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Abstract 

Introduction: WHO recognized it as a global obesity crisis. Globally there are 2,5 billion adult 

people living with excess body weight (43% of global adult population). Out of these 890 

million have obesity disease (16% of global adult population). This forces to implement safe 

and effective body mass reduction treatment.  

Materials and methods: The PubMed database has been searched to perform a literature 

review that was conducted for scientific purposes focused on high quality studies like 

randomized trials, meta-analyses, observational cohorts published during the last 5 years (from 

2020). 

Results: Due to glucagon-like peptide 1 receptor antagonist (GLP-1 RA) pharmacological 

treatment of obesity became very popular. GLP-1 RAs can induce large initial weight losses. 

Although a healthy diet and regular physical activity usually lead to 3% to 5% of their body 

weight reduction they are crucial parts of managing weight. Compilation of GLP-1 RA 

pharmacotherapy with regular exercises leads to higher effectiveness of body mass reduction 

with lower reduction of lean body mass. It also makes weight reduction more durable with 

better metabolic outcomes like enhancing muscle glucose usage and lowering inflammation 

level. Exercises also contribute to improving general fitness, muscle mass and improvement of 

cardiovascular condition which improves quality of life of people with obesity disease. The aim 

of this study is to assess the role of physical activity in a process of weight reduction with use 

of GLP-1 RA. 

 

Conclusion: Physical activity is complemented with GLP-1 RA as obesity treatment. An 

intervention of combined pharmacological and lifestyle approach appears to offer the best long-

term obesity management. 

 

Keywords: GLP-1 receptor agonists, obesity treatment, liraglutide, semaglutide, tirzepatide, 

weight loss, physical activity, lifestyle intervention, obesity management 

 

Introduction 

Obesity is a chronic, progressive and recurrent chronic disease characterized by an excessive 

amount of adipose tissue. This clinical condition substantially raises the long-term health risk. 

It is linked to more than 200 diseases, including development of diabetes, hypertension, 

cardiovascular disease, cancers, liver and gallbladder diseases, and other comorbidities that 

reduce a life span  [1, 2].  

According to the WHO data in 2022 there were 2,5 billion adult people living with excess body 

weight (43% of global adult population). Out of these 890 million have obesity disease (16% 

of global adult population) [3]. Due to the consequent rise in obesity prevalence in recent 

decades, WHO recognized it as a global obesity crisis. In the past 50 years, the problem of 

obesity has spread as a pandemic. The amount of people suffering from malnutrition is more 

than doubled by those with obesity disease [4, 5]. 
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Therapy for people with excessive body weight should be structured and multifaceted, 

including dietary change and physical activity, adapted to the patient's individual situation and 

capabilities. Patients with obesity disease treatment consists of: dietary treatment, physical 

activity, behavioral therapy and if needed pharmacotherapy, surgical treatment. 

Drugs used in obesity treatment are orlistat, naltrexon with bupropione and a rising in popularity 

group called glucagon-like peptide-1 receptor agonists (GLP-1 RAs): semaglutide, liraglutide 

and tirzepatide (which is a dual GIP and GLP-1 receptor agonist). This year (2025) is 20 years 

since the first GLP-1 RA was registered for diabetes mellitus type 2 (not yet for obesity 

treatment). In 2010 litaglutide was registered for the same purpose and 4 years later the 

indications were extended also for obesity treatment [6].  

Studies conducted in the United States of America revealed that 12% of the adult population 

have ever taken GLP-1RA. The number of people with prescriptions for GLP-1 RA rose from 

89,267 in 2020 to 597,885 in 2024 [7]. The aim of this study is to assess the role of physical 

activity in a process of weight reduction with use of GLP-1 RA. 

 

Methods 

A literature review that was conducted for scientific purposes focused on high quality studies 

like randomized trials, meta-analyses, observational cohorts) published during the last 5 years 

(from 2020). The PubMed database has been searched using following terms: “GLP-1 receptor 

agonist”, “liraglutide”, “semaglutide”, “tirzepatide”,“physical activity”, “physical exercise”, 

“weight loss”, and “obesity”. Included free access studies that combined GLP-1 RA treatment 

with a physical activity intervention. The research excluded pediatric studies. 

This review examines evidence from recent trials and analyses on how physical activity 

interacts with GLP-1 RA therapy in adults with obesity disease, intended on weight loss, 

metabolic health, exercise capacity, adherence, including long-term success. 

