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Abstract: Over the past few decades, several anti-obesity medications have demonstrated an
association with adverse cardiovascular outcomes, leading to their market withdrawal. This
has caused researchers to investigate the cardiovascular safety of such medications in
cardiovascular outcome trials. However, the data from these trials are limited, and their
outcomes are not promising. Therefore, the aim of this review is to provide an overview of
the current and past Food and Drug Administration-approved medications for weight loss,
including novel diabetes medications (glucagon-like peptide 1 receptor agonists and sodium-
glucose co-transporter-2 inhibitors) and non-diabetes medications, and to highlight the
current designs of cardiovascular outcome trials and their importance in the evaluation of
the overall safety concerns associated with these anti-obesity medications. The limitations of
the trials and opportunities for improvement were also evaluated. Finally, we also briefly
describe cardiovascular safety and risks in this review.

Keywords: anti-obesity medication, cardiovascular diseases, cardiovascular outcome trials,
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Introduction

Cardiovascular disease (CVD) is the primary cause of death worldwide, with
approximately 18 million patient deaths in 2016, according to the World Health
Organization (WHO)." The prevalence of obesity has trebled over the last four
decades.” Obesity is linked to a variety of chronic conditions, such as type 2
diabetes mellitus (T2DM), hypertension (HTN), stroke, and CV mortality.’
Consequently, for at-risk individuals, obesity may lead to the deterioration of
health, poorer quality of life, and increased morbidity and mortality.* It was noted
that calorie overload leads to altered adipose tissue distribution, which is known to
affect obesity-related CVD.> Therefore, early recognition and intervention through
counselling and medication are necessary for those who have obesity or increased
adiposity and may help improve obesity-related morbidities. Currently, weight loss
guidance suggests that, for some patients, adding pharmacotherapy to lifestyle
adjustments can achieve long-term weight loss management.>° Further, since
many anti-obesity medications have demonstrated an association with adverse CV
outcomes leading to their market withdrawal, cardiovascular outcome trials
(CVOTs) have been conducted to investigate their safety and superiority related
to CV health in the long term. Unfortunately, these trials are still limited and there
is a limited spectrum of medications for the management of obesity. The aim of this
review is to provide an overview of the current and past Food and Drug
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Administration (FDA)-approved medications for weight
loss and to discuss the importance of proper design of
CVOTs in the evaluation of the overall safety concerns
associated with these AOMs. We searched MEDLINE and
EMBASE for articles on anti-obesity medication for car-
diovascular safety and superiority published in the English
language from 1997 to 2021 as part of larger trials and
projects on anti-obesity medications. Keywords associated
with “anti-obesity agents”, “cardiovascular diseases”,
“type 2 diabetes mellitus”, and “cardiovascular risk”
were used for the search.

Current Status of Anti-Obesity

Medications

There are several approaches to achieving weight loss.
Although lifestyle modifications are the first line of treat-
ment for obesity, several AOMs have been developed in
the past few decades as a form of supplementation therapy.
Pharmacotherapy and lifestyle modification have been
endorsed for individuals who have a body mass index
(BMI) >30 kg/m? or >27 kg/m* and at least one weight-
related comorbidity, such as T2DM, HTN, dyslipidaemia,
or CVD.? In addition, pharmacotherapy is an option for
those who are not able to achieve clinically significant
weight loss with lifestyle modification alone (regular exer-
cise with a balanced diet).”

