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ABSTRACT

BACKGROUND

Obesity and type 2 diabetes are prevalent in patients with heart failure with pre-
served ejection fraction and are characterized by a high symptom burden. No approved
therapies specifically target obesity-related heart failure with preserved ejection
fraction in persons with type 2 diabetes.

METHODS
We randomly assigned patients who had heart failure with preserved ejection frac-
tion, a body-mass index (the weight in kilograms divided by the square of the height
in meters) of 30 or more, and type 2 diabetes to receive once-weekly semaglutide
(2.4 mg) or placebo for 52 weeks. The primary end points were the change from
baseline in the Kansas City Cardiomyopathy Questionnaire clinical summary score
(KCCQ-CSS; scores range from 0 to 100, with higher scores indicating fewer symp-
toms and physical limitations) and the change in body weight. Confirmatory sec-
ondary end points included the change in 6-minute walk distance; a hierarchical
composite end point that included death, heart failure events, and differences in
the change in the KCCQ-CSS and 6-minute walk distance; and the change in the
C-reactive protein (CRP) level.

RESULTS
A total of 616 participants underwent randomization. The mean change in the
KCCQ-CSS was 13.7 points with semaglutide and 6.4 points with placebo (esti-
mated difference, 7.3 points; 95% confidence interval [CI], 4.1 to 10.4; P<0.001),
and the mean percentage change in body weight was —9.8% with semaglutide and
—3.4% with placebo (estimated difference, —6.4 percentage points; 95% CI, —7.6 to
—5.2; P<0.001). The results for the confirmatory secondary end points favored
semaglutide over placebo (estimated between-group difference in change in 6-min-
ute walk distance, 14.3 m [95% CI, 3.7 to 24.9; P=0.008]; win ratio for hierarchical
composite end point, 1.58 [95% CI, 1.29 to 1.94; P<0.001]; and estimated treat-
ment ratio for change in CRP level, 0.67 [95% CI, 0.55 to 0.80; P<0.001]). Serious
adverse events were reported in 55 participants (17.7%) in the semaglutide group
and 88 (28.8%) in the placebo group.

CONCLUSIONS
Among patients with obesity-related heart failure with preserved ejection frac-
tion and type 2 diabetes, semaglutide led to larger reductions in heart failure—
related symptoms and physical limitations and greater weight loss than placebo
at 1 year. (Funded by Novo Nordisk; STEP-HFpEF DM ClinicalTrials.gov number,
NCT04916470.)
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SEMAGLUTIDE IN PATIENTS WITH HEART FAILURE AND DIABETES

EART FAILURE WITH PRESERVED EJEC-
tion fraction has become the predomi-
nant type of heart failure, partly owing
to the increasing prevalence of obesity. Excess
adiposity plays an important role in the develop-
ment and progression of heart failure with pre-
served ejection fraction and type 2 diabetes.*”
Type 2 diabetes is highly prevalent among patients
with heart failure with preserved ejection fraction
and is associated with adverse hemodynamic and
clinical features, including greater symptom bur-
den and worse functional capacity than in patients
without type 2 diabetes.®?® There are few effica-
cious therapies in this patient group.
Semaglutide, a glucagon-like peptide-1 (GLP-1)
receptor agonist that is administered once week-
ly at a dose of 2.4 mg, has been shown to induce
substantial weight loss in persons with over-
weight or obesity, with favorable effects on cardio-
metabolic risk factors and a significant reduction
in the likelihood of major adverse cardiovascular
events among high-risk patients.’*'® We have pre-
viously found in patients with heart failure with
preserved ejection fraction and obesity, but with-
out type 2 diabetes, that treatment with sema-
glutide led to larger reductions in heart failure—
related symptoms and physical limitations, greater
weight loss, and greater improvements in exercise
function than placebo.” The effects of semaglutide
in patients with obesity-related heart failure with
preserved ejection fraction and type 2 diabetes may
differ for several reasons. First, the magnitude of
weight loss in trials of antiobesity pharmacothera-
pies is consistently smaller in patients with type
2 diabetes than in those without type 2 diabe-
tes.*1® Second, patients with type 2 diabetes are
more likely to receive sodium—glucose cotrans-
porter 2 (SGLT2) inhibitors, which have emerged
as the standard of care for heart failure with
preserved ejection fraction.® Third, patients
with heart failure with preserved ejection frac-
tion and type 2 diabetes typically present with a
more advanced phenotype.!»1*2° All these factors
may affect responsiveness to treatment with
semaglutide. Accordingly, we sought to examine
the efficacy and safety of once-weekly semaglu-
tide at a dose of 2.4 mg in this patient group.

METHODS

TRIAL DESIGN AND OVERSIGHT
We conducted the STEP-HFpEF DM (Semaglutide
Treatment Effect in People with Obesity and Heart
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Failure with Preserved Ejection Fraction and Dia-
betes Mellitus) trial, a double-blind, randomized,
placebo-controlled trial, at 108 sites in 16 coun-
tries in Asia, Europe, and North and South Amer-
ica. The steering committee designed the trial and
was primarily responsible for trial-related aca-
demic publications. The trial design and the base-
line characteristics of the trial participants have
been published previously.?® The trial was con-
ducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines.
The protocol (available with the full text of this
article at NEJM.org) was approved by the inde-
pendent ethics committee or institutional review
board at each site. All the participants provided
written informed consent. The results of the pri-
mary and confirmatory secondary efficacy end
points in the testing hierarchy were validated by
a sponsor-independent statistician (employed by
Statogen Consulting) who had access to all rel-
evant data sets. The sponsor (Novo Nordisk) as-
sumes responsibility for activities related to trial
conduct, data collection, and statistical analysis.
All drafts of the manuscript were prepared by
the first author, who had full access to the pri-
mary source data. All the authors interpreted the
data, contributed to the writing of the manu-
script, had final responsibility for the decision to
submit the manuscript for publication, and vouch
for the accuracy and completeness of the data and
the fidelity of the trial to the protocol. Additional
information is provided in the Supplementary Ap-
pendix, available at NEJM.org.

