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Effects of Tirzepatide on the Clinical Trajectory of 
Patients With Heart Failure, Preserved Ejection 
Fraction, and Obesity
Michael R. Zile , MD; Barry A. Borlaug , MD; Christopher M. Kramer , MD; Seth J. Baum , MD; Sheldon E. Litwin , MD;  
Venu Menon , MD; Yang Ou , PhD; Govinda J. Weerakkody, PhD; Karla C. Hurt, BSN, MBA; Chisom Kanu, RPh, PhD; 
Masahiro Murakami , MD; Milton Packer , MD; for the SUMMIT Trial Study Group

BACKGROUND: Patients with heart failure with preserved ejection fraction and obesity have significant disability and frequent 
exacerbations of heart failure. We hypothesized that tirzepatide, a long-acting agonist of glucose-dependent insulinotropic 
polypeptide and glucagon-like peptide-1 receptors, would improve a comprehensive suite of clinical end points, including 
measures of health status, functional capacity, quality of life, exercise tolerance, patient well-being, and medication burden, 
in these patients.

METHODS: We randomized (double-blind) 731 patients with class II to IV heart failure, ejection fraction ≥50%, and body 
mass index ≥30 kg/m2 to tirzepatide (titrated up to 15 mg SC weekly; n=364) or placebo (n=367) added to background 
therapy for a median of 104 weeks (quartile 1, 66; quartile 3, 126 weeks). The primary end points were whether tirzepatide 
reduced the combined risk of cardiovascular death or worsening heart failure and improved Kansas City Cardiomyopathy 
Questionnaire Clinical Summary Score. The current expanded analysis included sensitivity analyses of the primary end points, 
6-minute walk distance, EQ-5D-5L health state index, Patient Global Impression of Severity Overall Health score, New York 
Heart Association class, use of heart failure medications, and a hierarchical composite based on all-cause death, worsening 
heart failure, and 52-week changes in Kansas City Cardiomyopathy Questionnaire Clinical Summary Score and 6-minute 
walk distance.

RESULTS: Patients were 65.2±10.7 years of age; 53.8% (n=393) were female; body mass index was 38.2±6.7 kg/m2; Kansas 
City Cardiomyopathy Questionnaire Clinical Summary Score was 53.5±18.5; 6-minute walk distance was 302.8±81.7 m; 
and 53% (n=388) had a worsening heart failure event in the previous 12 months. Compared with placebo, tirzepatide 
produced a consistent beneficial effect across all composites of death and worsening heart failure events, analyzed as time 
to first event (hazard ratios, 0.41–0.67). At 52 weeks, tirzepatide increased the Kansas City Cardiomyopathy Questionnaire 
Clinical Summary Score by 6.9 points (95% CI, 3.3–10.6; P<0.001), 6-minute walk distance 18.3 meters (95% CI, 9.9–
26.7; P<0.001), and EQ-5D-5L 0.06 (95% CI, 0.03–0.09; P<0.001). The tirzepatide group shifted to a more favorable 
Patient Global Impression of Severity Overall Health score (proportional odds ratio, 1.99 [95% CI, 1.44–2.76]) and New York 
Heart Association class (proportional odds ratio, 2.26 [95% CI, 1.54–3.31]; both P<0.001) and required fewer heart failure 
medications (P=0.015). The broad spectrum of effects was reflected in benefits on the hierarchical composite (win ratio, 
1.63 [95% CI, 1.17–2.28]; P=0.004).

CONCLUSIONS: Tirzepatide produced a comprehensive, meaningful improvement in heart failure across multiple complementary 
domains; enhanced health status, quality of life, functional capacity, exercise tolerance, and well-being; and reduced symptoms 
and medication burden in patients with heart failure with preserved ejection fraction and obesity.
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Editorial, see p 669

Patients with heart failure (HF) with preserved ejec-
tion fraction (HFpEF) have severe functional dis-
ability and an unfavorable clinical disease trajectory, 

characterized by frequent exacerbations of HF.1,2 Over 
the past decade, the use of medications that have been 
demonstrated to be effective in patients with HF with 
reduced ejection fraction (angiotensin receptor neprily-
sin inhibitors, mineralocorticoid receptor antagonists, and 
sodium-glucose cotransporter 2 [SGLT2] inhibitors) has 
been evaluated in large-scale trials in patients with HF 
and mildly reduced ejection fraction and patients with 

HFpEF.3–6 These trials have reported favorable effects 
in patients with HFpEF7,8; however, taken collectively, the 
magnitude of the benefit of these medications on wors-
ening HF events, health status, and exercise capacity 
has generally been modest.9–12 As a result, patients with 
HFpEF continue to have substantial symptoms, func-
tional disability, and an unfavorable clinical course.

None of the medications developed for HFpEF tar-
get obesity, one of the primary mechanisms that drive 
the development of HFpEF.13–15 The evolution and pro-
gression of HFpEF are enhanced as body mass index 
(BMI) increases,14,16 and weight-loss interventions (eg, 
gastric bypass surgery and glucagon-like peptide-1 
receptor agonists) can reduce the risk of incident HF 
and improve symptoms in patients with established 
HFpEF.16–20

Tirzepatide, a long-acting agonist of glucose-dependent  
insulinotropic polypeptide and glucagon-like peptide-1 
receptors,21 has been shown to produce ≈12% to 21% 
weight loss in patients with obesity.22 In the SUMMIT trial 
(Study of Tirzepatide in Participants With Heart Failure 

Clinical Perspective

What Is New?
•	 SUMMIT (Study of Tirzepatide in Participants with 

Heart Failure With Preserved Ejection Fraction and 
Obesity) is the first trial on patients with heart fail-
ure with preserved ejection fraction and obesity in 
which heart failure outcomes were examined as the 
primary prespecified end point.

