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Abstract 

Background: Obesity is a global chronic disease affecting over 650 million adults and is associated with numerous 

comorbidities, including type 2 diabetes, cardiovascular disease, and non-alcoholic fatty liver disease. Traditional weight 

management strategies often yield limited and unsustainable results, and while bariatric surgery is effective, it is inaccessible to 

most. Semaglutide, a glucagon-like peptide-1 (GLP-1) receptor agonist initially developed for type 2 diabetes, has demonstrated 

substantial efficacy for chronic weight management and is now approved for this indication. 

Aim: This narrative review aims to (i) elucidate the pharmacological mechanisms of semaglutide-induced weight loss; (ii) 

synthesize clinical evidence on its efficacy across diverse populations; (iii) evaluate its safety and tolerability profile; (iv) discuss 

practical implementation considerations; (v) examine cardiometabolic and other health outcomes; (vi) assess weight 

maintenance after discontinuation; (vii) analyze cost-effectiveness and accessibility; and (viii) identify key research gaps and 

future directions. 

Methods: A comprehensive narrative review was conducted, drawing on data from pivotal clinical trials (notably the STEP 

program), cardiovascular and renal outcome studies (e.g., SELECT, FLOW), regulatory documents, and peer-reviewed 
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literature. The review integrates findings on pharmacology, efficacy, safety, special populations (including adolescents), real-

world implementation challenges, and health equity issues. 

Results: Semaglutide promotes weight loss primarily through central appetite suppression, delayed gastric emptying, enhanced 

satiety signaling, and modulation of food reward pathways. In clinical trials, once-weekly subcutaneous semaglutide 2.4 mg 

produced mean weight losses of 14–17% over 68–104 weeks, surpassing placebo and other anti-obesity medications. Significant 

improvements were also observed in glycemic control, blood pressure, lipids, liver fat, and inflammatory markers. The SELECT 

trial confirmed a reduction in major adverse cardiovascular events in patients with obesity and established cardiovascular 

disease. Common adverse effects were gastrointestinal (nausea, vomiting, constipation, diarrhea), typically transient and 

manageable with dose titration. Serious but rare risks include pancreatitis, gallbladder disease, and contraindications in patients 

with personal or family history of medullary thyroid carcinoma. Discontinuation leads to substantial weight regain, supporting 

the need for long-term treatment. High costs, insurance barriers, and supply shortages limit equitable access. 

Conclusion: Semaglutide represents a major advance in obesity pharmacotherapy, offering clinically meaningful weight loss 

and improvements in cardiometabolic health. Its efficacy is well-established, and its safety profile is generally favorable with 

appropriate patient selection and dose titration. However, long-term safety beyond two years, strategies for post-discontinuation 

weight maintenance, optimal patient stratification, comparative effectiveness against surgery, and equitable access remain 

critical challenges. Semaglutide should be integrated into comprehensive, multidisciplinary obesity care that includes lifestyle 

modification, behavioral support, and ongoing monitoring. Future research must address existing knowledge gaps to optimize 

its use in diverse clinical settings. 
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1. INTRODUCTION 

Obesity represents a global health crisis affecting over 650 

million adults worldwide [1]. The condition associates with 

increased morbidity and mortality from cardiovascular disease, 

type 2 diabetes mellitus, certain cancers, osteoarthritis, and 

numerous other chronic conditions [2]. Traditional weight 

management approaches emphasizing dietary modification and 

physical activity produce modest weight loss that proves 

difficult to maintain long-term [3]. Bariatric surgery achieves 

substantial weight reduction but carries surgical risks, requires 

lifelong dietary modifications, and remains inaccessible to most 

patients due to cost and contraindications [4]. 

Pharmacological interventions for obesity have historically 

demonstrated limited efficacy or unacceptable safety profiles 

leading to market withdrawal [5]. Earlier anti-obesity 

medications including fenfluramine-phentermine 

combinations, sibutramine, and rimonabant were discontinued 

due to cardiovascular or psychiatric adverse effects [6]. Orlistat, 

the only obesity medication approved for long-term use for 

many years, produces modest weight loss with gastrointestinal 

side effects that limit adherence [7]. 

