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Abstract

Aims: Baseline body mass index (BMI) and weight loss promoted by sodium-glucose co-
transporter 2 inhibitors may impact outcomes in patients with heart failure with reduced
ejection fraction (HFrEF). We assessed in the EMPEROR-Reduced population treated with
empagliflozin vs placebo the relationship between baseline BMI, weight loss and effects on
the primary (time to first hospitalization for heart failure [HHF] or cardiovascular death) and

key secondary outcomes.

Methods and Results: We categorized patients according to their baseline BMI: <20 kg/m?,
(n = 180); 20-<25 kg/m? (n = 1038); 25-<30 kg/m? (n = 1345); 30—<35 kg/m?* (n = 774) and
>35 kg/m? (n = 393). The treatment effect of empagliflozin on the primary outcome was
consistent across all BMI categories (HRs in subgroups 0.66 to 0.88, interaction trend p =
0.32), as was the effect on total (first plus recurrent) HHF (interaction trend p = 0.31).
Empagliflozin reduced the rate of eGFR decline consistently across the BMI categories

(interaction trend p = 0.67).

Overall, incidence rates of any or serious adverse events were comparable between the
treatment groups across all BMI categories. Three-hundred-and thirteen (17.4%) of patients
treated with empagliflozin experienced a weight loss of more than 5% at week 52 vs. 230
(12.8%) in placebo. When analyzed separately within each treatment group, presence of

weight loss was similarly associated with an increased risk of all-cause mortality.

Conclusion: The benefits of empagliflozin versus placebo were consistently present across
all BMI categories in HFrEF patients. Weight loss was associated with higher risk of all-

cause mortality, regardless of treatment group.
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INTRODUCTION

The prevalence of obesity and heart failure (HF) continue to increase worldwide making
them two of the most significant public health challenges (1, 2). While it is known that
overweight and obesity independently increases the risk of incident HF (3-5), and body mass
index (BMI) appears causally linked to greater HF risks (6), the association between BMI and
outcomes in patients with established HF remains controversial. Previous studies have shown
that relative to normal weight, overweight and obesity are associated with lower mortality in
patients with both chronic compensated and acute decompensated HF (7-9). This apparent
protective association of elevated BMI in HF, also known as the “obesity paradox”, has been
widely recognized in other cardiovascular and non-cardiovascular conditions as well (10).
Moreover, cardiac cachexia, i.e., wasting with unintentional weight loss accompanied by
inflammation and abnormal biochemistry, is also a predictor of adverse clinical outcomes in

HF (11, 12).

Sodium-glucose co-transporter-2 (SGLT2) inhibitors have been shown to promote
weight loss in several populations. Across clinical trials conducted in type 2 diabetes mellitus
(T2DM) populations, a mean weight loss of around 2 to 3 kg has been observed with SGLT2-
inhibitors (13-15). In populations with HF with reduced ejection fraction (HFrEF), of which
approximately 50% had T2DM, the weight loss was lower with a mean of around 1 kg as
observed with empagliflozin and dapagliflozin in EMPEROR-Reduced (Empagliflozin
Outcome Trial in Patients with Chronic Heart Failure with Reduced Ejection Fraction) and
DAPA-HF (Dapagliflozin And Prevention of Adverse-outcomes in Heart Failure),
respectively (16, 17). A recent post-hoc analysis from DAPA-HF showed that the beneficial
effect of dapagliflozin was consistent across the wide range of BMI. However, these results

would benefit from validation.
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The longitudinal effect of weight loss or weight gain with SGLT2 inhibitors versus
placebo on clinical outcomes is still debated. Moreover, the degree of weight loss which can
predict clinical outcomes remains uncertain, especially with regards to SGLT2 inhibitors.
Therefore, in this post hoc analysis of EMPEROR-Reduced, we aimed to assess the
relationship between baseline BMI, weight loss and clinical outcomes in patients with
HFrEF, and investigate the impact of weight loss and weight gain on clinical outcomes, and

how SGLT2 inhibitors fit in to this context.

