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ABSTRACT

Obesity is a metabolic disease characterized by chronic systemic inflammation and dysbiosis of gut microbiota. This review
explores relationships between obesity, inflammatory pathways, and gut microbiome composition within a clinical
perspective, concentrating on pharmacological and surgical options. Current therapeutic strategies consist of GLP-1 receptor
agonists, orlistat, naltrexone-bupropion combination therapy, and bariatric surgery. Significantly, therapeutic advantages go
far beyond weight decrease to consist of improved microbial diversity, decreased inflammation (reflected as a decrease in
inflammatory markers such as CRP, IL-6, and TNF-a)), and metabolic outcomes. The present review demonstrates that
successful obesity therapy requires both the normalisation of gut microbial function and the elimination of systemic
inflammation, underscoring the significance of microbiota-related modalities for total obesity treatment.
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1 Multifactorial pathogenesis of obesity

Obesity is associated with alterations in gut microbiota that promote chronic low-grade inflammation
(Cheng et al., 2022). Individuals with obesity typically exhibit a higher Firmicutes to Bacteroidetes ratio,
reduced microbial diversity (Zheng, 2025), and lower levels of beneficial bacteria such as Akkermansia,
Bacteroides, Bifidobacterium, and Lactobacillus (Scheithauer et al., 2020). In contrast, pro-inflammatory
bacteria, including Enterobacteriaceac and other Proteobacteria that produce lipopolysaccharides (LPS),
become more prevalent and contribute to inflammation (Du et al., 2021). The translocation of LPS across a
compromised gut barrier initiates systemic inflammation through toll-like receptor-4 signalling (Mishra et al.,
2023), resulting in elevated levels of inflammatory markers such as CRP, IL-6, and IL-1 (Louis et al., 2016),
and promoting insulin resistance and metabolic disturbances. Inflammation induced by obesity further impairs
adipose tissue function, increases pro-inflammatory leptin, and decreases anti-inflammatory adiponectin
(Turpin et al., 2023), thereby perpetuating a cycle of dysbiosis, inflammation, and metabolic dysfunction
(Randeni et al., 2024).

2.1 GLP-1 agonists

Glucagon-like peptide-1 (GLP-1) is one of the endogenous incretin hormones, which is derived from
the proglucagon molecule. GLP-1 secretion by intestinal L-cells occurs immediately after a meal. Greater
quantities of the peptide are secreted in response to carbohydrate-rich meals, which serves to prevent the
occurrence of hypoglycemia. The secretion rate is also dependent on the gastric emptying rate. A large portion
of the secreted GLP-1 is rapidly metabolized by the enzyme dipeptidyl peptidase-4 (DPP-4) (Holst, 2007). The
remaining portion constitutes the pool of active hormone, which enters the bloodstream and binds to dedicated
GLP-1 receptors, belonging to the G protein-coupled receptor family. Their presence has been confirmed, a.o.,
in pancreatic -cells, adipose tissue, the duodenum, the heart, kidneys, and lungs (Drucker, 2018). The main
physiological effects of GLP-1 include: enhancement of glucose-dependent insulin secretion, inhibition of
glucagon secretion, delayed gastric emptying, and promotion of satiety (Drucker, 2018; Holst, 2007).

Modern medicine is increasingly utilizing GLP-1 receptor agonists in the pharmacotherapy of obesity.
Semaglutide, liraglutide, and tirzepatide hold registered indications for this purpose (Jastreboff et al., 2022;
Wilding et al., 2021). However, it should be noted that their therapeutic profile is significantly broader. GLP-
1 agonists stimulate endogenous insulin secretion in a glucose-dependent manner, thereby regulating glycemia
in patients diagnosed with type 2 diabetes (Nachawi et al., 2022). The clinically confirmed cardioprotective
effects of this drug class make them recommended for patients with cardiovascular disease to reduce
cardiovascular risk (Lincoff et al., 2023). The high comorbidity of obesity, type 2 diabetes, and cardiovascular
disease in the population makes this drug class a key tool in a holistic therapeutic model (Lincoff et al., 2023;
Nachawi et al., 2022). Agents belonging to the GLP-1 receptor agonist group, their registered indications, and
the trade names of preparations containing them are summarized in Table 1.
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Table 1. Agents belonging to the GLP-1 receptor agonist group, their registered indications, and the trade
names of preparations containing them.

Active
substance name

Trade names

Main registered indications

Semaglutide

Ozempic, Rybelsus,
Wegovy

Type 2 diabetes (monotherapy or combination therapy)
(Andersen et al., 2021).

Reduction of cardiovascular risk in patients with type 2 diabetes
and cardiovascular disease (Andersen et al., 2021).

Treatment of obesity or overweight with comorbidities (Ghusn
et al., 2022).

Liraglutide

Victoza, Saxenda

Type 2 diabetes in adults and children aged 10 years and older
(Verma et al., 2018).

Reduction of cardiovascular risk in patients with type 2 diabetes
and established cardiovascular disease (Verma et al., 2018).
Treatment of obesity or overweight with comorbidities (Pi-
Sunyer et al., 2015).

Dulaglutide

Trulicity

Type 2 diabetes (monotherapy or combination therapy) (Scott,
2020).

Reduction of cardiovascular risk in patients with type 2 diabetes
with established cardiovascular disease or multiple risk factors
(Gerstein et al., 2019).

Tirzepatide (dual
agonist — GLP-1

Mounjaro, Zepbound

Type 2 diabetes (Frias et al., 2021).
Treatment of obesity or overweight with comorbidities (Frias et

and GIP al., 2021; Jastreboff et al., 2022).
receptors)
Exenatide Byetta, Bydureon Type 2 diabetes (Bode, 2012).
Lixisenatide Adlyxin (USA), Type 2 diabetes (Rosenstock et al., 2013).

Lyxumia (Europe)

Table 2. Summary of key clinical trials evaluating GLP-1 receptor agonists for obesity treatment.