The development of glucagon-like peptide-1 (GLP-1) receptor 

agonists has transformed obesity pharmacotherapy [8]. GLP-1 

represents an incretin hormone secreted by intestinal L-cells in 

response to nutrient ingestion. The hormone regulates glucose 

homeostasis through multiple mechanisms including glucose-

dependent insulin secretion, suppression of glucagon release, 

and delayed gastric emptying [9]. Early GLP-1 receptor 

agonists developed for type 2 diabetes mellitus demonstrated 

weight loss as a secondary effect, prompting investigation of 

higher doses specifically for obesity treatment [10]. 

Semaglutide, a GLP-1 receptor agonist with extended half-life 

enabling once-weekly administration, received initial approval 

for type 2 diabetes mellitus management [11]. Subsequent 

clinical trials investigating higher doses for weight 

management demonstrated substantial weight reduction 

exceeding that achieved with other pharmacological 

interventions [12]. Regulatory agencies approved semaglutide 

specifically for chronic weight management in adults with 

obesity or overweight with weight-related comorbidities [13]. 

The medication has garnered substantial attention in both 

medical and popular media, leading to widespread off-label use, 

supply shortages, and concerns about appropriate patient 

selection [14]. Questions persist regarding long-term efficacy, 

safety with extended use, weight regain after discontinuation, 

cardiovascular outcomes, effects on body composition, 

psychological impacts, cost-effectiveness, and equitable access 

[15]. 

Despite growing clinical use, several critical gaps in knowledge 

remain. First, long-term safety data beyond two years remain 

limited. Second, optimal patient selection criteria require 

refinement beyond body mass index thresholds. Third, 

strategies for maintaining weight loss after discontinuation 

need development. Fourth, comparative effectiveness against 
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bariatric surgery and other interventions remains incompletely 

characterized. Fifth, effects on body composition, particularly 

lean mass preservation, require clarification. Sixth, 

cardiovascular and metabolic outcomes beyond weight 

reduction need comprehensive evaluation. Seventh, 

psychosocial impacts including effects on eating behaviors, 

body image, and quality of life warrant investigation. Eighth, 

cost-effectiveness analyses across diverse healthcare systems 

remain limited. Ninth, strategies for addressing supply 

shortages and ensuring equitable access require development. 

Tenth, potential for misuse in individuals without clinical 

indications necessitates monitoring. 

Based on these identified gaps, this narrative review aimed to: 

(i) elucidate the pharmacological mechanisms through which 

semaglutide produces weight loss; (ii) synthesize clinical trial 

evidence regarding efficacy across diverse populations and 

comparisons with alternative interventions; (iii) 

comprehensively evaluate the safety profile including common 

and serious adverse events; (iv) analyze practical 

implementation considerations including dosing protocols, 

patient selection, and contraindications; (v) examine effects on 

cardiometabolic outcomes beyond weight reduction; (vi) assess 

weight maintenance and outcomes after discontinuation; (vii) 

evaluate cost-effectiveness and accessibility considerations; 

(viii) critically appraise methodological limitations in existing 

research; and (ix) identify priority areas for future investigation. 

2. PHARMACOLOGY AND 

MECHANISMS OF ACTION 

2.1. GLP-1 Physiology and Receptor 

Signaling 

Glucagon-like peptide-1 represents an incretin hormone 

derived from post-translational processing of proglucagon in 

intestinal L-cells [9]. The hormone secretes in response to 

nutrient ingestion, particularly carbohydrates and fats. Native 

GLP-1 has a short half-life of approximately two minutes due 

to rapid degradation by dipeptidyl peptidase-4 (DPP-4) enzyme 

[16]. 

GLP-1 binds to GLP-1 receptors expressed in multiple tissues 

including pancreatic beta cells, gastrointestinal tract, 

cardiovascular system, kidneys, and specific brain regions [17]. 

