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ABSTRACT

BACKGROUND Frailty is common in heart failure with preserved ejection fraction (HFpEF). In the STEP-HFpEF 
(Research Study to Investigate How Well Semaglutide Works in People Living With Heart Failure and Obesity) program, 
semaglutide improved heart failure (HF) symptoms and physical limitations and reduced body weight (BW) in partici-
pants with obesity-related HFpEF. Whether the efficacy and safety of semaglutide vary by frailty and the effects of 
semaglutide on frailty are unknown.

OBJECTIVES This study sought to evaluate the efficacy of semaglutide in participants with obesity-related HFpEF 
according to frailty status at baseline.

METHODS The authors performed a prespecified, pooled, participant-level analysis of the STEP-HFpEF program that 
included participants with obesity-related HFpEF. Participants were randomized to once-weekly semaglutide, 2.4 mg, or 
placebo for 52 weeks. Dual primary endpoints were changes in Kansas City Cardiomyopathy Questionnaire–Clinical 
Summary Score (KCCQ-CSS) and BW. Frailty was estimated using a cumulative deficit-derived frailty index comprising 34 
variables across multiple domains at baseline and follow-up. Efficacy and safety of semaglutide were evaluated in 
participants across 3 baseline frailty strata. Effects of semaglutide on frailty burden were also assessed.

RESULTS Of the 1,145 participants, 110 (9.6%) were nonfrail, 343 (30.0%) were more frail, and 692 (60.4%) were 
most frail. Semaglutide-mediated weight loss was similar across frailty strata (P interaction = 0.38). However, the effects 
of semaglutide on KCCQ-CSS varied by frailty status; participants who were most frail had the greatest improvement at 
52 weeks (nonfrail mean difference: − 1.5 [95% CI: − 8.4 to 5.4]; more frail mean difference: 3.7 [95% CI: − 0.2 to 7.6]; 
most frail mean difference: 11.0 [95% CI: 8.1-13.8]; P interaction < 0.001). Semaglutide reduced the burden of frailty 
during follow-up (OR for being nonfrail at 52 weeks: 3.16 [95% CI: 2.44-4.09]; P < 0.0001).

CONCLUSIONS Semaglutide resulted in a similar reduction in BW across frailty subgroups but greater improvements 
in HF-related symptoms. Moreover, semaglutide reduced frailty burden after 52 weeks of treatment. (Research Study to 
Investigate How Well Semaglutide Works in People Living With Heart Failure and Obesity [STEP-HFpEF]; NCT04788511) 
and (Research Study to Look at How Well Semaglutide Works in People Living With Heart Failure, Obesity and Type 2 
Diabetes [STEP-HFpEF DM]; NCT04916470) (JACC Heart Fail. 2025;■:102610) © 2025 The Authors. Published by 
Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY 
license (http://creativecommons.org/licenses/by/4.0/).
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H eart failure with preserved ejec-tion fraction (HFpEF) is increasing
in prevalence, particularly among

older adults. 1,2 It is characterized by a high
burden of morbidity, mortality, symptoms,
and physical limitations. 1,2 Over the
past decade, the understanding of HFpEF
pathophysiology has evolved from solely a
cardiac disease to a systemic, multiorgan
condition that shares many pathophysiologic
traits with other common, difficult to treat
aging disorders. 3-5 This understanding has
prompted a broader evaluation of new
HFpEF therapies using a gerocentric
framework incorporating geriatric
syndromes such as frailty and physical 
dysfunction as meaningful effect modifiers 
and outcomes of interest. 3,4,6-8 Specifically,
frailty, a geriatric syndrome characterized
by increased physiologic vulnerability, is
particularly relevant to managing HFpEF
because of its high prevalence, shared
pathophysiologic mechanisms, and
association with worse functional and
clinical outcomes. 3,7-11 Furthermore, 
patients with heart failure (HF) and frailty 

are often less likely to receive evidence-based 
therapies given a perception that they may have a 
higher risk of treatment intolerance and adverse 
drug effects. 12-15 Thus, older patients with HFpEF 
and frailty represent a vulnerable, high-risk group 
with a large clinical need for additional efficacious 
and safe therapies. 
Among the emerging HFpEF therapies, incretin-

based weight loss agents have shown great promise

for the management of obesity-related HFpEF, 16-18 a 
distinct high-risk phenotype of HFpEF with severe 
cardiac hemodynamic impairment and poor long-
term outcomes. 19-23 Obesity also predisposes 
patients to a high burden of physical dysfunction 
and frailty contributing to increased exercise 
intolerance and poor quality of life (QoL). In the 
recent STEP-HFpEF (Research Study to Investigate 
How Well Semaglutide Works in People Living With 
Heart Failure and Obesity; NCT04788511) trials, 
semaglutide, a glucagon-like peptide-1 receptor 
agonist (GLP-1RA), improved HF-related symptoms, 
physical limitations, and exercise function, reduced 
the biomarkers of inflammation and congestion, as 
well as body weight, and produced a signal for fewer 
HF events in patients with obesity-related HFpEF. 16-18 

Whether the safety and efficacy of semaglutide in 
patients with obesity-related HFpEF vary by frailty 
status and the effects of semaglutide on frailty itself 
over time are unknown.
Addressing these knowledge gaps is critically 

important because GLP-1RA–induced weight loss has 
been associated with a substantial reduction in skel-
etal muscle and loss of bone mineral density in pre-
vious studies among individuals without HF. 24-27 This 
issue may be uniquely challenging in frail patients 
with HFpEF who have preexisting sarcopenia, 
skeletal muscle dysfunction, and increased physical 
function impairment. 28-30 Additional loss of skeletal 
muscle and bone mass may result in further decline 
of physical function and a higher risk of adverse 
outcomes and disability. To address these 
knowledge gaps, we conducted a prespecified, 
pooled, participant-level analysis of the STEP-HFpEF 
program trials to evaluate the efficacy of
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semaglutide according to frailty status by using the 
Rockwood cumulative deficit approach. We also 
evaluated the treatment effect of semaglutide on 
frailty burden during follow-up.

