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1 | INTRODUCTION
The prevalence of overweight and obesity has almost tripled since the
1970s* and contributes to a major health care burden.? Obesity
increases the risk of developing comorbidities, such as cardiovascular
disease, type 2 diabetes, and certain forms of cancer, and is also asso-
ciated with reduced life expectancy and quality of life.>~>

Weight loss of at least 5% is associated with improved blood glu-
cose, blood lipids, and blood pressure.® Larger weight losses have
greater benefits on the risk of developing obesity-related comorbid-
ities, and weight loss of more than 10% may be needed in the pres-
ence of comorbidities.””® Clinical obesity guidelines recommend
lifestyle changes as a first-line treatment of obesity. Lifestyle changes
refer to increased physical activity, decreased energy intake, and
behavioral techniques for adopting dietary and physical activity
changes.” ' Weight losses with lifestyle changes are typically up to
8% after 1 year, with 3%-5% weight loss sustained in the following
years.'2*3 A low-calorie diet followed by dietary support can induce
1-year weight losses of 7 to 10 kilograms (kg).1*"*¢ Exercise interven-
tions typically result in modest weight losses of about O to 4 kg but
with reduced fat mass and preserved lean mass, improving body
composition.?” Importantly, exercise can effectively maintain diet-
induced weight loss and improve body composition for at least
1 year.'®1?
Weight loss decreases energy expenditure, increases sedentary

20,21

behavior, and may affect appetite with observations of increased

appetite at least a year after diet-induced weight loss in some
studies,?>"%*
with a BMI 230 kg/m? or 227 kg/m? with at least one obesity-related

comorbidity who have not experienced sustained weight loss with

which makes sustained weight loss difficult. For people

lifestyle changes alone, the addition of pharmacotherapy as an adjunct
to lifestyle intervention may be an option. The glucagon-like
peptide-1 receptor agonists (GLP-1 RA) once-daily subcutaneous lira-
glutide improves glycemic control and cardiovascular outcomes in
people with type 2 diabetes.?® Liraglutide 3.0 mg was the first GLP-1
RA approved specifically for weight loss. It was approved for weight
loss in 20142° and demonstrated an average weight loss of 5-6 kg.2”
Since then, considerable advances have been made within incretin-
based therapies for the treatment of obesity. Compared with liraglu-
tide, semaglutide is a longer-acting GLP-1 RA administered once
weekly that is more potent in terms of weight loss and glycemic con-
trol.28-3% Subcutaneous semaglutide was initially approved for the
treatment of type 2 diabetes. In 2021 and 2022, respectively, once-
weekly subcutaneous semaglutide 2.4 mg was approved by the US
Food and Drug Administration and the European Medicines Agency
for chronic weight management in adults with obesity or overweight
with at least one weight-related comorbidity adjunct to lifestyle modi-
fication.®>*2 Subsequently, the cardiovascular outcome trial of sema-
glutide 2.4 mg, the SELECT study, found that semaglutide 2.4 mg
reduces the incidence of death from cardiovascular causes, nonfatal
myocardial infarction, or nonfatal stroke in people with established
cardiovascular disease with overweight or obesity with no prior his-

tory of diabetes.®®

Tirzepatide, a novel dual-agonist of receptors for the incretin hor-
mones GLP-1 and glucose-dependent insulinotropic polypeptide
(GIP), has shown promising potential for improving glycemic control
and decreasing body weight in people with type 2 diabetes.3*%° In
2022, tirzepatide was approved for treating type 2 diabetes,*® and
in the following year, November 2023, the medication was also
approved for treating obesity at doses of up to 15 mg once weekly.®”

Meta-analyses on the efficacy of subcutaneous semaglutide in
people with overweight or obesity without diabetes have been pub-
lished.3® %' However, these meta-analyses included studies with
lower doses than the doses approved for obesity treatment, studies of
once-daily semaglutide, and studies with durations of less than half a
year. Since weight loss with semaglutide seems to continue for at

4243 studies of shorter duration could underestimate the

least a year,
treatment efficacy. In addition, recently published semaglutide and tir-
zepatide studies have not been included in previous meta-analyses,
and systematic reviews of tirzepatide have so far focused mostly on
people with type 2 diabetes.***> Furthermore, while the body mass
index (BMI, body weight [kg] divided by the squared height [m]) is
useful to define obesity at a population level, BMI does not consider
body composition or fat distribution. In contrast, visceral fat located
inside the abdomen is an important risk factor, which is why additional
measurements of body composition, such as waist circumference and
fat and lean mass, are useful to determine abdominal obesity
and obesity-related metabolic risks.**4”

Therefore, we conducted a systematic review and meta-analysis
to assess the efficacy and safety of subcutaneous semaglutide and tir-
zepatide in the doses approved for obesity on body weight and waist
circumference reduction in people with overweight or obesity without

diabetes, treated for a least 1 year.

2 | METHODS

The conduct of the current systematic review and meta-analysis con-
forms to the Cochrane Handbook for Systematic Reviews of Interven-
tions.*® It is reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) statement
(Table S1).

2.1 | Data sources and search strategies

The search was completed in PubMed, Embase, and Cochrane Library
by two independent reviewers (A. L. O. M. & R. M. S.) from the incep-
tion of each database to the 14th of November, 2023. The search
string was built on the concept of P-I-C-O (Patient, Intervention,
Comparison, Outcome) and combined with Boolean operators (AND,
OR). It used text and medical subject headings, including but not lim-
ited to (Obesity OR Overweight) AND (Semaglutide OR Wegovy OR
Tirzepatide OR Mounjaro OR Cagrisema) AND (Placebo) AND (Body
weight OR Waist circumference). The entire search strings from each

database can be seen in Tables S2-54.
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2.2 | Study selection

The digital screening tool Covidence,*® was used to screen the studies
yielded from the search. The selection criteria for inclusion into the sys-
tematic review were (i) randomized controlled trial, (ii) inclusion of
patients with overweight or obesity without diabetes, (iii) treatment of
obesity with subcutaneous potent incretin-based therapy versus pla-
cebo for at least 1 year (semaglutide 2.4 mg or tirzepatide 15 mg),
(iv) percentage body weight change or waist circumference change in
cm as outcome, and (v) reporting of adverse events. Two authors
(A. L. O. M. and R. M. S)) independently screened titles, abstracts, and
full texts based on the selection criteria presented above. Potential dis-
crepancies in selecting studies were resolved through consensus-based

discussions or, if necessary, the inclusion of a third reviewer (S. B. K. J).

2.3 | Data extraction and outcomes

This systematic review and meta-analysis primarily focused on the
efficacy of potent incretin-based obesity therapy on the outcome of
body weight change in percent and change in waist circumference in
centimeters and, secondarily, body weight change in kg. The data col-
lected from each article were: characteristics of the study (design,
number of participants, and dropout), the participants (sex, age, and
degree of obesity), the intervention (dose, frequency, duration,
and sort of lifestyle component), changes from baseline to follow-up
(expressed as mean + standard deviation [SD] when available). In
studies where the results were expressed as mean and confidence
interval (Cl), the ClI was (SD =
((upperlimitZlowerlimit) ) , /), and where results were expressed as the

converted to SD

mean and standard error of the mean (SEM), the SEM was converted
to SD (SD = SEMx/n). Furthermore, safety was investigated by sum-
marizing the number of individuals with 21 of any adverse event and
>1 serious adverse event, the most common adverse events (>10%
frequency), and adverse events of particular interest to incretin-based
therapy, including gallbladder-related disorders such as cholelithiasis,
pancreatitis, hypoglycemia, cardiovascular disorders, renal failure, neo-
plasms, psychiatric disorders, and allergic and injection site reactions.
Attention to these particular adverse events has previously been
raised by clinical trials of incretin mimetic drugs and medical agen-
cies.*>°0752 |n the included studies, adverse events were any unto-
ward medical occurrence to a participant, regardless of whether it was
related to the investigated drug or treatment. Adverse events ranged
from mild, moderate, to severe, and could also be caused by events
other than the drug or therapy itself. Serious adverse events include
hospitalization, life-threatening events, disability or incapacity, or
death.

24 | Quality assessment

Each study was quality assessed using the second version of

Cochrane's tool for assessing the risk of bias (RoB2).>® Studies were

_Wl LEYJL”?

assessed individually in the RoB2 suitable for randomized, con-
trolled trials. RoB2 is divided into five domains of bias, focusing on
different aspects of study design, conduct, and reporting. The
domains are the risk of bias due to (i) randomization process,
(i) deviations from intended intervention, (iiij) missing outcome data,
(iv) measurement of the outcome, and (v) selection of the reported
result. Each domain is assessed as “Low” or “High” risk of bias or as

“Some concerns”.

