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The pathophysiology of 
obesity in cardiovascular 
diseases is multifactorial, 
involving hemodynamic, 
metabolic, neurohormonal, 
and inflammatory 
mechanisms that 
collectively drive structural 
and functional changes in 
the heart and vasculature. 
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Why should 
cardiologists 
care about 
overweight and 
obesity? 
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Italy = 19.9 [16.6-23.4] Italy = 58.5 [54.2-62.5] 

•  Worldwide obesity has nearly tripled since 1975. 
•  In 2016, more than 1.35 billion adults were overweight and 650 million were obese. 
•  39% of adults were overweight in 2016, and 13% were obese. 
•  39 million children under the age of 5 were overweight or obese in 2020. 
•  Over 340 million children and adolescents aged 5-19 were overweight or obese in 2016. 

World Health Organization. Obesity and overweight. June 9, 2021 (https://www.who.int/news-room/fact-sheets/detail/obesity -and-overweight). 

Mean BMI in Italy 
25.6 kg/m2 [25.1-26.1] 
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Aims Heart failure (HF) is a leading cause of cardiovascular mortality worldwide. However, comprehensive and updated
assessments of HF-attributable mortality trends across Europe are limited. The aim of this study was to evaluate
HF-attributed mortality trends in Europe between 2012 and 2021, examining variations by age, sex, and European
region.
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Methods
and results

We extracted HF-attributed mortality data from the World Health Organization (WHO) mortality dataset for
2012–2021. Age-adjusted mortality rates (AAMRs) were analysed using joinpoint regression modelling, expressed
as average annual percent change (AAPC) with 95% confidence intervals (CIs). A parallelism test compared trend
differences across groups. To explore contributors to HF-attributable mortality, we analysed the mean alcohol
consumption and the age-adjusted prevalence and trends of smoking habit, arterial hypertension (HTN), obesity
and type 2 diabetes mellitus (DM) using the WHO non-communicable diseases dataset (2012–2021). From 2012 to
2021, 4 872 634 individuals (2 084 521 men and 2 788 113 women) died due to HF, equating to 11 522 deaths per
100 000 population. Overall, the AAMR increased (AAPC: +0.4% [95% CI 0.3–0.5], p< 0.001), with a significantly
greater increase in men compared to women (p for parallelism= 0.02). HF-attributable mortality trend had a higher
increase among patients aged less than 70 years compared to those aged 70 years or older (p for parallelism= 0.001).
Regionally, AAMRs increased in Western (AAPC: +1.2% [95% CI 1.0–1.4], p< 0.001), Eastern (AAPC: +0.9% [95%
CI 0.7–1.0], p< 0.001) and Northern Europe (AAPC: +0.5 [95% CI 0.3–0.6], p< 0.001) while plateaued in Southern
Europe (AAPC: +3.2% [95% CI −3.2 to 10.1], p= 0.28). A similar increase was observed in the trend for AAMR
in HF-attributable mortality among subjects died due to HF with reduced or preserved ejection fraction (p for
parallelism= 0.18). During the same period, the age-adjusted prevalence of overweight, obesity and DM rose, while
HTN, smoking habit and alcohol consumption decreased.
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Figure 6 Changes in mean alcohol consumption and age-adjusted prevalence of some major cardiometabolic risk factors for heart
failure-attributable mortality in Europe from 2012 to 2021. Estimates were determined using the World Health Organization non-communicable
diseases dataset.

of heart transplantation and mechanical circulatory support.34,35

The observed acceleration of HF-related mortality starting in 2019
further suggests a potential impact of the COVID-19 pandemic,
which may have exacerbated cardiovascular risk through delayed
diagnoses, reduced access to care, and the direct cardiovascular
effects of SARS-CoV-2 infection.36 Furthermore, socioeconomic
factors, including healthcare inequalities and variations in adher-
ence to medical treatment, may have played a role in worsening
outcomes.37

The higher increase in HF-attributable mortality among men is
mainly due to their higher prevalence of cardiovascular risk fac-
tors, including HTN, DM, and ischaemic heart disease, which are
key contributors to HF development and progression.29–32,38 Addi-
tionally, lifestyle-related factors such as higher rates of smoking,
excessive alcohol consumption, and lower healthcare engagement
among men may further elevate their risk.39,40

In patients aged less than 70 years, particularly those between 45
and 59 years, the rising burden of metabolic disorders, obesity, and
sedentary lifestyles has likely contributed to an increased incidence
and severity of HF.41 Furthermore, disparities in early diagnosis and
treatment initiation may also play a role, as younger patients and
men may be less likely to seek timely medical attention or adhere
to treatment regimens. Moreover, the impact of socioeconomic
stressors, occupational factors, and healthcare accessibility could
disproportionately affect these populations, leading to poorer HF
outcomes.42

The geographical heterogeneity observed in HF-attributable
mortality trends warrants particular attention. Our findings suggest
a greater increase in AAMR in Western, Eastern, and Northern ..
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.. Europe. In Western and Northern Europe, ageing populations con-

tribute to a rising prevalence of HF and associated comorbidities,
while higher rates of obesity and sedentary lifestyles further exac-
erbate cardiovascular risks.43–45 In contrast, Southern European
countries, despite experiencing similar ageing trends, may benefit
from protective lifestyle factors such as the Mediterranean diet,
which could slow HF progression and reduce mortality.46 East-
ern Europe, however, continues to experience higher mortality
rates, largely due to socioeconomic disparities, lower health-
care funding, and delayed implementation of evidence-based
therapies.47 Meanwhile, the plateau observed in Southern
Europe may reflect the earlier integration of guideline-directed
therapies and the effectiveness of robust primary prevention
programmes.48

We observed a similar HF-attributable mortality trend across
different phenotypes of HF, including those with HFrEF and HFpEF.
This similarity highlights the need for comprehensive management
strategies that address the shared risk factors and comorbidities
contributing to mortality in both conditions. However, a significant
limitation in analysing these trends is the widespread use of general
codes for left ventricular impairment, which often do not specify
the type of HF.13 This lack of specificity limits the utility of
mortality data for characterizing distinct phenotypes of HF, which
is crucial for evaluating the efficacy of available treatments and
healthcare strategies, as therapeutic approaches and outcomes can
vary significantly between HFrEF and HFpEF.

During and immediately after the COVID-19 pandemic, death
certificates, especially in patients with cardiovascular disease as
the underlying cause of death or with cardiovascular conditions

© 2025 European Society of Cardiology.

Estimates were determined using the World Health Organization non-communicable diseases dataset: from 2012 to 2021, 42 178 659 individuals (20 312 867 men and 21865792 women) died in the 
considered European countries. HF was listed as the primary cause of death in 4 872 634 (2 084 521 men and 2788113 women), equating to 11522 deaths 100000 population  

Changes of some major cardiometabolic risk factors for heart failure-attributable mortality in Europe from 2012 to 2021 
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•  Associations of genetically predicted 1 kg/
m2 increase in BMI with 14 CV conditions 
in UK Biobank (n=367 703).  

•  Single-nucleotide polymorphisms associated 
with BMI and fat mass and fat-free mass 
indices were used as instrumental variables 
to estimate the associations with CV 
conditions 

•  After correcting for multiple testing, 
genetically predicted BMI was significantly 
positively associated with eight outcomes, 
including and with decreasing magnitude of 
association: aortic valve stenosis, heart 
failure, deep vein thrombosis, arterial 
hypertension, peripheral artery disease, 
coronary artery disease, atrial fibrillation, and 
pulmonary embolism.  
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ABSTRACT: Cardiovascular-kidney-metabolic health reflects the interplay among metabolic risk factors, chronic kidney disease, 
and the cardiovascular system and has profound impacts on morbidity and mortality. There are multisystem consequences of 
poor cardiovascular-kidney-metabolic health, with the most significant clinical impact being the high associated incidence of 
cardiovascular disease events and cardiovascular mortality. There is a high prevalence of poor cardiovascular-kidney-metabolic 
health in the population, with a disproportionate burden seen among those with adverse social determinants of health. However, 
there is also a growing number of therapeutic options that favorably affect metabolic risk factors, kidney function, or both that 
also have cardioprotective effects. To improve cardiovascular-kidney-metabolic health and related outcomes in the population, 
there is a critical need for (1) more clarity on the definition of cardiovascular-kidney-metabolic syndrome; (2) an approach to 
cardiovascular-kidney-metabolic staging that promotes prevention across the life course; (3) prediction algorithms that include 
the exposures and outcomes most relevant to cardiovascular-kidney-metabolic health; and (4) strategies for the prevention 
and management of cardiovascular disease in relation to cardiovascular-kidney-metabolic health that reflect harmonization 
across major subspecialty guidelines and emerging scientific evidence. It is also critical to incorporate considerations of social 
determinants of health into care models for cardiovascular-kidney-metabolic syndrome and to reduce care fragmentation by 
facilitating approaches for patient-centered interdisciplinary care. This presidential advisory provides guidance on the definition, 
staging, prediction paradigms, and holistic approaches to care for patients with cardiovascular-kidney-metabolic syndrome and 
details a multicomponent vision for effectively and equitably enhancing cardiovascular-kidney-metabolic health in the population.

Key Words: AHA Scientific Statements ◼ chronic kidney disease ◼ diabetes ◼ metabolic syndrome ◼ obesity ◼ risk prediction  
◼ social determinants of health

TOP 10 HIGHLIGHTS OF THE 
CARDIOVASCULAR-KIDNEY-METABOLIC 
HEALTH PRESIDENTIAL ADVISORY
 1.  Cardiovascular-kidney-metabolic (CKM) syn-

drome is defined as a health disorder attributable 
to connections among obesity, diabetes, chronic 
kidney disease (CKD), and cardiovascular disease 
(CVD), including heart failure, atrial fibrillation, 
coronary heart disease, stroke, and peripheral 
artery disease. CKM syndrome includes those at 
risk for CVD and those with existing CVD.

Summary
There is a high burden of poor cardiovascular-kidney-
metabolic health in the population, which affects 
nearly all organ systems and has a particularly power-
ful impact on the incidence of cardiovascular disease. 
More guidance is needed on definitions, staging, pre-
diction strategies, and algorithms for the prevention 
and treatment of cardiovascular-kidney-metabolic syn-
drome to optimize cardiovascular-kidney-metabolic 
health across diverse clinical and community settings.
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various CKM risk factors suggest that earlier detection 
and intervention are often associated with greater clini-
cal benefit.

In recognition of the importance of these concepts, 
this advisory proposes a novel model that classifies CKM 
syndrome into stages (Figure 1 and Table 1): stage 0, 
no CKM risk factors present (absence of excess/dys-
functional adiposity, metabolic risk factors, CKD); stage 
1, excess adiposity, dysfunctional adiposity, or both, with 
dysfunctional adiposity defined as hyperglycemia or pre-
diabetes; stage 2, metabolic risk factors, moderate- to 
high-risk CKD, or both; stage 3, subclinical CVD overlap-
ping with CKM risk factors, very high-risk CKD, or high 
predicted CVD risk; and stage 4, clinical CVD overlap-
ping with CKM risk factors. Stage 4 is further divided 
into stages 4a (without kidney failure) and 4b (with kid-
ney failure). The designations of moderate-, high- and 
very high-risk CKD are defined by the Kidney Disease 
Improving Global Outcomes (KDIGO) heat map (Fig-
ure 2), which creates categories based on combinations 
of eGFR and albuminuria. The KDIGO classifications of 
moderate-, high- and very high-risk CKD reflect increas-
ing risk for kidney failure, CVD and all-cause mortality.41

The CKM staging model emphasizes the progressive 
pathophysiology of CKM syndrome, underscores the 
importance of early detection of CKM-related changes 
to support prevention efforts, and highlights the step-
wise increase in absolute CVD risk associated with 
later stages, when intensified therapies for patients 
with CKM syndrome will have the greatest net clinical 
benefit.

Stage 0: No CKM Risk Factors
Stage 0 is defined as the absence of CKM risk factors 
with normal BMI and waist circumference, normogly-
cemia, normotension, a normal lipid profile, and no evi-
dence of CKD or subclinical or clinical CVD. Because 
the development of CKM risk factors is more common 
with aging, survey data indicate that stage 0 CKM is 
most commonly, but not exclusively, encountered among 
youth and young adults. The focus of stage 0 is primor-
dial prevention, with a goal of preventing the develop-
ment of CKM risk factors through the achievement and 
maintenance of ideal cardiovascular health starting in 
early life.

Figure 1. Stages of CKM syndrome.
The cardiovascular-kidney-metabolic (CKM) staging construct reflects the progressive pathophysiology and increasing absolute cardiovascular 
disease (CVD) risk along the spectrum of CKM syndrome. Stage 0 CKM includes individuals with normal weight, normal glucose, normal blood 
pressure, normal lipids, normal kidney function, and no evidence of subclinical or clinical CVD; the focus in stage 0 CKM is primordial prevention 
and preserving cardiovascular health. Stage 1 CKM includes individuals with excess adipose tissue, dysfunctional adipose tissue, or both. 
Excess adiposity is identified by either weight or abdominal obesity, and dysfunctional adipose tissue is reflected by impaired glucose tolerance 
and hyperglycemia. Stage 2 includes individuals with metabolic risk factors (hypertriglyceridemia, hypertension, metabolic syndrome, or type 2 
diabetes), moderate- to high-risk chronic kidney disease (CKD), or both. Although hypertension and CKD are usually downstream of metabolic 
risk factors, the curved arrows represent individuals with nonmetabolic causes of these conditions; the risk implications and treatment approaches 
are similar. Stage 3 includes individuals with subclinical CVD with overlapping CKM risk factors (excess/dysfunctional adipose tissue, metabolic 
risk factors, or CKD) or those with the risk equivalents of very high-risk CKD or high predicted risk using the forthcoming CKM risk calculator. 
Stage 4 includes individuals with clinical CVD (coronary heart disease, HF, stroke, peripheral artery disease, or atrial fibrillation) overlapping with 
CKM risk factors. Afib indicates atrial fibrillation; ASCVD, atherosclerotic cardiovascular disease; CHD, coronary heart disease; HF, heart failure; 
KDIGO, Kidney Disease Improving Global Outcomes; and PAD, peripheral artery disease.
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Obesity, particularly ectopic fat accumulation, has been linked to chronic inflammation 
and insulin resistance, which are linked to multiple pathways of cardiovascular risk  
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3.3. Mechanisms explaining cardiovascular benefits
Understanding the robust interference of GLP-1 RAs with the pro-
gression and complications of atherosclerosis requires detailed
knowledge of the pathomechanisms involved and consequences of

GLP-1 receptor stimulation. Various steps and mechanisms involved in
atherogenesis [127] are displayed in Figure 9A, while the effects of
GLP-1 receptor stimulation in arterial vessel walls are shown in
complementary Figure 9B.

