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BACKGROUND: Sodium-glucose cotransporter-2 inhibitors have emerged as a key pharmacotherapy in heart failure (HF) with 
both reduced and preserved ejection fraction. The benefit of other HF therapies may be modified by sex, but whether sex 
modifies the treatment effect and safety profile of sodium-glucose cotransporter-2 inhibitors remains unclear. Our analyses 
aim to assess the effect of sex on the efficacy and safety of dapagliflozin.

METHODS: In a prespecified patient-level pooled analysis of DAPA-HF (Dapagliflozin and Prevention of Adverse Outcomes 
in Heart Failure) and DELIVER (Dapagliflozin Evaluation to Improve the Lives of Patients With Preserved Ejection Fraction 
Heart Failure), clinical outcomes were compared by sex (including the composite of cardiovascular death or worsening HF 
events, cardiovascular death, all-cause death, total events [first and recurrent HF hospitalization and cardiovascular death], 
and Kansas City Cardiomyopathy Questionnaire scores) across the spectrum of left ventricular ejection fraction.

RESULTS: Of a total of 11 007 randomized patients, 3856 (35%) were women. Women with HF were older and had higher 
body mass index but were less likely to have a history of diabetes and myocardial infarction or stroke and more likely to have 
hypertension and atrial fibrillation compared with men. At baseline, women had higher ejection fraction but worse Kansas City 
Cardiomyopathy Questionnaire scores than men did. After adjustment for baseline differences, women were less likely than men 
to experience cardiovascular death (adjusted hazard ratio, 0.69 [95% CI, 0.60–0.79]), all-cause death (adjusted hazard ratio, 
0.69 [95% CI, 0.62–0.78]), HF hospitalizations (adjusted hazard ratio, 0.82 [95% CI, 0.72–0.94]), and total events (adjusted rate 
ratio, 0.77 [95% CI, 0.71–0.84]). Dapagliflozin reduced the primary end point in both men and women similarly (Pinteraction=0.77) 
with no sex-related differences in secondary outcomes (all Pinteraction>0.35) or safety events. The benefit of dapagliflozin was 
observed across the entire ejection fraction spectrum and was not modified by sex (Pinteraction>0.40). There were no sex-related 
differences in serious adverse events, adverse events, or drug discontinuation attributable to adverse events.

CONCLUSIONS: In DAPA-HF and DELIVER, the response to dapagliflozin was similar between men and women. Sex did not 
modify the treatment effect of dapagliflozin across the range of ejection fraction.
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Sex is known to affect almost every facet of heart 
failure (HF), from risk factors to clinical presen-
tation, treatment response, and prognosis.1 Sex 

differences in response to HF pharmacotherapies have 
recently been highlighted wherein women appear to 
benefit from neurohormonal modulators (namely angio-
tensin receptor blockers, mineralocorticoid receptor 
antagonists, and angiotensin receptor-neprilysin inhibi-
tors) across a wider HF ejection fraction (EF) range 
compared with men.2 This was particularly evident in the 
PARAGON-HF trial (Prospective Comparison of Angio-
tensin Receptor–Neprilysin Inhibitor With Angiotensin 
Receptor Blocker Global Outcomes in Heart Failure 
With Preserved Ejection Fraction), in which sex was an 
independent effect modifier of the treatment response 
to angiotensin receptor-neprilysin inhibitors, along with 
left ventricular (LV) EF.3,4 Women and those with lower 
EF derived more benefit than men and those with higher 
EF in PARAGON-HF. The exact mechanism for this dif-
ference is unclear. However, because normal female 
hearts have a higher EF compared with their male coun-
terparts,5 using the same EF cutoff (eg, 40%) may have 
included women with more adverse LV remodeling who 
then benefited more from neurohormonal modulators.

However, whether these considerations also apply to 
the sodium-glucose cotransporter-2 (SGLT2) inhibitors 
remains unclear. In a prespecified subgroup analysis of 
EMPEROR-Preserved (Empagliflozin Outcomes Trial in 
Heart Failure and a Preserved Ejection Fraction), women 
and men derived a similar reduction in cardiovascular 
death or HF hospitalization and had similar improvement 
in quality of life, as measured by the Kansas City Car-
diomyopathy Questionnaire (KCCQ) clinical summary 

Clinical Perspective

What Is New?
 • Dapagliflozin has recently been shown to reduce 

worsening heart failure and cardiovascular death 
across the range of ejection fraction.

