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W Check for updates

In the STEP-HFpEF trial, semaglutide improved symptoms, physical
limitations and exercise function and reduced body weight in patients
with obesity phenotype of heart failure and preserved ejection fraction
(HFpEF). This prespecified analysis examined the effects of semaglutide

ondual primary endpoints (change in Kansas City Cardiomyopathy
Questionnaire-Clinical Summary Score (KCCQ-CSS) and body weight)

and confirmatory secondary endpoints (change in 6-minute walk distance
(6MWD), hierarchical composite (death, HF events, change in KCCQ-CSS
and 6MWD) and change in C-reactive protein (CRP)) across obesity
classes I-111 (body mass index (BMI) 30.0-34.9 kg m2,35.0-39.9 kg m™
and >40 kg m™) and according to body weight reduction with semaglutide
after 52 weeks. Semaglutide consistently improved all outcomes across
obesity categories (P value for treatment effects x BMlinteractions = not
significant for all). In semaglutide-treated patients, improvementsin
KCCQ-CSS, 6MWD and CRP were greater with larger body weight reduction
(for example, 6.4-point (95% confidence interval (Cl): 4.1, 8.8) and 14.4-m
(95% CI:5.5,23.3) improvements in KCCQ-CSS and 6MWD for each 10%
body weight reduction). In participants with obesity phenotype of HFpEF,
semaglutide improved symptoms, physical limitations and exercise
function and reduced inflammation and body weight across obesity
categories. In semaglutide-treated patients, the magnitude of benefit

was directly related to the extent of weight loss. Collectively, these data
support semaglutide-mediated weight loss as a key treatment strategy in
patients with obesity phenotype of HFpEF. ClinicalTrials.gov identifier:

NCT04788511.

The prevalence of heart failure with preserved ejection fraction
(HFpEF) is increasing worldwide, and there are few effective treat-
ments"*. Approximately 60% of patients with HFpEF have the obesity
phenotype’, which is a pathophysiologically distinct form of HFpEF
characterized by greater symptom severity, poorer exercise capacity,
more adverse hemodynamics and greater risk for HF hospitalization
than those with HFpEF without obesity®>°. In the STEP-HFpEF trial,

treatment with 2.4 mg of the glucagon-like peptide-1receptor agonist
semaglutide weekly produced substantialimprovementsin symptoms,
physical limitations and exercise function and reduced inflammation
and resulted in greater weight loss compared to placebo™".
However, itis not knownif the observed effects of semaglutide in
STEP-HFpEF vary by obesity class. Obesity is traditionally defined as
body mass index (BMI) of 30 kg m™ or greater, but, within this broad
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definition, there is substantial variation in the amount of excess
adiposity. In the United States, approximately one-third of patients
with the obesity phenotype of HFpEF have class Il obesity, defined
by BMI 240 kg m™2, whereas 40% of patients have class | obesity (BMI
30-34.9 kg m™) (ref. 3). In cross-sectional studies, symptom severity,
exercise limitations and hemodynamic abnormalities in the obesity
phenotype of HFpEF worsen as BMlincreases® ™, suggesting the possi-
bility that beneficial effects from semaglutide could be mostly confined
toindividuals with HFpEF and very high BMI. Furthermore, itis unclear
whether the magnitude of body weight reduction after treatment with
semaglutide is related to the extent of clinical improvement in symp-
tom severity, exercise function or systemic inflammation.

This prespecified analysis of STEP-HFpEF investigated the efficacy
ofsemaglutide versus placeboinpatients withHFpEF acrossthe different
classes of obesity, as it pertains to the primary endpoints (change in
Kansas City Cardiomyopathy Questionnaire-Clinical Summary Score
(KCCQ-CSS) and body weight) and confirmatory secondary endpoints
(change in 6-minute walk distance (6MWD), hierarchical composite
endpoint (comprising all-cause death, HF events, several thresholds
of change in KCCQ-CSS and change in 6 MWD =30 m) and change in
C-reactive protein (CRP)), and it tested whether the degree of body
weight reduction achieved on treatment with semaglutide wasrelated
totheimprovementsin the key trial endpoints.

Results

Patient characteristics

A total of 817 patients were screened, and, of this group, 529 ful-
filled eligibility criteria and were enrolled and randomized between
19 March 2021 and 9 March 2022 (Extended Data Fig. 1). Among the
529 STEP-HFpEF participants, 263 and 266 were randomized to sema-
glutide versus placebo, respectively; the median BMIwas 37.0 kg m™
(33.7, 41.4) at baseline, 180 (34.0%) had class I obesity, 171 (32.3%)
had class Il obesity and 178 (33.7%) had class Il obesity. Compared to
patients who had less severe obesity, those with greater severity of obe-
sity were more likely to be women and younger, with lower N-terminal
pro-braintype natriuretic peptide (NTproBNP) levels but more severe
impairments in HF symptoms, physical limitations and exercise func-
tion as reflected by lower KCCQ-CSS and 6MWD and higher New York
Heart Association (NYHA) class and CRP levels (Table 1). No differences
were observed in systolic blood pressure (SBP) or medical therapy for
HF, except that patients with lower obesity class were more likely to
be treated with sodium-glucose co-transporter-2 (SGLT2) inhibitors,
and patients with higher obesity class were more likely to receive loop
diuretics at higher dose. No differences were observed in the preva-
lence of hypertension, atrial fibrillation or sleep apnea by obesity class,
but patients with increased severity of obesity were less likely to have
history of coronary artery disease.

Inregression analyses, increase in BMI was associated with lower
KCCQ-CSS and 6MWD and higher CRP at the time of baseline assess-
ment, after adjusting for age, sex, NYHA class, history of atrial fibrilla-
tion and history of coronary disease (Supplementary Table 1).

Treatment effects by baseline obesity class

As compared to placebo, treatment with semaglutide improved
KCCQ-CSS and reduced body weight across all obesity categories
(Fig.1). Semaglutide also improved 6MWD, resulted in agreater num-
ber of wins versus placebo for the composite hierarchical endpoint
and reduced systemic inflammation assessed by CRP in each obesity
class, with no heterogeneity of treatment benefits (Fig. 2). These find-
ings were observed in both the intention-to-treat analyses and the
on-treatment analyses.

