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DAPA-HF & DELIVER pooled analysis: Background

• When added to standard therapy, the SGLT2 inhibitor, dapagliflozin, 
reduced the risk of worsening heart failure (HF) or cardiovascular (CV) 
death in patients with HF and a left ventricular ejection fraction (LVEF) 
≤40% in the DAPA-HF trial and >40% in the DELIVER trial 

• DAPA-HF and DELIVER were not powered to test the effect of 
dapagliflozin on the components of the primary outcome or 
important secondary outcomes

• Prior to database lock of DELIVER, we planned an analysis of the 
pooled cohorts from DAPA-HF and DELIVER to examine the effect of 
dapagliflozin on key clinical outcomes

PROSPERO: CRD42022346524



• In our analysis plan we specified a number of sub-groups that would be 
examined (age, sex, NYHA class, history of diabetes, LVEF [above and 
below 40%] and eGFR)

• However, an analysis of empagliflozin in the EMPEROR trials, suggested 
that there was attenuation of the effect of empagliflozin in patients 
with a higher LVEF 

• Therefore, we updated our statistical analysis plan to examine 
additional LVEF subgroups (≤ 49%, 50 to 59%, ≥60%) and LVEF as a 
continuous variable

DAPA-HF & DELIVER pooled analysis: Background



DAPA-HF & DELIVER pooled analysis: Aims
• The following endpoints were studied in this pre-specified hierarchy to 

control alpha: 

– CV Death (pre-specified to include undetermined deaths from both trials)

– All cause death

– Total (i.e., first and repeat) hospitalisations for HF (with an additional 
supportive analysis of time to the first occurrence of hospital admissions 
for heart failure, outside alpha control)

– CV death/ myocardial infarction/ stroke (i.e., “major adverse 
cardiovascular events” - MACE)

• To compare our findings with the analysis of the EMPEROR trials we also 
examined the composite of CV death/ first HF hospitalisation



DAPA-HF and DELIVER pooled dataset

LVEF (%)

DAPA-HF

n=4,744

DELIVER

n=6,263 
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Dapagliflozin 10mg once daily vs placebo 
Median follow-up = 22 (IQR 17-30) months
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DAPA-HF & DELIVER pooled: Key baseline characteristics
LVEF ≤30% LVEF >60% P for 

trend
Mean age (yr)  65±11 74±9 <0.001 
Male (%) 79% 44% <0.001
NYHA class III/IV (%) 32% 21% <0.001
Mean Body Mass Index (%) 28±6 30±6 <0.001
Median NT pro BNP (pg/ml) 1680 (964-3163) 903 (542-1548) <0.001
Mean systolic BP (mmHg) 118±15 129±15 <0.001
Prior HF Hospitalisation (%) 49% 33% <0.001
Mean eGFR (ml/min/1.73m2) 66±20 59±19 <0.001
Type 2 diabetes (%) 41% 44% 0.16
Atrial fibrillation (%) 34% 57% <0.001 



DAPA-HF & DELIVER pooled data: Cardiovascular death

HR 0.86 (95% CI 0.76-0.97) p=0.01
Placebo

Dapagliflozin



HR 0.90 (95% CI 0.82-0.99) p=0.03
Placebo

Dapagliflozin

DAPA-HF & DELIVER pooled data: All-cause death



DAPA-HF & DELIVER pooled: Total HF hospitalisations

RR 0.71 (95% CI 0.65-0.78) p<0.001 Placebo

Dapagliflozin

Ghosh and Lin method accounting for CV death



DAPA-HF & DELIVER pooled: First HF hospitalisation*

HR 0.74 (95% CI 0.66-0.82) p<0.001
Placebo

Dapagliflozin

*supportive analysis - outside alpha control



HR 0.90 (95% CI 0.81-1.00) p=0.045 Placebo

Dapagliflozin

DAPA-HF & DELIVER pooled: CV death/MI/stroke



HR 0.78 (95% CI 0.72-0.86) p<0.001
Placebo

Dapagliflozin

DAPA-HF & DELIVER: CV death/HF hospitalisation*

*supportive analysis - outside alpha control



DAPA-HF & DELIVER pooled: Outcome hierarchy
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DAPA-HF & DELIVER pooled: Cardiovascular death 
in pre-specified  subgroups

HR (95% CI) HR (95% CI)

0.4 0.6 1.0 1.5
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DAPA-HF & DELIVER pooled: Cardiovascular death

HR 0.86 (95% CI 0.76-0.97) p=0.01 Placebo 
better

Dapagliflozin 
better

P for interaction =0.94



HR 0.90 (95% CI 0.82-0.99) p=0.03

P for interaction =0.58

Placebo 
better

Dapagliflozin 
better

DAPA-HF & DELIVER pooled: All-cause death



P for interaction =0.84

RR 0.71 (95% CI 0.65-0.78) p<0.001 HR 0.74 (95% CI 0.66-0.82) p<0.001

P for interaction =0.40
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DAPA-HF & DELIVER pooled: HF hospitalisations