METHODS
Trial Design

The EMPEROR-Reduced trial was a randomized, double-blind, parallel-group, placebo-
controlled, event-driven study. Patients were recruited into EMPEROR-Reduced between
April 25, 2017 and November 8, 2019 at 520 centers in 20 countries. The design and results
of this trial have been published previously (16, 18). The trial was approved by the ethics
committee at each study site, complies with the Declaration of Helsinki, and all patients

provided written informed consent.
Study Patients

Participants included patients >18 years or older who had chronic HF (New York Heart
Association functional class I, III, or IV) with a left ventricular ejection fraction <40% and
BMI <45 kg/m?. To enroll patients at increased risk of events, the number of patients with an
ejection fraction >30% was limited by requiring that they had been hospitalized for HF
within 12 months or had exceptionally high levels of N-terminal pro-hormone B-type
natriuretic peptide, i.e., >1000 pg/mL or >2500 pg/mL in those with an ejection fraction of

31-35% or 36-40%, respectively; these thresholds were doubled in patients with atrial
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fibrillation. Exclusion criteria included symptomatic hypotension, systolic blood pressure of
<100 mm Hg or >180 mmHg, or an estimated glomerular filtration rate (¢GFR) <20
mL/min/1.73m?. For the current analyses patients were categorized according to their BMI at
baseline in the following categories: <20, 20 to <25, 25 to <30, 30 to <35, and >35 kg/m?,
according to the World Heart Organization classification of obesity. We chose BMI 20 kg/m?
as the lower cut-off and 35 kg/m? as the higher cut-off due to low sample size below BMI 20
kg/m? and above 35 kg/m?. In addition, to assess whether weight change was impacted by
signs of congestion, we investigated change in weight in patients with vs without peripheral
oedema at baseline.

Patients were randomized double-blind (in a 1:1 ratio) to receive placebo or
empagliflozin 10 mg daily, in addition to their usual therapy for HF. Following entry into the
trial, all appropriate treatments for HF or other medical conditions could be initiated or
altered at the clinical discretion of the investigator. Patients were periodically assessed at
study visits for major outcomes, symptoms and functional capacity related to HF, vital signs
and biomarkers reflecting changes in the course of HF, and adverse events. All randomized
patients were followed for the occurrence of pre-specified outcomes for the entire duration of

the trial, regardless of whether the study participants were taking their study medications.
Trial endpoints

The primary endpoint of the EMPEROR-Reduced trial was the time-to-first-event analysis of
the combined risk of cardiovascular (CV) death or hospitalization for heart failure (HHF).
This analysis was based on adjudicated events, as assessed by a clinical event committee,
which applied pre-specified definitions and was blinded to the treatment assignment. The key
secondary endpoints of the study were (1) the total number of adjudicated hospitalizations for
HF (including first and recurrent events); and (2) the slope of the change in eGFR during

double-blind treatment. Further secondary endpoints included first HHF, CV death, all-cause
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mortality, a composite renal endpoint that was defined as the need for chronic dialysis or
renal transplant or a >40% sustained reduction in eGFR (creatinine-based Chronic Kidney
Disease Epidemiology Collaboration) or a sustained eGFR <15 mL/min/1.73 m? (if the
baseline eGFR was >30) or <10 mL/min/1.73m? (if the baseline eGFR was <30 mL/min/1.73
m?), as well as the difference in change from baseline to week 52 in the Kansas City

Cardiomyopathy Questionnaire Clinical Summary Score (KCCQ-CSS).