Semaglutide effects and weight change
Among patients who were treated with semaglutide and had a
recorded body weight at week 52, body weight reduction was <5% in

33 (13.4%) participants, 5-<10% in 51 (20.7%) participants, 10-<15% in
54 (22.0%) participants, 15-<20% in 50 (20.3%) participants and >20%
in 58 (23.6%) participants. Increased degree of body weight reduction
was associated withincreased magnitude ofimprovementsin KCCQ-CSS
and 6MWD and reduction in CRP. These dose-response relationships
between the amount of weight loss and treatment benefits were
observed when body weight change was analyzed both as an ordinal
(Fig. 3) and as a continuous variable, after adjusting for age, sex, NYHA
class, history of atrial fibrillation and coronary artery disease, baseline
CRPand NTproBNP atbaseline (Table 2). Results were consistent between
the intention-to-treat and on-treatment analyses, except for 6 MWD
where dose-response relationship was observedintheintention-to-treat,
but notinthe on-treatment, analysis (Extended Data Fig. 2).

Based on the linear regression slopes (Table 2), each 10% reduc-
tionin body weight with semaglutide was associated with a 6.4-point
(95% confidenceinterval (Cl): 4.1, 8.8) increase in KCCQ-CSS, a14.4-m
(95% Cl:5.5,23.3) increase in 6MWD and a 28% (95% Cl: 16, 37) decrease
in CRP, after adjusting for baseline age, sex, body weight, endpoint
value, NYHA class, coronary artery disease, atrial fibrillation, CRP
(log-transformed) and NTproBNP (log-transformed).

Safety and tolerability

There were fewer serious adverse events reported among participants
randomized to semaglutide versus placebo within each obesity class,
with no evidence of heterogeneity in safety or tolerability (Table 3). A
similar (and small) number of patients discontinued study medication
duetoseriousadverse eventsin the semaglutide and placebo groups.
The number of deaths inthe semaglutide and placebo groups, respec-
tively, were2and O in obesity classl, 0 and 2in obesity classlland1and
2in obesity class III.

Discussion

Inthis prespecified analysis from the STEP-HFpEF trial, semaglutide as
compared to placeboimproved HF-related symptoms, physical limita-
tions and exercise function and reduced body weight and inflammation
across the spectrum of obesity categories. Furthermore, in patients
treated with semaglutide, increased degree of weight loss was associ-
ated withincreased magnitude ofimprovementsin symptoms, physical
limitations and inflammation, even after adjusting for relevant baseline
characteristics that mightinfluence treatment response, including age,
sex and baseline body weight. These data demonstrate that the effects
of semaglutide-induced weight loss are not restricted to individuals
with very high BMIbut apply across the entire spectrum of obesity. In
addition, the relationships between the magnitude of weight reduc-
tion and clinical efficacy provide mechanistic evidence supporting the
importance of weight reduction as an effective treatment for patients
with the obesity phenotype of HFpEF.

Patients with the obesity phenotype of HFpEF display distinct
pathophysiologic characteristics compared to patients with other
phenotypes of HFpEF, including greater volume expansion, higher
cardiac filling pressures, more severe right-sided HF and increases in
epicardial fat that amplify external constraint on the heart®. It has been
shown that patients with the obesity HFpEF phenotype are younger
and have lower natriuretic peptide levels>*’ but present with higher
NYHA class*’, greater symptom severity, poorer exercise capacity”
and greater systemic inflammation than patients without obesity’.
Theserelationships with obesity severity in patients with HFpEF were
again observed in the present analysis, supporting the validity and
generalizability of these data from the STEP-HFpEF trial.

Previous studies showed direct linear relationships between body
weight and symptom severity, exercise limitation and hemodynamic
abnormalities in patients with the obesity phenotype of HFpEF®%,
These relationships might support a hypothesis that only those indi-
viduals with HFpEF and the most severe obesity phenotypes would
benefit from weight loss treatments. However, in this analysis, we

Nature Medicine | Volume 29 | September 2023 | 2358-2365

2359


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-023-02526-x

Table 1| Baseline characteristics of trial participants across obesity categories®

Characteristic BMI <35kgm™2(n=180) BMI 35-<40kgm2(n=171) BMI 240kgm™2(n=178) Pvalue
Female, n (%) 91(50.6) 88(51.5) 118 (66.3) 0.0027
Age, years 72 (64,78) 70 (63, 74) 67 (60, 73) <0.0001
Ethnicity, n (%)° 0.8115
Hispanic or Latino 13(7.2) 9(5.3) 14 (7.9)
Not Hispanic or Latino 167 (92.8) 162 (94.7) 164 (92.1)
Race, n (%)° 01237
Black/African American 10(5.6) 2(1.2) 9(5.)
White 170 (94.4) 169 (98.8) 168 (94.4)
Other 0(0.0) 0(0.0) 1(0.6)
Body weight, kg 91.6 (84.1,100.2) 105.8 (93.7,117.5) 1231 (110.0, 137.7) <0.0001
BMI, kgm™° 32.6(31.3,33.8) 371(36.,38.4) 43.5(41.3, 476) d
Waist circumference, cm 110.0 (105.0, 116.8) 120.0 (113.0, 127.0) 129.0 (121.0, 141.0) <0.0001
SBP, mmHg 132.0 (120.0, 141.5) 135.0 (122.0,148.0) 132.0 (121.0,140.0) 0.5912
NT-proBNP, pgml™ 531.1(278.7,1083.8) 449.9 (205.5,1058.8) 385.2 (181.0, 926.9) 0.0201
LVEF, % 56.0 (50.0, 60.0) 57.0 (50.0, 60.0) 58.0 (54.0, 61.0) 0.0206
LVEF stratification, n (%) 0.0928
45-49%° 33(18.3) 31(18.1) 21(11.8)
>50% 147 (81.7) 140 (81.9) 157 (88.2)
KCCQ-CSS score 617 (46.9, 76.0) 60.9 (46.9, 72.9) 51.6 (34.9-65.6) <0.0001
6MWD, m 351.0 (260.5, 402.5) 340.0 (261.3, 400.0) 272.0 (207.6, 347.8) <0.0001
CRP, mgL™ 2.6(1.5,5.9) 3.8(2.0,74) 5.2(2.8,10.2) <0.0001
HF hospitalization within 1year, n (%) 32(17.8) 20 (M.7) 29 (16.3) 0.6926
Comorbidities at screening, n (%)
Atrial fibrillation 97(53.9) 88 (51.5) 90 (50.6) 0.5283
Hypertension 143 (79.4) 141(82.5) 149 (83.7) 0.2950
Coronary heart disease 80 (44.4) 51(29.8) 49 (27.5) 0.0007
Obstructive sleep apnea 24 (13.3) 15 (8.8) 27 (15.2) 0.6033
NYHA functional class, n (%) 0.0001
Class I 136 (75.6) 19 (69.6) 95 (53.4)
Class Il 44 (24.4) 51(29.8) 83 (46.6)
Class IV 0(0.0) 1(0.6) 0(0.0)
Concomitant medications, n (%)
Diuretics 143 (79.4) 137 (80.1) 147 (82.6) 0.4520
Loop diuretics 109 (60.6) 95 (55.6) 125 (70.2) 0.0602
Loop diuretic dose (mg)f 40 (20, 40) 40 (20, 40) 40 (40, 80) 0.0002
Thiazides 33(18.3) 31(18.1) 26 (14.6) 0.3489
MRAs 56 (31.1) 58 (33.9) 70 (39.3) 0.1029
ACE/ARB (ARNI) 129 (71.7) 132 (77.2) 136 (76.4) 0.2992
ARNI 11(61) 9(5.3) 7(3.9) 0.3492
Beta-blockers 150 (83.3) 132 (77.2) 136 (76.4) 0.1070
SGLT2i 10 (5.6) 7(42) 2(11) 0.0243

