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Abstract

Obesity is a global public health challenge affecting more than half of the world’s population. It is associated with
increased morbidity, mortality, and healthcare costs. While metabolic surgery has historically provided the most
effective long-term weight loss, recent advances in incretin-based pharmacotherapy have transformed non-surgi-
cal obesity management. Glucagon-like peptide-1 (GLP-1) receptor agonists and dual GLP-1/glucose-dependent
insulinotropic polypeptide (GIP) receptor agonists have demonstrated good efficacy in inducing clinically signifi-
cant weight loss. This review summarizes the evidence on semaglutide and tirzepatide, the two most widely used
incretin-based therapies. Both drugs promote weight loss through delayed gastric emptying and central appetite
regulation. Semaglutide 2.4 mg has been shown in the STEP clinical trial program to induce average weight losses
of 10-18% across diverse populations. Tirzepatide, evaluated in the SURMOUNT program, demonstrated su-
perior efficacy, achieving mean weight reductions of 20-25%. Beyond weight reduction, incretin-based therapies
significantly improve body composition. Weight loss is primarily driven by reductions in fat mass, including visceral
adiposity, with proportional losses of lean mass. Available evidence indicates preservation of muscle quality and
physical function despite reductions in lean mass. Semaglutide and tirzepatide represent a major advancement in
obesity treatment. Their efficacy, safety, and metabolic benefits support their role as long-term, disease-modifying

therapies in obesity management.
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Introduction

More than half of the world’s population lives
with weight-related problems such as overweight
or obesity. This health problem also affects the
pediatric population, with up to 30% of school-
aged children experiencing these conditions [1].
The consequences of obesity include an increased
risk of non-communicable diseases, disability
and mortality. This situation underscores the ur-
gent need for action to reduce the burden on the

health-care system and economic costs, to secure
a longer disease-free life expectancy and reduce
the expenses associated with chronic disease
management. Over recent decades, metabolic
surgery has been the most effective intervention
for the management of obesity, and most of the
non-surgical interventions failed to achieve and
maintain a normal body mass index (BMI). This
unmet need has been addressed in recent years by
glucagon-like peptide-1 receptor agonists (GLP-1
RAs) and by the dual receptor agonist targeting
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both GLP1 and glucose-dependent insulinotropic
polypeptide (GIP) (GLP-1/GIP RA) [2].

These novel therapies, including the GLP-1RA
weekly semaglutide and GLP-1/GIP RA tirzepatide,
have entered pharmacological markets in nearly
100 countries worldwide. In response, govern-
ments and health agencies have developed clinical
guidelines to incorporate incretin-based therapies
in the obesity management strategies [3]. Initially
approved for the management of type 2 diabetes,
these injectable drug classes demonstrated signif-
icant weight-loss benefits with a low risk of hypo-
glycemia and were therefore adopted for weight
management in individuals without diabetes. De-
spite their growing popularity, these medications
are associated with adverse effects (gastrointes-
tinal, pancreatitis, non-arteritic anterior ischem-
ic optic neuropathy) that may lead to treatment
discontinuation. Furthermore, evidence on long-
term efficacy remains limited due to their recent
introduction in clinical practice [4].

To address gaps in professional knowledge
and population understanding of weight man-
agement using incretin-based injectable therapy,
this article summarizes the existing evidence on
the two most widely used agents, semaglutide and
tirzepatide. We aim to review the mechanisms of
action of GLP-1 RAs and GLP-1/GIP RAs, as well
as their efficacy in terms of weight reduction and
body composition outcomes.

Mechanism of action

GLP-1 RA and dual GLP-1/GIP RA were in-
itially developed for the management of type 2
diabetes due to their effect on glycemic control,
cardiovascular risk reduction, and body weight
benefits [2]. By binding to incretin receptors,
these agents stimulate glucose-dependent insu-
lin secretion from pancreatic B-cells and inhibit
glucagon release. They also promote satiety by
delaying gastric emptying and modulating appe-
tite-related signaling pathways in key brain re-
gions, including the hypothalamus, hindbrain, and
mesolimbic system, which are central to appetite
regulation [5]. These actions reduce hunger and
food cravings, increase satiety and, consequently,
lead to caloric intake reduction, thereby facilitat-
ing weight loss [6].