Figure 9: Mechanisms driving the development of atherosclerotic lesions in patients with type 2 diabetes (A) and effects of GLP-1 RAs on the progression of atherogenesis and the
development of its complications (B). See the text for further details on the mechanisms involved and references to the supporting literature. EC: endothelial cell, eNOS: endothelial
nitrous oxide synthase, ICAM-1: intercellular adhesion molecule-1, IL: interleukin, KLF-2: Krüppel-like factor-2, LDL: low-density lipoprotein, MCP-1: monocyte chemoattractant
protein-1, NO: nitrous oxide, oxLDL: oxidized low-density lipoprotein, ROS: reactive oxygen species, TNF-a: tumor necrosis factor, VCAM-1: vascular cell adhesion protein 1, VSMC:
vascular smooth muscle cell.
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to systolic dysfunction and, ultimately, HF with reduced 
ejection fraction (HFrEF). Finally, comorbidities associ-
ated with obesity such as diabetes, sleep apnea, and hy-
poventilation syndrome can increase the risk for pulmo-
nary hypertension and right ventricular and LV failure.231

Obesity and HF
Numerous studies have established obesity to be a major 
risk factor for hypertension, CVD, and LVH, all strong risk 
factors for the development of HF.177,178 In addition, obe-
sity has potent adverse effects on LV systolic and, particu-
larly, LV diastolic function. Multiple studies have estab-
lished obesity as a major risk factor for the development 
of HF. In a study of 5881 Framingham Heart Study par-
ticipants, HF incidence increased by 5% in men and 7% 
in women for every 1-unit BMI increase after adjustment 
for other risk factors, and the risk of HF increased across 
the entire spectrum of BMI.235 This was subsequently 
confirmed in several large, prospective epidemiological 
studies.235–237 Other anthropometric parameters of excess 
adiposity such as WC, WHR, and waist-to-height ratio 
have also been independently associated with HF risk, but 
they generally do not add substantive risk information for 

HF beyond BMI measurement.236–239 Visceral obesity has 
a number of local effects on the myocardium, including 
inducing cardiomyocyte hypertrophy, myocardial fibrosis, 
and activation of inflammatory pathways relating to mac-
rophage infiltration and cytokine gene expression. Exces-
sive fat accumulation in VAT and ectopic sites such as the 
pericardium/epicardium and liver results in higher circu-
lating blood volume and local and systemic proathero-
genic inflammatory factors, which act to increase stroke 
volume, cardiac wall stress, and myocardial injury, leading 
to concentric LVH, LV remodeling, and ultimately diastolic 
and systolic cardiac failure (Figure 1).240–242 Recent work 
has also suggested that higher BMI is more strongly as-
sociated with the risk of HFpEF than with HFrEF.243 In fact, 
in a pooled analysis using data from 3 large longitudinal 
studies, Pandey et al244 demonstrated a greater associa-
tion between higher BMI and risk of HFpEF, with partici-
pants with overweight and class 1 obesity having 38% 
and 56% higher risk of HFpEF, respectively, independently 
of other cardiovascular risk factors (Figure 2).244 Low fit-
ness has been associated with a significantly higher risk 
of HF across all BMI categories and may explain close to 
50% of HF risk associated with BMI.245

Figure 1. Pathophysiology of heart failure in obesity.
CVD indicates cardiovascular disease; and VLDL, very-low-density lipoprotein. Adapted from Rodriguez Flores et al240 with permission from Taylor & Francis Ltd 
(https://www.tandfonline.com). Copyright © 2017, Taylor & Francis Ltd.
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of models with established obesity. Epicardial adipose 
tissue was reported to be associated with higher occur-
rence of premature ventricular contractions, VT/VF,277 
and all-cause long-term mortality277 and mortality from 
SCD.278 Furthermore, epicardial adipose tissue is sig-
nificantly correlated with traditional SCD and VT/VF risk 
factors.63,65,279–281 In a post–myocardial infarction ovine 
model, intramyocardial adiposity and discontinuous con-
duction at scar borders were found to be associated with 
altered electrophysiological properties and higher pro-
pensity for VT.282 Perhaps even more important, epicar-
dial adipose tissue infiltrations and subsequent fibrosis 
(as shown in the atria) may drive reentrant circuits for 
lethal arrhythmias and SCD (Figure 3). Given that SCD is 
responsible for approximately half of all deaths resulting 
from CVD, obesity also represents a modifiable target to 
reduce the public health burden of SCD in our society. 
Also of clinical importance is that, in patients with obe-
sity, the efficacy of chest compressions and airway pro-
tection may be compromised because of body habitus in 
case of sudden cardiac arrest, and the problem is likely 
to worsen as the patient’s weight increases. Higher tho-
racic impedance associated with an increase in BMI may 
also reduce defibrillation success.283,284 It was shown that 

severe obesity is associated with higher mortality after 
in-hospital cardiac arrest caused by either non-VF or VF 
arrest if it occurs late during hospitalization, and among 
survivors, discharge to home is significantly lower.285

Obesity and AF
Estimates suggest that obesity may account for one-fifth 
of AF cases and 60% of recently documented popula-
tion increases.286–288 Weight gain and a higher midlife 
BMI are strongly correlated with incident AF in later 
life.289,290 Every 5-unit increment in BMI confers an ≈29% 
greater risk of incident AF.291 Moreover, these figures 
may underestimate the impact of adiposity when body 
fat distribution is considered. In addition, each 5-unit 
increment in BMI confers a 10% increase in postopera-
tive AF and a 13% increase in postablation AF.291 Pro-
gression of the disease has also been demonstrated in 
the context of obesity, with a BMI in the range of 30 to 
34.9 kg/m2 associated with a 54% increase in the likeli-
hood of progression from paroxysmal to permanent AF 
and class 2 obesity (BMI 35.0 to 39.9 kg/m2) associated 
with an 87% increase in risk.292 Overweight and obesity 
elevate the risk of AF through numerous mechanisms, 

Figure 3. Relationships between obesity and cardiac arrhythmias.
AF indicates atrial fibrillation.
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..Studies on BMI in relation to thoracic aortic aneurysm are lacking
or scarce, and results from our study based on few cases suggest
no association.

This MR study confirms and extends the results of previous smaller
MR studies showing that genetically higher BMI is associated with
increased risk of heart failure in the ENGAGE consortium (n = 19
384 individuals),3 venous thromboembolism (deep vein thrombosis
and pulmonary embolism combined) in the INVENT consortium
(n = 52 632 individuals),22 and peripheral artery disease in a study of
11 477 Chinese adults.23 Furthermore, results of our primary analy-
ses showing positive associations of genetically predicted BMI with
coronary artery disease and atrial fibrillation among UK Biobank
participants are consistent with results of previous MR studies based
on data from other populations3–5,24 and 119 859 participants from
the UK Biobank.6

As in previous MR analyses based on data from the
METASTROKE consortium,4,25 we found no significant association
between BMI and ischaemic stroke. Nevertheless, we observed a
positive association of fat mass index and an inverse association with
fat-free mass index with ischaemic stroke. We also found a suggestive
positive association of genetically predicted BMI with subarachnoid
haemorrhage but not intracerebral haemorrhage. The MR results for
BMI and stroke types diverge from observational data.10 Results of a
large cohort study of British women and a meta-analysis of observa-
tional studies showed that BMI is significantly positively associated
with risk of ischaemic stroke in individuals of both European and
Asian ancestries (relative risks of 1.21–1.35 per 5 kg/m2 increase of
BMI).10 Body mass index was shown to be inversely associated with
risk of subarachnoid haemorrhage, intracerebral haemorrhage, and

haemorrhagic stroke as a whole in European-descent individuals
(relative risks of 0.89–0.91 per 5 kg/m2 increase of BMI) but positively
associated with any haemorrhagic stroke in Asians (relative risk of
1.16 per 5 kg/m2 increase of BMI).10

With regard to body composition, our results for genetically
predicted fat mass index and atrial fibrillation confirm the results of a
recent MR study showing that fat mass was positively associated
with atrial fibrillation.26 We are not aware of any other MR study of
fat mass and fat-free mass indices in relation to other cardiovascular
conditions.

Potential mechanisms
Genetically predicted BMI is associated with higher left ventricular
hypertrophy and increased concentrations of triglycerides, glucose,
insulin, and interleukin 6 (an inflammatory marker),6 which may con-
tribute to the observed associations with CVD. Arterial hypertension
is another possible mediator of the association between BMI and
CVD. Genetically predicted BMI was shown to be strongly associated
with arterial hypertension as well as systolic and diastolic blood pres-
sure in a previous MR study.4 A strong positive association between
BMI and arterial hypertension was also observed in the present
MR study. Findings from our MR study further suggest that the
association between BMI and CVD is related to fat mass index and
not fat-free mass index, which might even be associated with lower
risk of some CVDs.

Strengths and limitations
A chief strength of this study is that we could assess and compare
associations of adiposity measures with a wide range of CVDs in the

Take home figure Observed associations of BMI and fat mass index with cardiovascular conditions in UK Biobank. aSignificant association at
the P < 0.05 level; all other associations are significant at a Bonferroni threshold of P < 3.6! 10-3 (corrected for 14 outcomes).

Body mass index and body composition in relation to 14 cardiovascular conditions in UK Biobank 225
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3.3. Mechanisms explaining cardiovascular benefits
Understanding the robust interference of GLP-1 RAs with the pro-
gression and complications of atherosclerosis requires detailed
knowledge of the pathomechanisms involved and consequences of

GLP-1 receptor stimulation. Various steps and mechanisms involved in
atherogenesis [127] are displayed in Figure 9A, while the effects of
GLP-1 receptor stimulation in arterial vessel walls are shown in
complementary Figure 9B.

Figure 9: Mechanisms driving the development of atherosclerotic lesions in patients with type 2 diabetes (A) and effects of GLP-1 RAs on the progression of atherogenesis and the
development of its complications (B). See the text for further details on the mechanisms involved and references to the supporting literature. EC: endothelial cell, eNOS: endothelial
nitrous oxide synthase, ICAM-1: intercellular adhesion molecule-1, IL: interleukin, KLF-2: Krüppel-like factor-2, LDL: low-density lipoprotein, MCP-1: monocyte chemoattractant
protein-1, NO: nitrous oxide, oxLDL: oxidized low-density lipoprotein, ROS: reactive oxygen species, TNF-a: tumor necrosis factor, VCAM-1: vascular cell adhesion protein 1, VSMC:
vascular smooth muscle cell.
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THEROSCLEROSIS is an inflammatory dis-
ease. Because high plasma concentrations of
cholesterol, in particular those of low-density

lipoprotein (LDL) cholesterol, are one of the prin-
cipal risk factors for atherosclerosis,

 

1

 

 the process of
atherogenesis has been considered by many to con-
sist largely of the accumulation of lipids within the
artery wall; however, it is much more than that. De-
spite changes in lifestyle and the use of new phar-
macologic approaches to lower plasma cholesterol
concentrations,

 

2,3

 

 cardiovascular disease continues
to be the principal cause of death in the United
States, Europe, and much of Asia.

 

4,5

 

 In fact, the le-
sions of atherosclerosis represent a series of highly
specific cellular and molecular responses that can
best be described, in aggregate, as an inflammatory
disease.

 

6-10

 

The lesions of atherosclerosis occur principally in
large and medium-sized elastic and muscular arteries
and can lead to ischemia of the heart, brain, or ex-
tremities, resulting in infarction. They may be present
throughout a person’s lifetime. In fact, the earliest
type of lesion, the so-called fatty streak, which is
common in infants and young children,

 

11 

 

is a pure in-
flammatory lesion, consisting only of monocyte-de-
rived macrophages and T lymphocytes.

 

12

 

 In persons
with hypercholesterolemia, the influx of these cells is
preceded by the extracellular deposition of amor-
phous and membranous lipids.

 

11,13

 

 By asking ques-
tions about arterial inflammation, we may be able to
gain insight into the process of atherogenesis.

A

 

FACTORS THAT INDUCE AND PROMOTE 
INFLAMMATION OR ATHEROGENESIS

 

Numerous pathophysiologic observations in hu-
mans and animals led to the formulation of the re-
sponse-to-injury hypothesis of atherosclerosis, which
initially proposed that endothelial denudation was
the first step in atherosclerosis.

 

6

 

 The most recent ver-
sion of this hypothesis emphasizes endothelial dys-
function rather than denudation. Whichever process
is at work, each characteristic lesion of atherosclero-
sis represents a different stage in a chronic inflamma-
tory process in the artery; if unabated and excessive,
this process will result in an advanced, complicated
lesion. Possible causes of endothelial dysfunction
leading to atherosclerosis include elevated and mod-
ified LDL; free radicals caused by cigarette smoking,
hypertension, and diabetes mellitus; genetic altera-
tions; elevated plasma homocysteine concentrations;
infectious microorganisms such as herpesviruses or

 

Chlamydia pneumoniae

 

; and combinations of these
or other factors. Regardless of the cause of endothe-
lial dysfunction, atherosclerosis is a highly character-
istic response of particular arteries.

 

6-9,14

 

The endothelial dysfunction that results from the
injury leads to compensatory responses that alter the
normal homeostatic properties of the endothelium.
Thus, the different forms of injury increase the adhe-
siveness of the endothelium with respect to leuko-
cytes or platelets, as well as its permeability. The injury
also induces the endothelium to have procoagulant
instead of anticoagulant properties and to form vaso-
active molecules, cytokines, and growth factors. If the
inflammatory response does not effectively neutralize
or remove the offending agents, it can continue indef-
initely. In doing so, the inflammatory response stim-
ulates migration and proliferation of smooth-muscle
cells that become intermixed with the area of inflam-
mation to form an intermediate lesion. If these re-
sponses continue unabated, they can thicken the ar-
tery wall, which compensates by gradual dilation, so
that up to a point, the lumen remains unaltered,

 

15

 

 a
phenomenon termed “remodeling.” As for the in-
flammatory cells, granulocytes are rarely present dur-
ing any phase of atherogenesis.

 

16

 

 Instead, the response
is mediated by monocyte-derived macrophages and
specific subtypes of T lymphocytes at every stage of
the disease.

 

17,18

 

Continued inflammation results in increased num-
bers of macrophages and lymphocytes, which both
emigrate from the blood and multiply within the
lesion. Activation of these cells leads to the release
of hydrolytic enzymes, cytokines, chemokines, and
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important in determining whether lesions occur at
these vascular sites. Changes in flow alter the expres-
sion of genes that have elements in their promoter
regions that respond to shear stress. For example, the
genes for intercellular adhesion molecule 1,

 

81

 

 platelet-
derived growth factor B chain,

 

82

 

 and tissue factor

 

83

 

in endothelial cells have these elements, and their ex-
pression is increased by reduced shear stress.

 

84

 

 Thus,
alterations in blood flow appear to be critical in de-
termining which arterial sites are prone to have le-
sions.

 

77,85,86

 

 Rolling and adherence of monocytes and
T cells occur at these sites as a result of the up-reg-
ulation of adhesion molecules on both the endothe-
lium and the leukocytes.

Chemokines may be responsible for the chemo-
taxis and accumulation of macrophages in fatty streaks
(Fig. 2).

 

87,88

 

 Activation of monocytes and T cells
leads to up-regulation of receptors on their surfaces,
such as the mucin-like molecules that bind selectins,
integrins that bind adhesion molecules of the im-
munoglobulin superfamily, and receptors that bind
chemoattractant molecules.

 

78

 

 These ligand–recep-
tor interactions further activate mononuclear cells,

induce cell proliferation, and help define and lo-
calize the inflammatory response at the sites of le-
sions (Fig. 1).

In genetically modified mice that are deficient in
apolipoprotein E (and have hypercholesterolemia),
intercellular adhesion molecule 1 is constitutively in-
creased at lesion-prone sites.

 

86

 

 In fact, it is present on
the surface of the endothelium at these sites in normal
mice and is increased in mice with apolipoprotein E
deficiency. In contrast, vascular-cell adhesion mole-
cule 1 is absent in normal mice but is present at the
same sites as intercellular adhesion molecule 1 in mice
with apolipoprotein E deficiency.

 

86

 

 Thus, adherence
of monocytes and T cells may occur after an increase
in one or more of the adhesion molecules, which
may act in concert with chemotactic molecules such
as monocyte chemotactic protein 1, interleukin-8, or
modified LDL. Would interference with only one of
the several adhesion molecules be sufficient to de-
crease inflammation and thus slow or counteract the
process of atherogenesis? In mice that are completely
deficient in intercellular adhesion molecule 1, P-selec-
tin, CD18, or combinations of these molecules, lipid

 

Figure 2.

 

 Fatty-Streak Formation in Atherosclerosis.
Fatty streaks initially consist of lipid-laden monocytes and macrophages (foam cells) together with
T lymphocytes. Later they are joined by various numbers of smooth-muscle cells. The steps involved
in this process include smooth-muscle migration, which is stimulated by platelet-derived growth factor,
fibroblast growth factor 2, and transforming growth factor 

 

b

 

; T-cell activation, which is mediated by
tumor necrosis factor 

 

a

 

, interleukin-2, and granulocyte–macrophage colony-stimulating factor; foam-
cell formation, which is mediated by oxidized low-density lipoprotein, macrophage colony-stimulating
factor, tumor necrosis factor 

 

a

 

, and interleukin-1; and platelet adherence and aggregation, which are
stimulated by integrins, P-selectin, fibrin, thromboxane A

 

2

 

, tissue factor, and the factors described in
Figure 1 as responsible for the adherence and migration of leukocytes.
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endothelium,

 

67

 

 increase leukocyte adhesion,

 

66

 

 and in-
crease peripheral resistance. Thus, free-radical forma-
tion mediates some of the effects of both hyperten-
sion and hypercholesterolemia.

 

Infection

 

Several reports have shown a correlation between
the incidence of atherosclerosis and the presence of
at least two types of infectious microorganisms, her-
pesviruses and 

 

C. pneumoniae.

 

68-70

 

 Both organisms
have been identified in atheromatous lesions in cor-
onary arteries and in other organs obtained at au-
topsy.