 • In a pooled analysis of DAPA-HF (Dapagliflozin and 
Prevention of Adverse Outcomes in Heart Failure) 
and DELIVER (Dapagliflozin Evaluation to Improve 
the Lives of Patients With Preserved Ejection Frac-
tion Heart Failure), women and men derived similar 
benefits from dapagliflozin for both the primary out-
come of worsening heart failure or cardiovascular 
death and secondary outcomes, including improve-
ment in health status.

 • Dapagliflozin was safe and well tolerated in both 
sexes.

What Are the Clinical Implications?
 • Across the full spectrum of ejection fraction in heart 

failure, women and men derived similar benefits 
from dapagliflozin compared with placebo.

 • Our findings are consistent with other sodium-glu-
cose cotransporter-2 inhibitors, suggesting a class 
effect.

 • There are no treatment-related differences in seri-
ous adverse events or adverse events in women 
compared with men. However, detailed safety 
events such as genital and urinary tract infections 
were limited in DELIVER given the well-established 
safety profile of dapagliflozin in prior studies.

Nonstandard Abbreviations and Acronyms

CHARM  Candesartan in Heart 
Failure: Assessment of 
Reduction in Mortality and 
Morbidity

DAPA-HF  Dapagliflozin and Preven-
tion of Adverse Outcomes 
in Heart Failure

DELIVER  Dapagliflozin Evaluation 
to Improve the Lives of 
Patients With Preserved 
Ejection Fraction Heart 
Failure

EF ejection fraction 
EMPEROR-Preserved  Empagliflozin Outcomes 

Trial in Heart Failure and 
a Preserved Ejection 
Fraction

EMPEROR-Reduced  Empagliflozin Outcomes 
Trial in Heart Failure and a 
Reduced Ejection Fraction

HF heart failure
I-PRESERVE  Irbesartan in Heart Failure 

With Preserved Ejection 
Fraction

KCCQ  Kansas City Cardiomyopa-
thy Questionnaire

LV left ventricular
NT-proBNP  N-terminal pro-B-type natri-

uretic peptide
NYHA New York Heart Association
PARAGON-HF  Prospective Comparison 

of Angiotensin Recep-
tor–Neprilysin Inhibitor 
With Angiotensin Receptor 
Blocker Global Outcomes 
in Heart Failure With Pre-
served Ejection Fraction

SGLT2  sodium-glucose cotrans-
porter 2

TOPCAT  Aldosterone Antagonist 
Therapy for Adults with 
Heart Failure and Pre-
served Systolic Function
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score.6 Likewise, in a prespecified subgroup analysis of 
DAPA-HF trial (Dapagliflozin and Prevention of Adverse 
Outcomes in Heart Failure), dapagliflozin reduced the 
risk of worsening HF, cardiovascular death, and all-cause 
death regardless of sex, with similar improvements in 
quality of life.7 In a pooled analysis across EMPEROR-
Reduced (Empagliflozin Outcomes Trial in Heart Failure 
and a Reduced Ejection Fraction) and EMPEROR-Pre-
served, there appeared to be attenuation of benefit with 
empagliflozin at higher EFs (at and beyond 65%) that 
was present in both women and men.8

In this analysis, we aim to expand the existing data 
and to assess the effect of sex on the efficacy and safety 
of dapagliflozin across a full EF spectrum in HF.

METHODS
Study Design and Patient Population
The study designs of DAPA-HF and DELIVER (Dapagliflozin 
Evaluation to Improve the Lives of Patients With Preserved 
Ejection Fraction Heart Failure) have been described.9,10 In brief, 
DAPA-HF was a randomized, placebo-controlled trial enrolling 
ambulatory patients with New York Heart Association (NYHA) 
class II to IV HF and EF ≤40% and elevated NT-proBNP 
(N-terminal pro-B-type natriuretic peptide).9 The median 
follow-up was 18.2 months. DELIVER was a randomized, 
placebo-controlled trial in ambulatory or hospitalized patients 
≥40 years of age with chronic NYHA class II to IV HF, LVEF 
>40%, structural heart disease (left atrial enlargement or LV 
hypertrophy), and elevation in natriuretic peptides.10 In both tri-
als, patients were randomized to receive dapagliflozin 10 mg 
daily or placebo, in addition to other recommended therapies. 
The trial protocols for DAPA-HF and DELIVER were approved 
by institutional review boards at each trial center, and trial par-
ticipants gave informed consent.