In pancreatic beta cells, GLP-1 receptor activation stimulates 

glucose-dependent insulin secretion. This glucose-dependency 

reduces hypoglycemia risk compared to insulin secretagogues 

that function independently of glucose levels [18]. GLP-1 also 

suppresses glucagon secretion from pancreatic alpha cells, 

reducing hepatic glucose production [19]. In the 

gastrointestinal tract, GLP-1 delays gastric emptying, 

prolonging nutrient absorption and enhancing satiety [20]. 

Central nervous system effects prove particularly relevant for 

weight management. GLP-1 receptors localize in hypothalamic 

nuclei regulating appetite and energy homeostasis, including 

the arcuate nucleus, paraventricular nucleus, and dorsomedial 

hypothalamus [21]. GLP-1 receptor activation in these regions 

reduces food intake and increases energy expenditure. The 

brainstem also expresses GLP-1 receptors in areas processing 

satiety signals from the periphery [22]. Additionally, GLP-1 

modulates reward pathways in the mesolimbic system, 

potentially reducing hedonic eating and food cravings [23]. 

2.2. Semaglutide: Structural Modifications 

and Pharmacokinetics 

Semaglutide represents a GLP-1 receptor agonist with 

structural modifications that extend its half-life and enable 

once-weekly subcutaneous administration [11]. The molecule 

contains 94% sequence homology with native human GLP-1 

but includes three key modifications. First, an amino acid 

substitution at position 8 provides resistance to DPP-4 

degradation. Second, attachment of a C18 fatty diacid side 

chain via a spacer enables binding to albumin, prolonging 

circulation time. Third, an amino acid substitution at position 

34 reduces albumin binding affinity, allowing tissue 

distribution [24]. 

These modifications result in a half-life of approximately one 

week, enabling once-weekly dosing [11]. Steady-state 

concentrations achieve after four to five weeks of 

administration. The medication demonstrates high selectivity 

for GLP-1 receptors with minimal cross-reactivity to other 

receptors [25]. Absorption following subcutaneous injection 

occurs slowly, with maximum concentration reached within 

one to three days. Metabolism occurs via proteolytic cleavage 

and beta-oxidation of the fatty acid side chain. Renal clearance 

remains minimal [26]. 

2.3. Mechanisms of Weight Loss 

Semaglutide produces weight loss through multiple 

complementary mechanisms [27]. The predominant effect 

involves appetite suppression and enhanced satiety through 

central and peripheral pathways. GLP-1 receptor activation in 

hypothalamic appetite-regulating centers reduces hunger and 

food-seeking behavior [21]. Peripheral effects include delayed 

gastric emptying, which prolongs the sensation of fullness after 

meals [20]. Vagal afferent signaling from gastrointestinal GLP-

1 receptors communicates satiety information to brainstem 

nuclei [22]. 

Table 1. Mechanisms of Semaglutide-Induced Weight Loss 

Mechanism Anatomical Site Effect Clinical Manifestation Key References 

Appetite suppression Hypothalamic nuclei 

(arcuate, paraventricular) 

Activation of 

POMC/CART neurons; 

Reduced hunger; earlier 

satiety; decreased food 

intake 

[21, 28] 
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Mechanism Anatomical Site Effect Clinical Manifestation Key References 

inhibition of NPY/AgRP 

neurons 

Delayed gastric emptying Gastric smooth muscle; 

vagal afferents 

Reduced gastric motility; 

prolonged nutrient 

presence in stomach 

Extended fullness after 

meals; reduced meal 

frequency 

[20, 29] 

Enhanced satiety 

signaling 

Brainstem (nucleus 

tractus solitarius, area 

postrema) 

Integration of peripheral 

satiety signals 

Increased meal-

terminating signals; 

reduced portion sizes 

[22, 30] 

Reward pathway 

modulation 

Mesolimbic dopamine 

system (ventral tegmental 

area, nucleus accumbens) 

Reduced reward value of 

palatable foods 

Decreased hedonic eating; 

reduced food cravings 

[23, 31] 