 

69,70

 

 Increased titers of antibodies

 

71

 

 to these
organisms have been used as a predictor of further
adverse events in patients who have had a myocardial
infarction.

 

72,73

 

 Nonetheless, there is no direct evi-
dence that these organisms can cause the lesions of
atherosclerosis.

 

68,74,75

 

 Although these organisms are
ubiquitous in many tissues and organs, the fact that
lesions cannot be induced experimentally in animals
by injection of the organisms leaves their role as eti-
ologic agents in question. It is nevertheless possible
that infection, combined with other factors, may be
responsible for the genesis of the lesions of athero-
sclerosis in some patients.

 

68,76

 

THE NATURE OF THE INFLAMMATORY 
RESPONSE

 

Interactions among Endothelial Cells, Monocytes, 
and T Cells

 

Specific arterial sites, such as branches, bifurca-
tions, and curvatures, cause characteristic alterations
in the flow of blood, including decreased shear stress
and increased turbulence.

 

77

 

 At these sites, specific
molecules form on the endothelium that are respon-
sible for the adherence, migration, and accumulation
of monocytes and T cells. Such adhesion molecules,
which act as receptors for glycoconjugates and inte-
grins present on monocytes and T cells, include sever-
al selectins, intercellular adhesion molecules, and vas-
cular-cell adhesion molecules.

 

78

 

 Molecules associated
with the migration of leukocytes across the endothe-
lium, such as platelet–endothelial-cell adhesion mol-
ecules,

 

79

 

 act in conjunction with chemoattractant mol-
ecules generated by the endothelium, smooth muscle,
and monocytes — such as monocyte chemotactic
protein 1, osteopontin,

 

80

 

 and modified LDL — to at-
tract monocytes and T cells into the artery (Fig. 1).

 

33

 

The nature of the flow — that is, whether shear
stress or turbulence is high or low — appears to be

 

Figure 1.

 

 Endothelial Dysfunction in Atherosclerosis.
The earliest changes that precede the formation of lesions of atherosclerosis take place in the endo-
thelium. These changes include increased endothelial permeability to lipoproteins and other plasma
constituents, which is mediated by nitric oxide, prostacyclin, platelet-derived growth factor, angioten-
sin II, and endothelin; up-regulation of leukocyte adhesion molecules, including L-selectin, integrins, and
platelet–endothelial-cell adhesion molecule 1, and the up-regulation of endothelial adhesion molecules,
which include E-selectin, P-selectin, intercellular adhesion molecule 1, and vascular-cell adhesion mol-
ecule 1; and migration of leukocytes into the artery wall, which is mediated by oxidized low-density
lipoprotein, monocyte chemotactic protein 1, interleukin-8, platelet-derived growth factor, macrophage
colony-stimulating factor, and osteopontin.
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growth factors,

 

19,20

 

 which can induce further damage
and eventually lead to focal necrosis.

 

21 

 

Thus, cycles of
accumulation of mononuclear cells, migration and
proliferation of smooth-muscle cells, and formation
of fibrous tissue lead to further enlargement and re-
structuring of the lesion, so that it becomes covered
by a fibrous cap that overlies a core of lipid and ne-
crotic tissue — a so-called advanced, complicated
lesion. At some point, the artery can no longer com-
pensate by dilation; the lesion may then intrude into
the lumen and alter the flow of blood.

 

Hypercholesterolemia and Modified Lipids
and Lipoproteins

 

LDL, which may be modified by oxidation, glyca-
tion (in diabetes), aggregation, association with pro-
teoglycans, or incorporation into immune complex-
es,

 

22-25

 

 is a major cause of injury to the endothelium
and underlying smooth muscle.

 

25-27 

 

When LDL par-
ticles become trapped in an artery, they can undergo
progressive oxidation and be internalized by macro-
phages by means of the scavenger receptors on the
surfaces of these cells.

 

22,24-28

 

 The internalization
leads to the formation of lipid peroxides and facili-
tates the accumulation of cholesterol esters, result-
ing in the formation of foam cells. The degree to
which LDL is modified can vary greatly.

 

25,27,29

 

 Once
modified and taken up by macrophages, LDL acti-
vates the foam cells. Removal and sequestration of
modified LDL are important parts of the initial,
protective role of the macrophage in the inflamma-
tory response

 

28-30

 

 and minimize the effects of mod-
ified LDL on endothelial and smooth-muscle cells.
Antioxidants such as vitamin E can also reduce free-
radical formation by modified LDL.

 

31

 

 In addition to
its ability to injure these cells,

 

25,27

 

 modified LDL is
chemotactic for other monocytes and can up-regu-
late the expression of genes for macrophage colony-
stimulating factor

 

32,33

 

 and monocyte chemotactic
protein

 

34

 

 derived from endothelial cells. Thus, it may
help expand the inflammatory response by stimulat-
ing the replication of monocyte-derived macrophag-
es and the entry of new monocytes into lesions.

The inflammatory response itself can have a pro-
found effect on lipoprotein movement within the ar-
tery. Specifically, mediators of inflammation such as
tumor necrosis factor 

 

a

 

, interleukin-1, and macro-
phage colony-stimulating factor increase binding of
LDL to endothelium and smooth muscle and increase
the transcription of the LDL-receptor gene.

 

35,36

 

 Af-
ter binding to scavenger receptors in vitro, modified
LDL initiates a series of intracellular events

 

36

 

 that in-
clude the induction of urokinase

 

30

 

 and inflammatory
cytokines such as interleukin-1.

 

37-39

 

 Thus, a vicious
circle of inflammation, modification of lipoproteins,
and further inflammation can be maintained in the
artery by the presence of these lipids.

Oxidized LDL is present in lesions of atheroscle-

rosis in humans.

 

40

 

 In animals with hypercholesterole-
mia, antioxidants can reduce the size of lesions,

 

25,41-44

 

and they reduce fatty streaks in nonhuman pri-
mates.

 

44

 

 The latter observation suggests that the an-
tioxidants have an antiinflammatory effect, perhaps
by preventing the up-regulation of adhesion mole-
cules for monocytes.

 

45

 

 Antioxidants increase the re-
sistance of human LDL to oxidation ex vivo

 

46

 

 in
proportion to the vitamin E content of the plasma.
Vitamin E intake is inversely correlated with the in-
cidence of myocardial infarction, and vitamin E sup-
plementation reduced coronary events in a prelimi-
nary clinical trial.

 

47-49

 

 In contrast, other antioxidants,
such as beta carotene, have no benefit.

 

46,50,51

 

Homocysteine

 

High plasma homocysteine concentrations were
initially thought to be associated with advanced ath-
erosclerosis on the basis of autopsy findings in patients
with homozygous defects in enzymes necessary for
homocysteine metabolism, such as cystathionine beta-
synthase or methylenetetrahydrofolate reductase.

 

52-56

 

In patients with such defects, severe atherosclerosis
develops in childhood, and many have their first my-
ocardial infarction by the age of 20 years.

 

55,56

 

 Ho-
mocysteine is toxic to endothelium

 

57

 

 and is prothrom-
botic,

 

58

 

 and it increases collagen production

 

59

 

 and
decreases the availability of nitric oxide.

 

60

 

Plasma homocysteine concentrations are slightly
elevated in many patients who have no enzymatic de-
fects in homocysteine metabolism.

 

61

 

 These patients
have an increased risk of symptomatic atherosclerosis
of the coronary, peripheral, and cerebral arteries.

 

61

 

Treatment with folic acid can return their plasma ho-
mocysteine concentrations to normal. Trials are under
way to determine whether folic acid will prevent the
progression or possibly even induce the regression of
atherosclerotic lesions.

 

62

 

Hypertension

 

Concentrations of angiotensin II, the principal
product of the renin–angiotensin system, are often
elevated in patients with hypertension; angiotensin
II is a potent vasoconstrictor. In addition to causing
hypertension, it can contribute to atherogenesis by
stimulating the growth of smooth muscle.

 

63

 

 Angio-
tensin II binds to specific receptors on smooth mus-
cle, resulting in the activation of phospholipase C,
which can lead to increases in intracellular calcium
concentrations and in smooth-muscle contraction,

 

63

 

increased protein synthesis, and smooth-muscle hy-
pertrophy.

 

64

 

 It also increases smooth-muscle lipoxy-
genase activity, which can increase inflammation and
the oxidation of LDL. Hypertension also has proin-
flammatory actions, increasing the formation of hy-
drogen peroxide and free radicals such as superoxide
anion and hydroxyl radicals in plasma.

 

27,65,66 

 

These sub-
stances reduce the formation of nitric oxide by the
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THEROSCLEROSIS is an inflammatory dis-
ease. Because high plasma concentrations of
cholesterol, in particular those of low-density

lipoprotein (LDL) cholesterol, are one of the prin-
cipal risk factors for atherosclerosis,

 

1

 

 the process of
atherogenesis has been considered by many to con-
sist largely of the accumulation of lipids within the
artery wall; however, it is much more than that. De-
spite changes in lifestyle and the use of new phar-
macologic approaches to lower plasma cholesterol
concentrations,

 

2,3

 

 cardiovascular disease continues
to be the principal cause of death in the United
States, Europe, and much of Asia.

 

4,5

 

 In fact, the le-
sions of atherosclerosis represent a series of highly
specific cellular and molecular responses that can
best be described, in aggregate, as an inflammatory
disease.

 

6-10

 

The lesions of atherosclerosis occur principally in
large and medium-sized elastic and muscular arteries
and can lead to ischemia of the heart, brain, or ex-
tremities, resulting in infarction. They may be present
throughout a person’s lifetime. In fact, the earliest
type of lesion, the so-called fatty streak, which is
common in infants and young children,

 

11 

 

is a pure in-
flammatory lesion, consisting only of monocyte-de-
rived macrophages and T lymphocytes.

 

12

 

 In persons
with hypercholesterolemia, the influx of these cells is
preceded by the extracellular deposition of amor-
phous and membranous lipids.

 

11,13

 

 By asking ques-
tions about arterial inflammation, we may be able to
gain insight into the process of atherogenesis.

A

 

FACTORS THAT INDUCE AND PROMOTE 
INFLAMMATION OR ATHEROGENESIS

 

Numerous pathophysiologic observations in hu-
mans and animals led to the formulation of the re-
sponse-to-injury hypothesis of atherosclerosis, which
initially proposed that endothelial denudation was
the first step in atherosclerosis.

 

6

 

 The most recent ver-
sion of this hypothesis emphasizes endothelial dys-
function rather than denudation. Whichever process
is at work, each characteristic lesion of atherosclero-
sis represents a different stage in a chronic inflamma-
tory process in the artery; if unabated and excessive,
this process will result in an advanced, complicated
lesion. Possible causes of endothelial dysfunction
leading to atherosclerosis include elevated and mod-
ified LDL; free radicals caused by cigarette smoking,
hypertension, and diabetes mellitus; genetic altera-
tions; elevated plasma homocysteine concentrations;
infectious microorganisms such as herpesviruses or

 

Chlamydia pneumoniae

 

; and combinations of these
or other factors. Regardless of the cause of endothe-
lial dysfunction, atherosclerosis is a highly character-
istic response of particular arteries.

 

6-9,14

 

The endothelial dysfunction that results from the
injury leads to compensatory responses that alter the
normal homeostatic properties of the endothelium.
Thus, the different forms of injury increase the adhe-
siveness of the endothelium with respect to leuko-
cytes or platelets, as well as its permeability. The injury
also induces the endothelium to have procoagulant
instead of anticoagulant properties and to form vaso-
active molecules, cytokines, and growth factors. If the
inflammatory response does not effectively neutralize
or remove the offending agents, it can continue indef-
initely. In doing so, the inflammatory response stim-
ulates migration and proliferation of smooth-muscle
cells that become intermixed with the area of inflam-
mation to form an intermediate lesion. If these re-
sponses continue unabated, they can thicken the ar-
tery wall, which compensates by gradual dilation, so
that up to a point, the lumen remains unaltered,

 

15

 

 a
phenomenon termed “remodeling.” As for the in-
flammatory cells, granulocytes are rarely present dur-
ing any phase of atherogenesis.

 

16

 

 Instead, the response
is mediated by monocyte-derived macrophages and
specific subtypes of T lymphocytes at every stage of
the disease.

 

17,18

 

Continued inflammation results in increased num-
bers of macrophages and lymphocytes, which both
emigrate from the blood and multiply within the
lesion. Activation of these cells leads to the release
of hydrolytic enzymes, cytokines, chemokines, and
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•  Five different signaling pathways are 
dominant determinants of adipose tissue 
inflammation: increased circulating endotoxin 
due to dysregulation in the microbiota-gut-brain 
axis, systemic oxidative stress, macrophage 
accumulation, adipocyte death and NLRP3 
inflammasome activation 

•  Release of several highly active molecules 
(adipokines) (leptin, resistin, adiponectin, 
visfatin) and classical cytokines, such as 
TNFα, IL-6, MCP-1 and IL-1.  

•  Three metabolic pathways are noteworthy in 
the development of adipose tissue 
inflammation: toll-like receptor 4/ phosphatidyl-
inositol-3′-kinase/Protein kinase B signaling 
pathway, endoplasmic reticulum stress-derived 
unfolded protein response, and inhibitor of 
nuclear factor kappa-B kinase beta (IKKβ)- 
nuclear factor kappa B (NF-κB) pathway 
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monocytes adhesion  
to “activated” 
endothelial cells 

cholesterol crystal-
induced activation of 
NLRP3 inflammasome 
in foam cells 
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Atheromas at early stages  
Fatty streaks Cluster of foam cells Lipid pool 
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Stable plaque 

F 
L 

F 
L 

Vulnerable plaque 
acute coronary syndromes usually are relatively large and
associated with expansive remodeling, which tends to pre-
serve a normal lumen. In contrast, plaques responsible for
stable angina usually are smaller but, nevertheless, often are
associated with more severe luminal narrowing because of
concomitant constrictive remodeling (36). Smoking and
diabetes mellitus have been linked to constrictive remodel-
ing but, otherwise, the reason for these different modes of
remodeling is unknown. Experimental studies indicate that
processes in adventitia could play a decisive role in
remodeling.
Plaque rupture. The term plaque rupture is used for “A
plaque with deep injury with a real defect or gap in the
fibrous cap that had separated its lipid-rich atheromatous
core from the flowing blood, thereby exposing the throm-
bogenic core of the plaque” (37). This is the most common
cause of coronary artery thrombosis.
Nonfatal thrombosis. Plaque rupture is not a rare event in
the development of coronary atherosclerosis. It is particu-
larly frequent and often multiple in acute coronary syn-
dromes (38). Rupture of the plaque surface is followed by
variable amounts of hemorrhage into the plaque and luminal
thrombosis, causing sudden and rapid but often clinically
silent progression of the lesion. It is probably the most
important mechanism underlying the episodic (versus lin-
ear) progression of coronary lesions observed by serial
angiography (39,40).
Fatal thrombosis. A recent extensive review of the litera-
ture revealed that plaque rupture is responsible for 76% of all
fatal heart attacks caused by coronary thrombosis worldwide
(Table 1) (41). The remaining 24% are caused by plaque
erosion and other less well-defined mechanisms. Plaque
rupture is a more frequent cause of coronary thrombosis in
men (!80%) than in women (!60%). Except for gender
and menopause, no particular risk factors consistently have
been connected with a particular type of coronary plaque or
mechanism of thrombosis.

Pathoanatomical features of ruptured plaques and, by
inference, plaques assumed to be rupture-prone (vulnerable)
are shown in Table 2, and potential targets for their
detection by imaging are highlighted in Figure 3.