TRIAL PARTICIPANTS

Persons 18 years of age or older were eligible if
they had documented heart failure, a left ven-
tricular ejection fraction of at least 45%, a body-
mass index (BMI, the weight in kilograms di-
vided by the square of the height in meters) of at
least 30, and at least one of the following find-
ings: elevated left ventricular filling pressures;
elevated natriuretic peptide levels plus echocar-
diographic abnormalities; or hospitalization for
heart failure within 12 months before screening
plus echocardiographic abnormalities or ongo-
ing treatment with diuretics. Participants were
required to have received a diagnosis of type 2
diabetes at least 90 days before screening and to
have a glycated hemoglobin level of no more than
10%. Key exclusion criteria were a change in body
weight of more than 5 kg within 90 days before
screening, a history of type 1 diabetes, use of a
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GLP-1 receptor agonist within 90 days before
screening, and uncontrolled diabetic retinopathy.
The full list of eligibility criteria is provided in
Table S1 in the Supplementary Appendix.

RANDOMIZATION AND TRIAL PROCEDURES
Participants were randomly assigned in a 1:1 ratio
to receive once-weekly subcutaneous semaglu-
tide at a dose of 2.4 mg or placebo for 52 weeks,
with a 5-week follow-up period. Randomization
was stratified according to BMI (<35 vs. 235).
Semaglutide treatment was initiated at a dose
of 0.25 mg for 4 weeks, and the dose was esca-
lated every 4 weeks until the maintenance dose
of 2.4 mg was reached by week 16 (Fig. S1).

Semaglutide or placebo was added to the base-
line glucose-lowering medications, which could
include any class other than GLP-1 receptor ago-
nists. Modification of background glucose-lower-
ing treatment or the addition of new treatments
was implemented at the discretion of the inves-
tigator (see guidance in the Supplemental Methods
section and in Tables S2, S3, and S4).

END POINTS

The dual primary end points were the change in
the Kansas City Cardiomyopathy Questionnaire
clinical summary score (KCCQ-CSS) and the per-
centage change in body weight from baseline to
week 52. The KCCQ is a 23-item, participant-
administered instrument that quantifies heart
failure—related symptoms, physical function, qual-
ity of life, and social function.?*** Scores range
from 0 to 100, with higher scores reflecting better
health status; the KCCQ-CSS includes the symp-
tom and physical function domains.

The confirmatory secondary end points were
the change in the 6-minute walk distance from
baseline to week 52, a hierarchical composite end
point (described below), and the change in the
log-transformed C-reactive protein (CRP) level
from screening (week —2) to week 52. The hier-
archical composite end point included death
from any cause from baseline to week 57; the
number and timing of heart failure events (de-
fined as adjudicated events of hospitalization for
heart failure or urgent visits in which intravenous
therapy was administered, baseline to week 57);
differences of at least 15, at least 10, and at least
5 points in the change in the KCCQ-CSS from
baseline to week 52; and a difference of a least

30 m in the change in the 6-minute walk distance
from baseline to week 52. Supportive secondary
and exploratory end points are described in the
Supplemental Methods section and in Table S5.

Safety assessments included serious adverse
events and adverse events of special interest (base-
line to week 57), which included hypoglycemia
(Table S6) and diabetic retinopathy. An indepen-
dent external committee, the members of which
were unaware of the trial-group assignments, adju-
dicated hospitalizations for heart failure, urgent
visits in which intravenous therapy was adminis-
tered, and all deaths.

STATISTICAL ANALYSIS

Details of the statistical methods, including sam-
ple-size calculations, are provided in the statisti-
cal analysis plan (available with the protocol at
NEJM.org) and have been reported previously.*!
Efficacy end points were analyzed in the full
analysis population according to the intention-
to-treat principle; safety end points were analyzed
in all the participants who underwent random-
ization and received at least one dose of semaglu-
tide or placebo.

Two estimands were used to evaluate treat-
ment efficacy: a treatment policy estimand (akin
to an intention-to-treat analysis) and a hypotheti-
cal trial product estimand (if treatment was taken
as intended, or an on-treatment analysis). The esti-
mands accounted for intercurrent events, which
encompassed discontinuation of treatment (which
included discontinuation due to death), initiation
of treatment with other weight-management
agents, or bariatric surgery. All analyses in the
statistical testing hierarchy were based on the
treatment policy estimand. All results are pre-
sented with two-sided 95% confidence intervals;
two-sided P values are reported only for the hi-
erarchically tested end points that involved the
treatment policy estimand. The Supplementary
Appendix and statistical analysis plan provide
further details on the estimands, statistical test-
ing hierarchy, and imputation methods used to
account for missing data.

The dual primary end points were evaluated
with the use of analysis of covariance, with the
change in the corresponding end point at week
52 used as the dependent variable, randomly as-
signed group and BMI stratum used as fixed
factors, and adjustment for the baseline value of
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the corresponding end point used as a continu-
ous variable for each imputation data set. Single
and multiple imputation were used to account
for missing data (see the Supplementary Appen-
dix). Treatment effects and standard errors were
combined with the use of Rubin’s rule. In a
prespecified analysis, the effects of semaglutide
as compared with placebo on KCCQ-CSS and body
weight were examined within the subgroups of
participants who did and did not receive SGTL2
inhibitors at baseline, by means of an analysis of
covariance model with randomly assigned group
by SGLT2 inhibitor use as an interaction term.

