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Obesity is a major risk factor for heart failure with preserved ejection fraction (HFpEF) and contributes through multiple 
pathophysiological pathways, including systemic inflammation, neurohormonal activation, and mechanical inhibition. The 
treatment of obesity has shown significant potential for improving HFpEF outcomes. Sodium-glucose cotransporter 2 inhib-
itors have emerged as effective treatments for improving symptoms and quality of life in patients with HFpEF while aiding 
in weight control. Furthermore, a recent demonstration of the clinical benefits of glucagon-like peptide-1 receptor agonists 
(GLP-1 RAs) in HFpEF showed promising results in reducing weight loss, and improving symptoms and clinical outcomes. In 
this review article, we discuss the association between HFpEF and obesity, the emerging role of GLP-1 RAs, and future direc-
tions for medical therapies targeting obesity-associated HFpEF. 
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INTRODUCTION

Heart failure (HF) is a leading cause of morbidity and mortal-
ity worldwide. Despite advances in the treatment of HF, its 
prevalence continues to increase, and it is becoming more 
common in Korea [1-3]. HF is classified according to the 
ejection fraction (EF) of the left ventricle (LV) as HF with pre-
served EF (HFpEF), HF with mildly reduced EF (HFmrEF), and 
HF with reduced EF (HFrEF). Of these, HFpEF is estimated to 
account for more than 50% of all HF cases, and its progno-
sis is similar to that of HFrEF, making its diagnosis and treat-
ment important [4]. HFpEF is difficult to diagnose owing to 
its highly heterogeneous phenotype and multiple causes 
[5-7]. Unlike HFrEF, which has a definite treatment option, 
there are no established medical therapies for HFpEF except 
for sodium-glucose cotransporter 2 (SGLT2) inhibitors and 
finerenone, which have been shown in recent clinical trials 
to be effective in preventing death and HF rehospitalization 
[8-10]. Instead, HFpEF requires emphasizing the manage-

ment of each patient’s comorbidities [11-13]. 
Obesity is a major contributor to HFpEF, with evidence 

suggesting it is more closely associated with HFpEF than 
HFrEF. Up to 80% of patients with HFpEF in Western coun-
tries are reported to be overweight or obese [11]. Obesity 
is a chronic and complicated disease characterized by the 
accumulation of excess fat, which can compromise health. 
Obesity is defined as a state of increased fat accumulation, 
with a body mass index (BMI) of 30 or greater in the inter-
national definition and 25 or greater in Korea. The preva-
lence of obesity continues to increase worldwide, and the 
prevalence of obesity in Korea has also continued to rise, 
now standing at 38.4% [14]. The growing prevalence of 
obesity is also driving an increase in the prevalence of HF. 
BMI or waist circumference is a surrogate marker of fatness 
and is considered a strong predictor of HF, as several studies 
have shown a correlation between increased BMI or waist 
circumference and the development of HF [15-18]. Obesity 
is a risk factor for HFpEF on its own; it may also be a risk 
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factor for several metabolic conditions such as diabetes, 
chronic kidney disease, and hypertension, which can lead 
to HFpEF [19]. However, the obesity paradox should not be 
overlooked. Although obesity is a significant risk factor for 
HF, patients with obesity previously diagnosed with HF of-
ten exhibit better prognoses and lower mortality rates than 
those without obesity, a phenomenon known as the obesity 
paradox [20]. This may be attributed to the limitations of 
BMI, which does not differentiate between fat and muscle 
mass [21]. Patients with obesity tend to maintain a relative-
ly higher muscle mass, which can enhance cardiac output 
and systemic blood flow, thereby improving survival rates. In 
contrast, the absence of sufficient muscle mass may worsen 
HF outcomes, leading to a poorer prognosis in patients with 
a lower BMI.

In patients with obesity, weight loss alone has the advan-
tage of ameliorating hemodynamic abnormalities via several 
mechanisms. Weight loss reduces the heart rate, mean arte-
rial pressure, resting oxygen consumption, pulmonary cap-
illary wedge pressure, and mean pulmonary arterial pres-
sure. It also reduces systemic inflammation and mechanical 
inhibition, and alters tissue metabolism. It is associated with 
a lower risk of HF and improves both diastolic dysfunction 

and ventricular remodeling [22-26]. In recent years, glu-
cagon-like peptide-1 receptor agonists (GLP-1 RAs) have 
demonstrated effective weight loss outcomes, and upcom-
ing drugs such as GLP-1 RA combination agents have also 
raised expectations for effective weight loss [27,28]. In ad-
dition to effective weight loss, these drugs are expected to 
provide potential therapeutic benefits to patients with HF-
pEF, including improved symptoms and prognoses through 
hemodynamic improvements.