Analyses of differences between treatment groups in change in body weight from
baseline are displayed at weeks 12, 32 and 52. Safety analyses included serious adverse
events, adverse events leading to discontinuation of study drug, adverse events of special
interest and specific adverse events (e.g. hypotension, hypoglycemia, acute renal failure and

genital infections).
Statistical Analyses

For time-to-first-event analyses, differences between the placebo and empagliflozin
groups for the primary end point across the various BMI categories were assessed for
statistical significance using a Cox proportional hazards model, with pre-specified covariates
of age, gender, geographical region, diabetes status at baseline, left ventricular ejection
fraction, 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 (HR) 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. The effect of empagliflozin versus placebo on the primary endpoint, and the components
HF hospitalizations and CV mortality was also evaluated using BMI as a continuous variable.

For the analysis of changes in eGFR, KCCQ-CSS and vital signs, treatment effects were
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assessed based on changes from baseline using a mixed model for repeated measures
(MMRM). Between-group difference in the slope of change during the treatment period in
eGFR were analyzed using a random intercept random 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 subgroups, 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. A restricted cubic
spline-regression model with four knots was used to present the relationship between baseline
BMI as continuous variable and all-cause mortality and cardiovascular death. The model was
conducted with and without N-terminal pro B-type natriuretic peptide (NT-proBNP) on a

logarithmic scale, added to the standard covariates as in the Cox model.

Additionally, the proportion of patients with >1% weight loss/gain from baseline to
week 12, 32 and 52 were calculated. The impact of empagliflozin on body weight over follow
up was assessed using the MMRM model using the same covariates as the Cox model. This
analysis was also conducted by stratifying patients according to presence of peripheral edema
at baseline. The analysis of all-cause mortality was repeated with weight loss and weight gain
as separate time-dependent covariates to assess the association of weight gain or loss and all-
cause mortality. All analyses were performed using SAS, version 9.4 (SAS Institute). All p-
values reported are 2-sided, and p < 0.05 was considered as statistically significant in all

cases. No adjustments for multiple testing were made.

RESULTS

Patient Characteristics

85U8017 SUOWIWIOD BAIIERID 8|cedl|dde au Aq peusenob ale ssole VO ‘88N 4O se|ni 1oy ArigiT8uluQ A8]1AA UO (SUO I IPUOD-pUR-SWLRY WO A3 | 1M AfeIq 1 BUl|UO//SdNY) SUORIPUOD pue swis | 8Y}88S *[¢202/TT/0T] uo Ariqiauliuo As|iM Sa L A 8222 1UB/200T OT/I0p/wo0 A3 | ARe.q1puljuo//sdny woy pepeojumoq ‘ef ‘v¥806.8T



Of the 3730 randomized patients, 180 had a baseline BMI<20 kg/m?, 1038 had BMI 20 to
<25 kg/m?, 1345 had BMI 25 to <30 kg/m?, 774 had BMI 30 to <35 kg/m?, and 393 had BMI
>35 kg/m?. Baseline demographic and clinical characteristics according to BMI categories are
shown in Table 1. Compared with patients with a lower BMI, those with a higher BMI were
younger, more often white, had more often concomitant diabetes and atrial fibrillation, and
had higher blood pressure and hemoglobin levels. Left ventricular ejection fraction was
similar across the different BMI categories. Patients with higher BMI more frequently had
poorer functional capacity with New York Heart Association Class III-IV, and signs of
volume overload with peripheral edema/congestion. KCCQ scores were lower in patients
with the higher BMI. There was no statistical difference between the different BMI categories
for serum low density lipoprotein cholesterol and total cholesterol levels. Proportion of
patients who had history of chronic obstructive pulmonary disease or malignancies were

largely similar across the different categories of BMI (Table 1).

Risk of Clinical Outcomes by Baseline BMI Categories

The incidence rate of the primary outcome of CV death or HHF in the placebo group was
highest in the BMI <20 kg/m? category (24.6 events per 100 patient years) while the lowest
incidence rate was in the BMI 25 to<30 kg/m? category (19.3 events per 100 patient years).
The association between BMI as a continuous variable and all-cause mortality and CV death
are shown in Figure 1 and Supplementary Figure 1. When BMI was assessed as a
continuous variable, we found that there was an association between BMI <25 kg/m? and all-
cause mortality, without increased risk at higher BMI values after adjustment for potential

confounders.
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No trend in eGFR decline in the placebo group across BMI categories was observed (-1.96, -

2.31,-1.71, -3.66, -1.83, respectively).

