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Abstract

Aims Obesity is common and associated with unique phenotypic features in heart failure with preserved ejection fraction 
(HFpEF). Therefore, understanding the efficacy and safety of new therapies in HFpEF patients with obesity is important. 
The effects of dapagliflozin were examined according to body mass index (BMI) among patients in the Dapagliflozin 
Evaluation to Improve the LIVEs of Patients With PReserved Ejection Fraction Heart Failure trial.

Methods 
and results

Body mass index was analysed by World Health Organization (WHO) categories and as a continuous variable using re-
stricted cubic splines. Body mass index ranged from 15.2 to 50 kg/m2 with a mean value of 29.8 (standard deviation ± 
6.1) kg/m2. The proportions, by WHO category, were: normal weight 1343 (21.5%); overweight 2073 (33.1%); Class I obes-
ity 1574 (25.2%); Class II obesity 798 (12.8%); and Class III obesity 415 (6.6%). Compared with placebo, dapagliflozin reduced 
the risk of the primary outcome to a similar extent across these categories: hazard ratio (95% confidence interval): 0.89 
(0.69–1.15), 0.87 (0.70–1.08), 0.74 (0.58–0.93), 0.78 (0.57–1.08), and 0.72 (0.47–1.08), respectively (P-interaction = 
0.82). The placebo-corrected change in Kansas City Cardiomyopathy Questionnaire total symptom score with dapagliflozin 
at 8 months was: 0.9 (−1.1, 2.8), 2.5 (0.8, 4.1), 1.9 (−0.1, 3.8), 2.7 (−0.5, 5.8), and 8.6 (4.0, 13.2) points, respectively (P-inter-
action = 0.03). The placebo-corrected change in weight at 12 months was: –0.88 (−1.28, –0.47), –0.65 (−1.04, –0.26), –1.42 
(−1.89, –0.94), –1.17 (−1.94, –0.40), and –2.50 (−4.4, –0.64) kg (P-interaction = 0.002).

Conclusions Obesity is common in patients with HFpEF and is associated with higher rates of heart failure hospitalization and worse 
health status. Treatment with dapagliflozin improves cardiovascular outcomes across the spectrum of BMI, leads to greater 
symptom improvement in patients with obesity, compared with those without, and has the additional benefit of causing 
modest weight loss.
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Many patients with heart failure with preserved ejection fraction (HFpEF) are obese, especially women and younger patients. 
What was the in!uence of body mass index (BMI) on symptoms and outcomes in the DELIVER trial and did it affect the bene#ts 
of dapagli!ozin?

Obesity (BMI >30.0 kg/m2) was common (45%) and associated with a higher risk of the primary composite outcome (worsening 
heart failure or cardiovascular death), although not mortality. The effect of dapagli!ozin on the primary outcome was consistent 
across BMI categories (p interaction = 0.82), with a larger absolute effect in obese patients. KCCQ-TSS improved, and weight fell 
in all BMI categories; both effects were greater in more obese patients.

Dapagli!ozin reduced the 
incidence of primary outcome, 

regardless of baseline BMI

Summary of the key background and findings of this study. BMI, body mass index; CV, cardiovascular; DELIVER, Dapagliflozin Evaluation to Improve 
the LIVEs of Patients With PReserved Ejection Fraction Heart Failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart 
failure with preserved ejection fraction; KCCQ-TSS, Kansas City Cardiomyopathy Questionnaire Total Symptom Score.

Keywords Heart failure • Obesity • Body mass index • SGLT2 inhibitor

Introduction
Obesity is a risk factor for the development of heart failure (HF), espe-
cially HF with preserved ejection fraction (HFpEF), more so in women 
than men.1–5 Consequently, many patients with HF are obese and obes-
ity is more often a concomitant problem in patients with HFpEF. Indeed, 

in the USA, >80% of patients with HFpEF are overweight or obese and 
in contemporary clinical trials, the proportion of HF patients with severe 
obesity [World Health Organization (WHO) Class III] is almost 20%.6,7