Weekly incretin-based therapy
and weight loss

Semaglutide

Semaglutide is a glucagon-like peptide-1 analog,
sharing 94% of the structural homology with the

native GLP-1. The distinct modifications of the
molecule confer resistance to DPP-IV degradation
and long half-life (168 hours), that allow weekly
administration of the drug [7].

The effect of semaglutide on body weight
and obesity complications has been investigat-
ed in two phase-3 clinical trial programs: Sema-
glutide Treatment Effect in People with obesity
(STEP) and Semaglutide Unabated Sustainability
in Treatment of Type 2 Diabetes (SUSTAIN). The
STEP program includes over 10 clinical trials and
was developed to investigate the efficacy and safe-
ty of subcutaneous once-weekly semaglutide at a
dose of 2.4 mg/day in patients with overweight
and obesity, while SUSTAIN aimed to investigate
the efficacy of semaglutide in glycemic control in
patients with type 2 diabetes.

STEP clinical trial program showed that
semaglutide is an effective therapeutic option for
the management of obesity across various popu-
lations, including prediabetes, type 2 diabetes and
different ethnic groups. The magnitude of weight
loss achieved was 10-18%, outcomes previously
achieved only through bariatric surgery, therefore
redefining expectations with non-surgical thera-
pies in obesity management. A significant propor-
tion of patients achieved >10% and >15% weight
loss, a percentage associated with improvement
of cardiovascular and metabolic risk factors and
obesity-related complications [8-18].

STEP 1was 63 weeks randomized double blind
trial comparing the efficacy of weekly 2.4 mg sema-
glutide vs. placebo in adults with obesity defined
as a BMI 230 kg/m? By the end of the 68-week
study period, semaglutide therapy was associated
with a weight loss 0f 14.9% (-15.3 kg) of body weight
compared to 2.4% (-2.6 kg) body weight reduction
with placebo, with an absolute difference of -12.4%
(-12.7 kg) between the groups (p<0.001). 86.4% of
the semaglutide group achieved a weight reduc-
tion of 5%, 69.1% achieved a weight reduction of
>10% and 50.5% achieved a weight reduction of
>15% (versus 31.5%, 12.0%, and 4.9%, respectively
for placebo; p<0.001 for all three comparisons) [8].
STEP 3 trial investigated the effect of once-weekly
2.4 mg semaglutide versus placebo on top of in-
tensive behavioral therapy and low-calorie diet in
adults with overweight or obesity. By the end of
68 weeks of intervention, the semaglutide group
had a 16% reduction in body weight versus 5.7% in
the placebo group (between-group difference of
-10.3%). More participants treated with semaglu-
tide obtained at least 5%, 10% or 15% weight loss
versus placebo: 86.6% versus 47.6%, 75.3% versus
27.0%, and 55.8% vs. 13.2%, respectively [10].

STEP 2 trial enrolled 1210 patients with over-
weight or obesity and type 2 diabetes diagnosed
at least 6 months before study enrollment. The
patients were randomly assigned in a 1:1:1 ratio to
2.4 mg semaglutide, 1 mg semaglutide, or placebo

© 2026 Ther Pharmacol Clin Toxicol | Volume: 24, Issue: 1, January-March 2026 7



Therapeutics, Pharmacology and Clinical Toxicology

on top of lifestyle optimization. At the end of the
study (68 weeks), the 2.4 mg semaglutide group
registered a mean weight loss of 9.6% versus 3.4%
in the placebo group. By the end of the trial, 68.8%
of the patients treated with 2.4 mg semaglutide
obtained a weight loss of at least 5%, compared
to only 28.5% in the placebo group, with an odds
ratio of achieving this clinically meaningful weight
loss of 4.88 [9].