2.5 | Statistical analyses

Statistical analyses were carried out using Cochrane's statistic tool for
meta-analyses, Review Manager version 5.4.1.°* For all outcomes,
efficacy analyses were based on the intention-to-treat population.
The treatment policy estimate (traditional intention-to-treat analysis)
was extracted from the studies, which quantified the treatment
response for all randomized participants regardless of treatment dis-
continuation or rescue intervention. The pooled effects of semaglu-
tide and tirzepatide alone and together on body weight change in
percent and change in waist circumference in cm were estimated
through fixed-effect or random-effects meta-analysis, depending on
the heterogeneity. The heterogeneity between the studies was
assessed using the I? statistic. I? statistic exceeding 50% was inter-
preted as substantial heterogenic.*® The level of significance was set
at 0.05.

3 | RESULTS

3.1 | Study selection

For an overview of the study selection process, see the flowchart in
Figure 1. The search yielded 744 results across the three databases.
Duplicates were removed by both Covidence and manually, and
417 articles remained for screening. The 400 studies were excluded
due to non-relevance based on title and abstract. The 17 articles were
extracted for full-text reading, of which 10 articles were excluded due
to being an abstract, journal club, or trial registration, or the inclusion
of participants with type 2 diabetes, or duplicate sample. Thus, seven
articles that fulfilled the selection criteria were included in the system-

atic review and meta-analysis.??#24355758

3.2 | Study characteristics

The study characteristics of the included studies are summarized in
Table 1. The included studies were all phase 3 randomized controlled
trials investigating either the effect of subcutaneous semaglutide (five
studies??4243553¢) or tirzepatide (two studies®”>®). Five of the seven
included studies were part of the global phase 3 trial: Semaglutide
Treatment Effect in People with Obesity (STEP). The program aims to
evaluate the efficacy and safety of subcutaneous semaglutide in



MULLERTZ T AL.

4o | \WILEY—OBESITY

FIGURE 1

people with overweight or obesity, with body weight change as the
primary outcome.”” The STEP 1 trial by Wilding et al.*? investigated
the effect of subcutaneous semaglutide 2.4 mg versus placebo in
adults with overweight or obesity for 68 weeks, while the STEP 3 trial
by Wadden et al.>® investigated the effect of subcutaneous semaglu-
tide 2.4 mg versus placebo as an adjunct to intensive behavioral ther-
apy in adults with overweight or obesity for 68 weeks. The STEP
5 trial by Garvey et al.*® investigated the efficacy and safety of once-

Records identified
c through database
0 searching
§ (n=744) . Duplicates removed
= >
= PubMed (n = 110) (n =327)
3 Embase (n = 385)
- Cochrane Library (n =
249)
g
o Records screened Records_excluded
g based on title/abstract » | based on_tltle/ abstract
n (n =417) (n =400
Full text screened
articles excluded (n =
10)
> Full text assessed for
% eligibility » | Reasons for exclusion
D (n=17) 6 = abstracts
i 1 = journal club
1 = had type 2 diabetes
1 = trial registration
1 = duplicate sample
Studies included in the
5 systematic review and
B meta-analyses
2 (n=7)

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart of the study selection process.

weekly subcutaneous semaglutide 2.4 mg versus placebo in adults
with overweight or obesity for 104 weeks. The STEP 8 trial by Rubino
et al.?? investigated the effect of subcutaneous semaglutide versus
subcutaneous liraglutide 3.0 mg and matching placebo in adults with
overweight or obesity for 68 weeks. The STEP TEENS trial by
Weghuber et al.>¢ assessed the efficacy and safety of once-weekly
subcutaneous semaglutide 2.4 mg versus placebo among adolescents
with obesity for 68 weeks. The remaining STEP trials have not yet
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TABLE 1 Characteristics of the included studies.
Sample size Dropout (%)
Study Design Intervention  Placebo Intervention  Placebo
Wilding 2021 Phase 3, randomized, multi- 1306 655 51 7.0
(STEP 1) center, double-blind,
Investigated the efficacy placebo-controlled trial
and safety of
semaglutide versus
placebo for reducing
body weight in adults
with overweight or
obesity
Wadden 2021 Phase 3, randomized, multi- 407 204 7.6 6.4
(STEP 3) center, double-blind,
Investigated semaglutide placebo-controlled trial
versus placebo for
weight management as
an adjunct to intensive
behavioral therapy in
adults with overweight
or obesity.
Garvey 2022 Phase 3, randomized, multi- 152 152 2.6 11.8
(STEP 5) center, double-blind,
Investigated the efficacy placebo-controlled trial
and safety of
semaglutide versus
placebo for long-term
treatment of adults with
overweight or obesity
Rubino 2022 Phase 3, randomized, multi- 126 85 4.8 4.7
(STEP 8) center, open-label
Investigated the efficacy (semaglutide versus
and safety of liraglutide), double-blind
semaglutide versus (active versus placebo),
liraglutide or placebo in controlled trial
adults with overweight
or obesity
Weghuber 2022 Phase 3, randomized, multi- 134 67 1.0 4.0
(STEP TEENS) center, double-blind,
Investigated the efficacy parallel-group, placebo-
and safety of controlled trial
semaglutide versus
placebo among
adolescents with obesity
Jastreboff 2022 Phase 3, randomized, multi- 5 mg: 630 643 5mg: 11.0 23.0
(SURMOUNT-1) center, double-blind, 10 mg: 636 10 mg: 11.6
Investigated the efficacy placebo-controlled trial 15 mg: 630 15 mg: 10.2
and safety of tirzepatide
in adults with
overweight or obesity
Wadden 2023 Phase 3, randomized, multi- 287 292 12.2 22.3

(SURMOUNT-3)
Investigated the effect of
tirzepatide on weight

reduction after a
successful intensive
lifestyle intervention in
adults with overweight
or obesity

center, double-blind,
placebo-controlled trial

Abbreviations: d, day; kcal, kilocalories; mg, milligram; min, minutes; NR, not reported; wk, week.

_Wl LEYJL”?

Duration

68 weeks

68 weeks

104 weeks

68 weeks

68 weeks

72 weeks

84 weeks (72 weeks of
treatment with tirzepatide
or placebo after 25.0%
body weight reduction)
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TABLE 1 (Continued)
Study
Wilding 2021
(STEP 1)

Investigated the efficacy and
safety of semaglutide versus
placebo for reducing body
weight in adults with
overweight or obesity

Wadden 2021

(STEP 3)

Investigated semaglutide versus
placebo for weight
management as an adjunct to
intensive behavioral therapy in
adults with overweight or
obesity.

Garvey 2022

(STEP 5)

Investigated the efficacy and
safety of semaglutide versus
placebo for long-term
treatment of adults with
overweight or obesity

Rubino 2022

(STEP 8)

Investigated the efficacy and
safety of semaglutide versus
liraglutide or placebo in adults
with overweight or obesity

Weghuber 2022

(STEP TEENS)

Investigated the efficacy and
safety of semaglutide versus
placebo among adolescents
with obesity

MULLERTZ T AL.

Intervention and
comparator (dose, frequency)

2.4 mg subcutaneous semaglutide
once a week versus placebo

2.4 mg subcutaneous semaglutide
once a week versus placebo

2.4 mg subcutaneous semaglutide
once a week versus placebo

2.4 mg subcutaneous semaglutide

once a week versus liraglutide or

placebo

2.4 mg subcutaneous semaglutide
once a week versus placebo

Concomitant treatment

Lifestyle intervention: Individual
counseling sessions every
4 weeks to help adherence to a
reduced-calorie diet (500-kcal
deficit/day relative to the energy
expenditure estimated at the
time they underwent
randomization) and increased
physical activity (150 min/wk
was encouraged)

Intensive lifestyle intervention:

Low-calorie diet (1000-

1200 kcal/d) for the first

8 weeks. Participants were
transitioned to a hypocaloric diet
(1200-1800 kcal/d) for the
remainder of the trial.
Participants were prescribed
100 min of physical activity per
week, which increased by

25 min every 4 weeks to reach
200 min per week. Furthermore,
they received intensive
behavioral therapy (30
counseling visits) throughout the
intervention period

Lifestyle intervention: Participants
received counseling by a
dietitian or similarly qualified
healthcare professional every
4 weeks via in-person visits or
telephone to adhere to a
reduced-calorie diet (500-kcal
deficit a day relative to the
energy expenditure estimated at
randomization) and increased
physical activity (150 min a week
encouraged)

Lifestyle intervention: Participants

received individual counseling
sessions every 4 weeks to help
adhere to a reduced-calorie diet
(500-kcal/day relative to energy
expenditure estimated at
randomization) and increased
physical activity (150 min/wk
was encouraged)

Lifestyle intervention: Participants

and parents or guardians
received behavioral lifestyle
therapy (defined as counseling
about healthy nutrition and
physical activity for weight loss)
throughout the trial

Primary/co-primary outcome

Percentage change in body weight
and weight reduction of at least
5%

Percentage change in body weight
and weight reduction of at least
5%

Percentage change in body weight
and weight reduction of at least
5%

Percentage change in body weight

Percentage change in body mass
index
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TABLE 1 (Continued)
Intervention and
Study comparator (dose, frequency) Concomitant treatment
Jastreboff 2022 Once-weekly, subcutaneous Lifestyle intervention: Participants

(SURMOUNT-1)

Investigated the efficacy and
safety of tirzepatide in adults
with overweight or obesity

tirzepatide (5, 10, or 15 mg) or
placebo

Wadden 2023

(SURMOUNT-3)

Investigated the effect of
tirzepatide on weight
reduction after a successful
intensive lifestyle intervention
in adults with overweight or
obesity

Once-weekly, subcutaneous
tirzepatide (10 or 15 mg) or
placebo

The study started with a 12-week

_Wl LEYJL”?