However, self-adjustment of lifestyle-related risk fac-
tors are mostly unsatisfactory, perhaps novel and safe
weight loss medication is needed, possibly as an adjunct
to other interventions. Just very recently, semaglutide is
the first and only glucagon-like peptide-1 (GLP-1) recep-
tor agonist therapy that has been granted approval for
weight management in people who are overweight or
obese.®

Assessment of the Cardiovascular
Safety and Efficacy of Anti-Obesity

Medications
Historically, in the US and Europe, the pre-approval
assessment of novel anti-obesity and anti-diabetic medi-
cations about CV safety and efficacy has not been clearly
established. Over the past two decades, high exposure to
CV risks and outcomes has led to post-approval with-
drawals of AOMs (fenfluramine,’ 10

more recently, lorcaserin'') and diabetes medications

sibutramine, ~ and

(rosiglitazone'? and muraglitazar'?). These failures have
highlighted the importance of developing new criteria for

the pre-approval evaluation of these drugs and their
effects on major adverse cardiovascular events (MACE)
and, in some cases, post-approval surveillance
procedures.'* However, some of these pre-approval and
post-approval trials were not properly designed to assess
or evaluate the excess risk of these AOMs. This indicates
the importance of re-designing these trials to largely
demonstrate the safety and efficacy of AOMs.

Although improvements in health markers (such as CV
and cardiometabolic markers) are evident relatively
quickly after weight loss, these benefits may not clearly
outweigh the risk profile of an AOM. Conversely, benefits
may take longer than expected to manifest; thus, early
conclusions regarding unfavourable risk profiles can result
in early misjudgment of the actual weight loss benefits of
the medication. Furthermore, certain serious adverse
events, such as cancer and CV risk factors, may take far
longer to emerge; for example, lorcaserin, which had the
serious adverse effect of possibly increasing the risk of
cancer, was withdrawn a few years after market approval.
Thus, the time to improvement and adverse events in an
enriched population with complex comorbidities (eg, dia-
betes, CVD, and obesity sleep apnoea) should be consid-
ered in the assessment of AOMs. CVOTs of novel AOMs
with longer-term safety data are necessary for a more

accurate depiction of AOMs.

The Design of Cardiovascular

Outcome Trials

Despite the previous CV safety concerns regarding AOMs,
fewer CVOTs have been conducted, especially when com-
pared with trials on antidiabetic medications (such as,
GLP1 RA and SGLT2i). According to regulation guide-
lines (US-FDA and European Medicines Agency [EMA]),
all novel AOMs must induce weight loss of 5% or higher
after 12 months of treatment; this is the benchmark for all
CVOTs. Although there is some variability to this rule, it
exists to prevent the activation of “stopping” rules by the
regulatory authorities."”

Currently, novel AOMs may be subjected to post-
authorization based on the hazard ratio (HR) of their
randomised controlled trials (RCTs). However, these
optional criteria have contributed to several withdrawals
of AOMs and underpin the need for post-approval safety
studies in real-life conditions. Limitation of RCTs includ-
ing, applicability to a very narrow population, often costly,
might take longer to complete and the insufficient number
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of patient recruitment into RCTs due to rare diseases. For
these reasons, some suggested real-world database (RWD)
as alternatives to RCTs.'® The use of real-world data, such
as electronic health records and administrative claims, is
being considered for assessing the safety and effectiveness
of newly approved products and satisfy the post-approval
requirement.'”'® It can assess the excluded population
from RCT (eg, pregnant women, older population, co-
medication patterns and people with many comorbidities)
with less cost and in less time than RCTs.

Specific research questions, regulatory use, and data
characteristics are vital for a meaningful conclusion that
determines whether the real-world database can be a fit for
regulatory purposes (ie, FDA approval).'® In fact, framing
the clinical question determines whether RWD can sub-
stitute for an RCT of interest.'® Moreover, to produce
meaningful interpretable results, it is necessary to have
valid, relevant research definitions for disease, outcomes,
and treatments. It is needed to have a framework for
assessing the utility, usefulness and representativeness of
a population of interest of the real-world data in relation to
a specific research question and the intended regulatory
purpose. However, given the clinical research question and
intended regulatory use, more guidance is required on the
basis of what evidence of validation for critical data ele-
ments is acceptable.

When comparing both approaches, on average real-
world data and randomised controlled trials result in simi-
lar findings.'" 2!