The STEP 4 and STEP 10 trials highlight obesi-
ty as a chronic disease requiring long-term treat-
ment, as discontinuation of semaglutide led to
significant weight regain, underscoring the need
for sustained therapy to maintain benefits. STEP
4 study investigated the effect of continuing ver-
sus withdrawing semaglutide during weight loss
maintenance after a period of 20 weeks of ther-
apy. The patients who continued the treatment
beyond week 20 experienced an additional 7.9%
weight loss, while in patients who switched to
placebo a weight gain of 6.9% of body weight was
observed [11]. In the STEP 10 trial, patients with
obesity and prediabetes were randomly assigned
to semaglutide or placebo for 52 weeks, followed
by a 28-week follow-up treatment-off period.
After an initial weight loss of 13.9% in the sema-
glutide group and 2.7% in the placebo group dur-
ing the intervention period, participants in both
groups regained weight, reaching at the end of the
follow-up treatment-off period an overall weight
loss of 7.9% in the semaglutide group versus 1.3%
in the placebo group [17].

STEP-6, STEP-7, and STEP-11 trials were
dedicated to Asian populations (Japan, China,
South Korea, Hong Kong, Thailand), with over-
weight (plus comorbidities) or obesity with or

without type 2 diabetes [13-15]. All trials confirmed
the efficacy of semaglutide in these populations,
reporting at the end of the intervention, weight
loss ranging between 7.5% and 16%. Also, partic-
ipants receiving semaglutide were more likely to
achieve a weight loss of at least 5% [13-15].

STEP-8 was a head-to-head comparison of
once-weekly 2.4 mg semaglutide and once-daily
3 mg liraglutide in people with overweight or obe-
sity. After 68 weeks, semaglutide was associated
with significantly greater weight loss compared
to liraglutide (15.8% versus 6.4% body weight). A
higher proportion of patients receiving semaglu-
tide achieved a weight loss of more than 10%, 15%
or 20% (70.9%, 55.6%, and 38.5%) compared to li-
raglutide (25.6%, 12.0%, and 6.0%) [16].

Recently STEP UP trial investigated the effica-
cy and tolerability of once-weekly high-dose sema-
glutide (7.2 mg) compared to the standard 2.4 mg
dose. After 72 weeks, mean weight loss was 18.7%
of the initial body weight with 7.2 mg semaglutide
compared with 15.6% of the initial body weight
with 2.4 mg semaglutide, demonstrating higher ef-
ficacy with a favorable risk-benefit profile [18].

The SUSTAIN program was designed to in-
vestigate the efficacy and safety of 0.5 and 1 mg
of semaglutide in people with type 2 diabetes and
weight loss was assessed in most of these trials
as a secondary outcome. Briefly, SUSTAIN 1 and
5 were placebo-controlled trials, while SUSTAIN
2, 3, 4 and 7 had active comparators (sitagliptin,
exenatide extended release, glargine insulin, and
dulaglutide). The proportions of patients achiev-
ing composite endpoints of glycemic control,
weight loss, and no hypoglycemia in SUSTAIN 1-7
clinical trials are presented in Table 1[19].

Table 1. Proportion of patients achieving composite endpoints of glycemic control, weight loss, and no

hypoglycemia in SUSTAIN 1-7 clinical trials [19].

Dose of HbA1c <7.0%, HbAlc <7.0%, HbA1lc <7.0%,
Trial semaglutide/ no weight loss and 25% weight loss and >10% weightloss and
comparator no hypoglycaemia no hypoglycaemia no hypoglycaemia
Semaglutide 0.5 mg 66 37 8
SUSTAIN-1 Semaglutide 1 mg 65 45 13
Placebo 19 7 2
Semaglutide 0.5 mg 63 46 13
SUSTAIN-2 Semaglutide 1 mg 74 62 24
Sitagliptin 100 mg 27 18 3
Semaglutide 1 mg 56 52 21
SUSTAIN-3
Exenatide 2 mg 28 17 4
Semaglutide 0.5 mg 47 37 8
SUSTAIN-4 Semaglutide 1 mg 64 51 16
Glargine insulin 16 5 2
8 2026 January-March, Issue: 1, Volume: 24 | Ther Pharmacol Clin Toxicol 2026 ©
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Table 1. Continued.