Analysis of the hierarchical composite end
point was based on direct comparisons of each
participant assigned to receive semaglutide and
each participant assigned to receive placebo (strat-
ified according to BMI). For each participant pair,
a “winner” based on similar observation time was
declared with the use of the end-point hierarchy,
as reported previously.?! The win ratio (the num-
ber of winners assigned to receive semaglutide di-
vided by the number of winners assigned to receive
placebo) was estimated with the use of 1000 impu-
tations.

Strong control for the type I error was used
for analyses of the dual primary and confirmatory
secondary end points, as reported previously
(see the statistical analysis plan, the Supplemen-
tal Methods section, and Fig. S2).*! Analyses of
the supportive secondary and exploratory end
points were not controlled for multiple compari-
sons, and the confidence intervals should not be
used to infer definitive treatment effects. Com-
parison of serious adverse events between the
groups was performed with Fisher’s exact test and
reported with unadjusted two-sided P values.

RESULTS

PARTICIPANT CHARACTERISTICS

Between June 15, 2021, and August 19, 2022, a
total of 616 participants underwent randomiza-
tion: 310 were assigned to receive semaglutide and
306 to receive placebo. Premature discontinuation
of treatment occurred in 50 participants (16.1%)
in the semaglutide group and 46 (15.0%) in the
placebo group, and 292 participants (94.2%) in
the semaglutide group and 291 (95.1%) in the
placebo group completed the trial. Among the
participants who were still receiving treatment

at week 52 (260 participants in each group), 209
(80.4%) were receiving the intended 2.4-mg dose
of semaglutide and 248 (95.4%) were receiving the
intended dose of placebo (Fig. S3).

The median age of the participants was 69
years, 44.3% were female, the median body weight
was 102.7 kg, and the median BMI was 36.9; 396
participants (64.3%) had a BMI of 35 or more.
The median KCCQ-CSS was 59.4 points, and the
median 6-minute walk distance was 280 m. The
median N-terminal pro—B-type natriuretic pep-
tide (NT-proBNP) level was 493 pg per milliliter,
the median glycated hemoglobin level was 6.8%,
and the median duration of type 2 diabetes was
8.0 years (Table 1 and Table S7). Most partici-
pants received diuretics, renin—angiotensin sys-
tem blockers, and beta-blockers; 32.5% received
mineralocorticoid receptor antagonists, and 32.8%
received SGLT2 inhibitors. In addition, 71.9% of
the participants received metformin, 17.5% re-
ceived sulfonylureas, and 20.8% received insulin.

DUAL PRIMARY END POINTS

Results for the dual primary, confirmatory sec-
ondary, supportive secondary, and selected explor-
atory end points for the treatment policy estimand
are summarized in Table 2. The corresponding
results for the trial product estimand (primary
and confirmatory secondary end points only) are
summarized in Table S8.

For the treatment policy estimand, the mean
change in the KCCQ-CSS at week 52 was 13.7
points in the semaglutide group and 6.4 points in
the placebo group (estimated difference, 7.3 points;
95% confidence interval [CI], 4.1 to 10.4; P<0.001)
(Fig. 1A and Table 2). For the trial product
estimand, the corresponding changes in the
KCCQ-CSS were 16.6 points and 7.9 points (esti-
mated difference, 8.6 points; 95% CI, 5.6 to 11.6)
(Fig. S4A). The estimated difference between the
semaglutide group and the placebo group in the
change in the KCCQ-CSS was 5.3 points (95% CI,
—0.2 to 10.7) among participants who received
SGLT2 inhibitor therapy at baseline and 8.3
points (95% CI, 4.5 to 12.1) among those who did
not receive SGLT2 inhibitor therapy at baseline.

For the treatment policy estimand, the mean
percentage change in body weight at week 52 was
—9.8% in the semaglutide group and -3.4% in
the placebo group (estimated difference, —6.4
percentage points; 95% CI, —7.6 to —-5.2; P<0.001)
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Table 1. Demographic and Clinical Characteristics of the Participants at Baseline.*

Characteristic

Female sex — no. (%)
Median age —yr
Race — no. (%)t

Asian

Black

White

Other
Median BMI (IQR)
Median NT-proBNP level (IQR) — pg/ml
Median CRP level (IQR) — mg/liter
Median duration of diabetes (IQR) — yr
Median glycated hemoglobin level (IQR) —
Median LVEF (IQR) —
Median KCCQ-CSS (IQR) — pointsi:
Median 6-minute walk distance (IQR) —m
Hospitalization for heart failure within 1 year — no. (%)
Coexisting conditions at screening — no. (%)

Atrial fibrillation

Hypertension

Coronary artery disease

Obstructive sleep apnea
NYHA functional class — no. (%)

Il

Il or IV
Concomitant medication — no. (%)

Diuretic

Loop diuretic

Thiazide

MRA

ACEI, ARB, or ARNI

Beta-blocker

SGLT2 inhibitor

Semaglutide
(N=310)

128 (41.3)
69.0 (62.0-74.0)

45 (14.5)
13 (4.2)
251 (81.0)
1(0.3)
36.9 (33.6-41.5)

477.8 (251.2-969.2)

3.7 (1.8-8.4)
8.0 (3.6-14.3)
6.7 (6.2-7.4)

57.0 (50.0-61.0)

60.4 (44.8-72.9)

280.0 (205.1-357.6)

49 (15.8)

117 (37.7)

255 (82.3)
79 (25.5)
25 (8.1)

223 (71.9)
87 (28.1)

246 (79.4)
86 (60.0)
2 (13.5)
105 (33.9)
249 (80.3)
257 (82.9)
(34.5)

107 (34.5

Placebo
(N=306)

145 (47.4)
70.0 (63.0-75.0)

31 (10.1)
5 (1.6)
268 (87.6)
2(0.7)

36.9 (33.5-41.1)
502.3 (240.2-1114.6)
3.3 (1.6-8.4)

8.0 (4.1-15.2)
6.9 (6.2-7.7)
55.0 (50.0-60.0)
58.3 (41.1-70.8)
280.0 (200.0-345.0)
63 (20.6)

(41.2)
(88.6)
69 (22.
28 (9.