There are many examples where analyses of RWD
yield a successful confirmation later by randomised con-
trolled trials. For example, RWD analysis of in-hospital
CABG patients showed an elevated risk of mortality
among those receiving aprotinin compared with aminoca-
proic acid.** Later, the BART trial confirmed the elevated
risk of the RWD analysis that subsequently resulted in the
US market withdrawal of aprotinin.>* Similarly, a large US
commercial health database has shown the almost similar
positive result of canagliflozin on the risk of HF
hospitalisations.”**> Therefore, it is plausible that under-
standing why some real-world studies fail while others
succeed can build confidence and increase greater reliance
on real-world studies for regulatory decision approval.
Even though RCTs are the gold standard for evaluating
efficacy, the generalizability of their safety data to clinical
practice can be limited due to their strict inclusion and

. oD
exclusion criteria. 6

In relation to endpoints that being used in the CV
outcome trials, some previous trials that used 3-point (3P)-
MACE and 3P-MACE-plus (Table 1) as primary and sec-
ondary outcomes, respectively, have added valuable
insights beyond the issue of safety. For example, MACEs
permit simultaneous performance of trials and analysis of
vital clinical outcomes in CVOTs. In addition, they capture
CV outcomes that are clinically relevant, identify the
potential treatment effects of AOMs, and can be imple-
mented easily; moreover, the 3P-MACEs provide better
statistical efficiency. Thus, regulatory authorities mandate
the use of 3P-MACE:s as a primary composite endpoint in
large CVOTs of AOMs and anti-diabetic medications.

The recommended guidelines (EMA and US-FDA)
demonstrate the requirements for CVOTs (Table 1)

Table |
According to the European Medicine Agency Guidelines for

Key Points for Cardiovascular Outcome Trials

Assessing Cardiovascular Risk

Requirements for Cardiovascular Outcome Trials

Population The recruited population needs to be at

a higher risk of having CV events, ie, MACE

Safety outcomes Primary composite MACE: CV-related
death, non-fatal myocardial infarction, and
non-fatal stroke are the preferred safety
outcomes.

Can also include 3P-MACE-plus:
hospitalisation for unstable angina, heart
failure, and possibly other endpoints.
Sufficient number of MACEs and sufficient

power illuminate non-excessive risks

Quantification of The analysis of cardiovascular events may

cardiovascular risk include meta-analysis or large, separate, CV-
safety trial of the new agent demonstrating
an HR upper limit (95% ClI, two-sided) <I.8.
If the HR falls between 1.3 —1.8, post-
marketing trial may be required to reaffirm
and show that the HR is <I.3.

Superiority, which means that the HR was
<1.3 in the pre-marketing trial, indicates
that no further post-marketing trial is

required.

Evaluation of results lllustrating the mechanism of action and
effects on known CV risk factors.
Additional CVOTs may be requested if
there are any indications of high risk of CV

events or a lack of precision.

Abbreviations: Cl, confidence interval; CV, cardiovascular; HR, hazard ratio;
MACE, major adverse cardiovascular events.
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regarding how to answer safety and efficacy questions,
how to show an adequate number of events in a specific
time (>600 primary endpoint events to rule out an HR >
1.3 for 3P-MACE), and how to determine if a subject is at
a high risk of having CV events, in order to show the
defined outcome (ie, CV mortality or events). Patient-
specific characterisation creates a lack of population gen-
eralizability, in addition to delays in regulatory advisory
approval.