Fibrin and platelets. During atherogenesis, multiple sites
of endothelial denudation and plaque rupture develop and
heal. When subendothelial tissue is exposed, platelets ad-
here and fibrin forms. The magnitude of this thrombotic
response depends on the thrombogenic stimulus; plaque
rupture probably is much more thrombogenic than plaque
erosion. In the pathogenesis of arterial thrombosis, platelet
aggregation is responsible for the initial flow obstruction but
fibrin formation is necessary for the subsequent stabilization
of the platelet-rich thrombosis. Thus, both platelets and
fibrin may accumulate over ruptured and eroded plaques.
Contribution of bone marrow-derived cells. Bone marrow-
derived macrophages play a critical role in the initiation and
progression of atherosclerosis. However, conventional wis-
dom says that endothelial cells and intimal smooth muscle
cells reside within the arterial wall and proliferate, migrate,
and secrete what might be needed for expedient healing and
repair after injury (21). Therefore, it came as an incredible

Figure 3. Molecular and structural targets for imaging. Cross section of a
coronary artery containing plaque assumed to be rupture-prone. Potential
targets for imaging are highlighted. They comprise: 1) the large lipid-rich
necrotic core (orange asterisk), 2) thin fibrous cap (blue arrows), 3)
expansive remodeling (green arrow), and 4) vasa vasorum and neovascu-
larization (red open circles).

Table 2. Features Associated With Plaque Rupture

Structural
Large and soft lipid-rich core
Thin and collagen-poor fibrous cap

Cellular
Lack of SMCs at rupture site
Accumulation of MACRs at rupture site

Function
Impaired matrix synthesis (SMC-related)
Increased matrix breakdown (MACR-derived MMPs)

Remodeling
Expansive (outward) vascular remodeling

Others
Adventitial inflammation and neovascularization

MACR " macrophages; MMP " matrix metalloproteinase; SMC " smooth muscle
cell.

C11JACC Vol. 47, No. 8 Suppl C Falk
April 18, 2006:C7–12 Pathogenesis of Atherosclerosis

Vulnerability features: thin fibrous cap (<65 µm), a necrotic core more than 30% of the total plaque, haemorrhage, infiltration of inflammatory cells, low VSMC density 
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Towards stability (healing)  
or towards clinical event? 
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Towards stability (healing)  
or towards clinical event? 
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..

..

.
lipoproteins, monocyte/macrophage and SMC biology, efferocytosis,
inflammation, innate and adaptive immune responses to the intimal
retention of apoB-containing lipoproteins and calcification (Take
home figure). The future holds great promise but will not be lacking in
surprises.
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Obesity prevalence in the overall population, and risk of and complications in HFrEF and HFpEF  
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Pathophysiological link between obesity and heart failure  
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(A) Increasing weight gain is associated with progressively greater increases in estimated LV end diastolic chamber stiffness 
(ΔLV Eed) over time in community-dwelling adults, predisposing to HFpEF. (B) Impairments in the ability to enhance LV early 
diastolic relaxation velocity (ΔLV e′) with exercise are associated with greater increases in pulmonary capillary wedge pressure 
(PCWP), and enhancement in LV e′ with exercise is substantially blunted in obese HFpEF (C )  
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•  An 82-year-old woman with HFpEF, 
recurrent hospitalizations (in the last 12 
months), obesity, AF, diabetes, and CKD 
presented with worsening dyspnoea and 
oedema.  

•  LVEF 57%, normal LV mass, mild left atrial 
enlargement, a dilated inferior vena cava, 
and PAPS of 48 mmHg.  

•  Parenteral diuretics and antibiotics were 
administered, but symptoms worsened and 
died 4 days later.  

•  At autopsy, total heart weight upon removal 
from the chest was 758 g, with marked 
circumferential epicardial fat deposition. 

•  Following dissection of epicardial fat, the 
heart weighed 415g (expected weight 
241g). Thus, epicardial fat accounted for 
343 g, 46%of the total heart mass.  

•  Cause of death was established as sepsis 
complicated by congestive heart failure.  
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When compared with healthy controls and non-obese HFpEF, patients with obese HFpEF display increased epicardial fat 
thickness, which is associated with higher pulmonary capillary wedge pressures (PCWP). The increase in external constraint on 
the heart in patients with obesity results in a higher PCWP for any LV transmural distending pressure (LVTMP).  
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Powell-Wiley et al Obesity and the Heart

Circulation. 2021;143:e984–e1010. DOI: 10.1161/CIR.0000000000000973 May 25, 2021 e997

CLINICAL STATEMENTS  
AND GUIDELINES

of models with established obesity. Epicardial adipose 
tissue was reported to be associated with higher occur-
rence of premature ventricular contractions, VT/VF,277 
and all-cause long-term mortality277 and mortality from 
SCD.278 Furthermore, epicardial adipose tissue is sig-
nificantly correlated with traditional SCD and VT/VF risk 
factors.63,65,279–281 In a post–myocardial infarction ovine 
model, intramyocardial adiposity and discontinuous con-
duction at scar borders were found to be associated with 
altered electrophysiological properties and higher pro-
pensity for VT.282 Perhaps even more important, epicar-
dial adipose tissue infiltrations and subsequent fibrosis 
(as shown in the atria) may drive reentrant circuits for 
lethal arrhythmias and SCD (Figure 3). Given that SCD is 
responsible for approximately half of all deaths resulting 
from CVD, obesity also represents a modifiable target to 
reduce the public health burden of SCD in our society. 
Also of clinical importance is that, in patients with obe-
sity, the efficacy of chest compressions and airway pro-
tection may be compromised because of body habitus in 
case of sudden cardiac arrest, and the problem is likely 
to worsen as the patient’s weight increases. Higher tho-
racic impedance associated with an increase in BMI may 
also reduce defibrillation success.283,284 It was shown that 

severe obesity is associated with higher mortality after 
in-hospital cardiac arrest caused by either non-VF or VF 
arrest if it occurs late during hospitalization, and among 
survivors, discharge to home is significantly lower.285

Obesity and AF
Estimates suggest that obesity may account for one-fifth 
of AF cases and 60% of recently documented popula-
tion increases.286–288 Weight gain and a higher midlife 
BMI are strongly correlated with incident AF in later 
life.289,290 Every 5-unit increment in BMI confers an ≈29% 
greater risk of incident AF.291 Moreover, these figures 
may underestimate the impact of adiposity when body 
fat distribution is considered. In addition, each 5-unit 
increment in BMI confers a 10% increase in postopera-
tive AF and a 13% increase in postablation AF.291 Pro-
gression of the disease has also been demonstrated in 
the context of obesity, with a BMI in the range of 30 to 
34.9 kg/m2 associated with a 54% increase in the likeli-
hood of progression from paroxysmal to permanent AF 
and class 2 obesity (BMI 35.0 to 39.9 kg/m2) associated 
with an 87% increase in risk.292 Overweight and obesity 
elevate the risk of AF through numerous mechanisms, 

Figure 3. Relationships between obesity and cardiac arrhythmias.
AF indicates atrial fibrillation.
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•  Epicardial adipose tissue (EAT) has 
anatomical and functional interactions 
with the heart owing to shared circulation 
and absence of muscle fascia separating 
the two organs.  

•  Regional distribution of EAT is important 
because pericoronary EAT and left atrial 
EAT differently affect the risk of CAD and 
atrial fibrillation, respectively.  

•  EAT has a role in the development of 
several cardiovascular diseases through 
complex mechanisms, including gene 
expression profile, pro-inflammatory and 
profibrotic proteome, neuromodulation, 
and glucose and lipid metabolism.  
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EAT changes with age and in pathological conditions. In the neonate and early years of life, EAT is morphologically and functionally similar to brown adipose tissue. The brown fat-like properties of EAT rapidly decrease with age, from childhood to 
adulthood. However, EAT maintains cardioprotective functions such as providing a source of energy and heat to the heart. In pathological conditions, such as CAD, DM, HF and AF, EAT becomes pro-atherogenic and pro-arrhythmogenic.  
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Atherosclerosis Heart failure Arrhythmyas 
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Summary
Background Blockade of the endocannabinoid receptor reduces obesity and improves metabolic abnormalities such as 
triglycerides, HDL cholesterol, and fasting blood glucose. We assessed whether rimonabant would improve major 
vascular event-free survival. 

Methods This double-blind, placebo-controlled trial was undertaken in 974 hospitals in 42 countries. 18 695 patients 
with previously manifest or increased risk of vascular disease were randomly assigned to receive either rimonabant 
20 mg (n=9381) or matching placebo (n=9314). Randomisation was stratifi ed by centre, implemented with an 
independent interactive voice response system, and all study personnel and participants were masked to group 
assignment. The primary endpoint was the composite of cardiovascular death, myocardial infarction, or stroke, as 
determined via central adjudication. Analysis was by intention to treat. This study is registered with ClinicalTrials.gov, 
number NCT00263042.

Findings At a mean follow-up of 13·8 months (95% CI 13·6–14·0), the trial was prematurely discontinued because of 
concerns by health regulatory authorities in three countries about suicide in individuals receiving rimonabant. All 
randomised participants were analysed. At the close of the trial (Nov 6, 2008), the composite primary endpoint of 
cardiovascular death, myocardial infarction, or stroke occurred in 364 (3·9%) patients assigned to rimonabant and 
375 (4·0%) assigned to placebo (hazard ratio 0·97, 95% CI 0·84–1·12, p=0·68). With rimonabant, gastrointestinal 
(3038 [33%] vs 2084 [22%]), neuropsychiatric (3028 [32%] vs 1989 [21%]), and serious psychiatric side-eff ects (232 [2·5%] 
vs 120 [1·3%]) were signifi cantly increased compared with placebo. Four patients in the rimonabant group and one in 
the placebo group committed suicide.

Interpretation The premature termination of this trial has important lessons for drug development. A drug that was 
being marketed for weight loss, but being tested for improving cardiovascular outcomes, induced a level of serious 
neuropsychiatric eff ects that was deemed unacceptable by regulatory authorities, and both the drug and the trial were 
abruptly terminated.

Funding Sanofi -Aventis.

Introduction
Obesity has reached epidemic proportions worldwide. 
Abdominal obesity, the most dangerous form, is associated 
with a cluster of diabetogenic and atherogenic metabolic 
abnormalities that are often referred to as the metabolic 
syndrome. Although improved lifestyle—nutritional 
habits and regular physical activity—is the cornerstone of 
management of obesity, poor clinical practice has led us to 
consider pharmacological support to help patients to 
reduce their caloric intake and bodyweight and improve 
their cardiometabolic risk profi le.1–3 Unfortunately, 
physicians have been left with few options for the 
pharmacotherapy of obesity, especially abdominal obesity.

The endocannabinoid pathway, with its principal 
cannabinoid receptor expressed in the brain and adipose 
tissue, among other organs, has been intensively studied 
in experimental models and man. Rimonabant—a 
selective cannabinoid-1 receptor antagonist—not only 
reduces waist circumference and bodyweight, but also 

improves several metabolic risk factors by increasing 
concentrations of HDL cholesterol and adiponectin, and 
reducing triglycerides, blood glucose, fasting insulin, 
and leptin.1 Despite its major side-eff ects of nausea and 
depression, the effi  cacy of rimonabant on metabolic 
parameters has been recorded in many placebo-controlled 
randomised trials; however, duration of treatment was 
12 months or less.1–3 In a study of the eff ects of 18 months 
of rimonabant treatment on atherosclerotic progression 
assessed by intravascular ultrasound, the primary 
endpoint was not achieved but total atheroma volume 
was reduced compared with placebo.4 No previous trial 
was adequately powered to assess clinical endpoints.

The Comprehensive Rimonabant Evaluation Study of 
Cardiovascular Endpoints and Outcomes (CRESCENDO) 
trial was designed to test whether long-term rimonabant 
therapy would have the potential to reduce the risk of 
cardiovascular death, myocardial infarction, or stroke in 
a large population with either documented cardiovascular 
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A committee, masked to study drug assignment, 
adjudicated possible events. The criteria for the endpoints 
of cardiovascular death, myocardial infarction, and stroke 
were the same as used in a previous trial.5 Secondary 
endpoints were fi rst occurrence of any myocardial 
infarction, stroke, cardiovascular death, or admission to 
hospital for cardiovascular cause.

Statistical analysis
A yearly event rate of 3% for the composite of cardiovascular 
death, myocardial infarction, or stroke was assumed, 
which gave rise to the need to study 8500 patients per 
group, corresponding to a total of 1600 events, to detect an 
overall 15% risk reduction with 90% power, α of 0·05, two-
sided, log-rank time from randomisation to the occurrence 
of an event of the composite. This calculation also assumes 
attrition of 10% per year for study drug discontinuation 
and that there would be no eff ect in the fi rst 12 months. A 
minimum of 33 months and a maximum of 50 months of 
study drug treatment were planned.

Hazard ratios (HRs) were used to estimate relative risk. 
Cumulative event rates for each treatment group were 
calculated with the Kaplan-Meier method and plotted over 
time. A Cox proportional hazards model was used to 
calculate the relative risk estimate and the corresponding 
95% CI. Data were analysed by intention to treat, and 
0·05 was established as criteria for statistical signifi cance.

This study is registered with ClinicalTrials.gov, number 
NCT00263042.

Role of the funding source
The sponsor of the study participated in the design and 
execution of the trial as non-voting members of the 
Executive Committee. The corresponding author had full 
access to all the data in the study, has responsibility for 
the integrity of the data and the accuracy of the data 
analysis, and had fi nal responsibility for the decision to 
submit for publication.

Results
Figure 1 shows the trial profi le. 18 695 patients were 
enrolled: 9314 were assigned to placebo and 9381 to 
rimonabant. Table 1 shows baseline characteristics of 
participants, and table 2 the drugs that patients were 
taking at baseline. 

The total number of participants enrolled was greater 
than was expected because of the very rapid accrual of 
patients once all participating sites had been activated. 
Although enrolment was completed, study drug 
administration and follow-up in the trial was prematurely 
ended on Nov 6, 2008, because of a request by the 
regulatory agency for cessation of clinical research of 
rimonabant in Ireland, France, and Germany. At that time, 
the mean exposure to the drug had been 13·8 months 
(95% CI 13·6–14·0), whereas the anticipated exposure if 
the trial had been completed was planned to be a minimum 
of 33 months.

The HR for the primary effi  cacy endpoint was 0·97 
(95% CI 0·84–1·12, p=0·68; fi gure 2). 375 events occurred 
in the placebo group and 364 in the rimonabant group, 
which was less than half of the anticipated 1600 events. 
Table 3 shows the specifi c types of events for the overall 
intention-to-treat population, and populations with overt 
cardiovascular disease or at increased risk of 
cardiovascular disease.

Placebo Rimonabant p value

Overall intention-to-treat population

N 9314 9381 ..

Cardiovascular death/stroke/MI 375 (4·0%) 364 (3·9%) 0·68

All-cause mortality 201 (2·2%) 200 (2·1%) 0·96

Cardiovascular death 123 (1·3%) 122 (1·3%) 0·95

MI 144 (1·5%) 138 (1·5%) 0·72

Stroke 146 (1·6%) 135 (1·4%) 0·50

Overt cardiovascular disease*

N 5265 5322 ..

Cardiovascular death/stroke/MI 264 (5·0%) 254 (4·8%) 0·60

All-cause mortality 131 (2·5%) 120 (2·3%) 0·46

Cardiovascular death 80 (1·5%) 78 (1·5%) 0·85

MI 107 (2·0%) 100 (1·9%) 0·58

Stroke 103 (2·0%) 101 (1·9%) 0·84

Increased cardiovascular risk*

N 3829 3825 ..

Cardiovascular death/stroke/MI 105 (2·7%) 107 (2·8%) 0·81

All-cause mortality 65 (1·7%) 74 (1·9%) 0·39

Cardiovascular death 39 (1·0%) 42 (1·1%) 0·69

MI 35 (0·9%) 38 (1·0%) 0·69

Stroke 42 (1·1%) 33 (0·9%) 0·33

MI=myocardial infarction. *454 patients were neither classifi ed as patients with 
overt cardiovascular disease or at increased risk of cardiovascular disease.

Table 3: Primary and secondary effi  cacy endpoints for the overall 
intention-to-treat population, and populations with overt 
cardiovascular disease or at increased risk of cardiovascular disease

Figure 2: Kaplan-Meier curves for time to fi rst occurrence of myocardial infarction, stroke, or cardiovascular 
death for overall study cohort
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Background
The long-term effects of sibutramine treatment on the rates of cardiovascular events 
and cardiovascular death among subjects at high cardiovascular risk have not been 
established.

