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A Prespecified Analysis of the STEP-HFpEF Trial
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Sanjiv J. Shah , MD; Hiroshi Ito, MD; Morten Schou , MD, PhD; Vojtěch Melenovský , MD, PhD; Walter Abhayaratna , MD, PhD;  
Dalane W. Kitzman , MD; for the STEP-HFpEF Trial Committees and Investigators

BACKGROUND: Patients with heart failure (HF) with preserved ejection fraction (HFpEF) and obesity experience a high burden 
of symptoms and functional impairment, and a poor quality of life. In the STEP-HFpEF trial (Research Study to Investigate 
How Well Semaglutide Works in People Living With Heart Failure and Obesity), once-weekly semaglutide 2.4 mg improved 
symptoms, physical limitations, and exercise function, and reduced inflammation and body weight. This prespecified analysis 
investigated the effects of semaglutide on the primary and confirmatory secondary end points across the range of the Kansas 
City Cardiomyopathy Questionnaire (KCCQ) scores at baseline and on all key summary and individual KCCQ domains.

METHODS: STEP-HFpEF randomly assigned 529 participants with symptomatic HF, an ejection fraction of ≥45%, and a 
body mass index of ≥30 kg/m2 to once-weekly semaglutide 2.4 mg or placebo for 52 weeks. Dual primary end points 
change in KCCQ-Clinical Summary Score (CSS) and body weight. Confirmatory secondary end points included change in 
6-minute walk distance, a hierarchical composite end point (death, HF events, and change in KCCQ-CSS and 6-minute 
walk distance) and change in C-reactive protein. Patients were stratified by KCCQ-CSS tertiles at baseline. Semaglutide 
effects on the primary, confirmatory secondary, and select exploratory end points (N-terminal pro-brain natriuretic peptide) 
were examined across these subgroups. Semaglutide effects on additional KCCQ domains (Total Symptom Score [including 
symptom burden and frequency], Physical Limitations Score, Social Limitations Score, Quality of Life Score, and Overall 
Summary Score) were also evaluated.

RESULTS: Baseline median KCCQ-CSS across tertiles was 37, 59, and 77 points, respectively. Semaglutide consistently 
improved primary end points across KCCQ tertiles 1 to 3 (estimated treatment differences [95% CI]: for KCCQ-CSS, 10.7 
[5.4 to 16.1], 8.1 [2.7 to 13.4], and 4.6 [–0.6 to 9.9] points; for body weight, –11 [–13.2 to –8.8], –9.4 [–11.5 to –7.2], 
and –11.8 [–14.0 to –9.6], respectively; Pinteraction=0.28 and 0.29, respectively); the same was observed for confirmatory 
secondary and exploratory end points (Pinteraction>0.1 for all). Semaglutide-treated patients experienced improvements in all 
key KCCQ domains (estimated treatment differences, 6.7–9.6 points across domains; P≤0.001 for all). Greater proportion 
of semaglutide-treated versus placebo-treated patients experienced at least 5-, 10-, 15-, and 20-point improvements in all 
KCCQ domains (odds ratios, 1.6–2.9 across domains; P<0.05 for all).

CONCLUSIONS: In patients with HFpEF and obesity, semaglutide produced large improvements in HF-related symptoms, 
physical limitations, exercise function, inflammation, body weight, and N-terminal pro-brain natriuretic peptide, regardless of 
baseline health status. The benefits of semaglutide extended to all key KCCQ domains.
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Heart failure (HF) with preserved ejection fraction 
(HFpEF) currently represents the majority of all 
HF cases in the community, and its prevalence 

continues to increase, with few effective treatments 
available.1,2 Most people with HFpEF have obesity,3 and 
this group of patients is characterized by an especially 
high burden of HF-related symptoms and physical limita-
tions, as well as adverse hemodynamics and a high risk 
for adverse HF events.3–10 Improvement in health status 
(symptoms, function, and quality of life) is a key goal of 
management in HF, and previous studies indicate that 
many patients with HF value improvement in these out-
comes at least as much as survival.11–13 In the STEP-
HFpEF trial (Research Study to Investigate How Well 
Semaglutide Works in People Living With Heart Failure 
and Obesity), treatment with once-weekly subcutane-
ous semaglutide 2.4 mg produced large improvements 

in symptoms, physical limitations, and exercise function, 
reduced inflammation, and resulted in greater weight 
loss compared with placebo in participants with HFpEF 
and obesity.14,15

However, it is not known whether these benefits of 
semaglutide in STEP-HFpEF vary depending on the 
degree of health status impairment at baseline (as had 
been previously observed with other HFpEF therapies).16 
Furthermore, it is important to have a more granular 
understanding regarding the effects of semaglutide on 
all key aspects of health status, which include symp-
toms (burden and frequency), physical limitations, quality 
of life, and social limitations; and on the proportion of 
patients that experience deterioration, as well as small, 
moderate, large, and very large improvements across 
these domains.