Primary/co-primary outcome

Percentage change in body
weight and weight reduction
of at least 5%

received lifestyle counseling
delivered by a dietitian or a
qualified health care professional
to help participants adhere to
healthful, balanced meals, with a
deficit of 500 cal per day and at
least 150 min of physical activity
per week

Percentage change in body weight
lead-in period during which and weight reduction of at least
participants received intensive 5%

lifestyle intervention (including

meal replacements) to achieve

25.0% body weight reduction.

This was followed by the

72-week placebo-controlled

treatment period.

Lifestyle intervention: Participants

continued to consult with a
dietitian or other qualified
healthcare professional following
the lead-in period. Lifestyle
counseling sessions occurred
every 12 weeks and focused on
consumption of a healthy
balanced diet, with a

500 kcal per day deficit and
continuation of physical activity
of at least 150 min per week.

Abbreviations: d, day; kcal, kilocalories; mg, milligram; min, minutes; NR, not reported; wk, week.

been published (STEP 7, 9, and 10), have focused on patients with
type 2 diabetes (STEP 2 and 6), or had a placebo group that was ini-
tially treated with semaglutide (STEP 4), and thereby not eligible for
inclusion in this study.

The remaining two studies were part of the global phase three
trial: SURMOUNT. The program aims to evaluate the efficacy and
safety of subcutaneous tirzepatide compared with placebo for chronic
weight management in adults with overweight or obesity. The
SURMOUNT-1 trial by Jastreboff et al.>” investigated the efficacy and
safety of tirzepatide (5, 10, and 15 mg) in adults with overweight or
obesity without diabetes versus placebo for The
SURMOUNT-3 trial by Wadden et al.>® investigated the efficacy and
safety of tirzepatide (10 or 15 mg) versus placebo on weight reduction

72 weeks.

after a successful intensive lifestyle intervention for a total of
72 weeks.

All included trials used double-blinding for their placebo-
controlled analyses. In STEP 8,%° due to the necessary daily versus
weekly dosing, participants knew whether they were in the arm com-

paring (daily) liraglutide vs. daily placebo or in the arm comparing

(weekly) semaglutide versus weekly placebo. However, they were

blinded to active drug versus placebo in their arm.

3.3 | Participants

The baseline participant characteristics are summarized in Table 2.
The seven included studies consist of a total of 5140 participants. The
participants were primarily women (ranging from 62% to 81%) with a
mean age range between 44 and 49 years, except for STEP TEENS,>®
where the participants had a mean age of 15.4 years. In six studies,
participants were included if they had a BMI 2 30 or 227 kg/m? with
weight-related comorbidities, without diabe-
tes.2942:43.5557,58 |n STEP TEENS,>® participants were included if they
had a BMI in the 95th percentile or higher or a BMI in the 85th per-
centile or higher and at least one weight-related comorbidity. In STEP
TEENS,>® a minority of participants had type 2 diabetes (4%) at base-
line. The baseline body weight ranged from a mean of 101.9 to
107.5 kg. The baseline mean BMI ranged from 35.9 to 38.8 kg/m>.

1 or more
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TABLE 2

Sex (male)

Study (%) Age (years)

Semaglutide 2.4 mg

Wilding 2021
(STEP 1)

Wadden 2021 19.0
(STEP 3)

Garvey 2022 19.1 257
(STEP 5)

Rubino 2022
(STEP 8)

Weghuber 38.0
2022
(STEP TEENS)

Tirzepatide 10 or 15 mg?®

Jastreboff 325
2022
(SURMOUNT-
1)°
Wadden 2023 371
(SURMOUNT-
3)°

25.45 46.5 (12.5)
46 (13)

47.3(11.7) 47.4(10.3)

21.60 49 (13)

154 (1.6)

44.9 (12.5)

45.6 (12.2)

Baseline characteristics of patients in the included studies.

Body weight (kg)

105.3 (21.8)

105 (22.9)

105.6 (20.8)

104.5 (23.8)

107.5 (24.5)

104.8 (22.12)

101.9 (21.4)

Body mass index

(kg/m?) Waist circumference (cm)

37.8(6.7) 38.0(6.5) 114.6(14.8) 114.8(14.4)

38.1(6.7) 37.8(6.9) 113.6(151) 111.8(16.2)

106.5(23.1) 38.6(6.7) 385(7.2) 115.8(14.3) 115.7(15.5)

37.0(74) 388(6.5) 111.8(16.3) 115.4(15.1)

37.0(6.4) 110.4 (16.0)

38.0(6.81) 114.1 (15.16)

35.9(6.3) 109.4 (15.0)

Data are presented as mean (standard deviation). Where cells are split in two, the left represents the baseline characteristics of the intervention group, and

the right represents the baseline characteristic of the placebo group.
Abbreviation: NR, not reported.
2Data from SURMOUNT-1 is 15 mg, while SURMOUNT-3 is 10 or 15 mg.

bData from the intervention group are from the tirzepatide 15-mg group (n = 630).
“Data are from randomization (week O, end of lead-in period [from week -12 to 0]).

The baseline mean waist circumference ranged from 109.4 to
115.8 cm.

3.4 | Interventions

The majority of the included studies, the STEP trials, investigated the
effect of subcutaneous semaglutide 2.4 mg once-weekly for
68 weeks (STEP 1,2 STEP 3,°> STEP 8, and STEP TEENS>%) or
104 weeks (STEP 5%°) for the treatment of overweight or obesity. The
remaining two trials, the SURMOUNT trials,>”>8 investigated the
effect of subcutaneous tirzepatide 5, 10, or 15 mg once weekly for
72 weeks.

All studies mentioned the use of lifestyle components in combina-
tion with the active treatment and placebo, which is summarized in
Table 1. In all studies, the lifestyle component consisted of individual
nutritional and physical activity counseling by qualified professionals.
Five studies build their nutritional counseling on a reduced-calorie diet
(500-kcal deficit/day relative to the energy expenditure estimated at
the time they underwent randomization) and increased physical activ-
ity to at least 150 min/week without specifying exercise inten-
sity.274243:57.58 | these five studies, participants were encouraged to
record food intake and physical activity to assist counseling sessions.

In STEP 3,>° all participants received a total meal-replacement low-

calorie diet (1000-1200 kcal/day) for the first 8 weeks after randomi-
zation. Participants were then transitioned to a hypocaloric diet
(1200-1800 kcal/day depending on randomization body weight) of
conventional food for the rest of the trial. Participants were encour-
aged to do 100 min of physical activity/week, which increased by
25 min every 4 weeks to reach 200 min/week. Participants were
provided 30 individual intensive behavioral therapy visits with a reg-
istered dietitian, which also included behavioral strategies to facili-
tate diet and activity changes. Participants received activity trackers
and were encouraged to register food intake. In STEP TEENS,*® par-
ticipants and their parents or guardians received counseling on
healthy nutrition and were encouraged to perform 60 min of
moderate-to-high-intensity physical activity per day. Activity trackers
could be provided to help achieve this goal. SURMOUNT-3%¢ was
initiated with a 12-week lead-in period during which participants
received an intensive lifestyle intervention consisting of frequent in-
person counseling sessions by a qualified professional, including
instruction on daily caloric intake (1200 kcal for women and
1500 kcal for men) and weekly physical activity (at least 150 min of
moderate-intensity physical activity). The goal was to achieve 25.0%
body weight reduction before the placebo-controlled treatment
period. None of the seven studies included information on adherence
to the lifestyle component of the study during the placebo-controlled

treatment period.
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3.5 | Quality assessment

Figure 2 presents the overall risk of bias in the included studies
assessed using the RoB2 tool. Bias was evaluated in the five domains
presented as low (green), moderate (yellow), or high (red) risk of bias.
All included studies were found to have a low risk of bias in each of
the five domains due to their high-quality randomization process, low
deviations from intended intervention, low missing outcome data,
high-quality measurement of outcome, and low risk of bias in the
selection of the reported result. Thereby, they were all deemed to

have an overall low risk of bias.