The corresponding authors had full access to all the trial 
data and take responsibility for their integrity and the data anal-
ysis. Data underlying the findings described in this article may 
be obtained by following AstraZeneca’s data-sharing policy.11

Outcomes
The primary outcome in DAPA-HF was a composite of worsen-
ing HF or cardiovascular death. Worsening HF was defined as 
hospitalization or urgent visit resulting in intravenous therapy. 
Secondary outcomes included HF hospitalization and cardio-
vascular death, total HF hospitalizations and cardiovascular 
death, changes in KCCQ total symptom score at 8 months, a 
renal composite end point (worsening renal function, end-stage 
renal disease, or renal death), and all-cause death. DELIVER 
had the same primary end point of worsening HF or cardio-
vascular death.10,12 Secondary outcomes included total number 
with worsening HF and cardiovascular death, change in KCCQ 
total symptom score, cardiovascular death, and all-cause death.

In the pooled analysis, the primary outcome was a com-
posite of worsening HF or cardiovascular death. Secondary 
outcomes included cardiovascular death, all-cause death, 
HF hospitalization, urgent HF visits, HF hospitalization or 
urgent HF visit, and total events (first and recurrent HF 

hospitalization and cardiovascular death). Death resulting 
from unknown causes was included in cardiovascular death. 
Total HF events were defined as first and recurrent HF hos-
pitalizations in both DAPA-HF and DELIVER.9,10 Changes in 
patient-reported health status, as measured by KCCQ total 
symptom score, clinical summary score, and overall summary 
score, were also assessed.

Key safety end points included any serious adverse events, 
adverse events leading to drug discontinuation or dose inter-
ruption, diabetic ketoacidosis, hypoglycemia, and amputation.

Statistical Analysis
Descriptive statistics, including baseline characteristics and 
safety events, were compared between women and men. 
Continuous variables were compared with the Student t test 
and are reported as mean±SD. Categorical variables were com-
pared with the χ2 test and are reported as percentages. Linear 
regression analysis was performed to adjust NT-proBNP levels 
for baseline LVEF.

We used Cox models to compare outcomes in women 
and men. We constructed 3 models. In the unadjusted model, 
analysis was stratified by trial (DAPA-HF versus DELIVER). 
In model 1, we adjusted for age and region and stratified by 
trial. In model 2, besides the covariates in model 1, additional 
covariates (heart rate, systolic blood pressure, body mass index, 
smoking status, log values of NT-proBNP, estimated glomeru-
lar filtration rate, NYHA class, LVEF, previous HF hospitaliza-
tion, myocardial infarction, diabetes, and atrial fibrillation) were 
included. Treatment effects for time-to-event outcomes were 
analyzed with Kaplan-Meier estimates and Cox proportional 
hazards models stratified by diabetes status and trials. Total 
events were analyzed with the Lin-Wei-Yang-Ying model. To 
assess the effect of sex on the treatment effect of dapagliflozin, 
we included a sex-by-treatment interaction term in the Cox 
proportional hazards models stratified by trial. The proportional 
hazards assumption was not met for the primary analysis in 
DELIVER. However, application of an alternative approach (that 
does not require this assumption) produced similar results.10

Linear regression was used to compare changes in KCCQ 
scores from week 0 to 32. Baseline KCCQ scores were 
included in the linear regression model to account for baseline 
differences. The effect of sex on changes in KCCQ scores was 
tested by including a sex-by-treatment interaction term in the 
linear regression model stratified by trial.

To test for sex-related differences in the potentially non-
linear association between EF and the treatment effect of 
dapagliflozin, we used Poisson regression to estimate the inci-
dence rate of time-to-event outcomes as a function of EF using 
restricted cubic splines with 3 knots for each sex/treatment 
groups. We subsequently used those rates to estimate sex-
specific treatment effect rate ratios and finally tested for effect 
modification with a joint test of the sex-treatment and sex-EF-
treatment interaction terms.