Methods
We enrolled in our study 10,744 overweight or obese subjects, 55 years of age or older, 
with preexisting cardiovascular disease, type 2 diabetes mellitus, or both to assess 
the cardiovascular consequences of weight management with and without sibutra-
mine in subjects at high risk for cardiovascular events. All the subjects received 
sibutramine in addition to participating in a weight-management program during 
a 6-week, single-blind, lead-in period, after which 9804 subjects underwent random 
assignment in a double-blind fashion to sibutramine (4906 subjects) or placebo 
(4898 subjects). The primary end point was the time from randomization to the 
first occurrence of a primary outcome event (nonfatal myocardial infarction, non-
fatal stroke, resuscitation after cardiac arrest, or cardiovascular death).

Results
The mean duration of treatment was 3.4 years. The mean weight loss during the 
lead-in period was 2.6 kg; after randomization, the subjects in the sibutramine group 
achieved and maintained further weight reduction (mean, 1.7 kg). The mean blood 
pressure decreased in both groups, with greater reductions in the placebo group 
than in the sibutramine group (mean difference, 1.2/1.4 mm Hg). The risk of a 
primary outcome event was 11.4% in the sibutramine group as compared with 
10.0% in the placebo group (hazard ratio, 1.16; 95% confidence interval [CI], 1.03 to 
1.31; P = 0.02). The rates of nonfatal myocardial infarction and nonfatal stroke were 
4.1% and 2.6% in the sibutramine group and 3.2% and 1.9% in the placebo group, 
respectively (hazard ratio for nonfatal myocardial infarction, 1.28; 95% CI, 1.04 to 
1.57; P = 0.02; hazard ratio for nonfatal stroke, 1.36; 95% CI, 1.04 to 1.77; P = 0.03). 
The rates of cardiovascular death and death from any cause were not increased.

Conclusions
Subjects with preexisting cardiovascular conditions who were receiving long-term 
sibutramine treatment had an increased risk of nonfatal myocardial infarction and 
nonfatal stroke but not of cardiovascular death or death from any cause. (Funded by 
Abbott; ClinicalTrials.gov number, NCT00234832.)
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rate is an independent predictor of cardiovascu-
lar risk.27-29 Elevated blood pressure or pulse rate 
has typically been associated with increases in 
both nonfatal and fatal events; a selective effect 
on nonfatal events has been observed previously.29

The weight loss that was achieved in both 
study groups during the lead-in period was large-
ly maintained over the course of the study (mean 

duration, 3.4 years). The long-term maintenance 
of reduced weight in placebo-treated subjects is 
unusual but may relate to the fact that our co-
hort was older than the cohorts in most obesity 
trials; it is known that weight tends to stabilize 
in subjects who are older than 60 years of age,30 
whereas younger subjects gain about 1 kg per 
year.31,32

During the 6-year study period in the SCOUT 
trial, the incidence of cardiovascular disease was 
reduced in most of Europe and Australia, and 
there were improvements in the medical man-
agement of cardiovascular disease.33-35 In addi-
tion, the optimal medical management of blood 
pressure, blood glucose levels, and lipid levels 
was repeatedly emphasized throughout the trial. 
The original expectation of an annual incidence 
rate of 7.0% in the placebo group was based on 
data that were available almost a decade ago, 
when the trial was initially designed. Despite the 
fact that we selectively recruited subjects with 
the highest cardiovascular risk (with the result 
that 60% of the subjects were in the CV–DM 
group) and extended the trial period, less than 
half the predicted primary outcome events oc-
curred. The decision not to extend the trial fur-
ther in order to accumulate more primary out-
come events was made because approximately 
40% of the subjects had discontinued treatment, 
and further discontinuations could have under-
mined the trial’s validity.

Our study has some limitations. First, because 
the overall event rate was lower than originally 
intended, the statistical power of the study, espe-
cially for potential subgroup analyses, was re-
duced. Second, for ethical and practical reasons, 
no true placebo group (i.e., a group that received 
no treatment at all) was included. Safety consid-
erations also required that all the subjects receive 
an initial 6-week course of treatment with sibu-
tramine in addition to advice on lifestyle modi-
fication in order to exclude from randomization 
subjects who had a sensitivity to sibutramine; 
thus, the weight changes that were seen in the 
placebo group after randomization may have re-
sulted from the initial effects of sibutramine 
rather than from diet and exercise alone. No data 
on background events in similar populations 
that did not receive active weight management or 
initial sibutramine treatment are available for 
comparison. Third, in order to achieve the primary 

Figure 4. Kaplan–Meier Plots of the Incidence of a Primary Outcome Event 
and Death from Any Cause, According to the Time from Randomization.

Panel A shows the Kaplan–Meier results for the primary outcome, which 
included nonfatal myocardial infarction, nonfatal stroke, resuscitation after 
cardiac arrest, and cardiovascular death. The analyses were adjusted for 
age, sex (with male sex as the reference), and country. Panel B shows the 
results for death from any cause, which was a secondary outcome.
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Figure 2. Mean Weight, Blood Pressure, and Pulse Rate from Lead-in Period to the Final Visit.

Analyses were performed on data from the intention-to-treat population. In Panel A, P = 0.001 for the comparison between sibutramine and placebo at all time points from month (M) 
1 to month 60. In Panel B, P = 0.05 at months 2, 3, 15, 18, 24, 30, 33, 51, 57, and 60; P = 0.01 from month 36 to month 48, and P = 0.001 at months 6 and 27. In Panel C, P = 0.001 at all time 
points from month 1 to month 48 and at months 54 and 57, and P = 0.01 at months 51 and 60. In Panel D, P = 0.001 at all time points from month 1 to month 60. R denotes randomization.
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1 to month 60. In Panel B, P = 0.05 at months 2, 3, 15, 18, 24, 30, 33, 51, 57, and 60; P = 0.01 from month 36 to month 48, and P = 0.001 at months 6 and 27. In Panel C, P = 0.001 at all time 
points from month 1 to month 48 and at months 54 and 57, and P = 0.01 at months 51 and 60. In Panel D, P = 0.001 at all time points from month 1 to month 60. R denotes randomization.
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Background
The long-term effects of sibutramine treatment on the rates of cardiovascular events 
and cardiovascular death among subjects at high cardiovascular risk have not been 
established.

Methods
We enrolled in our study 10,744 overweight or obese subjects, 55 years of age or older, 
with preexisting cardiovascular disease, type 2 diabetes mellitus, or both to assess 
the cardiovascular consequences of weight management with and without sibutra-
mine in subjects at high risk for cardiovascular events. All the subjects received 
sibutramine in addition to participating in a weight-management program during 
a 6-week, single-blind, lead-in period, after which 9804 subjects underwent random 
assignment in a double-blind fashion to sibutramine (4906 subjects) or placebo 
(4898 subjects). The primary end point was the time from randomization to the 
first occurrence of a primary outcome event (nonfatal myocardial infarction, non-
fatal stroke, resuscitation after cardiac arrest, or cardiovascular death).

Results
The mean duration of treatment was 3.4 years. The mean weight loss during the 
lead-in period was 2.6 kg; after randomization, the subjects in the sibutramine group 
achieved and maintained further weight reduction (mean, 1.7 kg). The mean blood 
pressure decreased in both groups, with greater reductions in the placebo group 
than in the sibutramine group (mean difference, 1.2/1.4 mm Hg). The risk of a 
primary outcome event was 11.4% in the sibutramine group as compared with 
10.0% in the placebo group (hazard ratio, 1.16; 95% confidence interval [CI], 1.03 to 
1.31; P = 0.02). The rates of nonfatal myocardial infarction and nonfatal stroke were 
4.1% and 2.6% in the sibutramine group and 3.2% and 1.9% in the placebo group, 
respectively (hazard ratio for nonfatal myocardial infarction, 1.28; 95% CI, 1.04 to 
1.57; P = 0.02; hazard ratio for nonfatal stroke, 1.36; 95% CI, 1.04 to 1.77; P = 0.03). 
The rates of cardiovascular death and death from any cause were not increased.

Conclusions
Subjects with preexisting cardiovascular conditions who were receiving long-term 
sibutramine treatment had an increased risk of nonfatal myocardial infarction and 
nonfatal stroke but not of cardiovascular death or death from any cause. (Funded by 
Abbott; ClinicalTrials.gov number, NCT00234832.)
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BACKGROUND
Lorcaserin, a selective serotonin 2C receptor agonist that modulates appetite, has 
proven efficacy for weight management in overweight or obese patients. The cardiovas-
cular safety and efficacy of lorcaserin are undefined.

METHODS
We randomly assigned 12,000 overweight or obese patients with atherosclerotic cardio-
vascular disease or multiple cardiovascular risk factors to receive either lorcaserin (10 mg 
twice daily) or placebo. The primary safety outcome of major cardiovascular events (a 
composite of cardiovascular death, myocardial infarction, or stroke) was assessed at an 
interim analysis to exclude a noninferiority boundary of 1.4. If noninferiority was met, 
the primary cardiovascular efficacy outcome (a composite of major cardiovascular events, 
heart failure, hospitalization for unstable angina, or coronary revascularization [ex-
tended major cardiovascular events]) was assessed for superiority at the end of the trial.

RESULTS
At 1 year, weight loss of at least 5% had occurred in 1986 of 5135 patients (38.7%) in 
the lorcaserin group and in 883 of 5083 (17.4%) in the placebo group (odds ratio, 3.01; 
95% confidence interval [CI], 2.74 to 3.30; P<0.001). Patients in the lorcaserin group 
had slightly better values with respect to cardiac risk factors (including blood pressure, 
heart rate, glycemic control, and lipids) than those in the placebo group. During a 
median follow-up of 3.3 years, the rate of the primary safety outcome was 2.0% per 
year in the lorcaserin group and 2.1% per year in the placebo group (hazard ratio, 0.99; 
95% CI, 0.85 to 1.14; P<0.001 for noninferiority); the rate of extended major cardiovas-
cular events was 4.1% per year and 4.2% per year, respectively (hazard ratio, 0.97; 95% 
CI, 0.87 to 1.07; P = 0.55). Adverse events of special interest were uncommon, and the 
rates were generally similar in the two groups, except for a higher number of patients 
with serious hypoglycemia in the lorcaserin group (13 vs. 4, P = 0.04).

CONCLUSIONS
In a high-risk population of overweight or obese patients, lorcaserin facilitated sustained 
weight loss without a higher rate of major cardiovascular events than that with placebo. 
(Funded by Eisai; CAMELLIA–TIMI 61 ClinicalTrials.gov number, NCT02019264.)
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Cardiovascular Safety of Lorcaserin in Obesity

tomatic, were hospitalized, or required valve re-
placement or repair. Findings were similar in a 
sensitivity analysis with the use of multiple im-
putation that included all 4318 patients in the 
echocardiographic substudy (see the Supplemen-
tary Appendix).

In the total population of 12,000 patients, 
symptomatic valvular heart disease of any type was 
diagnosed in 58 patients in the lorcaserin group 
and in 64 in the placebo group. Of these patients, 
20 in the lorcaserin group and 23 in the placebo 
group met the specific FDA-defined criteria for 
valvulopathy.

The change in pulmonary artery systolic pres-
sure at 1 year was similar in the two groups (least-
squares mean change, −1.0 mm Hg [95% CI, −1.4 
to −0.5] with lorcaserin and −0.7 mm Hg [95% CI, 
−1.1 to −0.3] with placebo; P = 0.32). At 1 year, 
new or worsening pulmonary hypertension oc-
curred in 13 of 813 patients (1.6%) in the lorca-
serin group and in 8 of 825 (1.0%) in the placebo 
group (P = 0.26). Two patients in each group had 
symptoms leading to mild limitation in activity; 
the remainder of patients were asymptomatic. Pul-
monary vasodilator therapy for pulmonary hyper-
tension was not initiated in any of the patients, 
and none of the patients were hospitalized.

Discussion

Lorcaserin was previously shown to be efficacious 
for weight loss, which led to approval by the FDA 
for long-term weight management in obese or 
overweight patients who had at least one weight-
related coexisting condition.12-14 In addition to 
observing persistent weight loss with an extended 
duration of use of lorcaserin, we found that the 
drug also met the FDA-mandated criteria for car-
diovascular safety.

In previous studies, patients who received lorca-
serin had 3 to 4% greater weight loss than those 
who received placebo, with a larger proportion 
of patients in the lorcaserin group with weight 
loss of at least 5% or at least 10% at 1 year.12-14 
In our trial, treatment with lorcaserin along with 
lifestyle interventions resulted in a net mean 
weight loss of 2.7% at 1 year and more than tripled 
the odds of having a weight loss of at least 5% 
or at least 10%, as compared with placebo. The 
difference remained significant through 40 months 
of follow-up. To put these findings in perspective, 

lifestyle interventions typically result in a weight 
loss of 2 to 10%; the rate is 2 to 10% with phar-
macotherapy and a more durable 15 to 60% with 
bariatric surgery.5,6,16,17

Associated with the described weight loss, we 
observed reductions in triglyceride levels and in 

Figure 2. Major Adverse Cardiovascular Outcomes.

Shown are the cumulative incidences of the primary safety outcome of 
 major cardiovascular events (a composite of cardiovascular death, myocar-
dial infarction, or stroke) (Panel A) and the primary cardiovascular efficacy 
outcome of major cardiovascular events plus hospitalization for unstable 
angina, heart failure, or coronary revascularization (extended major cardio-
vascular events) (Panel B) among patients in the lorcaserin group and the 
placebo group. The insets show the data on an expanded y axis. The haz-
ard ratios are for noninferiority of lorcaserin regarding major cardiovascular 
events and for superiority of lorcaserin regarding extended major cardio-
vascular events.
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tomatic, were hospitalized, or required valve re-
placement or repair. Findings were similar in a 
sensitivity analysis with the use of multiple im-
putation that included all 4318 patients in the 
echocardiographic substudy (see the Supplemen-
tary Appendix).

In the total population of 12,000 patients, 
symptomatic valvular heart disease of any type was 
diagnosed in 58 patients in the lorcaserin group 
and in 64 in the placebo group. Of these patients, 
20 in the lorcaserin group and 23 in the placebo 
group met the specific FDA-defined criteria for 
valvulopathy.

The change in pulmonary artery systolic pres-
sure at 1 year was similar in the two groups (least-
squares mean change, −1.0 mm Hg [95% CI, −1.4 
to −0.5] with lorcaserin and −0.7 mm Hg [95% CI, 
−1.1 to −0.3] with placebo; P = 0.32). At 1 year, 
new or worsening pulmonary hypertension oc-
curred in 13 of 813 patients (1.6%) in the lorca-
serin group and in 8 of 825 (1.0%) in the placebo 
group (P = 0.26). Two patients in each group had 
symptoms leading to mild limitation in activity; 
the remainder of patients were asymptomatic. Pul-
monary vasodilator therapy for pulmonary hyper-
tension was not initiated in any of the patients, 
and none of the patients were hospitalized.

Discussion

Lorcaserin was previously shown to be efficacious 
for weight loss, which led to approval by the FDA 
for long-term weight management in obese or 
overweight patients who had at least one weight-
related coexisting condition.12-14 In addition to 
observing persistent weight loss with an extended 
duration of use of lorcaserin, we found that the 
drug also met the FDA-mandated criteria for car-
diovascular safety.

In previous studies, patients who received lorca-
serin had 3 to 4% greater weight loss than those 
who received placebo, with a larger proportion 
of patients in the lorcaserin group with weight 
loss of at least 5% or at least 10% at 1 year.12-14 
In our trial, treatment with lorcaserin along with 
lifestyle interventions resulted in a net mean 
weight loss of 2.7% at 1 year and more than tripled 
the odds of having a weight loss of at least 5% 
or at least 10%, as compared with placebo. The 
difference remained significant through 40 months 
of follow-up. To put these findings in perspective, 

lifestyle interventions typically result in a weight 
loss of 2 to 10%; the rate is 2 to 10% with phar-
macotherapy and a more durable 15 to 60% with 
bariatric surgery.5,6,16,17

Associated with the described weight loss, we 
observed reductions in triglyceride levels and in 

Figure 2. Major Adverse Cardiovascular Outcomes.

Shown are the cumulative incidences of the primary safety outcome of 
 major cardiovascular events (a composite of cardiovascular death, myocar-
dial infarction, or stroke) (Panel A) and the primary cardiovascular efficacy 
outcome of major cardiovascular events plus hospitalization for unstable 
angina, heart failure, or coronary revascularization (extended major cardio-
vascular events) (Panel B) among patients in the lorcaserin group and the 
placebo group. The insets show the data on an expanded y axis. The haz-
ard ratios are for noninferiority of lorcaserin regarding major cardiovascular 
events and for superiority of lorcaserin regarding extended major cardio-
vascular events.
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tomatic, were hospitalized, or required valve re-
placement or repair. Findings were similar in a 
sensitivity analysis with the use of multiple im-
putation that included all 4318 patients in the 
echocardiographic substudy (see the Supplemen-
tary Appendix).