•	 Tirzepatide reduced the risk of worsening heart 
failure events requiring hospitalization or the use of 
intravenous medications in an urgent care setting; 
the hazard ratio for this analysis was 0.41 (95% CI, 
0.22–0.75; P=0.004).

•	 Tirzepatide also improved a broad range of mea-
sures of heart failure severity, which included health 
status, functional capacity, global well-being, quality 
of life, exercise tolerance, and medication burden.

What Are Clinical Implications?
•	 The SUMMIT trial demonstrated that in patients 

with heart failure with preserved ejection fraction 
and obesity, tirzepatide treatment produces a con-
sistent and highly significant beneficial effect on 
multiple orthogonal metrics of disease severity at all 
measured time points.

•	 These results may be applicable to a wide range 
of patients with heart failure with preserved ejec-
tion fraction with obesity, including patients with-
out meaningfully increased levels of NT-proBNP 
(N-terminal prohormone B-type natriuretic peptide) 
before treatment.

•	 The SUMMIT trial data may have important implica-
tions in the development of guidelines for the treat-
ment of patients with heart failure with preserved 
ejection fraction and obesity.

Nonstandard Abbreviations and Acronyms

6MWD 	 6-minute walk distance
BMI 	 body mass index
HF 	 heart failure
HFpEF 	� heart failure with preserved  

ejection fraction
KCCQ-CSS 	� Kansas City Cardiomyopathy 

Questionnaire Clinical Summary 
Score

NT-proBNP 	� N-terminal prohormone of brain 
natriuretic peptide 

NYHA 	 New York Heart Association
PGIS 	� Patient Global Impression of 

Severity
SGLT2 	 sodium-glucose cotransporter 2
STEP-HFpEF 	� Research Study to Investigate 

How Well Semaglutide Works in 
People Living With Heart Failure 
and Obesity

SUMMIT 	� Study of Tirzepatide in  
Participants With Heart Failure 
With Preserved Ejection Fraction 
and Obesity

https://www.clinicaltrials.gov
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.125.073439
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With Preserved Ejection Fraction and Obesity), tirzepa-
tide reduced the risk of the composite of cardiovascu-
lar death and worsening HF events.23 In this report, we 
asked whether tirzepatide would improve a comprehen-
sive suite of clinical end points across multiple domains 
of HF, including diverse definitions of worsening HF 
events and measures of health status, functional capac-
ity, quality of life, exercise tolerance, and medication bur-
den, in patients with HFpEF and obesity.

METHODS
The primary results, trial protocol, and statistical analysis plan 
for the SUMMIT trial have been published.23 The ethics commit-
tee at each investigative site approved the trial, and all patients 
provided written informed consent. The ClinicalTrials.gov identi-
fier is NCT04847557. The sponsor was Eli Lilly and Company. 
In collaboration with the sponsor, the academic members of 
the steering committee developed and amended the protocol, 
oversaw the recruitment of patients and the quality of follow-up, 
supervised the analysis of data, and provided an independent 
interpretation of the results.

Eli Lilly and Company provided access to all individual 
participant data collected during the trial after anonymization, 
except for pharmacokinetic or genetic data. Data are avail-
able to request 6 months after the indication studied has been 
approved in the United States and European Union and after 
primary publication acceptance, whichever is later. No expira-
tion date of data requests is currently set after data have been 
made available. Access is provided after a proposal has been 
approved by an independent review committee identified for 
this purpose and after receipt of a signed data-sharing agree-
ment. Data and documents, including the study protocol, statis-
tical analysis plan, clinical study report, and blank or annotated 
case report forms, will be provided in a secure data-sharing 
environment. For details on submitting a request, instructions 
are provided online (https://vivli.org).

Study Patients
Participants with HFpEF who were ≥40 years of age with 
chronic New York Heart Association (NYHA) class II to IV 
HF, left ventricular ejection fraction ≥50%, and BMI ≥30 kg/
m2 were enrolled. Patients were required to have substantial 
symptoms and functional limitation attributable to HFpEF, as 
reflected by a 6-minute walk distance (6MWD) of 100 to 425 
m and a Kansas City Cardiomyopathy Questionnaire Clinical 
Summary Score (KCCQ-CSS) ≤80 at baseline, along with 
objective evidence of HF, as demonstrated by ≥1 of the follow-
ing: (1) elevated NT-proBNP (N-terminal prohormone of brain 
natriuretic peptide; ≥200 pg/mL in sinus rhythm or ≥600 pg/
mL in atrial fibrillation), (2) structural heart disease, defined by 
left atrial enlargement by 2-dimensional echocardiography, or 
(3) elevated filling pressures at rest or with exercise (by inva-
sive hemodynamic measurement or echocardiography). To 
enrich the study for greater risk of HF events, patients were 
also required to have either HF decompensation in the preced-
ing 12 months or an estimated glomerular filtration rate <70 
mL∙min−1∙1.73 m−2. Full inclusion and exclusion criteria have 
been published.23

Study Procedures
After screening, eligible patients were randomized double-blind 
(1:1) to receive placebo or 2.5 mg of tirzepatide subcutane-
ously per week in addition to usual therapy. Randomization was 
stratified by HF decompensation within 12 months, type 2 dia-
betes, and BMI ≥35 kg/m2. The dose of the double-blind study 
medication was increased by 2.5 mg every 4 weeks as toler-
ated until a dose of 15 mg per week of tirzepatide or matching 
placebo could be achieved after 20 weeks, which was main-
tained until the end of the trial. Double-blind treatment was to 
be continued until the last randomized patient was followed up 
for 52 weeks.

