001

Male 2,765 (54.9) 751 (61.3) <0.001 206 (66.5) 180 (56.6) 280 (66.4) 85 (48.3) <0.001

Race <0.001 —

White 4,439 (88.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Asian 48 (1.0) 1,226 (100.0) 310 (100.0) 318 (100.0) 422 (100.0) 176 (100.0)

Black or African American 159 (3.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

American Indian or Alaska Native 189 (3.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Other 202 (4.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Baseline medical history

AFF 2,829 (56.2) 723 (59.0) 0.08 147 (47.4) 221 (69.5) 266 (63.0) 89 (50.6) <0.001

Stroke 458 (9.1) 139 (11.3) 0.016 30 (9.7) 42 (13.2) 62 (14.7) 5 (2.8) <0.001

Dyslipidemia 3,320 (65.9) 670 (54.6) <0.001 67 (21.6) 185 (58.2) 276 (65.4) 142 (80.7) <0.001

Type 2 diabetes mellitus 2,329 (46.2) 477 (38.9) <0.001 131 (42.3) 144 (45.3) 152 (36.0) 50 (28.4) <0.001

Chronic obstructive pulmonary
disease

618 (12.3) 74 (6.0) <0.001 8 (2.6) 47 (14.8) 18 (4.3) 1 (0.6) <0.001

Sleep apnea 440 (8.7) 45 (3.7) <0.001 5 (1.6) 12 (3.8) 27 (6.4) 1 (0.6) <0.001

Myocardial infarction 1,375 (27.3) 264 (21.5) <0.001 80 (25.8) 46 (14.5) 98 (23.2) 40 (22.7) 0.003

Hypertension 4,610 (91.5) 943 (76.9) <0.001 207 (66.8) 262 (82.4) 343 (81.3) 131 (74.4) <0.001

Prior HF hospitalization 1,983 (39.4) 556 (45.4) <0.001 192 (61.9) 94 (29.6) 218 (51.7) 52 (29.5) <0.001

Any coronary artery disease 2,584 (51.3) 634 (51.7) 0.80 165 (53.2) 173 (54.4) 200 (47.4) 96 (54.5) 0.18

Any atherosclerotic cardiovascular
disease

2,886 (57.3) 712 (58.1) 0.62 186 (60.0) 198 (62.3) 229 (54.3) 99 (56.2) 0.14

Never smoker 2,845 (56.5) 673 (54.9) 0.24 187 (60.3) 196 (61.6) 173 (41.0) 117 (66.5) <0.001

Overweight or obese 4,293 (85.3) 567 (46.3) <0.001 157 (50.6) 192 (60.6) 162 (38.4) 56 (31.8) <0.001

Body mass index 31.0 � 6.0 25.1 � 4.2 <0.001 25.4 � 3.7 26.4 � 4.6 24.4 � 4.0 23.8 � 4.1 <0.001

NYHA functional class III/IV 1353 (26.8) 196 (16.0) <0.001 213 (36.5) 48 (15.1) 25 (5.9) 10 (5.7) <0.001

LVEF (%) 53.8 � 8.4 55.7 � 9.8 <0.001 50.6 � 7.7 57.5 � 9.8 57.5 � 9.4 57.4 � 10.9 <0.001

NT-proBNP (ng/L) 1,010
(616–1,754)

1,016
(656–1,746)

0.62 1,061
(614–1,851)

979
(668–1,677)

1,044
(649–1,735)

990
(664–1,504)

0.54

NT-proBNP in AFF 1,408
(970–2,244)

1,378
(925–2,149)

0.17 1,576
(1,054–2,261)

1,279
(902–2,060)

1,487
(933–2,271)

1,214
(933–1,793)

0.14

NT-proBNP when no AFF 709
(468–1,292)

731
(479–1,252)

0.92 762
(484–1395)

704
(444–1150)

737
(501–1,269)

737
(440–1,139)

