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Abstract

Purpose of Review To review ongoing and planned clinical trials of weight loss among individuals with or at high risk of
heart failure.

Recent Findings Intentional weight loss via semaglutide among persons with heart failure and preserved ejection fraction
and obesity significantly improves weight loss and health status as assessed by the KCCQ-CSS score and is associated with
improvements in 6-min walk test.

Summary Ongoing and planned trials will explore the role of intentional weight loss with treatments such as semaglutide
or tirzepatide for individuals with heart failure across the entire ejection fraction spectrum.

Keywords Heart failure - Obesity - Weight loss - Clinical trial

Introduction

The rising prevalence of obesity is a worldwide public health
problem responsible for approximately 4 million deaths and
120 million disability-adjusted life years in 2015 alone [1, 2].
Rates of obesity continue to rise in both adults and children,
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with up to 40% of the overall population in the United States
currently reporting a body mass index (BMI) of > 30 kg/m?
[3]. Though obesity is associated with a high risk of multiple
cardiovascular complications, patients with obesity are at the
highest risk of heart failure (HF), even after adjustment for
other traditional risk factors [4, 5]. Results from analyses of
data from the Framingham Heart Study found that 13.9%
of all HF in women and 10.9% of all HF in men could be
attributed to obesity. [6ee]. The increasing prevalence of
obesity has been matched by a rising incidence of HF in
the US population, and these two conditions frequently co-
exist, particularly in the case of HF with preserved ejection
fraction (HFpEF) [7]. The impact of obesity on the clinical
presentation and management of heart failure remains poorly
understood, and the impact of intentional weight loss on HF
outcomes remains undefined.

Among individuals with HF, those with obesity face
higher symptom burden, lower quality of life, and lower
exercise capacity, as well as markedly higher frequency of
HF hospitalization than those without obesity [§—10]. Obe-
sity has historically been regarded as a comorbidity of HF,
but evidence points to causal mechanisms involving excess
visceral adiposity with hemodynamic, inflammatory, and
hormonal abnormalities that affect cardiac and non-cardiac
organ functions [11-13]. Coupled with higher rates of
inflammation, individuals living with obesity and related
comorbidities such as hyperlipidemia and hypertension are
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also at a greater risk of atherosclerotic disease, which may
contribute to higher risk of ischemic cardiomyopathy [14].
Sleep-disordered breathing and atrial arrhythmias associated
with obesity may also play a role in the incidence of HF
[15]. Importantly, the treatment of obesity among patients
with HFpEF has been shown to result in significant improve-
ments in clinical status [16ee].

There are several knowledge gaps that remain to be filled.
The effect of intentional weight loss on functional or clini-
cal outcomes among patients with HF with reduced ejection
fraction (HFrEF) and on clinical outcomes such as death
or hospitalization in patients with HFpEF remains unclear.
Furthermore, the effect of intentional weight loss in patients
with HF on intersecting cardiovascular and medical con-
ditions such as metabolic associated fatty liver disease
(MAFLD) or diabetes is yet unanswered. It has been dif-
ficult to generate high-quality randomized clinical trial data
in these areas given (1) the low success rates observed in
inducing and maintaining intentional weight loss, even in
highly supported trials [17] and (2) the inherent difficul-
ties surrounding randomizing persons treated with bariat-
ric intervention vs sham surgery. These questions will be
addressed, at least in part, by planned and ongoing trials
of weight loss therapies, including but extending beyond
current trials of semaglutide, tirzepatide, and bariatric sur-
gery [18-21]. Moreover, ongoing cardiovascular trials of
novel weight loss medications will offer new insights into
the safety and efficacy of emerging therapies and help to
determine whether mechanism or magnitude of weight loss
might drive differences in clinical status and outcomes.
Here, we discuss results from recently completed trials of
weight loss medications in patients with obesity with or at
high risk of cardiovascular disease and review expectations
for ongoing trials.