. . Intervention . .
Trial/analysis (Medication) Duration Key results and conclusions
Semaglutide (2.4 Mean body weight reduction of -
mg s.c. once 14.9% (vs -2.4% placebo) in patients
STEP 1 weekly) vs 68 weeks with overweight/obesity without
placebo diabetes (Wilding et al., 2021).
Long-term body weight reduction of -
Semaclutide vs 15.2% (vs -2.6% placebo).
STEP 5 licebo 104 weeks Improvement in metabolic markers.
p Demonstrated that obesity requires
chronic therapy (Garvey et al., 2022).
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20% reduction in MACE (Major

Semaglutide (2.4 Adverse Cardiovascular Events) risk
SELECT mg s.c. once 40 weeks (intervention) in patients with overweight/obesity
weekly) and established cardiovascular disease

(Lincoff et al., 2023).

Dose-dependent body weight

Tirzepatide (5 mg, reduction: -15% (5 mg), -19.5% (10
SURMOUNT-1 10 mg, 15 mg) vs 72 weeks mg), -20.9% (15 mg) (vs -3.1%
placebo placebo) in patients without diabetes

(Jastreboff et al., 2022).

Following a 12-week non-
pharmacological intervention,

Tirzepatide (post pharmacotherapy induced a further

SURMOUNT-3 lii;zvriiiggis)tzl: (phar7rr21avcvgfli(es rapy) mean body weight reduction of -
placebo 18.4% (vs +2.5% placebo), indicating
a synergistic effect (Wadden et al.,
2023).
Meta-analysis (7 Mean body weight reduction of -
randomized Liraglutide (3 mg) N/A (meta-analysis) 4.81% in adults with overweight or
controlled trials) obesity (Lin et al., 2022).

2.1.1 Effect of GLP-1 agonists on chronic inflammation

GLP-1 agonists exhibit multiple anti-inflammatory effects. Specifically, these drugs suppress key
inflammatory pathways by reducing pro-inflammatory cytokines, including TNF-ff, IL6, and IL-1 (CK & DJ,
2025), and act through both weight-dependent and weight-independent mechanisms. In patients with heart
failure with preserved ejection fraction, semaglutide significantly reduced C-Reactive Protein (CRP) levels
(Bonfioli et al., 2024), indicating a direct anti-inflammatory effect that is not solely attributable to weight loss.

2.1.2 Effect of GLP-1 agonists on microbial composition

GLP-1 agonists have been shown to substantially alter gut microbiota (K et al., 2024). These agents
induce beneficial bacterial community growth (Bacteroides, Lactobacillus, and Bifidobacterium) while
inhibiting the survival of harmful species (e.g., Enterobacteriaceae). Such microbial adjustment enhances gut
barrier integrity and reduces systemic inflammation that are key components of metabolic dysfunction (K et
al., 2024). Various GLP-1 agonists have different influences on the gut microbiota (KK et al., 2025).
Liraglutide increases the abundance of beneficial genera associated with metabolic functions, whereas
semaglutide promotes the growth of Akkermansia muciniphila despite a reduction in overall microbial
diversity. Additionally, GLP-1 agonists increase the production of short-chain fatty acids, such as butyrate,
propionate, and acetate, which serve as energy sources for colonocytes and play a role in appetite regulation
(K etal., 2024).

2.2 Orlistat

Pancreatic lipase is the main enzyme facilitating the digestion of lipids in the human gastrointestinal
system. Blocking this enzyme results in decreased fat absorption and consequently reduces caloric
consumption (De La Garza et al., 2011; Elmaleh-Sachs etal., 2023). Orlistat, a synthetic inhibitor derived from
lipstatin produced by Streptomyces, is the only pancreatic lipase inhibitor approved by both the FDA and EMA
(Bialecka-Florjanczyk et al., 2018). Orlistat acts only in the gastrointestinal tract and is not systemically
absorbed (De La Garza et al., 2011). Recent reports have shown its metabolic effects, in addition to weight
reduction (Feng et al., 2023; Kwon et al., 2022). Feng et al. demonstrated hepatic steatosis reduction based on
a 24-week orlistat treatment program with a 9.1% decrement of liver fat in MAFLD patients relative to controls
(Feng et al., 2023),. Additionally, Kwon et al. found that, while low-intensity short-term doses of orlistat
together with phentermine decreased pro-atherogenic oxysterols, the effects persisted after treatment cessation
and evidence cardiovascular benefit independent of weight loss (Kwon et al., 2022). On the other hand, the
effect of orlistat is lower than the recent incretin analogues (Kim et al., 2023; Valladares-Restrepo et al., 2023).
For instance, one study demonstrated that one year of orlistat treatment led to a mean weight loss of —1.6 kg
which was not statistically significant compared to a mean over the same period with liraglutide of —7.8 kg
(Valladares-Restrepo et al., 2023).
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2.2.1 Effect of orlistat on gut diversity

Orlistat appears to influence microbiotal diversity by increasing the abundance of Verrucomicrobia and
Akkermansia. The therapeutic effects of orlistat were significantly weakened when researchers treated mice
with antibiotics to deplete their gut bacteria. It shows that the beneficial effects of orlistat are not solely due to
the drug's direct action on lipid absorption. Rather, it works synergistically with the gut microbiota.
Furthermore, transplantation of microbiota from orlistat-treated mice to untreated mice alleviates lipid
metabolic disorders effectively (C et al., 2025).

2.3 Naltrexone + bupropion

Naltrexone is a medication that blocks particularly the p-opioid receptor that was initially approved for
treating dependence on alcohol and opioids. Research has also indicated that naltrexone can impact eating
behavior in animal studies(Panigrahi K, et al., 2019).Both the hypothalamic melanocortin system and the
mesolimbic reward system are known to contain opioid neurons; thus, naltrexone may influence food
consumption and body weight by modulating these two pathways. Although various types of opioid receptors
exist, genetic and pharmacological data from preclinical research suggest that the p-opioid receptor is crucial
in regulating eating behavior (Billes et al., 2014).