 

Results 

GLP-1 RA mechanism  

The glucagon-like peptide 1 (GLP-1) is a peptide hormone made from proglucagon. It is mostly 

produced in the L-cells of the intestine, in certain cells of the pancreas, and acts in the central 

nervous system on the pro-opiomelanocortin (POMC)/CART neurons that improves satiety, 

reduce hunger. It also increases insulin release from pancreatic β-cells. GLP-1 lowers glucagon 

level during high blood sugar.  GLP-1 receptor agonists (GLP-1RAs) act like natural GLP-1. 

They activate GLP-1 receptors, which leads to more insulin release and less glucagon 

production. When GLP-1 RAs are applied, food passage from stomach to duodenum is slowlier, 

resulting in faster satiety on one side and less dynamic glucose absorption on the other. GLP-1 

RA’s central neuroactivity effects reducing appetite and due to that reducing caloric intake [8, 

9, 10]. These actions help keep blood sugar stable, improve blood fat levels, and lower heart 

disease risk in people with type 2 diabetes and obesity. Due to these effects, GLP-1RAs are 

useful for lowering blood sugar and managing metabolic syndrome [6]. 
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Therapy with liraglutide also has side effects.  The most common is nausea, which may occur 

with or without vomiting and bloating syndrome. Other less common complications are 

constipation, diarrhea or feeling of heartburn. Starting the therapy with a low dose and gradually 

increasing may decrease the risk of gastrointestinal side effects. Compared to placebo 

liraglutide-based therapy is associated with  higher risk of pancreatitis and 

gallstones [11, 12, 13].  

 

Physical activity 

Physical activity is as any bodily movement produced by skeletal muscles that requires energy 

expenditure [14]. It is crucial for obesity management and is universally recommended with a 

diet. Regular exercise improves energy expenditure.  It also enhances cells’ sensitivity for 

insulin and cardiovascular conditions. Physical exercise therapy’s advantage is low-cost and 

possibility to be adopted as a habit after intervention. Current recommendations advise at least 

150-300 minutes of moderate aerobic exercise per week (30-60 minutes daily, minimum 5 times 

per week) or 75-150 minutes of high-intensity endurance exercise (15-30 minutes daily 

minimum 5 times per week) [14, 15, 16]. Any physical  activity is better than none [17]. 

Physical activity provides many health benefits beyond just weight loss. These include better 

heart and lung function, improved mental health, and stronger bones. 

The relationship between physical activity and health is a curvilinear pattern. This means that 

people who start from doing no activity to perform some moderate activity gain the most health 

benefits. Though in recent years, efforts to encourage people to be more active have grown 

significantly. These include methods like motivational interviews, smartphone apps, and the use 

of artificial intelligence. Healthy diet and regular physical activity are crucial parts of managing 

weight, although they usually lead to 3% to 5% of their body weight reduction [18]. 

 

Weight loss efficacy 

GLP-1 RAs can induce large initial weight losses. Effectiveness of the therapy depends on many 

factors like: kind of GLP-1 RA, dose, time of therapy, addiction of physical activity or lifestyle 

interventions. A body weight loss may achieve 5,7-8,0 % for 3 mg of liraglutide usage [19, 20, 

21], 4,9-16 % for semaglutide in a 2,4 mg dose [22, 23] and 15% to 20.9% of body weight 

reduction for tirzeapatide in dose of 5 mg and 15 mg respectively [24, 25]. 

A study involving 195 patients with obesity disease who underwent an 8-week low-calorie diet, 

achieving an average weight loss of 12% then were then randomly assigned to one of four 

groups: control group (placebo), exercise, liraglutide (3.0 mg/day) or a combination of exercise 

and liraglutide. The most effective abdominal fat reduction was with a combination of 

liraglutide and exercise (-6.1 pp), for exercise only (-2.6 pp), and for liraglutide only (-2.8 pp) 

compared to placebo [26].  

 

Long-Term Success 

Weight loss maintenance is crucial for long term health effects. Studies show that almost 50% 

of patients quit these therapies within a year due to cost or side effects. When  pharmacotherapy 

is discontinued behavioral strategies concerning physical exercise remain. Although GLP-1 RA 

has impressive effects on body mass reduction after termination of pharmacotherapy weight 

regain appears and if no behavioural habits were implemented [27, 28].  
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Participants who completed a one-year long intervention involving regular physical exercise 

remained more active on their own at one-year follow-up after the intervention [29]. GLP-1 

RAs require continuous use to maintain effect, but integrating physical activity may enhance 

long-term success by both reducing medication dependence and preserving lean body 

mass [30, 31]. 