METHODS

STUDY DESIGN. We conducted a prespecified, 
pooled, participant-level analysis of the randomized, 
international, multicenter, double-blind, placebo-
controlled STEP-HFpEF program trials. 16,17 The pro-
gram comprised 2 trials: STEP-HFpEF, which was 
conducted in participants with obesity-related 
HFpEF (body mass index [BMI] $30 kg/m 2 , left ven-
tricular ejection fraction [LVEF] $45%) without type
2 diabetes; and STEP-HFpEF DM (Research Study to 
Look at How Well Semaglutide Works in People 
Living With Heart Failure, Obesity and Type 2 Dia-
betes; NCT04916470), in patients with obesity-
related HFpEF and type 2 diabetes. The design and 
primary results of the individual trials and the overall 
program have been published previously. 16-18,31 The 2 
trials were conducted between 2021 and 2022 at 129 
sites across 18 countries in Asia, Europe, and North 
and South America. Institutional Review Board or 
ethics committee approval was obtained at each 
study site, and all patients provided written, 
informed consent. The Steering Committee, which 
included academic members and representatives 
from the sponsor (Novo Nordisk), designed both 
trials and was responsible for the academic 
publications. A global expert panel provided 
academic, medical, and operational input in each 
country. The sponsor of the trial program was 
Novo Nordisk.

STUDY PARTICIPANTS. Eligible participants had 
symptomatic HF, LVEF $45%, BMI $30 kg/m 2 , NYHA 
functional class II to IV, Kansas City Cardiomyopathy 
Questionnaire–Clinical Summary Score (KCCQ-
CSS) <90 points, and at least 1 of the following: 1) 
elevated filling pressures (by invasive hemodynamics 
or implantable pulmonary artery pressure sensor); 2) 
elevated natriuretic peptide levels (with stratified 
thresholds on the basis of BMI) and echocardio-
graphic abnormalities; or 3) HF hospitalization in the 
previous 12 months and a requirement for ongoing 
diuretic treatment and/or echocardiographic abnor-
malities. Key exclusion criteria were previous or 
planned bariatric surgery, self-reported change in 
body weight >5 kg within 90 days before randomi-
zation, or systolic blood pressure >160 mm Hg at 
screening. The presence of uncontrolled diabetic 
retinopathy or maculopathy was also an exclusion 
criterion in the STEP-HFpEF DM trial. Eligible

participants were randomized 1:1 to receive once-
weekly semaglutide, 2.4 mg, or matching placebo in 
addition to standard care for 52 weeks. Randomiza-
tion was stratified by BMI (<35 kg/m 2 vs $35 kg/m 2 ). 
Semaglutide or placebo was added to background 
therapy for type 2 diabetes in STEP-HFpEF DM.

FRAILTY INDEX. Frailty was assessed using the 
Rockwood cumulative deficit approach, as described 
previously. 32-34 We included variables that measure 
health status from the pooled STEP-HFpEF program 

data set (Supplemental Methods). The frailty index 
(FI) was derived from medical history, vital signs, 
laboratory data, and QoL questionnaires. Responses 
were coded on a scale from 0 (no deficit) to 1 (deficit). 
Categorical variables (eg, medical history of atrial 
fibrillation) were coded as 0 or 1 (absent or present). 
Ordinal variables (QoL questionnaire) were coded by 
converting the number of possible ranks into equally 
spaced scores ranging from 0 to 1, with a score of 1 
indicating greatest severity. Variables were excluded 
if deficits were rare (<1%), too common (>80%), or 
had >15% missingness. 35-37 The FI was constructed 
using 34 variables that met the foregoing criteria 
and are shown in Supplemental Table 1. The FI was 
calculated by dividing the total number of deficits 
present by the total number of variables considered. 
The FI was categorized into 3 groups, as previously 
published: nonfrail (FI <0.210), more frail (FI: 0.211-
0.310), and most frail (FI >0.310). 9,10 FI was 
calculated for the baseline visit, 20-week follow-up, 
and 52-week follow-up. Because LVEF was not 
available during follow-up, it was excluded, and a 
33-variable FI was used for a follow-up FI. The FI 
calculation approach is consistent with previously 
published reports, and the parameters included in 
the FI are consistent with previous studies in 
patients with HFpEF. 11,38-42 Given that the 
proportional contribution of different domains, 
such as comorbidities and functional status or QoL, 
can vary on the basis of the variables included in 
the FI calculation, we also conducted a sensitivity 
analysis using an alternative FI model (modified FI, 
29 variables) that had greater weighting of 
comorbidities and fewer variables corresponding to 
activities of daily living or QoL, which may be more 
affected by HF severity (Supplemental Table 2).

OUTCOMES. The dual primary endpoints of the 
STEP-HFpEF program were as follows: 1) change in 
KCCQ-CSS from baseline to 52 weeks; and 2) per-
centage change in body weight from baseline to 
52 weeks. The confirmatory secondary endpoints 
were the following: change in 6-minute walk distance 
(6MWD) from baseline to 52 weeks; a hierarchical
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composite endpoint (consisting of all-cause death 
[from baseline to 57 weeks], HF events [from baseline 
to 57 weeks], differences in several thresholds 
[$5, $10, and $15 points] of change in KCCQ-CSS 
from baseline to 52 weeks, and a difference of at 
least 30 m in change in 6MWD from baseline to 
52 weeks); and a change in high-sensitivity C-reactive 
protein (CRP) from baseline to 52 weeks. HF events 
(hospitalizations or urgent visits requiring intrave-
nous therapy; an exploratory endpoint in both STEP-
HFpEF trials) were adjudicated by a blinded clinical 
events committee, as previously described. 17 Change 
in the level of N-terminal pro–B-type natriuretic 
peptide (NT-proBNP) from baseline to week 52 by 
frailty category was also evaluated as an exploratory 
endpoint. We also evaluated the changes in other 
summary (Total Symptom Score) and individual 
(Physical Limitation Score, Social Limitations Score, 
and Quality of Life Score) Kansas City Cardiomyopa-
thy Questionnaire (KCCQ) domains between baseline 
and 52 weeks by frailty category as exploratory end-
points. In addition, we examined safety endpoints, 
including serious adverse events (SAEs), SAEs lead-
ing to permanent treatment discontinuation, cardiac 
SAEs, and gastrointestinal SAEs.
STATISTICAL ANALYSIS. The pooled trial partici-
pants were stratified according to baseline FI into 3 
categories: nonfrail (FI #0.210), more frail (FI: 0.211-
0.310), and most frail (FI $0.311). Baseline charac-
teristics were compared across the frailty strata by 
using the Jonckheere-Terpstra trend test for contin-
uous variables, the Cochran-Armitage trend test for 
categorical variables, and the Cochran-Mantel-
Haenszel test for multinomial variables. The effi-
cacy endpoints were examined in the full analysis set 
according to the intention-to-treat principle. Safety 
endpoints, stratified by frailty category, were 
analyzed using the safety analysis set, which 
included randomized participants exposed to $1 
dose of the investigational treatment. Analyses of 
continuous endpoints were performed using analysis 
of covariance models adjusted for the baseline value 
of the outcome variable, treatment arm, trial, and 
BMI (<35 kg/m 2 or $35 kg/m 2 ) as fixed factors by 
using 1,000 imputations; analyses also included an 
interaction term between the treatment arm and 
frailty category. Estimates were combined using 
Rubin’s rule. For the analyses of change in KCCQ-CSS 
and 6MWD, missing observations at week 52 caused 
by cardiovascular death or previous HF events were 
single-imputed to the lowest observed value across 
both treatment arms and visits. Missing values 
caused by other factors were multiple imputed from 