Study End Points
Patients were evaluated at prespecified intervals to assess a 
broad range of measures of HF status, severity, and impact, 
including ongoing ascertainment of clinical events (death and 
worsening HF events), with a median follow-up of 104 weeks 
(quartile 1, 66 weeks; quartile 3, 126 weeks; maximum follow-
up, 3.0 years). In addition, the following were assessed at 24 
and 52 weeks: KCCQ-CSS, 6MWD, EQ-5D-5L score, the 
Patient Global Impression of Severity (PGIS) Overall Health,24 
and NYHA class. The use of HF medications was evaluated 
throughout follow-up.

The 2 primary end points of the SUMMIT trial were the time 
to first worsening HF event or cardiovascular death (α=0.04) 
and the change in KCCS-CSS at 52 weeks (α=0.01). A wors-
ening HF event was defined as an exacerbation of symptoms 
requiring hospitalization, intravenous drugs for HF in an urgent 
care setting, or intensification of oral diuretics. Oral diuretic 
intensification in the absence of worsening symptoms was 
not designated as a worsening HF event. All events were 
blindly adjudicated by a clinical events committee. Secondary 
end points included change in 6MWD, body weight, and high- 
sensitivity C-reactive protein. Type 1 error rate was controlled 
for the evaluation of these end points with a prespecified 
graphical testing scheme, which allowed α=0.01 to be recycled 
to the primary events outcome (yielding α=0.05).

In the present study, we prospectively evaluated a com-
prehensive suite of additional prespecified clinical end points, 
including sensitivity analyses of the primary and secondary end 
points and changes in the EQ-5D-5L health state index, PGIS 
Overall Health, NYHA class, and use of HF medications. In 
addition, a composite hierarchical end point (analyzed as a win 
ratio) was based on time to all-cause mortality throughout the 
study, timing and number of worsening HF events throughout 
the study, threshold changes in KCCQ-CSS at 52 weeks, and 
threshold changes in 6MWD at 52 weeks.

Statistical Methods
Analyses were performed according to the intention-to-treat 
principle based on data from all randomized participants, 
regardless of adherence to study medication, and with mul-
tiple imputation methods for missing data (conducted when 
specified); sensitivity analyses were based on the on-treatment 
estimands. Time-to-first-event analysis of composite outcome 
end points was conducted with Cox proportional hazards model 
with treatment as a fixed effect with adjustment for the pre-
specified covariates of: (1) history of type 2 diabetes (yes or 

https://vivli.org
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no), (2) baseline HFpEF-ABA score25 (clinical model using 
age, body mass index, and history of atrial fibrillation; <0.8 or 
≥0.8), and (3) baseline NT-proBNP (<200 or ≥200 ng/L).25 
Sensitivity analyses examined alternative definitions of mortal-
ity and worsening HF events.

For the intention-to-treat analyses, changes in KCCQ-CSS 
and 6MWD at week 52 from baseline were evaluated with the 
stratified Wilcoxon test, and missing data at 52 weeks were 
imputed according to prespecified procedures. In addition, for 
the intention-to-treat analysis, a mixed-effects model repeated-
measures analysis was conducted to analyze the change in 
KCCQ-CSS, 6MWD, NT-proBNP, and EQ-5D-5L at 12, 24, and 
52 weeks. NT-proBNP was log-transformed before modeling 
and presented as percent change. The mixed-effects repeated-
measures model included treatment, time, treatment-by-time 
interaction, stratification factors (HF decompensation within 12 
months of screening [yes or no], history of type 2 diabetes [yes 
or no], and baseline BMI [<35, or ≥35 kg/m2]) as fixed effects 
and baseline value as a covariate. Restricted maximum likeli-
hood was used to obtain model parameter estimates, and the 
Kenward-Roger option was used to estimate the denomina-
tor degrees of freedom. An unstructured covariance structure 
was used to model the within-participant errors. Mixed-effects 
repeated-measures sensitivity analysis was performed using 
data during the on-treatment period, defined as a measurement 
within 7 days of the last dose of study medication.

Logistic regression was used to analyze the proportion of 
subjects who reached different thresholds of change from 
baseline in KCCQ-CSS and 6MWD. The logistic regression 
analysis included baseline value, treatment, and stratification 
factors (HF decompensation within 12 months of screening 
[yes or no], diagnosed type 2 diabetes [yes or no], and baseline 
BMI [<35 or ≥35 kg/m2]) as covariates.

