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Abstract: Here we compare the efficacy of anti-obesity
drugs alone or combined with exercise training on body
weight and exercise capacity of obese patients. Randomized
clinical trials that assessed the impact of any anti-obesity
drug alone or combined with exercise training on body
weight, body fat, fat-free mass and cardiorespiratory fitness
in obese patients were retrieved from Pubmed and EMBASE
up to May 2024. Risk of bias assessment was performed with
RoB 2.0, and the GRADE approach assessed the certainty of
evidence (CoE) of each main outcome. We included four
publications summing up 202 patients. Two publications
used orlistat as an anti-obesity drug treatment, while the
other two adopted GLP-1 receptor agonist (liraglutide or
tirzepatide) as a pharmacotherapy for weight management.
Orlistat combined with exercise was superior to change
body weight (mean difference (MD): —2.27 kg; 95 % CI: —2.86
to —1.69; CoE: very low), fat mass (MD: -2.89; 95 % CI: —3.87
to —1.91; CoE: very low), fat-free mass (MD: 0.56; 95 % CI:
0.40-0.72; CoE: very low), and VO,Peak (MD: 2.64; 95 % CI:
2.52-2.76; CoE: very low). GLP-1 receptor agonist drugs
combined with exercise had a great effect on body weight
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(MD: -3.96 kg; 95% CI: -5.07 to —2.85; CoE: low), fat mass
(MD: -1.76; 95 % CI: —2.24 to —1.27; CoE: low), fat-free mass
(MD: 0.50; 95 % CI: —0.98 to 1.98; CoE: very low) and VO,Peak

(MD: 2.47; 95 % CI: 1.31-3.63; CoE: very low). The results re-
ported here suggest that exercise training remains an
important approach in weight management when combined
with pharmacological treatment.

Keywords: hody weight; pharmacotherapy; physical training;
obesity

Introduction

The increasing worldwide prevalence of obesity is associ-
ated with a range of non-communicable chronic diseases
and the development of premature morbidity and mortality
[1]. Although genetic background accounts for weight gain
susceptibility, lifestyle habits such as high-caloric diet pat-
terns and physical inactivity exert strong influence on
obesity development [2]. Weight loss is a major goal to
manage excess body weight and prevent the progression of
obesity-related diseases [1, 2]. While even a modest 3-5%
weight loss induces positive health impacts by lowering
obesity-related risk factors, individuals with coexisting
conditions or severe obesity may require a larger reduction
of 5-15 % to achieve optimal health outcomes [3].

Non-pharmacological interventions to treat obesity
generally focus on lifestyle interventions such as increased
physical activity to obtain moderate weight loss [4]. Exercise
training adaptations are observed through improved meta-
bolic health and cardiorespiratory fitness. In addition, ex-
ercise decreases fat mass and preserves or increases lean
mass [5]. However, although lifestyle changes are usually
recommended as interventions to treat obesity, their long-
term adherence and applicability in modern life are chal-
lenging [6, 7].

Anti-obesity drugs, like GLP-1 receptor agonists and in-
hibitors of gastric and pancreatic lipase, are popular for
weight management, showing promised results such as low-
ered fat mass and improved metabolic health [8, 9]. In this
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line, a recent meta-analysis showed that semaglutide, a GLP-1
receptor agonist, decreases body weight in order to 11.80 %
[9]; and a recent network meta-analysis indicated a range of
weight loss between 5 and 15% of total body weight [10].
However, weight loss induced by pharmacotherapy usually
also affects free fat mass; the decrease in lean muscle may
poses an additional threat to the health and well-being of
people already losing weight [11, 12]. Furthermore, clinical
trials failed to identify changes on functional status of phys-
ical capacity, measured by questionnaires, after anti-obesity
drugs administration [13]. In this line, there are recommen-
dations to use anti-obesity pharmacotherapy as an adjuvant
intervention of exercise training in the treatment of obesity,
since the ability of the former to prevent or at least attenuate
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fat-free mass loss [5, 14]. Whether exercise, pharmacotherapy,
or a combined strategy constitutes the more effective approach
for healthy weight loss remains an open question. Here, we
aimed to systematically review the effect of anti-obesity drugs
alone or combined with exercise training on body composition
of obese individuals. The summary of this review is presented
in Figure 1.

Methods

This systematic review was conducted and reported following
the Cochrane Handbook for Systematic Reviews of In-
terventions and the Preferred Reporting Items for Systematic
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After screening 2,673 studies, 4 met the
inclusion/exclusion criteria and were
included in the final analysis, comprising
202 participants living with obesity.
Two studies had a high risk of bias,
while the other two had some concerns.
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strategy constitutes the more effective approach for
healthy weight loss remains an open question.