In this review article, we aimed to (1) confirm the associ-
ation between HFpEF and obesity, (2) introduce the mech-
anisms and recent studies on GLP-1 RAs in HFpEF, and (3) 
suggest future therapeutic directions for obesity-associated 
HFpEF. 

PATHOPHYSIOLOGY OF OBESITY IN HFpEF

Obesity contributes to HFpEF via several mechanisms (Fig. 1).  
In particular, obesity is strongly associated with atrial remod-
eling and pulmonary hypertension [29-31]. Obesity leads to 
increased fluid volume and diastolic dysfunction, which in-
crease left atrial pressure, and sustained elevated pressure 

Figure 1. Pathophysiology of obesity and HFpEF. Obesity contributes to HFpEF via several mechanisms. HFpEF, heart failure with pre-
served ejection fraction; CRP, C-reactive protein; TGF, transforming growth factor; IL, interleukin; SNS, sympathetic nervous system; RAAS, 
renin-angiotensin-aldosterone system; HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery disease; SVR, systemic vascular 
resistance; SV, stroke volume; NP, neprilysin; LV, left ventricle.
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causes left atrial dilatation. This atrial remodeling leads to 
decreased atrial function and left ventricular diastolic dys-
function. It also affects the pulmonary veins and capillaries, 
and a sustained pressure load causes pulmonary hyperten-
sion owing to the dysfunction of pulmonary vascular endo-
thelial cells and vascular smooth muscle thickening. These 
circumstances contribute to the development of HFpEF, 
leading to HF symptoms and a reduced quality of life. 

Physiologically, the adipose tissue exerts a protective ef-
fect on the heart by secreting adipokines that reduce cardi-
ac hypertrophy, inflammation, and fibrosis. However, with 
the accumulation of excessive amounts of adipose tissue, 
adipokines switch to proinflammatory cytokines, causing 
damage to myocytes and systemic inflammation of the 
entire organ, which has adverse structural and functional 
effects on blood vessels and visceral organs [32-35]. Leptin 
is a major adipokine that regulates food intake and energy 
expenditure by acting on the sympathetic nervous system 
(SNS) and renin-angiotensin-aldosterone system (RAAS) to 
regulate neuroendocrine function and metabolism. Howev-
er, in patients with obesity, the sensitivity of leptin receptors 
decreases, and leptin resistance increases, leading to a de-
crease in satiety signals and energy consumption, resulting 
in a relatively greater increase in fat mass [36]. In addition, 
the SNS and RAAS are constantly activated, resulting in a de-
crease in cardioprotective effects [37-39]. Other adipokines, 
such as resistin and adiponectin, induce cardiac hypertrophy 
and impair contractility with an increased N-terminal pro-
hormone of brain natriuretic peptide (NT-proBNP), which 
adversely affects the risk of HF [23,40-42]. Consequently, in 
patients with obesity, the increased secretion of adipokines 
reduces their cardioprotective effects. In addition, elevated 
levels of C-reactive protein (CRP), a marker of inflammation, 
and increased secretion of transforming growth factor (TG-
F)-β, interleukin (IL)-1, and IL-18, which increase the risk of 
myocardial hypertrophy, fibrosis, and cardiac dysfunction, 
have been identified in obesity, leading to myocardial hyper-
trophy and fibrosis and eventually contributing to the devel-
opment of HF [43,44]. Microvascular damage and fibrosis 
caused by inflammation leads to vascular stiffness, which 
may contribute to the development of HFpEF [45,46]. This 
inflammation can also affect visceral organs other than the 
heart, leading to conditions such as hypertension, diabetes, 
dyslipidemia, kidney disease, and coronary artery disease, 
which are common comorbidities in patients with HFpEF. 

 Obesity causes excessive vasodilation, decreased system-

ic vascular resistance and blood flow, and increased stroke 
volume without heart rate changes, resulting in high cardiac 
output [47]. Without adequate vascular resistance, suffi-
cient tissue perfusion is not achieved, resulting in reduced 
oxygenation and activation of neurohormonal responses. 
Accordingly, the body recognizes that the effective blood 
volume is insufficient, and activates the RAAS and SNS. In 
addition, adipose tissue increases aldosterone levels by di-
rectly participating in aldosterone synthesis, and indirectly 
increases aldosterone secretion from the adrenal gland via 
leptin or catecholamines [38]. In obesity, neprilysin levels are 
increased in addition to leptin and aldosterone levels. This 
promotes natriuretic peptide degradation, and the overpro-
duction of aldosterone and natriuretic peptide degradation 
lead to sodium retention, which affects plasma volume ex-
pansion and causes long-term changes in cardiac structure 
and function. HF exacerbates the overproduction of aldo-
sterone and increases neprilysin levels, which in turn exacer-
bates HF and creates a vicious cycle [48]. 