Percentages may not equal 100% due to rounding. Two-sided P values for continuous variables are from a Jonckheere-Terpstra trend test, for binary variables from a Cochran-Armitage trend test
and for multinomial variables from a Cochran-Mantel-Haenszel test. *Data are median (Q1, Q3) unless otherwise stated and are from the full analysis set. "Race and ethnic group were reported
by the investigator. °BMI is the weight in kilograms divided by the square of the height in meters. “Not relevant. ¢Includes one participant with LVEF of 33%. ‘Reported in furosemide equivalents
per day. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; MRA, mineralocorticoid receptor antagonist;
Q, quartile; SGLT2i, sodium-glucose co-transporter-2 inhibitor.

observed similar treatment benefits of semaglutide for all primary
and confirmatory secondary endpoints across the spectrum of obesity
categories. These findings have important clinical implications, as
approximately 40% of patients with the obesity phenotype of HFpEF

have only mild obesity (class I), and the present analyses indicate that
these patients benefit just as much as patients with more severe obe-
sity®. The relationship observed between reductions in body weight
and improvementsin symptoms and physical limitations supports the
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a Effects of semaglutide on symptoms & physical limitations by obesity class
Subgroup Semaglutide 2.4 mg Placebo ETD (95% CI) P value Interaction P value
Change from Change from
n baseline to n baseline to
week 52 week 52
Intention-to-treat ‘
All patients 243 16.6 237 8.7 } — 7.8 (4.8,10.9) <0.0001
BMI, kg m2 i
<35 80 15.9 83 7.4 i e 8.5(3.2,13.8) 0.0018
235-<40 81 15.4 78 1.3 —_—— 41(-1.2,9.4) 0.1331 0.2122
240 82 18.5 76 7.7 i —————— 10.8(5.5,16.1)  <0.0001
On-treatment |
All patients 202 191 206 10.3 . —— 8.8 (5.9, 1.7) 0.0001
BMI, kg m2 i
<35 61 18.3 7 8.1 . —_—— 10.2 (5.1, 15.3) 0.0001
235-<40 67 18.7 68 12.2 i —_—— 6.5 (1.4,11.6) 0.0125 0.5505
240 74 20.3 67 10.8 i —_—— 9.6 (4.6,14.6)  0.0002
5 o 5 1 1B 20
Estimated treatment difference in KCCQ-CSS (points)
Favors placebo  Favors semaglutide 2.4 mg
b Effects of semaglutide on body weight by obesity class
Subgroup Semaglutide 2.4 mg Placebo ETD (95% CI) Pvalue Interaction P value
Change from Change from
n baseline to n baseline to
week 52 week 52
Intention-to-treat
All patients 246 -13.3 242 -2.6 - } -10.7 (-11.9, -9.4) <0.0001
BMI, kg m2 i
<35 81 -10.7 84 -11 = i -9.6 (-11.8,-7.4) <0.0001
235-<40 83 -13.8 78 -25 —— | -11.3 (-13.5, -9.0)  <0.0001 0.4902
240 82 -15.4 80 -4.1 (== i -11.3 (-13.4,-9.1)  <0.0001
On-treatment |
All patients 203 -15.1 n -2.4 = i -12.7 (-13.9, -11.5) <0.0001
BMI, kg m™2 !
<35 61 -13.2 73 -0.8 —— i -12.4 (-14.5, -10.3) <0.0001
235-<40 68 -15.5 69 -2.6 —— ! -12.9 (-15.0, -10.8) <0.0001 0.9371
>40 74 -16.6 69 -3.8 ——t i -12.9 (-14.9, -10.8) <0.0001
|
20 5 0 5 0 5

Estimated treatment difference in body weight (%)

Favors semaglutide 2.4 mg Favors placebo

Fig. 1| Effects of semaglutide compared to placebo across different obesity
classes on HF symptoms, physical limitations and body weight. a,b, There was
no evidence of heterogeneity in the effects of semaglutide compared to placebo
onthe dual primary endpoints of KCCQ-CSS (a) or body weight (b). Data are point
estimates and 95% Cls. Analyses using the intention-to-treat principle employ an

F-test for interaction and a Wald test for treatment effect within BMI subgroups,
with1,000 imputations using Rubin’s rule. Analyses using on-treatment data
employ an F-test for interaction and a t-test for treatment effect within BMI
subgroups. Pvalues are two-sided. ETD, estimated treatment difference.

hypothesis that the obesity phenotype of HFpEF is, in large part, acon-
sequence of increased adiposity and its many sequelae, although there
arealso likely non-obesity-related contributors to the pathophysiology.