126
1(88.6
9 (22.5)
2)

27

212 (69.3)
94 (30.7)

252 (82.4)
87 (61.1)
43 (14.1)

95 (31.0)

253 (82.7)
253 (82.7)
95 (31.0)

“ Data are from the full analysis population. Overall, 51 participants (8.3%) qualified for participation in the trial on the

basis of elevated left ventricular filling pressures, 107 (17.4%) on the basis of hospitalization for heart failure within

12 months in combination with ongoing diuretic treatment or echocardiographic abnormalities, and 458 (74.4%) on
the basis of elevated N-terminal pro—B-type natriuretic peptide (NT-proBNP) levels in combination with echocardio-
graphic abnormalities. ACEI denotes angiotensin-converting enzyme inhibitor, ARB angiotensin Il receptor blocker,
ARNI angiotensin receptor—neprilysin inhibitor, BMI body-mass index, CRP C-reactive protein, IQR interquartile range,
LVEF left ventricular ejection fraction, MRA mineralocorticoid receptor antagonist, NYHA New York Heart Association,

and SGLT2 sodium-glucose cotransporter 2.
Race was reported by the investigator.

scores indicating fewer symptoms and physical limitations.

i: The Kansas City Cardiomyopathy Questionnaire clinical summary score (KCCQ-CSS) ranges from 0 to 100, with higher
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SEMAGLUTIDE IN PATIENTS WITH HEART FAILURE AND DIABETES

(Fig. 1B and Table 2). For the trial product esti-
mand, the corresponding changes were —11.0%
and —3.1% (estimated difference, —7.9 percentage
points; 95% CI, —9.0 to —6.8) (Fig. S4B). The es-
timated difference between the semaglutide group
and the placebo group in the change in body
weight was —4.7 percentage points (95% CI, —6.7
to —2.8) among participants who received SGLT2
inhibitor therapy at baseline and —7.2 percentage
points (95% CI, —8.7 to —5.8%) among those who
did not receive SGLT?2 inhibitor therapy at baseline.

CONFIRMATORY SECONDARY END POINTS

For the treatment policy estimand, the mean
change in the 6-minute walk distance at week 52
was 12.7 m in the semaglutide group and —-1.6 m
in the placebo group (estimated difference, 14.3 m;
95% CI, 3.7 to 24.9; P=0.008) (Fig. 2A and Ta-
ble 2). For the trial product estimand, the corre-
sponding changes were 21.5 m and 3.4 m (esti-
mated difference, 18.1 m; 95% CI, 8.9 to 27.2)
(Fig. SSA).

In the analysis of the hierarchical composite
end point, treatment with semaglutide resulted
in more wins than placebo, with a stratified win
ratio of 1.58 (95% CI, 1.29 to 1.94; P<0.001) for
the treatment policy estimand. The wins favored
semaglutide over placebo for most key components
of the hierarchical composite end point (Fig. 2B
and Table 2); a difference of at least 15 points in
the KCCQ-CSS contributed the most wins for
semaglutide. For the trial product estimand, the
stratified win ratio was 1.86 (95% CI, 1.51 to 2.28)
(Fig. S5B).

For the treatment policy estimand, participants
in the semaglutide group had a 42.0% reduction
in the CRP level at 52 weeks (geometric mean ratio
[week 52 value to baseline value], 0.58), as com-
pared with a 12.8% reduction with placebo (geo-
metric mean ratio [week 52 value to baseline
value], 0.87) (estimated treatment ratio [i.e., the
ratio between the two geometric mean ratios],
0.67; 95% CI, 0.55 to 0.80; P<0.001) (Fig. 2C and
Table 2). The corresponding values for the trial
product estimand were 0.53 (47.4% reduction) and
0.92 (7.8% reduction) (estimated treatment ratio,
0.57; 95% CI, 0.49 to 0.67) (Fig. S5C).

SUPPORTIVE SECONDARY AND EXPLORATORY

END POINTS

The results for supportive secondary and explor-
atory end points are shown in Table 2. The es-

timated treatment ratio for the change in the
NT-proBNP level among participants receiving
semaglutide as compared with those receiving
placebo was 0.8 (95% CI, 0.7 to 0.9). In total,
7 participants in the semaglutide group and 18
in the placebo group had an adjudicated heart
failure event (hospitalization or urgent visit for
heart failure) (hazard ratio, 0.40; 95% CI, 0.15 to
0.92) (Fig. S6). The estimated difference in the
change in glycated hemoglobin levels between
participants receiving semaglutide and those re-
ceiving placebo was —0.8 percentage points
(95% CI, -1.0 to —0.6).

