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Aims Both low and high body mass index (BMI) are associated with poor heart failure outcomes. Whether BMI modifies
benefits of sodium–glucose cotransporter 2 inhibitors (SGLT2i) in heart failure with preserved ejection fraction
(HFpEF) requires further investigation.

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

Methods
and results

Using EMPEROR-Preserved data, the effects of empagliflozin versus placebo on the risks for the primary outcome
(hospitalization for heart failure [HHF] or cardiovascular [CV] death), change in estimated glomerular filtration rate
(eGFR) slopes, change in Kansas City Cardiomyopathy Questionnaire clinical summary score (KCCQ-CSS), and
secondary outcomes across baseline BMI categories (<25 kg/m2, 25 to <30 kg/m2, 30 to <35 kg/m2, 35 to <40 kg/m2

and ≥40 kg/m2) were examined, and a meta-analysis conducted with DELIVER. Forty-five percent had a BMI of
≥30 kg/m2. For the primary outcome, there was a consistent treatment effect of empagliflozin versus placebo across
the BMI categories with no formal interaction (p trend= 0.19) by BMI categories. There was also no difference in
the effects on secondary outcomes including total HHF (p trend= 0.19), CV death (p trend= 0.20), or eGFR slope
with slower declines with empagliflozin regardless of BMI (range 1.12–1.71 ml/min/1.73 m2 relative to placebo, p
trend= 0.85 for interaction), though there was no overall impact on the composite renal endpoint. The difference
in weight change between empagliflozin and placebo was −0.59, −1.48, −1.54, −0.87, and− 2.67 kg in the lowest
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to highest BMI categories (p trend= 0.016 for interaction). A meta-analysis of data from EMPEROR-Preserved and
DELIVER showed a consistent effect of SGLT2i versus placebo across BMI categories for the outcome of HHF or CV
death. There was a trend toward greater absolute KCCQ-CSS benefit at 32 weeks with empagliflozin at higher BMIs
(p= 0.08).

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

Conclusions Empagliflozin treatment resulted in broadly consistent cardiac effects across the range of BMI in patients with HFpEF.
SGLT2i treatment yields benefit in patients with HFpEF regardless of baseline BMI.

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

Graphical Abstract

BMI (kg/m2) Wt Δ (kg)

<25               -0.59
25 to <30     -1.48
30 to <35     -1.54
35 to <40     -0.87
≥40               -2.67

Ques�on: Does BMI modify the benefit of empagliflozin
in HFpEF in EMPEROR-Preserved?

No BMI interac�ons with:

1° end-point (p=0.19)
Total HHF (p=0.19)
CV Death (p=0.20)
eGFR slope (p=0.85)

+ Trend towards greater
KCCQ-CSS benefit at higher
BMIs

Meta-analysis + DELIVER ; P=0.25 for interac�on

Conclusion: SGLT2i treatment yields benefit in
pa�ents with HFpEF regardless of baseline BMI

Body mass index (BMI) and cardiovascular (CV) outcomes in emperor-Preserved. CI, confidence interval; eGFR, estimated glomerular filtration rate;
HFpEF, heart failure with preserved ejection fraction; HHF, heart failure hospitalization; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire
clinical summary score; SGLT2i, sodium–glucose cotransporter 2 inhibitors.

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

Keywords Weight • HFpEF • Kidney disease • SGLT2 inhibitor

Introduction
Excess adiposity (overweight or obesity) is a risk factor for heart
failure (HF), and represents a potentially distinct phenotype in HF
with preserved ejection fraction (HFpEF); of course, lower body
mass index (BMI) levels also predict adverse outcomes in prevalent
HF.1 Obesity (defined as BMI ≥30 kg/m2) is highly prevalent in
trials of patients with HFpEF (e.g. 45% in EMPEROR-Preserved,2

49% in PARAGON-HF,3 55% in TOPCAT,4 41% in I-PRESERVE5).
With rising numbers of individuals living with excess adiposity (and
HFpEF),6 understanding the impact of baseline BMI on treatment ..
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.. outcomes in HFpEF is important information. Since patients with
HFpEF with comorbid obesity have reported lower quality of life
than those with normal BMI, the impact of therapies on these
patient-reported outcomes for patients with higher BMI is of
particular importance.7