Accordingly, this prespecified analysis of STEP-
HFpEF had 2 chief objectives: (1) to investigate the 
efficacy of semaglutide versus placebo in patients with 
HFpEF and obesity on the dual primary, confirmatory 
secondary, and select exploratory trial outcomes across 
the different categories of health status impairment, as 
defined by the Kansas City Cardiomyopathy Question-
naire Clinical Summary Score (KCCQ-CSS tertiles); and 
(2) to examine the effects of semaglutide across all of 

Clinical Perspective

What Is New?
• In this prespecified analysis of the STEP-HFpEF trial 

(Research Study to Investigate How Well Semaglu-
tide Works in People Living With Heart Failure and 
Obesity) that evaluated patients with heart failure 
with preserved ejection fraction and obesity, sema-
glutide consistently improved heart failure–related 
symptoms, physical limitations, and exercise func-
tion, and reduced body weight, C-reactive protein, 
and N-terminal pro-brain natriuretic peptide regard-
less of Kansas City Cardiomyopathy Questionnaire 
Clinical Summary Score at baseline.

• Semaglutide-treated patients experienced large 
improvements in all key health status domains, 
which collectively reflect symptoms, physical limita-
tions, social limitations, and quality of life.

• In addition, a greater proportion of semaglutide-
versus placebo-treated patients experienced small, 
moderate, large, and very large improvements 
across all of these domains.

What Are the Clinical Implications?
• These findings allow for a more comprehensive 

review of semaglutide effects during clinician–
patient discussions and shared decision-making.

• Collectively, the results of the study provide addi-
tional support for semaglutide as a valuable treat-
ment option in patients with heart failure with 
preserved ejection fraction and obesity.

Nonstandard Abbreviations and Acronyms

6MWD   6-minute walk distance
BMI body mass index
CSS Clinical Summary Score
HF heart failure
HFpEF  heart failure with preserved ejection 

fraction
KCCQ  Kansas City Cardiomyopathy 

Questionnaire
NT-proBNP  N-terminal pro-brain natriuretic 

peptide
OSS Overall Summary Score
PLS Physical Limitations Score
QoLS Quality of Life Score
SBS Symptom Burden Score
SFS Symptom Frequency Score
SGLT2i  sodium-glucose cotransporter-2 

inhibitor
SLS Social Limitations Score
TSS Total Symptom ScoreD
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the key KCCQ domains, including the individual and 
summary scores that span symptoms, physical limita-
tions, quality of life, and social limitations.

METHODS
Study Design
STEP-HFpEF (NCT04788511) was a randomized, interna-
tional, double-blind, placebo-controlled trial that examined the 
efficacy and safety of semaglutide 2.4 mg once weekly com-
pared with placebo in patients with HFpEF and obesity and 
without diabetes.14 The study design and the primary results 
have been published.14,15 Institutional review board ethics 
approval was obtained at each study site, and all participants 
provided informed consent.

Study Participants
Eligible participants were randomly assigned 1:1 to semaglu-
tide 2.4 mg subcutaneously or matching placebo once weekly 
in addition to standard of care for 52 weeks.15 Patients were 
eligible if they had a documented history of HFpEF with a left 
ventricular ejection fraction ≥45%, New York Heart Association 
functional class II to IV, body mass index (BMI) ≥30 kg/m2, 
KCCQ-CSS <90 points, and at least 1 of the following crite-
ria: (1) elevated left ventricular filling pressures (pulmonary 
artery wedge pressure or left ventricular end diastolic pressure 
≥15 mm Hg at rest or ≥25 mm Hg with exercise documented 
during catheterization, or pulmonary artery diastolic pressure 
measured by an implantable monitor ≥15 mm Hg, assessed 
invasively); (2) elevated N-terminal pro-brain natriuretic peptide 
(NT-proBNP) levels (≥220 pg/mL for patients with BMI <35.0 
and sinus rhythm, ≥660 pg/mL for patients with BMI <35.0 
and persistent/permanent atrial fibrillation, ≥125 pg/mL for 
patients with BMI ≥35.0 and sinus rhythm, or ≥375 pg/mL for 
patients with BMI ≥35.0 and persistent/permanent atrial fibril-
lation, together with echocardiographic abnormalities [at least 1 
of the following: {i} septal eʹ <7 cm/s or lateral eʹ <10 cm/s 
or average E/eʹ ≥15; {ii} pulmonary artery systolic pressure 
>35 mm Hg; {iii} left atrial enlargement defined by local labora-
tory; {iv} left ventricular hypertrophy with septal thickness or pos-
terior wall thickness ≥1.2 cm]); or (3) hospitalization for HF in the 
preceding 12 months plus requirement for ongoing diuretics and 
echocardiographic abnormalities (as defined above). Key exclu-
sion criteria were prior or planned bariatric surgery, self-reported 
change in body weight >11 pounds (5 kg) within 90 days before 
randomization, or a systolic blood pressure of >160 mm Hg at 
screening. Patients were excluded from the trial if they had a 
glycated hemoglobin level ≥6.5% or a medical history of diabe-
tes, because clinical characteristics and response to semaglutide 
may differ in patients with diabetes. A sister trial (STEP-HFpEF 
DM [Research Study to Look at How Well Semaglutide Works in 
People Living With Heart Failure, Obesity and Type 2 Diabetes]) 
is evaluating the effects of semaglutide in patients with HFpEF, 
obesity, and diabetes (NCT04916470). The STEP-HFpEF trial 
was sponsored by Novo Nordisk.