SAFETY

Serious adverse events are summarized in Ta-
ble 3 and Table S9 for the treatment period and
the in-trial period, respectively. Safety focus ar-
eas for the treatment period are summarized in
Table S10. Serious adverse events were reported
in 55 participants (17.7%) in the semaglutide group
and 88 (28.8%) in the placebo group (P=0.002).
Cardiac disorder events were reported in 19 par-
ticipants in the semaglutide group and 40 in the
placebo group (P=0.004). Overall, 6 participants
(1.9%) in the semaglutide group and 11 (3.6%)
in the placebo group discontinued treatment be-
cause of serious adverse events. A total of 33 par-
ticipants (10.6%) in the semaglutide group and
25 (8.2%) in the placebo group discontinued
treatment because of any adverse event. There was
no apparent between-group difference in the per-
centage of participants reporting clinically signifi-
cant hypoglycemia. Overall, 16 participants died
(6 in the semaglutide group and 10 in the placebo
group). Five deaths were adjudicated as having
cardiovascular causes (1 in the semaglutide group
and 4 in the placebo group), 10 as having non-
cardiovascular causes (4 in the semaglutide group
and 6 in the placebo group), and 1 (in the sema-
glutide group) as having an undetermined cause.

DISCUSSION

In this trial involving patients with obesity-relat-
ed heart failure with preserved ejection fraction
and type 2 diabetes, once-weekly semaglutide at
a dose of 2.4 mg led to larger reductions in heart
failure-related symptoms and physical limita-
tions and greater weight loss than placebo at 52
weeks. Semaglutide also increased the 6-minute
walk distance, resulted in more wins in the evalu-

N ENGL ) MED 390;15 NEJM.ORG APRIL 18, 2024

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org at Universita degli Studi di Roma La Sapienzaon April 17, 2026.

1399



The NEW ENGLAND JOURNAL of MEDICINE

Table 2. Efficacy End Points.*

Semaglutide Placebo Estimated Difference
End Point (N=310) (N=306) or Ratio (95% Cl) P Value
Dual primary end points
Change in KCCQ-CSS from baseline to week 52 — points 13.7 6.4 7.3 (4.1t0 10.4)F <0.001
Percentage change in body weight from baseline to week 52 -9.8 -3.4 —6.4 (7.6 to -5.2) <0.001
Confirmatory secondary end points
Change from baseline to week 52 in 6-minute walk distance — m 12.7 -1.6 14.3 (3.7 to 24.9) 7 0.008
Hierarchical composite end point — crude percentage of winsi: 58.7 36.8 1.58 (1.29 to 1.94)§ <0.001
Change from baseline to week 52 in CRP level — %9 -42.0 -12.8 0.67 (0.55 to 0.80) [**  <0.001
Supportive secondary end points
Change from baseline to week 52 in systolic blood pressure — mm Hg —4.2 -1.7 -2.5 (-5.3t00.3)F —
Change from baseline to week 52 in waist circumference — cm -9.0 -2.6 6.4 (-7.7t0 -5.0)F —
Change from baseline to week 52 in KCCQ-OSS — pointsT 135 6.2 7.3 (4.2t0 10.4)F —
Change from baseline to week 52 in glycated hemoglobin level — % -0.7 0.1 —-0.8 (-1.0to -0.6) —
Percentage reduction in body weight at week 52 — % of participants
=210% reduction 51.4 10.4 7.3 (4.7 to 11.4)§ —
=15% reduction 224 4.0 5.4 (2.8t010.2)§ —
=20% reduction 73 1.8 3.2 (1.3t0 8.2)§ —
Increase in KCCQ-CSS at week 52 — % of participants
=5-point increase 73.0 54.8 2.3 (1.6 t0 3.3)§ —
=10-point increase 58.0 42.6 2.1 (1.4t02.9)§ —
Attainment of anchor-based threshold for change in KCCQ-CSS — % of 42.7 30.5 2.0 (1.4t0 2.9)§ —
participantsii
Attainment of anchor-based threshold for change in 6-minute walk dis- 52.7 39.2 1.7 (1.2 t0 2.3)§ —
tance — % of participants(§
Exploratory end points assessed in the overall population
Change from baseline to week 52 in NT-proBNP level — % -23.2 -4.6 0.8 (0.7t0 0.9) |99 —
Adjudicated heart failure event (hospitalization or urgent visit for heart 7(2.3) 18 (5.9) 0.40 (0.15t0 0.92) || —
failure), time-to-event analysis — no. of events (% of participants)
=15-point increase in KCCQ-CSS at week 52 — % of participants 44.5 32.7 1.9 (1.3 to 2.8)§ —

Analyses are based on the treatment policy estimand, which assessed the treatment effect regardless of whether treatment was discontinued
or a rescue intervention was received. Analyses of continuous end points at week 52 were conducted with the use of analysis of covariance
models with data from the in-trial observation period, with treatment and BMI stratum used as fixed factors, baseline end-point value used
as a covariate, and an imputation approach used for missing values (Table S13). For binary end points, odds ratios comparing semaglutide
and placebo were estimated from a logistic-regression model from the in-trial period, with randomly assigned group and BMI stratum used
as fixed factors, baseline end-point value used as a covariate, and an imputation approach used for missing data. Data expressed as percent-
ages of participants are observed data from the in-trial period, defined as the time from randomization to last contact with a trial site, regard-
less of whether semaglutide or placebo was discontinued or a rescue intervention was received. Cl denotes confidence interval.

T The value is the estimated between-group difference.

I The hierarchical end point (in-trial period) was a composite that included death from any cause from baseline to week 57; the number and
timing of heart failure events (defined as adjudicated events of hospitalization for heart failure or urgent visits in which intravenous ther-
apy was administered, baseline to week 57); a difference of at least 15, at least 10, and at least 5 points in the change in the KCCQ-CSS
from baseline to week 52; and a difference of at least 30 m in the change in the 6-minute walk distance from baseline to week 52. This end
point was assessed with the use of a win-ratio approach. All the participants assigned to receive semaglutide were compared with all the
participants assigned to receive placebo within each BMI stratum (<35 and =35). An imputation approach was used for missing data for
KCCQ-CSS and 6-minute walk distance. The crude percentage of wins across all components of the end point are shown for each group.
The value is an odds ratio. For supportive secondary and exploratory end points, the widths of confidence intervals have not been adjust-
ed for multiplicity and should not be used to infer treatment effects.