RESULTS
Baseline Characteristics
Of a total of 11 007 randomized patients, 3856 (35%) 
were women (Table 1). Women with HF were older and had 
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Table 1. Baseline Characteristics in Women and Men

Variable Women (n=3856) Men (n=7151) P value 

Age, y 71±10 68±11 <0.001

Region, n (%)   <0.001

  Europe and Saudi Arabia 1877 (48.7) 3282 (45.9)  

  North America 492 (12.8) 1036 (14.5)  

  South America 804 (20.9) 1194 (16.7)  

  Asia/Pacific 683 (17.7) 1639 (22.9)  

Race/ethnicity, n (%)   <0.001

  White 2772 (71.9) 5000 (69.9)  

  Asian 710 (18.4) 1680 (23.5)  

  Black or African American 154 (4.0) 231 (3.2)  

  American Indian or Alaska Native 96 (2.5) 97 (1.4)  

  Native Hawaiian or other Pacific Islander 0 (0.0) 2 (0.0)  

  Other 124 (3.2) 141 (2.0)  

LVEF, % 49±14 42±13 <0.001

Pulse, bpm 72±12 71±12 <0.001

Systolic blood pressure, mm Hg 127±16 124±16 <0.001

Diastolic blood pressure, mm Hg 74±11 74±10 0.71

Body mass index, kg/m2 29.9±6.7 28.7±5.7 <0.001

Clinical history

  Hypertension, n (%) 3298 (85.5) 5778 (80.8) <0.001

  Type 2 diabetes, n (%) 1619 (42.0) 3170 (44.3) 0.018

  Prior stroke, n (%) 319 (8.3) 744 (10.4) <0.001

  Prior MI, n (%) 906 (23.5) 2825 (39.5) <0.001

  AFF, n (%) 1383 (35.9) 2389 (33.4) 0.010

  Prior HF hospitalization, n (%) 1615 (41.9) 3175 (44.4) 0.011

  NYHA III/IV score 1145 (29.7) 1945 (27.2) 0.005

  KCCQ-TSS score 66.9±22.5 74.0±21.5 <0.001

  KCCQ-OSS score 62.8±20.7 69.6±20.0 <0.001

  KCCQ-CSS score 64.3±20.9 72.2±20.2 <0.001

  eGFR, mL·min−1·/1.73 m−2 59.7±19.0 64.9±19.4 <0.001

  NT-proBNP, ng/L 1127 (661, 2015) 1207 (722, 2180) <0.001

  NT-proBNP in AFF, ng/L 1542 (1045, 2354) 1549 (1026, 2578) 0.21

  NT-proBNP when no AFF, ng/L 875 (531, 1692) 1013 (588, 1912) <0.001

  HbA1c, % 6.6±1.5 6.5±1.3 0.25

  Creatinine, µmol/L 92±26 110±31 <0.001

Baseline treatment, n (%)

  Diuretics including MRA 3721 (96.5) 6835 (95.6) 0.020

  Loop diuretic 2954 (76.6) 5682 (79.5) <0.001

  Nonloop diuretic excluding MRA 810 (21.0) 1045 (14.6) <0.001

  ACE inhibitor 1416 (36.7) 3540 (49.5) <0.001

  ARB 1541 (40.0) 2038 (28.5) <0.001

  ACE inhibitor or ARB 2947 (76.4) 5548 (77.6) 0.17

  ARNI 189 (4.9) 620 (8.7) <0.001

  β-Blocker 3317 (86.0) 6418 (89.7) <0.001

  MRA 1913 (49.6) 4124 (57.7) <0.001

(Continued )
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higher body mass index but were less likely to have a history 
of diabetes and myocardial infarction/stroke and more like-
ly to have hypertension and atrial fibrillation compared with 
men. Women had higher LVEF and lower natriuretic pep-
tides; however, after adjustment for LVEF, women had 4.3% 
(95% CI, 1.0%–7.8%) higher natriuretic peptides com-
pared with men. Women were more likely to have baseline 
NYHA class III or IV HF and lower KCCQ scores compared 
with men. At baseline, >75% of men and women were on 
angiotensin-converting enzyme inhibitors or angiotensin 
receptor antagonists, >95% were on diuretics (including 
mineralocorticoid receptor antagonists), and >85% were 
on β-blockers (Table 1). Baseline characteristics in women 
and men were also compared by EF subgroups (Table S1).