 

Metabolic Outcomes 

In the Jensen et al. study (2023) liraglutide alone improved glucose tolerance modestly, while 

in combination with exercise improved β-cell function and a reduction in postprandial glucagon 

response versus placebo [32]. Sandsdal et al. study (2023) reported that physical activity with 

liraglutide lowered the severity of metabolic syndrome with greater effectiveness than achieved 

by either alone. The group that underwent combined liraglutide and exercise experienced a 43% 

reduction in high-sensitivity C-reactive protein versus placebo (p=0.03), indicating 

significantly lower inflammation level. This suggests that combining exercise and GLP-1 RAs 

results in additive benefits on regulation on glycemia and metabolic risk factors than each 

one [26]. 

 

Physical Function and Exercise Capacity:  

For people with obesity disease any weight loss is subjectively perceived as betterment of 

physical functioning [33]. Exercises contribute to improving general fitness, muscle mass and 

improvement of cardiovascular condition. It is linked not only to lower risk of death but also to 

better mobility and possibility to perform everyday tasks. For instance, people with higher 

fitness levels may find activities like climbing stairs less difficult. These benefits are most often 

seen in individuals who already have limited mobility, such as older adults with obesity or those 

with severe (Class II or III) obesity [34]. Exercise performed with supervision resulted in  

creating a habit for regular physical activity after intervention ended. Due to that weight gain 

after discontinuation of pharmacotherapy is importantly lower compared to pharmacotherapy 

without exercises. In Jensen’s study, participants who were randomized to supervised exercise 

maintained higher habitual physical activity and better physical condition one year after the 

program ended. Two-thirds of their initial weight loss persisted, and they had lower resting 

heart rate and better functional status than the liraglutide-only group. In contrast, benefits on 

glucose level and body composition from liraglutide faded after the drug was stopped. These 

findings imply that exercise training ensures sustainable improvements in physical capacity and 

general condition that are complemented with the weight-loss effects of GLP-1 RA [9].  

 

Other healt benefits 

GLP-1 RA without physical activity support can lead to reduction of body weight but also to 

loss of muscle mass which may have a detrimental impact on physical functioning, frailty 

syndrome and sarcopenia due to muscle atrophy. Physical exercises applied with the GLP-1 RA 

minimizes this effect leading to reducing fat mass, not muscle mass. That effect is especially 

important particularly among individuals presenting with metabolic dysfunction and obesity 

[35]. For this population reduced muscle mass constitutes an independent risk factor for both 

all-cause and cardiovascular disease mortality. GLP-1 RA therapy alone can reduce bone 

density when applied alone with no physical activity [36].  
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Low bone mineral density improves risk of fractures. Mortality rates tend to rise after any type 

of fracture - most notably after hip and vertebral fractures, but also other major fractures. Weight 

loss–induced bone loss is a significant concern, particularly in older adults. However, research 

has demonstrated that bone density loss associated with weight reduction occurs not only in the 

elderly but also during prolonged caloric restriction. Studies show the combination of exercise 

and GLP-1RA is the most effective weight loss strategy while preserving bone health [37]. 

 

Discussion 

In a study of 1,961 adults with overweight or obesity and either normoglycemia or prediabetes, 

semaglutide 2.4 mg combined with lifestyle changes led to a 14.9% average weight loss over 

68 weeks. In comparison, the control group receiving placebo with lifestyle changes reduced 

2.4% of body weight. The semaglutide-based therapy led to achieving more demanding weight 

loss targets. 86.4% of participants on semaglutide lost at least 5% of their body weight, 

compared to 31.5% in the placebo group. The 15% body mass reduction was reached by 50.5% 

of participants from the intervention group and only 4.9% from the control group [38]. 

Lundgren et al. found that adults who followed an 8-week diet and were then randomized to 1 

year of aerobic exercise plus liraglutide maintained far more weight loss than those on exercise 

or liraglutide alone. In that trial the group that received a combination of liraglutide treatment 

and physical activity lost about 9.5 kg, versus 6.8 kg with liraglutide alone and 4.1 kg with 

exercise alone. Sandsdal et al. similarly reported that adding exercise to liraglutide induced 

larger decreases in metabolic‐syndrome Z‐score, abdominal fat and C‐reactive protein than 

either intervention by itself. These findings suggest an additive or synergistic effect: exercise 

and GLP-1 RA act through complementary pathways to enhance weight loss and improve 

metabolic parameters [9]. 

Exercise preserves lean tissue that is often lost with pharmacotherapy. Meta-analysis of GLP-1 

RA based treatments like semaglutide and tirzepatide resulted in lean‐mass losses which 

constituted 25% of weight lost [39].  Other sources suggest that the level of lean mass loss may 

be up to 50% of total weight loss [40, 41].  