Recently, DELIVER, investigating dapagliflozin versus placebo in
patients with HF and left ventricular ejection fraction (LVEF) >40%,
showed around 45% of patients with HFpEF recruited had a BMI of
30 kg/m2 or more at baseline.8 The authors reported that whilst
there was no difference in the effect of dapagliflozin on outcomes
by five different BMI categories, there were greater absolute

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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reductions in weight and increases in Kansas City Cardiomyopathy
Questionnaire (KCCQ) total symptom score (TSS) in the highest
BMI category group. Given this is the only trial to examine this
important issue, we considered it important to test whether the
benefits of empagliflozin in EMPEROR-Preserved varied by baseline
BMI. Such work would usefully validate and extend relevant results
reported in DELIVER.8 It would also be useful to examine the
benefits of empagliflozin on the rate of decline in the estimated
glomerular filtration rate (eGFR). We therefore examined all key
outcomes in the EMPEROR-Preserved by baseline BMI categories.
In addition, we also meta-analysed the primary outcome by adding
data previously published by the DELIVER investigators to produce
a more powerful aggregated result across two trials.

Methods
Study design
EMPEROR-Preserved was an international, phase III, double-blind,
parallel-group, placebo-controlled trial that enrolled 5988 patients
with symptomatic HF, an LVEF >40%, elevated natriuretic peptide
levels and evidence of structural cardiac changes or documented
prior hospitalization for HF (HHF). Patients were randomized to
empagliflozin 10 mg daily or placebo. The design and results of this
trial have been published previously.2 Of relevance to this study, at visit
1 (screening) BMI had to be <45 kg/m2 and eGFR ≥20 ml/min/1.73 m2.
The trial was approved by the ethics committee at each study site, and
all patients provided written informed consent.

Trial endpoints
The primary endpoint was the time to first HHF or cardiovascular
(CV) death. The key secondary endpoints included first and recur-
rent HHFs and the rate of decline in the eGFR during double-blind
treatment (eGFR slope). Other secondary endpoints included time to
first HHF, CV death, and all-cause death and the change in KCCQ
clinical summary score (CSS) from baseline to week 52. In addi-
tion, we analysed time to a first composite renal endpoint defined
as time to first occurrence of (1) chronic dialysis; (2) renal trans-
plantation; (3) sustained reduction of ≥40% in eGFR; or (4) sus-
tained eGFR <15 ml/min/1.73 m2 for patients with baseline eGFR
≥30 ml/min/1.73 m2 or <10 ml/min/1.73 m2 for patients with baseline
eGFR <30 ml/min/1.73 m2.

For the current analyses patients were categorized according to
their BMI at baseline in the following categories: <25, 25 to <30, 30
to <35, 35 to <40, and ≥40 kg/m2, according to the World Health
Organization classification of obesity. We chose BMI 25 kg/m2 as
the lower cut-off and 40 kg/m2 as the higher cut-off due to limited
sample size below BMI 25 kg/m2 and above 40 kg/m2. These subgroups
also permitted a pooled comparison of BMI groups for the primary
endpoint in DELIVER which conducted relevant analyses in 6203
patients.

Statistical analyses
For time-to-first-event analyses, differences between the placebo and
empagliflozin groups for the primary endpoint across the various BMI ..
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.. categories were assessed for statistical significance using a Cox propor-
tional hazards model, with pre-specified covariates of age, gender, geo-
graphical region, diabetes status at baseline, LVEF, and eGFR at baseline.
These analyses were performed according to the intention-to-treat
principle for all randomized patients and included data up to the end of
the planned treatment period. Event rates per 100 patient-years and
adjusted hazard ratios are reported for each BMI category. For the
analysis of total (first and repeated) events, between-group differences
were assessed using a joint frailty model, with CV death as a competing
risk. For the analysis of changes in eGFR, weight and KCCQ, treat-
ment effects were assessed based on changes from baseline using a
mixed model for repeated measures (MMRM) adjusting for the covari-
ates age, gender, geographical region, diabetes status, LVEF and eGFR,
and in addition for weight at baseline for weight changes, and KCCQ at
baseline for KCCQ changes. Between-group differences in the slope of
change during the treatment period in eGFR were analysed using a ran-
dom intercept, random slope model in the treated set. The MMRM, the
slope model and the joint frailty model included the same covariates
as the Cox model. To assess the consistency of effects across sub-
groups, subgroup-by-treatment interaction terms were added in the
models. Analyses for safety were performed including all the patients
who had received at least one dose of empagliflozin or placebo.
Fixed-effect meta-analysis (inverse variance method) was performed
for each outcome and for individual subgroups to generate pooled
estimates for the effect of sodium–glucose cotransporter 2 inhibitors
(SGLT2i) compared with placebo. Hazard ratios and 95% confidence
intervals were used. Between-trial heterogeneity of treatment effect
was assessed using the I2 index and Cochran’s Q-test. We tested
treatment-by-subgroup heterogeneity of effect using Cochran’s Q-test.
Meta-analysis calculations were done using STATA (version 17.0).