0.39

Systolic blood pressure (mm Hg) 129.1 � 14.8 124.5 � 16.9 <0.001 120.7 � 16.2 125.4 � 16.5 128.2 � 16.9 120.9 � 16.9 <0.001

Diastolic blood pressure (mm Hg) 74.4 � 10.1 72.2 � 11.2 <0.001 72.9 � 10.6 73.1 � 11.8 71.9 � 11.6 69.8 � 10.0 0.010

HbA1c (%) 6.6 � 1.4 6.4 � 1.2 <0.001 6.6 � 1.5 6.5 � 1.2 6.2 � 0.8 6.4 � 1.3 <0.001

Pulse (beats/min) 71.2 � 11.5 72.7 � 12.5 <0.001 71.9 � 12.4 74.1 � 12.5 71.3 � 11.8 75.3 � 14.0 <0.001

Creatinine (mmol/L) 102.3 � 31.3 103.1 � 30.3 0.40 99.2 � 29.1 109.6 � 34.6 100.7 � 27.7 104.4 � 28.1 <0.001

eGFR (mL/min/1.73 m2) 61.0 � 19.2 61.2 � 19.1 0.77 67.1 � 20.1 56.5 � 18.1 61.4 � 18.4 58.7 � 17.8 <0.001

eGFR <60 mL/min/1.73 m2 2,464 (48.9) 606 (49.4) 0.75 118 (38.1) 181 (56.9) 212 (50.2) 95 (54.0) <0.001

Baseline medications

Loop diuretics 3,969 (78.8) 842 (68.7) <0.001 236 (76.1) 162 (50.9) 336 (79.6) 108 (61.4) <0.001

ACE inhibitor 2,086 (41.4) 209 (17.0) <0.001 44 (14.2) 16 (5.0) 125 (29.6) 24 (13.6) <0.001

Angiotensin receptor blocker 1,742 (34.6) 530 (43.2) <0.001 91 (29.4) 161 (50.6) 165 (39.1) 113 (64.2) <0.001

Angiotensin receptor neprilysin
inhibitor

178 (3.5) 123 (10.0) <0.001 89 (28.7) 33 (10.4) 0 (0.0) 1 (0.6) <0.001

Beta blocker 4,243 (84.2) 934 (76.2) <0.001 249 (80.3) 227 (71.4) 331 (78.4) 127 (72.2) 0.021

Mineralocorticoid receptor
antagonist

2,038 (40.5) 629 (51.3) <0.001 219 (70.6) 140 (44.0) 155 (36.7) 115 (65.3) <0.001

Values are mean � SD, n (%), or median (IQR), unless otherwise noted.

ACE ¼ angiotensin-converting enzyme; AFF ¼ atrial fibrillation/flutter; eGFR ¼ estimated glomerular filtration rate; HbA1c ¼ hemoglobin A1c; HF ¼ heart failure; LVEF ¼ left ventricular ejection fraction;
NT-proBNP ¼ N-terminal pro–B-type brain natriuretic peptide.
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TABLE 2 Unadjusted and Adjusted Primary and Secondary Outcomes in Patients in Asia vs Outside Asia

Events (per 100 py)
Model 1a HR or
RR (95% CI)

[Ref ¼ Outside Asia] P Value

Model 2b HR or
RR (95% CI)a

[Ref ¼ Outside Asia] P Value

Model 3c HR or
RR (95% CI)a

[Ref ¼ Outside Asia] P Value
Outside Asia
(n ¼ 5,037)

Asia
(n ¼ 1,226)

Primary outcome 927 (8.9) 195 (8.0) 0.89 (0.77-1.04) 0.15 0.91 (0.78-1.06) 0.22 0.97 (0.82-1.15) 0.73

HF event 661 (6.3) 162 (6.6) 1.04 (0.87-1.23) 0.69 1.04 (0.88-1.24) 0.64 1.19 (0.98-1.45) 0.08