Dose of HbAlc <7.0%, HbAlc <7.0%, HbAlc <7.0%,
Trial semaglutide/ no weight loss and  25% weight loss and >10% weightloss and
comparator no hypoglycaemia no hypoglycaemia no hypoglycaemia
Semaglutide 0.5 mg 54 42 9
SUSTAIN-5 (add-on :
to basal insulin) Semaglutide 1 mg 67 66 26
Placebo 7 1 3
Semaglutide 0.5 mg 64 44 14
Dulaglutide 0.75 mg 44 23 3
SUSTAIN-7
Semaglutide 1 mg 74 63 27
Dulaglutide 1.5 mg 58 30 8

In patients with type 2 diabetes, the weight
loss efficacy of once-weekly administration of
2.4 mg of semaglutide was also significantly high-
er versus placebo, but with a lower magnitude
than in people without diabetes. In a recently
published systematic review and meta-analysis
of trials involving adult people with overweight or
obesity and a treatment period of 40 to 70 weeks,
the weighted mean body weight reduction was
-6.34% in patients with diabetes and -11.57% in
subjects without diabetes. The authors explained
the results by different metabolic characteristics
in people with type 2 diabetes, such as hyperin-
sulinemia, insulin resistance, or compensatory
mechanisms linked to glycemic control [20].

Tirzepatide

The other molecule, administered subcuta-
neously once per week, approved for the man-
agement of obesity or overweight with another
co-existing medical condition related to weight,
available in clinical practice, is a dual receptor ag-
onist GLP-1/GIP, named tirzepatide. The efficacy
of this dual agonist for weight loss and improve-
ment in glycemic control was assessed in persons
with obesity in the SURMOUNT clinical trials pro-
gram and in persons with type 2 diabetes in the
SURPASS clinical trials program.

The SURMOUNT clinical trial program
showed tirzepatide as a major advance in the
pharmacological management of obesity, asso-
ciated with weight reduction of 20-25%, results
historically reported with metabolic surgery. Im-
portantly, these effects were achieved in large,
diverse populations, including patients with obe-
sity-related comorbidities, reinforcing the gener-
alizability of tirzepatide in routine clinical prac-
tice [21-28].

SURMOUNT-1 was a randomized, dou-
ble blind, placebo-controlled trial evaluating
once weekly 5-15 mg tirzepatide over 72 weeks
in adults with obesity or overweight and at least

© 2026 Ther Pharmacol Clin Toxicol | Volume: 24, Issue: 1, January-March 2026

one weight-related comorbidity, without diabe-
tes. At study end, mean percentage weight re-
ductions were 15.0% with 5 mg, 19.5% with 10 mg,
and 20.9% with 15 mg tirzepatide, compared with
3.1% in the placebo group (p<0.001 for all compar-
isons). The proportion of participants achieving
at least 5% weight loss was 85%, 89%, and 91% in
the 5 mg, 10 mg, and 15 mg tirzepatide groups, re-
spectively, versus 35% with placebo. Notably, 50%
of participants receiving 10 mg and 57% receiving
15 mg achieved a weight reduction of >20%, com-
pared with only 3% in the placebo group [21]. A
post hoc analysis of SURMOUNT-1 identified ear-
ly responders (82%) and late responders (18%),
defined as achieving <5% weight loss at week 12.
Late responders were more frequently male and
had higher baseline body weight, BMI, and waist
circumference. Despite delayed response, late re-
sponders achieved clinically meaningful weight
loss, with a mean time to reach >5% weight reduc-
tion of 24.8+12.7 weeks, highlighting the impor-
tance of continued treatment before considering
lack of efficacy [22].