There are some limitations to the current CVOTs. They
include lack of generalizability and shorter timeline to
potential harm and benefits. Notably, including people
with predominantly very high or very low risk of having
CV events or mortality in a trial may limit its general-
izability in the real world. In addition, although 5 years of
CV assessment for potential benefits is reasonable, CV
benefits with a long latency period may not be apparent
during the 5-year period of treatment. Similarly, the like-
lihood of detecting CV risk in short-term CVOTs (<3
years) is low since the MACE outcomes are not assessed
after 5 years of randomisation treatment. Thus, the CVOTs
are event-driven, not time-driven. On the other hand,
biases and problem, such as loss of follow-up are common
in RCTs. A systematic review of 117 trials found almost
80% of them showed a loss of follow-ups, and approxi-
mately one in six CVOTs may have a change in the
primary outcome.?” Thus, prevention must be prioritised;
and authors should report and provide the baseline char-
acteristics of those participants, the extent of follow-up
prior exclusion, and time of dropout and address that
implication of those participants when interpreting results.
More importantly, Inadequate allocation concealment may
drive differential treatment effects (either overestimation
or underestimation®®) and considered as an independent
factor associated with loss of follow-ups, as allocation
concealment was inadequate or unclear in more than
50% of the trials.

Considering these limitations, researchers should con-
sider using diverse low-risk populations, longer follow-up
timelines, and maintenance of standardised definitions
when designing future trials. Firstly, expanding the popu-
lation to include low-risk participants whose CVD has not
yet been established would add valuable information to the
assessment of the use of AOMs in these populations.
Secondly, designing trials with a longer follow-up timeline
(albeit a lifelong follow-up) helps identify safety issues,
ensure that benefits are not missed (in case of short-term
trials), and provides credible cost-effectiveness data; in

addition, longer follow-up could improve drug adherence
and continuity over time. Lastly, a standardised definition
of strong CV outcomes would produce an excellent and
fair comparison to the other new agents in terms of CV
safety and efficacy. These major CV outcomes, including
CV-related death, non-fatal myocardial infarction, and
non-fatal stroke, are combined in 3P-MACE, which can
be further expanded into 3P-MACE plus to include hospi-
talisation for heart failure or unstable angina. These have
demonstrated strong CV outcomes to show the CV safety
and efficacy of an AOM.

It is important to note that the enrolled population must
be more compliant with treatment in clinical trials and
must have a low discontinuation rate. The following sec-
tions will review AOMs, focusing on their efficacy and
safety in patients with CVD, as summarised in Table 2.

Anorexigens

Phentermine/Topiramate
Phentermine/topiramate  is a  combination  of
a sympathomimetic agent (phentermine), which functions
as an appetite suppressant, and an antiepileptic (topira-
mate) agent, which acts as a potent inhibitor of carbonic
anhydrase enzymes and is thought to reduce appetite by
altering food taste. However, the definitive mechanism
behind the weight reduction benefits of the medication is
not explicit. This drug combination leads to weight loss
and an increase in CV risk factors. Although phentermine
is a sympathomimetic agent that potentially leads to
increased heart rate and blood pressure,”’ the drug may
show an exception with a minimal sympathomimetic reac-
tion due to the weight loss effect.*® The use of phenter-
mine/topiramate has been evaluated in two trials: the
CONQUER trials and a two-year-extension SEQUEL
trial.*! The SEQUEL trial showed enhanced cardiometa-
bolic outcomes and continued weight loss of —9.3%,
—10.5%, and —1.8% for two different doses of phenter-
mine/topiramate (7.5mg/45mg and 15mg/92mg) compared
with the placebo (P < 0.0001). Similarly, CONQUER
showed continued weight losses of —8.1 kg, —10.2kg, and
—1.4kg for the two different doses of the medication
(7.5mg/45mg and 15mg/92mg) compared with the placebo
(P <0.0001). Even though there were no major differences
between the rates of MACE in the two groups,”’ more
extensive trials with higher statistical power need to be
conducted to evaluate the CV safety of the drug with
greater certainty. Moreover, the EMA banned the drug,
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claiming that it lacked support for long-term CV safety,
and raised fears over cognitive events (eg, problems with
memory and attention) and psychiatric effects (eg, depres-
sion and anxiety).>? Nonetheless, the AQCLAIM CVOT is
currently being conducted to study the safety of phenter-
mine plus topiramate on the CV system. In conclusion,
phentermine/topiramate has shown the most robust
decrease in weight-loss compared with other AOMs.
Notably, increased adverse effects, such as neuropsychia-
tric events, indicate that strict control of the drug is
required. Phentermine/topiramate is not the only AOM
that was withdrawn from the market in relation to safety
issues. Some AOM medications, such as lorcaserin, which
were associated with similar concerns, were withdrawn as
well; lorcaserin was withdrawn from the market as it was
associated with the development of cancer. This underpins
the need for AOMs to meet safety requirements.