The categorical change in NYHA class and PGIS Overall 
Health (improved, no change, or worsened) from baseline was 
analyzed with a proportional odds model. The response variable 
of the analysis model was the change in class from baseline. 
The independent variables of the model were the categorical 
effect of treatment, stratification factors, and baseline class.

The meaningful within-patient change thresholds of 
improvement for the KCCQ-CSS (20 points) and 6MWD (25 
m) were determined with anchor-based methods based on 
blinded data from the first two-thirds of randomized participants 
in the SUMMIT study. A win ratio, calculated as the number of 
pairs of tirzepatide-treated participants wins divided by num-
ber of pairs of placebo participants wins, was obtained using 
a nonparametric generalized pairwise comparison within each 
stratum based on the following hierarchy: time to all-cause mor-
tality, number and timing of HF events, change from baseline 
in KCCQ-CSS category at 52 weeks (≥10-point worsening, 
≥5- but <10-point worsening or no change [<5-point change]; 
≥5- but <10-point improvement, ≥10- but <15-point improve-
ment, and ≥15-point improvement), and change from baseline 
in the 6MWD category at 52 weeks (≥30% worsening, ≥20% 
and <30% worsening, ≥10% and <20% worsening, no change 
[<10% change], ≥10% and <20% improvement, ≥20% and 
<30% improvement, and ≥30% improvement). Variance and P 
values were calculated with the asymptotic normal U statistics 
approach. The Wilcoxon rank-sum test was used to analyze dif-
ferences in medications. Statistical software used for analysis 
was SAS Enterprise Guide 7.15 and 8.2.

Table.  Characteristics of the Patients at Baseline

Tirzepatide
(n=364)

Placebo
(n=367)

 Demographics

 � Age, y 65.5±10.5 65.0±10.9

 � Women 200 (54.9) 193 (52.6)

 � Race and ethnicity

  �  American Indian, Alaska Native, or 
Pacific Islander

26 (7.1) 24 (6.5)

  �  Asian 58 (15.9) 73 (19.9)

  �  Black or African American 22 (6.0) 14 (3.8)

  �  White 256 (70.3) 256 (69.8)

  �  Other or mixed race 2 (0.5) 0 (0.0)

 � Region

  �  United States 83 (22.8) 68 (18.5)

  �  Latin America 193 (53.0) 197 (53.7)

  �  Asia 58 (15.9) 73 (19.9)

  �  Other 30 (8.2) 29 (7.9)

Cardiovascular history

 � Hospitalization for HF within 12 mo 171 (47.0) 172 (46.9)

 � Coronary artery disease 111 (30.9) 106 (29.1)

 � Atrial fibrillation 95 (26.1) 91 (24.8)

 � Type 2 diabetes 174 (47.8) 178 (48.5)

Symptom status

 � NYHA functional classification class II 262 (72.0) 268 (73.0)

 � NYHA functional classification class 
III–IV

102 (28.0) 99 (27.0)

 � HFpEF-ABA score 0.82±0.16 0.81±0.17

 � KCCQ-CSS 53.9±17.9 53.2±19.0

 � 6MWD (m) 305.0±80.0 300.6±83.5

Structure/function

 � Systolic blood pressure, mm Hg 127.9±13.1 128.2±13.7

 � Heart rate, bpm 71.0±11.2 71.2±10.7

 � Left ventricular ejection fraction, % 61.0±6.5 60.6±6.2

 � NT-proBNP, median (IQR), pg/mL 196 (56, 488) 169 (64, 476)

 � Estimated glomerular filtration rate, 
mL∙min−1∙1.73 m−2

64.5±23.7 64.3±23.5

 � High-sensitivity C-reactive protein, mg/L 5.8±8.5 5.8±8.4

 � Measures of adiposity

  �  Body weight, kg 102.9±21.7 103.1±22.7

  �  BMI, kg/m2 38.3±6.4 38.2±7.0

  �  Waist-to-height ratio, cm 0.73±0.09 0.73±0.09

 Cardiovascular medications

 � Diuretics 267 (73.4) 271 (73.8)

 � RAS and neprilysin inhibitors 293 (80.5) 295 (80.4)

 � Beta-blocker 245 (67.3) 263 (71.7)

 � Mineralocorticoid receptor antagonist 131 (36.0) 125 (34.1)

 � SGLT2 inhibitor 69 (19.0) 57 (15.5)

Values are number (percent) or mean±SD.
6MWD indicates 6-minute walk distance; BMI, body mass index; HF, heart 

failure; IQR, interquartile rage; HFpEF-ABA score, clinical model using age, body 
mass index, and history of atrial fibrillation; KCCQ, Kansas City Cardiomyopathy 
Questionnaire Clinical Summary Score; NT-proBNP, N-terminal prohormone brain 
natriuretic peptide; NYHA, New York Heart Association; RAS, renin-angiotensin 
system; and SGLT2, sodium-glucose cotransporter 2.