Bupropion is an atypical antidepressant that is authorized for managing depression, seasonal affective
disorder, and assisting with smoking cessation. It works by inhibiting the reabsorption of the catecholamines
dopamine and norepinephrine while also acting as a weak blocker at nicotinic acetylcholine receptors. By
preventing the reuptake of dopamine and norepinephrine, bupropion raises their extracellular levels in the
brain, potentially affecting the activity of neurons that release these neurotransmitters. Given that the
hypothalamic melanocortin system's activity is influenced by both dopamine and norepinephrine, and
considering that diminished dopaminergic signaling in the hypothalamus has been associated with obesity, this
system presents a possible site for bupropion’s effects (Billes et al., 2014).

2.3.1 Mechanism of action

Bupropion stimulates pro-opiomelanocortin (POMC) neurons, leading to an increase in the production
and release of a-melanocyte-stimulating hormone (a-MSH) and B-endorphin. Naltrexone inhibits p-opioid
receptors (MOP-R), thereby preventing the autoinhibition of these POMC neurons by p-endorphin.
Consequently, the combined use of naltrexone and bupropion results in a synergistic enhancement of POMC
activity, surpassing the effects of either drug alone, which aids in appetite suppression and subsequent weight
loss in individuals (Panigrahi K, et al., 2019, Billes et al., 2014).

Table 3.
Trial . . Primary Outcomes:
Study Type Name(s) Sample Size | Study Design Weight Loss Safety Profile
COR-,
COR-II, Double- 11722 1bs (5-9 kg)
COR- blind average weight loss vs.
Phase III COR ~4,536 ’ placebo; 3.01% mean Generally well-
. BMOD, e placebo- . .
Trials participants body weight reduction tolerated
COR-DM controlled,
(95% CI: 2.47-3.54%)
(le Roux et 56-week over 56 weeks
al., 2022) Verobw
Double-
Bmge Eating . 66 patients blind, 68.8% remission rate for -
Disorder Grilo et al. . placebo- _ o, | Minimal adverse events
with BED + NB (n=22/32) vs. 50.0%
(BED) - (2023) obesit controlled, for placebo (n=17/34) reported
Maintenance Y 16-week p
maintenance
136 patients ) o
BED - . with BED + | 2x2 factorial | D aloner 31.3%
. Grilo et al. . . remission; NB +
Combined obesity design, 16- . . Well-tolerated
Treatment (2022) (81.6% week Behavioral Weight Loss
catie 70 © (BWL): 57.1% remission
women)
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Randomized, | 5y 30, 4:n06 catin
BED - Single | Griloetal. | Smaller pilot | double-blind, 270 DIng & ..
. remission with NB vs. Minimal adverse events
Agent (2023) trial placebo-
17.7% placebo
controlled
Systematic Weight reduction: MD -
Meta- Moawad et Multiple review and 8.52 kg vs. baseline; Generally safe
Analysis: BED | al. (2024) RCTs meta- BMI reduction: MD - y
analysis 4.95 kg/m?
. Fixed-effects | Significant weight loss:
M?ta_‘_ Roudbaraki 444 BED meta- MD -3.57 kg (p<0.001); Moderate to low
Analysis: BED etal. . . ) ; . .
Specificity (2025) participants analysis (4 BMI: MD -1.24 kg/m certainty of evidence
P RCTs) (p<0.001)
2,073
Baiai et al subjects (NB Post hoc Weight loss with NB: 8.7
Liver Health (J2(J)2 0) ' n=1,310; analysis, 56- kg vs. 3.2 kg placebo Well-tolerated
placebo week (p<0.0001)
n=763)

Table 3 summarizes the main clinical evidence for the efficacy of the naltrexone/bupropion (NB32)
combination in weight management. NB — Naltrexone/Bupropion, CI- Confidence Interval

2.3.2 Alterations
administration

in the microbiome and

inflammatory responses

during bupropion

Bupropion has shown therapeutic potential in patients with inflammatory bowel disease, as evidenced
by improvements in both the Crohn’s Disease Activity Index and Mayo scores (F et al., 2025). In a rat model
of depression, bupropion administration restored beneficial bacterial populations such as Romboutsia and
Muribaculum, while reducing potentially harmful bacteria including Staphylococcus, Streptococcus, and
Bacteroides. Additionally, bupropion improved short-chain fatty acid profiles, specifically acetic and butyric
acid, and reduced pro-inflammatory CD4+ T lymphocytes as well as IL-1 and CXCL2 levels. These microbiota
changes were correlated with improvements in tryptophan metabolites and immune indicators, supporting a
microbiota-mediated antidepressant mechanism (J et al., 2025).

Table 4.
Key anti-
Drug Mechanism inflammatory Effect on microbiota Adbverse effects
effect
. . nausea, vomiting,
GLP-1 receptor Satiety/glucose Direct TNF-1f, IL.- 1 Akkermansia, and diarrhea,
. 6,1L-17 Bacteroides, e
agonists control . . cholelithiasis,
suppression Lactobacillus ..
cholecystitis
bloating, diarrhea,
Indirect via 1 Verrucomicrobia and steatorrhea,
Orlistat Liphase inhibition microbiota . deficiency of fat-
. 1 Akkermansia L
rebalancing soluble vitamins (A,
D, E, and K)
Depression- nausea, vomiting
Bupropion+naltrexo synergistic mediated 1 Beneficial bacteria, | gnq constipation,
enhancement of . . . dizziness, headache
ne . inflammation pathobionts
POMC activity . and tremor,
reduction .
increased BP

Table 4 presents the mechanisms of action, anti-inflammatory properties, effects on the microbiota, and
adverse events associated with key anti-obesity drugs, such as GLP-1 receptor agonists, orlistat, and the
bupropion—naltrexone combination.