HF hospitalization 599 (5.7) 148 (6.0) 1.05 (0.88-1.26) 0.59 1.06 (0.88-1.27) 0.55 1.17 (0.95-1.43) 0.14

CV death 428 (3.8) 64 (2.4) 0.64 (0.49-0.84) 0.001 0.66 (0.51-0.87) 0.002 0.56 (0.42-0.75) <0.001

All-cause death 897 (8.0) 126 (4.8) 0.61 (0.50-0.73) <0.001 0.60 (0.49-0.72) <0.001 0.54 (0.44-0.66) <0.001

Non-CV death 464 (4.1) 61 (2.3) 0.57 (0.43-0.74) <0.001 0.53 (0.41-0.70) <0.001 0.52 (0.39-0.69) <0.001

CV death and recurrent HF events 1,526 (13.6) 346 (13.2) 0.97 (0.81-1.17) 0.75 0.99 (0.82-1.19) 0.90 1.09 (0.90-1.33) 0.39

HF event refers to HF hospitalization and urgent outpatient HF visits. aModel 1: Unadjusted. bModel 2: Adjusted for age, sex, baseline LVEF. cModel 3: Adjusted for age, sex, baseline LVEF, body mass index,
NYHA functional class, atrial fibrillation/flutter, stroke, dyslipidemia, type 2 diabetes mellitus, myocardial infarction, hypertension, prior HF hospitalization.

CV ¼ cardiovascular; HF ¼ heart failure; LVEF ¼ left ventricular ejection fraction; py ¼ person-year; RR ¼ rate ratio.
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1.71-6.59]), and all-cause death (aHR: 3.26 [95% CI:
1.95-5.43]) (Table 3). Patients enrolled in Taiwan had a
higher risk of a worsening HF event (aHR: 1.66
[95% CI: 1.10-2.52]), CV death (aHR: 4.39 [95% CI:
2.25-8.56]), and all-cause death (aHR: 2.65 [95% CI:
1.68-4.18]) (Table 3).

IMPACT OF REGION ON TREATMENT EFFECT OF

DAPAGLIFLOZIN. Enrollment from Asia did not
modify the effect of dapagliflozin on primary
outcome (Pinteraction ¼ 0.54), components of primary
outcome, or secondary outcomes (Pinteraction >0.32 for
all outcomes) (Central Illustration, Figure 2). After
adjusting for baseline differences, the treatment ef-
fects of dapagliflozin remained similar in both par-
ticipants from Asia and outside Asia (Supplemental
Figure 2).

REGIONAL VARIATIONS IN KCCQ SCORES. At base-
line, participants from Asia had a KCCQ total symp-
tom score (KCCQ-TSS) of 81.2 � 19.7, compared with a
KCCQ-TSS score of 67.5 � 21.9 in those from outside
Asia (P < 0.001). Treatment with dapagliflozin resul-
ted in a significant benefit in those enrolled in Asia
and outside Asia (Table 4). There was no evidence of
region-by-treatment interaction (Pinteraction >0.50 for
total symptom score, clinical summary score, and
overall summary score) (Table 4).

ADVERSE EVENTS IN ASIA VS OUTSIDE ASIA.

Data on serious adverse events, adverse events that
led to discontinuation of dapagliflozin or placebo, and
select other adverse events were collected. Overall,
patients enrolled in Asia vs outside Asia had similar
rates of adverse events (Supplemental Table 1), with a
few exceptions. In the overall patient group (regard-
less of treatment assignment), those enrolled in Asia
had lower rates of adverse events (14.5% outside Asia
vs 7.6% in Asia, P < 0.001), amputation (0.9% outside
Asia vs 0.1% in Asia), and myocardial infarction (2.5%
outside Asia vs 1.0% in Asia). In both groups, those
randomized to dapagliflozin did not have a higher
rate of adverse events compared with those ran-
domized to placebo (Supplemental Table 1). Further,
there was no evidence of effect modification by re-
gion (Pinteraction $ 0.07 for all adverse event out-
comes) (Supplemental Table 1).