KCCQ Assessments
The KCCQ is a standardized 23-item, self-administered instru-
ment that quantifies HF-related symptoms (including symptom 

burden and frequency scores [SBS and SFS, respectively], 
summarized by Total Symptom Score [TSS]), physical function 
(summarized by the Physical Limitations Score [PLS]), quality 
of life (summarized by the Quality of Life Score [QoLS]), and 
social function (summarized by the Social Limitations Score 
[SLS]).17 For each domain, the validity, reproducibility, respon-
siveness, and interpretability have been independently estab-
lished for both HF with reduced ejection fraction and HFpEF 
populations.18 Scores are transformed to a range of 0 to 100, 
in which higher scores reflect better health status.19 KCCQ-
CSS includes the symptom and physical function domains 
of the KCCQ, and the KCCQ Overall Summary Score (OSS) 
incorporates all of these domains. All KCCQ assessments were 
obtained at 20, 36, and 52 weeks after randomization.

Outcomes
The dual primary end points of STEP-HFpEF were change 
in KCCQ-CSS and percentage change in body weight from 
baseline to week 52.14,15 Confirmatory secondary end points 
included exercise function assessed by change in 6-minute 
walk distance (6MWD) from baseline to week 52, overall clini-
cal benefit assessed using a hierarchical composite end point 
(all-cause death, HF events, several thresholds of change in 
KCCQ-CSS, and change in 6MWD ≥30 m from baseline to 
week 52), and change in C-reactive protein from baseline to 
week 52. Change in the levels of NT-proBNP between base-
line and week 52 was one of the exploratory end points.

For this analysis, we also evaluated the change in all key 
summary (KCCQ-CSS, OSS, and TSS) and individual (SBS, 
SFS, PLS, SLS, and QoLS) KCCQ domains between baseline 
and 52 weeks.

In addition, to better understand the relationship between 
the degree of weight loss and extent of change in various KCCQ 
domains (excluding KCCQ-CSS, for which these results were 
previously reported),20 weight loss “dose-effect” analyses were 
performed according to the magnitude of body weight change 
during the trial. These analyses were confined to the semaglu-
tide group, because the primary objective was to examine the 
effects of body weight change related to semaglutide treat-
ment rather than spontaneous or other lifestyle-related weight 
changes (as in the placebo group).

Statistical Analysis
Baseline characteristics were evaluated according to the ter-
tiles of KCCQ-CSS at baseline (≤48.4, 48.4 to ≤66.7, and 
>66.7 points) and tests for trend were performed across these 
subgroups; continuous variables used the Jonckheere–Terpstra 
trend test and binary variables used a Cochran–Armitage 
trend test. Efficacy end points for semaglutide compared with 
placebo, stratified by KCCQ-CSS tertiles at baseline, were 
assessed using the full analysis set and the treatment policy 
estimand (all randomized participants according to the inten-
tion-to-treat principle, regardless of treatment discontinuation). 
For change in KCCQ-CSS and 6MWD, missing observations 
at week 52 due to reasons other than cardiovascular death 
or previous HF events (if nonretrieved) were multiple imputed 
from retrieved participants in the same randomized treatment 
arm. For other end points, missing observations at week 52 
were imputed irrespective of death or previous HF events using 
the same imputation method (see additional details on the 
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imputation approach in the Supplemental Material). Subgroup 
analyses within the KCCQ-CSS tertiles for continuous end 
points were then performed using ANCOVA models, with an 
interaction term between treatment and KCCQ-CSS tertiles, 
adjusted for the baseline value of the relevant continuous out-
come variable and BMI group (the stratification factor) using 
1000 multiple imputations. For analyses of C-reactive pro-
tein and NT-proBNP, values were log-transformed. Estimates 
from the multiple imputations were derived using Rubin’s rule. 
Interaction P values were derived from an F-test of equal-
ity between the treatment differences across the 3 KCCQ-
CSS tertiles. Furthermore, a linear contrast test was applied. 
Subgroup analyses of the hierarchical composite end point (win 
ratio) were performed based on direct comparisons of each 
participant randomly assigned to semaglutide versus each par-
ticipant randomly assigned to placebo within each KCCQ tertile. 
For each of these participant pairs, a “treatment winner” on the 
basis of similar observation time was declared on the basis of 
the end point hierarchy (as previously reported).15 The win ratio 
(ie, the proportion of winners randomly assigned to semaglu-
tide divided by the winners randomly assigned to placebo) was 
estimated independently within each KCCQ tertile using 1000 
imputations. Test for equality of the KCCQ-CSS tertiles for the 
win ratio was performed using a Cochran’s Q-test. Analyses of 
all other KCCQ domains at week 52 used the same methodol-
ogy and imputation methods as described above for KCCQ-
CSS. In supportive analyses, the effects of semaglutide versus 
placebo on KCCQ domains were also evaluated using mixed 
models for repeated measurements with treatment adjusted for 
baseline of the end point variable and BMI group all nested 
within the trial visit using observed in-trial data. An unstructured 
covariance matrix was employed.