Weight Management and Heart Failure:
Current Evidence

Despite being a well-established risk factor for HF, the
impact of obesity on HF-related outcomes has histori-
cally been under-studied. This may in part be because of
concerns that inducing weight loss among patients with
HF may adversely affect mortality risk, based on long-
observed trends that patients with HF who were over-
weight or obese had lower mortality risk than patients
who were normal or underweight, a phenomenon known
as the “obesity paradox” [6ee, 22]. Results from prior ret-
rospective analyses have also suggested that weight loss,
even among patients with obesity, may be associated with
higher mortality risk. However, analyses of retrospective
data cannot differentiate the impact of intentional weight

loss, prompted by deliberate intervention, from uninten-
tional weight loss, as occurs in the setting of advancing
disease status and progressive cachexia. It is well-known
that among patients with chronic disease, including HF,
unintentional weight loss is an ominous sign of worsening
health, signaling a higher risk of death [23]. This paradox
is also partially explained by collider bias, where two par-
allel risk factors for prognosis (e.g., having obesity and
HF) conceal the true association with risk due to residual
confounding [24]. Furthermore, when using anthropomet-
ric indices other than BMI, no paradox of prognosis was
seen [25]. The role of intentional weight loss on HF out-
comes therefore remains unclear, and there exists a clear
need for randomized data evaluating the impact of inten-
tional weight loss on outcomes in this population.

There is, however, new evidence to suggest that inten-
tional weight loss can lead to improvements in clinical status
for patients with obesity and HFpEF. In the STEP HFpEF
trial (Semaglutide Treatment Effect in People with obesity
and HFpEF), pharmacologic intervention with the glucagon-
like peptide-1 receptor agonist (GLP-1 RA), semaglutide
2.4 mg subcutaneously once weekly, led to improvements
in co-primary endpoints of weight loss and KCCQ-CSS
at 1 year in 529 patients with HFpEF and a BMI > 30 kg/
m? [16ee]. Patients randomized to semaglutide had mean
decreases in body weight of 13.3% at 52 weeks overall, as
compared to only 2.6% in the placebo group (10.7% dif-
ference, p <0.001). Semaglutide also led to a significant
improvement in health status, assessed by KCCQ-CSS
[16ee, 26]; participants randomized to semaglutide had a
mean improvement in their KCCQ-CSS score of 16.6 points,
7.8 points more than what was observed in the placebo arm
(»<0.001). Previous work has suggested that KCCQ-CSS
changes of ~ 7 are clinically significant among patients with
HFpEF [27].

In addition to improvements in the co-primary outcomes,
the group receiving semaglutide experienced improvements
in the secondary outcomes of 6-min walk test (6BMWT,
21.5-m improvement vs 1.2 m in placebo group, difference
20.3 m, p<0.001) and a hierarchy of clinical outcomes
including death, worsening HF, and differences in change
in health status; and in the inflammatory marker, C-reac-
tive protein (CRP) [16ee]. Importantly, the magnitude of
improvement in KCCQ-CSS score and 6MWT was found to
track closely with magnitude of weight lost over the course
of the trial, with a 6.4-point improvement (95% CI 4.1 to
8.8) in KCCQ-CSS and 14.4-m improvement (95% CI 5.5
to 23.3) in 6MWT for each 10% reduction in body mass
[28]. Though this trial was not powered to assess clinical
outcomes and limited by extremely low event rates, semaglu-
tide was associated with numerically fewer HF hospitaliza-
tions with one hospitalization among those randomized to
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semaglutide and 12 among study participants randomized
to placebo.

STEP-HFpEF represents a new and important step for-
ward in identifying better management strategies for patients
with HF and is the first large-scale, randomized trial to show
that management of obesity can lead to improved clinical
status for patients with HF and comorbid obesity. Despite
this, important questions remain, including the reproduc-
ibility of these results across other trials and other weight
loss interventions, mechanistic explanations for benefit from
weight loss, potential benefit on comorbidities associated
with HF that worsen HF prognosis, and the impact of weight
loss on clinical outcomes such as death and hospitalization

Improved KCCQ and 6MWT
with weight loss among
patients with HFpEF

Impact of weight loss in
HFrEF on functional status
unclear

Functional
Status

Impact of weight loss
drugs other than
semaglutide unclear but
being evaluated in
SUMMIT (HFpEF,

for HF (Fig. 1). The Semaglutide Effects on Cardiovascular
Outcomes in People With Overweight or Obesity (SELECT)
trial found that intentional weight loss via semaglutide
reduced a composite endpoint of cardiovascular death, non-
fatal myocardial infarction, and non-fatal stroke by 20%
(HR 0.80, 95% CI 0.72 to 0.90, p <0.001) [29]. Though
patients with and without HF appeared to derive a similar
degree of benefit, subgroup analysis surrounding patients
with HFpEF vs HFrEF are not yet available. Furthermore,
it remains to be seen how results may impact the evolu-
tion of treatment of obesity and the diseases it drives, how
weight loss maintenance will be addressed, and whether loss
of lean mass may be problematic in subgroups of patients.