retrieved participants in the same randomized

treatment arm. For other endpoints, missing obser-
vations at week 52 were multiple imputed irre-
spective of death or previous HF events by using the 
same imputation method. Analyses of all other KCCQ 
domains at week 52 used the same methodology and 
imputation methods as described earlier for KCCQ-
CSS. The approach to the analysis of covariance an-
alyses and handling of missing data for study out-
comes is consistent with the prespecified statistical 
approach that was used across all STEP-HFpEF pro-
gram analyses and agreed on with the regulatory 
agencies. Interaction P values were derived from an 
F-test of equality between the treatment differences 
across the frailty subgroups. Furthermore, trend P 
values for difference in semaglutide and placebo 
groups across the frailty subgroups were also derived 
for the various endpoints. The effects of semaglutide 
on outcomes of change in KCCQ-CSS and body weight 
were also examined across continuous measures of FI 
by using restricted cubic splines.
Analyses of the hierarchical composite endpoint 

(win ratio) were performed as stratified by FI, on the 
basis of direct comparisons of each participant ran-
domized to semaglutide vs placebo as reported pre-
viously. 17,31 The win ratio, the proportion of winners 
randomized to semaglutide divided by the winners 
randomized to placebo, was estimated indepen-
dently for each frailty FI category (using 1,000 
imputations as described earlier). Test for equality 
for the win ratio was performed using Cochran’s 
Q test.
For the responder analyses, we examined the 

proportion of participants by frailty category (on the 
basis of observed [ie, nonimputed] data) who 
experienced $5-point deterioration as well as $5-
point (small), $10-point (moderate), $15-point 
(large), and $20-point (very large) improvement in 
the KCCQ-CSS between baseline and 52 weeks. Lo-
gistic regression models were constructed to calcu-
late the ORs and corresponding 95% CIs for 
semaglutide effects on the likelihood for each 
threshold of KCCQ-CSS change ($5-point reduction, 
and $5-, $10-, $15-, and $20-point improvement). 
Multiple imputations were used to account for 
missing data. Models were adjusted for baseline 
values of the outcome of interest, trial, and BMI 
group. Sensitivity analyses were conducted to eval-
uate the treatment effect of semaglutide on out-
comes across frailty categories identified using the 
alternative frailty estimation models, including the 
modified FI (29 variables), with greater weighting of 
comorbidities and fewer variables corresponding to 
activities of daily living or QoL and the follow-up FI 
(33 variables), which excluded EF.
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In additional post hoc analyses, the effects of 
semaglutide vs placebo on follow-up frailty status 
were also assessed, in which the FI was calculated at 
20 weeks and 52 weeks post-randomization by using 
the Rockwood deficit index model described earlier. 
The primary analysis evaluating change in FI 
included participants with all 33 variables (excluding 
LVEF, which was not available on follow-up) avail-
able at baseline and follow-up visits (N = 990 of 
1,145 [86.5% of the study cohort at 20 weeks]; and 
N = 994 of 1,145 [86.8% of the study cohort at 
52 weeks]). The proportion of participants identified 
as nonfrail, more frail, and most frail on follow-up 
visits on the basis of the prespecified FI cutoffs 
were compared between the semaglutide and pla-
cebo groups. Logistic regression models were used to 
evaluate the effects of semaglutide vs placebo on the 
likelihood of being nonfrail during follow-up. In 
addition, responder analyses were performed to 
evaluate the odds of improvement or deterioration 
by $1 category of frailty between baseline and week 
20, as well as baseline and week 52, by using logistic 
regression models adjusted for BMI, trial, and 
treatment arm. Sensitivity analyses also evaluated 
the effect of semaglutide on frailty burden on 
follow-up by using the modified FI (29 variables) as 
described earlier.
Safety endpoints were also analyzed by FI cate-

gory in the safety analysis data set (randomized 
participants who received $1 dose of randomized 
treatment) and the in-trial or on-treatment data set, 
depending on the safety event. No adjustments were 
made for multiple comparisons, given the explor-
atory nature of the analyses. A 2-sided value of 
P < 0.05 was considered significant. Results are 
presented as estimated change from baseline to 
52 weeks for continuous endpoints and a win ratio 
for the hierarchical composite endpoint, or an OR, 
with a 95% CI and a 2-sided P value. NT-proBNP and 
CRP were log-transformed; hence the treatment ra-
tio with the corresponding 95% CI at week 52 is 
reported.
Statistical analyses were performed by the inde-

pendent statistical group at Saint Luke’s Mid-
America Heart Institute, in collaboration with Novo 
Nordisk, using SAS software version 9.4 (SAS/STAT 
version 15.1, SAS Institute). All analyses were per-
formed on anonymized data.