Obese patients generally have worse symptoms and greater functional 
limitations than their non-obese counterparts.8 Recent studies have 
highlighted several potential explanations for this, including a variety of 
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systemic effects of inflammatory cytokines and other mediators se-
creted by adipose tissue, direct cardiac consequences such as pericardial 
restraint due to local deposition of adipose tissue, greater concentric 
left-ventricular remodelling and right-ventricular dilatation and dysfunc-
tion, and even renal dysfunction due to excess adipose tissue in and 
around the kidney.4,8–13 Consequently, finding treatments that are effi-
cacious in HFpEF patients with concomitant obesity are important. 
Sodium-glucose cotransporter 2 (SGLT2) inhibitors may be a particular-
ly attractive treatment in these patients, especially as obesity is part of a 
common triad which includes dysglycaemia and hypertension and 
SGLT2 inhibitors lead to modest reductions in weight, glycated haemo-
globin, and blood pressure, in addition to their benefits on HF symptoms 
and outcomes.14–20

Therefore, the effect of SGLT2 inhibition was examined according 
to body mass index (BMI) in the Dapagliflozin Evaluation to Improve 
the LIVEs of Patients With PReserved Ejection Fraction Heart 
Failure (DELIVER) trial.19,21,22 DELIVER included 6263 patients 
with HF and mildly reduced and preserved ejection fraction and 
showed that dapagliflozin, compared with placebo, reduced the 
risk of worsening HF events or cardiovascular death, and improved 
symptoms.19,21

Methods
The DELIVER was a double-blind, placebo-controlled trial which examined the 
efficacy and safety of dapagliflozin 10 mg once daily compared with matched 
placebo in patients with HF and mildly reduced and preserved ejection fraction. 
Randomization was stratified by the presence or absence of Type 2 diabetes. 
The design, baseline characteristics, and primary results are published.19,21,22

The protocol was approved by an Ethics Committee at each participating cen-
tre and all patients provided written informed consent.

Study patients
Key inclusion criteria included age ≥40 years, HF diagnosis ≥6 weeks, 
and a requirement for treatment with at least intermittent diuretic, 
New York Heart Association (NYHA) functional Classes II–IV, left- 
ventricular ejection fraction (LVEF) >40%, evidence of structural heart 
disease (either left-atrial enlargement or left-ventricular hypertrophy), 
and an N-terminal pro-B-type natriuretic peptide (NT-proBNP) concen-
tration ≥300 pg/mL (≥600 pg/mL if atrial fibrillation/flutter on the elec-
trocardiogram at enrolment). Patients could be enrolled in both the 
outpatient and inpatient setting. Patients were excluded if BMI was 
>50 kg/m2. Other key exclusion criteria included Type 1 diabetes; esti-
mated glomerular filtration rate (eGFR) <25 mL/min/1.73 m2; and systol-
ic blood pressure <95 mmHg. A complete list of inclusion and exclusion 
criteria is provided in the design paper.21

Body mass index
Body mass index was calculated as weight in kilograms divided by height in 
meters squared, using measurements made at the trial enrolment visit. 
Patients categorized using WHO definitions, i.e. underweight (<18.5 kg/ 
m2); normal weight (18.5–24.9 kg/m2); overweight (25.0–29.9 kg/m2); obes-
ity Class I (30.0–34.9 kg/m2); obesity Class II (35.0–39.9 kg/m2), and obesity 
Class III (≥40 kg/m2).23

Outcomes
The primary outcome in DELIVER was the composite of time to the first oc-
currence of a worsening HF event (HF hospitalization or urgent outpatient HF 
visit requiring intravenous diuretic therapy) or cardiovascular death. The pri-
mary outcome was assessed in the full population and patients with an ejec-
tion fraction of <60% in a dual primary analysis. Secondary outcomes included 
in this analysis were the total number of worsening HF events (including first 

and recurrent events) and cardiovascular deaths; change in self-reported se-
verity of HF symptoms at 8 months based on the Kansas City 
Cardiomyopathy Questionnaire total symptom score (KCCQ-TSS); worsen-
ing HF events, cardiovascular death, and all-cause death.