9§ The estimated CRP levels (non-log-transformed) at week 52 were 4.44 mg per liter in the semaglutide group and 6.08 mg per liter in the
placebo group. The changes in estimated CRP levels (non—log-transformed) from baseline to week 52 were —2.48 mg per liter and —0.84
mg per liter, respectively.

=
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Table 2. (Continued.)

The value is the estimated treatment ratio (i.e., the ratio [semaglutide:placebo] between the geometric mean ratios of the week 52 value
to the baseline value). The ratio to baseline and the corresponding baseline value were log-transformed before analysis. The approximate
relative changes were derived from estimated ratios by subtracting 1 and multiplying by 100.

* The geometric mean ratio of the week 52 value to the baseline value was 0.58 in the semaglutide group and 0.87 in the placebo group.

The estimated treatment ratio is calculated as 0.58/0.87=0.67.

7 The KCCQ overall summary score (KCCQ-OSS) ranges from 0 to 100, with higher scores indicating better health status.
-+ A threshold of 16.3 points was chosen on the basis of the change from baseline to week 52 in the patient global impression of severity

(PGI-S) that measures the participant’s perception of heart failure symptoms. To establish the threshold, the mean change in KCCQ-CSS
was calculated (using pooled data across the groups) in the group of 190 participants who had a one-category improvement.

A threshold of 16.2 m was chosen on the basis of the change from baseline to week 52 in the PGI-S that measures the participant’s per-
ception of the ability to walk quickly. To establish the threshold, the mean change in 6-minute walk distance was calculated (using pooled
data across the groups) in the group of 168 participants who had a one-category improvement. Patient global impression of change
(PGI-C) was also used in a sensitivity analysis of anchor-based evaluations of thresholds for 6-minute walk distance. The percentages of
participants improving by at least 25.6 m were 43.8% in the semaglutide group and 30.6% in the placebo group, with a threshold of 25.6
m chosen on the basis of the change from baseline to week 52 in the PGI-C that measures the participant’s perception of the ability to
walk quickly (category “moderately better”). To establish the threshold, the mean change in 6-minute walk distance was calculated (using
pooled data across the groups) in the group of 79 participants in the category “moderately better.” The treatment odds ratio for the an-
chor-based sensitivity analysis (PGI-C) of 6-minute walk distance for semaglutide as compared with placebo was 1.7 (95% Cl, 1.2 to 2.4).

99 The ratio of the NT-proBNP level at week 52 to the level at baseline was 0.77 in the semaglutide group and 0.95 in the placebo group.

[ The value is a hazard ratio. The time-to-event analysis of the first adjudicated heart failure event (in-trial period) was performed with a Cox
regression model, with randomly assigned group as a fixed factor.

ation of the hierarchical composite end point, and
reduced CRP levels to a greater extent than pla-
cebo. More participants receiving semaglutide had
clinically meaningful (anchor-based) improve-
ments in the KCCQ-CSS and 6-minute walk
distance than those receiving placebo. Sema-
glutide resulted in fewer serious adverse events
than placebo, and the frequency of discontinu-
ation due to serious adverse events was similar in
the two groups.

Excess adiposity and insulin resistance form
a common soil that can lead to the development
of heart failure with preserved ejection fraction
and type 2 diabetes.®"* Among persons with heart
failure and preserved ejection fraction, those with
type 2 diabetes have a more severe phenotype,
characterized by a greater degree of myocardial,
microvascular, mitochondrial, and skeletal muscle
dysfunction and of inflammation and insulin
resistance, 11131920 and have a greater burden of
symptoms and physical limitations, worse exercise
function, and poorer quality of life than those
without type 2 diabetes.”'>% Furthermore, the
use of insulin and insulin secretagogues is specific
to persons with type 2 diabetes and may be one of
the reasons for the attenuated body-weight re-
duction in this group as compared with patients
without type 2 diabetes observed in weight-loss
trials.**™® Insulin promotes weight gain and has
antinatriuretic effects that may exacerbate con-
gestion in patients with heart failure.”” Converse-

ly, patients with type 2 diabetes are more likely to
receive SGLT2 inhibitors, which reduce adverse
heart failure-related events, improve health sta-
tus,”®% and alleviate pulmonary congestion.’*
Thus, it was important to specifically examine the
effects of semaglutide on key heart failure end
points in this population.

The results of the STEP-HFpEF DM trial add
to the previously reported findings of the STEP-
HFpEF trial” in several ways. First, they extend
the broad clinical benefits of semaglutide and
safety findings to persons with heart failure with
preserved ejection fraction and type 2 diabetes.
Consistency between the findings of the two tri-
als provides greater reassurance that semaglutide
is an efficacious treatment option with a favorable
safety profile in a broad population of patients
with obesity-related heart failure with preserved
ejection fraction (Table S11). Second, these con-
sistent benefits with respect to heart failure oc-
curred despite weight loss with semaglutide that
was approximately 40% less than what was ob-
served in patients without diabetes in the STEP-
HFpEF trial, which suggests that the mechanisms
of benefit with semaglutide may extend beyond
weight loss and may include direct effects on
decongestion; vascular, skeletal muscle, and mi-
tochondrial function; epicardial adipose tissue;
inflammation; and insulin resistance, factors that
(unlike weight loss) may be more pronounced in
patients with type 2 diabetes than in those with-
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A Change in KCCQ-CSS
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Figure 1. Change from Baseline to Week 52 in the Dual Primary End Points.