HR 0.90 (95% CI 0.81-1.00) p=0.045

P for interaction =0.93

DAPA-HF & DELIVER pooled: CV death/MI/stroke

Placebo 
better

Dapagliflozin 
better



HR 0.78 (95% CI 0.72-0.86) p<0.001

P for interaction =0.71

DAPA-HF & DELIVER: CV death/HF hospitalisation
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Dapagliflozin 
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DAPA-HF & DELIVER pooled: Summary and conclusions

• In a large population with heart failure, dapagliflozin reduced the 
risk of cardiovascular and all-cause death, heart failure 
hospitalisations and MACE

• The benefits of dapagliflozin were observed in all patients 
regardless of ejection fraction

• Most patients with heart failure, regardless of ejection fraction, are 
likely to benefit from treatment with a SGLT2 inhibitor

• SGLT2 inhibitors could be initiated in patients with a clinical 
diagnosis of HF and no contraindications while awaiting a 
measurement of ejection fraction
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Sodium–glucose cotransporter 2 (SGLT2) inhibitors have been 
shown to be of benefit in patients with heart failure (HF), 
leading to significant reductions in the composite outcome of 

worsening HF (often leading to hospitalization) or death from car-
diovascular (CV) causes1–5. We planned a prospective, patient-level 
pooled meta-analysis of the Dapagliflozin and Prevention of 
Adverse Outcomes in Heart Failure (DAPA-HF) and Dapagliflozin 
Evaluation to Improve the LIVEs of Patients With Preserved 
Ejection Fraction Heart Failure (DELIVER) trials to provide addi-
tional data about the efficacy and safety of dapagliflozin as a treat-
ment for patients with HF1,2. The individual trials were powered for 
their primary composite endpoints6,7 and the purpose of the pooled 
analysis was to evaluate the key components of these endpoints and 
important secondary efficacy outcomes that required more power 
than provided by the individual trials. In particular, we pre-specified 
examination of the effect of dapagliflozin on mortality and the 
composite of death from CV causes, myocardial infarction (MI) or 
stroke (MACE). We also pre-specified that these outcomes would 

be examined in a limited number of patient subgroups to examine 
the consistency of the effects of dapagliflozin. One of these, left ven-
tricular ejection fraction (LVEF), has become a key clinical ques-
tion since the pooled analysis was originally conceived8. Treatments 
for heart failure that work through neurohumoral pathways have 
their greatest benefit in patients with a reduced LVEF, that is, ≤40%. 
Analyses of trials testing such treatments demonstrated attenuated 
benefit in patients with an ejection fraction >55–60%9–11. This pat-
tern is considered biologically plausible because patients with lower 
ejection fractions exhibit greater neurohumoral activation than 
patients with higher ejection fractions9–11. SGLT2 inhibitors are not 
thought to act through neurohumoral pathways and no gradient in 
their effect related to ejection fraction was anticipated. However, a 
pooled analysis of the EMPagliflozin outcomE tRial in patients with 
chrOnic heaRt failure (EMPEROR) trials unexpectedly suggested a 
similar pattern of attenuated benefit in patients with a normal ejec-
tion fraction3,4,12. If correct, this finding has major implications for 
the treatment of patients with HF, a large proportion of whom have a 

Dapagliflozin across the range of ejection fraction 
in patients with heart failure: a patient-level, 
pooled meta-analysis of DAPA-HF and DELIVER
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Whether the sodium–glucose cotransporter 2 inhibitor dapagliflozin reduces the risk of a range of morbidity and mortality 
outcomes in patients with heart failure regardless of ejection fraction is unknown. A patient-level pooled meta-analysis of two 
trials testing dapagliflozin in participants with heart failure and different ranges of left ventricular ejection fraction (≤40% 
and >40%) was pre-specified to examine the effect of treatment on endpoints that neither trial, individually, was powered 
for and to test the consistency of the effect of dapagliflozin across the range of ejection fractions. The pre-specified endpoints 
were: death from cardiovascular causes; death from any cause; total hospital admissions for heart failure; and the composite of 
death from cardiovascular causes, myocardial infarction or stroke (major adverse cardiovascular events (MACEs)). A total of 
11,007 participants with a mean ejection fraction of 44% (s.d. 14%) were included. Dapagliflozin reduced the risk of death from 
cardiovascular causes (hazard ratio (HR) 0.86, 95% confidence interval (CI) 0.76–0.97; P!=!0.01), death from any cause (HR 
0.90, 95% CI 0.82–0.99; P!=!0.03), total hospital admissions for heart failure (rate ratio 0.71, 95% CI 0.65–0.78; P!<!0.001) 
and MACEs (HR 0.90, 95% CI 0.81–1.00; P!=!0.045). There was no evidence that the effect of dapagliflozin differed by ejec-
tion fraction. In a patient-level pooled meta-analysis covering the full range of ejection fractions in patients with heart fail-
ure, dapagliflozin reduced the risk of death from cardiovascular causes and hospital admissions for heart failure (PROSPERO: 
CRD42022346524).
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