RESULTS

BASELINE CHARACTERISTICS BY FRAILTY CATEGORY. A
total of 1,145 participants from the STEP-HFpEF and 
STEP-HFpEF DM trials were included in the analysis.

The overall cohort had a high burden of frailty, with a 
mean FI of 0.359 ± 0.124 SD. Only 9.6% (n = 110) of 
participants were considered nonfrail with an 
FI <0.21, 30% (n = 343) were considered more frail 
with an FI between 0.211 and 0.310, and 60.4% 

(n = 692) were considered most frail with an 
FI $0.311. The distribution of frailty categories at 
baseline was similar between the semaglutide and 
placebo groups.
Baseline characteristics of study participants ac-

cording to frailty categories are shown in Table 1. 
Compared with nonfrail participants, those with a 
higher frailty burden (more or most frail groups) were 
more often of Black race, female, and more likely to 
have cardiac and noncardiac comorbidities. They also 
had higher BMI, waist circumference, CRP, and NT-
proBNP levels, worse functional status and exercise 
function (higher NYHA functional class and lower 
6MWD), and worse health status (lower KCCQ-CSS). 
Among medications for HFpEF, the use of sodium-
glucose cotransporter 2 (SGLT2) inhibitors and 
angiotensin receptor-neprilysin inhibitors was lower, 
and the use of diuretic agents was higher among 
those patients with a higher frailty burden (vs nonf-
rail participants). Generally similar patterns of dif-
ferences in baseline characteristics were noted across 
frailty categories by using the modified FI 
(Supplemental Table 3).

EFFICACY OF SEMAGLUTIDE VS PLACEBO BY 

BASELINE FRAILTY CATEGORIES. A summary of the
proportional missing data for key outcomes is shown 
in Supplemental Table 4. The treatment effects of 
semaglutide vs placebo on the key endpoints across 
frailty strata are shown in Table 2. Baseline frailty 
modified the treatment effect of semaglutide on the 
dual primary endpoint of KCCQ-CSS. The magnitude 
of improvement in KCCQ-CSS with semaglutide (vs 
placebo) at 52 weeks gradually increased across 
increasing frailty categories, with the greatest treat-
ment effect noted among most frail participants 
(treatment difference, nonfrail: − 1.5 points 
[95% CI: − 8.4 to 5.4 points]; more frail: 3.7 points 
[95% CI: − 0.2 to 7.6 points]; most frail: 11.0 
points [95% CI: 8.1-13.8 points]; P trend = 0.001; 
P interaction < 0.001). When FI was analyzed as a 
continuous variable, the treatment effect of sem-
aglutide on KCCQ-CSS was greater, with higher FI 
values (P interaction = 0.018) (Figure 1A). A similar 
pattern of treatment effect modification by baseline 
frailty status was noted for other domains of KCCQ, 
with the greatest magnitude of improvements in 
different KCCQ subscores observed among most frail 
participants (Supplemental Table 5). The effects of
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semaglutide on reducing body weight (second dual 
primary endpoint) were consistent across the frailty 
distribution in categorical (P interaction = 0.385) and 
continuous (P interaction = 0.18) (Figure 1B) analyses. In 
a sensitivity analysis using the modified FI (29 vari-
able) or follow-up FI (33 variable) models, a similar

pattern of results was noted, such that frailty burden 
significantly modified the treatment effect of sem-
aglutide on KCCQ-CSS but not body weight outcomes 
(Supplemental Tables 6 and 7, Supplemental Figure 1). 
Among confirmatory secondary endpoints, sem-

aglutide led to numerically larger increases in

TABLE 1 Baseline Characteristics of Participants in the STEP-HFpEF and STEP-HFpEF DM Trials Stratified by FI

Total 
(N = 1,145 a )

Nonfrail FI #0.210 
(n = 110)

More Frail FI: 0.211-0.310 
(n = 343)

Most Frail FI $0.310 
(n = 692) P Value

Female 570 (49.8) 45 (40.9) 144 (42.0) 381 (55.1) <0.001
Age, y 0.041
<65 368 (32.1) 34 (30.9) 119 (34.7) 215 (31.1)
65-79 666 (58.2) 72 (65.5) 197 (57.4) 397 (57.4)
$80 111 (9.7) 4 (3.6) 27 (7.9) 80 (11.6)

Race b <0.001
Asian 76 (6.6) 9 (8.2) 40 (11.7) 27 (3.9)
Black 39 (3.4) 3 (2.7) 8 (2.3) 28 (4.0)
Other 4 (0.3) 0 (0.0) 2 (0.6) 2 (0.3)
White 1,026 (89.6) 98 (89.1) 293 (85.4) 635 (91.8)

Diabetes duration, y c 8.0 (3.9-14.8) 10.3 (5.9-18.3) 7.7 (3.7-13.9) 7.6 (3.9-15.0) 0.476
Body weight, kg 103.7 (91.3-119.0) 96.3 (83.7-104.6) 100.6 (89.0-115.9) 106.6 (94.6-123.3) <0.001
BMI, d kg/m 2 38.0 (34.6-42.6) 34.1 (32.5-36.6) 36.4 (33.5-40.6) 39.4 (36.0-44.1) <0.001
Waist circumference, cm 120.0 (111.0-129.0) 113.0 (106.0-120.7) 117.8 (109.0-126.0) 122.3 (114.0-132.1) <0.001
SBP, mm Hg 133.0 (123.0-144.0) 128.0 (117.0-135.0) 132.0 (122.0-141.0) 136.0 (124.0-146.0) <0.001
NYHA functional class <0.001
II 785 (68.6) 101 (91.8) 304 (88.6) 380 (54.9)
III 358 (31.3) 9 (8.2) 39 (11.4) 310 (44.8)
IV 2 (0.2) 0 (0.0) 0 (0.0) 2 (0.3)

