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Summary

Background—In the STEP-HFpEF (NCT04788511) and STEP-HFpEF DM (NCT04916470) 

trials, the GLP-1 receptor agonist semaglutide improved symptoms, physical limitations, 

bodyweight, and exercise function in people with obesity-related heart failure with preserved 

ejection fraction. In this prespecified pooled analysis of the STEP-HFpEF and STEP-HFpEF DM 

trials, we aimed to provide a more definitive assessment of the effects of semaglutide across a 

range of outcomes and to test whether these effects were consistent across key patient subgroups.

Methods—We conducted a prespecified pooled analysis of individual patient data from STEP-

HFpEF and STEP-HFpEF DM, randomised, double-blind, placebo-controlled trials at 129 clinical 

research sites in 18 countries. In both trials, eligible participants were aged 18 years or older, 

had heart failure with a left ventricular ejection fraction of at least 45%, a BMI of at least 30 

kg/m², New York Heart Association class II–IV symptoms, and a Kansas City Cardiomyopathy 

Questionnaire Clinical Summary Score (KCCQ-CSS; a measure of heart failure-related symptoms 

and physical limitations) of less than 90 points. In STEP-HFpEF, people with diabetes or glycated 

haemoglobin A1c concentrations of at least 6·5% were excluded, whereas for inclusion in STEP-

HFpEF DM participants had to have been diagnosed with type 2 diabetes at least 90 days before 

screening and to have an HbA1c of 10% or lower. In both trials, participants were randomly 

assigned to either 2·4 mg semaglutide once weekly or matched placebo for 52 weeks. The dual 

primary endpoints were change from baseline to week 52 in KCCQ-CSS and bodyweight in all 

randomly assigned participants. Confirmatory secondary endpoints included change from baseline 

to week 52 in 6-min walk distance, a hierarchical composite endpoint (all-cause death, heart 

failure events, and differences in changes in KCCQ-CSS and 6-min walk distance); and C-reactive 

protein (CRP) concentrations. Heterogeneity in treatment effects was assessed across subgroups of 

interest. We assessed safety in all participants who received at least one dose of study drug.

Findings—Between March 19, 2021 and March 9, 2022, 529 people were randomly assigned 

in STEP-HFpEF, and between June 27, 2021 and Sept 2, 2022, 616 were randomly assigned in 

STEP-HFpEF DM. Overall, 1145 were included in our pooled analysis, 573 in the semaglutide 

group and 572 in the placebo group. Improvements in KCCQ-CSS and reductions in bodyweight 

between baseline and week 52 were significantly greater in the semaglutide group than in 

the placebo group (mean between-group difference for the change from baseline to week 52 

in KCCQ-CSS 7·5 points [95% CI 5·3 to 9·8]; p<0·0001; mean between-group difference in 

bodyweight at week 52 −8·4% [−9·2 to −7·5]; p<0·0001). For the confirmatory secondary 
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endpoints, 6-min walk distance (mean between-group difference at week 52 17·1 metres [9·2 

to 25·0]) and the hierarchical composite endpoint (win ratio 1·65 [1·42 to 1·91]) were significantly 

improved, and CRP concentrations (treatment ratio 0·64 [0·56 to 0·72]) were significantly reduced, 

in the semaglutide group compared with the placebo group (p<0·0001 for all comparisons). For 

the dual primary endpoints, the efficacy of semaglutide was largely consistent across multiple 

subgroups, including those defined by age, race, sex, BMI, systolic blood pressure, baseline CRP, 

and left ventricular ejection fraction. 161 serious adverse events were reported in the semaglutide 

group compared with 301 in the placebo group.

Interpretation—In this prespecified pooled analysis of the STEP-HFpEF and STEP-HFpEF 

DM trials, semaglutide was superior to placebo in improving heart failure-related symptoms and 

physical limitations, and reducing bodyweight in participants with obesity-related heart failure 

with preserved ejection fraction. These effects were largely consistent across patient demographic 

and clinical characteristics. Semaglutide was well tolerated.

Funding—Novo Nordisk.

Introduction

Obesity is a major risk factor for heart failure with preserved ejection fraction.1,2 Although 

many people who have heart failure with preserved ejection fraction also have obesity, 

individuals with obesity are under-represented in clinical trials of heart failure. Trial 

exclusion criteria often prevent participation of people with very high BMIs (eg, >40 

kg/m²) or with insufficient natriuretic peptide concentrations to meet eligibility thresholds 

(which is frequently the case in people with obesity).3 Type 2 diabetes is also common 

(prevalence roughly 45%) in people with heart failure with preserved ejection fraction.4–6 

Obesity and diabetes create a pro-inflammatory state that can promote endothelial and 

coronary microvascular dysfunction in heart failure with preserved ejection fraction.1,7,8 

Obesity also causes increased epicardial and chest wall adiposity, amplifying ventricular 

interdependence,9 which is further exacerbated by plasma and blood volume expansion and 

excessive vasoconstriction, resulting in further worsening of heart failure with preserved 

ejection fraction.10–12

The STEP-HFpEF trial13 aimed to assess the effect of the GLP-1 receptor agonist 

semaglutide in people with heart failure with preserved ejection fraction and a BMI of 

30 kg/m² or higher who did not have type 2 diabetes. To our knowledge, the trial was 

the first to test a GLP1 receptor agonist in people with obesity-related heart failure with 

preserved ejection fraction. Significant improvements in symptoms, physical limitations, and 

exercise function, and reductions in bodyweight, were recorded in the semaglutide group 

compared with the placebo group.13 In previous trials of treatments for obesity (including 

studies of GLP-1 receptor agonists), people with diabetes lost less weight than those without 

diabetes.14–17 In the STEP-HFpEF DM trial, patients with obesity-related heart failure with 

preserved ejection fraction and type 2 diabetes were randomly assigned to either weekly 

semaglutide or placebo. Significant improvements in heart failure outcomes were recorded 

in the semaglutide group compared with the placebo group, findings that were consistent 

with those noted in STEP-HFpEF, although participants in STEP-HFpEF DM lost less 

weight.
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In view of the relatively modest size of both trials, we conducted a prespecified pooled 

analysis of the STEP-HFpEF and STEP-HfpEF DM trial populations to provide a more 

definitive assessment of the effects of semaglutide across a broad range of outcomes in 

people with obesity-related heart failure with preserved ejection fraction with and without 

diabetes, and to assess whether these effects are consistent across key patient subgroups.