Objectives: To compare Q@
the efficacy of anti-obesity
drugs alone or combined /
with exercise training on
body weight and exercise
capacity of individuals
living with obesity.

RESULTS

GLP-1 receptor agonist drugs combined with
exercise reduced body weight (-3.96 kg) and fat mass
(-1.76 kg) more than GLP-1 receptor agonist alone.

Exercise
preserved more fat-free mass (+0.50 kg) than

d with phar herapy

medication alone.

GLP-1 receptor agonists combined with
exercise improved VO: peak more than GLP-1
alone (+2.47 mL/min/kg) across 150 patients.

CONCLUSION

Exercise training enhances the effects of anti-obesity drugs on
weight and fat loss during obesity management, while attenuating
fat-free mass loss, potentially improving physical function,

wellness, and quality of life.

Figure 1: Graphical representation of this study. Key points: (1) anti-obesity drug combined with exercise had superior effect on body weight man-
agement than pharmacotherapy alone; (2) adding exercise to anti-obesity pharmacotherapy attenuates fat-free mass loss; (3) anti-obesity drug plus
exercise may increase VO,Peak but the evidence is very uncertain. These results contribute to translational knowledge of obesity management science by
adding new perspectives on the combination of pharmacotherapy and physical exercise. Figure created with BioRender.
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Reviews and Meta-Analyses (PRISMA) guidelines, respectively
[15, 16]. The systematic review protocol (identification num-
ber CRD42023479408) was registered in the International
Prospective Register of Systematic Reviews (PROSPERO).

Eligibility criteria

We included clinical trials considering the following eligi-
bility criteria: adults (aged >18 years) patients diagnosed
with obesity (Body mass index [BMI] >30 kg/m? without type
2 diabetes; and studies evaluating the efficacy of anti-obesity
drugs alone interventions compared to anti-obesity drugs
combined with exercise training in at least one of the
following outcomes: absolute changes of body weight, BMI,
fat mass, fat-free mass, and aerobic fitness. We only included
randomized clinical trials (RCTs). We did not restrict the type
of anti-obesity drug in the eligibility criteria. There were no
restrictions on publication status, language, or methodo-
logical quality.

Search strategy

Structured searches were performed on Medline (via
PubMed), Embase from inception to May 2024 for published
studies in indexed journals. We searched for available
unpublished results of clinical studies in the clinical trials
register (clinicaltrials.gov). The following search terms
were used: obesity, obese, overweight, exercise training,
anti-obesity drugs, and pharmacotherapy. We combined the
specific terms and related synonyms with Boolean operators
with appropriate limiters, adapting the terms according to
each database requirements. We did not include terms
related to the outcomes of interest to enhance search
sensitivity. The specific search strategies are referred to in
Supplementary Material 1.

Study selection and data extraction

Initially, two independent reviewers assessed the titles and
abstracts identified in the search. Studies that failed to
satisfy the inclusion criteria were excluded. The remaining
citations underwent a full-text review by the same two
independent reviewers. Only studies that adhered to the
predefined eligibility criteria were included in the final
analysis.

Two reviewers independently extracted key data from
the included studies using pre-designed tables. The extracted
information covered methodological features of the studies
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and the outcomes of interest. In cases where standard de-
viations were not reported, they were estimated from
p-values or derived from standard deviations provided for
the same outcome in other treatment groups within the
same study. Any disagreements between the reviewers were
resolved through consensus or by involving a third reviewer
for arbitration.

Risk of bias and certainty of evidence
assessment

Included studies were critically appraised by two indepen-
dent reviewers using RoB 2.0 [17]. The overall certainty of
evidence of each primary outcome was assessed using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) framework [18, 19]. Any discrep-
ancies in the quality assessment were resolved through
consensus or, when necessary, by involving a third reviewer.
Narrative statements as plain language was used based on
GRADE Guidance 26 to communicate results from systematic
reviews of interventions [20].

Data analysis

Data were synthesized using both qualitative and quantitative
approaches. For qualitative synthesis, a detailed summary
table was created, outlining the populations, interventions,
comparators, and outcomes. Following data extraction,
pooled effect estimates for continuous outcomes were calcu-
lated by comparing baseline and study-end changes within
each group, applying a random-effects model with the Der-
Simonian and Laird method for variance estimation. Het-
erogeneity was evaluated using the I* statistic, and results
were visualized as forest plots displaying point estimates and
95% confidence intervals. Meta-analyses were performed
using R statistical software (version 4.1.2) with the ‘meta’
package (version 6.5-0). Due to the limited number of included
studies, publication bias was not assessed [21].