LVEF, % 57.0 (50.0-60.0) 55.0 (50.0-60.0) 57.0 (50.0-60.5) 57.0 (51.0-60.0) 0.063
KCCQ-CSS, points 59.4 (42.7-72.4) 83.3 (76.6-89.6) 71.8 (64.7-78.9) 47.2 (35.4-58.3) <0.001
6MWD, m 294.8 (220.0-368.0) 359.5 (297.8-404.9) 329.5 (251.1-391.0) 263.5 (199.2-344.0) <0.001
CRP, mg/L 3.7 (1.8-8.1) 2.1 (1.2-4.2) 3.0 (1.5-7.0) 4.4 (2.1-9.5) <0.001
NT-proBNP, pg/mL 475.3 (234.3-1,015.7) 377.2 (266.4-608.1) 394.9 (199.6-954.8) 531.9 (256.2-1,119.7) <0.001
Medical history 
Hypertension 959 (83.8) 87 (79.1) 286 (83.4) 586 (84.7) 0.164
Atrial fibrillation 518 (45.2) 31 (28.2) 152 (44.3) 335 (48.4) <0.001
OSA 119 (10.4) 6 (5.5) 27 (7.9) 86 (12.4) 0.004
CAD 246 (21.5) 26 (23.6) 72 (21.0) 148 (21.4) 0.742

Medications
Diuretic agents 925 (80.8) 78 (70.9) 255 (74.3) 592 (85.5) <0.001
Loop diuretic agents 702 (61.3) 45 (40.9) 178 (51.9) 479 (69.2) <0.001
Thiazides 175 (15.3) 15 (13.6) 60 (17.5) 100 (14.5) 0.625
Beta blockers 928 (81.0) 88 (80.0) 273 (79.6) 567 (81.9) 0.407
SGLT2 inhibitors 221 (19.3) 33 (30.0) 69 (20.1) 119 (17.2) 0.003
MRAs 384 (33.5) 37 (33.6) 89 (25.9) 258 (37.3) 0.015
ACEI/ARB/ARNI 899 (78.5) 89 (80.9) 269 (78.4) 541 (78.2) 0.591
ARNIs 58 (5.1) 10 (9.1) 21 (6.1) 27 (3.9) 0.011
Insulin and analogs 128 (11.2) 14 (12.7) 25 (7.3) 89 (12.9) 0.160
Sulfonylureas 108 (9.4) 15 (13.6) 37 (10.8) 56 (8.1) 0.034
DPP-4 inhibitors 92 (8.0) 10 (9.1) 40 (11.7) 42 (6.1) 0.015

Values are n (%) or median (Q1-Q3), unless otherwise indicated. a A total of 1,146 participants were randomized; however, 1 participant was randomized in error such that the full analysis set 
comprises 1,145 participants. b Race was reported by the investigator. c Diabetes was an exclusion criterion in the STEP-HFpEF trial; therefore, the data shown are from the STEP-HFpEF DM 

trial only. d BMI is the weight (kg) divided by the square of the height (m).
6MWD = 6-minute walk distance; ACEI = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; ARNI = angiotensin receptor-neprilysin inhibitor; BMI = body 

mass index; CAD = coronary artery disease; CRP = C-reactive protein; DPP-4 = dipeptidyl peptidase 4; FI = frailty index; KCCQ-CSS = Kansas City Cardiomyopathy Questionnaire–Clinical 
Summary Score; LVEF = left ventricular ejection fraction; MRA = mineralocorticoid receptor antagonist; NT-proBNP = N-terminal pro–B-type natriuretic peptide; OSA = obstructive sleep 
apnea; SBP = systolic blood pressure; SGLT2 = sodium-glucose cotransporter 2; STEP-HFpEF = Research Study to Investigate How Well Semaglutide Works in People Living With 
Heart Failure and Obesity; STEP-HFpEF DM = Research Study to Look at How Well Semaglutide Works in People Living With Heart Failure, Obesity and Type 2 Diabetes.
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6MWD among participants with higher frailty burden 
(treatment difference, nonfrail: − 4.2 m [95% CI: − 28.8 
to 20.4 m]; more frail: 14.1 m [95% CI: 0.2-28.0 m]; 
most frail: 21.7 m [95% CI: 11.6-31.8 m]; P trend = 0.055). 
However, this difference was not statistically signifi-
cant (P interaction = 0.141). When FI was analyzed as a 
continuous variable, effects of semaglutide on 6MWD 
were largely consistent across the FI distribution 
(P interaction = 0.40) (Figure 1C). The effects of sem-
aglutide on hierarchical composite endpoint differed 
across baseline frailty categories, with a more favor-
able win ratio among participants with a higher frailty 
burden (win ratio, nonfrail: 1.02 [95% CI: 0.64-1.64]; 
more frail: 1.38 [95% CI: 1.05-1.81]; most frail: 2.00 
[95% CI: 1.65-2.43]; P interaction = 0.002). Among other 
confirmatory secondary and supportive secondary 
endpoints, semaglutide resulted in a similar reduction 
in CRP and NT-proBNP across frailty categories 
(Table 2). In a sensitivity analysis using the modified 
FI, a similar pattern of results was noted for the 
treatment effect of semaglutide on confirmatory sec-
ondary endpoints and supportive secondary end-
points (Supplemental Table 6).
In the KCCQ-CSS responder analyses using pre-

specified thresholds ($5-, $10-, $15-, and $20-point 
improvement), significant treatment effect

heterogeneity was observed by baseline frailty 
burden (P interaction <0.05 for each threshold of KCCQ-
CSS improvement). The odds of clinically meaningful 
improvements in KCCQ-CSS (for each prespecified 
threshold) with semaglutide (vs placebo) increased 
with a higher frailty burden, with the highest odds 
for treatment response among most frail participants 
(Supplemental Figure 2). Similarly, the odds of clin-
ically relevant deterioration in KCCQ-CSS (>5-point 
deterioration) with semaglutide (vs placebo) 
decreased significantly with increasing baseline 
frailty burden (P interaction = 0.024) with the lowest 
odds in the frailest group (OR: 0.28 [95% CI: 0.17-
0.46]; P < 0.0001). A similar pattern of results was 
noted in a sensitivity analysis using the modified FI 
with a trend toward greater odds of clinically mean-
ingful improvements in KCCQ-CSS with semaglutide 
among those patients with a higher frailty burden 
(Supplemental Figure 3).