Prespecified safety analyses included serious adverse events, adverse 
events leading to discontinuation of trial treatment, and selected adverse 
events, including volume depletion, renal adverse events, amputation, major 
hypoglycaemia, and diabetic ketoacidosis for consistency across reporting in 
trials. These analyses included only patients who had taken at least one dose 
of study medication.

Statistical analyses
Baseline characteristics are reported for each BMI category as means ± 
standard deviation (SD), median with interquartile range (IQR; Q1–Q3) 
and proportions, as appropriate. The Cochran–Armitage test was used 
to test-for-trend across groups for binary variables and the Jonckheere– 
Terpstra test for continuous variables.

The association between BMI category and each outcome, adjusted for 
randomized treatment, was compared between BMI groups in a Cox re-
gression model with overweight as the reference. This was repeated with 
additional adjustments for age, sex, race, region, heart rate, systolic blood 
pressure, glycated haemoglobin (HbA1c), creatinine, history of HF hospital-
ization, NYHA class, LVEF, atrial fibrillation/flutter, hypertension, myocar-
dial infarction, coronary artery bypass graft, stroke, and (log-transformed) 
NT-proBNP. The associations between BMI, as a continuous variable, and 
outcomes were modelled using restricted cubic splines with adjustment 
for randomized treatment with median population BMI as reference. The 
5 knots were placed at default positions according to percentiles of BMI 
(5, 27.5, 50, 72.5, and 95 centile). This was repeated with the additional ad-
justments listed above, in both the whole population and in males and fe-
males separately.

The efficacy of dapagliflozin, compared with placebo, in each BMI cat-
egory, was examined using Kaplan–Meier estimates and Cox regression 
models. Event rates per 100 person-years and hazard ratios (HRs) are re-
ported for each BMI category (these and all other models were stratified 
by diabetes status). The presence of an interaction between BMI category 
and treatment on the occurrence of each outcome was examined using a 
likelihood ratio test. The effect of randomized treatment across baseline 
BMI as a continuous variable was modelled flexibly using restricted cubic 
splines with 3 knots (at 10th, 50th, and 90th percentile of BMI), in the whole 
population and subgroups of interest (males and females; LVEF <60 and 
≥60; presence or absence of diabetes; and patients of White and Asian 
race). Analysis of recurrent events was by the Lin, Wei, Ying, and Yang 
method, a semi-parametric proportional-rates model.24 Mean change in 
KCCQ-TSS at 8 months was calculated using a mixed model for repeated 
measurements including all time points within each BMI category. A three- 
way interaction between treatment, time, and BMI was assessed in the 
mixed model at 8-month follow up.

A mixed model for repeated measurement was used to examine change 
in weight over time according to baseline BMI (adjusted for baseline values, 
randomized treatment, and interaction of treatment and visit, with a ran-
dom intercept and slope per patient). A three-way interaction between 
treatment, time, and BMI was assessed at 12-month follow up.

The interaction between BMI category and randomized treatment on the 
occurrence of the safety outcomes was tested in a logistic regression model.

All analyses were conducted using STATA version 17.0 (College Station, 
TX, USA).

Results
Of the 6263 patients randomized in DELIVER, 6 had missing data for 
BMI (Structured Graphical Abstract). Body mass index ranged from 15.2 
to 50 kg/m2 with a mean value of 29.8 (SD ± 6.1) kg/m2 and a median value 
of 29.1 (Q1–Q3 25.4–33.4) kg/m2 and an approximately normal 
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distribution (see Supplementary material online, Figure S1). In total, 54 
(0.9%) patients were classified as underweight, 1343 (21.5%) as normal 
weight, 2073 (33.1%) as overweight, 1574 (25.2%) as Class I obesity, 
798 (12.8%) as Class II obesity, and 415 (6.6%) as Class III obesity. Due 
to the small number of patients in the underweight category, these parti-
cipants were not included in the main results but are presented in the 
Supplementary material online, Tables S1–S4.