Energy expenditure Brown adipose tissue; 

skeletal muscle 

Potential increase in 

thermogenesis (evidence 

mixed) 

Modest increase in resting 

energy expenditure 

[32, 33] 

Food preference alteration Prefrontal cortex; insula Modified neural responses 

to food cues 

Preference for lower-

calorie foods; reduced 

appeal of high-fat foods 

[34, 35] 

 

Modulation of reward pathways represents another important 

mechanism. Functional neuroimaging studies demonstrate that 

semaglutide reduces neural activation in reward-related brain 

regions in response to food cues [34]. This effect potentially 

reduces hedonic eating driven by food palatability rather than 

physiological hunger. Patients report decreased food cravings 

and reduced preoccupation with food [36]. Some evidence 

suggests semaglutide may increase energy expenditure, though 

this effect appears modest compared to effects on energy intake 

[32]. Potential mechanisms include increased thermogenesis in 

brown adipose tissue and enhanced postprandial energy 

expenditure. However, the contribution of increased energy 

expenditure to overall weight loss remains uncertain and likely 

small relative to reduced caloric intake [33]. Semaglutide may 

also alter food preferences, with some patients reporting 

reduced preference for high-fat, high-sugar foods [35]. Whether 

this represents a direct pharmacological effect or secondary 

consequence of altered reward processing remains unclear. 

Additionally, the medication may reduce alcohol consumption 

in some individuals, potentially through similar reward 

pathway modulation [37]. 

2.4. Dose-Response Relationships 

Weight loss demonstrates dose-dependent relationships with 

semaglutide [38]. Lower doses approved for type 2 diabetes 

mellitus produce modest weight reduction. Higher doses 

specifically approved for obesity treatment produce 

substantially greater weight loss. The dose-response 

relationship appears relatively steep, with meaningful 

differences between doses [39]. 

However, higher doses also associate with increased adverse 

event frequency, necessitating careful dose titration [40]. The 

medication requires gradual dose escalation to minimize 

gastrointestinal adverse effects [41]. Standard protocols initiate 

treatment at low doses with incremental increases every four 

weeks until reaching the target maintenance dose. This titration 

strategy substantially reduces treatment discontinuation due to 

adverse effects compared to immediate initiation at higher 

doses [42]. 

3. CLINICAL EFFICACY 

3.1. Pivotal Clinical Trials 

Multiple large-scale randomized controlled trials have 

evaluated semaglutide for weight management (Table 2). The 

STEP (Semaglutide Treatment Effect in People with obesity) 

program comprises the primary evidence base for regulatory 

approvals [43]. 

Table 2. Major Clinical Trials of Semaglutide for Weight Management 

Trial Population Intervention Duration Primary Findings Reference 

STEP 1 Adults with obesity or 

overweight with comorbidity 

(without diabetes) 

Semaglutide 2.4 mg weekly vs 

placebo; both with lifestyle 

intervention 

68 weeks Semaglutide group achieved 

significantly greater weight 

loss than placebo; 

improvements in 

cardiometabolic parameters 

[12] 
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Trial Population Intervention Duration Primary Findings Reference 

STEP 2 Adults with obesity or 

overweight and type 2 diabetes 

Semaglutide 2.4 mg vs 1.0 mg 

vs placebo; all with lifestyle 

intervention 

68 weeks Both semaglutide doses 

superior to placebo; higher dose 

achieved greater weight loss; 

improvements in glycemic 

control 

[41] 

STEP 3 Adults with obesity or 

overweight 

Semaglutide 2.4 mg vs 

placebo; both with intensive 

behavioral therapy 

68 weeks Semaglutide plus intensive 

behavioral therapy achieved 

substantial weight loss; 

combination superior to either 

intervention alone 

[44] 

STEP 4 Adults with obesity or 

overweight 

Continued semaglutide 2.4 mg 

vs switch to placebo after 20-

week run-in 

68 weeks 

total 

Continued treatment 

maintained weight loss; 

placebo group experienced 

weight regain 

[39] 