3.6 | Results of included studies

All included studies had significant changes in body weight and waist
circumference in the intervention groups compared to the placebo
group at follow-up (<0.00001). The changes in body weight in percent
and in kg, BMI, and waist circumference from baseline to follow-up in

the included studies are presented in Table 3.

3.7 | Change in body weight in percent

The synthesis showed a heterogeneity of 93%,; thus, a random-effects
model was chosen for the analysis. Based on the analysis, the pooled
estimate of the mean difference in body weight in the five STEP trials
was —12.9% (95% Cl, —14.7 to —11.1, p < 0.001) compared with pla-
cebo. The SURMOUNT trials showed a mean difference of —19.2%
(95% Cl, —22.2 to —16.2, p < 0.001) in body weight compared with
placebo. The total mean difference in body weight for all seven trials
was —15.0% (95% Cl, —17.8 to —12.2, p < 0.001) compared with pla-

cebo. The results are presented in Figure 3.

3.8 | Change in waist circumference

The synthesis showed a heterogeneity of 89%,; thus, a random-effects
model was chosen for the analysis. Based on the analysis, the pooled

estimate of the mean difference in waist circumference in the five

StudyID D1 D2 D3 D4 D5

Wilding 2021 (STEP 1) (# + + + +

Wadden 2021 (STEP 3) (+ + + + +

Garvey 2022 (STEP 5) (+ + + + +

Rubino 2022 (STEP 8) (+ + + + +
Weghuber 2022 (STEP TEENS) (+ + + + +
Jastreboff 2022 (SURMOUNT-1) (+ + + + +
Wadden 2023 (SURMOUNT-3) (+ + + + +

FIGURE 2 Risk of bias assessment of the included studies.

STEP trials was —9.7 cm (95% Cl, —10.8 to —8.5, p < 0.001) compared
with placebo. The SURMOUNT trials showed a mean difference of
—14.6 cm (95% Cl, —15.8 to —13.4, p < 0.001) compared with pla-
cebo. The total mean difference in waist circumference for all seven
trials was —11.4 cm (95% Cl, —13.7 to —9.2, p < 0.001) compared
with placebo. The results are presented in Figure 4.

3.9 | Change in fat mass and lean mass

Two studies used dual-energy X-ray absorptiometry to assess changes
in fat mass and lean mass in study subpopulations.*>>” In STEP 1,*?
140 participants were scanned before and after treatment. Reductions
in total fat mass were —8.4 kg with semaglutide and —1.4 kg with pla-
cebo (mean difference: —7.0 kg, 95% Cl, —9.8 to —4.2). Total lean
mass was reduced with —5.3 kg with semaglutide and —1.8 kg with
placebo (mean difference: —3.4 kg, 95% Cl, —4.7 to —2.1). Semaglu-
tide reduced the proportion of fat mass relative to total body weight
compared with placebo.

In SURMOUNT-1,% 160 participants were scanned before and
after the intervention. Total fat mass was reduced by —33.9% with
pooled tirzepatide (5 mg, 10 mg, and 15 mg) and —8.2% with placebo
(mean difference: —25.7%, 95% Cl, —31.4 to —20.0). Total lean mass
was reduced by —10.9% for pooled tirzepatide and —2.6% for placebo
(mean difference: —8.3%, 95% Cl, —10.6 to —6.1).

3.10 | Change in body weight in kilogram

The synthesis showed a heterogeneity of 97%,; thus, a random-effects
model was chosen for the analysis. Based on the analysis, the pooled
estimate of the mean difference in body weight was —13.0 kg (95%
Cl, —14.8 to —11.2, p < 0.001) compared with placebo in the five
STEP trials. Measures of the variance of body weight change in kg
were not accessible from the SURMOUNT-1 study and, therefore, not
included in the analysis. SURMOUNT-3 showed a mean difference in
body weight of —25.0 kg (95% Cl, —27.0 to —23.1, p < 0.001) com-
pared with placebo. The total mean difference in body weight for all
six trials was —15.5 kg (95% Cl, —20.2 to —10.8, p < 0.001) compared

with placebo. The results are presented in Figure 5.

Overall

+ +) Lowrisk

R +  Some concerns

+ . High risk

+ -
D1 Randomization process

+ D2 Deviations from the intended interventions
D3 Missing outcome data

+ D4 Measurement of the outcome
D5 Selection of the reported results

+
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TABLE 3 Results of the included studies.

Body weight (%) Body weight (kg)
Study Intervention Placebo Difference Intervention Placebo Difference
Semaglutide 2.4 mg
Wilding 2021 —14.9 (9.4) —-2.4(9.1) —12.5(19.5) —15.3(10.7) —2.6(10.7) —12.7 (22.6)
(STEP 1)
Wadden 2021 —16.0(10.1) -5.7(10.1) —-10.3(21.4) -16.8(11.3) —-6.2(11.3) —10.6 (24.0)
(STEP 3)
Garvey 2022 -15.2(15.7) -2.6(19.2) -12.6(28.9) -16.1(17.4) —3.2(20.9) -12.9(28.0)
(STEP 5)
Rubino 2022 —15.8(10.6) -1.9(9.9) -13.9(21.1) -15.3(11.3) -1.4(9.9) -13.9 (21.5)
(STEP 8)
Weghuber 2022 —14.7 (12.6) 2.7 (12.6) —17.4(26.8) -15.3(14.0) 2.4 (14.0) -17.7 (29.3)
(STEP TEENS)
Tirzepatide 10 or 15 mg®
Jastreboff 2022 —-20.9 (12.2) —-3.1(15.5) -17.8(27.3) —24.4 (NR) —2.4(NR) —22.0 (NR)
(SURMOUNT-1)°
Wadden 2023 -18.4(11.9) 2.5(17.1) —20.9 (28.3) —-21.5(11.9) 3.5(12.0) —25.0(22.3)

(SURMOUNT-3)¢

p-value®

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Data are presented as mean (standard deviation). Changes are presented as means (standard deviation). The p-values represent the difference between the
intervention group and the control group within the reported outcomes. Standard deviations are extracted directly from the articles or calculated in Review Manager

version 5.4.1.

Abbreviations: NR, not reported; kg, kilogram; cm, centimeters.

®The p-values shown are from all four outcomes.

PData from SURMOUNT-1 is 15 mg, while SURMOUNT-3 is 10 or 15 mg.
“Data from the intervention group is from the tirzepatide 15 mg group (n = 630).
9Data are from randomization (week 0, end of lead-in period [from week —12 to 0]) to end of intervention (week 72).

TABLE 3 (Continued)

Body mass index (kg/m

?)

Waist circumference (cm)

Study Intervention

Semaglutide 2.4 mg

Wilding 2021 —5.5(3.6)
(STEP 1)

Wadden 2021 —6.0(3.6)
(STEP 3)

Garvey 2022 —5.9(7.0)
(STEP 5)

Rubino 2022 NR
(STEP 8)

Weghuber 2022 —5.8 (NR)
(STEP TEENS)

Tirzepatide 10 or 15 mg®

Jastreboff 2022 NR
(SURMOUNT-1)°
Wadden 2023 —7.7 (3.4)

(SURMOUNT-3)¢

Placebo

—-0.9 (3.6)

—2.2(3.6)

—-1.6 (10.5)

NR

0.1 (NR)

NR

-1.2(34)

Difference

—4.6(7.6)

-3.8(9.9)

—4.3(12.5)

NR

—6.0(9.8)

NR

-8.9(7.8)

Intervention

—13.5(9.5)

—14.6 (10.7)

—14.4(15.7)

—13.2(10.2)

-12.7(11.9)

—18.5(10.9)

—14.6 (11.9)

Placebo

—4.1(9.5)

-6.3(10.7)

—5.2(20.9)

-1.7(9.2)

—0.6 (11.9)

—4.0(14.9)

0.2(17.1)

Difference

—9.4(20.1)

-8.3(22.7)

—9.2(26.7)

-11.5(19.7)

—12.1(25.0)

—14.5(26.4)

—14.8(28.3)

p-value®

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Data are presented as mean (standard deviation). Changes are presented as means (standard deviation). The p-values represent the difference between the
intervention group and the control group within the reported outcomes. Standard deviations are extracted directly from the articles or calculated in Review Manager

version 5.4.1.

Abbreviations: NR, not reported; kg, kilogram; cm, centimeters.

2The p-values shown are from all four outcomes.