Weight loss in patients with obesity but no HF is associated with
effects that would be expected to reduce symptom severity and
improve exercise function in patients with HFpEF, including reversal
of hypertrophic chamber remodeling, improvement in ventricular
mechanics and reductions in hemodynamic congestion'". The pre-
sent findings are supported by the results of the SECRET trial, which
showed that non-pharmacologic body weight reduction achieved
through caloric restriction improved exercise capacity in patients
with the obesity phenotype of HFpEF®. The present study directly

relates the degree of pharmacologically mediated weight loss with
the magnitude of clinical benefits observed across the broad range of
outcomes, including symptoms and physical limitations (KCCQ-CSS),
exercise function (6MWD) and inflammation (CRP). These benefits
arenot simply ascribable to mechanical effects of body weight reduc-
tion, as the STEP-HFpEF trial also showed that semaglutide reduced
NTproBNP levels compared to placebo, consistent with a direct benefit
on hemodynamic congestion®.

The findings of this study should be considered in the context of
several potential limitations. Most participants in STEP-HFpEF were
White, and individuals with diabetes were excluded by design, which
may affect the generalizability to non-White populations and people
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a Effects of semaglutide on exercise function by obesity class
Subgroup Semaglutide 2.4 mg Placebo ETD (95% CI) P value Interaction P value
Change from Change from
n baseline to n baseline to
week 52 week 52
Intention-to-treat
All patients 240 21.5 225 1.2 ; ————t 20.3(8.6,32.1) 0.0007
BMI, kg m™ ;
<35 79 18.7 79 11 "%_._‘ 17.7 (2.7, 38.0) 0.0888
>35-<40 82 14.9 73 4.4 _——— 10.6 (-9.5,30.7) 0.3031 —  0.3063
240 79 311 73 -1.7 } _— 32.8(12.3,53.3) 0.0017 |
On-treatment i
All patients 199 29.0 200 8.3 ! ———— 20.6 (9.5, 31.8) 0.0003
BMI, kg m™ |
<35 59 31.9 68 5.8 i ) 26.1(6.3, 45.8) 0.00987
235-<40 68 25.8 65 10.6 —_— 15.2(-4.3,34.6) 0.1254 ~  0.7429
>40 72 29.7 67 8.8 i'_._‘ 20.8(1.8,39.9) 0.0321 |
20 0 20 40 60
Estimated treatment difference in 6MWD (m)
Favors placebo Favors semaglutide 2.4 mg
b Effects of semaglutide on hierarchical composite by obesity class
Subgroup Semaglutide 2.4 mg Placebo  W,L,T (semaglutide 2.4 mg) \?gg%:aéls P value Interaction P value
Intention-to-treat n n Wins, losses, ties (%)
All patients 263 266 60.1, 34.9, 5.1 ; —— 1.72(1.37,2.15)  <0.0001
BMI, kg m™2 i
<35 89 91 63.0, 32.4, 4.6 } e et 1.95 (1.29, 2.92) 0.0015 7]
»35-<40 88 83 54.5,39.9, 5.6 —— 1.37(0.94,1.99)  0.1038 | (3994
>40 86 92 62.2,32.5,5.3 i —— 1.91(1.30, 2.81) 0.0010
On-treatment | B
All patients 263 266 63.0, 30.0, 6.9 i — 210 (1.67,2.63)  <0.0001
BMI, kg m™2 }
<35 89 9 66.2, 26.9, 6.9 | 2.47(1.65,3.69)  <0.0001
>35-<40 88 83 60.2,32.7,7.1 L r——— 1.84(1.25,273)  0.0021 [ 0-5885
240 86 92 62.4,30.8, 6.8 i —— 2.03(1.38, 2.98) 0.0004 |
6 1.5 2.‘0 3.‘0 4.‘0
Win ratio
Favors placebo Favors semaglutide 2.4 mg
[ Effects of semaglutide on systemic inflammation by obesity class
Subgroup Semaglutide 2.4 mg Placebo ETD (95% Cl) P value Interaction P value
Ratio to baseline Ratio to baseline
n at week 52 at week 52
Intention-to-treat
All patients 241 0.56 243 0.93 ——t } 0.61(0.51,0.72) <0.0001
BMI, kg m2 i
<35 79 0.54 84 0.87 —_—— ! 0.61(0.46,0.83) 0.0013 |
235-<40 83 0.46 78 0.90 —— i 0.51(0.38,0.68) <0.0001 ~  0.2321
240 79 0.73 81 1.01 '_._‘} 0.73(0.54,0.98) 0.0362 |
On-treatment }
All patients 199 0.51 21 0.91 —— i 0.56 (0.48, 0.66) <0.0001
BMI, kg m™2 i
<35 60 0.47 73 0.76 —— i 0.62(0.47,0.82) 0.0009 b
>35-<40 68 0.41 69 0.94 —— i 0.44 (0.33,0.57) <0.0001 — 0.0938
240 VAl 0.69 69 1.07 ———t } 0.64(0.49, 0.84) 0.0015 |
1
6 012 014 016 018 1]0 1]2

Estimated treatment difference in CRP (ratio to baseline)

Favors semaglutide 2.4 mg Favors placebo

Fig. 2| Effects of semaglutide compared to placebo across different obesity
classes on exercise function, hierarchical composite endpoint and systemic
inflammation. a,b, There was no evidence of heterogeneity in the effects of
semaglutide compared to placebo on the confirmatory secondary endpoints

of exercise function assessed by 6MWD (a), the hierarchical composite endpoint
(b) or systemic inflammation assessed by CRP levels. Data are point estimates
and 95% Cls. Analyses using the intention-to-treat principle employ an F-test

(a,c) or Cohran’s Q-test (b) for interaction and a Wald test for treatment effect
within BMI subgroups, with 1,000 imputations using Rubin’s rule. Analyses using
on-treatment dataemploy an F-test for interaction and a ¢-test for treatment
effect within BMI subgroups (a,c) or Cohran’s Q-test (b) for interaction and a
Wald test for treatment effect within BMI subgroups. Pvalues are two-sided.
Other abbreviations as in Fig. 1.
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Semaglutide 2.4 mg
n

Subgroup

Relationship between weight loss with semaglutide and change in KCCQ-CSS

Change from baseline

to week 52 (95% CI) P value for trend

Intention-to-treat

Body weight decrease !