Methods

Study design and participants

In this study, we conducted a pooled analysis of the populations of STEP-HFpEF13 and 

STEP-HFpEF DM, randomised, double-blind, placebo-controlled trials at 129 clinical 

research site sites in 18 countries in Asia, Europe, North America, and South America. 

The steering committee, which included academic members and representatives from the 

study sponsor, designed both trials and was responsible for the academic publications. A 

global expert panel provided academic, medical, and operational input in each country. The 

methods and outcomes for this pooled analysis were prespecified before database lock and 

unblinding of the two trials. The design and baseline characteristics of participants in both 

trials have been published.18

In both STEP-HFpEF and STEP-HFpEF DM, eligible participants were aged 18 years or 

older, had a left ventricular ejection fraction (LVEF) of at least 45%, a BMI of at least 

30 kg/m², New York Heart Association (NYHA) class II–IV symptoms, a Kansas City 

Cardiomyopathy Questionnaire (KCCQ) Clinical Summary Score (KCCQ-CSS) of less than 

90 points, a 6-min walk distance (6MWD) of at least 100 m, and at least one of elevated 

left ventricular filling pressures (based on invasive measurements), increased natriuretic 

peptide concentrations (with thresholds stratified based on BMI) plus echocardiographic 

abnormalities, or a hospitalisation for heart failure within 12 months of screening plus 

ongoing treatment with diuretics or echocardiographic abnormalities. In STEP-HFpEF, 

people with diabetes or glycated haemoglobin A1c (HbA1c) concentrations of at least 

6·5% were excluded, whereas for inclusion in STEP-HFpEF DM participants had to have 

been diagnosed with type 2 diabetes at least 90 days before screening and to have an 

HbA1c of 10% or lower. Key exclusion criteria for both trials included self-reported change 

in bodyweight of greater than 5 kg within 90 days of screening, type 1 diabetes, and 

treatment with a GLP-1 receptor agonist within 90 days of screening. In STEP-HFpEF DM, 

people with uncontrolled diabetic retinopathy or maculopathy were also excluded. The full 

eligibility criteria for both trials are in the appendix (pp 5–8).

Both STEP-HFpEF and STEP-HFpEF DM were done in accordance with the Declaration of 

Helsinki and Good Clinical Practice guidelines. The protocols for both trials were approved 

by the ethics committees or institutional review boards at each site, and all participants 

signed written informed consent. The protocol for STEP-HFpEF has been previously 

published.13 The STEP-HFpEF DM protocol can be accessed online.19
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Randomisation and procedures

In both trials, eligible participants were randomly assigned (1:1), using an interactive web-

based response system, to either semaglutide given subcutaneously once weekly or matching 

placebo for 52 weeks, followed by a 5-week follow-up period. Randomisation was stratified 

by baseline BMI (<35 kg/m² vs ≥35 kg/m²). Both participants and investigators were masked 

to treatment assignment.

Semaglutide or placebo treatment was initiated at a dose of 0·25 mg weekly for the first 

4 weeks, with dose escalation every 4 weeks to reach a dose of 2·4 mg weekly by 

week 16, which was maintained for the rest of the trial. Participants who discontinued 

treatment prematurely remained in the trial. In the STEP-HFpEF DM trial, semaglutide or 

placebo were added to background glucose-lowering drugs that participants were taking 

to manage their type 2 diabetes. Any drugs other than GLP-1 receptor agonists were 

permitted. Modification of glucose-lowering treatment was at the discretion of investigators. 

Specific guidance regarding the adjustment of sulfonylurea and insulin doses was provided 

to investigators by the study sponsor to mitigate the risk of hypoglycaemia.

Outcomes

Endpoints were harmonised across STEP-HFpEF and STEP-HFpEF DM. The dual primary 

endpoints were change in the KCCQ-CSS and percentage change in bodyweight from 

baseline to week 52. The KCCQ is a standardised 23-item instrument that quantifies heart 

failure-related symptoms, physical function, quality of life, and social function.20–22 The 

KCCQ-CSS includes the symptom and physical function domains. Scores range from 0 to 

100; higher scores reflect better health status. Confirmatory secondary endpoints included 

the change from baseline to week 52 in 6MWD; change in C-reactive protein (CRP) 

concentrations from baseline to week 52; and a hierarchical composite endpoint comprising 

all-cause mortality, number and timing of heart failure events (adjudicated hospitalisation 

for heart failure or urgent hospital visit requiring intravenous therapy), differences in KCCQ-

CSS change from baseline to week 52 of at least 15, at least 10, or at least 5 points, 

and a difference of at least 30 m in change in 6MWD from baseline to week 52. Select 

exploratory and other pre-specified endpoints included change in NT-proBNP concentrations 

from baseline to week 52, time to first adjudicated heart failure event, time to cardiovascular 

death or first heart failure event, and time to cardiovascular death or total (ie, first and 

recurrent) heart failure events (appendix pp 2–4, 9–11). Undetermined causes of death were 

classified as cardiovascular deaths.

Safety endpoints included serious adverse events and adverse events of special interest, 

which comprised adverse events leading to permanent treatment discontinuation, adverse 

events related to COVID-19, acute pancreatitis and medication errors, and, in STEP-

HFpEF DM, clinically significant episodes of hypoglycaemia and new or worsening 

diabetic retinopathy. An independent blinded external committee adjudicated heart failure 

hospitalisation events, urgent heart failure hospital visits requiring intravenous therapy, and 

all deaths. All laboratory assays were done by ICON Laboratory Services (Farmingdale, NY, 

USA, and Dublin, Ireland).
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Statistical analysis

Details of the statistical methods for both trials are further detailed in the appendix and 

have been previously reported.13,18,19 Both trials included sample sizes that provided greater 

than 90% power to detect a between-group difference of 4·1 points for the change in KCCQ-

CSS from baseline to week 52 (α 0·04) and greater than 99% to detect a between-group 

difference of 5·9–9·9% in change in bodyweight from baseline to week 52 (α 0·01). Efficacy 

endpoints were analysed in the full analysis set, which included all randomly assigned 

participants (except one person who was randomly assigned in error to the placebo group 

of STEP-HFpEF DM) according to the intention-to-treat principle. In both trials, the results 

of the primary and confirmatory secondary efficacy endpoints in the testing hierarchy were 

validated by a sponsor-independent statistician (Statogen Consulting, Durham, NC, USA), 

who had access to all relevant datasets.