Naltrexone/Bupropion

Naltrexone is an opioid receptor antagonist, whereas bupro-
pion is a norepinephrine-dopamine reuptake inhibitor and
nicotinic receptor antagonist. This drug combination was
designed to reduce hunger without any impact on energy
expenditure. However, its mechanism of action is not com-
pletely clear. Furthermore, like other anti-obesity agents
(phentermine and sibutramine), bupropion has sympathomi-
metic effects; thus, there is increased concern over its effect
on CV safety, such as increased heart rate and blood
pressure.”® Both the FDA and EMA approved the drug for
the market in 2014 and 2015, respectively. Trials, such as the
LIGHT and CONVENE trials, have been conducted to eval-
uate the long-term safety of the drug in terms of the CV
system. However, the LIGHT trial was terminated in 2015
after an early release of interim data, which showed a risk of
bias.** Despite its termination, interpretation of the 50%
interim result showed no significant reduction of MACE
with naltrexone/bupropion (HR did not exceed 2.0). The
CONVENE trial was stopped prematurely due to its short
trial period and lack of adequate patient follow-up. The lack
of sufficient data did not allow for a statistical exploration.*

Anti-Diabetic Medications with
Weight Loss Benefits

Obesity and T2DM are interrelated and strongly associated
with an increased risk of CVD.*® Since some AOMs (eg,
phentermine/topiramate-ER and lorcaserin) improve glycae-
mic control in patients with diabetes, new glucose-lowering

drugs (ie, glucagon-like peptide-1 receptor agonists [GLP1-
RAs]) have also shown weight reduction benefits. Glucagon-
like peptide-1 (GLP-1) is a gastrointestinal hormone secreted
primarily from gut enteroendocrine cells in the distal colon and
ileum in response to nutrient stimuli. GLP1-RAs stimulate
insulin secretion, inhibit glucagon production, and slow gastric
emptying, thereby regulating glycaemic control and inducing
postprandial satiety and, eventually, weight loss.”” >° Several
CVOTs of different GLP1-RAs, which were conducted using
patients with T2DM and CVDs, demonstrated the beneficial
glucose-lowering effects of the drugs in the treatment of
T2DM. Compared to various GLP1-RAs, only one GLPI-
RA, liraglutide, has shown great benefits for weight loss in
addition to its essential glucose-lowering effect and has
received FDA approval as an AOM (Table 2).

Liraglutide

The FDA and EMA approved liraglutide, with the trade
names Victoza (1.8 mg QD) and Saxenda (3.0 mg QD), for
the management of T2DM and obesity, respectively.*’
A recent study showed that liraglutide has weight loss
benefits (weight loss ranging from 4 kg to 6 kg) as an
adjunct to lifestyle and diet interventions in obese or over-
weight adolescents and adults who have at least one obe-
sity-related comorbidity. The study was an RCT conducted
using liraglutide 3.0 mg for weight management (SCALE
obesity and prediabetes);*' 3731 obese or overweight
adults who did not have T2DM but had a BMI of at
least 30 or 27 kg/m? and either dyslipidaemia or HTN
were included in the study. The liraglutide group (3.0 mg
injection) showed a mean weight loss of —8.4 kg vs
—2.8 kg for the placebo group. The proportion of patients
who achieved at least 5% weight loss was 63.2% in the
liraglutide group and 27.1% in the placebo group
(P<0.001); 33.1% of those in the liraglutide group and
10.6% in the placebo group lost at least 10% of their
(P<0.001).
improvements in cardiometabolic risk factors. In another