PData from SURMOUNT-1 is 15 mg, while SURMOUNT-3 is 10 or 15 mg.
“Data from the intervention group is from the tirzepatide 15 mg group (n = 630).
9Data are from randomization (week 0, end of lead-in period [from week —12 to 0]) to end of intervention (week 72).
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Intervention Placebo

—Wl LEY 11 of 19

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Semaglutide 2.4 mg
Wilding 2021 (STEP 1) -149 9.4 1306 -2.4 9.1 655 15.9% -12.50[-13.36,-11.64] -
Wadden 2021 (STEP 3) -16 10.1 407 -5.7 10.1 204 15.3% -10.30[-12.00, -8.60] -
Garvey 2022 (STEP 5) -15.2 15.7 152 -2.6 19.2 152 12.3% -12.60[-16.54, -8.66] —
Rubino 2022 (STEP 8) -15.8 10.6 126 -1.9 9.9 85 13.9% -13.90[-16.70, -11.10] -
Weghuber 2022 (STEP TEENS) -14.7 12.6 134 2.7 12.6 67 12.6% -17.40[-21.10, -13.70] —
Subtotal (95% CI) 2125 1163 70.1% -12.90 [-14.73, -11.07] L 2
Heterogeneity: Tau? = 2.74; Chi? = 14.07, df = 4 (P = 0.007); I = 72%
Test for overall effect: Z = 13.79 (P < 0.00001)
1.1.2 Tirzepatide 10 or 15 mg
Jastreboff 2022 (SURMOUNT-1) -20.9 12.2 630 -3.1 15.5 643 15.4% -17.80[-19.33,-16.27] -
Wadden 2023 (SURMOUNT-3) -18.4 119 287 2.5 17.1 292 14.5% -20.90[-23.30, -18.50] -
Subtotal (95% CI) 917 935 29.9% -19.21 [-22.23, -16.18] <o
Heterogeneity: Tau? = 3.75; Chi® = 4.57, df = 1 (P = 0.03); 1> = 78%
Test for overall effect: Z = 12.44 (P < 0.00001)
Total (95% CI) 3042 2098 100.0% -15.03 [-17.83, -12.22] L 2
Y 2 . i2 .12 4 } J 1
Heterogeneity: Tau® = 12.63; Chi* = 88.94, df = 6 (P < 0.00001); I° = 93% —éO —iO 0 1'0 2'0

Test for overall effect: Z = 10.51 (P < 0.00001)
Test for subgroup differences: Chi? = 12.22, df = 1 (P = 0.0005), I*> = 91.8%

FIGURE 3

Intervention Placebo

Forest plots are of the pooled effects (random-effects model) of semaglutide 2.4 mg versus placebo, tirzepatide 10 or 15 mg

versus placebo, and the pooled effect of semaglutide 2.4 mg and tirzepatide 10 or 15 mg versus placebo on percent change in body weight. Data
are presented as mean (standard deviation) and mean difference (95% confidence interval). A p-value below 0.05 is considered significant.
SD, standard deviation; Cl, confidence interval. Analysis performed in Review Manager version 5.4.1.

Intervention Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
1.2.1 Semaglutide 2.4 mg
Wilding 2021 (STEP 1) -13.5 9.5 1306 -4.1 9.5 655 16.9% -9.40 [-10.29, -8.51] -
Wadden 2021 (STEP 3) -14.6 10.7 407 -6.3 10.7 204 15.6% -8.30 [-10.10, -6.50] -
Garvey 2022 (STEP 5) -14.4 15.7 152 -5.2 20.9 152 10.8% -9.20 [-13.36, -5.04] e
Rubino 2022 (STEP 8) -13.2 10.2 126 -1.7 9.2 85 13.9% -11.50[-14.15, -8.85] -
Weghuber 2022 (STEP TEENS) -12.7 119 134 -0.6 11.9 67 12.1% -12.10[-15.59, -8.61] I
Subtotal (95% CI) 2125 1163 69.4% -9.68 [-10.84, -8.51] ¢
Heterogeneity: Tau? = 0.59; Chi? = 6.11, df = 4 (P = 0.19); I = 34%
Test for overall effect: Z = 16.27 (P < 0.00001)
1.2.2 Tirzepatide 10 or 15 mg
Jastreboff 2022 (SURMOUNT-1) -18.5 10.9 630 -4 149 643 16.2% -14.50[-15.93, -13.07] -
Wadden 2023 (SURMOUNT-3) -14.6 119 287 0.2 17.1 292 14.4% -14.80[-17.20,-12.40] -
Subtotal (95% CI) 917 935 30.6% -14.58 [-15.81, -13.35] ¢
Heterogeneity: Tau? = 0.00; Chi? = 0.04, df = 1 (P = 0.83); I = 0%
Test for overall effect: Z = 23.24 (P < 0.00001)
Total (95% CI) 3042 2098 100.0% -11.43[-13.65, -9.22] L 2

P 2 _ . 2 _ T 1 ' 4 f
Heterogeneity: Tau® = 7.34; Chi’ = 54.60, df = 6 (P < 0.00001); I° = 89% 5o 1o ) ) 0

Test for overall effect: Z = 10.12 (P < 0.00001)

Test for subgroup differences: Chi? = 32.17, df = 1 (P < 0.00001), I* = 96.9%

FIGURE 4

Intervention Placebo

Forest plots are of the pooled effects (random-effects model) of semaglutide 2.4 mg versus placebo, tirzepatide 10 or 15 mg

versus placebo, and the pooled effect of semaglutide 2.4 mg and tirzepatide 10 or 15 mg versus placebo on change in waist circumference. Data
are presented as mean (standard deviation) and mean difference (95% confidence interval). A p-value below 0.05 is considered significant.
SD, standard deviation; Cl, confidence interval. Analysis performed in Review Manager version 5.4.1.

3.11

| Safety

The number of adverse events expressed as the percentage of individ-
uals experiencing at least one given event is presented in Table 4
(STEP trials) and Table 5 (SURMOUNT trials). In the included STEP tri-
als, an average of 91.0% of 2124 participants treated with semaglu-
tide 2.4 mg and 88.9% of 1163 participants with placebo experienced
at least one adverse event (Table 4). The most common adverse
events were gastrointestinal disorders, including nausea, diarrhea,
constipation, and vomiting, which occurred more frequently with
semaglutide 2.4 mg compared with placebo (76% vs. 52%, respec-
tively). All STEP trials reported that these common gastrointestinal

adverse events were more frequent during the dose-titration period,
mild-to-moderate, and decreased throughout the treatment period.
Adverse events leading to discontinuation of trial medication were
also higher in the semaglutide groups compared with placebo (6.4%
vs. 3.4%, respectively), where the common reason for discontinuation
in the semaglutide groups was gastrointestinal disorders (3.9%
vs. 0.7% with placebo). On average, more serious adverse events were
reported with semaglutide compared with placebo (9.5% vs. 6.7%,
respectively). Serious adverse events were more often reported with
semaglutide treatment than with placebo in STEP 1, STEP 3, and STEP
TEENS. STEP 5 reported more serious adverse events in the placebo

group than in the semaglutide group (11.8% vs. 7.9%, respectively).
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Intervention Placebo

Study or Subgroup Mean SD Total Mean

SD Total Weight

Mean Difference
1V, Random, 95% CI

Mean Difference
1V, Random, 95% CI

1.3.1 Semaglutide 2.4 mg

Wilding 2021 (STEP 1) -15.3 10.7 1306 -2.6 10.7 655
Wadden 2021 (STEP 3) -16.8 11.3 407 -6.2 11.3 204
Garvey 2022 (STEP 5) -16.1 17.4 152 -3.2 209 152
Rubino 2022 (STEP 8) -15.3 11.3 126 -1.4 9.9 85
Weghuber 2022 (STEP TEENS)  -15.3 14 134 2.4 14 67
Subtotal (95% CI) 2125 1163
Heterogeneity: Tau® = 2.34; Chi® = 11.02, df = 4 (P = 0.03); I> = 64%
Test for overall effect: Z = 14.27 (P < 0.00001)

1.3.2 Tirzepatide 10 or 15 mg

Wadden 2023 (SURMOUNT-3) -21.5 11.9 287 3.5 12 292
Subtotal (95% Cl) 287 292

Heterogeneity: Not applicable
Test for overall effect: Z = 25.17 (P < 0.00001)

Total (95% CI) 2412
Heterogeneity: Tau? = 32.32; Chi? = 143.30, df = 5 (P < 0.00001); I* = 97%
Test for overall effect: Z = 6.45 (P < 0.00001)

Test for subgroup differences: Chi? = 78.70, df = 1 (P < 0.00001), I> = 98.7%

FIGURE 5

17.6%
17.3%
15.5%
16.7%
15.7%
82.7%

17.3%
17.3%

1455 100.0%

-12.70 [-13.70, -11.70] -

-10.60 [-12.50, -8.70] -

-12.90 [-17.22, -8.58] —_—
-13.90 [-16.78, -11.02] —_
-17.70 [-21.81, -13.59] —
-13.03 [-14.82, -11.24] <&
-25.00 [-26.95, -23.05]  —=
-25.00 [-26.95, -23.05] @
-15.47 [-20.17, -10.77] -

20 -10 0 10 20

Intervention Placebo

Forest plots are of the pooled effects (random-effects model) of semaglutide 2.4 mg versus placebo and the pooled effect of

semaglutide 2.4 mg and tirzepatide 10 or 15 mg versus placebo on change in body weight in kilograms. Since only the SURMOUNT-3 study was
included for tirzepatide 10 or 15 mg, meta-analysis was not performed on the effect of tirzepatide 10 or 15 mg versus placebo. Data are
presented as mean (standard deviation) and mean difference (95% confidence interval). A p-value below 0.05 is considered significant.