In contrast, supervised exercise generally increases or preserves muscle mass. Perez‐Boj et al. 

found that combining exercise with anti‐obesity drugs yields greater fat loss and better lean‐

mass retention than drugs alone. In practice, trial participants randomized to exercise-alone 

gained a small amount of lean mass, and those on combined therapy maintained lean mass 

despite substantial fat loss. Therefore, adding exercise to GLP-1 RA treatment appears to 

mitigate the relative loss of lean body mass typical of the pharmacotherapy. This is clinically 

important, since preserving muscle improves metabolism and function [42]. 

Combination of GLP-1 RA and physical activity targets both sides of the energy-balance 

equation. Clinical data support this synergy.  Interventions consisted of GLP-1 RA and physical 

exercises therapy resulted in greater body composition benefits, glycemic improvements, and 

inflammatory reductions than either intervention alone [26]. In clinical practice, this means 

patients can achieve superior weight loss maintenance and cardiometabolic improvement by 

adopting both strategies concurrently. 
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The durability of weight loss is a particular advantage of the combined approach. Rapid weight 

regain after drug discontinuation is a major barrier to long-term success with GLP-1 RAs alone 

[9]. Interventions based on exercises appear more sustainable. Participants retain higher activity 

levels after the program and have persistent benefits in body composition. Jensen et al. found 

that nearly two-thirds of the weight lost during the exercise program persisted one year after it 

ended, whereas those who stopped liraglutide regained most of their weight. If confirmed in 

larger cohorts, this suggests that embedding an exercise habit during pharmacotherapy could 

buffer against rebound weight gain when the medication is discontinued. 

From a physiological point of view, exercise may counteract some adaptive changes that 

accompany drug-induced mass reduction. Weight loss typically decreases resting metabolic rate 

and may lower muscle mass. Exercise can have opposite effects by stimulating muscle 

preservation and increasing energy expenditure. Moreover, exercise enhances insulin sensitivity 

and lipid metabolism independently of weight, which could magnify the metabolic gains from 

GLP-1 RAs. The improvement in β-cell function is seen only with the combined treatment of 

pharmacotherapy and physical activity [43] is likely to have an effect of lower glucolipotoxicity 

(from weight loss) and the training effect on pancreatic function. Similarly, reductions in 

visceral fat with exercise and GLP-1 contribute to lowered inflammation and cardiovascular 

risk [26]. 

The available evidence indicates that supervised exercise adds substantially to the benefits of 

GLP-1 RA therapy in obesity. In randomized trials, combined exercise and GLP-1 RA regimens 

consistently outperformed either intervention alone.  

Gaps and Limitations: Despite these promising results, several limitations and inconsistencies 

merit mention. Most evidence comes from relatively small trials (largely in Denmark) focusing 

on liraglutide; comparable large-scale trials of semaglutide or tirzepatide plus exercise have not 

yet been reported. This suggests that while exercise augments weight maintenance, its 

independent effect on metabolic syndrome markers may be modest unless combined with GLP-

1 therapy. Few trials have reported objective measures of habitual physical activity or 

cardiorespiratory fitness as outcomes. A recent meta-analysis noted that Randomized control 

trials of weight-loss drugs did not systematically assess physical activity levels or aerobic 

capacity. Consequently, it remains unclear how much GLP-1 RA treatment alters actual exercise 

behavior, or vice versa [41]. 

Data on other exercise modalities are lacking. No trials to date have specifically tested 

resistance training, high-intensity interval training, or different exercise intensities in 

combination with GLP-1 RAs. It remains unclear whether such approaches might further 

enhance outcomes (e.g. by better preserving muscle mass or improving insulin sensitivity). The 

extent to which free-living (unsupervised) physical activity or lifestyle-integrated exercise 

interventions produce similar synergistic effects is also unknown. 

Additional uncertainties include the generalizability of findings: the trials largely excluded 

patients with diabetes or severe comorbidities (except from one HFpEF study), and pediatric 

populations were excluded by design. Real-world adherence to exercise regimens (outside of 

clinical supervision) may be lower than in trials. Moreover, as new agents (eg tirzzepatide) enter 

practice, the interaction with lifestyle interventions may differ. Finally, cost-effectiveness of 

combined therapy (drug and program) versus drug alone has not been established. 

 



9 

Conclusion 

Recent high-quality trials demonstrate that supervised exercise (especially aerobic training 

meeting recommended 150 min/week) significantly enhances the benefits of GLP-1 RA therapy. 