Race was self-reported; patients who identified with ≥1 race or with no race were 
classified as other. RAS inhibitors include angiotensin-converting enzyme inhibitors, 
angiotensin receptor blockers, and angiotensin receptor neprilysin inhibitors.
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RESULTS
Patient Characteristics
A total of 731 patients with HFpEF and obesity were 
randomly assigned to receive tirzepatide (n=364) or 
placebo (n=367) at 129 centers in 9 countries (Figure 
S1). The study population displayed typical characteris-
tics of HFpEF: 65.2±10.7 years of age, 53.8% (n=393) 
female, BMI of 38.2±6.7 kg/m2, and substantial HF 
symptom burden and high prevalence of comorbidi-
ties, including diabetes, hypertension, atrial fibrillation, 
and chronic kidney disease. Patient-reported health 
status and exercise capacity were severely impaired 
(mean KCCQ-CSS, 53.5±18.5; 6MWD, 302.8±81.7 
m), and 53% of the participants (n=388) had experi-
enced a hospitalization or urgent care visit for worsen-
ing HF in the preceding 12 months. At baseline, 466 
patients (63.7%) were taking loop diuretics, and 121 
(16.6%) were taking thiazide diuretics. There were no 
baseline differences in those randomized to tirzepatide 
and those randomized to placebo (Table). At 52 weeks, 
by intention to treat, compared with placebo, tirzepatide 
decreased body weight by 11.6% (95% CI, 12.9–10.4; 
P<0.001).

Effect of Tirzepatide on Outcomes
As reported separately,23 tirzepatide reduced the risk 
of the composite of cardiovascular death or worsen-
ing HF events (hazard ratio, 0.62 [95% CI, 0.41–0.95]; 
P=0.026). Favorable effects of tirzepatide were consis-
tently demonstrated in all sensitivity analyses (Figures 1 
and 2). When all-cause mortality was analyzed instead of 
cardiovascular death as a component of the composite, 
the hazard ratio for the primary events end point was 0.67 
(95% CI, 0.46–0.99; P=0.045; Figure 1A). The effect 
of tirzepatide was driven by an effect on worsening HF 
events requiring hospitalization or the use of intravenous 
medications in an urgent care setting; the hazard ratio 
for this analysis was 0.41 (95% CI, 0.22–0.75; P=0.004; 
Figure 1B). The hazard ratios for all sensitivity analyses 
of the primary composite events end point ranged from 
0.41 to 0.67 (Figure 2).

Key Secondary End Points of Health Status and 
Exercise Function
At 52 weeks, compared with placebo, tirzepatide in-
creased KCCQ-CSS (between-group median difference, 

Figure 1. Effects of tirzepatide on 
fatal and HF events. 
A, Effect of tirzepatide on time to first 
all-cause death or worsening heart 
failure (HF) event. In an intention-to-treat 
analysis, tirzepatide significantly reduced 
this end point by 33% compared with 
placebo (hazard ratio [HR], 0.67 [95% 
CI, 0.45–0.99]; P=0.045). Worsening HF 
event was defined as worsening symptoms 
of HF requiring hospitalization, intravenous 
therapy in an urgent care setting, or 
oral diuretic intensification. B, Effect 
of tirzepatide on time to first HF event 
(excluding oral diuretic intensification). In 
an intention-to-treat analysis, tirzepatide 
significantly reduced this end point by 59% 
compared with placebo (HR, 0.41 [95% CI, 
0.22–0.75]; P=0.004).

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.124.072679
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.124.072679
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6.9 points [95% CI, 3.3–10.6]; P<0.001 by intention-to-
treat23; Figure 3A) and a between-group mean differ-
ence of 9.8 points (95% CI, 7.1–12.5; P<0.001) for the 
on-treatment estimand (Figure S2). The treatment differ-
ence was evident at 24 weeks. At 52 weeks, the propor-
tions of subjects who reached threshold changes of ≥5-, 
≥10-, ≥15-, and ≥20-point increase in KCCQ-CSS ac-
cording to intention-to-treat are displayed in Figure 3B. 
Tirzepatide increased the proportion of patients reaching 
each threshold compared with placebo, with odds ra-
tios ranging from 1.8 to 2.0. At 52 weeks, a significantly 
greater proportion of participants treated with tirzepa-
tide met the minimum clinically meaningful improvement 
threshold of 20 points compared with the placebo group 
(47.6% versus 35.2%; odds ratio, 1.82 [95% CI, 1.25–
2.65]; P=0.002).

At 52 weeks, by intention to treat, compared with pla-
cebo, the tirzepatide group showed a greater increase in 
6MWD (between-group median difference, 18.3 m [95% 
CI, 9.9–26.7]; P<0.00123; Figure 4A); the on-treatment 
estimand for the mean effect of tirzepatide was 30.3 m 
(95% CI, 20.3–40.3; P<0.001; Figure S2). The differ-
ence between tirzepatide and placebo was evident at 
24 weeks of treatment. The proportion of subjects who 
reached threshold changes of ≥10-, ≥20-, and ≥30-m 
increase in 6MWD at 52 weeks using intention to treat 
is displayed in Figure 4B, showing odds ratios ranging 
from 2.0 to 2.2. The anchor-based clinically meaningful  

threshold (meaningful within-patient change) for the 
6MWD was 25 m. At 52 weeks, a significantly greater 
proportion of participants treated with tirzepatide met the 
minimum clinically meaningful improvement threshold of 
25 m compared with the placebo group (51.7% versus 
34.0%; odds ratio, 2.1 [95% CI, 1.5–2.9]; P<0.001).