All analyses (except the meta-analysis) were performed using SAS,
version 9.4 (SAS Institute, Cary, NC, USA). All p-values reported are
two-sided, and p< 0.05 was considered as statistically significant in all
cases. No adjustments for multiple testing were made.

Results
Of the 5988 patients randomized, 1310 (21.9%) had BMI
<25 kg/m2, 1986 (33.2%) had BMI 25 to <30 kg/m2, 1553 (25.9%)
had BMI 30 to <35 kg/m2, 771 (12.9%) had BMI 35 to <40 kg/m2,
and 368 (6.1%) had BMI ≥40 kg/m2 at baseline. Thus, 45% were in
the obese category at baseline.

Patients with higher BMIs were more likely to be younger, female,
and White. Patients in higher BMI categories also tended to have
worse New York Heart Association (NYHA) class, worse/lower
KCCQ-CSS scores, higher rates of atrial fibrillation and diabetes
mellitus, and higher LVEF and lower N-terminal pro-B-type natri-
uretic peptide concentrations (Table 1).

Empagliflozin consistently reduced the primary composite
outcome of time to first HHF or CV death across baseline BMI
categories, with no formal interaction (p trend= 0.19) (Figure 1).
There were 148 patients with a baseline BMI <20 kg/m2 and
analyses of treatment effect on the primary endpoint by BMI as
a continuous variable suggested consistent effects also in these
lower ranges of BMI (data not shown). The effect of empagliflozin
on eGFR slope was also consistent across BMI categories (p
trend= 0.85; Figure 2), although there was no benefit on the
composite renal endpoint, overall or in BMI subgroups (online

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Baseline characteristics by body mass index categories

<25 kg/m2

(n=1310)

25 to< 30 kg/m2

(n=1986)

30 to< 35 kg/m2

(n=1553)

35 to< 40 kg/m2

(n= 771)

≥40 kg/m2

(n= 368)

p-value trend

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

Age, years 73.5±10.1 72.9± 9.1 71.4± 8.9 69.8± 8.8 67.0± 9.8 <0.0001

BMI, kg/m2 22.54± 1.93 27.52±1.43 32.28± 1.44 37.20±1.40 42.61± 1.66 <0.0001

Female sex, n (%) 554 (42.3) 815 (41.0) 699 (45.0) 393 (51.0) 215 (58.4) <0.0001

Race, n (%)

White 723 (55.2) 1512 (76.1) 1307 (84.2) 684 (88.7) 316 (85.9) <0.0001

Black/African American 52 (4.0) 68 (3.4) 79 (5.1) 34 (4.4) 25 (6.8)

Asian 447 (34.1) 272 (13.7) 81 (5.2) 18 (2.3) 6 (1.6)

Other including mixed races 87 (6.6) 133 (6.7) 86 (5.5) 35 (4.5) 21 (5.7)

Missing 1 (0.1) 1 (0.1) 0 0 0

NYHA class, n (%)

II 1125 (85.9) 1689 (85.0) 1247 (80.3) 577 (74.8) 245 (66.6) <0.0001

III 178 (13.6) 293 (14.8) 303 (19.5) 189 (24.5) 120 (32.6)

IV 5 (0.4) 3 (0.2) 3 (0.2) 5 (0.6) 2 (0.5)

KCCQ-CSS 76.94± 19.35 72.56± 20.09 68.77± 20.27 62.60± 22.23 59.19± 23.15 <0.0001

KCCQ-CSS, median (IQR) 81.25 (64.58, 93.23) 76.04 (59.38, 89.58) 70.83 (54.17, 85.42) 64.38 (45.31, 80.89) 61.98 (41.15, 77.34)