GLP-1- glucagon like peptide 1;BP- blood pressure;IL- interleukin; POMC- pro-opiomelanocortin
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3 Bariatric Surgery for the Treatment of Chronic Obesity

Bariatric surgery is the most effective intervention for obesity, demonstrating superior outcomes
compared to dietary, exercise, or pharmacological approaches (Yoon & Arau, 2021). A meta-analysis reported
that individuals with a body mass index (BMI) of 40 kg/m? or greater experienced 20-30 kg of sustained
weight loss for up to 10 years, along with improvements in certain comorbidities. For those with BMIs between
35 and 39 kg/m?, surgical intervention appears more effective, although the supporting evidence is less
definitive (Maggard et al., 2005). The most frequently performed procedures include Sleeve Gastrectomy
(SG), Roux-en-Y Gastric Bypass (RYGB), One-Anastomosis Gastric Bypass (OAGB or Mini-GB),
Biliopancreatic Diversion with Duodenal Switch (BPD-DS), Adjustable Gastric Banding (AGB), and various
endoscopic techniques. Currently, RYGB and SG are the predominant surgical methods employed (Kheirvari

et al., 2020).

Table 5.
Procedure Treatment Outcomes Corfnpl.lca‘tlons / Need for . Source
Limitations Supplementation
Vitamin and mineral (Luesma et
Substantial and durable deﬁ01.enc1es.(B 1.2’ ron, al,, 2022)
Roux-en-Y . o calcium, vitamin D), . (Maggard et
. weight loss (~60-70% . . High (B12, Iron,
Gastric Bypass exeess weight loss marginal ulcers, internal Calcium, Vitamin D) al., 2005)
(RYGB) EWI%) ’ hernias, dumping ’ (Abumrad &
syndrome; requires lifelong Albaugh,
supplementation. 2018)
(Kheirvari et
Sleeve Weight loss of ~55-65% GERD worsening, &laezs(ﬁgl’t
EWL within 1-3 years; vitamin/micronutrient Moderate (B12, Iron,
Gastrectomy . . .. . . al., 2022),
improvement in glucose deficiencies, potential Vitamin D)
(5G) and lipid metabolism artial weight regain (Abumrad &
p p & gain. Albaugh,
2018)
- . Greatest weight loss High risk of protein, fat-
Biliopancreatic (70-80% EWL): soluble vitamin (A, D, E, . | (Abumrad &
Diversion with . . Very high (Extensive Albaugh,
strongest metabolic K), and mineral :
Duodenal . LD ] lifelong 2018),
. improvement—frequent deficiencies; steatorrhea; .
Switch (BPD- . . . . . supplementation) (Maggard et
DS) remission of diabetes higher surgical complexity al., 2005)
and dyslipidemia and morbidity. °
Anas(t)(:llfl-osis / Bile reflux, vitamin (;iuezs(r)r;a;)e: t
. . . Weight loss comparable deficiencies, marginal High (Fat-soluble ° ’
Mini-Gastric o .o (Abumrad &
to RYGB ulcers or gastritis at the vitamins, B12, Iron)
Bypass (OAGB anastomosis site Albaugh,
/ MGB) ' 2018)
Adjustable Band slippage, erosion, (l;/fa%%agg)et
Gastric Moderate weight loss infection, dysphagia, Low (if diet ( Al:.):umra d 1&
Banding (~40-50% EWL) frequent reoperations or adequate)
(AGB) band removal Albaugh,
) 2018)
Endoscopic
Techniques Temporary weight loss Nausea, vomiting, rare Low of none (Abumrad &
(Balloon, (10-20% of initial perforation; transient effect (temporary treatment) Albaugh,
Endoscopic weight) after device removal. poraty 2018)
Sleeve, etc.)

Table 5 summarises techniques and treatment results in bariatric surgery. EWL- Excess Weight Loss
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Table 6.

Microbial/inflammatory factor

Direction of change

Source

Alpha diversity Increased (Koutoukidis et al., 2022)
Firmicutes/Bacteroidetes ratio Decreased (Soroceanu et al., 2025)
Akkermansia Increased (Hamamah et al., 2024)
Bacteroides Increased (Furet et al., 2010)

Enterobacteriaceae/Proteobacteria

Often increased early

(Paganelli et al., 2019)

Bifidobacterium, Lactobacillus

Decreased (notably after
Sleeve Gastrectomy)

(Furet et al., 2010)

Richness (overall)

Partial restoration toward
controls

(Koffert et al., 2020)

Lipopolysaccharide (LPS)/endotoxemia

Decreased

(Potrykus et al., 2022)

CRP Decreased (sustained) (Min et al., 2020)
IL-6, IL-1 Decreasd (AbadJimnez et al., 2022)
Leptin Decreased (Min et al., 2020)
Adiponectin Increased/normalized (Gihring et al., 2023)

Table 6 shows the principal microbial and inflammatory responses to surgical obesity treatment. It
shows consistent increases in alpha diversity and helpful taxa such as Akkermansia and Bacteroides, and
decreases in pro-inflammatory markers including CRP, IL-6, and leptin. These findings taken together provide
support for a partial return of gut microbial equilibrium and systemic inflammatory homeostasis upon
treatment. IL-interleukin, LPS-Lipopolysaccharide; CRP- C-reactive protein

Summary

Obesity is a metabolic disease linked to gut dysbiosis and inflammatory mediators affecting metabolism
and ultimately metabolic dysfunction. Patients tend to have a higher Firmicutes/Bacteroidetes ratio and
elevated inflammatory markers (CRP, IL-6, TNF-a). Therapeutic options include GLP-1 receptor agonists (eg,
semaglutide, liraglutide, tirzepatide), orlistat, naltrexone—bupropion, and bariatric surgery. GLP-1 agonists
cause notable weight loss (~15-21%) by decreasing appetite, improving glucose metabolism, and restoring
favorable gut flora. Orlistat presents with some weight loss, beneficial effect on gut microbiota, and metabolic
parameter improvements. Naltrexone—bupropion reduces appetite with some degree of success and affects
microbiota. Bariatric surgery including sleeve gastrectomy and Roux-en-Y gastric bypass is the most effective
surgical approach for achieving sustained weight loss (50-70% excess weight loss) and for the improvement
of comorbidities but it may result in micronutrient deficiencies and surgical complications. Surgery also
promotes microbial diversity and decreases systemic inflammation. Complex management targeting the
obesity—inflammation—microbiota axis and continued therapeutic innovation is essential for successful obesity
management.