Patient characteristics
Baseline characteristics according to BMI class are presented in Table 1. 
Compared with patients with normal BMI, those with obesity were young-
er, more often female and more likely to be White (and less likely to be of 
Asian race). They had higher systolic and diastolic blood pressure, a higher 
HbA1c and were more likely to have a diagnosis of Type 2 diabetes than 
patients with a normal weight. There was an inverse association between 

BMI and NT-proBNP with the lowest level of NT-proBNP in Class III obes-
ity—862 (IQR 539–1311) ng/L compared with 1155 (IQR 667–2055) 
ng/L in patients in the normal weight category. A higher proportion 
of patients with obesity were in NYHA Class III or IV and patients 
with obesity had lower (worse) KCCQ-TSS. Patients with higher 
BMI had a higher mean LVEF compared with those with normal weight. 
Patients with greater obesity had more hypertension but less coronary 
heart disease. Patients with obesity were more often treated with a 
beta-blocker, renin–angiotensin system blocker, calcium channel 
blocker, and a loop diuretic, but were less often treated with a min-
eralocorticoid receptor antagonist.

Outcomes according to body mass index
There was a J-shaped relationship between BMI categories and the crude 
(unadjusted) incidence of the primary outcome and worsening HF events. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Outcomes according to body mass index category

Normal weight  
(n = 1343)

Overweight  
(n = 2073)

Obesity Class I  
(n = 1574)

Obesity Class II  
(n = 798)

Obesity Class III  
(n = 415)

Primary outcome

N (%) 233 (17.4) 331 (16.0) 298 (18.9) 154 (19.3) 92 (22.2)

Rate (95% CI) 8.7 (7.6–9.9) 7.7 (6.9–8.6) 9.1 (8.1–10.2) 9.2 (7.9–10.8) 11.0 (9.0–13.6)

Unadjusted (95% CI)a 1.17 (0.99–1.38) REF 1.16 (0.99–1.36) 1.15 (0.95–1.39) 1.37 (1.09–1.73)

Additional adjustmentb (95% CI) 1.12 (0.94–1.34) REF 1.21 (1.03–1.43) 1.26 (1.03–1.54) 1.68 (1.32–2.15)

Worsening heart failure event

N (%) 163 (12.1) 227 (11.0) 234 (14.9) 122 (15.3) 72 (17.4)

Rate (95% CI) 6.1 (5.2–7.1) 5.3 (4.6–6.0) 7.1 (6.3–8.1) 7.3 (6.1–8.7) 8.6 (6.9–10.9)

Unadjusted (95% CI)a 1.19 (0.97–1.45) REF 1.33 (1.11–1.60) 1.34 (1.07–1.67) 1.57 (1.20–2.04)

Additional adjustmentb (95% CI) 1.07 (0.86–1.32) REF 1.42 (1.17–1.71) 1.48 (1.18–1.87) 1.94 (1.47–2.57)

Cardiovascular death

N (%) 125 (9.3) 149 (7.2) 110 (7.0) 67 (8.4) 29 (7.0)

Rate (95% CI) 4.4 (3.7–5.2) 3.3 (2.8–3.8) 3.1 (2.6–3.7) 3.7 (2.9–4.7) 3.1 (2.2–4.5)

Unadjusted (95% CI)a 1.39 (1.09–1.76) REF 0.93 (0.72–1.19) 1.09 (0.81–1.45) 0.92 (0.62–1.38)

Additional adjustmentb (95% CI) 1.48 (1.15–1.90) REF 0.98 (0.76–1.26) 1.27 (0.94–1.71) 1.25 (0.82–1.89)

All-cause death

N (%) 239 (17.8) 325 (15.7) 255 (16.2) 125 (15.7) 63 (15.2)

Rate (95% CI) 8.4 (7.4–9.5) 7.1 (6.4–7.9) 7.2 (6.3–8.1) 6.8 (5.7–8.2) 6.8 (5.3–8.7)

Unadjusted (95% CI)a 1.29 (1.02–1.43) REF 0.99 (0.84–1.16) 0.93 (0.75–1.14) 0.92 (0.70–1.20)

Additional adjustmentb (95% CI) 1.29 (1.08–1.54) REF 1.03 (0.87–1.21) 1.05 (0.85–1.30) 1.21 (0.92–1.61)