What should target BMI be?

Does mechanism of
weight loss matter?

Future
Questions

How does obesity
differentially affect patients
with HFrEF vs HFpEF?

tirzepatide)

Clinical
Outcomes

Impact of intentional weight loss on death and HF hospitalization

currently unknown (for both HFpEF and HFrEF patients): ongoing

trials SUMMIT (HFpEF, tirzepatide), and SURMOUNT-MMO (CVOT,
tirzepatide) will help to assess

Fig. 1 The intersection of obesity and heart failure: clinical impact and future directions
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Fortunately, ongoing trials in this space promise to help
answer these questions and show that the medical commu-
nity has finally started “putting more weight” on obesity
trials in HF (Table 1).

Weight Loss and Changes in Health Status
and Physical Function

The results of STEP-HFpEF will be complemented by results
from The Study of Tirzepatide in Participants with Heart Fail-
ure With Preserved Ejection Fraction and Obesity (SUMMIT;
NCT: NCT04847557) [20], expected to complete July 2024.
Tirzepatide causes greater weight loss than does semaglutide
(20% vs 15%) at the dose approved for the treatment of obesity
and may help to further illustrate the relationship between
magnitude of weight loss and degree of clinical benefit [30].
The role of bariatric surgery and other non-surgical weight
loss procedures (such as endoscopic sleeve gastroplasty) in the
treatment of obesity and HF remain to be determined.

Taken together, these trials will help determine the role
of intentional weight loss on clinical status in patients with
HFpEF and, by virtue of the hierarchical endpoint used
in SUMMIT, may offer new insights into the likelihood
that a patient will derive benefit from weight loss interven-
tion (specifically tirzepatide) vs placebo. If the results of
SUMMIT show consistent magnitude of benefit compared
to STEP-HFpEF, then the cardiovascular community will
have compelling evidence that weight loss interventions
can offer benefit for patients with HFpEF and obesity. How-
ever, neither STEP-HFpEF nor SUMMIT is powered to
definitively determine the impact of weight loss on clinical
outcomes in patients with obesity and HFpEF, nor will they
establish evidence of benefit among patients with HFrEF.

Effect of Weight Loss on Risk of Death
or Hospitalization for Heart Failure

Recent and ongoing cardiovascular outcomes trials may
offer new insights into the role of intentional weight loss on
clinical outcomes in patients with cardiovascular disease,
including (though not specifically limited to) patients with
HFrEF and HFpEF. The recently completed Semaglutide
Effects on Cardiovascular Outcomes in People With Over-
weight or Obesity (SELECT; NCT:03574597) trial tested the
impact of semaglutide, given at the dose approved for weight
loss (2.4 mg weekly subcutaneous injection) on a composite
outcome of cardiovascular mortality, non-fatal myocardial
infarction, and non-fatal stroke in patients with atheroscle-
rotic cardiovascular disease. Notably, among patients with
diabetes, semaglutide has previously been shown to improve
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this outcome at lower doses approved for the treatment of
patients with type 2 diabetes (0.5 mg or 1 mg once weekly
subcutaneous injection) when compared with placebo (HR
0.74,95% CI, 0.58-0.95, p=0.02 for superiority) [31]. The
SELECT trial enrolled 17,604 patients with established ath-
erosclerotic cardiovascular disease, including prior myocar-
dial infarction, prior stroke, and/or established peripheral
arterial disease, excluding persons with diabetes. Of these
patients, 24.3% (n=4274) also had established HF, includ-
ing 2268 patients with HFpEF and 1341 patients with HFrEF
[32]. This represents the largest population of patients with
HF studied with a pharmacologic weight loss intervention
to date. Topline results from SELECT, reported by press
release, indicate a 20% relative risk reduction in the pri-
mary composite outcome; results from additional endpoints
and subgroup analyses remain unknown [33]. Among these
individuals, the impact of semaglutide on (1) cardiovascular
death and (2) incident HF events will be of great interest as
other data regarding effects of GLP-1 RA therapy on HF
outcomes have been mixed, particularly in those with HFrEF
who were not necessarily obese [34].