<5% 33 —— 5.4(-0.1,10.8)
|
>5-<10% 51 } [ — 16.1 (1.7, 20.4)
|
210-<15% 54 : — 18.2 (14.0, 22.5) <0.0001
|
>15-<20% 50 | [ — 20.3(16.0, 24.6)
|
>20% 58 } [ | 21.6 (17.6, 25.6)
|
r ‘\ T T 1
-10 0 10 20 30
Change in KCCQ-CSS (points)
KCCQ worsening KCCQ improvement
b Relationship between weight loss with semaglutide and change in exercise function
Semaglutide 2.4 m i
Subgroup ¢ o Change from baseline P value for trend

n

to week 52 (95% Cl)

Intention-to-treat

Body weight decrease i

<5% 33 —_—— 0.80 (-20.1,21.7)
>5-<10% 51 | p—— 24.7 (7.9, 41.4)
>10-<15% 54 i L o | 27.3 (11.4, 43.3) 0.0319
215-<20% 50 i It 22.3 (5.9, 38.7)
220% 58 i ———t 33.0(17.8, 48.2)

[ T }\ T T 1

-40 -20 0 20 40 60
Change in 6BMWD (m)
6MWD worsening 6MWD improvement
[ Relationship between weight loss with semaglutide and change in inflammation
Subgroup Semaglutide 2.4 mg Change from baseline P value for trend

n

to week 52 (95% ClI)

Intention-to-treat

Body weight decrease

<5% 33 |—.—:—| 0.9 (0.6, 1.1)
>5-<10% 51 —— I 0.6 (0.5, 0.8)
210-<15% 54 —— : 0.5(0.4,0.7) <0.0001
>15-<20% 50 | as— | 0.6 (0.5, 0.7)
I
220% 58 —— | 0.4 (0.3, 0.5)
1
T T T T T i 1
0 0.2 0.4 0.6 0.8 1 1.2

Change in CRP (ratio to baseline)

CRP reduction

Fig. 3 |Relationship between the magnitude of body weight reduction on
semaglutide and primary and confirmatory secondary endpoints.

a-c, Greater body weight reduction with semaglutide was associated with greater
improvements in HF symptoms and physical limitations assessed by the KCCQ-CSS

CRP increase

(a), exercise function assessed by the 6MWD (b) and greater reduction in systemic
inflammation assessed by CRP levels (c). Data are point estimates and 95% Cls.
Analyses use the intention-to-treat principle; tests for trend are based on an F-test.
Pvalues are two-sided. Abbreviations asin Figs.1and 2.

with diabetes. A separate, ongoing trial is evaluating the effects of
semaglutide in people with the obesity phenotype of HFpEF and type
2 diabetes'. The STEP-HFpEF trial was designed to evaluate the effects
of treatment on symptoms and physical limitations, exercise func-
tion and inflammation, along with body weight, and was, therefore,
not powered to assess clinical endpoints such as HF hospitalizations.
Power isreduced by focusing on obesity class subgroups as compared
to the main analysis, but the findings were consistent across obesity

categories with no evidence for heterogeneity of treatment effects.
The 52-week duration of treatment was relatively short, and whether
the observed effects might have persisted (or become more amplified)
withlonger evaluationis not known. Use of SGLT2 inhibitors was lowin
STEP-HFpEF, as patients with diabetes were excluded, and these agents
were notyetapproved for treatment of HFpEF during the trial conduct.
Although semaglutide and SGLT2 inhibitors have complementary and
non-overlapping mechanisms of action, the present study cannot
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Table 2 | Regression analysis of changes in body weight on semaglutide to efficacy outcomes

Predicted change per 10% decrease in body

Predicted change per 10% decrease in body

weight Model 1 weight Model 2
Endpoint change at 52weeks Slope (95% CI)* P Slope (95% CI)® P
KCCQ-CSS (points) 5.9(3.6,8.3) <0.0001 6.4(4.1,8.8) <0.0001
6MWD (m) 13.2 (4.4, 22.0) 0.0033 14.4 (5.5, 23.3) 0.0016
CRP (ratio) 0.75 (0.65, 0.86) <0.0001 0.72(0.63, 0.84) <0.0001

Results are shown for the intention-to-treat analysis. Data are point estimates and 95% Cls, computed using multivariable regression analyses. P values are two-sided. Model 1is adjusted for
baseline weight and baseline endpoint (baseline KCCQ-CSS, 6MWD or logarithm to CRP). Model 2 is adjusted for baseline values of weight, respective endpoint, age, sex, history of atrial
fibrillation, history of coronary artery disease, NYHA class, logarithm to CRP and logarithm to NTproBNP. *Change per 10% decrease in body weight on treatment with semaglutide.

Table 3 | Adverse events

Adverse event rate per 100 patient years

Class | obesity (30-34.9kgm™)

Class Il obesity (35-39.9kgm™) Class lll obesity (>240kgm™)