In addition, insulin resistance develops in obesity [49]. 
The myocardium utilizes glucose and fatty acids as its main 
energy sources; however, in the presence of insulin resis-
tance, changes in myocardial metabolism lead to increased 
fatty acid oxidation, which reduces myocardial efficiency, 
resulting in decreased (LV) contractility [50]. In addition, 
myocardial lipotoxicity, in which triglycerides or excess fatty 
acids accumulate in the myocardial tissue, affects cardiac 
remodeling, leading to myocardial damage and cardiac fi-
brosis [51].  

Moreover, increased fat mass produces pathological me-
chanical forces that restrict myocardial movement, result-
ing in heart stiffness and difficulty in respiratory ventilation 
[52-54]. Epicardial fat normally supports and protects the 
myocardium via mechanical cushioning. However, in pa-
tients with obesity, large amounts of epicardial fat cause 
mechanical inhibition, making it difficult for the LV to com-
pensate for the expanded volume. This increases ventricular 
filling pressure and causes left ventricular diastolic dysfunc-
tion. In addition, restrictive ventilation disorders due to chest 
wall restriction can also occur, resulting in resting and exer-
cise-related respiratory disorders [55].

However, the association between obesity and HFrEF is 
still poorly understood, and obesity is not a universally ob-
served cause, as in HFpEF. The impact of obesity on HFrEF 
has been largely attributed to its role as a risk factor for oth-
er cardiovascular (CV) diseases such as coronary artery dis-
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ease or hypertension; however, recent studies have shown 
that in patients with non-ischemic cardiomyopathy, obesity 
may be a causative factor independent of idiopathic cardio-
myopathy, suggesting that obesity may contribute to HFrEF 
by altering myocardial energetics or metabolism [56-58]. In 
addition, altered hemodynamics, mechanical effects, and 
systemic inflammation, which are the main mechanisms in 
the development of HFpEF, may ultimately act as major ex-
acerbating factors of HFrEF [59]. The mechanisms through 
which obesity contributes to the pathogenesis of HFrEF re-
quire further investigation. 

TREATMENTS FOR OBESITY IN HF 

Current guidelines emphasize weight loss in patients with 
HF, particularly in those with a BMI of 35 or more [13,60,61]. 
The benefits of weight loss in obesity-related HF have been 

suggested by several studies, but data are limited, and clin-
ical trials are lacking. Lifestyle modifications such as diet 
and exercise can reduce body weight, improve HF symp-
toms, and reduce the incidence of HF; however, weight loss 
through lifestyle modifications alone is limited [62]. There 
are some reports of favorable clinical outcomes in patients 
with HFpEF who have undergone bariatric surgery; howev-
er, there are no randomized clinical trials, and bariatric sur-
gery is an invasive treatment. Therefore, anti-obesity drugs 
are becoming increasingly important and there is a need 
to study their effectiveness in the treatment of HF. In this 
context, a recent publication on the weight loss effects of 
GLP-1 RAs and their effectiveness in patients with HFpEF 
raises hope for the future role of anti-obesity drugs in HFpEF 
(Table 1). 

Previous anti-obesity drugs and CV benefit
Anti-obesity drugs introduced before GLP-1 RAs were ef-

Table 1. GLP-1 RA-based anti-obesity drugs

Name Category Frequency
Weight loss effect

(from baseline)
CV or HF outcome effect

Liraglutide GLP-1 RA Once daily -5.6 kg more than 
placebo

-5%: 63.2% of patients
-10%: 33.1% of patients

CV outcome 
13% risk reduction [77]

HFrEF 
No improvement of LV systolic function [83] 
No reduction of death or HF hospitalization 
rates [113]

Semaglutide GLP-1 RA Once weekly -10.7% CV outcome 
20% risk reduction [79]

HFrEF 
Reduce CV outcome and HF event [86]

HFpEF 
Improve KCCQ, 6MWT [87] 
Reduce of death and HF hospitalization [86]

Tirzepatide GLP-1 RA + GIP Once weekly -20.9% Ongoing (NCT04847557, NCT05556512)

Survodutide GLP-1 RA + GCGR Once weekly -14.9% Ongoing (NCT06077864)