STEP 5 Adults with obesity or 

overweight 

Semaglutide 2.4 mg vs 

placebo; both with lifestyle 

intervention 

104 weeks Sustained weight loss 

maintained at two years; 

continued improvements in 

cardiometabolic markers 

[45] 

 

The STEP 1 trial enrolled adults with obesity or overweight 

plus at least one weight-related comorbidity, excluding those 

with diabetes [12]. Participants received once-weekly 

subcutaneous semaglutide or placebo, both combined with 

lifestyle counselling on diet and physical activity. The trial 

demonstrated substantial weight reduction in the semaglutide 

group compared to placebo. A meaningful proportion of 

participants achieved clinically significant weight loss 

thresholds. Improvements in cardiometabolic risk factors 

including blood pressure, lipid profiles, and inflammatory 

markers accompanied weight reduction. 

The STEP 2 trial specifically enrolled participants with type 2 

diabetes mellitus and obesity or overweight [41]. The study 

compared two semaglutide doses against placebo, all with 

lifestyle intervention. Both semaglutide doses produced greater 

weight loss than placebo, with the higher dose achieving 

superior results. Glycemic control improved substantially in 

semaglutide groups, with many participants achieving target 

HbA1c levels and reducing or discontinuing other diabetes 

medications. 

The STEP 3 trial combined semaglutide with intensive 

behavioral therapy including frequent counselling sessions, 

meal replacements, and structured physical activity programs 

[44]. The combination produced substantial weight loss, 

demonstrating that semaglutide enhances rather than replaces 

behavioral interventions. Participants receiving combination 

treatment achieved greater weight loss than historical controls 

receiving intensive behavioral therapy alone. 

The STEP 4 trial employed a withdrawal design to assess 

weight maintenance [39]. All participants received semaglutide 

for 20 weeks, after which responders were randomized to 

continued treatment or switch to placebo. Participants 

continuing semaglutide maintained weight loss and achieved 

additional modest reductions. Those switched to placebo 

experienced substantial weight regain, though not returning 

fully to baseline weights. This trial demonstrates that continued 

treatment remains necessary for weight loss maintenance. 

The STEP 5 trial extended treatment duration to two years, 

addressing questions about long-term efficacy and safety [45]. 

Weight loss continued progressively through the first year 

before plateauing. Participants maintained weight reduction at 

two years with continued treatment. Cardiometabolic 

improvements persisted or enhanced over time. Adverse event 

profiles remained consistent with shorter-duration trials, with 

no new safety signals emerging. 

3.2. Comparisons with Other Interventions 

Head-to-head trials comparing semaglutide to other anti-

obesity medications demonstrate superior efficacy. 

Comparisons with liraglutide, an earlier GLP-1 receptor agonist 

approved for weight management at lower receptor activation 

levels, show greater weight loss with semaglutide [46]. Indirect 

comparisons suggest semaglutide produces weight loss 

exceeding that achieved with other approved 

pharmacotherapies including phentermine-topiramate, 

naltrexone-bupropion, and orlistat [47]. 

Comparisons with bariatric surgery remain limited. 

Retrospective analyses and indirect comparisons suggest that 

semaglutide produces weight loss approaching but not 

exceeding that achieved with sleeve gastrectomy and 

substantially less than Roux-en-Y gastric bypass [48]. 

However, direct randomized comparisons are lacking. 

Combination approaches using semaglutide to enhance post-

surgical weight loss or prevent weight regain after surgery 

warrant investigation [49]. 

3.3. Special Populations 
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Clinical trials have evaluated semaglutide efficacy across 

diverse subgroups. Age does not appear to substantially modify 

treatment response, with older adults achieving meaningful 

weight loss comparable to younger participants [50]. Sex 

differences in weight loss magnitude remain inconsistent across 

trials, with most showing similar efficacy in men and women 

[51]. 

Racial and ethnic diversity in trials remains limited, 

constraining conclusions about efficacy across populations 

[52]. Available data suggest comparable efficacy across racial 

groups, though sample sizes for some populations remain small. 