Disclosure

Funding: This research received no external funding.

Conflict of Interest Statement: The authors report no conflict of interest.

Al: Al was utilized for assistance in refining the academic English language of the manuscript, ensuring
clarity, consistency, and adherence to scientific writing standards. It is important to emphasize that all Al tools
were used strictly as assistive instruments under human supervision. The final interpretation of results,
classification of errors, and conclusions were determined by human experts in clinical medicine and formal
logic. The Al tools served primarily to enhance efficiency in data processing, pattern recognition, and linguistic
refinement, rather than replacing human judgment in the analytical process. In preparing this work, the
author(s) used,,Grammarly’’ for the purpose of checking and improving grammatical correctness. After using
this tool, the author(s) have reviewed and edited the content as needed and accept full responsibility for the
substantive content of the publication.

e-ISSN: 2544-9435 8



1(49) (2026): International Journal of Innovative Technologies in Social Science

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

REFERENCES

Abad-Jiménez, Z., Asensio, E. M., Latorre, M., Fernandez-Monge, A., Monle6én, D., Pérez-Guillermo, M., & Garcia-
Goémez, M. E. (2022). Roux-en-Y gastric bypass modulates AMPK, autophagy and inflammatory response in
leukocytes of obese patients. Biomedicines, 10(2), 430. https://doi.org/10.3390/biomedicines 10020430

Abumrad, N. N., & Albaugh, V. L. (2018). Surgical treatment of obesity. FI1000Research, 7, 1782.
https://doi.org/10.12688/f1000research.13515.1

Andersen, A., Knop, F. K., & Vilsbgll, T. (2021). A pharmacological and clinical overview of oral semaglutide for
the treatment of type 2 diabetes. Drugs, 81(9), 1019-1034. https://doi.org/10.1007/s40265-021-01499-w

Apovian, C. M. (2015, December). Naltrexone/bupropion for the treatment of obesity and obesity with type 2
diabetes. Future Medicine. https://doi.org/10.2217/fca.15.79

Bajaj, H., et al. (2020, December). Extended-release naltrexone/bupropion and liver health: Pooled, post hoc analysis
from four randomized controlled trials. Diabetes, Obesity and Metabolism. https://doi.org/10.1111/dom.14284
Bialecka-Florjanczyk, E., Fabiszewska, A. U., Krzyczkowska, J., & Kurylowicz, A. (2018). Synthetic and natural
lipase inhibitors. Mini-Reviews in Medicinal Chemistry, 18(8), 666—684.
https://doi.org/10.2174/1389557516666160630123356

Billes, S. K., Sinnayah, P., & Cowley, M. A. (2014a). Naltrexone/bupropion for obesity: An investigational
combination  pharmacotherapy = for  weight  loss.  Pharmacological ~ Research, 84, 1-11.
https://doi.org/10.1016/J.PHRS.2014.04.004

Bode, B. (2012). An overview of the pharmacokinetics, efficacy and safety of liraglutide. Diabetes Research and
Clinical Practice, 97(1), 27—42. https://doi.org/10.1016/j.diabres.2011.12.015

Bonfioli, G., Capotosto, V., Gualdani, E., Nati, G., Scappaticci, L., Zoli, E., & Marini, S. (2024). GLP-1 receptor
agonists as promising anti-inflammatory agents in heart failure with preserved ejection fraction. Heart Failure
Reviews. https://doi.org/10.1007/s10741-024-10450-6

Chen, M., Han, J., Shi, D., & Yang, B. (2025). A meta-analysis of changes in gut microbiota structure following
bariatric surgery. International Journal of Surgery. https://doi.org/10.1097/J59.0000000000002977

Cheng, Z., Zhang, L., Yang, L., & Chu, H. (2022). The critical role of gut microbiota in obesity. Frontiers in
Endocrinology, 13, 1025706. https://doi.org/10.3389/fend0.2022.1025706

Wong, C. K., & Drucker, D. J. (2025). Anti-inflammatory actions of glucagon-like peptide-1-based therapies beyond
metabolic benefits. The Journal of Clinical Investigation. https://doi.org/10.1172/jci194751

De La Garza, A. L., Milagro, F. 1., Boque, N., Campion, J., & Martinez, J. A. (2011). Natural inhibitors of pancreatic
lipase as new players in obesity treatment. Planta Medica, 77(8), 773—785. https://doi.org/10.1055/s-0030-1270924
Di Vincenzo, F., De Caro, C., Sforza, E., Zazzara, V., Fornaro, M., Fusar-Poli, L., & Manti, S. (2025).
Psychopharmacological therapy positively modulates disease activity in inflammatory bowel disease: A systematic
review. International Journal of Molecular Sciences, 26(13), 6514. https://doi.org/10.3390/ijms26136514

Drucker, D. J. (2018). Mechanisms of action and therapeutic application of glucagon-like peptide-1. Cell
Metabolism, 27(4), 740-756. https://doi.org/10.1016/j.cmet.2018.03.001

Du, L., Duan, Y., Liu, W., Yin, J., Liu, H., & Zhou, B. (2021). Lipopolysaccharides derived from gram-negative
bacterial pool of human gut microbiota promote inflammation and obesity development. International Reviews of
Immunology, 41(1), 1-11. https://doi.org/10.1080/08830185.2021.1996573