weight Liraglutide was associated with
RCT,* liraglutide 3.0 mg was used for weight manage-
ment in 251 adolescents with obesity who did not respond
to lifestyle intervention. Compared to the placebo plus
lifestyle, the liraglutide group had a significantly greater
reduction in the primary endpoint (BMI standard deviation
score). Based on the results of these trials, liraglutide was
approved for weight management. However, GLP1-RAs,
specifically liraglutide, have received more attention after
the first long-term CVOT (LEADER trial) of patients with
T2DM and at a high risk of having CV events was
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conducted. After a median follow-up duration of 3.8 years,
liraglutide (1.8 mg/day) showed superiority over the pla-
cebo in the primary composite outcome (eg, time of CV
death, non-fatal MI, and non-fatal stroke) (13% vs 14.9%,
p = 0.01 for superiority). Compared with the placebo,
patients on liraglutide also exhibited a lower risk of CV
mortality, all-cause mortality, and microvascular events.
More importantly, the liraglutide group also showed
a favourable reduction in body weight (—2.3 kg [95% CI,
2.5 to 2.0]) and blood pressure (systolic blood pressure:
—1.2 mmHg [95% CI, 1.9 to 0.5] and diastolic blood
pressure: —0.6 mmHg [95% CI, 0.2 to 1.0]) compared
with the placebo group.* Due to the similarities in expo-
sure to the liraglutide dose (1.8mg), the EMA found the
long-term LEADER data to be relevant to the CV safety of
liraglutide 3.0 mg and approved it in June 2017 (even
though liraglutide 1.8 mg only was used in the LEADER
trial). Thus, the applicability of liraglutide 3.0 mg remains
unknown and warrants further research.** Finally, a post-
hoc analysis** from the SCALE RCTs demonstrated that
there is no association between liraglutide (3.0 mg) and
excessive CV risk. However, the study had limitations of
statistical analysis, such as the wide confidence intervals
of the effect size and the retrospective adjudication of
events. Overall, given its beneficial effect on weight loss
and glycaemic control, liraglutide could be the treatment
of choice for patients with T2DM and established CVD
(Table 2).

Semaglutide

Semaglutide, a GLP1-RA, was initially approved in 2017
as a once-weekly injection dose for the treatment of
T2DM, and very recently, in 2021, it was approved for
weight loss management.® Initially, it was shown to cause
greater weight loss than a placebo and liraglutide, as
demonstrated in a phase-two, randomised, double-blind,
dose-ranging trial.*> The trial compared the efficacy of
semaglutide with those of liraglutide and a placebo in
patients with obesity. In the trial, the mean weight loss
of patients treated with semaglutide (0.2 mg and higher)
was significant: 11.2% to 13.8%, compared with 7.8% for
liraglutide and 2.3% in a placebo.*> Moreover, in
SUSTAIN-6, a long-term CVOT, 3297 patients with
T2DM who had been at high risk of having CV events
for 2 years were treated with semaglutide (once-weekly).
The result demonstrated that semaglutide achieved
a significant reduction (6.6%) in 3-P MACE (time to CV
death, non-fatal MI, and non-fatal stroke) compared with