Total heart failure hospitalizations and cardiovascular deaths

No 385 511 514 283 155

Rate (95% CI) 13.6 (11.7–15.8) 11.2 (9.9–12.8) 14.5 (12.6–16.8) 15.6 (12.9–18.9) 16.8 (13.4–21.3)

Unadjusted (95% CI)a 1.25 (1.02–1.53) REF 1.26 (1.04–1.53) 1.33 (1.05–1.67) 1.42 (1.09–1.85)

Additional adjustmentb (95% CI) 1.14 (0.94–1.39) REF 1.35 (1.11–1.64) 1.52 (1.21–1.91) 1.83 (1.38–2.41)

Rates are given per 100 patient-years. 
aBaseline model adjusted for randomized treatment and stratified by diabetes status. 
bAge, sex, race, region, heart rate, systolic blood pressure, HbA1c, creatinine, history of heart failure hospitalization, NYHA class, LV ejection fraction, atrial fibrillation, hypertension, MI, 
CABG, stroke, NT-proBNP (log-transformed).

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac481#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac481#supplementary-data
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The crude incidence of both outcomes was lowest in the overweight cat-
egory and increased with increasing BMI category above this, driven by an 
increasing incidence of worsening HF events (Table 2, Figures 1 and 2). The 
relationship between BMI category and cardiovascular and all-cause death 
was different, with the lowest crude rates among patients with Class III 
obesity (Table 2, Figures 1 and 2). Examination of BMI as a continuous vari-
able confirmed these patterns.

Adjustment for prognostically important variables, including 
NT-proBNP, did not fundamentally alter the patterns observed in 
the unadjusted categorical or continuous analyses described above 
(Table 2 and Figure 2).

Repeating this analysis in males and females separately showed the 
nadir in risk for the primary endpoint and HF hospitalization occurred 
at a slightly lower BMI in men compared with women (see 
Supplementary material online, Figure S2). There was no difference be-
tween sexes for mortality outcomes.

Effects of dapagliflozin on clinical 
outcomes according to body mass index
The HR for the primary outcome was 0.82 [95% confidence interval 
(CI) 0.73–0.92] in the full population and 0.83 (95% CI 0.73–0.95) in 

the <60% ejection fraction subgroup. Dapagliflozin reduced the risk 
of the primary outcome to a similar extent across BMI categories: 
HR (95% CI) 0.89 (0.69–1.15) for normal weight, 0.87 (0.70–1.08) 
for overweight; 0.74 (0.58–0.93) for obesity Class I, 0.78 (0.57–1.08) 
for obesity Class II, and 0.72 (0.47–1.08) for obesity Class III 
(P-interaction = 0.82; Table 3). Examined as a continuous variable, there 
was no significant interaction between BMI and randomized treatment 
on the primary outcome (P-interaction = 0.68; Figure 3). Results in the 
subgroup of patients with ejection fraction <60% were consistent with 
that of the full population (see Supplementary material online, Table S5 
and Figure S3).

The effects of dapagliflozin on the other outcomes (cardiovascular 
death, a worsening HF event, all-cause mortality, total HF events, and 
cardiovascular death) were also consistent across BMI categories (P 
for interaction for all outcomes ≥0.4; Table 3). The results were also 
consistent when BMI was modelled as a continuous variable (P for inter-
action all ≥0.2; Figure 3). There was no treatment-by-sex-by-BMI inter-
action (P = 0.76 for the primary endpoint). The effect of treatment in 
men and women separately is shown in Supplementary material 
online, Figure S4 and of other subgroups of interest in Supplementary 
material online, Figure S5, with no significant variation of treatment ef-
fect by BMI in these subgroups.

Figure 1 Cumulative incidence of key outcomes according to body mass index. Risk of each outcome in patients grouped by baseline body mass index.