DISCUSSION

In this subgroup analysis of the DELIVER trial, par-
ticipants enrolled in Asia had a lower burden of
comorbidities, had similar incidence of HF events,
but were less likely to experience CV death or all-
cause death. Despite these differences, dapagliflozin
was well tolerated in both patients in Asia and outside
Asia. Further, enrollment from Asia did not modify
the effect of dapagliflozin on primary and secondary
outcomes.

The differences in baseline characteristics in pa-
tients from Asia compared with those from outside
Asia were overall consistent with previous studies,
with some notable exceptions. In the ASIAN-HF reg-
istry, Asian patients were much younger (mean age
68.4 years) compared with those with heart failure
with preserved ejection fraction (HFpEF) in Western
registries, such as GWTG-HF (Get With The Guideline-
Heart Failure, mean age 82 years), SwedeHF (The
Swedish Heart Failure Registry, mean age 77.5 years),
and OPTIMIZE-HF (Organized Program to Initiate
Lifesaving Treatment in Hospitalized Patients With
Heart Failure, mean age 75.6 years).8 In DELIVER,
those enrolled in Asia had a mean age of 71.4 years,
compared with a mean age of 71.7 years in those

https://doi.org/10.1016/j.jacasi.2023.10.005
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FIGURE 1 Cumulative Incidence of CV Outcomes According to Geographic Region

Cox regression models were used to compare outcomes in those enrolled in Asia vs outside Asia. Unadjusted hazard ratios with participants

outside Asia are displayed. The primary outcome was a composite of worsening heart failure (HF) or cardiovascular (CV) death. The cu-

mulative incidence of (A) the primary outcome, (B) cardiovascular death, (C) heart failure events, and (D) all-cause death were estimated with

the use of the Kaplan-Meier method in patients enrolled in Asia and outside Asia. Compared with participants outside Asia, those from Asia

had lower incidence of CV death and all-cause death, but similar incidence of primary outcome and HF events.
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enrolled outside Asia. Consistent with registry data,
patients in DELIVER and enrolled in Asia were less
likely to have prior myocardial infarction and had
lower BMI, with a mean BMI of 25 (Asia) vs 31 (outside
Asia). Despite a significantly lower prevalence of
overweight/obesity, almost 40% of participants in
Asia had diabetes, with the rate as high as 45% in
those enrolled from Taiwan. This is consistent with
prior findings in ASIAN-HF, where prevalence of
diabetes was high despite a lower BMI, suggesting a
key role of metabolic derangement in the develop-
ment of HFpEF9 in this patient population.

Although prior studies suggested worse outcomes
in certain patients with HF in Asia,2,10 our analyses
demonstrated a lower risk of CV death and all-cause
death in patients with chronic HF and LVEF >40%.
The lower risk of CV death and all-cause death was
observed despite a similar risk of HF events. One
possible explanation for this observation is the eligi-
bility criteria used in DELIVER, such as the require-
ment for elevated NT-proBNP, to standardize risk of
worsening HF events. In contrast, there were no
specific eligibility criteria for other cardiac and
noncardiac comorbidities, which may have accounted
for the differences in risks of CV death and all-cause
death. Regardless, there are notable differences
within countries of Asia. Compared with Japan, those
from China and Taiwan experienced a higher risk of
worsening HF events, CV death, and all-cause death.
Those from Vietnam had markedly higher risk of all-
cause death, but similar rates of HF events. Howev-
er, it is worth noting that the overall event rates in
patients from Vietnam were low, and thus these
cross-country comparisons may be underpowered.
Nevertheless, these notable differences reflect the
diverse ethnic and sociodemographic backgrounds of



TABLE 3 Unadjusted and Adjusted Primary and Secondary Outcomes in Patients in Countries of Asia

Japan (n ¼ 422) China (n ¼ 310) Taiwan (n ¼ 318) Vietnam (n ¼ 176)

Primary outcome [195 events]