Weight Change

Overall, 313 (17.4%) of patients treated with empagliflozin had a weight loss of more than
5% at week 52, and 79 (4.4%) experienced a weight loss of more than 10%. The

corresponding numbers in placebo were 230 (12.8%) and 69 (3.8%).

In the BMI<20 kg/m? category, a slight increase in weight from baseline was seen in both
treatment groups, however, weight increase was slightly less with empagliflozin
(Supplementary Figure 2). In the BMI >35 kg/m?, in both treatment groups mean weight
decreased from baseline, with early changes more pronounced in the empagliflozin group. In
the three middle BMI categories, weight remained relatively stable in the placebo groups
whereas modest weight reductions were observed in the empagliflozin group (mean change at

week 52 ranging from 0.6 to 1.4 kg).

Figure 2 shows weight change in patients with (n=504, 13.5%) and without (n=3,226,
86.5%) peripheral edema at baseline. In patients with baseline peripheral edema body weight
nominally decreased more than in patients without peripheral edema, but there was no
difference between the treatment groups — the adjusted mean change from baseline to week
12 in those with edema and treated with empagliflozin was -0.90 kg (95% CI -1.37, -0.43) vs
-1.17 kg (95% CI -1.63, -0.72) in those on placebo. In patients without edema at baseline
changes of body weight were +0.29 kg (95% CI1 0.11, 0.47) in those treated with

empagliflozin and -0.68 kg (95% CI -0.86, -0.50) in patients on placebo.
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Weight Change and Clinical Outcomes

In analyses with weight change as a time-dependent covariate, weight loss was associated
with a higher risk of all-cause mortality in empagliflozin (HR per 1% weight loss:1.0522
[95%CI, 1.0300-1.0749], p<0.01) and placebo arms (HR per 1% weight loss:1.0599 [95%CI,
1.0288-1.0919], p<0.01), while weight gain was not associated with a higher risk of all-cause
mortality in placebo (HR per 1% weight gain: 0.9748 [95%CI, 0.9337-1.0178), p=0.25) or
empagliflozin (HR per 1% weight gain: 0.9871 [95%CI, 0.9437-1.0325]; p=0.57) arm. A test
for differences in these associations across treatment groups revealed no significant
interaction between treatment and weight change on the risk of all-cause mortality (p=0.94),
meaning that the treatment effect of empagliflozin vs placebo was not influenced by weight

change when assessed as a time-dependent co-variate.

When analysing the primary endpoint, the pattern was somewhat different: a weight loss with
empagliflozin was not associated with the primary endpoint (HR per 1% weight loss 1.0115
[95% CI10.9822, 1.0417], p=0.4443), whereas in placebo, weight loss was associated with a
slightly higher risk (HR per 1% weight loss 1.0371 [95% CI 1.0067, 1.0684], p=0.0165).
Weight gain was on the contrary not associated with the primary endpoint in placebo (HR per
1% weight gain 1.0160 [95% CI 0.9865, 1.0464], p=0.2911), but associated with a slightly
higher risk in empagliflozin (HR per 1% weight gain 1.0345 [95% CI 1.0051, 1.0647],

p=0.0210).