Safety endpoints were analysed in the safety analysis set, which included all randomly 

assigned participants who received at least one dose of assigned study treatment. 

We distinguished between the in-trial period (which included temporary treatment 

discontinuations or rescue intervention) and the on-treatment period (which specifically 

referred only to when participants were actively receiving treatment). We used two 

estimands (a treatment policy estimand consistent with the intention-to-treat principle and a 

hypothetical trial product estimand for if treatment was taken as intended [ie, on-treatment 

analysis]) to assess treatment efficacy and to account for intercurrent events (including 

discontinuation of treatment [including due to death], initiation of other weight-management 

agents, or bariatric surgery). The appendix (pp 2–3) provides further details on estimands, 

statistical analyses, and imputation methods to account for missing data.

The dual primary endpoints were analysed using ANCOVA, with change in the 

corresponding endpoint at week 52 as the dependent variable and randomly assigned 

treatment (semaglutide vs placebo), trial (STEP-HFpEF vs STEP-HFpEF DM), and BMI 

(<35 kg/m² vs ≥35 kg/m²) as fixed factors, with adjustment for the baseline value of the 

corresponding endpoint as a continuous variable for each imputation dataset. Treatment 

effects and SEs were combined using Rubin’s rule. Analyses of continuous confirmatory 

secondary and supportive secondary or exploratory endpoints followed an approach similar 

to that used for the dual primary endpoints. For analyses of CRP and NTproBNP, values 

were log-transformed. Analysis of the hierarchical composite endpoint (win ratio) was 

based on comparisons of each participant randomly assigned to semaglutide versus each 

participant assigned to placebo, stratified according to trial and baseline BMI group. For 

each of these participant pairs, a so-called treatment winner, based on similar observation 

time, was declared on the basis of the endpoint hierarchy as previously reported.18 The win 

ratio (ie, the number of winners randomly assigned to semaglutide divided by the number 

of winners assigned to placebo) was estimated using 1000 imputations for the continuous 

endpoints.

The effects of semaglutide on the dual primary endpoints were examined across 14 

prespecified subgroups defined by age (<64 years vs ≥65 to <75 years vs ≥75 years), sex 

(male vs female), race (White vs not White), geographical region (North America vs Europe 

vs other), BMI (<35 kg/m² vs ≥35 kg/m² to <40 kg/m² vs ≥40 kg/m²), LVEF (45–49% vs 
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50–59% vs ≥60%), systolic blood pressure (<135 mmHg vs ≥135 mmHg), NYHA class (II 

vs III or IV), median NT-proBNP and CRP concentrations, baseline use of a loop diuretic 

(yes vs no), baseline use of renin–angiotensin system inhibitors (yes vs no), history of atrial 

fibrillation (yes vs no), and history of coronary artery disease (yes vs no). Subgroup analysis 

in which participants were stratified by median heart rate was done post-hoc. Subgroup 

analyses were done using ANCOVA models (1000 imputations), with an interaction term 

between treatment and the relevant subgroup variables, adjusted for the baseline value of the 

relevant continuous outcome variable, trial, and BMI subgroup (<35 kg/m² vs ≥35 kg/m²). 

Estimates from the multiple imputations were derived using Rubin’s rule. Interaction p 

values were derived from an F-test of equality between the treatment differences across the 

relevant subgroups.

Time to event for clinical outcomes was plotted by treatment group using the Aalen–

Johansen method for first event (the cumulative incidence) and the Ghosh–Lin method for 

first and recurrent event (the expected number of events per participants), with all-cause or 

non-cardiovascular death as competing events. We used Cox regression, with treatment as 

a fixed factor stratified by trial and BMI subgroup (<35 kg/m² vs ≥35 kg/m²), for analyses 

of time to first event, and the Ghosh–Lin regression model for analyses of time to first and 

recurrent event, with treatment as a fixed factor and adjusted for trial and BMI subgroup 

using data in a counting process format.

For KCCQ-CSS, pre-specified responder analyses with thresholds of improvement of at 

least 5, 10, 15, and 20 points, and deterioration thresholds of 5 points and 10 points, were 

performed with logistic regression adjusted for baseline KCCQ-CSS, with treatment, BMI 

subgroup (<35 kg/m² vs ≥35 kg/m²), and trial as fixed factors. For responder analysis of 

6MWD, we used a threshold of 30 m. Anchor-based responder analyses based on patient 

global impression of severity were also done for KCCQ-CSS and 6MWD. Missing values 

were imputed (appendix pp 2–3). Numbers needed to treat for each responder threshold 

were calculated as the reciprocal of the estimated absolute difference between the treatment 

groups.

To assess potential heterogeneity across the two trials for the treatment effects on the 

dual primary and confirmatory secondary endpoints (using the treatment policy estimand), 

we used the I² criterion,23 which we calculated from the individual treatment effects for 

each trial and for each endpoint. We also used an ANCOVA model, with the effects of 

randomized treatment (semaglutide vs placebo) by trial (STEP-HFpEF vs STEP-HFpEF 

DM) adjusted for randomised treatment, trial, and BMI (<35 kg/m² vs ≥35 kg/m²) as fixed 

factors, and with adjustment for the baseline value of the corresponding endpoint as a 

continuous variable assessed using the imputed dataset. For the win ratio, the test for 

equality of the two trials was performed using a Cochran’s Q-test.

On-treatment safety events were pooled across the two trials and were summarised as 

numbers of participants with an event and event rates. No adjustment for multiplicity was 

done in the pooled analyses,24 and a p value <0·05 was considered significant. All results 

from statistical analyses are presented with two-sided 95% CIs and two-sided p values. We 
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used SAS (version 9.4) for all analyses. STEP-HFpEF and STEP-HFpEF DM are registered 

with ClinicalTrials.gov, NCT04788511 and NCT04916470.