Events (per 100 py) 57 (5.5) 50 (12.3) 62 (10.0) 26 (6.7)

Unadjusted HR (95% CI) [Ref] 2.38 (1.58-3.50), P < 0.001 1.90 (1.31-2.76), P < 0.002 1.25 (0.78-1.99), P ¼ 0.36

Adjusted HR (95% CI),a [Ref] 2.42 (1.56-3.76), P < 0.001 2.00 (1.38-2.90), P < 0.001 1.41 (0.87-2.28), P ¼ 0.16

HF event [162 events]

Events (per 100 py) 49 (4.7) 46 (11.3) 47 (7.6) 20 (5.1)

Unadjusted HR (95% CI) [Ref] 2.41 (1.57-3.72), P < 0.001 1.63 (1.08-2.46), P ¼ 0.020 1.10 (0.65-1.86), P ¼ 0.72

Adjusted HR (95% CI),a [Ref] 2.30 (1.44-3.66), P < 0.001 1.66 (1.10-2.52), P ¼ 0.016 1.16 (0.68-1.99), P ¼ 0.58

HF Hospitalization [148 events]

Events (per 100 py) 44 (4.2) 45 (11.0) 39 (6.2) 20 (5.1)

Unadjusted HR (95% CI) [Ref] 2.53 (1.62-3.95), P < 0.001 1.46 (0.94-2.26), P ¼ 0.09 1.20 (0.70-2.04), P ¼ 0.51

Adjusted HR (95% CI),a [Ref] 2.34 (1.45-3.79), P < 0.001 1.46 (0.94-2.28), P ¼ 0.09 1.22 (0.71-2.11), P ¼ 0.47

All-cause death [126 events]

Events (per 100 py) 39 (3.5) 15 (3.3) 44 (6.7) 28 (6.8)

Unadjusted HR (95% CI) [Ref] 1.45 (0.77-2.75), P ¼ 0.25 2.36 (1.50-3.71), P < 0.001 2.22 (1.35-3.66), P ¼ 0.002

Adjusted HR (95% CI),a [Ref] 2.22 (1.14-4.35), P ¼ 0.020 2.65 (1.68-4.18), P < 0.001 3.26 (1.95-5.43), P < 0.001

CV Death [64 events]

Events (per 100 py) 14 (1.3) 9 (2.0) 29 (4.4) 12 (2.9)

Unadjusted HR (95% CI) [Ref] 2.21 (0.91-5.42), P ¼ 0.08 4.09 (2.10-7.95), P < 0.001 2.50 (1.15-5.46), P ¼ 0.021

Adjusted HR (95% CI),a [Ref] 2.55 (1.00-6.50), P ¼ 0.05 4.39 (2.25-8.56), P < 0.001 3.09 (1.39-6.89), P ¼ 0.006

Non-CV death [61 events]

Events (per 100 py) 25 (2.2) 6 (1.3) 15 (2.3) 15 (3.6)

Unadjusted HR (95% CI) [Ref] 1.02 (0.39-2.63), P ¼ 0.97 1.32 (0.68-2.57), P ¼ 0.42 1.94 (1.01-3.75), P ¼ 0.048

Adjusted HR (95% CI),a [Ref] 2.17 (0.80-5.93), P ¼ 0.13 1.52 (0.78-2.97), P ¼ 0.22 3.35 (1.71-6.59), P < 0.001

Composite of CV death and recurrent HF events [346 events]

Events (per 100 py) 109 (9.9) 98 (21.9) 98 (14.9) 41 (10.0)

Unadjusted RR (95% CI) [Ref] 2.68 (1.66-4.32), P < 0.001 1.62 (1.02-2.51), P ¼ 0.032 1.06 (0.62-1.79), P ¼ 0.84

Adjusted HR (95% CI),a [Ref] 2.64 (1.63-4.25), P < 0.001 1.69 (1.11-2.59), P ¼ 0.015 1.19 (0.70-2.02), P ¼ 0.51

HF event refers to HF hospitalization and urgent outpatient HF visits. aAdjusted for age, sex, baseline LVEF.