Pemvidutidea) GLP-1 RA + GCGR Once weekly - -

Retatrtide GLP-1 RA + GIP + 
GCGR

Once weekly -24.2% Ongoing (NCT05882045)

Orforglipron GLP-1 RA (oral) Once daily -14.7% Ongoing (NCT05803421)

Cargrilintide/semaglutide GLP-1 RA 
+ amylin analogue

Once weekly -15.6% Ongoing (NCT05669755)

GLP-1 RA, glucagon-like peptide-1 receptor agonist; CV, cardiovascular; HF, heart failure; GIP, glucose-dependent insulin-tropic 
polypeptide; GCGR, glucagon receptor; HFrEF, HF with reduced ejection fraction; LV, left ventricle; HFpEF, HF with preserved ejec-
tion fraction; KCCQ, Kansas City Cardiomyopathy Questionnaire; 6MWT, 6-minute walk test.
a)Phase 1 and phase 2 trials underway.
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fective for weight loss; however, their benefits on CV out-
comes remain unclear. Agents such as fenfluramine and 
sibutramine were removed because they increased the risk 
of significant valvular heart disease, myocardial disease, and 
stroke [63,64]. Phentermine is contraindicated in patients 
with CV risk factors because it increases the heart rate and 
blood pressure, which can increase the risk of arrhythmias, 
ischemic heart disease, and HF. Extended-release phenter-
mine-topiramate reduces blood pressure without signifi-
cantly changing heart rate, but its safety in CV disease has 
not been proven [65,66]. Tetrahydrolipstatin, also known 
by the trade name 'Orlistat', is a common anti-obesity drug 
that improves blood pressure, blood glucose, and hyperlip-
idemia; however, studies on patients with HF or CV risk fac-
tors are limited [67-69]. 

GLP-1 and GLP-1 RA
Food ingestion triggers the release of incretins from the gut, 
prolonging gastric emptying and promoting satiety, leading 
to reduced food intake and weight loss [70]. GLP-1 is a major 
incretin that promotes glucose-dependent insulin secretion 
from pancreatic beta cells and decreases glucose-depen-

dent glucagon secretion from alpha cells, thereby increasing 
glucose uptake in peripheral tissues and inhibiting glucone-
ogenesis in the liver [70-72]. GLP-1 receptors are expressed 
in various organs and are associated with atrial and ventric-
ular cardiomyopathies [73,74]. GLP-1 has multiple functions 
in addition to glycemic control and weight loss. Therefore, 
GLP-1 RA may act on multiple organs to reduce atheroscle-
rosis-related events, exert anti-inflammatory effects, im-
prove endothelial function, and modify risk factors through 
glycemic control (Fig. 2) [72,75].

Current evidence of GLP-1 RAs for weight loss 
and CV disease 
The main GLP-1 RAs, liraglutide and semaglutide, have 
been approved by the Food and Drug Administration for 
the treatment of obesity. Liraglutide resulted in 5.6 kg more 
weight loss than placebo, with 63.2% achieving a weight 
loss of at least 5% from baseline and 33.1% achieving a 
weight loss of at least 10% [76]. It has also been shown 
to reduce major adverse cardiovascular events (MACE) by 
13% in patients with diabetes [77]. The STEP (Semaglutide 
Treatment Effect in People with Obesity) program, which 

Figure 2. Mechanisms of GLP-1 and GIP. GLP-1 and GIP are secreted by the intestine following food intake. In the brain, it promotes sati-
ety and loss of appetite; in the pancreas, GLP-1 increases insulin levels and decreases glucagon levels, whereas GIP increases both insulin 
and glucagon levels. Unlike GLP-1, GIP acts on subcutaneous white adipose tissue. GLP-1 and GIP are responsible for blood sugar control, 
weight loss, and anti-inflammatory, anti-atherosclerotic, and endothelial functions. Ultimately, these actions play a positive role in HFpEF. 
GLP-1, glucagon-like peptide-1; GIP, glucose-dependent insulin-tropic polypeptide; HFpEF, heart failure with preserved ejection fraction.
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explored the weight loss effects of semaglutide, found that 
a weekly dose of 2.4 mg plus lifestyle modification result-
ed in a weight loss of approximately 10% from baseline, 
regardless of diabetes status or race [78]. Semaglutide has 
also been shown to improve CV outcomes, with the SELECT 
(Semaglutide Effects on Cardiovascular Outcomes in People 
with Overweight or Obesity) trial confirming that semaglu-
tide reduced the composite risk of death from CV causes, 
non-fatal myocardial infarction, or non-fatal stroke in pa-
tients with obesity by 20% compared to controls [79,80].    