Results
Search results and included studies

We identified 2,673 unique records in our initial search. Af-
ter the screening of titles and abstracts, 29 publications
remained. Of these, 25 were excluded due to the following
reasons: intervention (n=14), outcome (n=2), study design
(n=2), and duplicate data (n=7). The main reason to exclude
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intervention was the absence of a group-treated anti-obesity
drug without exercise training, or due to a lack of exercise
training intervention. A total of four studies [22-25] met the
inclusion criteria, providing data from 202 participants
(Figure 1). Details of the studies excluded during full-text
screening, along with the reasons for their exclusion, are
presented in Supplementary Material 2.

Description of studies

This systematic review included four studies with a total of
202 participants with obesity [22-25]. The sample sizes of the
individual studies ranged from 24 to 98 participants. All
studies focused on non-diabetic obese individuals, with a
mean BMI ranging from 32.7 to 39.8, and participants’ mean
age ranged from 20 to 50 years. Most participants were female
in three studies, while Bagherzadeh-Rahmani and coworkers
[25] only included male obese patients. Interventions lasted
from one month, three months, and 12 months. Two studies

Table 1: Methodological characteristics of the included studies.

DE GRUYTER

used orlistat as an anti-obesity drug (120 mg capsule with each
main meal; example: 3 x 120 mg/day) [22, 24]. Lundgren and
coworkers [23] used liraglutide, a GLP-1ra, with final dose of
3.0 mg per day. One study [25] administered 2.5 and 5 mg of
tirzepatide, a GLP-lra combined with glucose-dependent
insulinotropic polypeptide (GIP), as pharmacotherapy to the
obesity treatment.

Three studies used supervised endurance training as ex-
ercise intervention [22-24]. Lundgren et al. [23] combined su-
pervised sessions of group exercise (30 min of high-intensity
interval- indoor cycling and 15 min of circuit training; 2x/week)
and individual moderate-to vigorous—intensity exercise ses-
sion (outdoor or indoor endurance exercise; 2x/week). Exercise
interventions combined with orlistat consisted of endurance
training at an anaerobic threshold lasting 35-45 min, three
times per week [22, 24]. Bagherzadeh-Rahmani and colleagues
[25] combined periodized resistance training with aerobic ex-
ercise performed three times a week (resistance training [RT]:
four exercises for the upper body and four exercises for the
lower body). Endurance training consisted in moderate

Author, year Study groups Participants  Age, years BMI (kg/m?) Medication Exercise training Follow-up,
dose weeks
Colak and Orlistat 24 adults with  38.3 (10) 36.1(3.6) 1,200 mg, - 4
Ozcelik 2004 Orlistat + exercise obesity 37.5(8) 39.8 (5.4) 3x/day 35-45 min of endurance
[22] exercise at anaerobic threshold
(3x/week)
Ozcelik et al. Orlistat 28 sedentary  NR 40.1(2.9) 1,200 mg, - 12
2015 [24] Orlistat + exercise obese women 39.1(2.5) 3x/day 45 min of endurance exercise
(3x/week)
Lundgren et al. Liraglutide 98 adults with 43 (12) 32.7(3.1) Starting dose: - 48
2021 [23] Liraglutide + exercise  obesity 42 (12) 32.8(2.4) 0.6 mg/day Supervised sessions: 30 min of
Weekly high-intensity interval- cycling
increment: and 15 min of circuit training
0.6 mg/day; (2x/week)
Intended dose: Individual sessions:
3.0 mg/day moderate-to high-intensity
exercise (2x/week)
Bagherzadeh-  Tirzepatide 2.5 mg 52 adults with  Age 36.1(0.6) 2.5mgor5mg -
Rahmani, 2024  Tirzepatide 5 mg obesity between 20 36.3(1.1) onceaweek. -
[25] Tirzepatide and 32 36.5(1.2) Group exercise (supervised):
2.5mg + exercise years. resistance exercise combined
Tirzepatide 36.3 (1.6) with endurance exercise 6

5mg + exercise

(moderate intensity: 45-65 % of
HR reverse)

(3x/week).

Session detailed: warmup, main
training section and cool-down.
Resistance training: four upper
body exercises (bench press, lat
pull-down, biceps and triceps
exercises) and four lower body
exercises (squat, leg press, knee
extension, and leg curl).

Data presented as mean (standard deviation). HR, heart rate; NR, not reported; min, minutes.
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intensity (45-65 % of heart rate reverse) (Table 1). Regarding
diet consumption, Colak and Ozcelik [22], Ozcelik and col-
leagues [24], and Ludgren and colleagues [23] used hypocaloric
diet associated with pharmacological intervention alone or
associated with exercise. The study of Bagherzadeh-Rahmani
and colleagues [25] analyzed nutrients and dietary intake
without any restriction of diet calories.