Additional Patient-Centered Measures of Health 
Status
At 52 weeks, by intention to treat, the EQ-5D-5L health 
state index increased by 0.12 (95% CI, 0.10–0.14) in 
the tirzepatide group and by 0.06 (95% CI, 0.04–0.08) 
in the placebo group (between-group difference, 0.06 
[95% CI, 0.03–0.09]; P<0.001; Figure 5A). The differ-
ence between tirzepatide and placebo was also evident 
at 24 weeks of treatment.

In addition, compared with placebo, more patients 
treated with tirzepatide reported improvement in the 
PGIS Overall Health (Figure 5B). At 52 weeks, by inten-
tion to treat, compared with the placebo group, patients 
in the tirzepatide group were more likely to show PGIS 
Overall Health improvement (55.2% versus 38.5%) and 
were less likely to report PGIS Overall Health worsening 
(7.4% versus 11.3%); the proportional odds ratio for a 
favorable effect was 1.99 (95% CI, 1.44–2.76; P<0.001; 
Figure 5B). The difference between tirzepatide and pla-
cebo was also evident at 24 weeks of treatment.

Figure 2. Forest plot examining effects of tirzepatide vs placebo on end-point event rates.
In intention-to-treat analysis, 9 composite and individual event combinations were examined; compared with placebo, tirzepatide produced a 
consistent beneficial effect across all composite and individual event combinations (hazard ratios, 0.41–0.67).

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.124.072679
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Physician-Based Measures of Clinical Status 
and Changes in HF Therapy
At 52 weeks, by intention to treat, participants in the 
tirzepatide group were significantly more likely to show 
improvement and less likely to show worsening NYHA 
functional class (Figure 6A). The proportional odds ratio 
for a favorable shift in NYHA class with tirzepatide ver-
sus placebo was 2.26 (95% CI, 1.54–3.31; P<0.001). 
Differences between tirzepatide and placebo in NYHA 
class were also evident at 24 weeks (Figure 6A).

At 52 weeks, intensification of HF medications in the 
aggregate (inclusive of the use of inhibitors of the renin-
angiotensin system and neprilysin, beta-blockers, miner-
alocorticoid receptor antagonists, SGLT2 inhibitors, and 
diuretics) occurred less frequently in the tirzepatide group, 
whereas the use of these HF medications was reduced 
more frequently in the tirzepatide group (Wilcoxon rank-
sum test, P=0.015; Figure 6B). The differences in changes 
in diuretics (as a single category) was especially notable, 
with ≈50% fewer diuretic dose increases and 50% more 
frequent diuretic dose decreases in the tirzepatide group 
compared with the placebo group (P<0.001).

Other Measures of Tirzepatide Efficacy
Compared with placebo, patients treated with tirzepatide 
were more likely to show clinical benefit according to the 
hierarchical composite end point (win ratio, 1.63 [95% CI,  

1.17–2.28]; P=0.004). The beneficial effect was con-
sistent across each of the individual components of the 
hierarchical end point (Figure S3).

Compared with placebo, there was an ≈10% 
decrease in NT-proBNP levels from baseline at each of 
3 time points in the tirzepatide group (P=0.024 at 12 
weeks; P=0.063 at 24 weeks; P=0.072 at 52 weeks; 
Figure S4).

DISCUSSION
The present report provides a comprehensive analysis of 
the effect of tirzepatide on a broad range of measures 
of HF severity, which included worsening HF events, 
health status, functional capacity, global well-being, qual-
ity of life, exercise tolerance, and medication burden. In 
patients with HFpEF and obesity, tirzepatide demon-
strated a consistent and highly significant beneficial ef-
fect on multiple orthogonal metrics of disease severity 
at all measured time points. All sensitivity analyses of 
worsening HF events demonstrated a major reduction in 
exacerbations of HF, with hazard ratios of 0.41 to 0.67. 
In addition, every prespecified measurement of patient- 
and physician-reported health status, functional capacity, 
quality of life, patient global impression of severity overall 
health, exercise tolerance, and medication burden was 
substantially improved by tirzepatide compared with pla-
cebo.

Figure 3. Effects of tirzepatide on Kansas City Cardiomyopathy Questionnaire. 
A, Effect of tirzepatide on change from baseline in Kansas City Cardiomyopathy Questionnaire-Clinical Summary Score (KCCQ-CSS) at 24 
and 52 weeks of treatment. In an intention-to-treat analysis, compared with placebo, tirzepatide increased KCCQ-CSS with a between-group 
difference of 6.9 points (95% CI, 3.3–10.6; P<0.001). B, Effect of tirzepatide on the proportion of participants achieving KCCQ-CSS thresholds 
of ≥5, 10, 15, and 20 points. In intention-to-treat analysis and with prespecified imputation procedures for missing data, tirzepatide increased the 
proportion of subjects reaching each threshold compared with placebo, with odds ratios ranging from 1.8 to 2.0. *P<0.01, tirzepatide vs placebo.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.124.072679
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Our findings are broadly similar to those reported for 
semaglutide in patients with HFpEF and obesity.19,20 In 
STEP-HFpEF (Research Study to Investigate How Well 
Semaglutide Works in People Living With Heart Failure 
and Obesity) and STEP-HFpEF-DM (Research Study 
to Look at How Well Semaglutide Works in People Liv-
ing With Heart Failure, Obesity and Type 2 Diabetes),  
glucagon-like peptide-1 receptor agonism alone improved 
KCCQ-CSS, 6MWD, and NYHA class and reduced the 
need for diuretics,19,20,26,27 but these trials did not report 
effects on other patient-centered measures of quality 
of life and well-being (ie, EQ-5D-5L and PGIS Overall 
Health). In the SUMMIT trial, we showed an improvement 
in numerous measures of the clinical trajectory of HF, 
although patients in the tirzepatide group underwent less 
intensification of background therapy for HF and were 
more likely to have a reduction in the doses of HF treat-
ments. The STEP-HFpEF program reported a decrease 
in worsening HF events with semaglutide in exploratory 
analyses28; in contrast, cardiovascular death and wors-
ening HF events made up the primary end point of the 
SUMMIT trial. In the SUMMIT trial, the reduced risk of 
HF events was related primarily to substantially fewer 
exacerbations of HF requiring hospitalization or the use 
of intravenous medications in an urgent care setting.