In the total population of 12,000 patients, 
symptomatic valvular heart disease of any type was 
diagnosed in 58 patients in the lorcaserin group 
and in 64 in the placebo group. Of these patients, 
20 in the lorcaserin group and 23 in the placebo 
group met the specific FDA-defined criteria for 
valvulopathy.

The change in pulmonary artery systolic pres-
sure at 1 year was similar in the two groups (least-
squares mean change, −1.0 mm Hg [95% CI, −1.4 
to −0.5] with lorcaserin and −0.7 mm Hg [95% CI, 
−1.1 to −0.3] with placebo; P = 0.32). At 1 year, 
new or worsening pulmonary hypertension oc-
curred in 13 of 813 patients (1.6%) in the lorca-
serin group and in 8 of 825 (1.0%) in the placebo 
group (P = 0.26). Two patients in each group had 
symptoms leading to mild limitation in activity; 
the remainder of patients were asymptomatic. Pul-
monary vasodilator therapy for pulmonary hyper-
tension was not initiated in any of the patients, 
and none of the patients were hospitalized.

Discussion

Lorcaserin was previously shown to be efficacious 
for weight loss, which led to approval by the FDA 
for long-term weight management in obese or 
overweight patients who had at least one weight-
related coexisting condition.12-14 In addition to 
observing persistent weight loss with an extended 
duration of use of lorcaserin, we found that the 
drug also met the FDA-mandated criteria for car-
diovascular safety.

In previous studies, patients who received lorca-
serin had 3 to 4% greater weight loss than those 
who received placebo, with a larger proportion 
of patients in the lorcaserin group with weight 
loss of at least 5% or at least 10% at 1 year.12-14 
In our trial, treatment with lorcaserin along with 
lifestyle interventions resulted in a net mean 
weight loss of 2.7% at 1 year and more than tripled 
the odds of having a weight loss of at least 5% 
or at least 10%, as compared with placebo. The 
difference remained significant through 40 months 
of follow-up. To put these findings in perspective, 

lifestyle interventions typically result in a weight 
loss of 2 to 10%; the rate is 2 to 10% with phar-
macotherapy and a more durable 15 to 60% with 
bariatric surgery.5,6,16,17

Associated with the described weight loss, we 
observed reductions in triglyceride levels and in 

Figure 2. Major Adverse Cardiovascular Outcomes.

Shown are the cumulative incidences of the primary safety outcome of 
 major cardiovascular events (a composite of cardiovascular death, myocar-
dial infarction, or stroke) (Panel A) and the primary cardiovascular efficacy 
outcome of major cardiovascular events plus hospitalization for unstable 
angina, heart failure, or coronary revascularization (extended major cardio-
vascular events) (Panel B) among patients in the lorcaserin group and the 
placebo group. The insets show the data on an expanded y axis. The haz-
ard ratios are for noninferiority of lorcaserin regarding major cardiovascular 
events and for superiority of lorcaserin regarding extended major cardio-
vascular events.
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tomatic, were hospitalized, or required valve re-
placement or repair. Findings were similar in a 
sensitivity analysis with the use of multiple im-
putation that included all 4318 patients in the 
echocardiographic substudy (see the Supplemen-
tary Appendix).

In the total population of 12,000 patients, 
symptomatic valvular heart disease of any type was 
diagnosed in 58 patients in the lorcaserin group 
and in 64 in the placebo group. Of these patients, 
20 in the lorcaserin group and 23 in the placebo 
group met the specific FDA-defined criteria for 
valvulopathy.

The change in pulmonary artery systolic pres-
sure at 1 year was similar in the two groups (least-
squares mean change, −1.0 mm Hg [95% CI, −1.4 
to −0.5] with lorcaserin and −0.7 mm Hg [95% CI, 
−1.1 to −0.3] with placebo; P = 0.32). At 1 year, 
new or worsening pulmonary hypertension oc-
curred in 13 of 813 patients (1.6%) in the lorca-
serin group and in 8 of 825 (1.0%) in the placebo 
group (P = 0.26). Two patients in each group had 
symptoms leading to mild limitation in activity; 
the remainder of patients were asymptomatic. Pul-
monary vasodilator therapy for pulmonary hyper-
tension was not initiated in any of the patients, 
and none of the patients were hospitalized.

Discussion

Lorcaserin was previously shown to be efficacious 
for weight loss, which led to approval by the FDA 
for long-term weight management in obese or 
overweight patients who had at least one weight-
related coexisting condition.12-14 In addition to 
observing persistent weight loss with an extended 
duration of use of lorcaserin, we found that the 
drug also met the FDA-mandated criteria for car-
diovascular safety.

In previous studies, patients who received lorca-
serin had 3 to 4% greater weight loss than those 
who received placebo, with a larger proportion 
of patients in the lorcaserin group with weight 
loss of at least 5% or at least 10% at 1 year.12-14 
In our trial, treatment with lorcaserin along with 
lifestyle interventions resulted in a net mean 
weight loss of 2.7% at 1 year and more than tripled 
the odds of having a weight loss of at least 5% 
or at least 10%, as compared with placebo. The 
difference remained significant through 40 months 
of follow-up. To put these findings in perspective, 

lifestyle interventions typically result in a weight 
loss of 2 to 10%; the rate is 2 to 10% with phar-
macotherapy and a more durable 15 to 60% with 
bariatric surgery.5,6,16,17

Associated with the described weight loss, we 
observed reductions in triglyceride levels and in 

Figure 2. Major Adverse Cardiovascular Outcomes.

Shown are the cumulative incidences of the primary safety outcome of 
 major cardiovascular events (a composite of cardiovascular death, myocar-
dial infarction, or stroke) (Panel A) and the primary cardiovascular efficacy 
outcome of major cardiovascular events plus hospitalization for unstable 
angina, heart failure, or coronary revascularization (extended major cardio-
vascular events) (Panel B) among patients in the lorcaserin group and the 
placebo group. The insets show the data on an expanded y axis. The haz-
ard ratios are for noninferiority of lorcaserin regarding major cardiovascular 
events and for superiority of lorcaserin regarding extended major cardio-
vascular events.
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Effect of Naltrexone-Bupropion on Major Adverse
Cardiovascular Events in Overweight and Obese Patients
With Cardiovascular Risk Factors
A Randomized Clinical Trial
Steven E. Nissen, MD; Kathy E. Wolski, MPH; Lisa Prcela, RN; Thomas Wadden, PhD; John B. Buse, MD, PhD;
George Bakris, MD; Alfonso Perez, MD; Steven R. Smith, MD

IMPORTANCE Few cardiovascular outcomes trials have been conducted for obesity
treatments. Withdrawal of 2 marketed drugs has resulted in controversy about the
cardiovascular safety of obesity agents.

OBJECTIVE To determine whether the combination of naltrexone and bupropion increases
major adverse cardiovascular events (MACE, defined as cardiovascular death, nonfatal stroke,
or nonfatal myocardial infarction) compared with placebo in overweight and obese patients.

DESIGN, SETTING, AND PARTICIPANTS Randomized, multicenter, placebo-controlled,
double-blind noninferiority trial enrolling 8910 overweight or obese patients at increased
cardiovascular risk from June 13, 2012, to January 21, 2013, at 266 US centers. After public
release of confidential interim data by the sponsor, the academic leadership of the study
recommended termination of the trial and the sponsor agreed.

INTERVENTIONS An Internet-based weight management program was provided to all
participants. Participants were randomized to receive placebo (n=4454) or naltrexone,
32 mg/d, and bupropion, 360 mg/d (n=4456).

MAIN OUTCOMES AND MEASURES Time from randomization to first confirmed occurrence of a
MACE. The primary analysis planned to assess a noninferiority hazard ratio (HR) of 1.4 after
378 expected events, with a confidential interim analysis after approximately 87 events (25%
interim analysis) to assess a noninferiority HR of 2.0 for consideration of regulatory approval.

RESULTS Among the 8910 participants randomized, mean age was 61.0 years (SD, 7.3 years),
54.5% were female, 32.1% had a history of cardiovascular disease, and 85.2% had diabetes,
with a median body mass index of 36.6 (interquartile range, 33.1-40.9). For the 25% interim
analysis, MACE occurred in 59 placebo-treated patients (1.3%) and 35 naltrexone-bupropion–
treated patients (0.8%; HR, 0.59; 95% CI, 0.39-0.90). After 50% of planned events, MACE
occurred in 102 patients (2.3%) in the placebo group and 90 patients (2.0%) in the
naltrexone-bupropion group (HR, 0.88; adjusted 99.7% CI, 0.57-1.34). Adverse effects were
more common in the naltrexone-bupropion group, including gastrointestinal events in 14.2%
vs 1.9% (P < .001) and central nervous system symptoms in 5.1% vs 1.2% (P < .001).

CONCLUSIONS AND RELEVANCE Among overweight or obese patients at increased
cardiovascular risk, based on the interim analyses performed after 25% and 50% of planned
events, the upper limit of the 95% CI of the HR for MACE for naltrexone-bupropion
treatment, compared with placebo, did not exceed 2.0. However, because of the
unanticipated early termination of the trial, it is not possible to assess noninferiority for the
prespecified upper limit of 1.4. Accordingly, the cardiovascular safety of this treatment
remains uncertain and will require evaluation in a new adequately powered outcome trial.
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T he prevalence of obesity has increased steadily in the
United States and globally over the last several de-
cades, and this disorder is now considered one of the

most serious contemporary threats to cardiovascular health.1

The current obesity epidemic has resulted in a substantial in-
crease in the incidence of diabetes mellitus and related
complications.2 Lifestyle modification has long been consid-
ered a mainstay of therapy for obesity, but this intervention
has produced only modest weight loss and no reduction in ma-
jor adverse cardiovascular events (MACE).3 Accordingly, treat-
ment strategies have centered on pharmacological and surgi-
cal approaches to weight reduction. Drug treatments for obesity
have yielded mixed results, with pharmacological agents
achieving modest weight loss but without demonstrating a re-
duction in cardiovascular events. Two therapies, fenflur-
amine and sibutramine, were removed from the market after
evidence of cardiovascular harm emerged.4,5 Accordingly, the
medical community and regulatory authorities have ex-
pressed concerned about the cardiovascular safety of new
drugs to treat obesity.

The combination of naltrexone and bupropion reduced
weight during phase 3 clinical trials,6 but the US Food and Drug
Administration (FDA) deferred approval based on safety con-
cerns related to small increases in blood pressure and heart rate
in these trials.7 The FDA mandated a placebo-controlled, non-
inferiority cardiovascular outcomes trial, specifying that an in-
terim analysis after 25% of expected events had accrued would
need to rule out an upper 95% confidence interval of the haz-
ard ratio (HR) of 2.0 prior to approval and a HR of 1.4 at study
completion (potentially postapproval).8 Both the sponsor and
the FDA agreed to not disclose the 25% interim analysis until
completion of the study. While the trial was ongoing, the spon-
sor publicly released the confidential 25% interim results via
a patent publication.9 The study’s academic leadership rec-
ommended termination of the trial due to the breach of con-
fidentiality and the sponsor agreed. The current report pro-
vides results for the 50% interim data, which was the last
prespecified analysis performed by the data monitoring com-
mittee prior to public disclosure. We also include the 25% in-
terim analysis and a sensitivity analysis based on the final data
available at last patient contact.

Methods
Study Design
The study was a phase 3b, multicenter, randomized, double-
blind, placebo-controlled trial to assess the occurrence of MACE
in overweight or obese patients at increased risk of adverse car-
diovascular outcomes treated with an extended-release, fixed-
dose formulation containing a total daily dose of 32 mg of
naltrexone and 360 mg of bupropion. Interim monitoring
boundaries allowed for early termination for either superior
efficacy or established harm but not based on noninferiority
considerations.

The study enrolled patients into a double-blind lead-in pe-
riod to identify patients who did not tolerate treatment with
low-dose naltrexone-bupropion or who exhibited poor adher-

ence. During the lead-in period, participants were randomly
assigned in a 1:1 ratio to 1 of 2 treatment sequences: 1 week of
active study medication followed by 1 week of placebo or 1 week
of placebo followed by 1 week of active study medication. Eli-
gible patients were subsequently randomized to treatment with
either naltrexone-bupropion or placebo in a 1:1 ratio (Figure 1).
Randomization occurred via an interactive voice recognition
system using a permuted block size of 4 with no stratification
factors. To achieve the requisite number of events, the dura-
tion of randomized treatment was estimated to be between 2
and 4 years.

The trial required discontinuation from study medica-
tion at week 16 in a blinded manner for patients who did not
lose 2% or more of their initial body weight or experienced a
sustained (at ≥2 visits) increase in blood pressure (systolic or
diastolic) of 10 mm Hg or greater. The approach was selected
in consultation with the FDA to avoid administration of
naltrexone-bupropion to patients who did not lose weight or
who experienced clinically unacceptable increases in blood
pressure as suggested in the labeling for bupropion.

Study Population
The study was approved by an institutional review board for
all study sites, and all enrolled patients provided written in-
formed consent. Overweight or obese patients at increased risk
of adverse cardiovascular outcomes were eligible to partici-
pate in the trial. The study required eligible patients to be aged
50 years or older (women) or 45 years or older (men), have a
body mass index between 27 and 50 (calculated as weight in
kilograms divided by height in meters squared), and have a
waist circumference of 88 cm or more (women) or 102 cm or
more (men). Enrollment was restricted to patients with char-
acteristics associated with an increased risk of adverse car-
diovascular outcomes.

Several categories of increased risk were prespecified,
including documented preexisting cardiovascular disease.
Patients could also be enrolled if they demonstrated angina
with an abnormal graded exercise test result or exercise car-
diac imaging study (echocardiography or nuclear scintigra-
phy); an ankle brachial index of less than 0.9; or documented
50% or greater stenosis of a coronary, carotid, or lower
extremity artery. Patients with type 2 diabetes mellitus were
eligible if they had 2 or more of the following: hypertension,
dyslipidemia requiring pharmacotherapy, low high-density
lipoprotein cholesterol (<50 mg/dL [1.30 mmol/L] in women
or <40 mg/dL [1.04 mmol/L] in men), or current tobacco
smoking. Patients were required to have consistent access to
broadband Internet.

Patients were excluded for a myocardial infarction within
3 months prior to screening, severe angina pectoris,
New York Heart Association class 3 or 4 heart failure, or his-
tory of stroke or blood pressure of 145/95 mm Hg or higher.
Patients were also excluded for unstable weight within 3
months prior to screening (weight gain or loss of >3%),
planned bariatric or cardiac surgery, or percutaneous coro-
nary intervention. Other key exclusion criteria were severe
renal impairment (estimated glomerular filtration rate
<30 mL/min), elevated liver enzymes more than 3 times the
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Table 4 also show the additional secondary outcomes of fatal
or nonfatal stroke and fatal or nonfatal myocardial infarction
for the 50% interim analysis, end-of-study analysis, and 25%
interim analysis, respectively.