Current evidence of GLP-1 RAs for HFrEF
Most clinical trials for GLP-1 RAs did not consider HF hospi-
talization as a main outcome, so HF-related outcomes were 
of little interest, but one meta-analysis reported that GLP-
1 RA could reduce HF admission by approximately 11%, 
which led us to hypothesize that GLP-1 RAs might be ben-
eficial for HF-related events [81,82]. However, in the LIVE 
(Effect of Liraglutide on Left Ventricular Function in Stable 
Chronic Heart Failure Patients) study, which investigated 

the effect of GLP-1 RAs on LV systolic function in patients 
with EF ≤ 45%, liraglutide did not demonstrate improve-
ment in LV systolic function, but rather increased heart rate 
and cardiac adverse events [83,84]. In addition, in patients 
with HFrEF with EF ≤ 40%, liraglutide did not reduce the 
death or HF hospitalization rates [85]. In contrast, a recent 
pre-specified analysis of the SELECT trial for semaglutide 
and CV outcomes in patients with obesity and prevalent HF 
confirmed the efficacy of semaglutide in patients with HFrEF 
[86]. This study clearly demonstrated a reduction in MACE, 
CV death, and HF hospitalization in patients with HF, and 
the risk reduction was more pronounced in patients with 
HFrEF. Therefore, the effectiveness of GLP-1 RAs in HFrEF 
requires further investigation.

Current evidence of GLP-1 RAs for HFpEF
In non-obese patients with HFpEF, weight loss is associat-
ed with increased all-cause mortality or rehospitalization 
rates and worsening physical function or nutritional status. 
However, in patients with obesity and HFpEF, weight loss 

Table 2. Summary of clinical outcomes in patients with HFpEF in semaglutide related trials

Trial
Enrollment of  
participants
(overall No.)

No. of  
participantsa)

(semaglutide/ 
placebo)

No. of events (semaglutide/placebo)
Incidence rate per 100 person-years (semaglutide/placebo)

Hazard ratio (95% confidence interval) 

Composite of CV death 
or worsening HF event

Worsening HF event CV death

STEP-HFpEF Obesity–related HFpEF 
(n = 529)

263/266 1/12
0.3/4.2

0.08 (0.00–0.42)

1/12 
0.3/4.2

0.08 (0.00–0.042)

No events

STEP-HFpEF 
DM

Obesity–related HFpEF 
with DM (n = 616)

310/306 9/20 
2.7/6.2

0.46 (0.20–0.98)

7/18 
2.1/5.5

0.40 (0.15–0.92)

2/4 
0.6/1.2

0.49 (0.07–2.53)

SELECT Atherosclerotic 
cardiovascular disease 
and overweight or 
obesity (n = 17,604)

1,174/1,099 53/66 
1.4/1.8

0.75 (0.52–1.07)

17/27 
0.4/0.7

0.5 (0.31–1.06)

40/43 
1.0/1.2

0.87 (0.56–1.34)

FLOW DM and CKD  
(n = 3,533)

167/158 40/40 
8.1/9.2

0.87 (0.56–1.36)

29/29 
5.9/6.7

0.88 (0.53–1.48)

17/19 
3.2/4.0

0.78 (0.40–1.51)

Overall 103/138 
2.1/3.0

0.69 (0.53–0.89) 
p = 0.0045

54/86 
1.1/1.8

0.59 (0.41–0.82)
p = 0.0019

59/67 
1.2/1.4

0.82 (0.57–1.16)
p = 0.25

HF, heart failure; HFpEF, HF with preserved ejection fraction; CV, cardiovascular; DM, diabetes mellitus; CKD, chronic kidney disease.
a)Only for HFpEF.
This table was modified from reference [91].
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is associated with improved peak oxygen consumption, 
exercise capacity, and symptoms, and reduced HF events, 
rehospitalization rates, and ventricular remodeling. Recent 
studies have shown a clear clinical benefit of GLP-1 RA in 
HFpEF, in contrast to the findings in HFrEF. The STEP-HFpEF 
trial administered 2.4 mg of semaglutide weekly to patients 
with obesity and HFpEF to determine the effectiveness of a 
composite of change in Kansas City Cardiomyopathy Ques-
tionnaire (KCCQ) score, change in body weight, change in 
6-minute walk test, and composite outcome of death and 
HF hospitalization or urgent visit [87]. Over 52 weeks, the 
placebo group improved to 8.7 points and the semaglutide 
group to 16.6 points of KCCQ score, a difference of 7.8  
(p < 0.001). Weight loss was 13.3% in the semaglutide 
group, 10.7% greater than that in the placebo group. 
The 6-minute walk test showed a significant difference of 
21.5 meters in the semaglutide group and 1.2 meters in 
the placebo group. The overall outcome was also better 
in the semaglutide group with a win ratio of 1.72 (95% 
confidence interval [CI], 1.37–2.15; p < 0.001), and CRP, a 
marker of inflammation, changed by -43.5% from the base-
line in the semaglutide group, compared to +7.3% from 
the baseline in the placebo group. Consequently, semaglu-
tide not only provided effective weight loss in patients with 
obesity and HFpEF but also improved symptoms, quality 
of life, exercise tolerance, and clinical outcomes. Similarly, 