Risk of bias

The risk of bias of body weight, fat mass, fat-free mass and
exercise capacity of the included studies are presented in
Figure 2. For all outcomes, one study was assessed as having
a high risk of bias, while two studies raised concerns
regarding the randomization process. Two studies were
classified as having a high risk of bias, and one study showed
concerns regarding deviations from the intended interven-
tion. Additionally, three studies presented concerns about
the selection of reported results. The overall risk of bias was
characterized as high risk in Colak & Ozcelik [22] and Ozcelik
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et al. [24], and some concerns in Lundgren et al. [23] and
Bagherzadeh-Rahmani et al. [25].

Efficacy outcomes

Here, we presented the efficacy of anti-obesity drugs sepa-
rated by the type of pharmacological action. Tirzepatide was
analyzed with liraglutide as a GLP-1 receptor agonist. Orlistat,
an inhibitor of pancreatic lipase, combined with exercise
changed body weight (MD: -2.27 kg; 95 % IC: —2.86 to —1.69;
=94 %; two studies), fat mass (MD: —2.88; 95% IC: —3.86
to —1.90; I* 94.6 %; two studies) and fat-free mass (MD: 0.56;
95 % IC: 0.40-0.72; I 0 %; two studies) in 52 patients [22, 24].
GLP-Ira drugs, liraglutide and tirzepatide, combined with
exercise improve weight management compared to GLP-1ra
alone in body mass (MD: -3.96 kg; 95% CI: —-5.07 to -2.85;
%=0 %; two studies) fat mass (MD: —1.75; 95 % IC: -2.24 to -1.27;
1% 0 %; two studies) and fat-free mass (MD: 0.50; 95 % IC: —0.98
to 1.98; one study) in 150 patients [23, 25] (Figure 3).

Identification of studies via databases and registers

Records removed before

Duplicate records removed

Records excluded**

Reports not retrieved

Reports excluded: (n = 25)
Population (n = 0)
Intervention (n = 14)
Outcome (n =2)

Study design (n = 2)
Duplicate data (n=7)

i
s
= Records identified from* (n =
8 2882) 5| Screening:
£ EMBASE (n = 1386)
§ Medline/Pubmed (n = 1496) (n=209)
|
v
—
Records screened >
(n=2673) (n=2644)
v
Reports sought for retrieval
o (n=29) * (n=0)
=
&
s v
Reports assessed for eligibility
(n=29) >
~—

Reports of included studies
(n=4)

Figure 2: PRISMA flowchart of included studies.
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Risk of bias domains

D4

| Overall ‘

Colak & Ozcelik, 2004

Ozcelik et al., 2015

Study

Lundgren et al., 2021

Bagherzadeh-Rahmani et al., 2024

Domains:

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.

D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Also, one study evaluated the effect of orlistat combined
with exercise training vs. only orlistat interventions on
VO,Peak (MD: 2.64; 95% CI: 2.52-2.75) in 24 patients [22].
GLP-1ra combined with exercise training improved VO,Peak
more than GLP-1 receptor agonist alone (MD: 2.47; 95 % CL:
1.31-3.63; 1>=80.2 %) in 150 patients of three studies [23, 25]
(Figures 4 and 5).

The certainty of the evidence was very low for the
assessment of orlistat plus exercise training on body compo-
sition and cardiorespiratory fitness (Table 2). The evidence
suggests that orlistat plus exercise training has little effect on
outcome change compared to orlistat alone, but the evidence
is very uncertain. Considering GLP-1 receptor agonists, the
certainty of the evidence was low to very low for the assess-
ment of efficacy outcomes (Table 3). This means that GLP-1
receptor agonist plus exercise training may reduce body
weight and body fat slightly compared to GLP-1 receptor
agonist alone. Furthermore, GLP-1 receptor agonist plus
exercise training may increase fat-free mass and VO,Peak
compared to GLP-1 receptor agonist alone, but the evidence
is very uncertain. The overall judgment of each GRADE’s
domain is presented in Supplementary Material 3 and 4.

Table 4 presents the comparison of anti-obesity drugs plus
exercise vs. anti-obesity drugs alone on metabolic parameters
of obese individuals. Only two studies [23, 25] presented results
of Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR), and the serum levels of total and subtypes choles-
terol fractions, and triglycerides. Exercise training plus anti-
obesity drugs has favorable effects to decrease HOMA-IR (effect
estimate: —0.40; 95 % CI: —0.51 to —0.28) and LDL levels (effect
estimate: —8.89; 95 % CI: —11.52 to -6.26). Exercise plus anti-
obesity drugs also increase HDL levels (effect estimate: 8.44;
95 % CI: 3.63-13.25) more than anti-obesity drugs alone.