Effect of Empagliflozin on Clinical Outcomes and quality of life by Baseline BMI

Figure 3 shows the effect of empagliflozin on HF endpoints and mortality across the BMI
categories. Treatment effect of empagliflozin vs. placebo on the primary outcome was

consistent across all BMI categories (HR: 0.85 [95%CI, 0.48—1.50] for BMI<20 kg/m?; HR:
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0.66 [95%C1,0.51-0.86] for BMI 20 to <25kg/m?; HR: 0.69 [95%CI, 0.54—0.89] for BMI 25
to < 30kg/m?; HR: 0.88 [95%C]I, 0.65-1.18] for BMI 30 to <35 kg/m?; and HR: 0.82 [95%CI,
0.55-1.23] for BMI > 35 kg/m? (p for interaction trend= 0.32). Empagliflozin also
significantly reduced the total number of HHF across all the BMI categories without evidence
of treatment heterogeneity (HR: 0.81 (95%CI, 0.34—1.91) for BMI<20 kg/m?; HR: 0.58
(95%C1,0.41-0.84) for BMI 20 to <25kg/m?; HR: 0.71 (95%CI, 0.51-0.98) for BMI 25 to <
30kg/m?; HR: 0.68 (95%CI, 0.45-1.02) for BMI 30 to <35 kg/m?; and HR: 0.94 (95%CI,
0.54—1.64) for BMI > 35 kg/m? (p for interaction trend= 0.31). No evidence of treatment
modification with respect to empagliflozin vs placebo was observed for all-cause or CV
mortality across all BMI subgroups. Empagliflozin had a favorable impact on the rate of
decline of eGFR across the different BMI categories (p for interaction trend 0.67) (Figure
4A). Overall, the risk of the renal composite outcome was reduced with empagliflozin vs.
placebo with a HR 0.50 (95% CI1 0.32, 0.77), with no evidence of treatment heterogeneity
across the different BMI categories (p for interaction trend 0.76). The mean differences in
KCCQ-CSS change from baseline to week 52 were consistent across the BMI categories (p
for interaction trend at week 52 >0.99) (Figure 4B).

When analyzing BMI as a continuous variable, the effect of empagliflozin on CV
death or HHF was consistent across the BMI spectrum. Similar results were obtained for the

effect of empagliflozin on the time to first HHF, and CV mortality (Figure 5).
Safety

Supplementary Table 1 shows adverse events according to baseline BMI categories.
Overall, incidence rates of any or serious adverse events were comparable between the
treatment groups across all BMI categories. The incidence of symptomatic hypotension, acute
renal failure and confirmed hypoglycemia were similar in both treatment groups across the

BMI categories.
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Adverse events leading to discontinuation of therapy were highest in the BMI <20 K g/m?
category. There were few cases of genital infections with higher incidences in empagliflozin

versus placebo independent of BMI categories.

DISCUSSION

In this post-hoc analysis of the EMPEROR-Reduced trial, we report several key findings.
First, the incidence of the primary outcome of time to first HHF or CV death was highest
among low and high BMI categories. Second, a tendency of slightly greater weight loss with
empagliflozin versus placebo was noted in higher BMI categories, and there was no
significant weight loss in those with low baseline BMI. Third, we observed that weight loss
was associated with a higher risk of all-cause mortality in both empagliflozin and placebo
arms, but despite this, the effect of empagliflozin versus placebo on HF and kidney outcomes
was consistent across baseline BMI categories. Lastly, the benefits of empagliflozin on
quality of life was consistent across the BMI categories. Overall, these results have important
clinical implications for guiding clinical management for patients with HFrEF. They suggest
empagliflozin should not be withheld in patients with HFrEF on the basis of their baseline
BMI or weight loss.