Role of the funding source

The funder of the study had roles in study design, data collection, data analysis, data 

interpretation, and writing of the report.

Results

1869 people were screened and 1145 were enrolled and randomly assigned: 529 in STEP-

HFpEF between March 19, 2021 and March 9, 2022, and 616 in STEP-HFpEF DM between 

June 27, 2021 and Sept 2, 2022. The pooled trial population included 573 participants 

assigned to semaglutide and 572 assigned to placebo. Pooled baseline characteristics were 

balanced between groups (table 1). Median age was 69 years (IQR 62–75). 570 (50%) 

participants were female and 575 (50%) were male; 1026 (90%) were White, 76 (7%) 

were Asian, and 39 (3%) were Black or African American (table 1). 745 (65%) had a 

BMI of 35 kg/m2 or higher, and 785 (69%) had NYHA class II symptoms. Comorbidities 

were common, and KCCQ-CSS and 6MWD were consistent with poor health status and 

exercise function in both groups (table 1). At least 75% of participants in each group were 

taking β blockers, diuretics, and renin–angiotensin system inhibitors (table 1). Baseline 

characteristics in each trial are in the appendix (pp 14–15).

The median duration of follow-up was 401 days (IQR 400 to 404). In the pooled population, 

the improvement from baseline to week 52 in KCCQ-CSS was significantly larger in the 

semaglutide group than in the placebo group (15·0 vs 7·5; mean difference 7·5 points [95% 

CI 5·3 to 9·8]; p<0·0001), and the percentage reduction in bodyweight was significantly 

greater (−8·4% [−9·2 to −7·5]; p<0·0001; figure 1). The corresponding mean reduction in 

bodyweight from baseline to week 52 was 12·0 kg (SD 7·7) in the semaglutide group and 3·1 

kg (7·7) in the placebo group (between-group difference –8·9 [95% CI –9·9 to –8·0]).

Significant improvements in 6MWD (between-group difference 17·1 m [95% CI 9·2–25·0] 

for the change from baseline to week 52; p<0·0001), a significantly greater number of 

wins for the hierarchical composite endpoint (win ratio 1·65 [1·42–1·91]; p<0·0001) and 

significant reductions in CRP (estimated treatment ratio 0·64 [0·56–0·72]; p<0·0001) and 

NT-proBNP (estimated treatment ratio 0·82 [0·74–0·91]; p=0·0002) concentrations were 

noted in the semaglutide group compared with the placebo group (table 2; appendix pp 

19–20). Data for other supportive secondary and select exploratory endpoints are in table 

2. The corresponding results of the pooled trial data using the trial product estimand (ie, 

on-treatment analysis) for the dual primary and confirmatory secondary endpoints are in the 

appendix (pp 12–13).

Treatment effects were consistent across STEP-HFpEF and STEP-HFpEF DM for KCCQ-

CSS, 6MWD, hierarchical composite endpoint, and CRP concentrations (appendix pp 16–

17). There was substantial heterogeneity across the trials for the mean percentage reduction 

in bodyweight (−13·3% in the semaglutide group vs −2·6% in the placebo group [estimated 

difference −10·7%, 95% CI −11·9 to −9·4] in STEP HFpEF; −9·8% in the semaglutide 
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group vs −3·4% in the placebo group [−6·4%, −7·6 to −5·2%]; pinteraction<0·0001; I² 95·77%; 

appendix pp 16–17).

Changes in KCCQ-CSS and bodyweight from baseline to week 52 across patient subgroups 

are shown in figure 2 and the appendix (pp 21–22). Overall, the improvements in KCCQ-

CSS and reductions in bodyweight with semaglutide compared with placebo were generally 

consistent across subgroups defined by sex, age, race, geographical region, and baseline 

BMI, LVEF, systolic blood pressure, CRP concentrations, and heart rate (figure 2; appendix 

pp 21–22). We noted significant interactions for the treatment effects of semaglutide on 

KCCQ-CSS by median NT-proBNP concentrations, use of loop diuretics, use of renin–

angiotensin–aldosterone system inhibitors, and history of atrial fibrillation (figure 2). For 

weight reduction, there were significant interactions by sex (with greater reductions in 

women than in men) and race, but the numbers of non-White participants were small, 

resulting in wide CIs (appendix pp 21–22).

Eight (1%) of 573 participants in the semaglutide group and 30 (5%) of 572 in the placebo 

group had adjudicated events of hospitalisation or an urgent visit for heart failure (hazard 

ratio 0·27 [95% CI 0·12–0·56]; figure 3A). The risk of an adjudicated cardiovascular death 

or heart failure event was lower in the semaglutide group than in the placebo group (hazard 

ratio 0·31 [0·15–0·62]; figure 3B). In the total event analysis (ie, first and recurrent events), 

12 adjudicated events of cardiovascular death and heart failure-related hospitalisations or 

urgent visits occurred in the semaglutide group and 41 occurred in the placebo group (mean 

ratio 0·30 [0·14–0·64]).

A significantly higher proportion of participants in the semaglutide group than in the 

placebo group met predefined thresholds for KCCQ-CSS and 6MWD (table 2). The odds 

of achieving at least 5-point, 10-point, 15-point, and 20-point improvements in KCCQ-CSS 

from baseline to week 52 all favoured semaglutide compared with placebo (all p<0·0001; 

table 2), translating into an number needed to treat of 6 (95% CI 4–9) for each threshold 

in favour of semaglutide. For the anchor-based threshold of the patient global impression of 

severity (pre-defined as an improvement of 16·7 points in KCCQ-CSS from baseline to week 

52), the corresponding odds ratio was 1·9 (1·5–2·5; p<0·0001), corresponding to a number 

needed to treat of 7 (5–11) in favour of semaglutide.

Similarly, the odds of deterioration in KCCQ-CSS from baseline to week 52 were lower 

in the semaglutide group than in the placebo group for at least a 5-point (0·5 [0·4–0·7]; 

p<0·0001) and 10-point (0·5 [0·3–0·7]; p=0·0002) worsening. The odds of achieving a 30-m 

improvement in 6MWD from baseline to week 52 were also higher with semaglutide than 

with placebo, and similar results were noted when assessed based on the anchor-based 

threshold of 21·9 m (table 2).