Discussion

Pharmacotherapy has significantly advanced the management
of excess body weight in recent years, contributing to obesity

®
®
©
©

Judgement

& High
= Some concerns

& Low Figure 3: Risk of bias of the included studies.

management [4]. However, several issues concerning its
compatibility with lifestyle modifications, particularly exercise
training, remain to be clarified [26, 27]. In this study, we con-
ducted an up-to-date systematic review with meta-analysis and
GRADE certainty of evidence assessment focusing on the role of
anti-obesity drugs combined with exercise in weight manage-
ment. Our findings suggest that exercise training enhances the
efficacy of pharmacotherapy, primarily through lowering body
weight and fat mass. Furthermore, adding exercise training to
pharmacotherapy mitigates the loss of fat-free mass of obese
patients. The results of this systematic review were analyzed
according to drug type, specifically pancreatic lipase inhibitor
Orlistat and GLP-1 receptor agonists.

Few data investigate the effects of pharmacotherapy
combined with exercise on body composition to date. Notably,
drugs used to treat other metabolic diseases can attenuate the
benefits of exercise on obesity-related chronic conditions,
such as type 2 diabetes [28-30]. For example, overweight or
obese patients treated with the anti-diabetic drug sodium-
glucose cotransporter 2 (SGLT2) inhibitors and engaged to
exercise training (12 weeks) showed diminished improve-
ments in insulin sensitivity despite positive adaptations in
cardiorespiratory fitness [30]. Similarly, metformin, another
anti-diabetic medication, may reduce the effectiveness of ex-
ercise on cardiometabolic risk factors in individuals with
impaired glucose tolerance [31]. However, none of these
studies specifically assessed the combined effects of anti-
obesity drugs and exercise training in an obese population.

Our analysis demonstrates that anti-obesity drugs com-
bined with exercise training yield superior results in reducing
body weight and fat mass compared to pharmacotherapy
alone. For instance, one year of liraglutide treatment combined
with exercise training led to an additional reduction in body
weight, resulting in a total weight loss of 16 % [23]. In com-
parison, intensive lifestyle interventions combining exercise
and caloric restriction typically reduce body weight by 5-9 %
[32, 33]. Exercise may also act synergistically with anti-obesity
drugs by stimulating insulin release, suppressing appetite,
lowering postprandial blood glucose levels, and slowing gastric
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(A) Body weight
Drug + Exercise Drug
Study n Mean SD n Mean SD Mean Difference MD 95%-Cl
Drug = Inhibitor of pancreatic lipase
Ozcelik, 2004 12 -530 0.3400 12 -3.30 0.2100 S -2.00 [-2.23;-1.77]
Ozcelik et al,, 2015 14 -10.10 0.6300 14 -7.50 0.4700 - -2.60 [-3.01;-2.19]
Random effects model 26 26 < -2.27 [-2.86; -1.69]
Heterogeneity: I~ = 84%, t° = 0.1513, p = 0.01
Drug = GLP-1 receptor agonist
Ludgren, 2021 49 -340 89200 49 -0.70 8.9200 i -2.70 [-6.23; 0.83]
Bagherzadeh-Rahmani etal., 2024 5mg 13 -510 1.8300 13 -1.00 2.3100 — -4.10 [-5.70;-2.50]
Bagherzadeh-Rahmani et al., 202425mg 13 -460 2.0900 13 -0.50 2.3300 —a -4.10 [-5.80;-2.40]
Random effects model 75 75 == -3.96 [-5.07; -2.85]
Heterogeneity: /" =0%, vt =0,p =0.76
Heterogeneity: I? = 76%, t° = 0.6631, p < 0.01 f f T !
Test for subgroup differences: xf =6.97,df=1(p <0.01) 6 -4 2 0 2
Between-groups difference: p < 0,001 Favours Drug + Exercise Favours Drug
(B) Fat mass
Drug + Exercise Drug
Study n Mean SD n Mean SD Mean Difference MD 95%-CI
Drug = Inhibitor of pancreatic lipase
Ozcelik, 2004 12 -410 04300 12 -1.70 0.1100 -2.40 [-2.65;-2.19]
Ozcelik et al., 2015 14 -8.20 0.5100 14 -4.80 0.5200 - -3.40 [-3.78;-3.02]
Random effects model 26 26 = -2.89 [-3.87; -1.91]
Heterogeneity: I~ = 95%, 1= 0.4728, p < 0.01
Drug = GLP-1 receptor agonist
Ludgren, 2021 49 470 64200 49 -2.00 6.6000 -2.70 [-5.28;-0.12]
Bagherzadeh-Rahmani et al,, 2024 5mg 13 -2.30 1.0700 13 -0.90 1.0800 —a— -1.40 [-2.23;-0.57]
Bagherzadeh-Rahmani et al., 2024 2.5mg 13 -2.40 0.9100 13 -0.50 0.6700 —a. -1.90 [-2.51;-1.29]
Random effects model 75 75 < -1.76 [-2.24; -1.27]
Heterogeneity: I = 0%, t” =0, p = 0.49
Heterogeneity: /> = 88%, 12 = 0.5634, p < 0.01 ' T ' '
Test for subgroup differences: xf =413,df=1(p =0.04) 6 -4 -2 0 2
Between-groups difference: p < 0,001 Favours Drug + Exercise Favours Drug
( ©) Fat-free mass
Drug + Exercise Drug
Study n Mean SD n Mean SD Mean Difference MD 95%-Cl
Drug = Inhibitor of pancreatic lipase
Ozcelik, 2004 12 -1.00 0.1600 12 -1.60 0.3300 —— 0.60 [0.39;0.81]
Ozcelik et al., 2015 14 -1.80 0.4400 14 -2.30 0.2000 —— 0.50 [0.25;0.75]
Random effects model 26 26 O 0.56 [0.40; 0.72]
Drug = GLP-1 receptor agonist
Ludgren, 2021 49 0.50 3.7500 49 0.00 3.7500 + 0.50 [-0.98; 1.98]
Heterogeneity: 2= 0%, 2= 0,p=083 : I I I I I
-1 -0.5 0 0.5 1 1.5 2