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac481#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac481#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac481#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac481#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac481#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac481#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac481#supplementary-data
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Change in KCCQ-TSS according to 
baseline body mass index
Overall, 5792 patients (93%) had KCCQ-TSS recorded at baseline, and 
4485 (71.7%) had a measurement at 8 months (219 missing due to death). 
The improvement in KCCQ-TSS at 8 months with dapagliflozin, compared 
with placebo, was greater in patients with higher BMI: placebo-corrected 
change 0.9 (−1.1, 2.8), 2.5 (0.8, 4.1), 1.9 (−0.1, 3.8), 2.7 (−0.5, 5.8), and 
8.6 (4.0, 13.2) points, in normal weight, overweight, Class I obesity, Class 
II obesity, and Class III obesity, respectively (P-interaction = 0.03; 
Table 3 and Structured Graphical Abstract).

Change in weight according to baseline 
body mass index
Patients with a higher baseline BMI lost a greater amount of weight (at 
12 months) with dapagliflozin. The placebo-corrected weight loss with 
dapagliflozin was: normal weight –0.88 (−1.28, –0.47) kg; overweight – 
0.65 (−1.04, –0.26) kg; Class I obesity –1.42 (−1.89, –0.94) kg; Class II 
obesity –1.17 (−1.94, –0.40) kg; and Class III obesity –2.5 (−4.4, –0.64) 
kg (P for interaction = 0.002).

Safety analyses
There was no significant interaction between BMI categories and the oc-
currence of adverse events according to randomized treatment (Table 4).

Discussion
The key finding of this study was that dapagliflozin was equally effica-
cious in reducing the primary composite outcome of worsening HF 
or cardiovascular death across the spectrum of BMI in DELIVER, includ-
ing among participants who were obese. Treatment with dapagliflozin 
also led to an improvement in symptoms measured with the 
KCCQ-TSS and which was greater in patients with a higher BMI. In add-
ition, dapagliflozin treatment led to a modest but significantly larger re-
duction in weight in more obese patients than others.

In keeping with epidemiological observations, 45% of participants in 
this study were found to be obese and 78% were obese or overweight, 
despite the exclusion of patients with a BMI >50 kg/m2. As expected, 
the prevalence of diabetes and history of hypertension were higher 
(as was blood pressure) in patients with obesity. Participants with obes-
ity had less evidence of coronary disease, which might also appear para-
doxical but has been described previously and may reflect their younger 
age and the higher proportion of women. The association between 
higher BMI and lower NT-proBNP was confirmed and LVEF tended 
to be higher in participants with a higher BMI. Notably, patients with 
obesity had worse NYHA class, with almost twice as many in functional 
Class III or IV compared with participants with a normal weight. This 
was mirrored in self-reported symptoms and health-related quality of 

Figure 2 Effect of body mass index as continuous variable on the hazard of each outcome. Risk of each outcome according to body mass index with 
reference to the population median (29 kg/m2). The baseline (blue) line is adjusted for randomized treatment and stratified for diabetes status (blue- 
shaded area represents the 95% confidence interval). The red line includes additional adjustment for age, sex, race, heart rate, pulse, systolic blood pres-
sure, glycated haemoglobin, creatinine, history of heart failure hospitalization, New York Heart Association class, left-ventricular ejection fraction, atrial 
fibrillation, hypertension, myocardial infarction, coronary artery bypass graft, stroke, and (log-transformed) N-terminal pro-B-type natriuretic peptide.



4414                                                                                                                                                                                      C. Adamson et al.

life, with a striking difference of over 20 points between patients with 
Class III obesity, compared with a normal weight, at baseline.

Regarding clinical outcomes during follow up, a ‘U-’ or ‘J-shaped’ re-
lationship was found between BMI and mortality in patients with HFpEF 
(as in HF with reduced ejection fraction) with the nadir in crude risk 
among patients with Class I obesity (BMI range 30.0–34.9 kg/m2) and 
the highest risk of death in patients who were normal or underweight 
(although there were very few patients in the latter category).25–27

Interestingly, the pattern was different for worsening HF, where risk in-
creased with increasing obesity, and was highest in patients with Class II/ 
III obesity. Why the relationships between BMI and fatal, compared 
with non-fatal, outcomes diverged in this way is uncertain. The well- 
known, but poorly understood association between higher BMI and 
lower natriuretic peptides is a confounding factor relevant to these 
findings and in a fully adjusted analysis, including NT-proBNP, the asso-
ciation of obesity with lower mortality was eliminated. By contrast, the 
association with higher rates of worsening HF were not, possibly be-
cause the relationship between natriuretic peptides and plasma volume 
in patients with obesity may be different than in non-obese patients 
(obesity, unusually, is associated with low natriuretic peptide levels des-
pite a greater expansion of plasma volume and higher filling pressures, 
especially during exercise).28