The SURMOUNT-3 and SURMOUNT-4 trials
provide evidence that obesity should be managed
as a chronic, relapsing disease. In these trials,
tirzepatide treatment withdrawal was associated
with weight regain, whereas continued tirzepati-
de therapy led to further weight loss or long-term
maintenance [24, 25]. SURMOUNT-3 evaluat-
ed tirzepatide for maintenance of weight loss
achieved after intensive lifestyle intervention. Of
806 enrolled participants, 579 adults with obesity
or overweight (excluding diabetes) who achieved
>5% weight loss during a 12-week lifestyle inter-
vention were randomized to once-weekly tirze-
patide (maximum tolerated dose of 10 or 15 mg)
or placebo for 72 weeks. Participants randomized
to tirzepatide achieved a mean additional weight
loss of 18.4% body weight, whereas those in the
placebo group gained 2.5% body weight. The odds
ratio for achieving >5% weight loss with tirze-
patide versus placebo was 34.6 (95% CI 19.2-62.6;
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p<0.001) [24]. SURMOUNT-4 investigated the ef-
fects of treatment continuation versus withdraw-
al. A total of 670 adults with obesity or overweight
(BMI 227 kg/m? with at least one comorbidity,
excluding diabetes) received open-label tirzepati-
de for 36 weeks, achieving a mean weight loss of
20.9% body weight. Participants were then rand-
omized to continue tirzepatide or switch to pla-
cebo for an additional 52 weeks. During the dou-
ble-blind phase, patients continuing tirzepatide
lost an additional 5.5% body weight, whereas those
switched to placebo regained 14.0% of their body
weight. Overall weight reduction from baseline to
week 88 was -25.3% in the tirzepatide group com-
pared with -9.9% in the placebo group [25].

SURMOUNT-5 showed superior efficacy of
tirzepatide in terms of weight loss when com-
pared to semaglutide. It was a head-to-head tri-
al that compared once-weekly tirzepatide with
once-weekly semaglutide in adults with obesity
or overweight. Participants were randomized to
the maximum tolerated dose of tirzepatide (10 or
15 mg) or semaglutide (1.7 or 2.4 mg) for 72 weeks.
At study completion, tirzepatide was associat-
ed with significantly higher weight loss (-20.2%
of the body weight) than semaglutide (-13.7% of
the body weight; p<0.001) [26]. The superiority of
tirzepatide versus semaglutide in terms of weight
loss was further confirmed in a meta-analysis of
direct comparative studies with semaglutide ver-
sus tirzepatide. In over 27,000 patients with type 2
diabetes, tirzepatide was associated with a mean
weight loss of 11.4% of body weight compared to
a mean weight loss of 7.3% of body weight with
semaglutide [29].

Consistent with observations from GLP-1
receptor agonist trials, the SURMOUNT program
confirmed that patients with type 2 diabetes expe-
rience lower weight loss than those without diabe-
tes. However, reductions of approximately 10-15%
in this population (versus 21% of the body weight in
persons without diabetes) remain clinically signif-
icant and exceed those previously attainable with
older anti-obesity medications [30]. Sex-specif-
ic analyses across the SURMOUNT trials showed
higher efficacy in terms of weight loss in women
than in men, although both sexes have substantial
benefits in terms of obesity-related complications
and cardiometabolic risk factors [31, 32].

The efficacy and safety of once weekly 5, 10,
or 15 mg of tirzepatide in patients with type 2 di-
abetes were investigated in multiple phase 3 ran-
domized trials forming the SURPASS program.
This program aimed to investigate the efficacy of
tirzepatide in achieving optimal glycemic control
in type 2 diabetes and weight loss was a second-
ary outcome. Briefly, SURPASS 1 and 5 were place-
bo-controlled randomized trials, while SURPASS
2, 3 and 4 were active-controlled trials comparing
tirzepatide with 1 mg semaglutide, degludec insu-
lin, and glargine insulin, respectively. The propor-
tion of patients achieving composite endpoints in
SURPASS 1-5 at 5 to 15 mg tirzepatide is presented
in Table 2. At all doses, tirzepatide was better than
placebo in achieving the composite endpoint of
HbAlc <7%, weight loss =10%, and no hypoglyce-
mia, irrespective of basal HbAlc or BMI [33, 34].