Test for subgroup differences: l% =0.01,df=1(p =0.94)

Between-groups difference: p < 0,001 Favours Drug Favours Drug + Exercise

Figure 4: Changes on body weight, fat mass and fat-free mass after the treatment of anti-obesity drugs alone or combined with exercise training on
obese patients.

emptying [34, 35]. However, the certainty of the evidence
regarding reductions in body weight and fat mass was rated as
low or very low, indicating that future studies may reveal
substantially different effects than those estimated here.

Exercise training combined with anti-obesity drugs also
preserves lean mass compared to anti-obesity drugs alone.
Clinical trials have shown that a greater proportion of lean
mass is generally lost during pharmacotherapy treatment in
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Drug + Exercise Drug

Study n Mean SD n Mean SD Mean Difference MD  95%-CI

Drug = Inhibitor of pancreatic lipase

Ozcelik, 2004 12 2.78 0.1300 12 0.14 0.1600 2.64 [2.52; 2.76]

Drug = GLP-1 receptor agonist

Ludgren, 2021 49
Bagherzadeh-Rahmani et al., 2024 5mg 13
Bagherzadeh-Rahmani et al., 2024 2.5 mg 13
Random effects model 75 75
Heterogeneity: 12 = 74%, 1° = 0.4461, p < 0.01
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Figure 5: The effect of anti-obesity drugs alone or combined with exercise training on cardiorespiratory fitness.

obesity management compared to placebo arm, mainly after
rapid or great-magnitude weight loss [11, 36]. For example,
some reports indicate that approximately 40 % of weight lost
by obese patients treated with GLP-1ra tend to be lean mass
[37]. In the first clinical trial of Semaglutide, the analysis of
body composition changes by Dual-energy X-ray absorpti-
ometry (DXA) revealed an average reduction of 17.32kg of
body weight, including a 6.92 kg mean reduction in total lean
mass compared to placebo [37]. Similarly, participants treated
with tirzepatide in SURMOUNT-1 trial lost 10.9 % of their lean
mass in the pooled tirzepatide-treated analysis (5, 10 or 15 mg
once weekly) [38]. Pharmacotherapy has the benefit of
improving the body weight-to-lean mass ratio compared to
conventional lifestyle interventions [39, 40], but the decrease
observed in lean mass should be considered in obesity man-
agement. The loss of lean body mass associated with weight
loss can increase the risk of sarcopenia, as well as impair
strength and muscle function [11, 41]. Conversely, exercise
training is a recommended strategy to mitigate muscle mass
loss during voluntary weight loss and enhance muscle
strength in obese adults [42]. A recent narrative review sug-
gested that exercise training should be incorporated as an
adjunct strategy of pharmacotherapy to optimize changes in
body composition by preserving lean mass [43]. Exercise
stimulates the phosphorylation of several intracellular mo-
lecular pathways, regulating protein turnover and promoting
favorable anabolic responses in muscle tissue [44]. Moreover,
exercise induces the release of molecules known as exerkines
during muscle contraction, which help prevent muscle
weakness and restore physical autonomy [45].