the STEP-HFpEF DM (Semaglutide in Patients with Obe-
sity-Related Heart Failure and Type 2 Diabetes) trial in 
patients with obesity, HFpEF, and diabetes showed similar 
results to STEP-HFpEF over a one-year follow-up period [88]. 
Semaglutide has been shown to improve symptoms asso-
ciated with congestion and volume overload, while reduc-
ing or maintaining doses in patients taking loop diuretics, 
and a reduction in NT-proBNP has been observed [79,89]. 
The reduction in NT-proBNP levels was more pronounced in 
lean patients than in patients with obesity, suggesting that 
NT-proBNP may have effects other than weight loss [90]. In 
a pooled analysis of clinical trials for semaglutide, semaglu-
tide reduced the composite risk of CV death and HF events 
(hazard ratio [HR], 0.69; 95% CI, 0.53–0.89; p = 0.0045) 
and also significantly reduced the risk of worsening HF (HR, 
0.59; 95% CI, 0.41–0.82; p = 0.0019) (Table 2) [91]. Recent-
ly, the PRAISE HFpEF DM study, a multicenter observational 
cohort study conducted in the United States, was presented 
[92]. This study evaluated the impact of GLP-1 RAs on clini-
cal outcomes, specifically, a composite of HF hospitalization 
and all-cause mortality—in 1,024 patients with obesity and 
HFpEF compared with 796 controls receiving dipeptidyl pep-
tidase inhibitors or sulfonylureas. The results demonstrated 
a 20% reduction in the risk of the primary outcomes in the 
GLP-1 RA group (HR, 0.80; 95% CI, 0.68–0.99).

The mechanism of action of GLP-1 RAs in HFpEF remains 

Table 3. Change of body weight, NT-proBNP, KCCQ score, and 6MWT in clinical trials for patients with heart failure with 

preserved ejection fraction

Drug
Body weight  

(from baseline)
NT-proBNP KCCQ score 6MWT

Semaglutide -10.7% (95% CI, -11.9 to 
-9.4; p < 0.001) [87]

Estimated treatment ratio: 0.82 
(95% CI, 0.74–0.91;  
p = 0.0002) [96]

KCCQ-CSS, 7.8 points (95% 
CI, 4.8–10.9; p < 0.001) [87]

20.3 m (95% CI, 8.6–32.1; 
p < 0.001) [87]

Dapagliflozin -3.5 kg (95% CI, -5.9 to 
-1.1; p = 0.006) [114]

Geometric mean ratio: 0.92 
(95% CI, 0.88–0.96) [115]

KCCQ-TSS, 3.7 points (95% 
CI, 1.5–5.9; p = 0.005) [8]

2.5 m (95% CI, -3.5 to 8.4;  
p = 0.50) [116]

Empagliflozin -1.28 kg (95% CI, -1.54 
to -1.03) [9]

Adjusted mean difference: 0.95 
(95% CI, 0.91–0.99) [9]

KCCQ-CSS, 1.32 points  
(95% CI, 0.45–2.19) [9]

No data

Sacubitril/
valsartan

No data 19% reduction (95% CI, 14–23; 
p < 0.001) compared with 
valsartan [117]

KCCQ-CSS, 1.0 points  
(95% CI, 0.0–2.1) [118]

-2.5 m (95% CI, -8.5 to 
3.5; p = 0.420) [119]

Finerenone No change No data KCCQ-TSS, 1.62 points (95% 
CI, 0.69–2.56; p < 0.001) 
[120]