Outcomes by Sex
Overall, women had better outcomes compared with 
men (Table 2 and Figure 1) regardless of treatment arm. 
Over a median follow-up of 22 months, the primary out-
come (composite of cardiovascular death and worsening 
HF) occurred in 613 women (8.4 per 100 person-years) 
and 1397 men (11.6 per 100 person-year), a lower risk 
in women that was significant even after adjustment for 
baseline sex differences (adjusted hazard ratio, 0.78 [95% 
CI, 0.70–0.87]; P<0.001; Table 2, model 2). Women also 
had an unadjusted 27% to 30% lower risk of cardiovascu-
lar death and all-cause death (31% after multivariable ad-
justment; Table 2, model 2) and 18% to 31% lower risk of 
HF hospitalization, urgent HF visits, and total events (first 
and recurrent HF hospitalization and cardiovascular death) 
compared with men after multivariable adjustment (Table 2, 
model 2). In a sensitivity analysis, we used trial-specific def-
initions (deaths resulting from unknown causes included 
as cardiovascular death in DAPA-HF; death resulting from 
unknown causes excluded from cardiovascular death in 
DELIVER) and found similar results (Table S2).

Effect of Sex on Treatment Effect of 
Dapagliflozin
Dapagliflozin reduced the incidence of primary outcome 
events in both women and men, with a hazard ratio of 

0.80 in women (95% CI, 0.68–0.94; P=0.006) and 0.78 
in men (95% CI, 0.70–0.86; P<0.001; Pinteraction=0.77; 
Figure 1). There was no effect modification by sex for 
any other end points (Figure 2). In a sensitivity analysis, 
we used trial-specific definitions of cardiovascular death 
and found similar results (Table S3).

Total events (first and recurrent HF hospitalization and 
cardiovascular death) were also assessed in the pooled 
cohorts. Dapagliflozin was associated with a reduction 
in total events in both women (rate ratio, 0.77 [95% CI, 
0.64–0.93]; P=0.006) and men (rate ratio, 0.76 [95% CI, 
0.67–0.86]; P<0.001; Pinteraction=0.89; Figure 1).

Both women and men reported improvement in 
their health status. Among those who reported KCCQ 
scores, men had a 2.4-point improvement in total symp-
tom score from week 0 to 32 (P<0.001). Women had 
a similar magnitude of improvement (Table 3). Sex was 
not found to modify the effect of dapagliflozin on KCCQ 
scores (Pinteraction>0.40 for all 3 KCCQ scores; Table 3).

Treatment Effect of Dapagliflozin Across LVEF
Dapagliflozin had a similar effect on the primary com-
posite outcome, worsening HF events or cardiovascular 
death, in men and women across the EF spectrum (Fig-
ure 3). There was no evidence of heterogeneity of treat-
ment effect by EF or sex (for treatment-by-sex-by-EF 
interaction, P>0.35 for all 3 outcomes; Figure 3). Using 
trial-specific definitions of cardiovascular death yielded 
similar results (Figure S1).

Effect of Sex on Safety of Dapagliflozin
Men were more likely to experience any serious ad-
verse events (42.5% in men versus 40.2% in women; 
P=0.018; Table 4). However, women were more likely to 
have adverse events leading to study drug discontinua-
tion (6.1% in women versus 5.0% in men; P=0.020), and 
women were more likely to have drug discontinuation 
for any reason (14.7% in women versus 11.6% in men; 
P<0.001; Table 4). There were 4 cases (0.1%) versus 
1 case (<0.1%) of diabetic ketoacidosis and 13 (0.3%) 
versus 8 (0.1%) major hypoglycemic events in women 

Variable Women (n=3856) Men (n=7151) P value 

  Statin 2351 (61.0) 4864 (68.0) <0.001

  Antiplatelet 1558 (40.4) 3664 (51.2) <0.001

  Anticoagulant 1884 (48.9) 3467 (48.5) 0.71

  CRT-D or ICD 206 (5.3) 915 (12.8) <0.001

ACE indicates angiotensin-converting enzyme; AFF, atrial fibrillation or flutter; ARB, angiotensin receptor blocker; ARNI, angio-
tensin receptor-neprilysin inhibitor; bpm, beats per minute; CRT-D, cardiac resynchronization therapy-defibrillator; CSS, clinical 
summary score; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; HF, heart failure; ICD, implantable cardio-
verter defibrillator; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEF, left ventricular ejection fraction; MI, myocardial 
infarction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York 
Heart Association; OSS, overall summary score; and TSS, total symptom score.