The substantial effects of tirzepatide in the SUM-
MIT trial should be contrasted with the modest effects 
seen with neurohormonal antagonists and SGLT2 inhibi-

tors in large-scale trials of patients with HFpEF. In the 
PARAGON-HF trial (Efficacy and Safety of LCZ696 
Compared to Valsartan, on Morbidity and Mortality in 
Heart Failure Patients With Preserved Ejection Fraction), 
neprilysin inhibition reduced the risk of cardiovascular 
death and total hospitalizations by 13%, improved KCCQ 
by 1.0 points, and had no overall effect on the EuroQol 
Visual Analog Scale.3,9 In the EMPEROR-Preserved trial 
(Empagliflozin Outcome Trial in Patients With Chronic 
Heart Failure With Preserved Ejection Fraction) and 
DELIVER trial (Dapagliflozin Evaluation to Improve the 
Lives of Patients With Preserved Ejection Fraction Heart 
Failure), SGLT2 inhibition reduced the risk of cardiovas-
cular death and worsening HF events by 18% to 21%4,5 
and improved KCCQ-CSS by 1.5 to 2.3 points, with 
odds ratios for threshold improvements in KCCQ-CSS 
of 1.1 to 1.2,10,11 and SGLT2 inhibition did not improve 
6MWD in patients with HFpEF in 2 trials.29,30 Somewhat 
more meaningful effects of SGLT2 inhibitors on KCCQ 
and 6MWD have been reported in patients with HFpEF 
and obesity.31 In FINEARTS-HF (Study to Evaluate the 
Efficacy [Effect on Disease] and Safety of Finerenone 
on Morbidity [Events Indicating Disease Worsening] & 
Mortality [Death Rate] in Participants With Heart Fail-
ure and Left Ventricular Ejection Fraction [Proportion 
of Blood Expelled Per Heart Stroke] Greater or Equal 
to 40%), finerenone reduced the risk of cardiovascular 
death and worsening HF events by 16%6 and improved 

Figure 4. Effect of tirzepatide on exercise tolerance and health status.
A, Effect of tirzepatide on change from baseline in 6-minute walk distance (6MWD). In an intention-to-treat analysis, compared with placebo, 
tirzepatide increased 6MWD with a between-group difference of 18.3 m (95% CI, 9.9, 26.7; P<0.001) at 52 weeks. B, Effect of tirzepatide on 
the proportion of subjects who reached threshold changes of ≥10-, ≥20-, and ≥30-m increase in 6MWD. In intention-to-treat analysis and with 
prespecified imputation procedures for missing data, tirzepatide increased the proportion of subjects reaching each threshold compared with 
placebo, with odds ratios ranging from 2.2 to 2.0. *P<0.001, tirzepatide vs placebo.
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KCCQ-CSS by 1.1 points, with odds ratios for threshold 
improvements in KCCQ-CSS of ≈1.1.12 In many of these 
trials,11,12 patients with a KCCQ-CCS >80 to 85 at base-
line who maintained this score after randomization were 
considered to have improved 15 to 20 points, even if their 
KCCQ scores had not actually changed; we did not use 
such imputations in the SUMMIT trial. In the SUMMIT 
trial, tirzepatide reduced the risk of cardiovascular death 
or worsening HF events by 38% and improved KCCQ-
CSS by 6.9 points, as well as 6MWD, EQ-5D-5L health 
state index, and PGIS Overall Health; the odds ratios for 
threshold changes in all these metrics were 1.8 to 2.2. 
The magnitude of the tirzepatide-mediated improvement 
in the win ratio was large and similar to the effect of 
transcatheter mitral valve repair in patients with HF and 
secondary mitral regurgitation.32

A large proportion of patients with HFpEF and obe-
sity have circulating levels of NT-proBNP in the normal 
range33–35 or lower than those that have been used to 
qualify patients for participation in large-scale HFpEF tri-
als. However, these patients were allowed to participate 
in the SUMMIT trial; thus, the median NT-proBNP in our 
trial was <200 pg/mL. This level was significantly lower 