Safety data for the pooled population of STEP-HFpEF and STEP-HFpEF DM are in table 

3. Overall, there were 161 serious adverse events reported in the semaglutide group (28·7 

per 100 person-years) compared with 301 in the placebo group (52·7 per 100 person-years). 

There were fewer serious adverse cardiac disorders and infections during follow-up in 

the semaglutide group than in the placebo group (table 3). There were 60 gastrointestinal 
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events leading to discontinuation of study treatment (10·7 per 100 person-years) in the 

semaglutide group versus 19 (3·3 per 100 person-years) in the placebo group. One serious 

hypoglycaemic event occurred in the semaglutide group in STEP-HFpEF in a participant 

who did not have type 2 diabetes. The affected participant recovered and the event was 

judged not to be related to semaglutide treatment.

Discussion

In this prespecified, pooled analysis of the STEP-HFpEF and STEP-HFpEF DM randomised 

placebo-controlled trials, a once-weekly subcutaneous dose of 2·4 mg semaglutide produced 

significant improvements in heart failure-related symptoms and physical limitations, and 

exercise function, and significant reductions in bodyweight in people with obesity-related 

heart failure with preserved ejection fraction with and without type 2 diabetes. The 

beneficial effects of semaglutide were consistent across various subgroups of study 

participants. Furthermore, semaglutide was well tolerated. Collectively, these data provide 

the most comprehensive evidence to date supporting semaglutide as an efficacious therapy 

for patients with obesity-related heart failure with preserved ejection fraction, who have few 

available treatment options.

Previous evidence suggested that semaglutide produced improvements in cardiometabolic 

risk factors and reductions in major adverse cardiovascular events compared with placebo in 

people in with diabetes or obesity, or both.25–27 Individually, the STEP-HFpEF and STEP-

HFpEF DM trials showed improvements in heart failure-related health status and exercise 

function with semaglutide in people with obesity-related heart failure with preserved 

ejection fraction without and with type 2 diabetes.13 Our pooled analysis of the two trials 

is an important addition to this evidence base for several reasons. First, it provides a 

more definitive and precise assessment of the effects of semaglutide on the primary and 

confirmatory secondary endpoints, as a result of the increased sample size, the inclusion of 

a more representative patient population that better reflects the obesity phenotype of heart 

failure with preserved ejection fraction than either trial individually (given the inclusion 

of people with no diabetes, pre-diabetes, and overt type 2 diabetes), and the greater 

geographical diversity of the combined population.

Second, because of the larger sample size of the pooled analysis, we were better able 

to assess several endpoints (most importantly heart failure events) than was possible in 

either trial individually. Our pooled analysis showed narrower 95% CIs and lower rates of 

adjudicated heart failure events with semaglutide versus placebo. These results are important 

because they provide a strong rationale for future dedicated outcome trials of incretin-based 

therapies in patients with obesity-related heart failure with preserved ejection fraction, 

irrespective of diabetes status.

Third, the pooled analysis allowed for assessment of the dual primary outcomes stratified 

by clinically relevant subgroups, which was not possible in the individual STEP-HFpEF 

trials because of their modest size and limited power for subgroups analyses. Therefore, 

we prespecified that subgroup analyses were to be done only in the pooled dataset. The 

results across subgroups were largely consistent (including across age groups, BMI strata, 
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and LVEF groups) with those of the overall analysis, although we observed some differences 

in the magnitude of beneficial treatment effects. Participants with more severe heart failure 

with preserved ejection fraction (as indicated by higher NT-proBNP concentration, and 

loop diuretic use) experienced larger improvements in KCCQ-CSS with semaglutide versus 

placebo than did those with less severe disease. The effects of semaglutide versus placebo on 

KCCQ-CSS were also more pronounced in participants with a history of atrial fibrillation, 

another marker of advanced heart failure with preserved ejection fraction, than in those 

without such a history. In addition, percentage reduction in bodyweight was greater in 

women than in men, a finding that has been reported in weight management trials with 

semaglutide and other incretin-based therapies.28 Although the exact reason for this sex 

difference is not known, a possible explanation is that women tend to have lower BMIs 

than men. Given that the semaglutide dose is the same in both sexes, women might thus in 

effect receive slightly higher doses proportionally than men, which could produce a greater 

response. Importantly, for each of these significant interactions, the between-subgroup 

differences were in magnitude only (ie, semaglutide consistently had favourable effects 

in all patient subgroups). Overall, the results of our subgroup analyses provide additional 

support for the use of semaglutide in various practice settings and across specific patient 

populations.

Fourth, the pooled analysis allowed for a robust safety assessment. Fewer serious adverse 

events, cardiac disorders, and infectious disease disorders were recorded in the semaglutide 

group than in the placebo group. Gastrointestinal events leading to treatment discontinuation 

were more common in the semaglutide group than in the placebo group, although the 

frequency of serious gastrointestinal adverse events, including pancreatitis, was similar in 

both groups. Only one serious event of hypoglycaemia in the entire cohort throughout 

follow-up was reported, and was judged not to be related to semaglutide treatment. These 

results are reassuring given previous findings of potential adverse safety signals with earlier-

generation GLP-1 receptor agonists in people with heart failure and reduced ejection fraction 

in two small studies.29,30 Neither of these studies were powered for clinical events, were 

of sufficient duration to support definitive conclusions (each had a follow-up period of 