GLP-1 RAs reduce energy intake, simultaneously physical activity increases energy 

expenditure, enhances muscle glucose usage, and improves cardiovascular condition. Exercise 

plus liraglutide yielded superior weight maintenance, larger fat loss, and greater improvements 

in glycemic and inflammatory markers than either intervention alone.  It is also important that 

physical exercise grants lasting functional and behavioral gains.  Participants who combined 

exercise with medication after discontinuation of treatment regained less weight  and 

maintained higher activity levels thereafter. This aspect is vital due to the fact that almost 50% 

of patients quit these therapies within a year due to cost or side effects. Physical activity is 

complemented with GLP-1 RA as obesity treatment. An intervention of combined 

pharmacological and lifestyle approach appears to offer the best long-term obesity management. 

Further research should explore the optimal types and intensities of exercise to pair with GLP-

1 RAs (including resistance training and interval work), the generalizability of these findings 

to more diverse populations, and strategies to improve real-world adherence. In clinical practice, 

clinicians should reinforce that GLP-1 agonist therapy is most effective when used as part of a 

comprehensive program that includes regular physical activity, healthy diet, and behavioral 

support. Future studies and guidelines ought to treat physical activity not just as background 

advice, but as an integral component that potentiates the success of GLP-1–based obesity 

pharmacotherapy. 

 

DISCLOSURE 

AUTHOR’S CONTRIBUTION: 

Conceptualization: [ŁZ], [HW], [MJ], [DZ], [HW] 

Methodology: [ŁZ], [HW], [JS], [MG] 

Software: [MJ], [DS], [AT] 

Check: [MK], [KK], [AG], [MG] 

Formal analysis: [MK], [DS]. [NS] 

Investigation: [HW], [NS], [AG] 

Resources: [KK], [AT], [NS], [JS] 

Data curation: [DS], [DZ], [JS] 

Writing-rough preparation: [ŁZ], [HW], [MJ], [KK] 

Writing-review and editing: [MK], [DS], [AG], [JS] 

Visualization: [MK], [DZ], [NS] 

Supervision: [ŁZ] [MK], [MJ], [MG] 

Project administration: [ŁZ], [HW], [MJ],  

 

All authors have read and agreed with the published version of the manuscript. 

 

FUNDING STATEMENT: 

No financial support was requested or received for this article. 

 

 



10 

INSTITUTIONAL REVIEW BOARD STATEMENT: 

Not applicable 

 

INFORMED CONSENT STATEMENT: 

Not applicable 

 

DATA AVAILABILITY STATEMENT: 

Not applicable 

 

ACKNOWLEDGMENTS: 

The authors wish to formally acknowledge that no gratitude is extended to any individuals or 

institutions. 

 

CONFLICT OF INTEREST STATEMENT: 

The authors declare no conflicts of interest. 

 

REFERENCES: 

1. Rueda-Clausen C.F., Poddar M., Lear S.A. i wsp.: Canadian Adult Obesity Clinical Prac-

tice Guidelines: Assessment of People Living with Obesity. https://obesitycanada.ca/wp-

content/uploads/2025/03/3-Canadian-Adult-Obesity-CPG-The-Science-of-Obesity.pdf 

2. World Health Organization (WHO): Obesity and overweight. https://www.who.int/news-

room/fact-sheets/detail/obesity-and-overweight  

3. United Nations International Children's Emergency Fund (UNICEF). Raport ONZ: Głód 

wciąż zagraża milionom ludzi na świecie [Internet]. Warsaw: UNICEF Polska; 2023 [cited 

2025 Jun 6]. Available from: https://unicef.pl/co-robimy/aktualnosci/dla-mediow/raport-

onz-glod-wciaz-zagraza-milionom-ludzi-na-swiecie 

4. World Health Organization (WHO). Obesity and overweight – key facts [Internet]. Geneva: 

WHO; 2020 [cited 2025 Jun 6]. Available from: https://www.who.int/news-room/fact-

sheets/detail/obesity-and-overweight 

5. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, un-

derweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 popula-

tion-based measurement studies in 128.9 million children, adolescents, and adults. Lancet. 

2017;390(10113):2627–42. doi:10.1016/S0140-6736(17)32129-3. 