Systolic blood pressure, mmHg 130.2± 15.9 131.3± 15.5 132.5± 15.3 133.2±15.7 135.2± 15.8 <0.0001

Weight, kg 60.7± 9.4 75.7± 9.9 89.4±11.9 102.2±13.5 115.6± 16.3 <0.0001

LVEF, % 54.2± 9.0 53.9± 8.9 54.3± 8.7 55.1± 8.3 55.5± 8.5 0.0030

NT-proBNP, pg/ml, median (IQR) 1170 (601, 2111) 993 (506, 1773) 898 (467, 1608) 900 (427, 1534) 784 (438, 1356) <0.0001 (based on

log-transformed

results)

eGFR, ml/min/1.73 m2 62.4± 20.1 60.7± 19.0 59.8±19.7 58.6± 20.3 61.5± 22.3 0.0002

Medical history, n (%)

Atrial fibrillationa 645 (49.2) 993 (50.0) 811 (52.2) 416 (54.0) 192 (52.2) 0.0191

Diabetes mellitus 461 (35.2) 894 (45.0) 853 (54.9) 488 (63.3) 242 (65.8) <0.0001

Heart failure medication, n (%)

ACEi/ARB/ARNI 942 (71.9) 1620 (81.6) 1304 (84.0) 653 (84.7) 313 (85.1) <0.0001

Beta-blockers 1093 (83.4) 1694 (85.3) 1377 (88.7) 692 (89.8) 311 (84.5) <0.0001

Mineralocorticoid receptor antagonists 506 (38.6) 727 (36.6) 583 (37.5) 288 (37.4) 140 (38.0) 0.7676

Loop or high ceiling diuretics 816 (62.3) 1276 (64.2) 1067 (68.7) 590 (76.5) 305 (82.9) <0.0001

Data are mean± standard deviation unless stated otherwise.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; BMI, body mass index; eGFR, estimated glomerular
filtration rate; HF, heart failure; IQR, interquartile range; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire clinical summary score; LVEF, left ventricular ejection fraction; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association.
aDefined as atrial fibrillation reported in any electrocardiogram before treatment intake or history of atrial fibrillation reported in medical history.

supplementary Table S1). Similarly, reduced hazard of total HHFs
seen in patients randomized to empagliflozin versus placebo was
preserved across all BMI categories (p trend= 0.19).

Overall, an average weight loss of 1.3 kg from baseline to week
52 was observed with empagliflozin as compared with placebo. The
difference of weight change between empagliflozin and placebo was
−0.59, −1.48, −1.54, −0.87, and −2.67 kg in the lowest to highest
BMI categories (Figure 3), with evidence of formal interaction (p
trend= 0.016), suggesting greater weight loss at higher baseline
BMI. Improvements in KCCQ-CSS were more consistent and
clearer at higher BMIs than at lower BMIs (Figure 4), with p value
for trend= 0.080 at 32 weeks. The frequency and incidence rates
of adverse events are given in online supplementary Table S2. Over-
all, the number of empagliflozin patients reporting adverse events
(AEs) were not higher compared to placebo in any BMI subgroup.
With regard to AEs of special interest, there were slightly
higher frequencies of renal failure and genital infections in the
upper BMI categories. A higher incidence of genital infections with
empagliflozin versus placebo was seen across most BMI categories.

Meta-analysis
Combining the primary outcome (time to first HHF or CV death)
results by similar BMI categories across EMPEROR-Preserved ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

. (n= 5988) and DELIVER (n= 6203) trials thereby lending more
power, revealed point estimates below one (thus favouring
SGLT2i) for all five categories (Figure 5). There was a low degree
of heterogeneity in the meta-analysed estimates by BMI category
(I2 = 26.0%, p= 0.248).