EFFECT OF SEMAGLUTIDE ON FRAILTY BURDEN

DURING FOLLOW-UP. Semaglutide (vs placebo) 
reduced the burden of frailty during follow-up with a 
greater increase in the proportion of nonfrail partic-
ipants and a concurrent decrease in the proportion of 
more frail and most frail participants at weeks 20 and

TABLE 2 Effect of Semaglutide Compared With Placebo on Outcomes by FI

Nonfrail (FI #0.210) 
(n = 110)

More Frail (FI: 0.211–0.310) 
(n = 343)

Most Frail (FI $0.310) 
(n = 692)

P interaction P trend
Semaglutide 

(n = 59)
Placebo 
(n = 51)

Semaglutide 
(n = 172)

Placebo 
(n = 171)

Semaglutide 
(n = 342)

Placebo 
(n = 350)

Dual primary endpoint
Change in KCCQ-CSS at 52 wk, points 8.8

(3.6-14.0)
10.4

(4.9-15.8)
14.3

(11.3-17.3)
10.6

(7.6-13.6)
16.5

(14.3-18.7)
5.5

(3.3-7.7)
— —

Adjusted mean difference, points − 1.5
(− 8.4 to 5.4)

3.7
(− 0.2 to 7.6)

11.0
(8.1-13.8)

<0.001 0.001

Change in body weight at 52 wk, % − 10.3
(− 12.2 to − 8.5)

− 3.4
(− 5.5 to − 1.3)

− 11.2
(− 12.3 to − 10.1)

− 3.3
(− 4.4 to − 2.1)

-11.6
(− 12.4 to − 10.8)

− 2.8
(− 3.7 to − 2.0)

— —

Adjusted mean difference, % − 6.9
(− 9.7 to − 4.2)

− 8.0
(− 9.5 to − 6.4)

− 8.8
(− 9.9 to − 7.7)

0.385 0.219

Confirmatory secondary endpoints
Change in 6MWD at 52 wk, m 16.3

(− 0.6 to 33.1)
20.5

(1.9-39.1)
20.5

(10.6-30.5)
6.4

(− 3.6 to 16.5)
15.0

(7.7-22.4)
− 6.7

(− 13.9 to 0.5)
— —

Adjusted mean difference, m − 4.2
(− 28.8 to 20.4)

14.1
(0.2-28.0)

21.7
(11.6-31.8)

0.141 0.055

Hierarchical composite endpoint, win ratio 1.02
(0.64-1.64)

1.38
(1.05-1.81)

2.00
(1.65-2.43)

0.0024 —

CRP ratio at 52 wk 0.71
(0.55-0.91)

1.00
(0.76-1.32)

0.48
(0.41-0.56)

0.78
(0.67-0.91)

0.60
(0.53-0.68)

0.94
(0.85-1.05)

— —

Treatment ratio 0.70
(0.49-1.02)

0.62
(0.50-0.77)

0.64
(0.54-0.75)

0.832 0.635

NT-proBNP ratio at 52 wk 0.76
(0.61-0.95)

1.13
(0.88-0.44)

0.73
(0.64-0.84)

0.87
(0.76-1.00)

0.80
(0.73-0.89)

0.97
(0.88-1.07)

— —

Treatment ratio 0.67
(0.49-0.93)

0.85
(0.70-1.02)

0.83
(0.72-0.95)

0.470 0.247

Values are HR (95% CI), unless otherwise indicated. P values are for interaction between treatment × FI. Data for in-trial period for participants. 
Abbreviations as in Table 1.
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FIGURE 2 Relative Proportion of Participants in Different Frailty Strata at Baseline and Follow-Up Visits in the Semaglutide and 
Placebo Arms

Semaglutide
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FI was calculated at baseline, week 20, and week 52, and participants were categorized into different frailty strata as follows: nonfrail 
(FI <0.210), more frail (FI: 0.211-0.310), and most frail (FI >0.310). Abbreviation as in Figure 1.

FIGURE 1 Effect on Outcomes of Semaglutide Compared With Placebo

Change in KCCQ-CSS (A), change in body weight (B), and change in 6MWD across continuous distribution of the frailty index (FI) (C). Semaglutide-mediated weight 
loss was similar across the frailty distribution (P interaction = 0.18). However, the effects of semaglutide on the KCCQ-CSS varied across frailty distribution, with greater 
improvements in KCCQ-CSS among those patients with a higher FI (P interaction = 0.018). The effects of semaglutide on 6MWD were largely consistent across the FI 
distribution (P interaction = 0.40). Models are adjusted for baseline value, treatment group, trial, and body mass index. P interaction for treatment effect × FI.
6MWD = 6-minute walk distance; FI = frailty index; HF = heart failure; KCCQ-CSS = Kansas City Cardiomyopathy Questionnaire–Clinical Summary Score.
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52 (Figure 2). In logistic regression models, sem-
aglutide (vs placebo) led to significantly greater odds 
of being nonfrail at week 20 (OR: 2.56 [95% CI: 1.96-
3.33]; P < 0.0001) and week 52 (OR: 3.16 [95% CI: 
2.44-4.09]; P < 0.0001). Similarly, in responder ana-
lyses evaluating the odds of $1-class improvement or 
deterioration in frailty, semaglutide (vs placebo) led 
to significantly higher odds of improvement by $1 
frailty category at 20 weeks (OR: 2.22 [95% CI: 1.72-
2.87]; P < 0.0001) and 52 weeks (OR: 2.68 
[95% CI: 2.07-3.47]; P < 0.0001) (Figure 3). Further-
more, semaglutide also resulted in significantly lower 
odds of deterioration of $1 frailty category at 
52 weeks (OR: 0.50 [95% CI: 0.28-0.89]; P = 0.018). 
A similar pattern of results with greater improve-
ment in frailty burden with semaglutide was noted 
when using a modified FI (Supplemental Table 8, 
Supplemental Figure 4).

SAFETY OUTCOMES. Participants with a higher 
frailty burden had numerically higher rates of serious 
gastrointestinal and cardiac disorders overall. How-
ever, fewer SAEs were noted in the semaglutide 
group compared with the placebo group across all 
frailty categories (Supplemental Table 9). Rates of 
treatment discontinuation resulting from SAEs were 
similar across frailty groups and were balanced be-
tween semaglutide and placebo.