We observed that the risk of all-cause mortality in the high BMI category (BMI 30 to
<35 kg/m?) was less than half that in the lowest BMI (BMI<20 kg/m?) category. When BMI
was assessed as a continuous variable, we found that there was a U-shaped association
between BMI and mortality, with the lowest risk at around BMI 25 kg/m? after adjusting for
NT-proBNP. In addition, weight loss but not weight gain in empagliflozin and placebo arms
was associated with a higher risk of all-cause mortality. Our findings are consistent with

previous studies, which have demonstrated an inverse relation of body weight and weight
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change with mortality among patients with HF (19-21). Therefore, distinction between
unintentional weight loss versus intentional weight loss with treatment is important. We
believe that the weight loss with empagliflozin is mainly driven by loss of calories and
sodium in urine, and is not related to the mechanism of unintentional weight loss which is
generally linked to higher mortality. This is supported by the notion that patients without
peripheral edema lost weight with empagliflozin but not with placebo. It is also important to
emphasize that weight loss in HFTEF patients may be due to a multitude of concurrent
conditions that may increase all-cause mortality risk, such as incident malignancies and
inflammatory diseases. It is also important to highlight that for non-fatal outcomes, in
contrast, the obesity paradox is not well established. Instead, a higher BMI has been
previously associated with an increased risk of hospitalizations and the development of
various cardiometabolic diseases, including atrial fibrillation and diabetes (22-24). Our
finding of the U-shaped relationship between the incidence of the primary outcome and BMI
categories is in line with this.

In our analyses, we did not observe a consistent association between weight loss or
gain and the primary endpoint in the two treatment groups. Moreover, our results demonstrate
that despite the association between weight loss and mortality, the beneficial effect of
empagliflozin on the primary outcome of time to first HHF or CV death and on the key
secondary outcome total hospitalizations for HF was consistent across BMI categories. This
is in line with and validates the findings from DAPA-HF (The Dapagliflozin And Prevention
of Adverse-outcomes in Heart Failure), which showed that the effects of dapagliflozin on all
outcomes including HF hospitalization were similar across a wide range of BMI categories
(25) ,i.e. SGLT2 inhibitors have favorable effects in HFrEF despite the obesity paradox (26). We
extend the findings from DAPA-HF by also reporting consistency of renal benefits according

to baseline BMI. We observed a consistent reduction in renal composite events, and slower
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annualized decline in eGFR with empagliflozin across all categories of BMI. This shows that
the beneficial cardiorenal effect of empagliflozin is not modified by baseline BMI. Moreover,
the known safety profile of empagliflozin in HFpEF was confirmed. These aspects are
important as some doctors ask whether their leaner patients with HF should receive SGLT?2i.
Our results provide reassurance in this respect.

There are some limitations to this analysis. First, given the retrospective nature of the
analysis and despite our adjustment between the two groups, it is possible that several
unknown confounders might have biased the results. Second, BMI as a measure of adiposity
does not differentiate between lean and fat mass. Moreover, BMI does not measure fat
distribution; other estimates of fat distribution such as waist circumference and skinfold
thickness may be more accurate but were not captured in this trial. Lastly, regional and racial
variability in the diagnostic thresholds and care-seeking patterns may have influenced the

observed associations between BMI and outcomes analyzed.

In conclusion, in both treatment arms, weight loss was associated with higher risk of
all-cause mortality in patients with heart failure and a reduced ejection fraction; However, the
benefits of empagliflozin versus placebo were consistent across all BMI groups. No new

safety signals were observed.
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Table 1: Baseline demographic and clinical characteristics according to BMI categories

<20 kg/m? 20 - <25 kg/m? 25 - <30 kg/m> 30 - <35 kg/m* > 35 kg/m? P-value for
N=180 N=1038 N=1345 N=774 N=393 trend

Age, years 67.5£13.2 67.9£11.1 67.6+10.6 65.4+10.5 64.0+11.7 <0.0001
Male, n (%) 118 (65.6) 798 (76.9) 1064 (79.1) 592 (76.5) 265 (67.4) 0.2824
Race, n (%)

White 68 (37.8) 570 (54.9) 1018 (75.7) 643 (83.1) 330 (84.0)

<0.0001

Black-Af-Am 8 (4.4) 72 (6.9) 96 (7.1) 48 (6.2) 33 (8.4)