Dapagliflozin reduced the risk of the primary composite endpoint 
(worsening HF or cardiovascular death), with no interaction between 
the effect of treatment and BMI, examined as either a categorical or 
continuous variable, for this or any other outcome. Conservatively, ap-
plying the HR for the trial overall to each BMI category gave an NNT for 
the primary outcome in patients with Class III obesity of only 22 (over 
the median DELIVER follow up of 2.3 years), compared with 31 in pa-
tients with a normal weight, indicating a greater absolute benefit 

in obese individuals because of their higher absolute risk of this 
outcome.

As described above, patients with greater obesity had markedly 
worse health status at baseline and, importantly, this was improved fol-
lowing randomization to dapagliflozin. Indeed, the improvement in 
KCCQ-TSS was greatest in patients with the highest BMI. This finding 
is consistent with the hypothesis that the results of the PRESERVED-HF 
were more positive than EMPERIAL-Preserved because of the much 
higher prevalence of obesity in the former trial.29,30

While the main reason to use SGLT2 inhibitors in HFpEF is to improve 
symptoms and reduce worsening HF, their modest weight-reducing effect 
may be a useful additional attribute in patients with obesity. By increasing 
urinary excretion of glucose and calories, these agents have been shown 
to reduce weight in a range of patient populations, including patients with 
HF.14,15,27 The overall weight reduction at 12 months in DELIVER was just 
over 1 kg, slightly larger than in dapagliflozin and prevention of adverse 
outcomes in heart failure (DAPA-HF).27 The reduction in DELIVER was 
greater in patients with a higher BMI; the most obese participants with 
nearly three times the loss of those who had a normal weight (2.5 vs. 
0.88 kg). Although modest, this additional benefit of SGLT2 inhibition 
may augment other strategies to reduce weight in HFpEF patients with 
obesity. One example is caloric restriction and aerobic exercise training 
which was shown to lead to a larger decrease in weight, and improvement 
in peak oxygen consumption but no consistent improvement in 
health-related quality of life.31,32 Glucagon-like peptide-1 receptor ago-
nists and related treatments are currently under investigation as 
weight-loss treatments in HFpEF patients with obesity (www. 
ClinicalTrials.gov, NCT04788511, NCT04847557, and NCT04916470).

As with similar reports, our study had some limitations. Body mass 
index does not take into account the location of body fat or its amount, 

Figure 3 Treatment effect of dapagliflozin on the main study outcomes according to baseline body mass index. Baseline body mass index (5–95 cen-
tile) is shown on the x-axis and the hazard ratio for the effect of dapagliflozin compared with placebo is shown on the y-axis. The horizontal black line 
shows a hazard ratio of 1 (unity). The blue line represents a continuous hazard ratio and the blue-shaded areas the 95% confidence interval. A hazard 
ratio <1 indicates a benefit of dapagliflozin over placebo.

https://www.ClinicalTrials.gov
https://www.ClinicalTrials.gov
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relative to muscle, or the weight of the skeleton, which may often differ 
according to sex, age, and race.33,34 Therefore, the conventional defin-
ition of obesity based on this metric may not account for these differ-
ences across populations, although our models were adjusted for race 
and region. Patients with extreme obesity (a BMI >50 kg/m2) were ex-
cluded and only 54 patients who were ‘underweight’ were enrolled, 
precluding any meaningful analysis, although this is a rare group of pa-
tients, at least in most countries.

Conclusion
In conclusion, the benefit of dapagliflozin on clinical outcomes was con-
sistent across the spectrum of BMI in DELIVER, without any safety con-
cerns. Treatment with dapagliflozin led to an improvement in 
symptoms and a modest reduction in weight, both of which were amp-
lified in patients with a higher BMI.

Supplementary material
Supplementary material is available at European Heart Journal online.
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