Table 1. Continued
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versus men, respectively. There was no differential in-
creased risk of adverse events in the dapagliflozin group 
in either men or women (all Pinteraction>0.10).

DISCUSSION
In this patient-level pooled meta-analysis of DAPA-HF 
and DELIVER, women generally had better outcomes 
than men with HF, despite being older and more symp-
tomatic. Nevertheless, both women and men derived sim-
ilar benefits from dapagliflozin; specifically, dapagliflozin 
reduced the primary composite outcome of cardiovas-
cular death or a worsening HF event, its components 
(cardiovascular death, HF hospitalization, or urgent HF 
visit), all-cause death, and total events (first and recur-
rent HF hospitalization and cardiovascular death), as well 
as improved KCCQ scores, similarly in men and women. 
The safety profile of dapagliflozin compared with placebo 
was also similar in men and women in these 2 trials. In 
contrast to prior HF studies using neurohormonal modu-
lators, there was no evidence of treatment heterogeneity 
by EF in either sex for dapagliflozin.

The sex differences in baseline demographics and 
outcomes of this pooled analysis reflect what has previ-
ously been reported in HF studies. Consistent with prior 
epidemiological studies, women tended to be older with 
more age-related comorbidities such as hypertension 
and atrial fibrillation and were less likely to have prior 
myocardial infarction or stroke compared with men with 
HF.13 Such observations have been attributed to a pre-
disposition to macrovascular coronary artery disease and 
myocardial infarction in men, whereas in women, coro-
nary microvascular dysfunction and endothelial inflam-

mation may play a key role in the predominance of HF 
with preserved EF, as well as potentially explain the pre-
disposition of women to other cardiomyopathies such as 

Table 2. Comparison of Outcomes in Women and Men

Variable 

Event no. (event rate per 100 person-y) Hazard ratio or relative risk; reference: male (95% CI); P value

Women (n=3856) Men (n=7151) Unadjusted* Adjusted, model 1† Adjusted, model 2‡ 

Primary end point 613 (8.4) 1397 (11.6) 0.79 (0.72, 0.87); 
<0.001

0.79 (0.71, 0.87);
<0.001

0.78 (0.70, 0.87);
<0.001

Cardiovascular death 371 (4.1) 815 (6.3) 0.70 (0.61, 0.80);
<0.001

0.66 (0.58, 0.76);
<0.001

0.69 (0.60, 0.79);
<0.001

All-cause death 489 (6.3) 1139 (8.8) 0.73 (0.65, 0.81);
<0.001

0.68 (0.61, 0.75);
<0.001

0.69 (0.62, 0.78);
<0.001

Heart failure hospitalization 414 (5.6) 882 (7.3) 0.84 (0.74, 0.94);
0.003

0.84 (0.75, 0.95);
0.006

0.82 (0.72, 0.94);
0.004

Urgent heart failure visit 60 (0.8) 111 (0.9) 0.79 (0.58, 1.09);
0.15

0.81 (0.59, 1.12);
0.20

0.69 (0.49, 0.98);
0.040

Heart failure hospitalization or urgent 
visit

449 (6.1) 937 (7.8) 0.84 (0.75, 0.94);
0.003

0.85 (0.76, 0.95);
0.005

0.82 (0.72, 0.93);
0.002

Total events (first and recurrent heart 
failure hospitalization and cardiovascu-
lar death)

955 (12.3) 2201 (17.1) 0.77 (0.71, 0.83);
<0.001

0.76 (0.70, 0.82);
<0.001

0.77 (0.71, 0.84);
<0.001

*Stratified by trial.
†Adjusted for age and region; stratified by trial.
‡Adjusted for age, heart rate, systolic blood pressure, body mass index, smoking status, NT-proBNP (N-terminal pro-B-type natriuretic peptide) [log], estimated 

glomerular filtration rate, New York Heart Association class, left ventricular ejection fraction, previous HHF, myocardial infarction, diabetes, atrial fibrillation, and region; 
stratified by trial.