Asian 94 (52.2) 348 (33.5) 173 (12.9) 45(5.8) 12 (3.1)
Region, n (%)

North America 14 (7.8) 77(7.4) 159 (11.8) 104 (13.4) 71 (18.1)

Latin America 47 (26.1) 343 (33.0) 472 (35.1) 279 (36.0) 145 (36.9) <0.0001

Europe 28 (15.6) 278 (26.8) 539 (40.1) 343 (44.3) 165 (42.0)

Asia 65 (36.1) 266 (25.6) 121 (9.0) 32 (4.1) 9(2.3)
eGFR, ml/min/1.73 m? 65.3£23.8 62.5+21.4 61.2+£21.1 62.0+21.5 62.2422.9 0.2205
HbAlc, % 6.15+£1.09 6.43+1.41 6.48+1.30 6.82+1.56 6.83+1.49 <0.0001
BM]I, kg/m? 18.6+1.2 22.9+1.4 27.4+1.4 32.2+1.4 38.3+2.9
Hemoglobin, g/dL 127.8+17.5 134.7£15.6 137.9+£15.7 139.4£16.6 139.1+17.4 <0.0001
KCCQ-CSS 75.19+20.05 73.82+21.21 71.57£21.60 67.59+22.43 63.75+22.57 <0.0001
Lipid levels, mg/dL
Total Cholesterol 161.8+40.9 157.4+42.3 157.7+41.0 156.9+42.6 154.6+42.8 0.1670
LDL 83.8+31.7 83.7+£34.9 84.4+34.3 83.1£35.0 81.3£34.7 0.3543
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HDL

Triglycerides

Medical history, n (%)

HHEF last 12 months

DM at baseline

Atrial fibrillation®

Systolic BP, mmHg

Diastolic BP, mmHg

LVEF, %

NYHA VIV, n (%)

Volume overload with evidence of
edema or organ congestion, n (%)
COPD

Malignancy

Heart failure treatment, n (%)
ICD or CRT-D*

CRT-D or CRT-P¢

Use of ACEi or ARB#

Use of ARNI

MRA

Diuretics other than MRA

Beta-blocker

55.7£18.0

110.9+63.1

58 (32.2)
56 31.1)
58 (32.2)
119.1£15.0
71.6£10.9
27.5+46.3

43 (23.9)

21 (11.7)

23(12.8)

14 (7.8)

30 (16.7)
12 (6.7)
114 (63.3)
27 (15.0)
130 (72.2)
153 (85.0)

156 (86.7)

49.3+14.4

123.5+71.9

329 31.7)
447 (43.1)
345 (33.2)
119.0+15.1
72.0£10.7
27.4+6.2

228 (22.0)

124 (11.9)

115 (11.1)

85(8.2)

255 (24.6)
106 (10.2)
695 (67.0)
186 (17.9)
721 (69.5)
881 (84.9)

972 (93.6)

46.4+13.3

139.3+110.8

394 (29.3)

661 (49.1)

488 (36.3)

12224157
73.9£10.6

27.5+6.0

297 (22.1)

185 (13.8)

150 (11.2)

91 (6.8)

453 (33.7)
173 (12.9)
953 (70.9)
272 (20.2)
944 (70.2)
1163 (86.5)

1283 (95.4)

44.5+12.8

150.2493.7

234 (30.2)
452 (58.4)

308 (39.8)

124.2415.6
75.110.6

27.6+5.8

221 (28.6)

127 (16.4)

96 (12.4)

53 (6.8)

288 (37.2)
91 (11.8)

565 (73.0)
154 (19.9)
561 (72.5)
693 (89.5)

744 (96.1)

42.8+12.0

157.3+106.8

136 (34.6)
240 (61.1)

170 (43.3)

126.2+15.5
77.4+10.7

27.3+6.2

141 (35.9)

89 (22.6)

59 (15.0)

18 (4.6)

144 (36.6)
56 (14.2)
273 (69.5)
88 (22.4)
305 (77.6)
358 (91.1)

378 (96.2)

<0.001

<0.0001

0.8824

<0.0001

<0.0001

<0.0001

<0.0001

1

<0.0001

<0.0001

0.1183

0.0349

<0.0001

0.0111

0.0055

0.0254

0.0144

0.0002

<0.0001

aAtrial fibrillation reported in any ECG before treatment intake or history of atrial fibrillation reported as medical history.
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*Implantable cardioverter defibrillator with or without cardiac resynchronization therapy.