the placebo (8.9%) (P <0.001 for non-inferiority). There
was no difference between the groups in terms of mortality
rates for heart failure hospitalisation, whether from CV or
all-cause mortality.*® The weight loss in the 0.5 mg and
1.0 mg semaglutide groups was 2.9 kg and 4.3 kg, respec-
tively, compared to the placebo group (P<0.001 for both
comparisons). Significantly, compared with the LEADER
trial, which was lengthier and broader in scope, this trial
was designed to demonstrate safety instead of superiority.
Interestingly, this trial achieved similar outcomes with
fewer patients and fewer follow-up  years.*’
Subsequently, in 2019, PIONEER6, a CVOT, evaluated
the effects of oral semaglutide in 3183 patients with
T2DM and at high risk of having CV events.*® This trial
confirmed the non-inferiority of oral semaglutide in
3-P MACE (time to CV death, non-fatal MI, and non-
fatal stroke), CV mortality, and all-cause mortality com-
pared with the placebo (P<0.001 for non-inferiority). The
mean change in body weight with oral semaglutide was
—4.2 kg, compared to the placebo value of —0.8 kg. Very
recently, once-weekly injection of semaglutide 2.4 mg has
just been approved for weight management in obesity
based on STEP (Semaglutide Treatment Effect in People
with obesity) trials that consist of four clinical trials of
semaglutide 2.4 mg (once-weekly subcutaneous) in obe-
sity, and has enrolled approximately 4500 adults with
overweight or obesity (Table 2).%4972

In the STEP 1 trial,*” 1961 patients with a BMI of 30
or higher (or >27 with at least one coexisting comorbid-
ities) were randomised to receive a once-weekly subcuta-
neous semaglutide (2.4 mg) or placebo for 68 weeks with
lifestyle intervention in both. The mean change in body
weight was —14.9% with semaglutide and —2.4% with
placebo, a difference of —12.4 percentage points. The
results are encouraging, with significantly more patients
in the semaglutide group having clinically significant
weight loss. Also, there were decreases in cardiometabolic
risk factors, as well as improvements in physical function
and QoL. On the other hand, gastrointestinal (GI) were the
most frequently reported adverse events that were mild to
moderate in severity; however, it causes 7% discontinua-
tion of semaglutide group compared with the placebo
3.1%. The additional question could be raised about the
efficacy of subcutaneous semaglutide in people with obe-
sity and normal glucose tolerance since almost 75% of the
study participants were white and males were underrepre-
in addition, 43% had
prediabetes.”® Thus, semaglutide 2.4 mg once weekly

sented,; of the participants
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plus lifestyle intervention was associated with a sustained,
clinically relevant reduction in body weight for people
with overweight or obesity.

The STEP 2 superiority tria
and safety of once-weekly subcutaneous semaglutide

1°% assessed the efficacy

2.4 mg vs semaglutide 1.0 mg (the dose approved for
diabetes treatment) and placebo for weight management
in people with overweight or obesity, and type 2 diabetes.
A total of 1210 participants were randomised to receive
a once-weekly subcutaneous semaglutide (2.4 mg), sema-
glutide (1.0 mg) or placebo. The mean change in body
weight was —9.6% with semaglutide 2.4 mg vs —3.4% with
placebo, a difference of —6.2% (95% CI —7.3 to —5.2;
p<0.0001). Consistently, GI were most often reported
with semaglutide 2.4 mg (63.5%) and 1.0 mg (57.5%)
than placebo (34.3%). Thus, semaglutide 2.4 mg has
a superior decrease in body weight than the placebo and
a clinically meaningful decrease in people with overweight
or obesity and T2DM. More importantly, this trial was
greater than that seen with liraglutide and other approved
AOMs in similar populations.

The STEP 3 multinational randomised control trial®'
assessed the efficacy of once-weekly subcutaneous semaglu-
tide 2.4 mg vs the placebo for weight management in adults
with overweight or obesity as an adjunct to intensive beha-
vioural therapy with an initial low-calorie diet for 68 weeks’
treatment. A total of 611 participants with overweight or
obesity, resulted in 16.0% reductions in body weight of
semaglutide compared with 5.7% with the placebo; the dif-
ference was statistically significant (—10.3 percentage points
[95% CI, —12.0 to —8.6]; P < 0.001). Similarly, discontinua-
tion of treatment due to these GI adverse events in semaglu-
tide was 3.4% vs 0% of placebo participants.