Despite similar point estimates in the subgroup analysis
of orlistat and liraglutide treatments, the confidence in-
tervals suggest differences in their efficacy for obesity
management. Real-world studies indicate that liraglutide is

more effective than orlistat in promoting weight loss and
improving metabolic and cardiovascular risk factors asso-
ciated with obesity [46, 47]. However, differences in trial
designs may contribute to these discrepancies. For example,
in the S-LITE trial, Lundgren and colleagues [23] initially
enrolled adults with obesity in an 8-week low-calorie diet
program. Participants were then randomized to one of four
strategies for one year: a moderate-to-vigorous intensity
exercise program plus placebo (exercise group); liraglutide
treatment (3.0 mg per day) plus usual activity (liraglutide
group); a combination of exercise and liraglutide therapy
(combination group); or placebo plus usual activity (placebo
group). In contrast, other trials assigned obese patients to
8-week [22] or 12-week [24] interventions combining a
hypocaloric diet with orlistat, with or without exercise. Thus,
prior weight loss induced by a low-calorie diet may influence
not only weight maintenance and the efficacy of anti-obesity
drugs but also exercise-induced adaptations.

Exercise training combined with anti-obesity drugs also
improved cardiorespiratory fitness by a mean of 3.05 mL/kg/
min compared to anti-obesity drugs alone. While there is evi-
dence of pharmacotherapy negatively impacting exercise-
mediated physical fitness adaptations in patients with cardio-
vascular or metabolic diseases [28—-31, 48], the impact of anti-
obesity drugs on exercise adaptations remains underexplored.
Our findings suggest that pharmacotherapy for obesity man-
agement does not impair exercise training adaptations.
Enhancing VO,peak through exercise training in obese in-
dividuals provides metabolic benefits, improving both physical
and mental health [49]. Obese patients with higher cardiore-
spiratory fitness levels exhibit similar mortality risks as
normal-weight fit individuals, emphasizing the role of exercise
adaptations in reducing obesity-associated mortality [50].
Additionally, obese individuals with greater cardiorespiratory



DE GRUYTER Marmett et al.: Exercise training combined with anti-obesity drug =—— 59

Table 2: Overall certainty of the evidence of orlistat plus exercise training in the treatment of obesity.

Outcome Relative  Anticipated absolute Certainty What happened
Participants (studies) effect effects (95 % CI)
(95% CI) Difference

Body weight change - MD 2.27 kg lower POOO Orlistat plus exercise training has little effect on body

Number of participants: 52 (2 RCTs) (2.86 lower to 1.69 lower)  Very low®® weight change compared to orlistat alone but the evidence
is very uncertain.

Body fat change - MD 2.89 kg lower POOO Orlistat plus exercise training has little effect on body fat

Number of participants: 52 (2 RCTs) (3.87 lower to 1.91 lower)  Very change compared to orlistat alone but the evidence is very

low®b< uncertain.

Fat-free mass change - MD 0.56 kg higher POOO Orlistat plus exercise training may increase fat-free mass

Number of participants: 52 (2 RCTs) (0.4 higher to 0.72 higher)  Very low®® compared to orlistat alone but the evidence is very
uncertain.

Peak of oxygen consumption - MD 2.64 mL/kg/min higher OO The evidence is very uncertain about the effect of orlistat

Number of participants: 24 (1 RCT) (2.52 higher to 2.76 higher)  Very low™® plus exercise training on peak of oxygen consumption

compared to orlistat alone.

(1, confidence interval; MD, mean difference. Explanations: “Two studies presented an overall high risk of bias. "Low number of patients. “Low overlap of
point estimate and 95 % CI between studies. ®High risk of bias in one study. Values in bold denotes the anticipated absolute impact of the intervention.

Table 3: Overall certainty of evidence of body composition outcomes.

Outcome Relative  Anticipated absolute Certainty What happens
Participants (studies) effect effects (95 % CI)
(95% CI)  Difference
Body weight change - MD 3.96 kg lower (5.07 PPBOO GLP-1 receptor agonist plus exercise training may
Number of participants: 150 (2 RCTs) lower to 2.85 lower) Low?®® reduce body weight slightly compared to GLP-1 receptor
agonist alone.
Body fat change - MD 1.76 kg lower (2.24 PPBOO GLP-1 receptor agonist plus exercise training may
Number of participants: 150 (2 RCTs) lower to 1.27 lower) Low?™® reduce body fat slightly compared to GLP-1 receptor
agonist alone.
Fat-free mass change - MD 0.5 kg higher (0.98 POOO GLP-1 receptor agonist plus exercise training may
Number of participants: 98 (1 RCT) lower to 1.98 higher) Very increase fat-free mass but compared to GLP-1 receptor
low?®< agonist alone the evidence is very uncertain.
Peak of oxygen consumption - MD 2.47 mL kg min higher OO GLP-1 receptor agonist plus exercise training may
Number of participants: 150 (2 RCTs) (1.31 higher to 3.63 higher)  Very increase peak of oxygen consumption compared to GLP-1
low?P4 receptor agonist alone but the evidence is very uncertain.