Figure 1. Cumulative incidence for the outcomes in DAPA-HF 
and DELIVER trials in women and men.
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takotsubo, peripartum, and breast cancer radiotherapy–
induced cardiomyopathy.1 Despite a higher EF, women 
had worse baseline functional status (as measured by 
NYHA class) and worse patient-reported health status 
(as measured by KCCQ scores), an observation also 
consistent with prior clinical trials, although the under-
lying reasons are not fully understood.3,6,7,14,15 Overall, 
women had better outcomes compared with men in our 
pooled cohort, regardless of treatment assignment and 
both before and after adjustment for baseline differ-
ences in clinical characteristics. This is consistent with 
prior epidemiological and clinical studies such as those 
reported in the Rochester Epidemiology Project (Olm-
sted County, Minnesota), Framingham Heart Study, and 
analyses from CHARM (Candesartan in Heart Failure: 
Assessment of Reduction in Mortality and Morbidity) and 
I-PRESERVE (Irbesartan in Heart Failure With Preserved 
Ejection Fraction).14,16–18

Our finding of a consistent treatment effect of dapa-
gliflozin in women and men is consistent with simi-
lar analyses of the empagliflozin treatment effect8 but 

stands in contrast to observations in HF trials involving 
neurohormonal modulators (Table S4). Sex was a signifi-
cant effect modifier in 2 trials. In TOPCAT (Aldosterone 
Antagonist Therapy for Adults With Heart Failure and 
Preserved Systolic Function), among patients from the 
Americas, spironolactone was associated with a 34% 
reduction of all-cause mortality in women but not in men 
(Pinteraction=0.02).19 In PARAGON-HF, sacubitril/valsartan 
reduced the primary outcome (composite of total HF hos-
pitalizations and cardiovascular death) to a greater extent 
in women, with a rate ratio of 0.73 (95% CI, 0.59–0.90), 

Table 3. Changes in Quality of Life From Week 0 to 32

Variable Women Men 
Pinteraction 
value 

Total symptom score 2.4 (0.8, 4.0)* 2.4 (1.2, 3.7)† 0.96

Clinical summary score 2.5 (1.0, 3.9)† 2.2 (1.1, 3.4)† 0.82

Overall summary score 2.5 (1.1, 3.9)† 1.8 (0.7, 3.0)* 0.45

*P<0.005 for changes from week 0 to 32.
†P<0.001 for changes from week 0 to 32.

Figure 2. Treatment effect of dapagliflozin in women and men.
CV indicates cardiovascular; HF, heart failure; and HHF, hospitalization for heart failure.
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compared with men (rate ratio, 1.03 [95% CI, 0.84–
1.25]; Pinteraction=0.017). However, women derived less 
improvement in KCCQ clinical summary score than men 
in PARAGON-HF, whereas women and men had similar 
improvement in NYHA class. In contrast, in EMPEROR-
Preserved, women and men derived a similar reduction in 
cardiovascular death or HF hospitalization and had simi-
lar improvement in KCCQ scores. Similarly, in DAPA-HF, 
dapagliflozin resulted in a similar reduction of worsening 

HF events or cardiovascular death in women and men. 
Our current results, now looking at the full spectrum of 
EF in a combined analysis of >11 000 patients with HF, 
indicate that sex is not a modifier of the treatment effect 
of dapagliflozin, whether we are looking at hard clinical 
end points or patient-reported health status. Given the 
consistency with the EMPEROR trials, this likely applies 
to the evidence-based SGLT2 inhibitors in HF as a class, 
suggesting that sex-specific indications are not needed 
for this class of therapies in HF.