180 days or less), or focused on patients with obesity. Nonetheless, it is important to 

note that the STEP-HFpEF findings cannot be extrapolated to people with heart failure 

and reduced ejection fraction. The lower frequency of infectious disease disorders in the 

semaglutide group compared with the placebo is noteworthy given similar findings in a 

trial of semaglutide verus placebo in patients with obesity and established atherosclerotic 

cardiovascular disease.26 Obesity, diabetes, and heart failure result in pro-inflammatory 

states,7,31–34 and each are risk factors for infectious disease complications, which are an 

important cause of morbidity and mortality in these patient groups. Thus, the reduced 

frequency of infectious disease complications in the semaglutide group compared with the 

placebo group in our pooled analysis further adds to the overall favourable risk–benefit 

balance for the use of semaglutide in people with heart failure with preserved ejection 

fraction, particularly given the high risk for non-cardiac morbidity and mortality in this 

patient population.35

Whether the effects of semaglutide in heart failure with preserved ejection fraction are 

related simply to weight reduction or also directly mediated by weight loss-independent 
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effects on cardiovascular structure and function and haemodynamics is debated.36 Although 

this distinction might not be important to patients, several lines of data support that 

the effects of semaglutide extend beyond promotion of weight loss. Reductions in 

CRP concentrations associated with semaglutide are particularly noteworthy, because 

inflammation has been strongly and centrally implicated in the development and progression 

of heart failure with preserved ejection fraction,37 but favourable changes in CRP 

concentrations could be at least partly attributed to weight loss. However, obesity is 

associated with decreased production and increased clearance of natriuretic peptides, and 

weight loss resulted in an increase in natriuretic peptide concentrations among individuals 

with overweight and obesity in the LOOK-AHEAD trial.38

In the STEP-HFpEF and STEP-HFpEF DM trials, semaglutide significantly lowered 

NT-proBNP concentrations compared with placebo alongside substantial reductions in 

bodyweight, suggesting that the beneficial effects of semaglutide in heart failure extend 

beyond weight loss. Furthermore, the magnitude of improvements in KCCQ-CSS was 

similar across the two trials, despite roughly 40% less weight loss with semaglutide in 

people with diabetes (compared with those without diabetes), again suggesting potential 

effects beyond weight reduction. Further strengthening this argument is the finding that 

participants with a more severe phenotype of heart failure with preserved ejection fraction 

(ie, with high NT-proBNP concentrations, on loop diuretics, or with a history of atrial 

fibrillation) experienced greater improvements in KCCQ-CSS with semaglutide despite 

similar weight loss compared with those who had less severe disease. GLP-1 receptor 

agonists improve microvascular function39 and myocardial structure,40 increase insulin 

sensitivity,41 provide vascular protection,42,43 and reduce inflammation,41,44 oxidative 

stress,45 and neurohormonal activation46—all of which could have roles in the noted effects 

of semaglutide. The planned echocardiography substudy of the STEP-HFpEF trials could 

provide further insights into mechanisms of action.

Improvements in heart failure-related symptoms and physical function have been broadly 

recognised as key goals of care in people with heart failure with preserved ejection fraction 

by clinicians, professional societies, and regulators.47 Previous studies suggest that patients 

with heart failure value these outcomes at least as much as survival.48,49 Additionally, 

the US Food and Drug Administration has indicated that a treatment for heart failure is 

potentially approvable on the basis of effects on symptoms and physical function alone.50 

To date, there has been a dearth of treatments with meaningful beneficial effects on these 

outcomes in patients with heart failure with preserved ejection fraction, which further 

highlights the clinical value of the STEP-HFpEF and STEP-HFpEF DM trials.

Our study has several strengths, including the prespecified pooling of individual, patient-

level data from two moderately sized, multicentre, international trials that were purposefully 

harmonised to facilitate data amalgamation, a well characterised patient population for 

whom few effective treatments are available, and a broad spectrum of clinically meaningful 

outcomes. The study also has some limitations. The overall number of clinical events, 

although greater than those in the individual trials, was probably still not large enough to 

definitively show the efficacy of semaglutide in reducing heart failure events. There were 

too few non-White patients in the trial, and too few patients enrolled outside North America 
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and Europe to do a detailed analysis by race beyond White versus non-White participants, or 

across multiple geographical regions, limiting the potential generalisability of results across 

all demographic groups. STEP-HFpEF and STEP-HFpEF DM were designed to have the 

appropriate statistical power for the analyses of the key endpoints in the overall patient 

population, rather than within specific subgroups. Our subgroup analyses should thus be 

interpreted within the context of this limitation. Finally, data for baseline kidney function 

were not collected in STEP-HFpEF, precluding an opportunity for pooled analysis of kidney 

function subgroups across both trials.

In conclusion, this prespecified pooled analysis of the STEP-HFpEF and STEP-HFpEF DM 

trials produces the most convincing evidence to date for the use of semaglutide to improve 

symptoms, physical limitations, and exercise function, in addition to producing weight loss, 

in people with obesity-related heart failure with preserved ejection fraction with and without 

type 2 diabetes, and across various clinically relevant subgroups. Semaglutide also had a 

favourable safety profile. Findings of a lower risk of heart failure-related hospitalisations 

and urgent visits with semaglutide compared with placebo (albeit with few events overall) 

provide a sound rationale for further assessment in dedicated outcome trials of incretin-

based therapies in patients with heart failure with preserved ejection fraction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

Obesity is a major risk factor for the development and progression of heart failure 

with preserved ejection fraction. There are no approved therapies specifically targeting 

obesity-related heart failure with preserved ejection fraction. We searched PubMed with 

the terms (obesity-related HFpEF) AND (treatment) for papers published in any language 

from database inception to Feb 20, 2024. This search yielded two results: a review 

article summarising the diagnostic and therapeutic challenges associated with obesity-

related heart failure with preserved ejection fraction, and a study comparing the clinical 

characteristics of heart failure with preserved ejection fraction in participants with 

and without obesity. Our search did not identify any studies or randomised controlled 

trials systematically assessing treatments for obesity-related heart failure with preserved 

ejection fraction. In the STEP-HFpEF and STEP-HFpEF DM trials, a weekly dose 

of semaglutide, a GLP-1 receptor agonist, significantly reduced heart failure-related 

symptoms and physical limitations, improved exercise function, and led to greater weight 

loss compared with placebo in patients with heart failure with preserved ejection fraction 

and a BMI of at least 30 kg/m² with and without type 2 diabetes.

Added value of this study

In this prespecified pooled assessment of individual patient-level data from STEP-HFpEF 

and STEP-HFpEF DM, we noted significant improvements in heart failure-related 

symptoms, physical limitations, and exercise function, and significant reductions in 

bodyweight in the semaglutide group compared with the placebo group. The beneficial 

effects of semaglutide were consistent across various participant subgroups. Additionally, 

semaglutide was well tolerated, with fewer serious adverse events in the semaglutide 

group than in the placebo group.