SD, standard deviation; Cl, confidence interval. Analysis performed in Review Manager version 5.4.1.

STEP 8 reported a similar frequency of serious adverse events
between the groups (7.9% with semaglutide vs. 7.1% with placebo).
Regarding adverse events of particular interest to incretin-based ther-
apy, more gallbladder-related disorders, such as gallstones (cholelithia-
sis), were reported with semaglutide treatment compared with
placebo (3.0% vs. 1.2%, respectively) in all STEP trials, except for STEP
8 in which a more even number of events were seen (0.8% with sema-
glutide vs. 1.2% with placebo). On average, in the STEP trials, cardio-
vascular disorders were less frequently reported with semaglutide
than with placebo (8.9% vs. 12.5%, respectively). No apparent differ-
ences in hepatic disorders, pancreatitis, hypoglycemia, acute renal fail-
ure, malignant neoplasms, psychiatric disorders, and allergic and
injection site reactions were seen in the STEP trials.

In the included SURMOUNT trials, 81.5% of participants experi-
enced at least one adverse event with tirzepatide and 73.5% with pla-
cebo, and 5.3% of participants treated with tirzepatide and 6.2% with
placebo had a serious adverse event (Table 5). Similar to the STEP tri-
als, the most common adverse events reported with tirzepatide were
gastrointestinal disorders, including nausea, diarrhea, vomiting, and
constipation. These events were described as transient, mild-to-mod-
erate, and primarily occurred in the dose-titration period. More partic-
ipants discontinued treatment due to adverse events with tirzepatide
than with placebo (7.5% vs. 2.5%, respectively). In the SURMOUNT
trials, hypoglycemia and injection-site reactions were reported more
frequently with tirzepatide (1.1% and 6.7%, respectively) compared
with placebo (0.1% and 0.5%, respectively). No apparent differences
were seen regarding gallbladder disease, hepatic events, pancreatitis,
major depressive disorder or suicidal ideation, cancer, and major
adverse cardiovascular events, and few events were generally
reported (frequencies between 0% and 1.1%); however, more severe
or serious gastrointestinal events were reported with tirzepatide
(4.0%) compared with placebo (1.3%).

4 | DISCUSSION

In the present systematic review and meta-analysis of randomized con-
trolled trials, we investigated the effects of potent incretin-based pharma-
cotherapy compared with placebo for treating obesity in people without
diabetes. Of the 744 records identified, seven randomized controlled tri-
als (n = 5140) were included. The analyses showed that semaglutide and
tirzepatide produce clinically relevant reductions in body weight with a
mean reduction of body weight of 15.0% and a mean reduction of waist
circumference of 11.4 cm compared with placebo. The adverse events
related to the study drugs were primarily mild to moderate in severity
and mostly gastrointestinal and occured more frequently during the
dose-titration period and leveled off during the treatment period.

The meta-analysis of the five studies that investigated once-
weekly semaglutide 2.4 mg (n = 2125 for semaglutide and n = 1163
for placebo) showed a mean difference in body weight of —12.9%
(13.0 kg) compared with placebo. This estimated treatment effect is
slightly larger than the mean difference in body weight of 10.1% to
11.9% reported in most previous meta-analyses.>®=4° The present
meta-analysis was restricted to studies that investigated the efficacy
compared with placebo when the medications were taken in a manner
that reflects best practice; thus, at the highest dose approved for obe-
sity treatment for at least a year to obtain the full weight loss. There-
fore, the analyses differ from previously reported meta-analyses by

38-40 studies with a duration of

not including once-daily semaglutide,
less than a year,*®*! and the STEP 4 study,® in which the control
group switched to placebo after a 20-week semaglutide treatment
phase.®?* In addition, two studies were included that have not been
included in previous meta-analyses®®~41: the STEP 5 study®® investi-
gated the 2-year effects of semaglutide 2.4 mg versus placebo, and
the STEP TEENS study®® investigated semaglutide 2.4 mg versus pla-

cebo for 68 weeks in adolescents (12 to 18 years of age) with obesity.



OBESITY

MULLERTZ T AL.

(sanunuo))

(8°0) 6 02¢ (oo €2ae¢ N1 (80T €1 (02 ¢ ((R9K4 (cee (90 v (8'1) €T SIspIY[a[oYD
qS4apJosip
(901 92¢c (oo (8¢€)s UN N (€1 9y (000 (S0 0 (80) S (o) ee Aseljigojeda
siapJosip
pajejaa
(CT)v1 ey (0coo (8€)s Tt (801 (€1e 9av (ST)€ (67) 0T (c1)8 (90 ve -1appe|q|en
,SeaJe sndoj >umu_mm
qS49pJosip
(9'15) 009 (T94) 6191 (8'1v) 8¢ (L19)2c8 (€59 Ly (T'¥8) 90T  (6'€5) 28 (cz8)ser  (Te9) 62T (8'z8) Le€  (6'L¥) VIE (cvL) 696 |eunsajulollse
uoli3094ul Joesy
Alojedidsal
(T'ST) 9T (5'TT) 82T N N (¢12)81 (VAN (T's1)€e (cenioc (912 i (602)58  (zCT)O (£8) v1T Jaddn
(09) v (CT1) vee 9+ (sT) 0T N AN 9y (cet) 0 (6%) 0T (€€T) ¥S G'G) 9¢ (0ot) 0€T ured |euiwopqy
(6€) G (5'0T) 99T AN AN (69) S (911 9Ov) L (ceT) 0T AN AN GE) €T (e'oT) €T eisdadsAQ
(8'TT) LET (£'ST) vEE (29N (tt)ze  (8TT)OT (6sT)0C  (SOT)9T (s01) 91 (8'6) 0T (c61)8 (czno (¢’sT) 861 ayoepesH
(0'61) TCe (8°61) Tey (o1) £ (c1) 9t (901) 6 (64) 0T (T's1)ec (8st) v (02) év (Tz2)o (€0z) ect (ST2) 182 sniuAieydoseN
(6CT) 0ST (¥'92) 095 mT (98 (s'€2) 0C (68e) 6  (CTT)LT (6°0€) Lv (S'¥2) 05 (69€) 05T (5'6) 29 ('€T) 90€ uonedisuo)
(taVAR % (7'92) 195 (o1) £ (9¢€) 8v (69) S (r'sz) ce 9v) L (eog)9r  (80T) T €111 (99) ev (8'%2) vee SuniwoA
(6'8T) 0CC (8'1€) 9£9 (61) €T (cd6c  (652) 2T (8L2)se  (L€2)9¢e (67€) €5 (1'22) sv (T'9€) LT (6'ST)¥OT (sTE) TP eay.elq
(c6T) €T (7'8%) 820T (8T) T (c¥) 95 (r'ee) 61 (T'19) LL (VA AR (e'eS) 18 (T'ce) sv (c'8s) ez (PLI)VTT (C¥y) LLS easneN
mwucw>w 9SJ9ApE ?&OHAV uowwo)
SIopJosip
-9 03 anp
(£0)8 (6€)e mt @¢ Nt (80T (ot (6€)9 (000 e v (80) S (S'¥) 65 uolenuiuodsIq
SJUDAD
9SI9Ape 0] anp
('e) 6€ (7'9) GET e (99 (se)e (e v 9v) L (6'9) 6 (629 (6°9) T (T'e) oz (02)z6 uopizenunuodsiq
SJUDAD
(£'9)8L (5'6) ToT (6)9 (TT) ST L9 (62) 0T (8TT)81 (62)Ct (62) 9 (T'6) LE (r9) zv (8'6) 81 9sI9ApE SNOLIDS
JUDAD
(6'88) ¥€OT (016) TELT (¢8) ss (6£)SOT  (€56) 18 (cs6)0zT  (5'68) 9€T (T'96)9¥T  (1'96) 961 (8'56) 06E  (¥'98) 995 (£°68)TLTT asianpe Auy
oqadeld Sw g oqgade|d Sw g oqgade|d Sw g ogade|d Sw g oqade|d Sw g oqade|d Sw g (%) u ‘4a3awWwesed
apinjSewas apinjSewas apnn|Sewas apinjSewas apinjSewas apnn|Sewas
€911 vere L9 €eT S8 91 ¢St ¢sT Y02 L0V G559 90€T N ‘sjuedidiied
89 89 0T 89 89 $)9am ‘uonjeing
[e301 saIpnIs d3LS  SN3IIL dILS 20T 42qnyssp 8 d31S Tzoz oulqny S d31S TT0T Aanten € d31S TZ0T Uappem T d31S T20Z 3uIpiIM salpn3s papnjoul

"S3IPN3s dILS PAPNIOU BY UI SIUSAS 9SI9APY 1 3TV L

JO SJUDAD 9SISAPY



MULLERTZ T AL.