Cultural factors affecting diet, physical activity, and body 

weight perceptions may influence treatment response and 

require consideration [53]. 

Baseline body mass index does not strongly predict treatment 

response within the studied range [54]. Individuals with higher 

baseline BMI achieve greater absolute weight loss but similar 

percentage reductions. Those with lower baseline BMI still 

achieve clinically meaningful weight loss. Whether efficacy 

extends to individuals below currently approved BMI 

thresholds remains unknown. 

The presence of type 2 diabetes mellitus does not substantially 

reduce weight loss efficacy, though some trials show modestly 

attenuated responses compared to individuals without diabetes 

[41]. Importantly, semaglutide produces dual benefits of weight 

reduction and glycemic control in this population, often 

enabling reduction or discontinuation of other diabetes 

medications [55]. 

Limited data exist for populations with specific medical 

conditions that commonly coexist with obesity. Preliminary 

evidence suggests efficacy in individuals with polycystic ovary 

syndrome, non-alcoholic fatty liver disease, obstructive sleep 

apnea, and osteoarthritis, though dedicated trials in these 

populations remain limited [56]. Effects on condition-specific 

outcomes beyond weight loss require investigation. 

3.4. Adolescents and Pediatric Use 

Semaglutide received approval for adolescents aged 12 years 

and older with obesity [57]. A dedicated trial in this age group 

demonstrated substantial weight reduction with acceptable 

tolerability [58]. However, long-term safety data in developing 

adolescents remain limited. Questions persist regarding effects 

on growth, bone development, psychological wellbeing, and 

long-term metabolic health [59]. The appropriateness of 

pharmacological obesity treatment in adolescents requires 

careful consideration of benefits, risks, and alternatives 

including family-based behavioral interventions and bariatric 

surgery in severe cases [60]. 

4. SAFETY AND ADVERSE EVENTS 

4.1. Common Adverse Effects 

Gastrointestinal symptoms represent the most frequent adverse 

effects associated with semaglutide (Table 3) [61]. Nausea 

occurs most commonly, typically emerging shortly after dose 

initiation or escalation. The symptom usually diminishes over 

several weeks as tolerance develops [62]. Vomiting, diarrhea, 

constipation, and abdominal pain also occur frequently. These 

adverse effects contribute to treatment discontinuation in some 

patients [63]. 

Table 3. Common and Serious Adverse Effects of Semaglutide 

Category Adverse Effect Frequency Clinical Management Key References 

Gastrointestinal 

(common) 

Nausea Very common Dose titration; dietary modifications; 

antiemetics if severe 

[61, 62] 

Gastrointestinal 

(common) 

Vomiting Common Hydration; electrolyte monitoring; dose 

reduction if persistent 

[63] 

Gastrointestinal 

(common) 

Diarrhea Common Hydration; dietary modifications; 

antimotility agents if needed 

[61] 

Gastrointestinal 

(common) 

Constipation Common Increased fluid and fiber intake; stool 

softeners; physical activity 

[61] 

Gastrointestinal (serious) Pancreatitis Rare Discontinue medication; hospital 

evaluation; lipase monitoring 

[64] 

Hepatobiliary (serious) Gallbladder disease; 

cholelithiasis 

Uncommon Ultrasound evaluation; surgical 

consultation if symptomatic 

[65] 

Endocrine (preclinical) Thyroid C-cell tumors Not observed in 

humans (rodent 

finding) 

Contraindicated with personal/family 

history of MTC or MEN 2 

[66] 

Metabolic Hypoglycemia Rare (unless 

combined with 

insulin/sulfonylureas) 

Reduce concomitant glucose-lowering 

medications 

[67] 
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Category Adverse Effect Frequency Clinical Management Key References 

Injection site Injection site reactions Uncommon Rotate injection sites; proper technique 

education 

[68] 

Psychiatric Suicidal ideation 

(debated) 

Unclear if causal Monitor mental health; careful history 

before initiation 

[69] 

 

Several strategies reduce gastrointestinal adverse effects. 