Discussion
In EMPEROR-Preserved, there was no significant interaction of
BMI on the hazards of primary outcome of CV death or HHF, or
on the secondary endpoints of total HHFs, CV death, first HHF,
first renal composite, or all-cause death with empagliflozin versus
placebo in patients with HFpEF. The robustness of this conclusion
was also supported by a meta-analysis of the primary outcome data
with the DELIVER trial. In addition, no effect modification of BMI
on eGFR slope was noted, though the relevance of this remains
uncertain given eGFR slopes can be confounded, and there was no
benefit on the composite renal outcome. There were no new safety
findings and no clear evidence of different safety concerns by BMI
categories. Weight loss with empagliflozin was also very modest
(mean −0.41 kg) in those in the lowest baseline BMI category.
Collectively, these data suggest that empagliflozin may be initiated
in patients with HFpEF irrespective of BMI (Graphical Abstract).

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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BMI and cardiorenal outcomes in EMPEROR-Preserved 5

1.0 2.0

Favours
placebo

Favours
empagliflozin

0.25 0.5

Empagliflozin
HR (95% CI)n/N % Rate/100 py

Interaction
p-value

0.53 (0.41, 0.70)
0.79 (0.69, 0.90)

0.94 (0.75, 1.18)

415/2997 13.8 6.86

Placebo
n/N % Rate/100 py

511/2991 17.1 8.67

86/672 12.8 6.31 139/638 21.8 11.63

137/982 14.0 6.96 153/1004 15.2 7.69
0.94 (0.71, 1.24)96/793 12.1 5.88 95/760 12.5 6.05

BMI <25 kg/m2

Overall

BMI 25 to <30 kg/m2

Time to first HHF or CV death

0.19

BMI 35 to <40 kg/m2

BMI ≥40 kg/m2

BMI 30 to <35 kg/m2

0.90 (0.65, 1.26)66/382 17.3 9.08 74/389 19.0 9.92
0.63 (0.40, 0.99)30/168 17.9 8.44 50/200 25.0 12.82

Figure 1 Effect of empagliflozin versus placebo on the primary endpoint by baseline body mass index (BMI) categories. Point estimates and
95% confidence intervals (CI). CV, cardiovascular; HHF, hospitalization for heart failure; HR, hazard ratio; py, patient-year.

2.0 3.0
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empagliflozin

Favours
placebo

−1.0 1.00.0

Empagliflozin
Difference (95% CI)

Interaction
p-value

1.38 (0.75, 2.01)
1.36 (1.06, 1.66)

1.44 (0.92, 1.96)

Placebo
Mean (SE)

−2.62
−2.81
−2.70

1.12 (0.54, 1.71)−2.18

BMI <25 kg/m2

Overall

BMI 25 to <30 kg/m2

eGFR slope change
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BMI 35 to <40 kg/m2

BMI ≥40 kg/m2

BMI 30 to <35 kg/m2
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1.71 (0.50, 2.93)

Mean (SE)

−1.25
−1.43
−1.26
−1.06
−1.33
−1.24 −2.96

Figure 2 Effect of empagliflozin versus placebo on estimated glomerular filtration rate (eGFR) slope by baseline body mass index (BMI)
categories. Point estimates and 95% confidence intervals (CI). SE, standard error.

Consistent with prior research, we noted that patients with
higher BMI and HFpEF were significantly younger and more likely
to be female.9,10 In addition, patients with higher BMIs were
also significantly more likely to have a higher NYHA class and
significantly worse KCCQ score, findings similar to what has been
reported elsewhere.9 Also, patients randomized to empagliflozin
who were overweight or obese had statistically more weight loss
than patients randomized to placebo. Such results lend external
validity to these new observations. Though absolute differences in
weight were modest at ∼1.3 kg, any effort to help support weight
loss is likely to be meaningful to patients. Our results also suggest
that absolute amount of weight lost was greatest for those in higher
BMI categories, where weight loss is most likely to provide clinical
benefit, and lowest in the lower BMI categories.

Visually, greatest benefit across many of the outcomes appeared
to be for those with either normal (lowest) BMI category or severe
obesity, but this is fundamentally confounded by extremely vary-
ing sample sizes and uneven power. The insignificant interaction
p-value observed for each of these outcomes should reassure both ..
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..
. providers and patients that the benefits of empagliflozin are pre-

served across the spectrum of BMI. Furthermore, we find that this
visual pattern is attenuated by the larger sample size achieved in
a meta-analysis combining results from EMPEROR-Preserved with
DELIVER across BMI category.