DISCUSSION

In this prespecified, pooled patient-level, secondary 
analysis of the STEP-HFpEF and STEP-HFpEF DM 

trials, we observed a high burden of frailty among 
participants with obesity-related HFpEF. Participants 
with a higher frailty burden had a worse HF symptom 

burden and functional status, greater exercise intol-
erance, and greater HF disease severity. The reduc-
tion in body weight with semaglutide (vs placebo) did 
not differ across baseline frailty strata. However, 
despite comparable weight loss, semaglutide-
mediated improvements in KCCQ-CSS and the hier-
archical composite endpoint varied by baseline 
frailty burden, with the greatest improvements noted 
among participants in the most frail group. Further-
more, significant improvements in frailty burden 
were observed among semaglutide (vs placebo) 
treated participants by week 20, which persisted at 
week 52. Moreover, semaglutide consistently led to 
fewer SAEs than placebo across baseline frailty 
strata. Together, these findings suggest that sem-
aglutide is safe, leads to larger HF-related treatment 
benefits among high-risk patients with obesity-
related HFpEF and greater frailty burden, and has 
favorable effects on frailty itself in patients with 
obesity-related HFpEF, a vulnerable group with an 
especially high frailty burden (Central Illustration).

FIGURE 3 Effect of Semaglutide on Frailty Status (Improvement or Deterioration By $1 Class of Frailty With Semaglutide vs Placebo)

Semaglutide N (%)
Frailty Class Improvement

Frailty Class Deterioration

Favors placebo Favors semaglutide

Favors semaglutide Favors placebo

Week 20 277 (55.3) 173 (35.4) 2.22 (1.72-2.87) <0.0001

Week 52 321 (63.9) 195 (39.6)

–1

–2 –1 0 1 2 3

0 1 2 3 4

2.68 (2.07-3.47) <0.0001

Week 20 18 (3.6) 22 (4.5) 0.67 (0.35-1.28) 0.22

Week 52 23 (4.6) 36 (7.3) 0.50 (0.28-0.89) 0.018

Placebo N (%) OR (95% CI) P Value

Semaglutide N (%) Placebo N (%) OR (95% CI) P Value

A

B

(A) Odds of frailty class improvement. (B) Odds of frailty deterioration on follow-up. Logistic regression modeled the odds of improvement by $1 class in frailty status 
(ie, improvement from more frail to nonfrail, or most frail to more frail). The follow-up FI was calculated using 33 variables on follow-up. Abbreviation as in Figure 1.
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PREVALENCE AND OUTCOMES ACCORDING TO

FRAILTY. The burden of frailty in participants in the 
STEP-HFpEF program was higher than in previous 
trials of HFpEF pharmacotherapies. 9-11 This 
difference is likely related to the differences in 
patient groups and the FI used across studies. 
STEP-HFpEF exclusively enrolled patients with 
obesity-related HFpEF, whereas the prevalence of

obesity in other HFpEF trials was lower, ranging from 

45% (DELIVER [Dapagliflozin Evaluation to Improve 
the LIVEs of Patients With PReserved Ejection Frac-
tion Heart Failure; NCT03619213] and EMPEROR-
Preserved [EMPagliflozin outcomE tRial in Patients 
With chrOnic heaRt Failure With Preserved Ejection 
Fraction; NCT03057951]) to 49% (PARAGON-HF [Ef-
ficacy and Safety of LCZ696 Compared to Valsartan,

CENTRAL ILLUSTRATION Frailty and Effects of Semaglutide in Obesity-Related HFpEF

Pandey A, et al. JACC Heart Fail. 2025;■(■):102610.

In the STEP-HFpEF (Research Study to Investigate How Well Semaglutide Works in People Living With Heart Failure and Obesity) pooled cohort analysis, baseline 
frailty distribution showed that most participants (60.4%) had a high frailty burden as assessed by the deficit frailty index. Treatment with semaglutide (vs placebo) 
resulted in a significant weight loss benefit across all frailty categories and a greater improvement in KCCQ-CSS among the most frail participants. At 52-week follow-
up, semaglutide (vs placebo) led to a significant improvement in frailty burden. HFpEF = heart failure with preserved ejection fraction; KCCQ-CSS = Kansas City 
Cardiomyopathy Questionnaire–Clinical Summary Score.
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on Morbidity and Mortality in Heart Failure Patients 
With Preserved Ejection Fraction]; NCT01920711). 43 

Obesity-related HFpEF is associated with a more se-
vere disease phenotype with worse cardiac hemody-
namics, more systemic inflammation, sarcopenic 
obesity with increased amounts of intermuscular and 
intramuscular fat, and microvascular and mitochon-
drial dysfunction in skeletal muscles leading to 
physical dysfunction and frailty. 3,19,20,44,45 Further-
more, although we used the Rockwood FI, a well-
established and well-validated frailty assessment 
tool that has been extensively used in previous HF 
trials, there is variability in the components of FI 
used that may explain some of the differences in 
frailty burden across studies. 9-11,39,40,46,47 The 
variability in FI models used across different HF 
studies highlights the need for an informed and 
standardized approach to FI estimation in future to 
allow for better comparison across different groups.
We observed that baseline frailty modified the 

treatment effect of semaglutide in patients with 
HFpEF such that the most frail participants had the 
greatest semaglutide-mediated improvements in 
KCCQ-CSS and the hierarchical composite endpoint. 
Furthermore, the improvements in 6MWD with sem-
aglutide were also numerically greater among patients 
with a higher frailty burden. The findings of greater 
semaglutide treatment benefits among the most frail 
patients with obesity-related HFpEF are consistent 
with earlier reports of treatment effect modification 
by frailty status for other HF therapies. 9,10,48,49 Spe-
cifically, in the DELIVER trial, dapagliflozin led to 
greater improvements in KCCQ among the most frail 
patients. 9 Similarly, in the PARAGON-HF trial, 
sacubitril-valsartan produced a greater reduction in 
the risk of HF hospitalizations among patients with a 
higher frailty burden. 10 These observations suggest 
that frailty-associated adverse functional and clinical 
outcomes in HFpEF are modifiable by using evidence-
based therapies, including GLP-1RAs.
The greater treatment benefit of semaglutide in 