than that in the STEP-HFpEF program (median, ≈470 
pg/mL)36 and substantially lower than in other large-
scale outcome trials in HFpEF (median 900–1400 pg/
mL).3–6 Despite the lower NT-proBNP levels, patients 
enrolled in SUMMIT had a significantly increased rate of 
cardiovascular death or worsening HF events because 
patients were required to have a KCCQ-CSS <80 and 
impaired renal function or a recent worsening HF event.23 
It should be noted that marked weight loss in patients 
with obesity produced by bariatric surgery or intense 
calorie restriction leads to 2- to 5-fold increases in NT-
proBNP,37,38 potentially related to greater ventricular dis-
tention as a result of relief of adiposity-related chamber 
constraint.39 This increase in NT-proBNP may contribute 
to the natriuresis observed after marked weight loss.40 
However, these expected increases in NT-proBNP may 
not be observed in HFpEF if the treatment produces a 
meaningful improvement in HF. It is therefore noteworthy 
that despite between-group weight loss of 11.6% and 
a reduced use of diuretics, tirzepatide decreased NT-
proBNP by ≈10% in the SUMMIT trial. The magnitude 
of the decline in NT-proBNP was less marked than the 
18% decrease observed in the STEP-HFpEF trials,36 

Figure 5. Effect of tirzepatide on 
change from baseline in EQ-5D-5L 
health state index and PGIS Overall 
Health.
A, Effect of tirzepatide on change from 
baseline in EQ-5D-5L health state 
index. At 52 weeks, in an intention-
to-treat analysis, tirzepatide increased 
EQ-5D-5L health state index with a 
between-group difference of 0.06 (95% 
CI, 0.033–0.087; P<0.001). B, Effect of 
tirzepatide on change in Patient Global 
Impression of Severity (PGIS) Overall 
Health. At 24 weeks, the tirzepatide group 
by intention to treat was more likely to 
show improvement in PGIS Overall Health 
(55.2% vs 40.4%) and less likely to report 
worsening in PGIS Overall Health (9.1% 
vs 11.5%). Proportional odds ratio (OR) 
for improvement in PGIS Overall Health 
with tirzepatide vs placebo was 1.68 (95% 
CI, 1.22–2.29; P=0.001). At 52 weeks, 
tirzepatide group by intention to treat was 
more likely to show improvement in PGIS 
Overall Health (55.2% vs 38.5%) and less 
likely to report worsening in PGIS Overall 
Health (7.4% vs 11.3%). Proportional OR 
for improvement in PGIS Overall Health 
with tirzepatide vs placebo was 1.99 
(95% CI, 1.44–2.76; P<0.001). *P<0.001, 
tirzepatide vs placebo.
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potentially because of our much lower baseline value 
and because of the smaller decrease in body weight 
produced by semaglutide (ie, ≈8%–9%) compared with 
tirzepatide.

The favorable effects of tirzepatide on HF may be 
related to an amelioration of the blood volume expansion 

that characterizes obesity-related HF,41 and the decrease 
in adipocyte mass would be expected to minimize the 
antinatriuretic effects of secreted adipocytokines (par-
ticularly leptin and aldosterone).42–44 In addition, shrink-
age of fat depots would diminish the proinflammatory 
phenotype of hypertrophied fat cells; this inflammatory 

Figure 6. Effect of tirzepatide on change in NYHA class and medication use.
A, Effect of tirzepatide on change in New York Heart Association (NYHA) class. Tirzepatide improved NYHA class at 52 weeks with a proportional 
odds ratio for improvement in ≥1 NYHA classes of 2.26 (95% CI, 1.54–3.31). B, Effect of tirzepatide on change in medications from baseline to 
end of follow-up by intention-to-treat analysis. Intensification of heart failure (HF) medications (inclusive of the use of inhibitors of the renin-
angiotensin system and neprilysin, beta-blockers, mineralocorticoid receptor antagonists, and diuretics) occurred less frequently in the tirzepatide 
group; use of these HF medications was reduced more frequently in the tirzepatide group (P=0.015; left). Similar results occurred in changes in 
diuretics (P<0.001; right).
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response is manifest both systemically and locally by 
virtue of deleterious paracrine influence of epicardial 
adipose tissue.45,46 The lessened secretion of inflamma-
tory adipocytokines might act to alleviate coronary endo-
thelial inflammation with secondary beneficial effects 
on microvascular rarefaction and myocardial fibrosis, 2 
important mechanisms in the pathogenesis of HFpEF.46–

48 It is noteworthy that glucose-dependent insulinotro-
pic polypeptide receptors are abundant in epicardial 
adipocytes,49 and the action of tirzepatide on glucose- 
dependent insulinotropic polypeptide receptors may pro-
duce incremental anti-inflammatory effects.44,50

The results of the present study should be consid-
ered in light of its strengths and limitations. The trial 
was prospectively designed to evaluate the long-term 
effects of tirzepatide on the risk of major adverse HF 
outcomes, but the effects on KCCQ-CSS, 6MWD, EQ-
5D-5L health state index, PGIS Overall Health, and 
NYHA functional class were designed to be assessed 
only at 24 and 52 weeks. It is noteworthy that the 
effects of tirzepatide on these measures of symptom 
burden, exercise capacity, and quality of life were more 
pronounced at 52 weeks than at 24 weeks, but further 
study of the durability of these benefits beyond 1 year 
is warranted.

Conclusions
The treatment of patients with HFpEF and obesity with 
tirzepatide produced a broad spectrum of large and 
clinically meaningful benefits on the trajectory of HF, 
evident across multiple domains and including improved 
health status and well-being, enhanced functional ca-
pacity and exercise tolerance, reduced symptom and 
medication burden, and prevention of worsening HF 
events.
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