Other Cardiovascular Outcomes
Table 2 and Table 3 show other cardiovascular outcomes
including all-cause mortality, coronary revascularization,
hospitalization for unstable angina, and additional composite

Figure 2. Time to MACE in the 50% Interim Analysis and the Final End-of-Study Analysis
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Table 2. Primary and Secondary Efficacy Outcomes (50% Interim Analysis)

End Points
Placebo, No. (%)
(n = 4450)

Naltrexone-Bupropion,
No. (%)
(n = 4455)

Hazard Ratio
(99.7% CI)a

Intention-to-treat analysis

Primary outcome

Major adverse cardiovascular events 102 (2.3) 90 (2.0) 0.88 (0.57-1.34)

Components of the primary outcome

Cardiovascular death 34 (0.8) 17 (0.4) 0.50 (0.21-1.19)

Nonfatal stroke 19 (0.4) 21 (0.5) 1.10 (0.44-2.78)

Nonfatal myocardial infarction 54 (1.2) 54 (1.2) 1.00 (0.57-1.75)

Secondary outcomes

Major adverse cardiovascular events +
hospitalization for unstable angina

142 (3.2) 133 (3.0) 0.93 (0.66-1.33)

Fatal or nonfatal stroke 21 (0.5) 22 (0.5) 1.04 (0.43-2.55)

Fatal or nonfatal myocardial infarction 57 (1.3) 55 (1.2) 0.96 (0.55-1.67)

Other outcomes

All-cause mortality 51 (1.1) 43 (1.0) 0.84 (0.46-1.54)

Hospitalization for unstable angina 43 (1.0) 47 (1.1) 1.09 (0.59-2.02)

Coronary revascularization 145 (3.3) 132 (3.0) 0.91 (0.64-1.29)

All-cause mortality plus nonfatal
myocardial infarction + nonfatal stroke

119 (2.7) 114 (2.6) 0.95 (0.65-1.40)

Major adverse cardiovascular events +
hospitalization for unstable angina +
coronary revascularization

205 (4.6) 188 (4.2) 0.91 (0.68-1.23)

On-treatment analysis

Major adverse cardiovascular events 37 (0.8) 43 (1.0) 0.97 (0.50-1.88)

Components of the primary outcome

Cardiovascular death 10 (0.2) 8 (0.2) 0.67 (0.17-2.72)

Nonfatal stroke 7 (0.2) 11 (0.2) 1.25 (0.30-5.18)

Nonfatal myocardial infarction 21 (0.5) 24 (0.5) 0.96 (0.40-2.3)

a Based on Cox proportional hazards
model with treatment as a factor;
adjusted 99.7% CIs based on group
sequential design.
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for the 50% interim analysis, end-of-study analysis, and 25%
interim analysis, respectively.

Other Cardiovascular Outcomes
Table 2 and Table 3 show other cardiovascular outcomes
including all-cause mortality, coronary revascularization,
hospitalization for unstable angina, and additional composite
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BACKGROUND
Obesity is a global health challenge with few pharmacologic options. Whether 
adults with obesity can achieve weight loss with once-weekly semaglutide at a dose 
of 2.4 mg as an adjunct to lifestyle intervention has not been confirmed.
METHODS
In this double-blind trial, we enrolled 1961 adults with a body-mass index (the 
weight in kilograms divided by the square of the height in meters) of 30 or greater 
(≥27 in persons with ≥1 weight-related coexisting condition), who did not have 
diabetes, and randomly assigned them, in a 2:1 ratio, to 68 weeks of treatment 
with once-weekly subcutaneous semaglutide (at a dose of 2.4 mg) or placebo, plus 
lifestyle intervention. The coprimary end points were the percentage change in body 
weight and weight reduction of at least 5%. The primary estimand (a precise descrip-
tion of the treatment effect reflecting the objective of the clinical trial) assessed 
effects regardless of treatment discontinuation or rescue interventions.
RESULTS
The mean change in body weight from baseline to week 68 was −14.9% in the 
semaglutide group as compared with −2.4% with placebo, for an estimated treatment 
difference of −12.4 percentage points (95% confidence interval [CI], −13.4 to −11.5; 
P<0.001). More participants in the semaglutide group than in the placebo group 
achieved weight reductions of 5% or more (1047 participants [86.4%] vs. 182 [31.5%]), 
10% or more (838 [69.1%] vs. 69 [12.0%]), and 15% or more (612 [50.5%] vs. 28 
[4.9%]) at week 68 (P<0.001 for all three comparisons of odds). The change in body 
weight from baseline to week 68 was −15.3 kg in the semaglutide group as com-
pared with −2.6 kg in the placebo group (estimated treatment difference, −12.7 kg; 
95% CI, −13.7 to −11.7). Participants who received semaglutide had a greater im-
provement with respect to cardiometabolic risk factors and a greater increase in 
participant-reported physical functioning from baseline than those who received 
placebo. Nausea and diarrhea were the most common adverse events with sema-
glutide; they were typically transient and mild-to-moderate in severity and subsided 
with time. More participants in the semaglutide group than in the placebo group 
discontinued treatment owing to gastrointestinal events (59 [4.5%] vs. 5 [0.8%]).
CONCLUSIONS
In participants with overweight or obesity, 2.4 mg of semaglutide once weekly 
plus lifestyle intervention was associated with sustained, clinically relevant reduc-
tion in body weight. (Funded by Novo Nordisk; STEP 1 ClinicalTrials.gov number, 
NCT03548935).
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with time. More participants in the semaglutide group than in the placebo group 
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tion of the treatment effect reflecting the objective of the clinical trial) assessed 
effects regardless of treatment discontinuation or rescue interventions.
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estimated mean weight change at week 68 was 
−14.9% with 2.4-mg semaglutide, as compared 
with −2.4% with placebo (estimated treatment dif-
ference, −12.4 percentage points; 95% CI, −13.4 

to −11.5; P<0.001). For the trial product esti-
mand (showing the effect if the drug or placebo 
was taken as intended), the corresponding chang-
es were −16.9% and −2.4% (estimated treatment 
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•  Double-blind trial, enrolling 1961 adults with a BMI > 30 or greater (≥27 if ≥1 
weight-related coexisting condition), and no  diabetes, randomly assigned, in a 2:1 
ratio, to 68 weeks of  once-weekly subcutaneous semaglutide (2.4 mg) or placebo, 
plus lifestyle intervention.  

•  Coprimary end points were % change in body weight and weight reduction >5%.  
•  The mean change in body weight from baseline to week 68 was −14.9% in the 

semaglutide group as compared with −2.4% with placebo 
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BACKGROUND
Obesity is a global health challenge with few pharmacologic options. Whether 
adults with obesity can achieve weight loss with once-weekly semaglutide at a dose 
of 2.4 mg as an adjunct to lifestyle intervention has not been confirmed.
METHODS
In this double-blind trial, we enrolled 1961 adults with a body-mass index (the 
weight in kilograms divided by the square of the height in meters) of 30 or greater 
(≥27 in persons with ≥1 weight-related coexisting condition), who did not have 
diabetes, and randomly assigned them, in a 2:1 ratio, to 68 weeks of treatment 
with once-weekly subcutaneous semaglutide (at a dose of 2.4 mg) or placebo, plus 
lifestyle intervention. The coprimary end points were the percentage change in body 
weight and weight reduction of at least 5%. The primary estimand (a precise descrip-
tion of the treatment effect reflecting the objective of the clinical trial) assessed 
effects regardless of treatment discontinuation or rescue interventions.
RESULTS
The mean change in body weight from baseline to week 68 was −14.9% in the 
semaglutide group as compared with −2.4% with placebo, for an estimated treatment 
difference of −12.4 percentage points (95% confidence interval [CI], −13.4 to −11.5; 
P<0.001). More participants in the semaglutide group than in the placebo group 
achieved weight reductions of 5% or more (1047 participants [86.4%] vs. 182 [31.5%]), 
10% or more (838 [69.1%] vs. 69 [12.0%]), and 15% or more (612 [50.5%] vs. 28 
[4.9%]) at week 68 (P<0.001 for all three comparisons of odds). The change in body 
weight from baseline to week 68 was −15.3 kg in the semaglutide group as com-
pared with −2.6 kg in the placebo group (estimated treatment difference, −12.7 kg; 
95% CI, −13.7 to −11.7). Participants who received semaglutide had a greater im-
provement with respect to cardiometabolic risk factors and a greater increase in 
participant-reported physical functioning from baseline than those who received 
placebo. Nausea and diarrhea were the most common adverse events with sema-
glutide; they were typically transient and mild-to-moderate in severity and subsided 
with time. More participants in the semaglutide group than in the placebo group 
discontinued treatment owing to gastrointestinal events (59 [4.5%] vs. 5 [0.8%]).
CONCLUSIONS
In participants with overweight or obesity, 2.4 mg of semaglutide once weekly 
plus lifestyle intervention was associated with sustained, clinically relevant reduc-
tion in body weight. (Funded by Novo Nordisk; STEP 1 ClinicalTrials.gov number, 
NCT03548935).
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•  phase 3 double-blind, randomized, controlled trial, enrolling 2539 adults with 
BMI > 30 (> 27 and if > 1weight-related complication) and no diabetes, in a 
1:1:1:1 ratio to receive once-weekly, subcutaneous tirzepatide (5, 10 or 15 
mg) or placebo for 72 weeks, including a 20-week dose-escalation period.  

•  Coprimary end points were % change in weight and a weight > 5%   
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BACKGROUND
Semaglutide, a glucagon-like peptide-1 receptor agonist, has been shown to reduce 
the risk of adverse cardiovascular events in patients with diabetes. Whether sema-
glutide can reduce cardiovascular risk associated with overweight and obesity in 
the absence of diabetes is unknown.

METHODS
In a multicenter, double-blind, randomized, placebo-controlled, event-driven supe-
riority trial, we enrolled patients 45 years of age or older who had preexisting 
cardiovascular disease and a body-mass index (the weight in kilograms divided by 
the square of the height in meters) of 27 or greater but no history of diabetes. 
Patients were randomly assigned in a 1:1 ratio to receive once-weekly subcutaneous 
semaglutide at a dose of 2.4 mg or placebo. The primary cardiovascular end point 
was a composite of death from cardiovascular causes, nonfatal myocardial infarc-
tion, or nonfatal stroke in a time-to-first-event analysis. Safety was also assessed.

RESULTS
A total of 17,604 patients were enrolled; 8803 were assigned to receive semaglutide 
and 8801 to receive placebo. The mean (±SD) duration of exposure to semaglutide 
or placebo was 34.2±13.7 months, and the mean duration of follow-up was 
39.8±9.4 months. A primary cardiovascular end-point event occurred in 569 of the 
8803 patients (6.5%) in the semaglutide group and in 701 of the 8801 patients 
(8.0%) in the placebo group (hazard ratio, 0.80; 95% confidence interval, 0.72 to 
0.90; P<0.001). Adverse events leading to permanent discontinuation of the trial 
product occurred in 1461 patients (16.6%) in the semaglutide group and 718 pa-
tients (8.2%) in the placebo group (P<0.001).

CONCLUSIONS
In patients with preexisting cardiovascular disease and overweight or obesity but 
without diabetes, weekly subcutaneous semaglutide at a dose of 2.4 mg was 
superior to placebo in reducing the incidence of death from cardiovascular 
causes, nonfatal myocardial infarction, or nonfatal stroke at a mean follow-up 
of 39.8 months. (Funded by Novo Nordisk; SELECT ClinicalTrials.gov number, 
NCT03574597.)
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BACKGROUND
Semaglutide, a glucagon-like peptide-1 receptor agonist, has been shown to reduce 
the risk of adverse cardiovascular events in patients with diabetes. Whether sema-
glutide can reduce cardiovascular risk associated with overweight and obesity in 
the absence of diabetes is unknown.

METHODS
In a multicenter, double-blind, randomized, placebo-controlled, event-driven supe-
riority trial, we enrolled patients 45 years of age or older who had preexisting 
cardiovascular disease and a body-mass index (the weight in kilograms divided by 
the square of the height in meters) of 27 or greater but no history of diabetes. 
Patients were randomly assigned in a 1:1 ratio to receive once-weekly subcutaneous 
semaglutide at a dose of 2.4 mg or placebo. The primary cardiovascular end point 
was a composite of death from cardiovascular causes, nonfatal myocardial infarc-
tion, or nonfatal stroke in a time-to-first-event analysis. Safety was also assessed.

RESULTS
A total of 17,604 patients were enrolled; 8803 were assigned to receive semaglutide 
and 8801 to receive placebo. The mean (±SD) duration of exposure to semaglutide 
or placebo was 34.2±13.7 months, and the mean duration of follow-up was 
39.8±9.4 months. A primary cardiovascular end-point event occurred in 569 of the 
8803 patients (6.5%) in the semaglutide group and in 701 of the 8801 patients 
(8.0%) in the placebo group (hazard ratio, 0.80; 95% confidence interval, 0.72 to 
0.90; P<0.001). Adverse events leading to permanent discontinuation of the trial 
product occurred in 1461 patients (16.6%) in the semaglutide group and 718 pa-
tients (8.2%) in the placebo group (P<0.001).

CONCLUSIONS
In patients with preexisting cardiovascular disease and overweight or obesity but 
without diabetes, weekly subcutaneous semaglutide at a dose of 2.4 mg was 
superior to placebo in reducing the incidence of death from cardiovascular 
causes, nonfatal myocardial infarction, or nonfatal stroke at a mean follow-up 
of 39.8 months. (Funded by Novo Nordisk; SELECT ClinicalTrials.gov number, 
NCT03574597.)
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•  Multicenter, double-blind, randomized, placebo-controlled, event-driven superiority 
trial on 17,604 patients > 45 years , with CVDs and BMI > 27 but no diabetes, 
randomly assigned  (1:1) to 2.4 mg s.c. semaglutide once-weekly or placebo.  

•  Primary end point was a composite of death from CV causes, nonfatal MI or stroke 
in a time-to-first-event. Mean (SD) duration of exposure to semaglutide or placebo 
was 34.2±13.7 mo., and mean duration of follow-up was 39.8±9.4 mo.  
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patients (33.4%) in the semaglutide group and 
3204 patients (36.4%) in the placebo group 
(P<0.001). Adverse events leading to permanent 
discontinuation of semaglutide or placebo oc-
curred in 1461 patients (16.6%) in the semaglu-
tide group and 718 patients (8.2%) in the placebo 

group (P<0.001); these events included gastroin-
testinal disorders in 880 patients (10.0%) in the 
semaglutide group and 172 patients (2.0%) in 
the placebo group (P<0.001) and gallbladder-
related disorders in 246 patients (2.8%) and 203 
patients (2.3%), respectively (P = 0.04).

Figure 1. Time-to-First-Event Analysis for Primary and Confirmatory Secondary Efficacy End Points.

Panel A shows the cumulative incidence of the primary cardiovascular composite end point (death from cardiovascular causes, nonfatal 
myocardial infarction, or nonfatal stroke). Panel B shows the cumulative incidence of the first confirmatory secondary end point (death 
from cardiovascular causes). Panel C shows the cumulative incidence of the second confirmatory secondary end point (heart failure 
composite end point: death from cardiovascular causes or hospitalization or an urgent medical visit for heart failure). Panel D shows the 
cumulative incidence of the third confirmatory secondary end point (death from any cause). The definitions of all end points are provid-
ed in the Supplementary Appendix. Cumulative incidence was estimated with the use of the Aalen–Johansen method with accounting  
for competing risk,24 and hazard ratios were estimated with the Cox proportional hazards regression model. Because the between-group 
difference in death from cardiovascular causes did not meet the required P value for hierarchical testing, results for the two subsequent 
end points in the testing hierarchy are reported as point estimates and 95% confidence intervals. The widths of these confidence inter-
vals have not been adjusted for multiplicity and therefore should not be used to infer definitive treatment effects for these secondary 
end points. The insets show the same data on an enlarged y axis. The x axis is truncated at 48 months because of the limited number  
of patients in the trial after 48 months.
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patients (33.4%) in the semaglutide group and 
3204 patients (36.4%) in the placebo group 
(P<0.001). Adverse events leading to permanent 
discontinuation of semaglutide or placebo oc-
curred in 1461 patients (16.6%) in the semaglu-
tide group and 718 patients (8.2%) in the placebo 

group (P<0.001); these events included gastroin-
testinal disorders in 880 patients (10.0%) in the 
semaglutide group and 172 patients (2.0%) in 
the placebo group (P<0.001) and gallbladder-
related disorders in 246 patients (2.8%) and 203 
patients (2.3%), respectively (P = 0.04).

Figure 1. Time-to-First-Event Analysis for Primary and Confirmatory Secondary Efficacy End Points.