(1, confidence interval; MD, mean difference. Explanations: *Two studies presented overall some concerns of risk of bias. "Low number of patients. “Width
of the 95 % CI suggests different intervention scenarios. “Low overlap of 95 % CI between studies. Values in bold denotes the anticipated absolute impact of
the intervention.

Table 4: Metanalysis results of metabolic parameters.

Outcome Number of studies Sample size Effect estimates (95 % CI) p-Value I
HOMA-IR 3 150 —0.40 (-0.51 to —0.28) <0.001 432 %
Cholesterol, mg/dL 3 150 —7.40 (-20.60 to 5.79) 0.27 79.5%
HDL, mg/dL 3 150 8.44 (3.63-13.25) <0.001 93.4%
LDL, mg/dL 3 150 -8.89 (-11.52 to -6.26) <0.001 433 %
Triglycerides, mg/dL 3 150 —-9.55(-26.19 to 7.07) 0.25 86.5%

Metanalysis conducted through Random-effects model. 1 square; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; HDL, high-density
lipoprotein; LDL, low-density lipoprotein.

fitness show reduced inflammatory mediators and improved We also analyzed the effects of exercise training com-
immune profiles, mitigating immune dysfunction caused by bined with GLP-Ira treatment on secondary outcomes,
excess fat mass [51, 52]. mainly cholesterol, HDL, LDL, triglycerides and insulin
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resistance index. Notably, exercise training combined with
anti-obesity pharmacotherapy provides greater benefits on
metabolic parameters compared to GLP-1ra treatment alone.
These results indicate that exercise exerts synergistic effects
with GLP-1ra drugs, directly impacting metabolically active
tissues. In fact, Akerstrom and coworkers [53] showed that
endurance training improves beta-cell sensitivity to GLP-1
which are related to glucose tolerance of overweight women.
In fact, GLP-1 receptor plays a key role for cardiovascu-
lar adaptations to endurance exercise, and the blockade
of GLP-1 attenuated acetylcholine-mediated vasodilation,
aortic stiffness and exercise capacity in rats [54]. Unfourtu-
natelly, there is no data about the role of exercise combined
with orlistat on biochemical parameters. However, exercise
training remodels subcutaneous adipose tissue and increases
the gene expression of lipase and other lipolytic proteins in
several tissues [55-57]. In this context, the indirect evidence
obtained here suggests that exercise training likely does not
blunt the effects of orlistat treatment. However, clinical trials
are needed to directly evaluate the mechanistic interactions
between exercise and anti-obesity drugs.

This systematic review has some limitations, primarily
due to the small sample sizes in the publications included.
Although the limited population analyzed here restricts the
generalizability of the results, it highlights the need for
further studies focusing exclusively on the combination of
physical exercise and pharmacological treatment for obesity.
Additionally, our systematic review included two distinct
types of anti-obesity drugs — GLP-1receptor agonists (GLP-1ra)
and lipase inhibitors — which may interact differently with
exercise training at a physiological level. Although liraglutide
and tirzepatide are both injectable medications used to treat
diabetes and obesity, they differ in terms of their mechanisms,
targets, and clinical effects. Liraglutide is a GLP-1ra that en-
hances insulin secretion, reducing glucagon release and
gastric emptying; these physiological actions are related to the
effectiveness to lower Hb1Ac and body weight. On the other
hand, tirzepatide is a dual GIP/GLP-1ra, combining the effects
and present higher effectiveness on glucose control and
weight reduction [10, 11]. Interestingly, the dose of orlistat
used in the selected studies was equivalent to those recom-
mended by the World Health Organization. On the other
hand, liraglutide and tirzepatide are currently indicated for
diabetes treatment by the WHO, and the doses used in the
selected clinical studies align with those recommended in
studies focusing on weight loss in patients with obesity.

In conclusion, this systematic review and meta-analysis
with GRADE assessment is the first to report that exercise
training enhances the effects of anti-obesity drugs in obesity
management. Notably, exercise training attenuated the loss
of fat-free mass typically observed during weight loss

DE GRUYTER

induced by pharmacotherapy, contributing to improved
physical function and well-being, of individuals with obesity.
Moreover, the combination of exercise training and anti-
obesity drugs demonstrates superior effects on cardiore-
spiratory fitness compared to pharmacotherapy alone.
However, the certainty of evidence for these outcomes was
rated as low to very low. Future clinical trials are essential to
address these gaps and provide more robust evidence for
obesity management strategies.

Summary and outlook

Here, we systematically reviewed the effect of anti-obesity
drug alone or combined with exercise on obesity. Anti-
obesity drug combined with exercise had superior effect on
body weight management as observed by higher weight loss
than pharmacotherapy alone. Furthermore, adding exercise
training to anti-obesity pharmacotherapy attenuates fat-free
mass loss and increases cardiorespiratory fitness more than
anti-obesity drug alone strategies.
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