Elmaleh-Sachs, A., Schwartz, J. L., Bramante, C. T., Nicklas, J. M., Gudzune, K. A., & Jay, M. (2023). Obesity
management in adults. JAMA, 330(20), 2004—-2016. https://doi.org/10.1001/jama.2023.19897

Feng, X., Lin, Y., Zhuo, S., Dong, Z., Shao, C., Ye, J., & Zhong, B. (2023). Treatment of obesity and metabolic-
associated fatty liver disease with a diet or orlistat: A randomized controlled trial. American Journal of Clinical
Nutrition, 117(4), 658—666. https://doi.org/10.1016/j.ajcnut.2023.02.008

Frias, J. P., Davies, M. J., Rosenstock, J., Pérez Manghi, F. C., Fernandez Lando, L., Bergman, B. K., Liu, B., Cui,
X., & Brown, K. (2021). Tirzepatide versus semaglutide once weekly in patients with type 2 diabetes. New England
Journal of Medicine, 385(6), 503—515. https://doi.org/10.1056/nejmoa2107519

Furet, J., Kong, L. C., Tap, J., Poitou, C., Basdevant, A., Bouillot, J. L., Mariat, D., Corthier, G., Dor¢, J., & Clément,
K. (2010). Differential adaptation of human gut microbiota to bariatric surgery-induced weight loss. Diabetes,
59(12), 3049-3057. https://doi.org/10.2337/db10-0253

Garvey, W. T., Batterham, R. L., Bhatta, M., Buscemi, S., Christensen, L. N., Frias, J. P., Jodar, E., Kandler, K.,
Rigas, G., Wadden, T. A., & Wharton, S. (2022). Two-year effects of semaglutide in adults with overweight or
obesity: The STEP 5 trial. Nature Medicine, 28(10), 2083-2091. https://doi.org/10.1038/s41591-022-02026-4
Gerstein, H. C., Colhoun, H. M., Dagenais, G. R., Diaz, R., Lakshmanan, M., Pais, P., Probstfield, J., Riesmeyer, J.
S., Riddle, M. C., Rydén, L., Xavier, D., Atisso, C. M., Dyal, L., Hall, S., Rao-Melacini, P., Wong, G., Avezum, A.,
Basile, J., Chung, N., ... Zigrang, W. (2019). Dulaglutide and cardiovascular outcomes in type 2 diabetes
(REWIND): A double-blind, randomised placebo-controlled trial. The Lancet, 394(10193), 121-130.
https://doi.org/10.1016/S0140-6736(19)31149-3

e-ISSN: 2544-9435 9



1(49) (2026): International Journal of Innovative Technologies in Social Science

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ghusn, W., De La Rosa, A., Sacoto, D., Cifuentes, L., Campos, A., Feris, F., Hurtado, M. D., & Acosta, A. (2022).
Weight loss outcomes associated with semaglutide treatment for patients with overweight or obesity. JAMA Network
Open, 5(9), €2231982. https://doi.org/10.1001/jamanetworkopen.2022.31982

Grilo, C., Lydecker, J. A., Fineberg, S., Moreno, J. O., Ivezaj, V., & Gueorguieva, R. (2022, October). Naltrexone-
bupropion and behavior therapy, alone and combined, for binge-eating disorder: Randomized double-blind placebo-
controlled trial. American Journal of Psychiatry. https://doi.org/10.1176/appi.ajp.20220267

Grilo, C., Lydecker, J. A., & Gueorguieva, R. (2023, June). Naltrexone plus bupropion combination medication
maintenance treatment for binge-eating disorder following successful acute treatments: Randomized double-blind
placebo-controlled trial. Psychological Medicine. https://doi.org/10.1017/S0033291723001800

Holst, J. J. (2007). The physiology of glucagon-like peptide 1. Physiological Reviews, 87(4), 1409—1439.
https://doi.org/10.1152/physrev.00034.2006

Ion, R., Bota, I. M., Botezan, M. C., Suciu, M. F., Munteanu, M. A., & Muntean, M. V. (2024). Short-term changes
in TNF-alpha, IL-6 and adiponectin following bariatric surgery in Caucasian obese adults: An observational case-
control study. Medicina, 60(11), 11789. https://doi.org/10.3390/medicina60111789

Jastreboff, A. M., Aronne, L. J., Ahmad, N. N., Wharton, S., Connery, L., Alves, B., Kiyosue, A., Zhang, S., Liu,
B., Bunck, M. C., & Stefanski, A. (2022). Tirzepatide once weekly for the treatment of obesity. New England
Journal of Medicine, 387(3), 205-216. https://doi.org/10.1056/nejmoa2206038

Li, J., Zhou, F., Li, S., Wang, H., & Liu, G. (2025). Bupropion administration significantly impacts the gut
microbiome, serum metabolites, and immune factors in chronic stress depression rats. Journal of Affective Disorders,
378, 120457. https://doi.org/10.1016/j.jad.2025.120457

Singh, K., Singh, V., Gupta, S., & Singh, V. P. (2024). Rebalancing the gut: Glucagon-like peptide-1 agonists as a
strategy for obesity and metabolic health. Cureus, 16(7), ¢64738. https://doi.org/10.7759/cureus.64738

Gofron, K. K., Jaworska-Adamu, A., Ratajczak, M., Wojciak, P., Winiarczyk, M., Dziewulska, A., Pickoszewska,
A., & Ostanek, M. (2025). Effects of GLP-1 analogues and agonists on the gut microbiota: A systematic review.
Nutrients, 17(8), 1303. https://doi.org/10.3390/nul17081303

Kheirvari, M., Dadkhah Nikroo, N., Jaafarinejad, H., Farsimadan, M., Eshghjoo, S., Hosseini, S., & Anbara, T.
(2020). The advantages and disadvantages of sleeve gastrectomy: Clinical laboratory to bedside review. Heliyon,
6(2), €03496. https://doi.org/10.1016/j.heliyon.2020.e03496