MI—WI L EY—OBESIY

*‘99331WwW0d uonedipnipe ue Aq papiosp sijjealdued,
(VHAP3IN) Sa1IAIRY Alojengay

10} Aleuondi [ealpajn Uo paseq (s|ie1sp 10) sawodInQ 93s) sapuade Alolen3au pue saipnis T apiidad a31|-uo3eon|3 wod) asuaadxe woll Adesayl paseq-uijaidul 03 1sa4ajul Jejndiled JO SJUSAS 3SI9APY,
‘WJ9} pauajaud siselye|oyd pue ssejd uesio walsAs si siapJlosip Aseljiqoleday ‘siapiosip paje|aJ-1appelq|es Suipieday ‘ssepd uedio waysAs,
*dnou3 juswiessy Jays ui syuedidipied JO S10W 10 %QT Ul paiodal YAPSIA Ul WS} paliajaid AQ SJUSAS 9SISAPE UOWWOD JO ISIT,
‘leunysajulolises ‘|9 :uoleinaiqqy

(7'0) & (L0 vT (coo (000 (00) 0 (000 (000 92 v (00)0 (S0 ¢ (80) & (908 elwadA|SodAH
suoijoeal

(89) 6L (8') 10T (Sv) e ey (69) s (co)o (66) ST (99)01 (69)TT (rs)ze (L9 vv (0°5) 99 is-uondafu|

(¢8) g6 (c8)sLT (09 v (06 ct (8TT)OT (VAR (€9)8 (Tst)ee (€76) 6T (9'8) ¢ (€8 v (7'£) 96 suoneal JI3I9|lyY
siapJosip

(0€T) 16T (901) 92T (6+T) 0T (89) 6 (901) 6 (99) ¢ (¥'91) ST (T£1) 92 (811) vT (£v1) 09 (LT1) €8 (S'6) vT1 dlelydAsd

(€0 € (co v (000 (000 D1 (80) T (000 (00)0 (00)0 (000 (€0 ¢ (coe 24njiej jeusd ajndy
swisejdoau

(ta9kar (0T) 2T (STT (000 D1 roe 92 v (€T (S0 T (Lo e T1)2L TTvT jueudien
siapJosip

(SCT) SPT (6'8) 06T (7'o1) L (s2) ot (901) 6 (Ler) 9t (TTe)ze (eTT) LT (8'01) 22 (8'6) OV (STT)SL (¢'8) LOT JejnoseAolpJed
pSieasoued

(000 (To)e (co)o (c0)o (c0)o (co)o (co)o (0c0)o (000 (c0)o (c0)o coe |y

(£2) 1€ (ST s (STT (s2)01 (see (CakA (02 € (02 € (02 v (028 (Te)oc (¥'2)1e siopJosip dijedaH

ogade|d Sw g ogade|d Sw g ogade|d Sw 4 ogade|d Sw g ogade|d Sw g ogade|d Sw g (%) u “4o1oweled

apnnjSewss apnnjSewsas apnnjSewsas apnnjSewsas apnnjSewss apnnjSewsas

€911 veie L9 €eT S8 9zt (43" cst ¥0¢ LOY 559 90€T N ‘sjuedidiied

89 89 01 89 89 $)@aMm ‘uoneing

[e303 S3IpMIS d31S  SN3IIL dILS 220T 13qnyssm 8 d31S 220¢ oulgny S d31S 2T0zZ Asntes € d31S TZ0T UsppeM T d31S T20Z 3uIpiIM salpnjs papnpul

(panunuod)

JO SJUDAD 9SISAPY

¥ 3i1avi



MULLERTZ T AL. OBESITY —Wl LEY 15 of 19

TABLE 5 Adverse events in the included SURMOUNT studies.

Adverse events of included studies JASTREBOFF 2022 SURMOUNT-1  Wadden 2023 SURMOUNT-3  SURMOUNT studies total
Duration, weeks 72 72
Participants, N 630 643 287 292 917 935
Tirzepatide Tirzepatide Tirzepatide
Parameter, n (%) 15 mg Placebo 10 or 15 mg Placebo 10or15mg  Placebo
Any adverse event 497 (78.9) 463 (72.0) 250 (87.1) 224 (76.7) 747 (81.5) 687 (73.5)
Serious adverse events 32(5.1) 44 (6.8) 7(5.9) 14 (4.8) 9 (5.3) 58 (6.2)
Discontinuation due to adverse events 39 (6.2) 17 (2.6) 0 (10.5) 6(2.1) 9 (7.5) 23 (2.5)
Nausea 12(1.9) 2(0.3) 24 (8.4) 4(1.4) 6(3.9) 6 (0.6)
Diarrhea 3(0.5) 0(0.0) 3(1.0) 0(0.0) 0.7) 0(0.0)
Abdominal pain 3(0.5) 0(0.0) NR NR 3(0.5) 0(0.0)
Vomiting NR NR 6(2.1) 0(0.0) 6(2.1) 0(0.0)
Dyspepsia NR NR 3(1.0) 0(0.0) 3(1.0) 0(0.0)
Constipation NR NR 2(0.7) 0(0.0) 2(0.7) 0(0.0)
Common (>10%) adverse events®
Nausea 195 (31.0) 61(9.5) 114 (39.7) 41 (14.0) 309 (33.7) 102 (10.9)
Diarrhea 145 (23.0) 47 (7.3) 89 (31.0) 27(9.2) 234 (25.5) 74(7.9)
Vomiting 77 (12.2) 11 (1.7) 52(18.1) 4(1.4) 129 (14.1) 15 (1.6)
Constipation 74 (11.7) 37(5.8) 66 (23.0) 20(6.8) 140 (15.3) 57 (6.1)
Nasopharyngitis NR NR NR NR NR NR
Headache 41 (6.5) 42 (6.5) 7(9.4) 22(7.5) 68 (7.4) 64 (6.8)
Dyspepsia 71(11.3) 27 (4.2) 27 (9.4) 9(3.1) 98 (10.7) 36 (3.9)
Abdominal pain 31(4.9) 21(3.3) 30(10.5) 7(2.4) 61(6.7) 28 (3.0)
Upper respiratory tract infection NR NR 5(8.7) 21(7.2) 25(8.7) 21(7.2)
Gastrointestinal disorders® NR NR NR NR NR NR
Safety focus areas®
Severe or serious gastrointestinal events 21(3.3) 7(1.1) 16 (5.6) 5(1.7) 37 (4.0) 12 (1.3)
Severe or serious acute gall bladder diseases 6(1.0) 5(0.8) 2(0.7) 0(0.0) 8(0.9) 5(0.5)
Cholelithiasis 4(0.6) 6(0.9) 4(1.4) 3(1.0) 8(0.9) 9(1.0)
Severe or serious hepatic events 0(0.0) 0(0.0) NR NR 0(0.0) 0(0.0)
Pancreatitis® 1(0.2) 1(0.2) 1(0.3) 1(0.3) 2(0.2) 2(0.2)
Major adverse cardiovascular events® 0(0.0) 5(0.8) 1(0.3) 1(0.3) 1(0.1) 6 (0.6)
Cancer/malignancies® 0.8) 7(1.1) 5(1.7) 3(1.0) 10(1.2) 10 (1.1)
Severe or serious renal events 2(0.3) 1(0.2) 1(0.3) 0(0.0) 3(0.3) 1(0.1)
Severe or serious major depressive 2(0.3) 0(0.0) 1(0.3) 0(0.0) 3(0.3) 0(0.0)
disorder or suicidal behavior and ideation
Hypersensitivity 1(0.2) 0(0.0) NR NR 1(0.2) 0(0.0)
Injection-site reactions 29 (4.6) 2(0.3) 32(11.1) 3(1.0) 61 (6.7) 5(0.5)
Severe hypoglycemia 10 (1.6) 1(0.2) 0(0.0) 0(0.0) 10(1.1) 1(0.1)

List of common adverse events by preferred term in MedDRA reported in 10% or more of participants in either treatment group.

bSystem organ class.