6. Zheng, Z., Zong, Y., Ma, Y. et al. Glucagon-like peptide-1 receptor: mechanisms and ad-

vances in therapy. Sig Transduct Target Ther 9, 234 (2024). 

https://doi.org/10.1038/s41392-024-01931-z 

7. Davis ME, Wong D, Patel S, Zhang H, Kim H, Shah RN, et al. Association of weekly 

GLP-1 receptor agonists with weight loss and physical activity: a population-based analy-

sis. medRxiv [Preprint]. 2025 Mar 6. doi:10.1101/2025.03.06.25323524. 

 

 

 

 

https://obesitycanada.ca/wp-content/uploads/2025/03/3-Canadian-Adult-Obesity-CPG-The-Science-of-Obesity.pdf
https://obesitycanada.ca/wp-content/uploads/2025/03/3-Canadian-Adult-Obesity-CPG-The-Science-of-Obesity.pdf
https://unicef.pl/co-robimy/aktualnosci/dla-mediow/raport-onz-glod-wciaz-zagraza-milionom-ludzi-na-swiecie
https://unicef.pl/co-robimy/aktualnosci/dla-mediow/raport-onz-glod-wciaz-zagraza-milionom-ludzi-na-swiecie
https://doi.org/10.1038/s41392-024-01931-z


11 

8. Jensen SBK, Janus C, Lundgren JR, et al. Exploratory analysis of eating- and physical 

activity-related outcomes from a randomized controlled trial for weight loss maintenance 

with exercise and liraglutide single or combination treatment. Nat Commun. 

2022;13(1):4770. 

9. Jensen, Simon Birk Kjær et al. Healthy weight loss maintenance with exercise, GLP-1 

receptor agonist, or both combined followed by one year without treatment: a post-treat-

ment analysis of a randomised placebo-controlled trial eClinicalMedicine, Volume 69, 

102475 

10. Pedersen SD, Manjoo P, Wharton S. Canadian Adult.: Obesity Clinical Practice Guidelines: 

Pharmacotherapy for Obesity Management. Available from: https://obesitycan-

ada.ca/guidelines/pharmacotherapy. Accessed [date]. 

11. Davies M, Faerch L, Jeppesen OK, et al. Semaglutide 2.4 mg once a week in adults with 

overweight or obesity, and type 2 diabetes (STEP 2): a randomised, double-blind, double-

dummy, placebo-controlled, phase 3 trial. Lancet (London, England). 

2021;397(10278):971-984. Comment in: Lancet. 2021 Mar 13;397(10278):942-943; 

PMID: 33667415 [https://www.ncbi.nlm.nih.gov/pubmed/33667415]. 

doi:https://dx.doi.org/10.1016/S0140-6736(21)00213-0 

12. Wadden TA, Tronieri JS, Sugimoto D, et al. Liraglutide 3.0 mg and Intensive Behavioral 

Therapy (IBT) for Obesity in Primary Care: The SCALE IBT Randomized Controlled 

Trial. Obesity (Silver Spring). 2020;28(3):529-536. 

doi:http://dx.doi.org/10.1002/oby.22726 

13. Trujillo J, Nuffer W, Smith B. GLP-1 receptor agonists: an updated review of head-to-head 

clinical studies. Ther Adv Endocrinol Metab. 2021;12:2042018821997320. 

doi:10.1177/2042018821997320 

14. Bull F.C., Al‑Ansari S.S., Biddle S. i wsp.: World Health Organization 2020 guidelines on 

physical activity and sedentary behaviour. Br. J. Sports Med., 2020; 54: 1451–1462. doi: 

10.1136/bjsports‑2020‑102955 

15. Wharton S., Lau D.C.W., Vallis M. i wsp.: Obesity in adults: a clinical practice guideline. 

CMAJ, 2020; 192: e875–e891. doi: 10.1503/cmaj.191 707 

16. Boulé N.G.: Clinical practice guidelines: physical activity in obesity management. Obesity, 

C.A., ed.; Canadian Adult Obesity Clinical Practice Guidelines, 2020. https://obesitycan-

ada.ca/guidelines/physicalactivity (dostęp: 10.08.2024) 

17. WHO . Global recommendations on physical activity for health. Geneva: World Health 

Organization; 2010 

18. Twells LK JI, Kuk JL. Epidemiology of Adult Obesity. Accessed August 25, 2022. 

https://obesitycanada.ca/guidelines/epidemiology/ 

19. Kelly A.S., Auerbach P., Barrientos‑Perez M. i wsp.: A randomized, controlled trial of li-

raglutide for adolescents with obesity. N. Engl. J. Med., 2020; 382: 2117–2128 

 

 

 