In conclusion, the new pharmacothera-
py class dedicated to the management of obesi-
ty reached new performances, with significant

Table 2. Proportion of patients achieving composite endpoints of glycemic control, weight loss and no

hypoglycemia in SURPASS 1-5 clinical trials [34].

Dose of tirzepatide/

Trial
comparator

5mg

10 mg
SURPASS-1

15 mg

Placebo

5mg

10 mg
SURPASS-2

15 mg

Semaglutide 1 mg

5mg

10 mg
SURPASS-3

15 mg

Degludec insulin

10

HbA1c <7.0%,
5% weight loss and 210% weightlossand 215% weight loss and
no hypoglycaemia

60
71
6
5
62
76
81
51
58
76
82
5

HbA1c <7.0%, HbA1c <7.0%,

no hypoglycaemia no hypoglycaemia

26 12
38 17
44 25
0 0
34 15
51 28
62 39
25 8
35 12
52 28
6 42
3 0
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Table 2. Continued.

Dose of tirzepatide/

Trial
comparator

5mg

10 mg
SURPASS-4
15 mg

Glargine insulin
5mg

10 mg
SURPASS-5
15 mg

Placebo

weight loss versus placebo, better mean response
with the dual agonism, higher weight loss in wom-
en than in man and a partial regain of the weight
was observed after the stop of the treatment. The
semaglutide and tirzepatide clinical trial programs
and real-life evidence mark a fundamental change
in the pharmacological management of obesity,
establishing incretin-based therapies as first-line
therapy in obesity care when substantial weight
loss is targeted [35]. Additionally, clinical trial pro-
grams support the currently proposed conceptu-
alization of obesity as a chronic, relapsing disease
that requires long-term treatment [36].

Weekly incretin-based therapy
and body composition

Long-term energy restriction has conse-
quences that extend beyond simple weight loss.
Clinical investigations have shown that sustained
caloric restriction alters body composition and
weight loss is not achieved solely from a decrease
in fat mass. Approximately 60 to 85% of weight loss
is attributable to fat mass, while 15% to 40% may
come from lean mass reduction. Most of the lean
mass loss is attributable to loss in the skeletal mus-
cle mass; however, a small decrease has also been
observed in other organs, such as the liver, kidneys,
heart, connective tissue, and digestive tract [37].

Minimizing muscle mass loss during weight
loss is essential, as muscle mass plays a central
role in determining energy expenditure. Reduced
muscle mass determines lower metabolic rates
and may negatively impact weight loss and in-
crease the risk of weight regain [38]. Additionally,
loss of muscle mass increases the risk of develop-
ment of sarcopenia - a condition characterized by
decreased muscle mass and function - which is
associated with increased morbidity and mortality
in individuals with obesity [39].

© 2026 Ther Pharmacol Clin Toxicol | Volume: 24, Issue: 1, January-March 2026

HbAlc <7.0%,
25% weight loss and 210% weightlossand 215% weight loss and
no hypoglycaemia

50
67
73
5
43
50
67
4

HbA1c <7.0%, HbAlc <7.0%,

no hypoglycaemia no hypoglycaemia

30 1
46 21
57 25
1 0
17 6
35 21
40 25
1 0

Despite the effectiveness of weekly GLP-1 RA
in promoting weight loss, evidence on their im-
pact on body composition - lean mass, fat mass,
and muscle function - remains limited and heter-
ogeneous [40]. Few studies used the gold standard
for body composition assessment (DXA) or evalu-
ated changes in muscle function following GLP-1
RA therapy [41-45]. Even less is known about their
long-term effects on body composition, espe-
cially with high GLP-1 RA doses [43]. Here we will
summarize and critically evaluate the evidence
available on this outcome with GLP-1 RA and dual
GLP-1/GIP RA.

Semaglutide

The effect of weekly semaglutide, either once
weekly or daily, on body composition was assessed
in patients with type 2 diabetes and obesity and in
patients with obesity alone. In addition to changes
in body weight, therapy with semaglutide is asso-
ciated with improved body composition - reduced
body and visceral fat and increased proportion of
lean body mass. However, long-term effects on
body composition going beyond 12 months are not
yet known.