“Adverse events of particular interest to incretin-based therapy from experience from glucagon-like peptide 1 studies and regulatory agencies (see
Outcomes for details) based on Medical Dictionary for Regulatory Activities (MedDRA). In the SURMOUNT trials, gallbladder-related disorders were
reported as gallbladder disease, hepatic disorders as hepatic events, psychiatric disorders as major depressive disorder or suicidal behavior/ideation,
allergic reactions as hypersensitivity, and cardiovascular disorders as major cardiovascular events, and these categories counted severe or serious adverse
events.

9Pancreatitis and major cardiovascular events decided by an adjudication committee.

¢In SURMOUNT-1 and SURMOUNT-3, malignant neoplasms were reported as cancer or malignancies, including medullary thyroid cancer, and no cases of
medullary thyroid cancer were reported.
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The meta-analysis of the two studies that investigated once-
weekly tirzepatide 10 or 15 mg (n = 917 for tirzepatide and n = 935
for placebo) showed a mean difference in body weight of 19.2%
(23.5 kg) compared with placebo.’”>® While this weight loss with tir-
zepatide seems higher than with semaglutide, no studies have directly
compared tirzepatide with semaglutide in doses indicated for obesity.
In people with type 2 diabetes, tirzepatide 15 mg was superior to
semaglutide 1.0 mg once weekly, regarding improvements in both gly-
cated hemoglobin and weight loss.>* However, some of this differ-
ence may be explained by different doses of medication. Therefore,
whether tirzepatide is superior to semaglutide for treating obesity
awaits more trials. Treatment with tirzepatide 10 or 15 mg led to
fewer serious adverse events than with placebo, despite the larger
weight loss observed with tirzepatide compared with semaglutide in
the STEP trials, which generally reported more serious adverse events
with semaglutide 2.4 mg than with placebo. In contrast, more hypo-
glycemic events seemed to occur with tirzepatide 10 or 15 mg than
with semaglutide 2.4 mg compared with placebo. The US Food and
Drug Administration and European Medicines Agency have raised
safety concerns of thyroid neoplasms with incretin-based ther-
apy;®1%? however, no increased risk of malignant neoplasms or cancer
were observed in the included STEP or SURMOUNT trials.

The weight loss seen with semaglutide and tirzepatide is markedly
larger than other approved obesity medications, which have shown
treatment effects of —3.07 kg (95% Cl -3.76 to —2.37) with orlistat,
—4.39 kg (95% Cl 5.05 to —3.72) with bupropion-naltrexone, and
—5.25 kg (95% Cl —6.17 to —4.32) with liraglutide.®

The meta-analysis of changes in waist circumference showed that
semaglutide and tirzepatide resulted in a mean reduction of 11.4 cm
compared with placebo. These results indicate a marked reduction in
abdominal adiposity and, thus, improved body composition. Two stud-
ies included data on fat and lean mass in subpopulations.*>>” In a sub-
population of STEP 1, total fat mass was reduced by 8.4 kg, and the
proportion of fat relative to total mass was reduced.*?> However, lean
mass loss accounted for 39% of total body weight loss. In a subpopu-
lation of SURMOUNT-1, total fat mass was reduced by 34%, and total
lean mass was reduced by 11%. Thus, lean mass loss is a concern with
weight loss induced by incretin-based pharmacotherapy. However,
increased physical activity can preserve lean mass during weight

loss 6465

and obesity medications are usually approved by medicines
agencies as an adjunct to recommendations of lifestyle modifications.
All seven studies included in this review investigated the active treat-
ment compared with placebo in conjunction with a lifestyle compo-
nent involving recommendations on increased physical activity and
dietary calorie restriction. However, none of the trials reported adher-
ence or monitoring of the lifestyle components. Thus, whether physi-
cal activity was increased during the trials is unknown. A recent
randomized placebo-controlled trial investigated the efficacy of a
moderate-to-vigorous-intensity exercise program, liraglutide 3.0 mg
per day, or the combination of both after a diet-induced weight loss.'®
In this study, the combination of exercise and liraglutide reduced body
weight and body fat percentage approximately twice as much as the

single-treatment strategies, strongly indicating that exercise is

important during obesity pharmacotherapy to reduce fat mass while
preserving lean mass. The combination of exercise and liraglutide was
associated with additional health benefits, including improved gly-
cated hemoglobin level, insulin sensitivity, cardiorespiratory fitness,
physical functioning, and emotional well-being. This study supports
the importance of adhering to lifestyle modifications such as
increased physical activity while taking obesity medications.®®

Major advances have been made in the pharmacological treat-
ment of obesity in recent years. Results from the cardiovascular out-
come trial of semaglutide 2.4 mg, the SELECT study, including more
than 17,000 participants with preexisting cardiovascular disease and
overweight or obesity but without type 2 diabetes show that sema-
glutide 2.4 mg compared with placebo, reduced the incidence of
death from cardiovascular causes, nonfatal myocardial infarction, or
nonfatal stroke (the primary cardiovascular composite endpoint) by
20% (hazard ratio: 0.80,95% Cl, 0.72 to 0.90, p < 0.001) in addition to
its benefits in weight management and glycemic control.3 Also, in the
SELECT study, serious adverse events were reported less frequently
in the semaglutide 2.4 mg group (33.4%) than in the placebo group
(36.4%).33 Furthermore, instances of serious adverse events of partic-
ular interest to GLP-1 RAs did not occur more frequently with sema-
glutide compared with placebo, namely gastrointestinal disorders,
acute kidney failure, pancreatitis, cancers, or psychiatric disorders.>®

Numerous new treatments for obesity are currently being investi-
gated. Subcutaneous semaglutide is currently being investigated at a
higher dose of 7.2 mg once weekly compared with the 2.4-mg dose
and placebo for the indication of obesity in the STEP UP trial.®” Sub-
cutaneous cagrilintide, an amylin analog, in combination with semaglu-
tide, has shown weight losses of up to 17% after 20 weeks in the

phase 1b trial %8

and once-weekly cagrilintide 2.4 mg and semaglutide
2.4 mg, CagriSema, is investigated in the REDEFINE phase 3 program
(e.g., REDEFINE 1, clinicaltrial.org identifier: NCT05567796). Subcuta-
neous retatrutide, a triple agonist of the GIP, GLP-1, and glucagon
receptors, has shown weight losses of 24.2% after 48 weeks in the
12-mg group in the phase 2 trial.*’ Oral semaglutide has been found

effective for treating type 2 diabetes,”®”*

and now also for obesity. In
the OASIS-1 phase 3 trial, oral semaglutide 50 mg once daily showed
weight losses of 15.1% after 68 weeks.”? Also, orforglipron, an oral
GLP-1 RA, has demonstrated weight losses of up to 14.7% after
36 weeks in the Phase 2 trial.”® Thus, the efficacy of novel obesity
pharmacotherapies is challenging the 25% weight losses that can be
sustained on average after bariatric surgery,”* with the advantage that
medications can be paused or stopped and have no inherent surgical
risks. However, an extension study conducted in a subpopulation of
the STEP 1 trial investigated weight changes 1 year after semaglutide
discontinuation.”® Two-thirds of the weight loss achieved with sema-
glutide was regained 1 year after treatment discontinuation, highlight-
ing that the benefits of obesity pharmacotherapy depend on
continued usage.”>¢%

The present review has several strengths. The meta-analysis
included the most recent published trials with a duration of more than
1 year and investigated potent incretin-based therapies for treating

obesity. All studies were of high quality and low risk of bias, and the


http://clinicaltrial.org
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meta-analysis included a large sample size. Therefore, the included
studies provided robust evidence regarding the efficacy of potent
incretin-based obesity treatment. Focusing on body composition and
not solely body weight is also a strength, as healthy weight loss should
comprise loss of fat mass and preservation of lean mass. The review
also has limitations related to the number of existing studies. Only
two studies investigated the effects of tirzepatide; thus, the evidence
so far may be more robust for semaglutide than tirzepatide. Only two
studies investigated changes in fat and lean mass in subpopulations.
Finally, the reporting of design and adherence to the concomitant life-
style components were not detailed in most available studies.

In conclusion, this systematic review and meta-analysis shows
that among people living with obesity without diabetes, subcutaneous
semaglutide 2.4 mg or tirzepatide 10 or 15 mg causes substantial and

clinically relevant reductions in body weight and waist circumference.
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