For the responder analyses, we examined the proportions of 
participants (on the basis of the observed data) who experienced 
a ≥5-point deterioration as well as ≥5-, 10-, 15-, and 20-point 
improvement across all key KCCQ domains (corresponding to 
at least small, at least moderate, large, and very large improve-
ments) in semaglutide-treated and placebo-treated patients.19 
For KCCQ-CSS, we also constructed the cumulative response 
curves that plot observed changes in KCCQ-CSS scores between 
baseline and week 52 against the cumulative proportions of par-
ticipants in the semaglutide and placebo groups experiencing 
those changes. Logistic regression models were then used to 
calculate the odds ratios and corresponding 95% CIs for sema-
glutide effects on the likelihood of ≥5-point deterioration, as well 
as ≥5-, 10-, 15-, and 20-point improvement across all key KCCQ 
domains, with 1000 multiple imputations to account for missing 
data, adjusted for the baseline values for the relevant outcome 
variable and BMI group (the stratification factor). Estimates from 
the multiple imputations were derived using Rubin’s rule.

Change in body weight was analyzed as an ordinal vari-
able using a linear regression model, including the following 
weight loss categories (from baseline to week 52): <5%, 5% to 
<10%, 10% to <15%, 15% to <20%, and ≥20%, and examin-
ing the association with changes in the KCCQ domains (OSS, 
TSS, PLS, QoLS, and SLS) at week 52 using observed in-trial 
data, adjusted for baseline body weight and the relevant KCCQ 
domain. A test for linearity was employed for these categorial 
weight change analyses.

P values <5% were considered significant and no adjust-
ment for multiplicity was performed. All analyses were 

prespecified in the statistical analysis plan before the data-
base lock.

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

RESULTS
Correlates of Health Status at Baseline
A total of 817 patients were screened, and 529 ful-
filled eligibility criteria and were enrolled and randomly 
assigned between March 19, 2021, and March 09, 
2022.15 Among the 529 STEP-HFpEF participants, 
263 and 266 were randomly assigned to semaglutide 
and placebo, respectively; KCCQ data were available in 
529 (100%) participants at baseline and 480 (91%) 
participants at week 52. The median KCCQ-CSS was 
59 points; median KCCQ-CSS across tertiles was 37, 
59, and 77 points, respectively. Compared with patients 
who had higher KCCQ-CSS at baseline, those with lower 
KCCQ-CSS were more likely to be women and older, 
with higher BMI, worse 6MWD and New York Heart As-
sociation functional class, and greater use of loop diuret-
ics and mineralocorticoid receptor antagonists (Table). In 
contrast, there were no differences in NT-proBNP lev-
els or the rates of atrial fibrillation or other comorbidities 
across participants in the 3 KCCQ-CSS tertiles.

Treatment Effects by Baseline KCCQ-CSS
As compared with placebo, treatment with semaglutide 
improved KCCQ-CSS and reduced body weight across 
KCCQ-CSS tertiles (Figure 1A and 1B). Although the 
improvements in KCCQ-CSS were numerically greater 
in patients with the highest burden of symptoms and 
physical limitations, these differences were not statisti-
cally significant. Semaglutide also improved 6MWD, re-
sulted in a greater number of wins versus placebo for the 
composite hierarchical end point, and reduced C-reactive 
protein and NT-proBNP across KCCQ-CSS tertiles, with 
no significant heterogeneity of treatment benefits (Fig-
ure 1C through 1F).