Analyses are based on the treatment policy estimand, reflect the full analysis population, and are from the in-trial
period. Shown are the observed (i.e., as-measured) mean changes from baseline in the Kansas City Cardiomyopathy
Questionnaire clinical summary score (KCCQ-CSS; scores range from 0 to 100, with higher scores indicating fewer
symptoms and physical limitations) and percentage changes in body weight. I bars indicate the standard error, and
the numbers below the graphs are the numbers of participants contributing to the mean (with variations in partici-
pants attending certain trial visits). The data at week 52* are the estimated mean changes from baseline to week 52
based on analysis of covariance (ANCOVA) and an imputation approach for missing data.

Figure 2 (facing page). Change from Baseline to Week 52 in Confirmatory Secondary End Points.

Analyses are based on the treatment policy estimand, reflect the full analysis population, and are from the in-trial period.
Panel A shows the observed (i.e., as-measured) mean changes from baseline in the 6-minute walk distance; I bars indicate
the standard error. Panel B shows the stratified win ratio for the hierarchical composite end point, which included death
from any cause from baseline to week 57; the number and timing of heart failure events (defined as adjudicated events of
hospitalization for heart failure or urgent visits in which intravenous therapy was administered, baseline to week 57); differ-
ences of at least 15, at least 10, and at least 5 points in the change in the KCCQ-CSS from baseline to week 52; and a differ-
ence of a least 30 m in the change in the 6-minute walk distance from baseline to week 52. Panel C shows the observed
mean changes in the C-reactive protein (CRP) levels calculated on a logarithmic scale and back-transformed to a linear
scale; I bars indicate the standard error. Numbers below the graphs are the numbers of participants contributing to the
mean. The data at week 52* in Panels A and C are the estimated mean changes from baseline (from screening at week -2
for CRP) to week 52 for the treatment policy estimand based on ANCOVA and an imputation approach for missing data.
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A Change in 6-Minute Walk Distance
28+
24
20
16

Semaglutide

Change from Baseline (m)
oo
1

+ 12.7
Estimated difference,

Placebo T 143 m
44 _16 | (95% Cl,3.7-24.9)
1 P0.008
0 -~ BT T e R .
1
-4 i *
1
1
_8 T T T T
0 20 52 52*
Weeks since Randomization
No. of Participants
Semaglutide 310 284 281 310
Placebo 306 277 265 306

B Stratified Win Ratio for Hierarchical Composite End Point

Overall

Death

No. of Heart Failure Events
Stratified win ratio, 1.58

Time to First Heart Failure Event (95% Cl, 1.29-1.94)

P<0.001
=15-Point Difference in Change
in KCCQ-CSS
=10-Point Difference in Change
in KCCQ-CSS
=5-Point Difference in Change W Semaglutide winner
in KCCQ-CSS M Placebo winner

=30-m Difference in Change
in 6-Minute Walk Distance

M Tie

I T T T T T T T T T
0 10 20 30 40 50 60 70 80 90

Percentage

1
100

C Change in C-Reactive Protein Level

1.2+ |
1
] Placebo i
§ 101 !
- ]
-] 084 i I 0.87 4 Estimated treatment
L=) R ! ratio, 0.67
< | (95% Cl, 0.55-0.80)
£ 0.6 ! i 0.58 P<0.001
T Semaglutide i
© 1
@ 0.4 i
2 i
2 !
£ 02 !
« i
1
0.0-— T T * T
-2 20 52 52%
Weeks since Randomization
No. of Participants
Semaglutide 310 288 286 310
Placebo 306 285 277 306

N ENGL ) MED 390;15 NEJM.ORG APRIL 18, 2024

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org at Universitadegli Studi di RomaLa Sapienzaon April 17, 2026.

1403



The NEW ENGLAND JOURNAL of MEDICINE

00T
LE°0
L0
8T°0
w0
00T
900
00T
00T
100
LL°0

2000

lanjep 4

4
0T
€1
L0
9'C
€cC
9¢C
€cC
91
¥l
0¢
S'TT
€'t
6'¢
06T

6'v
€'t
11

9y
0°sS

14-uosiad
001/s1uaaa

o 1N N o0 N 0 N en N

1N O
o

0t
4t
8S

ST
01
143

14!
891

S1U242

Jo rou

(90e=N)
oqadeld

9¢
€0
01
9'¢
0¢C
0¢
L0
£C
91

—

—

91
el
91
14
S'L

o~
MmN T N NN N N WV O H MM 0

—

=N — =N N PN S S S FS
—

B A CEICEICSEI CE ")
— 0 N0 N~ NN NN O = N
L N = w h A
O O v IN VW N N WV 0 WV 0 N ¥ ™ N~

—
=4
o™
o~

(¢¢) o1 €1 4
(626 38 X4
(z8) sz Ly1 Sy

0 €0 1

(97¢) 11 07 9
(3'82) 88 T°€€ 101

(%) sauod
-191440d fo “ou

Jh-uosiad S1U242
001/s1u242 Jo rou

lote=N)
apnnjSewsas

—~ B B S S AESESAES -
—

B B OB B B ) © = 9o
=) o — — — o — — o — — o~ — o o~
— 2 o T o T o2
A N 1N ¥ N N 1n O N OV N N M~ 0