The lack of treatment heterogeneity across the full 
range of EF in our pooled analysis stands in contrast to 
prior observations of the attenuated treatment effect at 
higher EFs in HF trials of both neurohormonal modula-
tors and empagliflozin.2–4,20,21 One plausible explanation 
is that patients with lower EF may have greater activa-
tion of the neurohormonal axis; thus, medications such as 
mineralocorticoid receptor antagonists and angiotensin 
receptor-neprilysin inhibitors have a greater effect at the 
lower end of the EF spectrum.22 Because women have a 
higher normal EF, women may have a greater extent of 
adverse LV remodeling at any given EF compared with 
men and thus derive more benefits from neurohormonal 
modulation.5 Although these prior observations have led 
to calls for sex-specific cutoffs in the determination of 
EF thresholds for treatment in HF,23,24 the current results 
indicate that this may not be the case for therapies that 
are equally effective across the entire EF spectrum of 
HF such as the evidence-based SGLT2 inhibitors. The 
mechanism of action of SGLT2 inhibitors in HF, although 
incompletely understood, is clearly distinct from that of 
neurohormonal modulators that focus on reverse LV 
remodeling. Although there is some evidence of favor-
able LV remodeling with SGLT2 inhibitors,25–28 there have 
been conflicting reports, and results for both LV volume 
reduction and natriuretic peptide lowering (as an indica-
tor of reduction in LV wall stress) are less convincing than 
for the neurohormonal modulators.25,29–32 The previously 
reported attenuation of the empagliflozin treatment effect 
at EF ≥65% is likely a chance finding given the lack of 
significant heterogeneity by prespecified EF subgroups 
or continuous EF in the primary analyses of EMPEROR-
Preserved and pooled EMPEROR trials, respectively, as 
well as the variability of results with different post hoc EF 
cut points in the EMPEROR trials (eg, benefit in the EF 
>72.5% subgroup despite a lack of benefit in the 62.5%–
67.5% and 67.5%–72.5% subgroups).8

The results of this analysis must be interpreted within 
the confines of the study design. First, DAPA-HF and 
DELIVER were 2 large randomized trials with strict inclu-
sion and exclusion criteria, and the generalizability of 
these findings should consider these criteria. Second, 
only 35% of the patients were women, which reflects the 
lower rates of HF with reduced EF in women. In DAPA-
HF, both components of the primary end point (wors-
ening HF or cardiovascular death) contributed to the 

Figure 3. Treatment effect of dapagliflozin in women (red) 
and men (blue) across left ventricular ejection fraction.
CV indicates cardiovascular; HF, heart failure; LVEF, left ventricular 
ejection fraction; and p-int, P for interaction for sex by treatment by 
ejection fraction.
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benefit of dapagliflozin, whereas in DELIVER, the com-
posite primary end point was driven largely by HF hospi-
talization. Nevertheless, we saw no heterogeneity by sex 
in the combined analysis despite a higher proportion of 
women in DELIVER. Third, although sex differences in 
genital infections would be of relevance given the known 
higher risk in women than men,33 only data on serious 
adverse events, adverse events that led to discontinua-
tion of dapagliflozin or placebo, and select other adverse 
events were collected in DELIVER given the extensive 
data on the safety of dapagliflozin from prior studies.

Conclusions
Across the full spectrum of EF in HF, women and men 
derived similar benefits from dapagliflozin compared with 
placebo for both the primary outcome of cardiovascular 
death or worsening HF and secondary outcomes, includ-
ing improvement in health status. Dapagliflozin was safe 
and well tolerated in both sexes.
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Table 4. Safety of Dapagliflozin in Women and Men

 

Women, n (%) Men, n (%)

Pinteraction 
value 

All
(n=3856) 

Dapagliflozin 
(n=1928) 

Placebo 
(n=1928) 

All
(n=7151) 

Dapagliflozin 
(n=3576) 

Placebo 
(n=3575) 

Any serious adverse event 1547 (40.2) 761 (39.6) 786 (40.8) 3034 (42.5) 1446 (40.5) 1588 (44.5) 0.16

Any adverse event leading to drug discontinuation 233 (6.1) 122 (6.3) 111 (5.8) 357 (5.0) 171 (4.8) 186 (5.2) 0.27

Any adverse event leading to dose interruption 553 (14.4) 263 (13.7) 290 (15.0) 1010 (14.1) 457 (12.8) 553 (15.5) 0.33

Discontinuation for any reason 568 (14.7) 294 (15.3) 274 (14.2) 825 (11.6) 399 (11.2) 426 (11.9) 0.17

Any definite or probable diabetic ketoacidosis 4 (0.1) 4 (0.2) 0 (0.0) 1 (0.0) 1 (0.0) 0 (0.0) …

Any major hypoglycemic event 13 (0.3) 6 (0.3) 7 (0.4) 8 (0.1) 4 (0.1) 4 (0.1) 0.87

Any amputation 20 (0.5) 7 (0.4) 13 (0.7) 49 (0.7) 25 (0.7) 24 (0.7) 0.23

Any adverse event that potentially placed a patient 
at risk for lower-limb amputation

162 (4.2) 77 (4.0) 85 (4.4) 287 (4.0) 144 (4.0) 143 (4.0) 0.58
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