Implications of all the available evidence

Collectively, data from this pooled analysis and from the individual STEP-HFpEF and 

STEP-HFpEF DM trials support the use of semaglutide to improve heart failure-related 

symptoms, physical limitations, and exercise function across a broad population of 

patients with obesity-related heart failure with preserved ejection fraction, irrespective 

of patient demographic and clinical characteristics.
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Figure 1: Change in KCCQ-CSS (A) and percentage reduction in bodyweight (B) from baseline 
to week 52 in the pooled STEP-HFpEF and STEP-HFpEF DM population
Analyses of between-group treatment differences were by ANCOVA and based on the 

treatment policy estimand, with missing data imputed. Data are observed (ie, as measured) 

mean changes. Error bars represent SEs.

The fluctuating numbers of participants at risk is a result of variations in participants 

attending study visits.

KCCQ-CSS=Kansas City Cardiomyopathy Questionnaire Clinical Summary Score. *The 

between-group comparisons at week 52 are for all participants in the full analysis set (n=573 

in the semaglutide group and n=572 in the placebo group); missing data were imputed for 

these analyses.

Butler et al. Page 20

Lancet. Author manuscript; available in PMC 2024 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: Change from baseline to week 52 in KCCQ-CSS across prespecified subgroups in the 
pooled STEP-HFpEF and STEP-HFpEF DM population, by treatment group
Analyses were by ANCOVA and based on the treatment policy estimand in the full 

analysis set for the in-trial period, with missing data imputed. KCCQ-CSS=Kansas 

City Cardiomyopathy Questionnaire Clinical Summary Score. NYHA=New York Heart 

Association. RAAS=renin–angiotensin–aldosterone system inhibitors.

*Subgroups defined on the basis of pooled median values.

Butler et al. Page 21

Lancet. Author manuscript; available in PMC 2024 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: Time to first heart failure event (A) and time to first heart failure event or 
cardiovascular death (B) in the pooled STEP-HFpEF and STEP-HFpEF DM population
The adjusted cumulative incidence rate was calculated using the Aalen-Johansen method for 

first event, with all-cause death (A) and non-cardiovascular death (B) as a competing risks. 

Analyses were done in the full analysis set. Hazard ratios and 95% CIs were calculated 

using a Cox proportional hazards model, with treatment and BMI stratum (<35 kg/m² vs ≥35 

kg/m²) as fixed factors and stratified by study.
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Table 1:

Baseline characteristics of the pooled STEP-HFpEF and STEP-HFpEF DM populations

Semaglutide group (n=573) Placebo group (n=572)

Age, years 70 (62–74) 69·0 (62–75)

Sex

 Female 277 (48%) 293 (51%)

 Male 296 (52%) 279 (49%)

Race*

 White 506 (88%) 520 (91%)

 Asian 45 (8%) 31 (5%)

 Black or African American 21 (4%) 18 (3%)

 Other 1 (<1%) 3 (1%)

Ethnicity*

 Hispanic or Latino 53 (9%) 59 (10%)

 Not Hispanic or Latino 520 (91%) 513 (90%)

Weight, kg 104·4 (92·0–119·0) 103·1 (90·5–118·5)

BMI

 Median, kg/m² 37·0 (33·6–41·3) 36·9 (33·4–41·5)

 <35 kg/m²† 197 (34%) 203 (35%)

 ≥35 kg/m² 376 (66%) 369 (65%)

Waist circumference, cm 120·2 (111·8–129·5) 119·0 (111·0–129·0)

Blood pressure, mm Hg

 Systolic 133·0 (123·0–144·0) 134·5 (123·0–144·0)

 Diastolic 78·0 (71·0–85·0) 78·0 (70·0–84·0)

NT-proBNP, pg/mL 443·6 (237·6–997·9) 500·7 (232·6–1059·7)

C-reactive protein, mg/L 3·8 (1·8–7·6) 3·4 (1·7–8·4)

Left ventricular ejection fraction

 Median 57% (50–60) 56% (50–60)

 ≥45% to <50%‡ 94 (16%) 97 (17%)

 ≥50% to <60% 234 (41%) 240 (42%)

 ≥60% 245 (43%) 235 (41%)

KCCQ-CSS 59·9 (44·3–72·9) 58·3 (40·6–71·9)

6-min walk distance, m 295·0 (230·0–368·1) 294·3 (215·0–367·0)

Hospitalisation for heart failure within previous year 91 (16%) 102 (18%)

Comorbidities at screening

 Atrial fibrillation 252 (44%) 266 (47%)

 Hypertension 471 (82%) 488 (85%)

 Coronary artery disease 132 (23%) 114 (20%)

 Obstructive sleep apnoea 58 (10%) 61 (11%)

New York Heart Association functional class

 Class II 406 (71%) 379 (66%)
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Semaglutide group (n=573) Placebo group (n=572)

 Class III 166 (29%) 192 (34%)

 Class IV 1 (<1%) 1 (<1%)

Concomitant medications

 β blockers 458 (80%) 470 (82%)

 Any diuretic 453 (79%) 472 (83%)

 Loop diuretics 344 (60%) 358 (63%)

 Mineralocorticoid receptor antagonists 194 (34%) 190 (33%)

 Thiazides 82 (14%) 93 (16%)

 ACE inhibitors, ARBs, or ARNIs 445 (78%) 454 (79%)

 ARNIs 32 (6%) 26 (5%)

 Biguanides (ie, metformin) 240 (42%) 212 (37%)

 Sulfonylureas 57 (10%) 51 (9%)

 SGLT2 inhibitors 115 (20%) 106 (19%)

 DPP-4 inhibitors 55 (10%) 37 (6%)

 Insulins 53 (9%) 75 (13%)

Data are n (%) or median (IQR) and are for the full analysis set, which included 1145 of the 1146 randomly assigned participants (the set excludes 
one participant who was randomly assigned in error). Percentages might not total to 100% because of rounding. ACE=angiotensin-converting 
enzyme. ARBs=angiotensin II receptor blockers. ARNIs=angiotensin receptor–neprilysin inhibitors. KCCQ-CSS=Kansas City Cardiomyopathy 
Questionnaire Clinical Summary Score.