No data

NT-proBNP, N-terminal prohormone of brain natriuretic peptide; KCCQ, Kansas City Cardiomyopathy Questionnaire; 6MWT, 6-min-
ute walk test; CI, confidence interval; CSS, Clinical Summary Score; TSS, Total Symptom Score.
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uncertain; however, greater weight loss has been shown 
to be associated with greater improvement in HF-related 
symptoms [93]. However, patients with more severe forms 
of HF, such as those with higher NT-proBNP levels, higher 
New York Heart Association class, atrial fibrillation, or those 
taking diuretics, showed similar weight loss but greater im-
provements in HF-related symptoms [94-96]. In addition, in-
flammatory markers were reduced independently of weight 
loss [87], suggesting that the effects of GLP-1 RAs on HF 
are likely due to the direct action on HF pathophysiology, 
in addition to the hemodynamic effects through weight 
loss. Therefore, in addition to the efficacy of GLP-1 RAs in 
improving clinical outcomes and symptoms in patients with 
HFpEF, further studies should be conducted to identify the 
underlying mechanisms.

SGLT2 inhibitors, which have recently been strongly rec-
ommended for the treatment of HFpEF, are also effective 
against obesity-related HFpEF. SGLT2 inhibitors are involved 
in regulating sodium retention and systemic inflammation 
and are also effective in weight loss through glucosuria. 
Dapagliflozin resulted in a weight loss of 3.5 kg compared 
to placebo and was effective in controlling symptoms, re-
sulting in a 3.7 point increase in KCCQ score. Empagliflozin 
similarly reduced body weight by 1.28 kg (Table 3). Some 
studies have shown that a combination of SGLT2 inhib-
itors and GLP-1 RAs may provide CV and renal benefits 
to patients with HFpEF and diabetes. One study reported 
that a combination of SGLT2 inhibitors and GLP-1 RAs im-
proved clinical outcomes, including hospitalization for HF 
[97]. Another study demonstrated that this combination 
therapy significantly reduced the risk of HF-related events 
compared with monotherapy [98]. These findings suggest 
that the combined use of SGLT2 inhibitors and GLP-1 RAs 
may further reduce the risk of HF progression and hospi-
talization in patients with HFpEF and diabetes. Angiotensin 
receptor neprilysin inhibitor is also thought to be effective 
in patients with obesity with increased neprilysin levels; 
however, studies in patients with HFpEF have not shown 
meaningful clinical outcomes compared with valsartan, and 
excluded patients with a BMI > 40 kg/m2, making its ef-
fectiveness in obesity-related HFpEF unclear [99,100]. Given 
the mechanisms involved in sodium retention and high al-
dosterone levels, mineralocorticoid antagonists (MRAs) may 
also be effective against obesity-associated HFpEF. Recently, 
a non-steroidal MRA, finerenone, has shown positive results 
in patients with HFpEF [10], and although it has not yet been 

studied in patients with obesity, a post-hoc analysis of the 
TOPCAT trial, which was based on another MRA, spirono-
lactone, showed that spironolactone improved clinical out-
comes in patients with obesity, suggesting that finerenone 
may be a promising treatment for obesity-related HFpEF 
[101,102]. However, finerenone is known to cause only mi-
nor weight loss [103]. In this respect, GLP-1 RAs are novel 
drugs that can effectively induce weight loss in patients with 
obesity-related HFpEF and improve the clinical outcomes, 
symptoms, and quality of life of patients with HFpEF better 
than other HFpEF treatments. 

Future anti-obesity drug candidates for HFpEF

Dual gastric inhibitory polypeptide/GLP-1RA
Glucose-dependent insulin-tropic polypeptide (GIP), also 
known as gastric inhibitory polypeptide is another incretin 
with functions similar to those of GLP-1. It suppresses ap-
petite, inhibits fat accumulation, reduces energy intake and 
increases energy expenditure. However, unlike GLP-1, GIP 
acts on subcutaneous white adipose tissue to increase insu-
lin sensitivity and has additional roles, such as increased lipid 
buffering capacity, increased blood flow and storage capac-
ity, and infiltration of proinflammatory immune cells [104]. 
Therefore, the combination of GLP-1 and GIP has a superior 
weight loss effect compared with other anti-obesity drugs, 
and this effect increases in a dose-dependent manner. Tirze-
patide is a representative GLP-1/GIP combination drug. The 
SURMOUNT-1 (Tirzepatide Once Weekly for the Treat-
ment of Obesity) trial showed a dose-dependent weight 
loss of 15–25% from baseline at doses of 5, 10, and 15 mg 
[105]. A clinical trial on the CV outcomes of tirzepatide in 
patients with HFpEF and obesity was recently reported. The 
SUMMIT (Study of Tirzepatide in Participants with Heart Fail-
ure with Preserved Ejection Fraction and Obesity) trial eval-
uated the efficacy and safety of once-weekly doses of tirze-
patide on weight loss, HF symptoms, and clinical outcomes, 
including all-cause mortality and HF events, in patients with 
HFpEF with and without diabetes [106]. Similar to semaglu-
tide, tirzepatide lowered the risk of death from worsening 
of HF or CV causes in patients with HFpEF and obesity. An-
other ongoing clinical trial of tirzepatide, SURMOUNT MMO 
(Effect of Tirzepatide on the Reduction of Morbidity and 
Mortality in Adults with Obesity, NCT05556512), aims to 
investigate CV outcomes in patients who are overweight or 
with obesity with a high risk of CV complications, including 
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both HFrEF and HFpEF, and is expected to determine weight 
loss and clinical outcomes such as mortality and HF hospital-
ization in patients with high-risk HF. 