 

https://obesitycanada.ca/guidelines/pharmacotherapy
https://obesitycanada.ca/guidelines/pharmacotherapy
https://www.ncbi.nlm.nih.gov/
https://dx.doi.org/10.1016/S0140-6736(21)00213-0
http://dx.doi/
https://obesitycanada/
https://obesitycanada/


12 

20. Mancini M.C., de Melo M.E.: The burden of obesity in the current world and the new 

treatments available: focus on liraglutide 3.0 mg. Diabetol. Metab. Syndr., 2017. 

doi:10.1186/s13 098‑017‑0242‑0 

21. Farr O.M., Upadhyay J., Rutagengwa C. i wsp.: Longer‑term liraglutide administration at 

the highest dose approved for obesity increases reward‑related orbitofrontal cortex activa-

tion in response to food cues: implications for plateauing weight loss in response to 

anti‑obesity therapies. Diabetes Obes. Metab., 2019; 21: 2459–2464 

22. Rubino D., Abrahamsson N., Davies M. i wsp.: STEP 4 Investigators: Effect of continued 

weekly subcutaneous semaglutide vs placebo on weight loss maintenance in adults with 

overweight or obesity: the STEP 4 randomized clinical trial. JAMA, 2021; 325: 1414–

1425 

23. Rubino D.M., Greenway F.L., Usman Khalid U. i wsp.: STEP 8 Investigators. Effect of 

Weekly Subcutaneous Semaglutide vs Daily Liraglutide on Body Weight in Adults With 

Overweight or Obesity Without Diabetes: The STEP 8 Randomized Clinical Trial. JAMA, 

2022; 327: 138–150 

24. Jastreboff AM, Aronne LJ, Ahmad NN, et al. SURMOUNT-1 Investigators. Tirzepatide 

once weekly for the treatment of obesity. N Engl J Med. 2022;387:205–216. 

doi:10.1056/NEJMoa2206038. 

25. Aronne LJ, Sattar N, Horn DB, et al. SURMOUNT-4 Investigators. Continued treatment 

with tirzepatide for maintenance of weight reduction in adults with obesity: the 

SURMOUNT-4 randomized clinical trial. JAMA. 2024;331:38–48. 

26. Sandsdal RM, Juhl CR, Jensen SBK, Lundgren JR, Janus C, Blond MB, et al. Combination 

of exercise and GLP-1 receptor agonist treatment reduces severity of metabolic syndrome, 

abdominal obesity, and inflammation: a randomized controlled trial. Cardiovasc Diabetol. 

2023 Feb 25;22(1):41. doi:10.1186/s12933-023-01765-z. PMID: 36841762; PMCID: 

PMC9960425. 

27. Andersen E, Burton NW, Anderssen SA. Physical activity levels six months after a ran-

domised controlled physical activity intervention for Pakistani immigrant men living in 

Norway. Int J Behav Nutr Phys Act. 2012;9(1):47. doi:10.1186/1479-5868-9-47. PMID: 

22587496; PMCID: PMC3439316. 

28. Sansano-Nadal O, Giné-Garriga M, Brach JS, et al. Exercise-based interventions to en-

hance long-term sustainability of physical activity in older adults: a systematic review and 

meta-analysis of randomized clinical trials. Int J Environ Res Public Health. 

2019;16(14):2527. doi:10.3390/ijerph16142527. PMID: 31311232; PMCID: 

PMC6678701. 

29. Skogstad M, Lunde LK, Ulvestad B, et al. The effect of a leisure time physical activity 

intervention delivered via a workplace: 15-month follow-up study. Int J Environ Res Pub-

lic Health. 2018;15(2):264. doi:10.3390/ijerph15020264. PMID: 29373559; PMCID: 

PMC5858326. 

 

 

 



13 

30. Henderson RM, Miller ME, Fielding RA, et al. Maintenance of physical function 1 year 

after exercise intervention in at-risk older adults: follow-up from the LIFE study. J Geron-

tol A Biol Sci Med Sci. 2018;73(5):688–694. doi:10.1093/gerona/glx231. PMID: 

29346574; PMCID: PMC5880739. 

31. Lindström J, Ilanne-Parikka P, Peltonen M, et al. Sustained reduction in the incidence of 

type 2 diabetes by lifestyle intervention: follow-up of the Finnish Diabetes Prevention 

Study. Lancet. 2006;368(9548):1673–1679. doi:10.1016/S0140-6736(06)69701-8. PMID: 

17098085. 