Semaglutide Effects Across KCCQ Domains
Treatment with semaglutide (versus placebo) improved 
all 3 KCCQ summary domains (estimated treatment dif-
ferences and 95% CIs for KCCQ-CSS, OSS, and TSS: 
7.8 [4.8 to 10.9], 7.5 [4.4 to 10.6], and 9.0 [5.4 to 12.5] 
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points; Figure 2A through 2C, respectively; P<0.0001 
for all). The same was the case for the individual domains 
of KCCQ-SBS, SFS, PLS, QoLS, and SLS (Figure 3A 

through 3E, respectively; P≤0.001 for all). The results 
were similar in supportive analyses that used mixed mod-
els for repeated measurements (Table S1).

Table. Baseline Characteristics Stratified by KCCQ Tertiles

Characteristic 
Total
(n=529) 

Baseline KCCQ-CSS

Tertile 1
≤48.4
(n=179) 

Tertile 2
48.4 to ≤66.7
(n=176) 

Tertile 3
>66.7
(n=174) P value 

Female, n (%) 297 (56.1) 117 (65.4) 105 (59.7) 75 (43.1) <0.0001

Age, y 69.0 (62.0–75.0) 71.0 (63.0–76.0) 69.0 (62.0–75.0) 68.5 (62.0–73.0) 0.0094

Ethnicity, n (%)

  Hispanic or Latino 36 (6.8) 16 (8.9) 11 (6.3) 9 (5.2) 0.1592

  Not Hispanic or Latino 493 (93.2) 163 (91.1) 165 (93.8) 165 (94.8)  

Race, n (%)

  Black or African American 21 (4.0) 11 (6.1) 5 (2.8) 5 (2.9) 0.2529

  White 507 (95.8) 167 (93.3) 171 (97.2) 169 (97.1)  

  Other 1 (0.2) 1 (0.6) 0 (0.0) 0 (0.0)  

Body weight, kg 105.1 (92.4–120.8) 108.2 (95.1–129.2) 104.3 (91.8–118.1) 102.9 (91.0–116.0) 0.0080

Body mass index, kg/m2 37.0 (33.7–41.4) 39.2 (34.4–43.3) 37.1 (34.6–41.5) 35.7 (32.7–39.1) <0.0001

Waist circumference, cm 119.4 (110.5–128.0) 122.0 (113.0–132.7) 119.2 (110.0–125.8) 116.8 (109.2–127.0) 0.0008

Systolic blood pressure, mm Hg 133 (121–144) 132.0 (120.0–142.0) 133.0 (121.0–142.0) 133.5 (122.0–147.0) 0.2345

N-terminal pro-brain natriuretic peptide, pg/mL 450.8 (218.2–1015.0) 480.4 (195.4–1077.4) 495.6 (249.5–1028.8) 385.2 (214.0–992.9) 0.2559

C-reactive protein, mg/L 3.8 (1.9–7.7) 3.8 (1.9–8.1) 4.5 (2.2–9.0) 3.3 (1.7–6.2) 0.1304

Left ventricular ejection fraction, % 57.0 (50.0–60.0) 58.0 (52.0–61.0) 55.0 (50.0–60.0) 57.0 (50.0–60.0) 0.2572

KCCQ-CSS 58.9 (41.7–72.9) 36.5 (26.0–42.2) 59.4 (54.2–62.5) 77.1 (72.9–83.9) <0.0001

6-min walk distance, m 320.0 (240.0–389.0) 254.9 (189.0–322.0) 324.1 (250.6–388.4) 379.0 (311.2–435.2) <0.0001

Heart failure hospitalization within 1 y, n (%) 81 (15.3) 24 (13.4) 30 (17.0) 27 (15.5) 0.5778

Comorbidities at screening, n (%)

  Atrial fibrillation 275 (52.0) 88 (49.2) 93 (52.8) 94 (54.0) 0.3596

  Hypertension 433 (81.9) 143 (79.9) 149 (84.7) 141 (81.0) 0.7726

  Coronary artery disease 180 (34.0) 58 (32.4) 62 (35.2) 60 (34.5) 0.6775

  Obstructive sleep apnea 66 (12.5) 30 (16.8) 13 (7.4) 23 (13.2) 0.3044

New York Heart Association functional class, n (%)

  Class II 350 (66.2) 82 (45.8) 119 (67.6) 149 (85.6) <0.0001

  Class III–IV 179 (33.8) 97 (54.2) 57 (32.4) 25 (14.4)  

Concomitant medications, n (%)

  Diuretics 427 (80.7) 156 (87.2) 142 (80.7) 129 (74.1) 0.0019

  Loop diuretics 329 (62.2) 134 (74.9) 106 (60.2) 89 (51.1) <0.0001

  Thiazides 90 (17.0) 24 (13.4) 36 (20.5) 30 (17.2) 0.3318

  Mineralocorticoid receptor antagonists 184 (34.8) 74 (41.3) 55 (31.3) 55 (31.6) 0.0537