CV ¼ cardiovascular; HF ¼ heart failure; LVEF ¼ left ventricular ejection fraction; py ¼ person-year; RR ¼ rate ratio.
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people in Asia. For example, patients from Japan are
known to have one of the longest life expectancies in
the world, and the overall better outcomes are likely a
reflection of its socioeconomics and health care
infrastructure.11 In comparison, even though patients
from Vietnam were younger and had lower comor-
bidity burden compared with other regions in Asia,
they still had markedly higher mortality rates. This is
consistent with the observations in the ASIAN-HF
registry, where Southeast Asians with HFpEF had
the highest rates of death or HF hospitalization.9

Even after adjusting for baseline comorbidities and
demographic factors, Southeast Asians in the
ASIAN-HF registry had a 2.7-fold risk of death of HF
hospitalizations compared with Northeast Asians,
and an almost 4-fold risk of all-cause death.9 This
higher risk of adverse outcomes warrants further
research to understand the underlying social and
biological factors driving this risk.
Patients in DELIVER and enrolled from Asia
derived similar benefits from dapagliflozin compared
with those outside Asia. This is consistent with pre-
viously reported analyses in DAPA-HF, which evalu-
ated the effect of dapagliflozin in patients with heart
failure with reduced ejection fraction.12 In DAPA-HF,
1,096 (23.1%) were enrolled in Asia, with similar
event rate of primary composite endpoint compared
with those enrolled outside Asia (13.9 per 100 person-
years vs 13.4 per 100 person-years). Those enrolled in
Asia vs outside Asia also had similar rates of wors-
ening HF events, CV death, all-cause death, and total
HF hospitalization and CV death.12 In DAPA-HF,
dapagliflozin had a consistent effect in reducing the
primary endpoint in patients enrolled in Asia vs
outside Asia, and was well tolerated in both pop-
ulations. In EMPEROR-Reduced (Empagliflozin
Outcome Trial in Patients with Chronic Heart Failure
with a Reduced Ejection Fraction), patients with



CENTRAL ILLUSTRATION The DELIVER Trial in Asia
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Select baseline clinical characteristics and primary composite outcome in participants enrolled from Asia vs outside Asia in the DELIVER (Dapagliflozin Evaluation to

Improve the Lives of Patients with Preserved Ejection Fraction Heart Failure) trial. Map graphics were created with Microsoft Excel with software powered by Bing.

HFH ¼ heart failure hospitalization; LVEF ¼ left ventricular ejection fraction; NT-proBNP ¼ N-terminal pro–B-type natriuretic peptides.
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heart failure with reduced ejection fraction were
randomized to receive another sodium glucose co-
transporter 2 (SGLT2) inhibitor, empagliflozin, or
placebo.13 There were 493 (13.2%) patients enrolled in
Asia, and the effect of empagliflozin in reducing pri-
mary outcome (composite of CV death and HF hos-
pitalization) was more pronounced in those enrolled
in Asia (HR: 0.55; 95% CI: 0.38-0.78, compared with
HR: 0.69; 95% CI: 0.48-1.01 for those enrolled in
North America, HR: 0.73; 95% CI: 0.58-0.94 for those
enrolled in Latin America, and HR: 0.94; 95% CI: 0.74-
1.18 for those enrolled in Europe).14 However, there
was no evidence of treatment-by-region interaction
for the primary outcome (Pinteraction ¼ 0.10).14 Taken
together, these data suggest that enrollment from
Asia does not modify the efficacy of SGLT2 inhibitors
in patients with HF. This further adds to the accu-
mulating evidence that SGLT2 inhibitors are safe and
effective in Asian patients.15-17