Combination of GLP-1 RAs and glucagon receptor 
agonist
Glucagon receptor agonists reduce glucagon release, im-
prove blood sugar levels, reduce food intake, and increase 
energy expenditure [107]. Survodutide is a dual GLP-1/glu-
cagon receptor agonist. Phase 2 clinical trial results demon-
strated a weight loss effect of 14.9% compared with base-
line at 46 weeks, and trials on CV results are currently in 
progress [108]. Pemvidutide is another dual GLP-1/glucagon 
receptor agonist; however, its clinical data have not yet been 
reported. Retatrutide is a triple GIP/GLP-1/glucagon receptor 
agonist [109]. Phase 2 trial results showed that retatrutide 
had a dose-dependent weight loss effect, and in patients 
administered 12 mg of retatrutide, an average weight loss of 
24% was observed at 48 weeks compared to baseline [110].

Oral GLP-1 RA 
Orforglipron is an oral GLP-1 RA that showed a 14.7% 
change in body weight compared to baseline at 36 weeks 
at a 45 mg dose [111]. Studies are currently underway to 
determine its benefits on CV risk compared to insulin. 

Combination of GLP-1 RA and amylin antagonist 
Cagrilintide/semaglutide is a combination of a GLP-1 RA and 
a long-acting amylin analog. Amylin promotes delayed gas-
tric emptying and increased satiety. In patients with over-
weight and DM, a 15.6% weight loss from baseline was 
demonstrated at week 32. A phase 3 clinical trial is currently 
underway to validate MACE and HF outcomes [112]. 

Confirmation of the effectiveness and safety of these 
drugs remains challenging. Although the pooled analysis of 
semaglutide identified the clinical outcomes of HF events 
and CV mortality, these were not primary outcomes, and 
evidence of substantial clinical outcome improvement is still 
needed. However, semaglutide, a GLP-1 RA, has demon-
strated symptomatic improvement in HFpEF, and the GIP/
GLP-1 dual agonist is expected to have positive effects on 
HFpEF. Therefore, anti-obesity drugs based on GLP-1 RA 
are expected to be potential candidates for the future treat-
ment of HFpEF. Further randomized controlled trials are 
necessary to confirm these findings. In addition to GLP-1 
RA-based therapies, recent studies have investigated drugs 

that target inflammatory pathways in patients with HFpEF 
(NCT05636176). Ziltivekimab, an IL-6 inhibitor, has the po-
tential to reduce the systemic inflammation that contributes 
to myocardial stiffness, diastolic dysfunction, and abnormal 
remodeling observed in HFpEF. Therefore, it is a promising 
therapeutic candidate for patients with obesity and HFpEF. 
Further research is needed to validate its efficacy and safety 
in this population, paving the way for its potential role as 
an anti-obesity drug candidate for the complex treatment 
of HFpEF.

CONCLUSION

Obesity is a major risk factor for HF, particularly HFpEF. Pa-
tients with HFpEF and obesity experience more severe HF 
symptoms, lower quality of life, and more frequent admis-
sions for HF aggravation. With the increasing incidence 
and prevalence of obesity and HFpEF, there is a growing 
demand for effective strategies for treating patients with 
obesity and HF. In addition to weight loss, GLP-1 RAs have 
been shown to improve symptoms, increase quality of life, 
and decrease clinical outcomes in patients with HFpEF. Al-
though the mechanism of action of GLP-1 RAs in patients 
with obesity and HFpEF is not yet fully understood, the ob-
vious benefits of GLP-1 RAs in this population have been 
demonstrated. Therefore, continued research on the role of 
GLP-1 RA-based anti-obesity drugs is expected to present a 
new treatment paradigm for HFpEF.
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