Placebo Semaglutide Placebo Semaglutide Placebo Semaglutide
(n=91) (n=89) (n=83) (n=88) (n=92) (n=86)
Serious adverse events 53.7 32.2 39.0 18.4 56.7 20.4
Deaths 0.0 25 815 0.0 2.2 11
Category of serious adverse event
Cardiac disorders 19.7 74 9.5 1.2 18.9 11
Infections and infestations 33 37 13.0 2.3 8.9 0.0
Gastrointestinal disorders 3.3 2.5 0.0 46 5.6 34
Nervous system disorders 3.3 6.2 35 12 11 2.3
Renal and urinary disorders 11 37 1.2 1.2 4.4 3.4
Respiratory, thoracic and mediastinal 6.6 0.0 2.4 0.0 3.3 0.0
Musculoskeletal and connective tissue 11 0.0 1.2 35 &3 2.3
Injury, poisoning and procedural 3.3 0.0 2.4 2.3 0.0 2.3
Metabolism and nutrition disorders 22 0.0 1.2 2.3 11 11
Hepatobiliary disorders 2.2 37 0.0 0.0 0.0 11
General disorders and administration site 0.0 0.0 1.2 0.0 2.2 11
Neoplasms benign, malignant and unspecified 11 0.0 1.2 0.0 11 11
Serious adverse event leading to discontinuation 4.4 5.0 1.2 12 2.2 2.3

determine whether background therapy with SGLT2 inhibitors might
haveinfluenced the treatment benefits observed, whichisanimportant
question for future trials. Further insight into the effects of semaglutide
in patients whoreceive background SGLT2 inhibitors will be provided
by the STEP-HFpEF DM trial, which includes a greater proportion (32%)
of patients taking these agents'>. BMl is a crude measure of adiposity
that does not assess body composition or quantity of visceral fat, which
has more deleterious effects in HFpEF®'¢, limiting insight on the effect
of semaglutide on visceral fat loss and its association with improve-
ments in KCCQ-CSS and 6MWD outcomes.

Inthe STEP-HFpEF trial of participants with the obesity phenotype
of HFpEF, semaglutide improved symptoms, physical limitations and
exercise function and reduced inflammation and body weight across
the spectrum of obesity categories. In semaglutide-treated patients,
the magnitude of benefit was directly related to the extent of weight
loss. Collectively, these data support semaglutide-mediated weight
loss as akey treatment strategy in patients with the obesity phenotype
of HFpEF.
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Methods

Study design

STEP-HFpEF (NCT04788511) was a randomized, international,
double-blind, placebo-controlled trial that examined the efficacy
and safety of semaglutide 2.4 mg once weekly compared to placeboin
patients with the obesity phenotype of HFpEF without diabetes". The
study design and the primary results were previously published"-.
Institutional review board ethics approval was obtained at each study
site, and all patients provided informed consent to participate in
the trial.

Study patients

Eligible participants were randomized 1:1 to semaglutide 2.4 mg sub-
cutaneously or matching placebo once weekly inaddition to standard
of care for 52 weeks". For all participants, frequent physical activity of
moderate intensity (as tolerated in HFpEF) and limited consumption
of salt, red meat, saturated or trans fats, sweets and sugar-sweetened
beverages, with restricted calorie intake (goal, 500 kcal deficit per
day) were recommended. Smoking cessation was supported, and
alcohol consumption was recommended to be limited. Patients were
eligibleifthey had left ventricular ejection fraction (LVEF) >45%, NYHA
functional class II-1V, BMI>30 kg m,KCCQ-CSS <90 points and objec-
tive evidence of HF based on at least one of the following criteria:
(1) elevated left ventricular filling pressures (pulmonary artery wedge
pressure or left ventricular end-diastolic pressure =15 mmHg at rest
or >25 mmHg with exercise documented during catheterization or
pulmonary artery diastolic pressure measured by implantable monitor
>15 mmHg, assessed invasively); (2) elevated natriuretic peptide levels
(with thresholds stratified based on BMI: =220 pg ml™ for patients with
BMI<35.0 and sinus rhythm; 2660 pg ml™ for patients with BMI <35.0
and persistent/permanent atrial fibrillation; >125 pg ml™ for patients
with BMI>35.0 and sinus rhythm; or 2375 pg ml™ for patients with BMI
>35.0 and persistent/permanent atrial fibrillation, together with echo-
cardiographic abnormalities (at least one of the following: (i) septal &
<7 cms™orlateral <10 cm s or average E/é >15; (i) pulmonary artery
systolic pressure >35 mmHg; (iii) left atrial enlargement defined by local
laboratory; and (iv) left ventricular hypertrophy with septal thickness
or posterior wall thickness >1.2 cm)); or (3) hospitalization for HF in the
preceding 12 months plus requirement for ongoing diuretics and/or
echocardiographic abnormalities (as defined above). Key exclusion cri-
teriawere previous or planned bariatric surgery, self-reported change
inbody weight >11 pounds (5 kg) within 90 d before randomization or
SBP >160 mmHg at screening. Patients were excluded from the trial
if they had a HbAlc level 26.5% or prior medical history of diabetes,
because clinical characteristics and response to semaglutide may differ
in patients with diabetes. A sister trial (STEP-HFpEF DM) is evaluating
the effects of semaglutide in patients with obesity phenotype of HFpEF
and diabetes (NCT04916470). The STEP-HFpEF trial was sponsored by
Novo Nordisk.

BMI and weight changes

BMI was calculated as body weight in kilograms divided by height in
meters squared based on measurements at baseline before randomi-
zation. Patients were stratified into BMI categories as obesity class |
(BMI30-34.9 kg m™), class Il (BMI 35-39.9 kg m™) or class Il (BMI
>40 kg m™). Relative changes in body weight were expressed as the
difference in body weight between baseline and 52 weeks divided by
baseline body weight calculated as percentage.

Outcomes

The dual primary endpoints of STEP-HFpEF were change in KCCQ-CSS
and percent change inbody weight from baseline to 52 weeks™'?. Con-
firmatory secondary endpointsincluded exercise function assessed by
changein 6MWD, overall clinical benefit assessed using a hierarchical
composite endpoint (all-cause death, HF events, several thresholds of

change in KCCQ-CSS from baseline to 52 weeks and change in 6MWD
>30 m) and change in CRP from baseline to 52 weeks. All serious adverse
eventsand adverse events leading to premature treatment discontinu-
ation were reported to evaluate safety and tolerability.