We did observe a trend toward larger improvements in
KCCQ-CSS score with higher BMI at 32 weeks, with a p-value
for trend= 0.080. These data are broadly consistent with the
DELIVER data where a significant interaction (p= 0.03) was noted
at 8 months for a similar analysis with KCCQ-TSS.8 They also
accord with a recent paper examining predictors of health status
in EMPEROR-Preserved.11 Thus, it appears patients with higher
BMIs likely derive a larger absolute benefit in terms of KCCQ
improvement. Prior literature12 suggests patients living with both
HFpEF and obesity and starting dapagliflozin experience meaningful
improvements in KCCQ-CSS and KCCQ-TSS within 12 weeks:
given the higher symptom burden experienced by those at higher
BMIs, these observed improvements in KCCQ may be particularly
relevant.

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

 18790844, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejhf.3221 by C

H
U

 N
ancy, W

iley O
nline L

ibrary on [02/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6 N. Sattar et al.
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Figure 3 (A–E) Change from baseline in body weight by baseline body mass index (BMI) categories. Point estimates and 95% confidence
intervals (CI) given at each time point as per the x-axis, as well as number of patients with data at each visit. Adjusted mean weight change in
kg by treatment groups from baseline to week 52 (from lowest to highest BMI category) were as follows: 0.18 (P) and −0.41 (E), 0.29 (P) and
−1.20 (E), −0.13 (P) and −1.67 (E), −1.50 (P) and −2.36 (E), −0.23 (P) and −2.90 (E). E, empagliflozin; P, placebo; SE, standard error.

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 4 (A–E) Change from baseline in Kansas City Cardiomyopathy Questionnaire (KCCQ) clinical summary score (CSS) by baseline body
mass index (BMI) categories. Point estimates and 95% confidence intervals (CI) given at each time point as per the x-axis, as well as number
of patients with data at each visit. SE, standard error.

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 5 Meta-analysis of the primary outcome in EMPEROR-Preserved and DELIVER by baseline body mass index (BMI) categories. Point
estimates and 95% confidence intervals (CI) with the meta-analysed estimate in the blue diamond. Subgroup interaction p= 0.25. HR, hazard
ratio; SGLT2i, sodium–glucose cotransporter 2 inhibitor.

Notably, in a meta-analysis of results across BMI category

from both EMPEROR-Preserved and DELIVER, we find that the

meta-analysed hazards of a composite of CV death or HHF is

broadly consistent across BMI categories (I2 = 26.0%, p= 0.248;

Figure 5). EMPEROR-Preserved also adds data on the consistent

slowing of eGFR slopes across all BMI categories, though the rele-

vance of this is uncertain given that there was no overall benefit

on the first renal composite outcome in the trial, nor in sub-

groups. Even so, these BMI analyses in the two HFpEF trials suggest

patients with either BMI <25 kg/m2 or ≥40 kg/m2 benefit from

SGLT2i just as well as do patients with BMI between these lim-

its, with some evidence for greater absolute symptomatic benefits

at higher BMI levels. This latter finding is interesting given recent

notable symptomatic (KCCQ) benefits seen with semaglutide in ..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. the STEP-HFpEF trial13 where mean weight loss levels at 10.7% rel-
ative to placebo were greater than seen with SGLT2i in DELIVER
or EMPEROR-Preserved, speculatively suggesting complementary
mechanisms of action.

There are limitations to our analysis. EMPEROR-Preserved
excluded patients with a BMI of ≥45 kg/m2, limiting any evaluation
of more extreme degrees of obesity. Similarly, very few under-
weight (BMI <18.5 kg/m2) were enrolled. Perhaps most impor-
tantly, BMI is an incomplete measure of body composition,14 and
our analysis may therefore not capture the true impact of increas-
ing degrees of adiposity on outcomes in this patient population.
Nevertheless, BMI remains the most clinically used measure and as
such these results do have clinical translation.

In conclusion, these data from EMPEROR-Preserved suggest
that the SGLT2i empagliflozin is safe and effective across the

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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BMI and cardiorenal outcomes in EMPEROR-Preserved 9

spectrum of BMI for patients with HFpEF. There was also suggestive
evidence that patients living with obesity may derive larger absolute
risk benefits in improved health status. These results and the
meta-analysis of data with DELIVER further suggest there is no
reason to withhold SGLT2i treatment in patients with HFpEF based
on baseline BMI.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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