In the Functional Impact of GLP-1 for HF Treatment
(FIGHT) trial, patients with HFrEF and a recent HF hos-
pitalization within the past 14 days (both with and without
type 2 diabetes) had a numerical though not statistically sig-
nificant increase in risk of hospitalization for HF (63 vs. 50
events; HR 1.30, 95% CI 0.89-1.88) and for the composite
of hospitalization for HF/CV death (72 vs. 57 events; HR
1.30, 95% CI 0.92-1.83) at 180 days when compared with
placebo [35]. In the Effect of Liraglutide on Left Ventricular
Function in Stable Chronic Heart Failure Patients (LIVE)
trial, liraglutide in patients with HFrEF with and without
diabetes was associated with a higher risk of adverse cardiac
events (10% vs 3%, p=0.04), though this was based on only
15 events overall across the entire trial [36]. Importantly,
neither of these trials was limited to study participants with
obesity, and so the impact of weight loss among patients
with obesity and comorbid HF remains unclear. The sub-
population of patients with HFrEF in SELECT will therefore
represent the largest evaluation of a GLP-1 RA in patients
with HFrEF to date, and the only evaluation of such a ther-
apy in patients with both HFrEF and obesity. Results from
SELECT are anticipated in late 2023.

Another ongoing cardiovascular outcomes trial is being
conducted with tirzepatide, a once-weekly injectable dual
GLP-1/GIP receptor agonist with proven efficacy for weight
loss [30]. The Study of Tirzepatide on the Reduction on
Morbidity and Mortality in Adults with Obesity (SUR-
MOUNT MMO; NCT:05556512) trial will test the impact
of tirzepatide vs placebo on a composite of death, non-fatal
myocardial infarction, non-fatal stroke, coronary revascu-
larization and heart failure in approximately 15,000 patients
with a BMI>27 kg/mz, without T2DM, and with or at high
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risk of vascular disease [19]. This trial will offer additional
insight into the impact of intentional weight loss on HF out-
comes, albeit as an exploratory secondary endpoint.

Unanswered Questions and Future
Directions

Despite the promise of ongoing trials of semaglutide and
tirzepatide in patients with HF, important questions will
remain unanswered at the completion of these clinical tri-
als. Semaglutide, a GLP-1 RA, and tirzepatide, a GLP-1/GIP
RA, belong to adjacent classes, with overlapping mecha-
nisms of action. It will remain unclear, therefore, whether
any impact of these medications on clinical outcomes is
driven exclusively by weight loss, or whether there might
be additional mechanisms related to the specific modal-
ity by which that weight loss is achieved. The association
between obesity and HF, particularly HF with preserved
ejection fraction (HFpEF), appears to be mediated via mul-
tiple mechanisms, including inflammation, adipokines, and
insulin resistance [11-13]. The impact of specific weight
loss drugs on these and other mechanisms driving the rela-
tionship between HF and obesity remains to be elucidated.
Similarly, some evidence suggests that certain distributions
of adipose tissue, particularly visceral and epicardial adipose
tissue, are more likely to contribute to adverse cardiovas-
cular outcomes [37-39, 40e]. It is not yet known whether
certain forms of weight loss might preferentially target these
higher-risk depots of adipose.