“Cardiac resynchronization therapy with or without a defibrillator.

#Excluding valsartan when taken with sacubitril because sacubitril/valsartan is shown as ARNI.

Abbreviations: ACEi= Angiotensin Converting Enzyme inhibitors; Af~Am=African-American; ARB= Angiotensin Receptor Blockers; ARNI=
Angiotensin Receptor-Neprilysin Inhibitor; BMI= Body mass index; BP= Blood pressure; COPD=Chronic Obstructive Pulmonary Disease;
CRT-D= cardiac resynchronization therapy with defibrillation; CRT-P= cardiac resynchronization therapy with pacemaker; DM=Diabetes
Mellitus; eGFR= estimated glomerular filtration rate; HbA1c=Glycated hemoglobin; HDL= High density lipoprotein; HHF=Hospitalization for
Heart Failure; ICD= Implantable cardioverter defibrillator; KCCQ-CSS= Kansas City Cardiomyopathy Questionnaire-Clinical Summary Score;
LDL=Low density lipoprotein; LVEF= Left ventricular ejection fraction; mmHg=millimeters of mercury; MRA=Mineralocorticoid antagonists,

NYHA=New York Heart Association
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FIGURE LEGENDS
Figure 1: Risk of CV and all-cause mortality according to baseline BMI. The spline analyses are adjusted for age, sex, diabetes status, region,

left ventricular ejection fraction, eGFR and NT-proBNP.

Abbreviations: BMI= Body mass index; CI= confidence interval; CV= cardiovascular; eGFR= estimated glomerular filtration rate; NT-proBNP=

N-terminal pro B-type natriuretic peptide.

Figure 2: Change in weight by baseline peripheral edema. Change from baseline in weight over time in patients without (A) and with (B)
baseline peripheral edema. Analyzed by a mixed model of repeated measures.

Abbreviations: SE= standard error.

Figure 3: Effects of empagliflozin vs placebo on HF outcomes and mortality.
Abbreviations: BMI= Body mass index; CI= confidence interval; CV= cardiovascular; HHF=Hospitalization for Heart Failure; HR= hazard ratio

PY= patient years.
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Figure 4: Treatment effect on eGFR slope (A) and KCCQ-CSS (B) according to baseline BMI categories. Forest plot summarizing the
treatment effects on eGFR slope estimates and difference in change in KCCQ-CSS from baseline to week 52 across BMI categories. Between-
group difference in the slope of change during the treatment period in eGFR were analyzed using a random intercept random model in the
treated set. The model includes age, baseline estimated glomerular filtration rate, region, baseline diabetes status, sex, baseline left ventricular
ejection fraction, treatment, baseline BMI categories, and treatment by baseline BMI categories interaction.

Abbreviations: BMI= Body mass index; CI= confidence interval; eGFR= estimated glomerular filtration rate; KCCQ-CSS= Kansas City

Cardiomyopathy Questionnaire-Clinical Summary Score; SE= standard error.

Figure 5: Effect of empagliflozin by BMI as a continuous variable. Spline regression models showing the treatment effect of empagliflozin
vs placebo across BMI as a continuous variable for a) the primary endpoint, b) first HHF, ¢) CV death, d) a histogram with BMI distribution.

Abbreviations: BMI= Body mass index; CI= confidence interval; CV= cardiovascular; HHF=Hospitalization for Heart Failure.
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