Kim, K. K., Haam, J. H., Kim, B. T., Kim, E. M., Park, J. H.,, Rhee, S. Y., Jeon, E., Kang, E., Nam, G. E., Koo, H.
Y., Lim, J. H., Jeong, J. E., Kim, J. H., Kim, J. W., Park, J. H., Hong, J. H., Lee, S. E., Min, S. H., Kim, S. J,, ... Lee,
C. B. (2023). Evaluation and treatment of obesity and its comorbidities: 2022 update of clinical practice guidelines
for obesity by the Korean Society for the Study of Obesity. Journal of Obesity & Metabolic Syndrome, 32(1), 1-25.
https://doi.org/10.7570/jomes23016

Koutoukidis, D. A., Tsilidis, K. K., Nane, R. M., & Zaki, M. Y. (2022). The association of weight loss with changes
in the gut microbiota diversity, composition, and intestinal permeability: A systematic review and meta-analysis.
Gut Microbes, 14(1), 2020068. https://doi.org/10.1080/19490976.2021.2020068

Kwon, Y. J., Kwon, G. E., Lee, H. S., Choi, M. H., & Lee, J. W. (2022). The effect of orlistat on sterol metabolism
in obese patients. Frontiers in Endocrinology, 13, 824269. https://doi.org/10.3389/fendo.2022.824269

Le Roux, C. W., Fils-Aimé, N., Camacho, F., Gould, E., & Barakat, M. (2022). The relationship between early
weight loss and weight loss maintenance with naltrexone-bupropion therapy. EClinicalMedicine, 49.
https://doi.org/10.1016/j.eclinm.2022.101436

Liang, Y., Wang, W., Luo, C., Han, Z., Li, S., Zhao, M., & Yang, C. (2024). Fu loose tea administration ameliorates
obesity in high-fat diet-fed C57BL/6J mice: A comparison with Fu brick tea and orlistat. Foods, 13(2), 206.
https://doi.org/10.3390/foods 13020206

Lincoff, A. M., Brown-Frandsen, K., Colhoun, H. M., Deanfield, J., Emerson, S. S., Esbjerg, S., Hardt-Lindberg,
S., Hovingh, G. K., Kahn, S. E., Kushner, R. F., Lingvay, 1., Oral, T. K., Michelsen, M. M., Plutzky, J., Tornee, C.
W., & Ryan, D. H. (2023). Semaglutide and cardiovascular outcomes in obesity without diabetes. New England
Journal of Medicine, 389(24), 2221-2232. https://doi.org/10.1056/nejmoa2307563

Lin, Q., Xue, Y., Zou, H., Ruan, Z., Ung, C. O. L., & Hu, H. (2022). Efficacy and safety of liraglutide for obesity
and people who are overweight: A systematic review and meta-analysis of randomized controlled trials. Expert
Review of Clinical Pharmacology, 15(12), 1435-1446. https://doi.org/10.1080/17512433.2022.2130760

Louis, S., Tappu, R. M., Furet, J.-P., & Westermann, C. (2016). Characterization of the gut microbial community of
obese patients following a weight-loss intervention using whole metagenome shotgun sequencing. PLoS ONE,
11(2), e0149564. https://doi.org/10.1371/journal.pone.0149564

Luesma, M. J., Fernando, J., Cantarero, 1., Lucea, P., & Santander, S. (2022). Surgical treatment of obesity. Special
mention to Roux-en-Y gastric bypass and vertical gastrectomy. Frontiers in Endocrinology, 13, 867838.
https://doi.org/10.3389/fend0.2022.867838

Maggard, M. A., Shugarman, L. R., Suttorp, M., Maglione, M., Sugarman, H. J., Livingston, E. H., Nguyen, N. T.,
Li, Z., Mojica, W. A., Hilton, L., Rhodes, S., Morton, S. C., & Shekelle, P. G. (2005). Meta-analysis: Surgical
treatment of obesity. Annals of Internal Medicine, 142(7), 547-559. https://doi.org/10.7326/0003-4819-142-7-
200504050-00013

e-ISSN: 2544-9435 10



1(49) (2026): International Journal of Innovative Technologies in Social Science

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Min, T., Han, S., Lim, Y. J., Kim, S. W., Min, K. W., & Kim, B. J. (2020). Temporal effects of bariatric surgery on
adipokines, inflammation and oxidative stress in subjects with impaired glucose homeostasis at 4 years of follow-
up. Obesity Surgery, 30(1), 143—152. https://doi.org/10.1007/s11695-019-04377-3

Mishra, S., Luthra, R., Khan, M. 1., & Ahsan, H. (2023). A mechanism by which gut microbiota elevates permeability
and inflammation in obese/diabetic mice and human gut. Gut, 72(3), 544-555. https://doi.org/10.1136/gutjnl-2022-
327365

Nachawi, N., Rao, P. P., & Makin, V. (2022). The role of GLP-1 receptor agonists in managing type 2 diabetes.
Cleveland Clinic Journal of Medicine, 89(8), 445-454. https://doi.org/10.3949/ccjm.89a.21110

Paganelli, F. L., da Silva, L. V., Arantes, V., de Oliveira, A. L. S., Vilela, R. M., & de Mello, M. T. (2019). Roux-
Y gastric bypass and sleeve gastrectomy directly change gut microbiota composition independent of surgery type.
Scientific Reports, 9(1), 10811. https://doi.org/10.1038/s41598-019-47332-z

Panigrahi, S. K., Meece, K., & Wardlaw, S. L. (2019). Effects of naltrexone on energy balance and hypothalamic
melanocortin peptides in male mice fed a high-fat diet. Journal of the Endocrine Society, 3(3), 590-601.
https://doi.org/10.1210/js.2018-00379

Pérez-Rubio, M. J., Garcia-Alcazar, A., Carvajal-Garcia, A., Lujan-Martinez, M. J., Gonzalez-Segura, R., & Valdés-
Hernandez, C. (2023). Gut microbiota and plasma bile acids associated with non-alcoholic fatty liver disease
resolution in bariatric surgery patients. Nutrients, 15(14), 3187. https://doi.org/10.3390/nul5143187