Our study highlighted the importance of including
Asian patients in clinical trials. Earlier HF trials
included few or no Asians.4 For example, early HF
trials of ACE inhibitors and beta blockers did not
enroll any patients from Asia.4 In comparison,
PARADIGM-HF (Prospective Comparison of ARNI
[Angiotensin Receptor–Neprilysin Inhibitor] with
ACEi to Determine Impact on Global Mortality and
Morbidity in Heart Failure) and PARAGON-HF (The



FIGURE 2 Treatment Effect of Dapagliflozin in Participants According to Geographic Region

Cox proportional hazards models without covariates were used to evaluate the effect of dapagliflozin in participants in Asia vs outside Asia. A

region-by-treatment interaction term was included in the Cox proportional hazards models to assess the impact of region on the treatment

effect of dapagliflozin. Enrollment from Asia did not modify the effect of dapagliflozin on primary or secondary outcomes. The primary

outcome was a composite of worsening heart failure (HF) or cardiovascular (CV) death. HHF ¼ hospitalization for heart failure.
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Prospective Comparison of with ARB Global Out-
comes in HF with Preserved Ejection Fraction)
enrolled 18% and 16% of patients from Asia, respec-
tively.5,18 DELIVER has a high proportion of partici-
pants from Asia (20%), making it uniquely suited to
evaluate the clinical characteristics and outcomes in a
contemporary HFpEF population.5

STUDY LIMITATIONS. First, the analyses presented
here were post hoc subgroup analyses of a large, ran-
domized trial, and the results should be interpreted as
hypothesis generating. Second, although DELIVER
enrolled 20% of participants from Asia, the distribu-
tion of these participants was not representative of the
overall diverse ethnic and sociodemographic back-
ground of patients in Asia. For example, DELIVER did
not include any patients from India, which has one of
the largest populations in the world with a distinct risk
profile and outcomes as reported by other studies.
Third, as is the case with many subgroup analyses, we
have a lower number of participants and events in the
Asian subgroup, limiting the statistical power to
assess the treatment effect of dapagliflozin in this



TABLE 4 Changes in Kansas City Cardiomyopathy Questionnaire Scores From Baseline to 8 Months

Outside Asia (n ¼ 3430) Asia (n ¼ 981)

Pinteraction

Change From
Baseline to 8 Months P Value

Change From
Baseline to 8 Months P Value

Total symptom score 2.5 (1.4–3.7) <0.001 2.0 (0.1–3.9) 0.040 0.89

Clinical summary score 2.4 (1.4–3.4) <0.001 2.1 (0.3–3.8) 0.021 0.82

Overall summary score 2.4 (1.4–3.4) <0.001 1.3 (-0.4 to 3.0) 0.14 0.55

Values are point changes in Kansas City Cardiomyopathy Questionnaire score (95% CI) unless otherwise indicated.
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population. We were restricted to perform the
adjusted analysis using a limited model when
comparing outcomes between Asian countries due to
small number of events. However, our results high-
lighted the importance of enrolling more patients
from Asia, as well as further epidemiological studies to
understand the unique characteristics of Asian pa-
tients with HF.

CONCLUSIONS

In the DELIVER trial, patients who were enrolled in
Asia had lower risks of CV death or all-cause death
compared with those enrolled outside Asia. Overall
clinical benefits observed in the DELIVER trial were
not modified by enrollment from Asia.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Asian

patients with heart failure with mildly reduced ejec-

tion fraction and HFpEF have distinct clinical charac-

teristics compared with non-Asian patients.

COMPETENCY IN PATIENT CARE: The clinical

benefits of dapagliflozin are not modified by enroll-

ment from Asia. Dapagliflozin should be a founda-

tional therapy for heart failure with mildly reduced

ejection fraction and HFpEF in Asian patients.

TRANSLATIONAL OUTLOOK: In the DELIVER

trial, patients enrolled in Asia had lower risks of CV

death and all-cause death, despite a similar risk of HF

events. There were also significant intraregional var-

iations among Asian patients. Further studies are

needed to evaluate the underlying drivers and con-

tributors to such differences.
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