the most frail patients was noted despite a compa-
rable semaglutide-mediated reduction in weight 
across the frailty strata. These observations suggest 
that the greater benefit of semaglutide in the most 
frail patients was not necessarily driven by greater 
weight loss but may reflect a more direct effect on 
shared pathobiology of obesity-related HFpEF and 
frailty consistent with previous analyses from the 
STEP-HFpEF program. 50-52 This finding was further 
confirmed by the significant improvement in the 
frailty burden during follow-up among patients 
with obesity-related HFpEF with semaglutide (vs 
placebo). Improvement in frailty burden with

semaglutide is larger than that observed with other 
effective therapies for HFpEF, including SGLT2 in-
hibitors and exercise training. 11,48 The mechanisms 
underlying improvement in frailty burden with 
semaglutide are unclear but may be related to the 
favorable effects of GLP-1RAs on muscle quality. 
Specifically, frail patients with obesity-related 
HFpEF have a higher burden of sarcopenic obesity 
with increased skeletal muscle fat infiltration and 
associated muscle dysfunction that contributes to 
the greater impairment in physical function and 
worse QoL. 53 Insights from animal studies suggest 
that incretins may affect skeletal muscle directly and 
indirectly. 54 GLP-1RAs may improve skeletal muscle 
remodeling, enhance aerobic oxidation and mito-
chondrial biogenesis, 55 enhance protein synthesis, 56 

and improve muscle insulin sensitivity through 
weight loss. 57 Evaluation of muscle composition by 
gold standard techniques (ie, magnetic resonance 
imaging) has shown that GLP-1RA–induced weight 
loss results in a reduction in muscle volume 
commensurate with body weight reduction and 
improved overall muscle composition and quality 
due to a decrease in intermuscular and intramuscular 
fat infiltration. 27

Our study findings have important clinical impli-
cations. Despite the growing evidence demon-
strating the cardiovascular benefits of GLP-1RAs 
among individuals with obesity with cardiovascular 
disease, including HFpEF, 16,17,58 using these thera-
pies in frail patients with obesity has been a matter 
of debate. GLP-1RAs promote substantial weight 
loss; although most of the body weight reduction 
results from loss of adipose tissue, GLP-1RA use is 
associated with loss of up to ∼6 kg of lean body 
mass, contributing up to 25% to 40% of the total 
weight loss. 25,53,59 Concerns have been raised that 
excess loss of lean body mass could worsen sarco-
penia among older patients with HFpEF who have a 
high burden of sarcopenic obesity and may lead to 
higher frailty burden, including worse functional 
status, higher risk of falls, and adverse outcomes 
detrimental in older adults with frailty. 60-63 Our 
study findings alleviate these concerns and 
demonstrate greater HF-related benefits in most 
frail participants, alongside fewer SAEs with sem-
aglutide (vs placebo) across the frailty strata. The 
greater treatment benefits of semaglutide among the 
most frail patients and its favorable effects on the 
frailty burden over time highlight its potential role 
as an effective treatment for these high-risk, 
vulnerable patients who have the most need for 
such therapies. These findings also highlight the 
critical importance of combating therapeutic
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nihilism in the management of patients with obesity 
deemed to be frail with novel weight loss therapies. 
It is noteworthy that the primary FI used in our 

analysis had greater representation of QoL and 
activities of daily living, which may be more affected 
by HFpEF severity, than some previous studies. 9,10 

However, other studies have used similar FI models 
with greater representation of QoL factors in the 
frailty estimation. 11,40 The overlap in frailty and 
obesity-related HFpEF severity is biological and 
driven by shared mechanisms detailed earlier that 
contribute to reduced physiologic and exercise 
reserve across multiple organ systems. 7 The greater 
representation of QoL and functional traits in the 
deficit index-based FI allows for better capture of this 
shared pathophysiology and is consistent with pre-
vious approaches. 11,40,64 Furthermore, our study 
findings were consistent using an alternative modi-
fied FI that was less weighted for functional and QoL 
parameters, thereby highlighting the robustness of 
our observations, irrespective of the FI used.

STUDY LIMITATIONS. Several limitations of the pre-
sent study are noteworthy. The findings from this 
prespecified secondary analysis of the STEP-HFpEF 
program are hypothesis generating, and corrections 
for multiple comparisons have not been made. 
Future studies are needed to confirm our observa-
tions. The STEP-HFpEF program was designed to 
assess HF-related symptoms, physical limitations, 
and exercise function and was not adequately pow-
ered for clinical events. Measures of body composi-
tion and adiposity depots were not available to 
characterize the actual change in body composition 
over the study duration. Frailty was assessed using 
an FI, and available variables were incorporated as 
described. This approach may overestimate frailty 
and does not incorporate important physical domains 
of frailty such as strength, exhaustion, slowness, and 
weakness. Moreover, the FI used in the present study 
contained relatively fewer comorbidities because of 
limited capture of these data, and greater represen-
tation of QoL parameters. Future studies are needed 
to assess frailty and physical dysfunction by using 
other objective tools such as the Fried frailty 
phenotype and Short Physical Performance Battery 
Score to confirm the robustness of our study findings 
with respect to greater treatment benefit of sem-
aglutide in frail patients and improvement in frailty 
burden with semaglutide.

CONCLUSIONS

In the STEP-HFpEF program, the burden of frailty 
among adults with obesity-related HFpEF was high

and was associated with a more severe disease 
phenotype, worse functional status, and poorer HF-
related health status. Semaglutide led to greater im-
provements in KCCQ-CSS (reflecting fewer HF-
related symptoms and physical limitations) and in 
the hierarchical composite endpoint in the most frail 
(vs less frail) patients. Semaglutide also significantly 
reduced the frailty burden over time in these high-
risk patients and produced fewer SAEs than placebo 
regardless of frailty status. Together, these findings 
provide evidence supporting the use of semaglutide 
as an effective and safe therapy in the high-risk group 
of frail patients with obesity-related HFpEF.
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