  Angiotensin-converting enzyme inhibitors/
angiotensin II receptor blockers

397 (75.0) 135 (75.4) 126 (71.6) 136 (78.2) 0.5588

  Angiotensin receptor-neprilysin inhibitors 27 (5.1) 7 (3.9) 5 (2.8) 15 (8.6) 0.0459

  Beta-blockers 418 (79.0) 144 (80.4) 140 (79.5) 134 (77.0) 0.4291

  Sodium-glucose cotransporter-2 inhibitors 19 (3.6) 5 (2.8) 4 (2.3) 10 (5.7) 0.1384

Data are median (interquartile range) unless otherwise stated. P values were computed for continuous variables using a Jonckheere–Terpstra trend test; for binary 
variables using a Cochran–Armitage trend test; and for multinomial variables using a Cochran-Mantel-Haenszel test. Imputation of one missing baseline observation for 
KCCQ-CSS was performed using the mean of the observed values. KCCQ-CSS indicates Kansas City Cardiomyopathy Questionnaire Clinical Summary Score.
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Figure 1. Effects of semaglutide compared with placebo across KCCQ tertiles on heart failure symptoms and physical 
limitations (KCCQ-CSS; A); body weight (B); exercise function (6MWD; C); hierarchical composite end point (D); systemic 
inflammation (CRP; E); and NT-proBNP (F).
Data are from the in-trial period for the full analysis set. Week 52 responses were analyzed using an ANCOVA model with randomized treatment, 
subgroup, and treatment by subgroup interaction as factors and baseline KCCQ-CSS as covariate. Missing observations for reasons other than 
cardiovascular death or previous heart failure events (if nonretrieved) were multiple (×1000) imputed from retrieved participants of the same 
randomized treatment arm. Missing observations due to cardiovascular death or previous heart failure events were imputed using a composite 
strategy with the least favorable value determined during the trial. P values for linear trend across the KCCQ tertiles were: 0.113 (KCCQ-CSS); 
0.617 (body weight); 0.330 (6MWD); 0.478 (CRP), and 0.965 (NT-proBNP). 6MWD indicates 6-minute walk distance; CRP, C-reactive protein; 
CSS, Clinical Summary Score; ETD, estimated treatment difference; KCCQ, Kansas City Cardiomyopathy Questionnaire; and NT-proBNP, 
N-terminal pro-brain natriuretic peptide.
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Fewer semaglutide-treated versus placebo-treated 
patients experienced ≥5-point deterioration across KCCQ 
domains (although these results did not reach statistical 
significance for OSS and QoLS). A greater proportion 
of semaglutide-treated versus placebo-treated patients 
experienced ≥5-, 10-, 15-, and 20-point improvements 
across all KCCQ domains (P<0.05 for all). The results of 
the responder analyses for KCCQ-CSS, OSS, and TSS 
are presented in Figure S1A through S1C, respectively, 
and for KCCQ-SBS, SFS, PLS, QoLS, and SLS in Figure 
S2A through S2E, respectively, for the observed propor-
tions; the corresponding figures for the logistic regres-
sion models are Figure 4A through 4C and Figure S3A 
through S3E.

The cumulative response analysis showed continuous 
separation of KCCQ-CSS curves in favor of semaglu-
tide versus placebo across the entire range of KCCQ 
change between baseline and week 52 (Figure 5). Of 
patients treated with semaglutide, 37.9% experienced an 
increase in KCCQ-CSS of ≥20 points, compared with 
26.6% treated with placebo. Conversely, 4.9% of patients 
treated with semaglutide experienced a decrease in 
KCCQ-CSS of ≥10 points compared with 11% in the 
placebo group.

Relationship Between the Extent of Weight Loss 
and Change in KCCQ Domains in Semaglutide-
Treated Patients
There was a significant, linear relationship between 
greater weight loss and larger improvements in KCCQ-

OSS, TSS, PLS, QoLS, and SLS (P<0.001 for all; Fig-
ure 6A through 6E).

DISCUSSION
In this prespecified analysis from the STEP-HFpEF 
trial, which evaluated patients with HFpEF and obesity, 
those with the poorest health status were more likely to 
be women, treated with diuretics, and living with great-
er obesity severity. Treatment with semaglutide (versus 
placebo) consistently improved HF-related symptoms, 
physical limitations, and exercise function, and reduced 
body weight, C-reactive protein, and NT-proBNP regard-
less of KCCQ-CSS at baseline. Furthermore, semaglu-
tide produced large improvements in all key summary 
and individual domains of KCCQ, which together com-
prise symptoms (burden and frequency), physical limita-
tions, quality of life, and social limitations. Finally, fewer 
semaglutide-treated patients experienced deterioration, 
and greater proportions of semaglutide-treated patients 
experienced at least small, moderate, large, and very 
large improvements across all key KCCQ domains com-
pared with placebo.