32. Jensen SBK, Juhl CR, Janus C, Lundgren JR, Martinussen C, Wiingaard C, Knudsen C, 

Frikke-Schmidt R, Stallknecht BM, Holst JJ, Madsbad S, Torekov SS. Weight loss mainte-

nance with exercise and liraglutide improves glucose tolerance, glucagon response, and 

beta cell function. Obesity (Silver Spring). 2023 Apr;31(4):977–989. 

doi:10.1002/oby.23715. PMID: 36942420 

33. Sansano-Nadal O, Giné-Garriga M, Brach JS, Jerez-Roig J, Guerra-Balic M, Roqué i Fig-

uls M, et al. Exercise-based interventions to enhance long-term sustainability of physical 

activity in older adults: a systematic review and meta-analysis of randomized clinical trials. 

Int J Environ Res Public Health. 2023 Jan 21;20(3):2221. doi: 10.3390/ijerph20032221. 

PMID: 36721366. 

34. Boulé NG, Prud’homme D. Canadian Adult Obesity Clinical Practice Guidelines: Physical 

Activity in Obesity Management [Internet]. Available from: https://obesitycan-

ada.ca/guidelines/physicalactivity. Accessed 2025 Jun 6. 

35. Kim D, Lee J, Park R, Oh CM, Moon S. Association of low muscle mass and obesity with 

increased all-cause and cardiovascular disease mortality in US adults. J Cachexia Sarco-

penia Muscle. 2024 Feb;15(1):240–54. doi: 10.1002/jcsm.13397. Epub 2023 Dec 18. 

PMID: 38111085; PMCID: PMC10834318. 

36. Jensen SBK, Sørensen V, Sandsdal RM, Juhl CR, Blond MB, Lundgren JR, et al. Bone 

health after exercise alone, GLP-1 receptor agonist treatment, or combination treatment: a 

secondary analysis of a randomized clinical trial. JAMA Netw Open. 2024;7(6):e2416775. 

doi:10.1001/jamanetworkopen.2024.16775. 

37. Iepsen EW, Lundgren JR, Hartmann B, Pedersen O, Hansen T, Holst JJ, et al. GLP-1 re-

ceptor agonist treatment increases bone formation and prevents bone loss in weight-re-

duced obese women. J Clin Endocrinol Metab. 2015;100(8):2909–17. 

doi:10.1210/jc.2015-1176. 

38. Wilding JPH, Batterham RL, Calanna S, Davies M, Geller F, van Gaal L, et al. Once-

weekly semaglutide in adults with overweight or obesity. N Engl J Med. 2021 Mar 

18;384(11):989–1002. doi:10.1056/NEJMoa2032183. 

39. Karakasis P, Patoulias D, Fragakis N, Mantzoros CS. Effect of glucagon-like peptide-1 

receptor agonists and co-agonists on body composition: Systematic review and network 

meta-analysis. Metabolism. 2025 Mar;164:156113. doi:10.1016/j.metabol.2024.156113. 

Epub 2024 Dec 22. PMID: 39719170. 

 

 

 

https://obesitycanada.ca/guidelines/physicalactivity
https://obesitycanada.ca/guidelines/physicalactivity


14 

40. Sargeant J, Henson J, King J, Yates T, Khunti K, Davies M. A review of the effects of 

glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter 2 inhibitors 

on lean body mass in humans. Endocrinol Metab. 2019;34(3):247-62. doi: 

10.3803/EnM.2019.34.3.247. 

41. Jobanputra R, Sargeant JA, Almaqhawi A, Ahmad E, Arsenyadis F, Webb DR, Herring LY, 

Khunti K, Davies MJ, Yates T. The effects of weight-lowering pharmacotherapies on phys-

ical activity, function and fitness: A systematic review and meta-analysis of randomized 

controlled trials. Obes Rev. 2023 Apr;24(4):e13553. doi: 10.1111/obr.13553. Epub 2023 

Jan 31. PMID: 36721366. 

42. Marmett B, da Silva I, Lira F, Dorneles G. Anti-obesity drugs alone or combined with 

exercise training in the management of obesity: a systematic review with meta-analysis. 

Transl Exerc Biomed. 2025;2(1):51-62. doi: 10.1515/teb-2024-0039. 

43. Jensen SBK, Juhl CR, Janus C, Lundgren JR, Martinussen C, Wiingaard C, Knudsen C, 

Frikke-Schmidt R, Stallknecht BM, Holst JJ, Madsbad S, Torekov SS. Weight loss mainte-

nance with exercise and liraglutide improves glucose tolerance, glucagon response, and 

beta cell function. Obesity (Silver Spring). 2023 Apr;31(4):977-989. doi: 

10.1002/oby.23715. PMID: 36942420. 