Pi-Sunyer, X., Astrup, A., Fujioka, K., Greenway, F., Halpern, A., Krempf, M., Lau, D. C. W., le Roux, C. W.,
Violante Ortiz, R., Jensen, C. B., & Wilding, J. P. H. (2015). A randomized, controlled trial of 3.0 mg of liraglutide
in weight management. New England Journal of Medicine, 373(1), 11-22. https://doi.org/10.1056/nejmoal411892
Potrykus, M., Dworacka, M., Struk, E., & Zukowski, P. (2022). Intestinal barrier disorders and metabolic
endotoxemia in obesity: Current knowledge. Archives of Medical Science - Atherosclerotic Diseases, 7, ¢12—e20.
https://doi.org/10.2478/ahem-2022-0008

Randeni, N., Mudalige, S., K, B., & B, H. (2024). A comprehensive review of the triangular relationship among
diet-gut  microbiota-inflammation.  International  Journal of Molecular  Sciences, 25(17), 9366.
https://doi.org/10.3390/ijms25179366

Roudbaraki, S. N., Salimi, M., Esmailpour, S., & Mohammadi, F. (2025, September). Efficacy of naltrexone and
bupropion combination in patients with binge eating disorder: A systematic review and meta-analysis. Eating and
Weight Disorders. https://doi.org/10.1007/s40519-025-01786-5

Rosenstock, J., Raccah, D., Koranyi, L., Maffei, L., Boka, G., Miossec, P., & Gerich, J. E. (2013). Efficacy and
safety of lixisenatide once daily versus exenatide twice daily in type 2 diabetes inadequately controlled on
metformin: A 24-week, randomized, open-label, active-controlled study (GetGoal-X). Diabetes Care, 36(10), 2945—
2951. https://doi.org/10.2337/dc12-2709

Scheithauer, T. P. M., Badi, M., & van der Meer, P. A. (2020). Gut microbiota as a trigger for metabolic
inflammation in obesity and type 2 diabetes. Frontiers in  Immunology, 11, 571731.
https://doi.org/10.3389/fimmu.2020.571731

Scott, L. J. (2020). Dulaglutide: A review in type 2 diabetes. Drugs, 80(2), 173—189. https://doi.org/10.1007/s40265-
020-01260-9

Soroceanu, R. P., Rad, O. I, Rad, P. E., Almas, A. R., & Sirbu, A. L. (2025). The impact of bariatric surgery on gut
microbiota composition and diversity: A longitudinal analysis using 16S rRNA sequencing. International Journal
of Molecular Sciences, 26(16), 7933. https://doi.org/10.3390/ijms26167933

Turpin, T., M, C., K, K., S, B., C, K., & B, B. (2023). Adipokines and bacterial metabolites: A pivotal molecular
bridge linking obesity and gut microbiota dysbiosis to target. Biomolecules, 13(12), 1692.
https://doi.org/10.3390/biom13121692

Valladales-Restrepo, L. F., Sdnchez-Ramirez, N., Usma-Valencia, A. F., Gaviria-Mendoza, A., Machado-Duque,
M. E., & Machado-Alba, J. E. (2023). Effectiveness, persistence of use, and safety of orlistat and liraglutide in a
group of patients with obesity. Expert Opinion on  Pharmacotherapy, 24(4), 485-492.
https://doi.org/10.1080/14656566.2023.2178900

Verma, S., Poulter, N. R., Bhatt, D. L., Bain, S. C., Buse, J. B, Leiter, L. A., Nauck, M. A., Pratley, R. E., Zinman,
B., Orsted, D. D., Fries, T. M., Rasmussen, S., & Marso, S. P. (2018). Effects of liraglutide on cardiovascular
outcomes in patients with type 2 diabetes mellitus with or without history of myocardial infarction or stroke: Post
hoc analysis from the LEADER trial. Circulation, 138(25), 2872-2884.
https://doi.org/10.1161/CIRCULATIONAHA.118.034516

Wadden, T. A., Chao, A. M., Machineni, S., Kushner, R., Ard, J., Srivastava, G., Halpern, B., Zhang, S., Chen, J.,
Bunck, M. C., Ahmad, N. N., & Forrester, T. (2023). Tirzepatide after intensive lifestyle intervention in adults with
overweight or obesity: The SURMOUNT-3 phase 3 trial. Nature Medicine, 29(11), 2818-2828.
https://doi.org/10.1038/s41591-023-02597-w

Wilding, J. P. H., Batterham, R. L., Calanna, S., Davies, M., Van Gaal, L. F., Lingvay, 1., McGowan, B. M.,
Rosenstock, J., Tran, M. T. D., Wadden, T. A., Wharton, S., Yokote, K., Zeuthen, N., & Kushner, R. F. (2021).
Once-weekly semaglutide in adults with overweight or obesity. New England Journal of Medicine, 384(11), 989—
1002. https://doi.org/10.1056/nejmoa2032183

e-ISSN: 2544-9435 11



1(49) (2026): International Journal of Innovative Technologies in Social Science

62.

63.

64.

Yan, L., Wu, P, Liu, Y., Zhang, W., Chen, C., Huang, Q., Wang, H., & Liu, D. (2025). Orlistat ameliorates lipid
dysmetabolism in high-fat diet-induced mice via gut microbiota modulation. Frontiers in Microbiology, 16,
1480500. https://doi.org/10.3389/fmicb.2025.1480500

Yoon, J. Y., & Arau, R. T. (2021). The efficacy and safety of endoscopic sleeve gastroplasty as an alternative to
laparoscopic sleeve gastrectomy. Clinical Endoscopy, 54(1). https://doi.org/10.5946/CE.2021.019

Zheng, J. (2025). Nutritional correlation between gut microbiota and obesity.  None.
https://doi.org/10.61173/mmys9z60

e-ISSN: 2544-9435 12