These results have several important implications. 
First, our analyses of the dual primary and confirmatory  
secondary end points demonstrated no significant het-
erogeneity in the benefits of semaglutide according to 
the magnitude of symptomatic and functional impair-
ment at baseline. Although some benefits of semaglutide 
(such as improvements in KCCQ-CSS) were numerically 

Figure 1 Continued.
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greater in patients with the highest burden of symptoms 
and physical limitations, these differences across sub-
groups were not statistically significant; and even those 
participants who had relatively mild KCCQ impairments 
experienced meaningful health status improvements.

Second, our findings substantially expand on the pre-
viously reported effects of semaglutide in patients with 
HFpEF and obesity,14 by evaluating a much broader range 
of KCCQ outcomes, as well as the detailed responder 
analyses. Specifically, when compared with other recent 

Figure 3. Change from baseline over time in KCCQ-SBS (A); KCCQ-SFS (B); KCCQ-PLS (C); KCCQ-QoLS (D); and KCCQ-SLS (E).
Observed data from the in-trial period. Error bars are ±SEM. *Estimated means are from the ANCOVA analysis. Numbers shown in the lower 
panel are subjects contributing to the mean. ETD indicates estimated treatment difference; KCCQ, Kansas City Cardiomyopathy Questionnaire; 
PLS, Physical Limitations Score; QoLS, Quality of Life Score; SBS, Symptom Burden Score; Sema, semaglutide; SFS, Symptom Frequency Score; 
and SLS, Social Limitations Score.

Figure 2. Change from baseline over time in KCCQ-CSS (A); KCCQ-OSS (B); and KCCQ-TSS (C).
Observed data from the in-trial period. Error bars are ±SEM. *Estimated means are from the ANCOVA analysis. Numbers shown in the lower 
panel are subjects contributing to the mean. CSS indicates Clinical Summary Score; ETD, estimated treatment difference; KCCQ, Kansas City 
Cardiomyopathy Questionnaire; OSS, Overall Summary Score; Sema, semaglutide; and TSS, Total Symptom Score.
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global clinical trial programs in HFpEF (such as those 
evaluating sodium-glucose cotransporter-2 inhibi-
tors [SGLT2i]),16,21,22 we specifically undertook a more 
granular evaluation across all key summary and indi-
vidual KCCQ domains, examining symptom burden and 
frequency, physical limitations, quality of life, and social 
limitations. This allows for a more comprehensive review 
of semaglutide effects during clinician–patient discus-
sions and shared decision-making.

Third, and most importantly, the magnitude of 
improvements we observed with semaglutide versus 
placebo across all key KCCQ domains (when exam-
ining both mean effects and responder analyses) is 
substantial when considering other therapies that have 
been tested in HFpEF. Although cross-trial compari-
sons should be viewed with caution, the mean KCCQ 
effects (across examined domains) seen with sacubi-
tril-valsartan, spironolactone, and SGLT2i, are generally 
in the range of 0.5 to 3.0 points; and the correspond-
ing responder analyses for these treatments show 
similarly modest effects.21,23–26 The magnitude of both 
mean health status benefits seen with semaglutide 
in STEP-HFpEF (6.7- to 9.6-point increases across 
KCCQ domains) and the odds ratios for both deteriora-

tion (which range between 0.4 and 0.7) and very large 
improvements in KCCQ scores (which exceeded 2.0 for 
most KCCQ domains) in the responder analyses are 
considerably more pronounced. Of note (and in con-
trast with other tested HFpEF therapies), the beneficial 
effects of semaglutide on health status also appear to 
amplify over time, which is of clinical relevance. These 
findings collectively provide additional support for 
semaglutide as a valuable treatment option for patients 
with HFpEF and obesity.

The key hypothesis behind the STEP-HFpEF trial 
was that obesity is not simply a comorbidity but rather 
is a root cause for the development and progression 
of HFpEF in this patient group via a host of mecha-
nisms6–8,27–29; therefore, targeting obesity can improve 
the key outcomes that define the HFpEF syndrome (ie, 
symptoms and functional limitations). Disentangling 
the extent to which the observed benefits of semaglu-
tide are due to weight loss versus its other potential 
effects is challenging because these occur in parallel. 
In our previous report20 and in this study, we demon-
strated that, in semaglutide-treated patients, a greater 
degree of weight loss was associated with larger 
improvements in various KCCQ domains, suggesting  