SUSTAIN-8 was a phase 3 randomized dou-
ble-blind trial comparing the effect of 1.0 mg
weekly semaglutide vs. an SGLT2 inhibitor (canag-
liflozin) on glycemic control and body weight of pa-
tients with uncontrolled type 2 diabetes [46]. Body
composition was assessed in a sub-set of partici-
pants to the SUSTATIN-8 trial by whole-body DXA
scans. At the end of 52-weeks trial period, simi-
lar cumulative changes in fat mass were observed
with semaglutide and canagliflozin. A higher
numerical reduction in fat mass (kg) from base-
line was observed in the semaglutide group but
without reaching statistical significance (3.4 kg
vs. 2.6 kg, with an estimated treatment difference
of -0.79 kg [95%CT: -2.10, 0.51]). The decreases in

[l
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visceral fat mass were also similar with both treat-
ments: 0.2 kg and 0.1 kg with semaglutide and
canagliflozin, respectively. A higher reduction of
the total and percentage lean mass was observed
with semaglutide as compared with canagliflozin,
although the treatment difference was not statis-
tically significant. Total lean mass decreased by
2.3kgvs. 1.5 kgin the semaglutide and canagliflozin
treatment groups, respectively. However, lean
mass as a percentage of the whole-body weight
increased from baseline by 1.2 percentage points
with semaglutide and 1.1 percentage points with
canagliflozin [42].

The effect of semaglutide on body compo-
sition was also assessed in people with obesi-
ty without diabetes. STEP 1 was 63 weeks rand-
omized double blind trial comparing the efficacy
of weekly 2.4 mg semaglutide vs. placebo in adults
with obesity defined as a BMI =30 kg/m? An ex-
ploratory analysis of DXA data from 140 partici-
pants from this trial showed that semaglutide
significantly reduced total fat mass by 19.3% and
visceral fat mass by 27.4%, respectively. Lean body
mass decreased from baseline with 9.7%; however,
when lean mass was expressed as a proportion of
newly achieved weight, the proportion increased
by 3.0%-points thus supporting an improved body
composition. No changes in body composition
were observed with the placebo during the fol-
low-up period [47].

While the studies above were designed to
assess the efficacy of injectable semaglutide on
weight loss, and effects on body composition
were secondary outcomes assessed in a subgroup
of participants, the SEMALEAN study was specifi-
cally designed to investigate the weekly semaglu-
tide 2.4 mg impact on lean mass, muscle function,
and metabolic adaptations. This prospective study
enrolled 115 participants with obesity and fol-
lowed them for 12 months. During the study, body
composition (measured by DXA), muscle function
(handgrip strength), and resting energy expend-
iture (REE) were assessed at baseline, 7 months,
and 12 months. During the study, total fat mass
decreased by 18% at 12 months, while lean mass
initially reduced by 3 kg in the first 7 months and
stabilized thereafter. Handgrip strength improved
significantly by the end of the study compared to
baseline, and the prevalence of sarcopenic obesi-
ty decreased from 49% at baseline to 33% at the
study end [43].

A meta-analysis recently performed, which
included 7 randomized controlled trials comparing
the effect of oral or injectable semaglutide vs. pla-
cebo or an active comparator, confirmed the ef-
fect of semaglutide on body composition observed
in individual trials. Most of the weight loss with
semaglutide was due to fat mass reduction despite
fat-free mass loss and an improved body compo-
sition as assessed by a greater lean-to-fat mass

ratio. A significant nonlinear fat mass loss with
semaglutide of 0.3 kg per day was calculated, while
the decrease in fat-free mass was of 0.007 kg /day,
summing a total of -0.63 kg lean mass reduction at
90 days of treatment and -2.56 kg at 12 months of
treatment [48]. These reductions in lean mass are
well below the ones observed with bariatric sur-
gery, for which the average loss of fat-free mass is
-4.25 kg at 90 days and -8.23 kg at 12 months [49].