*
Race or ethnic group were reported by the investigators based on the participants’ perception of their race or ethnicity

†
All participants had a BMI of at least 30 kg/m².

‡
Includes one participant with a left ventricular ejection fraction of 33%.
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Table 3:

Adverse events during the on-treatment period in the pooled STEP-HFpEF and STEP-HFpEF DM populations

Semaglutide group (n=573) Placebo group (n=572)

n (%) Events (n) Events (per 100 
person-years)

n (%) Events (n) Events (per 100 
person-years)

Serious adverse events 90 (16%) 161 28·7 159 (28%) 301 52·7

 Serious adverse events leading to treatment 
discontinuation

12 (2%) 13 2·3 17 (3%) 21 3·7

 Serious gastrointestinal disorders leading to 
treatment discontinuation

2 (<1%) 2 0·4 1 (<1%) 1 0·2

Adverse events leading to treatment 
discontinuation

68 (12%) 92 16·4 39 (7%) 51 8·9

 Gastrointestinal disorders leading to 
treatment discontinuation

45 (8%) 60 10·7 16 (3%) 19 3·3

 Fatal events 7 (1%) 7 1·25 12 (2%) 17 3·0

Most frequent serious adverse by system organ class*

 Cardiac disorders 26 (5%) 31 5·5 70 (12%) 101 17·7

  Atrial fibrillation 8 (1%) 8 1·4 15 (3%) 20 3·5

  Cardiac failure 3 (1%) 3 0·5 34 (6%) 43 7·5

  Cardiac failure congestive 1 (<1%) 1 0·2 6 (1%) 6 1·1

 Infections and infestations 16 (3%) 22 3·9 44 (8%) 60 10·5

 Gastrointestinal disorders 12 (2%) 14 2·5 12 (2%) 13 2·3

 Nervous system disorders 14 (2%) 15 2·7 13 (2%) 14 2·5

 Renal and urinary disorders 8 (1%) 9 1·6 12 (2%) 14 2·5

 Vascular disorders 7 (1%) 7 1·3 7 (1%) 7 1·2

 Respiratory, thoracic, and mediastinal 6 (1%) 6 1·1 16 (3%) 18 3·2

 Musculoskeletal and connective tissue 9 (2%) 11 2·0 12 (2%) 13 2·3

 Injury, poisoning, and procedural 11 (2%) 15 2·7 6 (1%) 7 1·2

 Metabolism and nutrition disorders 6 (1%) 6 1·1 8 (1%) 8 1·4

 Hepatobiliary disorders 4 (1%) 7 1·3 4 (1%) 7 1·2

 General disorders and administration site 2 (<1%) 2 0·4 6 (1%) 6 1·1

 Neoplasms benign, malignant, and 
unspecified

9 (2%) 9 1·6 10 (2%) 10 1·8

Safety focus areas†

 COVID-19-related events‡ 73 (13%) 73 13·0 80 (14%) 85 14·9

 Serious cardiovascular disorders 45 (8%) 55 9·8 92 (16%) 135 23·6

 Serious gastrointestinal disorders 12 (2%) 14 2·5 12 (2%) 13 2·3

 Medication errors‡ 2 (<1%) 2 0·4 6 (1%) 7 1·2

 Serious neoplasms 11 (2%) 11 2·0 15 (3%) 15 2·6

 Serious acute gallstone disease 4 (1%) 7 1·3 5 (1%) 8 1·4

 Serious acute renal failure 7 (1%) 8 1·4 8 (1%) 9 1·6

 Serious malignant neoplasms 8 (1%) 8 1·4 10 (2%) 10 1·8

 Serious hepatic disorders 0 0 ·· 1 (<1%) 1 0·2

 Serious allergic reactions 0 0 ·· 2 (<1%) 2 0·4
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Semaglutide group (n=573) Placebo group (n=572)

n (%) Events (n) Events (per 100 
person-years)

n (%) Events (n) Events (per 100 
person-years)

 Acute pancreatitis‡ 1 (<1%) 1 0·2 1 (<1%) 1 0·2

 Serious rare events 1 (<1%) 1 0·2 1 (<1%) 1 0·2

 Serious hypoglycaemia 1 (<1%) 1 0·2 0 0 ··

 COVID-19-related deaths 1 (<1%) 1 0·2 1 (<1%) 1 0·2

Adjudicated events§

 All-cause death 8 (1%) 8 1·3 14 (2%) 14 2·3

 Cardiovascular death 2 (<1%) 2¶ 0·3 5 (1%) 5 0·8

 Heart failure events 8 (1%) 10 1·6 30 (5%) 36 5·8

Data are adverse events during the on-treatment period in the safety analysis set, which included all randomly assigned participants who received 
at least one dose of semaglutide or placebo (all participants received at least one dose, and thus the safety analysis set was the same as the full 
analysis set). The on-treatment period spans from the date of first administration of semaglutide or placebo to the date of the last administration 
of semaglutide or placebo (excluding potential off-treatment time if two or more consecutive doses were missed). For the assessment of adverse 
events, each on-treatment period extends for 35 days from the date of most recent drug administration, unless otherwise stated. Investigators could 
report more than one event with a fatal outcome for the same participant. No treatment misuse was reported in either trial.

*
As per the Medical Dictionary for Regulatory Activity; adverse events occurring in ≥1% of participants in any treatment group are shown.

†
On the basis of therapeutic experience with GLP-1 receptor agonists and regulatory feedback and requirements, several safety focus areas (both 

serious and non-serious adverse events) were prespecified as being of special interest in the safety assessment; these preferred terms, identified 
through predefined searches of the Medical Dictionary for Regulatory Activity, were judged relevant for each of the safety focus areas.

‡
Safety focus areas in STEP-HFpEF DM only.

§
Data are for the in-trial period (ie, the time from random assignment to last contact with a trial site, irrespective of treatment discontinuation or 

rescue intervention).

¶
Includes one death of undetermined cause.
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