Statistical analysis

Baseline characteristics were evaluated according to BMI groups
(30-<35,35-<40 and 240 kg m™), and tests for trend were performed
across these groups. Efficacy endpoints for semaglutide compared
to placebo, stratified by obesity class at baseline, were assessed using
both the full analysis set (all randomized participants according to the
intention-to-treat principle, regardless of treatment discontinuation)
and the on-treatment data (including only patients receiving allocated
study medication). Weight loss ‘dose-effect’ analyses were performed
according to the magnitude of body weight change during the trial con-
fined to the semaglutide group, because the primary objective was to
examine the effects of body weight change related to semaglutide treat-
mentratherthanspontaneous or other lifestyle-related weight changes
(asintheplacebo group), using both intention-to-treat (primary) and
on-treatment approaches. Subgroup analyses for continuous end-
pointsin the intention-to-treat were performed using 1,000 multiple
imputations using analysis of covariance models, with treatment by
BMI groups adjusted for the relevant continuous baseline variable™.
Estimates from the multiple imputations were derived using Rubin’s
rule. Subgroups analyses of the hierarchical composite endpoint (win
ratio) were performed stratified by the obesity category, based on
direct comparisons of each participant randomized to semaglutide
versus each participant randomized to placebo within each BMI sub-
group. Foreach of these participant pairs, a‘treatment winner’ based on
similar observation time was declared based on the endpoint hierarchy
(as previously reported?). The winratio (that is, the proportion of win-
ners randomized to semaglutide divided by the winners randomized
to placebo) was estimated independently within each BMI subgroup
using 1,000 imputations. Test for equality of the BMI groups for the
win ratio was performed using Cohran’s Q-test. Subgroup analyses
for continuous endpoints in relation to the secondary hypothetical
estimand (on treatment with trial product) were performed using a
mixed model with treatment by BMI group adjusted for the relevant
continuousbaseline variable, all nested within visit, and treatment by
BMI groups was evaluated at week 52 using on-treatment data. The
hierarchical endpoint was analyzed using prediction (single-imputed)
from a mixed model using on-treatment data for each of the compo-
nents and analyzed stratified as described above. Allimputations for
the win ratio were pertinent only to KCCQ-CSS and 6MWD, where
all-cause death and HF events differed between intention-to-treat
and on-treatment approaches due to the collection of events in these
two trial periods. Multivariable regression analyses were performed
to determine independent relationships between baseline BMI and
baseline outcome measures before treatment after adjusting a priori
for baseline characteristics that might confound interpretation (age,
seXx, NYHA class, history of atrial fibrillation and history of coronary
artery disease). Multivariable linear regression was also performed to
determinerelationships between changeinbody weight and changes
in study outcomes with semaglutide unadjusted and after adjust-
ing (a priori) for age, sex, NYHA functional class, history of coronary
artery disease, history of atrial fibrillation, baseline CRP and baseline
NTproBNP levels. Both unadjusted and adjusted analyses included
baseline body weight and relevant continuous baseline variables (for
example, baseline KCCQ-CSS, 6MWD or CRP) as covariates. Change in
body weight was analyzed both as a continuous variable (% change from
baseline) and as anordinal variable, including the following weight loss
categories frombaseline to 52 weeks: <5%, 5-<10%,10-<15%,15-<20%
and >20%. A test for linearity was employed for the categorial weight
change analyses. All results from statistical analyses are presented with
two-sided Pvalues and 95% Cls. Safety endpoints were analyzed using
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the safety analysis set (all randomized participants exposed to at least
one dose of randomized treatment). Further details on the estimands,
including specification of intention-to-treat and on-treatment data,
statistical analyses and imputation methods to account for missing
data, were previously published™. The primary estimand quantified
the average change from baseline to 52 weeks in KCCQ-CSS and body
weight of semaglutide 2.4 mg once weekly relative to placebo, both
addedtostandard of care, inall randomized participants regardless of
adherence to randomized treatment. P values less than 5% were con-
sidered significant, and no adjustment for multiplicity was performed.

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

Data will be shared with bona fide researchers submitting a research
proposal approved by the independent review board. Instructions
for submitting proposals can be found at https://www.novonordisk-
trials.com/. Data willbe made available after research completion and
approval of the product and product use in the European Union and
the United States. Individual participant data will be shared in datasets
inade-identified/anonymized format.
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Extended Data Fig. 1| Participant flow diagram.
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2c Relationship between weight loss with semaglutide and change in inflammation
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Extended Data Fig. 2| Relationship between the magnitude of body weight reduction on semaglutide with change in KCCQ-CSS (a); 6MWD (b); and ratio of CRP
tobaseline (c) in the on-treatment (per protocol) analysis. Data are point estimates and 95% Cls. Tests for trend are based on an F-test; Pvalues are two-sided.

Nature Medicine


http://www.nature.com/naturemedicine

nature pOrthl iO Corresponding author(s):  Mikhail Kosiborod

Last updated by author(s): 28 July 2023

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Please do not complete any field with "not applicable" or n/a. Refer to the help text for what text to use if an item is not relevant to your study.
For final submission: please carefully check your responses for accuracy; you will not be able to make changes later.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
n/a | Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

DO O 0O df o<
NKO K K KN KON

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection eCRF (Inform version 7.0.0.1.41); the system for randomization was Calyx Interactive Response Technology (IRT).

Data analysis Statistics software - SAS V9.4 and R

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability
- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Data will be shared with bona fide researchers submitting a research proposal approved by the independent review board. Access request proposals can be found at novonordisk-trials.com.
Data will be made available after research completion, and approval of the product and product use in the European Union and the USA.
Individual participant data will be shared in data sets in a de-identified/anonymized format.

>
Q
—
[
S
D
O
o
a2
o
el
3
©
O
=
35
(@]
wv
(e
3
3
Q
&
S




Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Biologic sex was reported for trial participants; information on gender was not collected.

Reporting on race, ethnicity, or = Race and ethnicity were reported for trial participants.
other socially relevant

groupings
Population characteristics Reported in Table 1.
. e trial was conducted af sites In countries (Asla, Europe, NOI an oul merica). potentially eligible patients were Iinvited to take
The trial ducted at 96 sites in 13 countries (Asia, E North and South America). All potentially eligible patient invited to tak
Recruitment part, thereby minimizing any potential self-selection bias.
H H nstitutional Review Boards/ethics committees approved the study at all sites. The list of participating sites is in the Supplementary Appendix.
Ethics oversight Institutional Review Boards/ethi i d the stud Il sites. The list of participating sites is in the Suppl Appendi

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

M Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

. We estimated that a sample size of 516 participants will provide 90% power for the first dual primary endpoint of change in KCCQ-CSS, and more than 99% power for the
Sam ple sSize second dual primary endpoint of change in body weight, assuming a mean difference of approx. 4.1 points in KCCQ-CSS and approx. 9.9% in body weight between the two
treatment groups. final sample size was 529 participants.