Real-world data from various populations
are already available for daily oral or subcutane-
ous once-weekly semaglutide and confirm that
12 months of therapy is associated with significant
fat mass reduction. Lean mass, although reduced
in absolute numbers, showed improvements rela-
tive to total body mass achieved at the end of the
observation period [45, 50-52].

Tirzepatide

In parallel with the greater reductions in
body weight, tirzepatide induces greater chang-
es in fat mass and percent fat mass compared to
GLP-1 RA. However, these larger reductions in
adiposity are accompanied by a greater absolute
loss of lean mass as compared to semaglutide de-
scribed above.

A dedicated body-composition subanalysis of
the SOURMOUNTH-1 trial, using dual-energy X-ray
absorptiometry (DXA) at baseline and at 72 weeks
of therapy, showed 33.9% reduction in total body
fat mass and 10.9% reduction of lean mass with
tirzepatide vs. 8.2% and 2.6%, respectively, with
placebo (p<0.001 for all comparisons). The mean
absolute reduction of fat mass was 15.9kg with
tirzepatide and 3.6kg with placebo, while lean
mass decreased by 5.6kg and 1.2kg, respectively.
Visceral fat mass showed a marked decline, de-
creasing by 40.1% with tirzepatide vs. 7.3% with
placebo. Approximately 75% of the weight loss
was fat mass and 25% was lean mass proportion
similar for both tirzepatide and placebo, indicat-
ing that the relative composition of weight lost
was preserved despite greater absolute reduc-
tions. Changes in body composition were similar
across age groups, sex, and categories of percent-
age weight loss [53]. Despite the greater lean mass
reduction observed, tirzepatide improved pa-
tient-reported physical function compared with
placebo [54].

Additional insights into muscle quality were
provided by the SURPASS-3, which evaluated
changes in skeletal muscle parameters using mag-
netic resonance imaging (MRI) in a subgroup of pa-
tients with type 2 diabetes treated with tirzepatide
or insulin degludec over 52 weeks. Tirzepatide was
associated with a significant reductionin muscle fat
infiltration (mean change -0.36 percentage points,
p<0.0001), muscle volume (-0.64 L, p<0.0001), and
muscle volume Z score (-0.22, p<0.0001) in parallel
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with a significant weight reduction. In contrast,
insulin degludec was associated with a modest and
significant increase in bodyweight and muscle vol-
ume, but without significant changes in the other
variables [55].

Direct comparative data between tirzepati-
de and semaglutide regarding body-composi-
tion changes are limited. In the sub-analysis of a
controlled trial enrolling 117 patients with type 2
diabetes randomly assigned to tirzepatide, sema-
glutide, or placebo over 28 weeks period showed
greater weight loss with tirzepatide (-11 kg) com-
pared to semaglutide (-7 kg) or placebo (0 kg). Fat
mass reduction was correlated with body weight
reduction and was greater in the tirzepatide group
(-9.6 kg) than in the semaglutide group (-3.8 kg).
Similarly, percentage fat mass decreased more in
the tirzepatide group (7.1%) than in the semaglu-
tide group (4.0%, p=0.001). Fat free mass reduction
was limited, but higher in the tirzepatide group
(L5 kg) than in the semaglutide group (0.8 kg).
These findings indicate that the main driver of
weight loss with tirzepatide is the fat mass reduc-
tion, without excessive loss in lean mass [56].

Conclusion

Both semaglutide and tirzepatide induce
clinically significant weight loss. While sema-
glutide 2.4 mg reduces weight in the range of
10-15%, tirzepatide shows greater efficacy, with
mean weight losses over 20% of the body weight.
The reduction in lean mass observed with both
semaglutide and tirzepatide is a consequence
of weight loss, associated with improvements
in muscle quality and without deterioration of
physical function. Treatment discontinuation
leads to weight regain, whereas continued ther-
apy results in further weight loss or sustained
maintenance. These findings support the pro-
posal of placing anti-obesity pharmacotherapy
among long-term disease-modifying treatments,
together with therapies for diabetes, hyperten-
sion, or dyslipidemia.
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