Panel A shows the cumulative incidence of the primary cardiovascular composite end point (death from cardiovascular causes, nonfatal 
myocardial infarction, or nonfatal stroke). Panel B shows the cumulative incidence of the first confirmatory secondary end point (death 
from cardiovascular causes). Panel C shows the cumulative incidence of the second confirmatory secondary end point (heart failure 
composite end point: death from cardiovascular causes or hospitalization or an urgent medical visit for heart failure). Panel D shows the 
cumulative incidence of the third confirmatory secondary end point (death from any cause). The definitions of all end points are provid-
ed in the Supplementary Appendix. Cumulative incidence was estimated with the use of the Aalen–Johansen method with accounting  
for competing risk,24 and hazard ratios were estimated with the Cox proportional hazards regression model. Because the between-group 
difference in death from cardiovascular causes did not meet the required P value for hierarchical testing, results for the two subsequent 
end points in the testing hierarchy are reported as point estimates and 95% confidence intervals. The widths of these confidence inter-
vals have not been adjusted for multiplicity and therefore should not be used to infer definitive treatment effects for these secondary 
end points. The insets show the same data on an enlarged y axis. The x axis is truncated at 48 months because of the limited number  
of patients in the trial after 48 months.
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patients (33.4%) in the semaglutide group and 
3204 patients (36.4%) in the placebo group 
(P<0.001). Adverse events leading to permanent 
discontinuation of semaglutide or placebo oc-
curred in 1461 patients (16.6%) in the semaglu-
tide group and 718 patients (8.2%) in the placebo 

group (P<0.001); these events included gastroin-
testinal disorders in 880 patients (10.0%) in the 
semaglutide group and 172 patients (2.0%) in 
the placebo group (P<0.001) and gallbladder-
related disorders in 246 patients (2.8%) and 203 
patients (2.3%), respectively (P = 0.04).

Figure 1. Time-to-First-Event Analysis for Primary and Confirmatory Secondary Efficacy End Points.

Panel A shows the cumulative incidence of the primary cardiovascular composite end point (death from cardiovascular causes, nonfatal 
myocardial infarction, or nonfatal stroke). Panel B shows the cumulative incidence of the first confirmatory secondary end point (death 
from cardiovascular causes). Panel C shows the cumulative incidence of the second confirmatory secondary end point (heart failure 
composite end point: death from cardiovascular causes or hospitalization or an urgent medical visit for heart failure). Panel D shows the 
cumulative incidence of the third confirmatory secondary end point (death from any cause). The definitions of all end points are provid-
ed in the Supplementary Appendix. Cumulative incidence was estimated with the use of the Aalen–Johansen method with accounting  
for competing risk,24 and hazard ratios were estimated with the Cox proportional hazards regression model. Because the between-group 
difference in death from cardiovascular causes did not meet the required P value for hierarchical testing, results for the two subsequent 
end points in the testing hierarchy are reported as point estimates and 95% confidence intervals. The widths of these confidence inter-
vals have not been adjusted for multiplicity and therefore should not be used to infer definitive treatment effects for these secondary 
end points. The insets show the same data on an enlarged y axis. The x axis is truncated at 48 months because of the limited number  
of patients in the trial after 48 months.
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patients (2.3%), respectively (P = 0.04).

Figure 1. Time-to-First-Event Analysis for Primary and Confirmatory Secondary Efficacy End Points.

Panel A shows the cumulative incidence of the primary cardiovascular composite end point (death from cardiovascular causes, nonfatal 
myocardial infarction, or nonfatal stroke). Panel B shows the cumulative incidence of the first confirmatory secondary end point (death 
from cardiovascular causes). Panel C shows the cumulative incidence of the second confirmatory secondary end point (heart failure 
composite end point: death from cardiovascular causes or hospitalization or an urgent medical visit for heart failure). Panel D shows the 
cumulative incidence of the third confirmatory secondary end point (death from any cause). The definitions of all end points are provid-
ed in the Supplementary Appendix. Cumulative incidence was estimated with the use of the Aalen–Johansen method with accounting  
for competing risk,24 and hazard ratios were estimated with the Cox proportional hazards regression model. Because the between-group 
difference in death from cardiovascular causes did not meet the required P value for hierarchical testing, results for the two subsequent 
end points in the testing hierarchy are reported as point estimates and 95% confidence intervals. The widths of these confidence inter-
vals have not been adjusted for multiplicity and therefore should not be used to infer definitive treatment effects for these secondary 
end points. The insets show the same data on an enlarged y axis. The x axis is truncated at 48 months because of the limited number  
of patients in the trial after 48 months.
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AD15.02
Association of glucagon-like peptide-1 receptor agonists 
treatment post-metabolic bariatric surgery with primary 
prevention of MACE

Ramot, N.1; Reges, O.2; Wolff Sagy, Y.1; Battat, E.1; Arbel, R.3; Lavie, G.1; 
Dicker, D.4
1Branch of Planning and Strategy, Clalit Health Services, Tel-Aviv, Israel 
2Department of Health Systems Management, Ariel University; Ariel, Israel 
3Community Medical Services Division, Clalit Health Services; Tel Aviv, Israel 
4Internal Medicine Department D and Obesity Clinic, Hasharon Hospital, Rabin 
Medical Center; Petah Tikva, Israel

Introduction: In patients with obesity and diabetes, the separate advan-
tage of Bariatric Metabolic Surgery (BMS) and Glucagon-Like Peptide-1 
Receptor Agonists (GLP-1RA) in reducing Major Adverse Cardiovascular 
Events (MACE) is well-established. However, the benefit of GLP-1RA 
treatment post-BMS for primary prevention of MACE is unclear. The 
objective of this study was to assess the association of GLP-1RA treatment 
post-BMS with first incidence of MACE or all-cause mortality, as well as 
its association with BMI and HbA1c levels in patients living with obesity 
and diabetes. 
Methods: This was an observational, retrospective cohort study. Data 
were obtained from the electronic medical records of Clalit Health 
Services. Post-BMS patients (2008-2022) aged≥24 years, with diabetes 
and obesity (BMI≥30 kg/m2), who had no prior history of ischemic heart 
disease, ischemic stroke, or congestive heart failure, and who were not 
treated with GLP-1RA prior to BMS were included in the study. For each 
individual who initiated GLP-1RA post-BMS, one individual who did not 
initiate GLP-1RA (BMS-only) was matched based on age, sex, BMI, and 
the number of years since BMS. Multivariable Cox proportional-hazards 
regression model was used to evaluate the association between exposure 
to GLP-1RA post-BMS and incidence of MACE or all-cause mortality. 
Follow-up began at the initiation of GLP-1RA (index date) and ended on 
December 31, 2023.
Results: Out of 2,832 eligible individuals, 411 matched pairs were included 
in the study (mean [SD] age: 57.9 [9.05] years; 594 [72,3%] women). BMS-
only group and GLP-1RA post-BMS group were followed for an average 
of 1.7 (0.64) years and 1.8 (0.64) years, respectively. During this follow 
up, 3.2% (n=13, 151.9 per 100,000 person months) and 1.2% (n=5, 57.2 
per 100,000 person months) new cases of MACE or all-cause mortal-
ity occurred in BMS only and GLP-1RA post-BMS group, respectively. 
Multivariable Cox model demonstrated lower risk for MACE or all-cause 
mortality among those who initiated GLP-1RA compared to BMS-only 
(HR: 0.33; 95% CI, 0.11 - 0.98). 
Conclusion: Treatment with GLP-1RA post-MBS was associated with 
67% reduced risk for MACE or all-cause mortality. Additional research is 
needed to establish the benefit of GLP-1RA post-BMS and determine the 
timing for which this intervention is optimal.
Conflict of Interest: Drs Dicker, Lavie, and Reges reported receiving grants from 
the Israel Science Foundation outside the submitted work. Dr Dicker reported 
receiving grants, personal fees, and non-financial support from NovoNordisk and 
Eli Lilly; and personal fees and non-financial support from Boehringer Ingelheim 
outside the submitted work. No other disclosures were reported.
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Early Clinical Benefit of Semaglutide in Adults with 
Overweight or Obesity and Cardiovascular Disease:  
A Secondary Analysis of the SELECT Trial

Plutzky, J.1; Ostrominski, J. W.1; Aroda, V. R.2; Deanfield, J.3; Emerson, S. S.4; 
Kees Hovingh, G.5; Kahn, S. E.6; Leonardi, S.7; Lingvay, I.8; Ryan, D. H.9; 
Rasmussen, S.5; Scirica, B. M.10; Stensen, S.5; Weeke, P. E.5; Michael Lincoff, A.11

1Division of Cardiovascular Medicine, Brigham and Women’s Hospital, Harvard 
Medical School, Boston, MA, USA 
2Division of Endocrinology, Diabetes and Hypertension, Brigham and Women’s 
Hospital, Harvard Medical School, Boston, MA, USA 
3Institute of Cardiovascular Science, University College London, London, UK 
4Department of Biostatistics, University of Washington, Seattle, WA, USA 
5Novo Nordisk A/S, Søborg, Denmark 
6VA Puget Sound Health Care System and University of Washington, Seattle, WA, 
USA 
7University of Pavia and Fondazione IRCCS Policlinico S. Matteo, Pavia, Italy 
8Department of Internal Medicine, Division of Endocrinology and Peter O’ 
Donnell Jr. School of Public Health, University of Texas Southwestern Medical 
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11Department of Cardiovascular Medicine, Cleveland Clinic, and Cleveland 
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Introduction: In the SELECT trial, semaglutide reduced major adverse 
cardiovascular (CV) events (MACE) by 20% versus placebo over 39.8 
months (mean) in patients with overweight/obesity (body mass index 
≥27 kg/m²) and established cardiovascular disease (CVD) without dia-
betes. This secondary analysis examined the time to onset of the benefit 
on MACE and changes in other parameters of interest in the early stages 
post-randomisation.
Methods: SELECT randomised 17,604 patients to once-weekly subcuta-
neous semaglutide or placebo (planned titration to 2.4 mg at week 16), 
in addition to standard of care. The primary endpoint of MACE was 
defined as a composite of CV death, nonfatal myocardial infarction or 
nonfatal stroke. Secondary endpoints included death from CV causes, a 
heart failure (HF) composite (death from CV causes or hospitalisation 
or an urgent medical visit for HF) and death from any cause. Here, the 
difference in CV events with semaglutide versus placebo was evaluated 
over truncated intervals from randomisation to each specified day up to  
6 months post-randomisation, using Cox proportional hazards mod-
els with treatment as a fixed factor. Estimated hazard ratios (HRs) and 
95% confidence intervals (CIs) unadjusted for multiple comparisons are 
reported for months 0–3 and 0–6 and displayed as a smoothed curve. 
Cumulative incidence curves for MACE by treatment group were anal-
ysed using the Aalen–Johansen estimator. 
Results: The HR for MACE for the entire trial was 0.80 (95% CI 0.72, 
0.89) and the cumulative incidence curves for time to first MACE showed 
an early separation between treatment groups (Figure 1A). Figure 1B 
displays HRs and 95% CIs over the first 6 months post-randomisation. 
Nominally significant benefit of semaglutide on MACE was observed over 
the first 3 months (HR 0.63; 95% CI 0.41, 0.95) and the first 6 months (HR 
0.60; 95% CI 0.44, 0.81). Similar early efficacy estimates were observed 
over the first 6 months for death from CV causes (HR 0.50; 95% CI 0.26, 
0.93), the HF composite (HR 0.41; 95% CI 0.24, 0.67) and death from 
any cause (HR 0.60; 95% CI 0.36, 1.01). At the planned trial visits, the 
treatment difference (semaglutide – placebo) in mean body weight was 
−1.1% (95% CI −1.2, −1.1) at week 4 and −3.6% (95% CI −3.7, 3.5) at 
week 12. Additional analyses of the early MACE separation for semaglu-
tide versus placebo by individual MACE components, additional clinical 
outcomes, patient subgroups and other parameters changing during the 
early post-randomisation stages of the trial will be provided. 
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Introduction: In patients with obesity and diabetes, the separate advan-
tage of Bariatric Metabolic Surgery (BMS) and Glucagon-Like Peptide-1 
Receptor Agonists (GLP-1RA) in reducing Major Adverse Cardiovascular 
Events (MACE) is well-established. However, the benefit of GLP-1RA 
treatment post-BMS for primary prevention of MACE is unclear. The 
objective of this study was to assess the association of GLP-1RA treatment 
post-BMS with first incidence of MACE or all-cause mortality, as well as 
its association with BMI and HbA1c levels in patients living with obesity 
and diabetes. 
Methods: This was an observational, retrospective cohort study. Data 
were obtained from the electronic medical records of Clalit Health 
Services. Post-BMS patients (2008-2022) aged≥24 years, with diabetes 
and obesity (BMI≥30 kg/m2), who had no prior history of ischemic heart 
disease, ischemic stroke, or congestive heart failure, and who were not 
treated with GLP-1RA prior to BMS were included in the study. For each 
individual who initiated GLP-1RA post-BMS, one individual who did not 
initiate GLP-1RA (BMS-only) was matched based on age, sex, BMI, and 
the number of years since BMS. Multivariable Cox proportional-hazards 
regression model was used to evaluate the association between exposure 
to GLP-1RA post-BMS and incidence of MACE or all-cause mortality. 
Follow-up began at the initiation of GLP-1RA (index date) and ended on 
December 31, 2023.
Results: Out of 2,832 eligible individuals, 411 matched pairs were included 
in the study (mean [SD] age: 57.9 [9.05] years; 594 [72,3%] women). BMS-
only group and GLP-1RA post-BMS group were followed for an average 
of 1.7 (0.64) years and 1.8 (0.64) years, respectively. During this follow 
up, 3.2% (n=13, 151.9 per 100,000 person months) and 1.2% (n=5, 57.2 
per 100,000 person months) new cases of MACE or all-cause mortal-
ity occurred in BMS only and GLP-1RA post-BMS group, respectively. 
Multivariable Cox model demonstrated lower risk for MACE or all-cause 
mortality among those who initiated GLP-1RA compared to BMS-only 
(HR: 0.33; 95% CI, 0.11 - 0.98). 
Conclusion: Treatment with GLP-1RA post-MBS was associated with 
67% reduced risk for MACE or all-cause mortality. Additional research is 
needed to establish the benefit of GLP-1RA post-BMS and determine the 
timing for which this intervention is optimal.
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Introduction: In the SELECT trial, semaglutide reduced major adverse 
cardiovascular (CV) events (MACE) by 20% versus placebo over 39.8 
months (mean) in patients with overweight/obesity (body mass index 
≥27 kg/m²) and established cardiovascular disease (CVD) without dia-
betes. This secondary analysis examined the time to onset of the benefit 
on MACE and changes in other parameters of interest in the early stages 
post-randomisation.
Methods: SELECT randomised 17,604 patients to once-weekly subcuta-
neous semaglutide or placebo (planned titration to 2.4 mg at week 16), 
in addition to standard of care. The primary endpoint of MACE was 
defined as a composite of CV death, nonfatal myocardial infarction or 
nonfatal stroke. Secondary endpoints included death from CV causes, a 
heart failure (HF) composite (death from CV causes or hospitalisation 
or an urgent medical visit for HF) and death from any cause. Here, the 
difference in CV events with semaglutide versus placebo was evaluated 
over truncated intervals from randomisation to each specified day up to  
6 months post-randomisation, using Cox proportional hazards mod-
els with treatment as a fixed factor. Estimated hazard ratios (HRs) and 
95% confidence intervals (CIs) unadjusted for multiple comparisons are 
reported for months 0–3 and 0–6 and displayed as a smoothed curve. 
Cumulative incidence curves for MACE by treatment group were anal-
ysed using the Aalen–Johansen estimator. 
Results: The HR for MACE for the entire trial was 0.80 (95% CI 0.72, 
0.89) and the cumulative incidence curves for time to first MACE showed 
an early separation between treatment groups (Figure 1A). Figure 1B 
displays HRs and 95% CIs over the first 6 months post-randomisation. 
Nominally significant benefit of semaglutide on MACE was observed over 
the first 3 months (HR 0.63; 95% CI 0.41, 0.95) and the first 6 months (HR 
0.60; 95% CI 0.44, 0.81). Similar early efficacy estimates were observed 
over the first 6 months for death from CV causes (HR 0.50; 95% CI 0.26, 
0.93), the HF composite (HR 0.41; 95% CI 0.24, 0.67) and death from 
any cause (HR 0.60; 95% CI 0.36, 1.01). At the planned trial visits, the 
treatment difference (semaglutide – placebo) in mean body weight was 
−1.1% (95% CI −1.2, −1.1) at week 4 and −3.6% (95% CI −3.7, 3.5) at 
week 12. Additional analyses of the early MACE separation for semaglu-
tide versus placebo by individual MACE components, additional clinical 
outcomes, patient subgroups and other parameters changing during the 
early post-randomisation stages of the trial will be provided. 
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At the planned trial visits, the treatment difference (semaglutide - 
placebo) in mean body weight was −1.1% (95% CI −1.2, −1.1) at week 
4 and −3.6% (95% CI −3.7, 3.5) at week 12.  
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