Lastly, the STEP 4 trial> assessed the efficacy of con-
tinuing vs withdrawing of once-weekly subcutaneous sema-
glutide 2.4 mg treatment on weight loss maintenance in
people with overweight or obesity after a 20-week run-in
period. Following the 20-week run-in period, those who
continued on semaglutide 2.4 mg from 20 to 68 weeks
continued to lose weight with a mean change of —7.9% vs
+6.9% with those who switched to the placebo (difference,
—14.8% [95% CI, —16.0 to —13.5]; P <0.001). Also, similarly
to STEP 1 trial, there were decreases in cardiometabolic risk
factors (ie, waist circumference, systolic blood pressure;
—9.7 cm [95% CI, —10.9 to —8.5 cm], —3.9 mm Hg [95%
CIL, —5.8 to —2.0 mm Hg]; all P <0.001, respectively,), as well

as improvements in physical function. Almost 80% of the

participants are females that raise a limitation of generalisa-
bility among other gender and ethnicity.

Nevertheless, although there are multiple CVOTs on
GLPI1-RAs that are worthy of discussion, only semaglutide
and liraglutide have been proven to have weight loss benefits
with a cardiovascular safety risk, but further studies on sema-
glutide for MACE outcomes are needed. Whether they will
benefit non-diabetic obese individuals remains unknown.

Sodium-Glucose Co-Transporter-2

Inhibitors

Sodium-glucose co-transporter-2 (SGLT2) inhibitors have
been available on the market since 2012. SGLT2 is found in
the proximal convoluted tubule and causes avid reabsorption
of filtered glucose in the kidney.>* By inhibiting the glucose-
reabsorption process, glucosuria is increased, thereby decreas-
ing blood glucose and preventing hyperglycaemia in patients
with T2DM. As patients with diabetes are at risk of having CV
events and renal diseases, SGLT2 inhibitors, specifically empa-
gliflozin, canaglifiozin, and dapaglifiozin, demonstrated
a significant reduction in 3-P MACE and heart failure hospi-
talisation in their CVOT trials [EMPA-REG: HR —0.86, 95%
CI -0.74 to 0.99; p < 0.001 for non-inferiority; p = 0.04 for
superiority), (CANVAS: HR —0.86, 95% CI —0.75t0 0.97; p <
0.001 for non-inferiority; p=0.02 for superiority), and (DAPA-
HF: HR —-0.74, 95% CI —0.65 to 0.85; p < 0.001 for non-
inferiority)]; however, the weight loss caused by these agents
was modest®> >’ (Table 2). In the three-year EMPA-REG trial,
weight loss caused by these agents was only 2 kg. However,
a modest reduction of body weight was associated with dapa-
gliflozin plus placebo compared with exenatide (GLP1-RA)
plus placebo (—2.28 vs —1.51), as demonstrated in the
DURATION-8 trial.”® Very recently, VERTIS CV, a CVOT,
demonstrated a mean weight loss of 2.4 kg for ertugliflozin
5 mg vs placebo and 2.8 kg for ertugliflozin 15 mg vs
placebo.”® Nevertheless, GLP1-RAs offer more profound
body weight reduction compared with SGLT2i; however,
both are great in preventing weight gain compared with other
classes of glucose-lowering agents. Despite all the associated
benefits of these agents, it is essential to keep in mind that
lifestyle interventions (ie, diet and exercise) are vital for reap-
ing their maximum benefits.

Conclusion

In summary, obesity is a well-known risk factor for CVD.
Clinical trials of AOMs as a weight loss intervention have
yielded controversial results, and agencies such as the FDA
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and EMA have introduced recommendations for improving

the CV safety of these medications. This review concludes that

AOMs should deliver safe long-term CV outcomes and have

favourable superiority. Currently, only a few drugs have man-

aged to achieve adequate cardiovascular safety and superiority.

This underpins the need to adjust and introduce new designs
for future CVOTs. Presently, the future of AOMs is uncertain,
as regulatory authorities and physicians do not view obesity

medication as a global priority. This further increases the

challenge of comparing the CV benefits of new AOMs to

those of other established medications, such as antihyperten-

sives or statins.
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