Data exclusions Per the statistical analysis plan, in the on-treatment analyses, data from patients who discontinued study medication prematurely were censored at the time of discontinuation.

Replication This is an international, randomized, double-blind placebo-controlled trial; thus, replication is not applicable.

Randomization "1

B|inding Participants, care providers, investigators and study staff, and outcomes assessors were blinded to group allocation during data collection and analysis.

Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.
Study description
Research sample
Sampling strategy
Data collection
Timing
Data exclusions
Non-participation

Randomization

>
Q
—
c
S
D
O
o
=
o
el
3
©
O
=
5
(@]
wv
(e
3
3
Q
&
S




Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description
Research sample
Sampling strategy

Data collection

Timing and spatial scale

Data exclusions

>
QO
—
c
S
D
o
O
=
o
el
3
©O
(@)
=
S
(@]
wm
(e
3
3
Q
S

Reproducibility
Randomization

Blinding

Did the study involve field work? D Yes D No

Field work, collection and transport

Field conditions

Location
Access & import/export

Disturbance

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
n/a | Involved in the study n/a | Involved in the study
UD Antibodies a [] chip-seq

D Eukaryotic cell lines D Flow cytometry
|:| Palaeontology and archaeology |:| MRI-based neuroimaging
D Animals and other organisms

linical data

D Dual use research of concern

[] prants

A G UE G NN|

Antibodies

Antibodies used

Validation




Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)
Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Palaeontology and Archaeology

Specimen provenance
Specimen deposition

Dating methods

|:| Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals
Wild animals
Reporting on sex
Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration =~ NCT04788511

Study protocol ‘ Included with submission

Data collection The trial was conducated at 96 sites in 13 countries (Asia, Europe, North and South America) between March 19, 2021, and March 9, 2022. All potentially
10 eligible patients were invited to take part, thereby minimizing any potential self-selection bias.

Oout Al of the primary and secondary outcomes, and the statistical methodologies used to analyze them, were prespecified in the Statistical Analysis Plan. All statistical
utcomes analyses performed for all outcomes measures were thus predefined.

Dual use research of concern

Policy information about dual use research of concern

Hazards

Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented
in the manuscript, pose a threat to:

>
QO
—
c
S
D
o
o
=
o
el
=
©
O
=
5
(@]
wv
(e
3
3
Q
o
S




Yes

[] public health

[] National security

|:| Crops and/or livestock
|:| Ecosystems

D Any other significant area

LUK &

Experiments of concern

Does the work involve any of these experiments of concern:

No | Yes

[] pemonstrate how to render a vaccine ineffective

>
Q
—
c
S
D
O
o
=
o
el
3
©
O
=
5
(@]
wv
(e
3
3
Q
&
S

Confer resistance to therapeutically useful antibiotics or antiviral agents
Enhance the virulence of a pathogen or render a nonpathogen virulent
Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin

Any other potentially harmful combination of experiments and agents

ooooogo

Plants

Seed stocks
Novel plant genotypes

Authentication

ChlP-seq

Data deposition
D Confirm that both raw and final processed data have been deposited in a public database such as GEO.

|:| Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links
May remain private before publication.

Files in database submission

Genome browser session
(e.g. UCSC)

Methodology
Replicates
Sequencing depth
Antibodies
Peak calling parameters

Data quality

Software




Flow Cytometry

Plots

Confirm that:
|:| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|:| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
|:| All plots are contour plots with outliers or pseudocolor plots.

|:| A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

>
Q
—
c
S
D
O
o
=
o
el
3
©
O
=
5
(@]
wv
(e
3
3
Q
&
S

Instrument
Software
Cell population abundance

Gating strategy

|:| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.

Magnetic resonance imaging

Experimental design

Design type
Design specifications

Behavioral performance measures

Imaging type(s)
Field strength
Sequence & imaging parameters

Area of acquisition

Diffusion MRI |:| Used D Not used

Preprocessing

Preprocessing software
Normalization
Normalization template
Noise and artifact removal
Volume censoring
Statistical modeling & inference
Model type and settings
Effect(s) tested

Specify type of analysis: [ | whole brain || ROI-based || Both




Statistic type for inference

(See Eklund et al. 2016)
Correction

Models & analysis

| oljojuod ainjeu

n/a | Involved in the study
M |:| Functional and/or effective connectivity

D Graph analysis
Iz Multivariate modeling or predictive analysis

Functional and/or effective connectivity

o
=
S
(@]
wv
c
3
3
)
=
<2

Graph analysis

: . . o . Multivariable regression and multivariable linear regression analyses were performed to determine independent relationships
Multivariate modeling and predictive analysis  peween baseline BMi and baseline outcome meastres prior to treatment, and between change in body weight and changes in study
outcomes (please see Methods section for further details).

This checklist template is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give [f
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other third party material in this article are included in ||
the article's Creative Commons license, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0;




	Semaglutide in HFpEF across obesity class and by body weight reduction: a prespecified analysis of the STEP-HFpEF trial

	Results

	Patient characteristics

	Treatment effects by baseline obesity class

	Semaglutide effects and weight change

	Safety and tolerability


	Discussion

	Online content

	Fig. 1 Effects of semaglutide compared to placebo across different obesity classes on HF symptoms, physical limitations and body weight.
	Fig. 2 Effects of semaglutide compared to placebo across different obesity classes on exercise function, hierarchical composite endpoint and systemic inflammation.
	Fig. 3 Relationship between the magnitude of body weight reduction on semaglutide and primary and confirmatory secondary endpoints.
	Extended Data Fig. 1 Participant flow diagram.
	Extended Data Fig. 2 Relationship between the magnitude of body weight reduction on semaglutide with change in KCCQ-CSS (a) 6MWD (b) and ratio of CRP to baseline (c) in the on-treatment (per protocol) analysis.
	Table 1 Baseline characteristics of trial participants across obesity categoriesa.
	Table 2 Regression analysis of changes in body weight on semaglutide to efficacy outcomes.
	Table 3 Adverse events.