—

(%) swvd
-191440d fo “ou

wse|doau paydadsun Jo ‘queudijew ‘udiuag
UO13OBaJ 3}IS-UOIJRJISIUILUPE IO JOPIOSIp [BISUSD
19pJOSIp UOI}LIINU IO WSI|OqRIDN
JuaA? |eanpadoud Jo ‘Buiuosiod ‘Kinfu)
JUIAS 9NSS13-9AI129ULIOD 1O |B]9]3SO[NISN |
JUSA3 |BUIISBIPAW JO ‘D1DeJOY] ‘AKiojelidsay
JapJosip A1eunn Jo |eusy
J1aplosip wajsAs snoalaN
13pJosIp |BUIISOIUIOIISED)
UOI1BIS3JUI 1O UOIIU|
1aplosip Je|ndsep

ain|iej LeaH

Japiosip A1ayie Aieuoiod

elLYIAYlle DBIpIED
4spiosip oeipied

SJUIAS 9SIDAPE SNOLIIS JuaNnbaly 1so

JUaA3 |e1B4
J9pJOSIp [BUIISIIUIOISED

ogade|d Jo apiin|3ewas Jo uoleNUIILOISIP 0] SUIPE| JUIAS 3SIBAPY
J9pJOSIp [BUIISIIUIOIISED)

ogade|d
10 3p1In|Seas Jo uoizeNUIIUOISIP 03 SUIPE3| JUSAS SSISAPE SNOLISS

JUSAS 3SI3APE SNOLISS

JUSAT 9SIBAPY

«'POlI9d uawWieal ] ay3 Sulnp sjusaAg 3sI9ApY d|qenoday ‘¢ 3|qe L

NEJM.ORG APRIL 18, 2024

N ENGL J MED 390;15

1404

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

Downloaded from nejm.org at Universita degli Studi di Roma La Sapienzaon April 17, 2026.



SEMAGLUTIDE IN PATIENTS WITH HEART FAILURE AND DIABETES

Adjudicated events

3.0

10 (3.3) 10

1.8
0.3

6 (1.9)

Death from any cause

1.2
7.0

23
0

4(1.3)
18 (5.9)
0

2.4
0.3

1(0.3)
7(2.3)
1(0.3)

Death from cardiovascular causes
Death from undetermined cause

Heart failure event
ceived at least one dose, the safety population is the same as the full analysis population. Unless otherwise indicted, the events shown were observed during the treatment period (i.e.,

the period from the date of the first administration of semaglutide or placebo to the date of last administration, excluding potential intervals during which semaglutide or placebo was

not being received [i.e., two or more consecutive missed doses]; for the evaluation of adverse events, the lag time for each treatment interval is 35 days).
T The overall comparison of serious adverse events and the comparisons of the most frequently reported serious adverse events between the two groups were performed with the use of

Fisher's exact test and are reported as unadjusted two-sided P values.
I Events are grouped according to system organ class and are those that occurred in at least 1% of the participants in either group.

placebo was discontinued or a rescue intervention was received).

* Adverse events are shown for the safety analysis population (all randomly assigned participants who received at least one dose of semaglutide or placebo); because all participants re-
9 Events were adjudicated by an external committee and are from the in-trial period (the time from randomization to last contact with a trial site, regardless of whether semaglutide or

§ Cardiac disorder, arrhythmia, coronary artery disorder, and heart failure represent the high-level term. Cardiac arrhythmias were predominantly atrial fibrillation or flutter.

N ENGL ) MED 390;15

out type 2 diabetes. Third, the present trial pro-
vides evidence for the consistency of the effects of
semaglutide on heart failure-related outcomes
in patients who received SGLT2 inhibitors (which
have emerged as a standard of care in heart fail-
ure with preserved ejection fraction®®) and in
those who did not receive them. Fourth, the fa-
vorable safety profile of semaglutide in patients
with heart failure with preserved ejection fraction
has now been extended to patients with type 2
diabetes, who have unique potential vulnerabili-
ties. Semaglutide reduced glycated hemoglobin
levels (despite well-controlled glycemia at base-
line) without an increase in clinically significant
hypoglycemia. Furthermore, there was no increase
in diabetic retinopathy events with semaglutide,
which has been a potential concern for GLP-1 re-
ceptor agonists in type 2 diabetes.**

Although the number of adjudicated heart
failure events was small, the overall incidence of
hospitalizations and urgent visits for heart fail-
ure was higher than in the STEP-HFpEF trial and
similar to that in other recent trials involving
patients with heart failure with preserved ejection
fraction. Despite the relatively small number of
events, they were distributed favorably to sema-
glutide as compared with placebo, which oc-
curred in parallel with substantial reductions in
NT-proBNP levels, a finding that offers further
support for similar observations in the STEP-
HFpEF trial” and suggests important disease-
modifying effects of semaglutide. Collectively,
these results provide a signal for a potential re-
duction in clinical events, which requires further
confirmation in heart failure outcome trials.

This trial has several limitations. First, al-
though the percentage of Black participants in
the United States was 26%, which is higher than
what has been reported nationally among pa-
tients with heart failure and preserved ejection
fraction® (Table S12), the number of non-White
participants in the overall trial was low, which
limits generalizability. Second, the trial aimed to
evaluate the effects of semaglutide on symp-
toms, physical limitations, and exercise function
and was not designed to evaluate events such as
hospitalizations and urgent visits for heart fail-
ure. Third, the duration of follow-up was limited
to 1 year; although the trajectory of the effects
of semaglutide suggested persistent improve-
ments over time as compared with placebo, the
durability of these effects beyond 1 year cannot
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be ascertained. Fourth, as is the case for most
trials, data were missing for some participants

toms and physical limitations, greater weight
loss, and greater improvements in exercise func-

(Table S13).

In this trial involving patients with obesity-
related heart failure with preserved ejection frac-
tion and type 2 diabetes, treatment with once- ms pr

Kl lutid d £2.4 led t the full text of this article at NEJM.org.
weekly Semag utl _e at a OS.C or 24 mg led to A data sharing statement provided by the authors is available
larger reductions in heart failure-related symp- with the full text of this article at NEJM.org.

tion than placebo.
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