Figure 4. Responder analysis for KCCQ-CSS (A); KCCQ-OSS (B); and KCCQ-TSS (C).
Analysis of data from the in-trial period. Week 52 responses were analyzed using a binary logistic regression model with randomized treatment 
and BMI group as factors and baseline KCCQ-CSS as covariate. Missing observations for reasons other than cardiovascular death or previous 
heart failure events (if nonretrieved) were multiple (×1000) imputed from retrieved participants of the same randomized treatment arm. Missing 
observations due to cardiovascular death or previous heart failure events were imputed using a composite strategy with the least favorable value 
determined during the trial. BMI indicates body mass index; CSS, Clinical Summary Score; KCCQ, Kansas City Cardiomyopathy Questionnaire; 
OSS, Overall Summary Score; and TSS, Total Symptom Score.
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that weight loss is an important factor in the health 
status benefits of semaglutide. However, we also 
observed a significant reduction in NT-proBNP among 
semaglutide-treated versus placebo-treated partici-
pants (both overall, and across the tertiles of base-
line KCCQ-CSS). Because NT-proBNP would be 
expected to increase with body weight reduction, as 
seen in previous trials of lifestyle-mediated weight 
loss,30 the reduction in NT-proBNP seen with sema-
glutide despite the substantial associated weight loss 
suggests disease-modifying, decongestive effects 
that extend beyond its effects on body weight.

The findings of this study should be considered in 
the context of several potential limitations. Although the 
proportions of women and men were balanced, most 
participants were White, and individuals with diabetes 
were excluded by design, which may affect the gen-
eralizability to non-White populations and people living 
with diabetes. A separate, ongoing trial is evaluating the 
effects of semaglutide in people with the HFpEF, obe-
sity, and type 2 diabetes.15 The STEP-HFpEF trial was 
designed to evaluate effects of treatment on symptoms 
and physical limitations, exercise function, and inflam-
mation, along with body weight, and was not powered to 
assess clinical end points such as HF hospitalizations. 
As with most clinical trials, STEP-HFpEF was designed 
to have the appropriate statistical power for the analy-
ses of the key end points in the overall patient popu-
lation, rather than within specific subgroups; subgroup 
analyses should be interpreted within the context of 
this limitation. The 52-week duration of treatment was 
relatively short, and whether the observed effects might 

have persisted (or become more amplified) with lon-
ger evaluation is not known. Use of SGLT2i was low in 
STEP-HFpEF, as patients with diabetes were excluded, 
and these agents were not yet approved for the treat-
ment of HFpEF during the trial. Although semaglutide 
and SGLT2i have complementary and nonoverlapping 
mechanisms of action, the present study cannot deter-
mine whether background therapy with SGLT2i might 
have influenced the treatment benefits observed, which 
is an important question for future trials. Further insight 
into the effects of semaglutide in patients who receive 
background SGLT2i will be provided by the STEP-
HFpEF DM trial, which includes a greater proportion 
(32%) of patients taking these agents.15 Neverthe-
less, given the proven benefits of SGLT2i in this patient 
population, it is reasonable to postulate that the future 
management of patients with HFpEF and obesity may 
include a combination therapy of SGLT2i and semaglu-
tide.31

Conclusions
In patients with HFpEF and obesity, treatment with 
semaglutide produced large improvements in HF-related 
symptoms, physical limitations, and exercise function, 
and reduced body weight, inflammation, and natriuretic 
peptides regardless of baseline health status. Benefits of 
semaglutide extended to all key summary and individual 
KCCQ domains, with a significantly greater proportion of 
semaglutide-treated versus placebo-treated patients ex-
periencing at least small, moderate, large, and very large 
improvements.

Figure 5. KCCQ-CSS change from baseline to week 52 (cumulative response curves).
Observed data from the in-trial period for the full analysis set. The graph shows cumulative frequency distributions of change from baseline in 
KCCQ-CSS. To interpret this graph, select a change in KCCQ-CSS on the x axis and find the corresponding proportion of semaglutide 2.4 mg 
and placebo participants who achieved that degree of improvement or worsening on the y axis. For example, note that the vertical line arising 
from 20-point improvement intersects with semaglutide and placebo curves at 62.1% and 73.4%, respectively. Therefore, 37.9% and 26.6% 
in the semaglutide and placebo groups achieved a ≥20-point improvement, respectively. KCCQ-CSS indicates Kansas City Cardiomyopathy 
Questionnaire Clinical Summary Score.
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Figure 6. Association of change from baseline to week 52 in KCCQ domains OSS (A); TSS (B); PLS (C); QoLS (D); SLS (E) and 
change in body weight. 
Analysis of data from the in-trial period. Participants with change from baseline in body weight at week 52 in the respective end point are included. 
The change from baseline to week 52 of each end point was analyzed using a linear regression model with treatment, subgroup, and treatment by 
subgroup interaction as factors and the baseline body weight and baseline value of the respective end point as covariates. P values are linear contrast 
test within treatment group. Results are shown for the semaglutide group only. KCCQ indicates Kansas City Cardiomyopathy Questionnaire; OSS, 
Overall Summary Score; PLS, Physical Limitations Score; QoLS, Quality of Life Score; SLS, Social Limitations Score; and TSS, Total Symptom Score.
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