It is not clear at this time whether the benefits observed
in STEP-HFpEF were directly driven by improvement in
HF, or whether improvements in quality of life (as measured
by KCCQ) and exercise capacity (as measured by 6-min
walk test) might have been driven not due to improvement
in HF-related symptoms per se, but rather by improvement
in obesity-related symptoms. We believe that both are likely
true and contributing. In STEP-HFpEF, the strongest objec-
tive evidence for cardiac benefit is the observation that ran-
domization to semaglutide was associated with significant
improvements in NT-proBNP concentrations, despite the
fact that obesity is associated with lower NT-proBNP con-
centrations for any given left ventricular end-diastolic pres-
sure, and that weight loss in patients without HF is typically
associated with an increase in NT-pBNP [41-43]. Based
on the baseline inverse relationship between BMI and NT-
proBNP, in which NT-proBNP decreases as BMI rises, it
would be expected that NT-proBNP would have increased
as patients randomized to semaglutide lost weight, in the
absence of any effect on HF status. The fact that the opposite
occurred suggests that there may be significant changes in
HF physiology among patients with HFpEF who receive
management (via intentional weight loss) of their obesity.

STEP-HFpEF enrolled a fairly low-risk population of per-
sons with HFpEF, and future work among patients with
HFpEF and obesity will hopefully emphasize the impact of
intentional weight loss on clinical events such as hospitaliza-
tion for heart failure among higher-risk individuals.

Given previous data suggesting that GLP-1 RAs may not
be well tolerated in patients with HFrEF without obesity,
the role of agents from other classes to pursue weight loss is
of particular interest. It is also possible that even if weight
loss leads to improvements in outcomes for patients with
HFrEF and obesity, the use of a GLP-1 RA to achieve that
weight loss may moderate, or even outweigh, any benefit
from weight loss overall. If this is the case, then other modes
of weight loss may represent safer and more effective routes
for weight loss, assuming that a clinical benefit exists. The
differential impact of various weight loss therapies on other
obesity-related comorbidities such as metabolic dysfunc-
tion—associated liver disease, type 2 diabetes, sleep apnea,
atrial fibrillation, and hypertension and their corresponding
relationship with HF risk will also be important.

New and emerging therapies for weight loss, includ-
ing therapies that do not rely on the same mechanism for
weight loss, will be of particular interest in the assessment
of these unanswered questions [44—48]. These medications
include survodutide, a GLP-1 and glucagon receptor dual
agonist; retatrutide, a GLP-1/GIP/glucagon receptor ago-
nist; and cagrisema, a combination of semaglutide and an
amylin analogue [44, 45, 47]. Other drugs of interest cur-
rently being developed for weight loss include AMG-133, a
GLP-1 RA, and GIP receptor antagonist (rather than agonist)
that requires only once-monthly administration and HUG6, a
controlled metabolic accelerator that acts via mitochondrial
uncoupling to increased oxidation of fats and sugars [48,
49]. Non-randomized observational data consistently dem-
onstrate associations between bariatric surgery and lower
cardiovascular risk, including risk of HF [50-52], and pilot
work is ongoing to assess the differential impact of bariatric
surgery vs other forms of medical weight management on
cardiovascular outcomes for persons at high risk [21].

It remains unclear exactly how much weight loss might be
necessary to derive greatest benefit, though some data from
STEP-HFpEF suggests that greater weight loss is associated
with greater incremental benefit without any obvious plateau
[28]. There is also a great interest in better understanding
the duration of treatment necessary to maintain significant
weight loss: some initial data in patients without HF sug-
gests that withdrawal of semaglutide after 68 weeks resulted
in regain of approximately two-thirds of lost body weight
and reversion of cardiometabolic markers to baseline levels
[53]. It has been hypothesized but not yet shown that pro-
longed use of these therapies may cause a new, lower body
weight “set point” that allows individuals to taper therapies
without weight gain [54]. In addition to determining absolute
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impact on risk of clinical events, understanding necessary
duration of therapy will be important to understanding the
economics of these therapies, which can be expensive [55].

Taken together, ongoing and recently completed trials will
offer important and new insights into the role of intentional
weight loss for persons with established HF and obesity. The
results from these trials will help to establish the impact of
intentional weight loss functional status, symptom burden, and
quality of life, as well as on clinical outcomes such as death
and hospitalization. However, important questions will remain
regarding whether the impact of such weight loss is driving
purely by magnitude of weight loss, or whether medication
type and mechanism also play a role. Emerging therapies with
differing mechanisms of action may offer further insight into
this issue, while further establishing what role intentional
weight loss may plan in the management of patients with HF
and comorbid obesity.
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