Gradual dose escalation represents the most effective approach, 

allowing tolerance development at each dose level before 

advancing [41]. Dietary modifications including smaller, more 

frequent meals, avoidance of high-fat foods, and adequate 

hydration may help [70]. For patients with persistent nausea 

despite dose titration, temporary dose reduction or addition of 

antiemetic medications may provide relief. In severe cases 

requiring treatment discontinuation, rechallenge at lower doses 

after symptom resolution sometimes succeeds [71]. Injection 

site reactions occur less frequently but include erythema, 

pruritus, and induration [68]. Proper injection technique 

education and site rotation minimize these reactions. Rarely, 

allergic reactions including urticaria and angioedema occur, 

necessitating treatment discontinuation [72]. 

4.2. Serious Adverse Events 

Pancreatitis represents a serious adverse event associated with 

GLP-1 receptor agonists, though causality remains debated 

[64]. Clinical trial data show low absolute rates of pancreatitis 

in both semaglutide and placebo groups, with some meta-

analyses suggesting slightly elevated risk [73]. Obesity itself 

increases pancreatitis risk, complicating attribution. Patients 

should receive counselling about pancreatitis symptoms (severe 

abdominal pain radiating to the back, nausea, vomiting) with 

instructions to discontinue medication and seek immediate 

evaluation if these occur. Those with prior pancreatitis history 

require careful risk-benefit assessment before initiation [74]. 

Gallbladder disease including cholelithiasis and cholecystitis 

occurs more frequently with semaglutide than placebo [65]. 

Rapid weight loss independent of method increases gallstone 

formation risk. Whether semaglutide carries risk beyond that 

attributable to weight loss remains unclear. Symptomatic 

gallbladder disease requires standard management including 

potential cholecystectomy. Some clinicians consider 

ursodeoxycholic acid prophylaxis in high-risk patients, though 

evidence supporting this practice remains limited [75]. 

Thyroid safety concerns originated from preclinical studies 

showing thyroid C-cell tumors in rodents exposed to GLP-1 

receptor agonists [66]. These findings resulted in 

contraindications for patients with personal or family history of 

medullary thyroid carcinoma or multiple endocrine neoplasia 

syndrome type 2. However, extensive postmarketing 

surveillance and clinical trial data show no evidence of 

increased thyroid cancer risk in humans [76]. The relevance of 

rodent findings to human risk remains controversial, with most 

experts considering human risk very low [77]. Nevertheless, the 

contraindication remains in regulatory labeling. 

Hypoglycemia risk remains low with semaglutide monotherapy 

due to glucose-dependent mechanisms of action [67]. However, 

when combined with insulin or insulin secretagogues like 

sulfonylureas, hypoglycemia risk increases. Patients taking 

these medications require dose reductions of concomitant 

agents when initiating semaglutide [78]. Those with type 1 

diabetes should not receive semaglutide, as safety and efficacy 

remain unestablished in this population [79]. 

Cardiovascular safety receives particular attention given 

historical concerns with some obesity medications. 

Cardiovascular outcome trials demonstrate cardiovascular 

safety with no increased risk of major adverse cardiovascular 

events [80]. Some evidence suggests potential cardiovascular 

benefits including reduced events in high-risk populations, 

though dedicated outcome trials for weight management 

indications are ongoing [81]. 

Renal safety data show no concerning signals in clinical trials 

[82]. Some evidence suggests potential renal protective effects, 

possibly mediated through weight loss, blood pressure 

reduction, and direct renal GLP-1 receptor effects. Patients with 

severe renal impairment were excluded from most trials, 

limiting safety data in this population [83]. 

4.3. Psychiatric and Psychological Effects 

Reports of suicidal ideation in patients taking semaglutide 

prompted regulatory reviews [69]. Analyses of clinical trial 

data show no clear signal of increased suicidal ideation or 

behavior compared to placebo [84]. However, rapid weight loss 

from any method can affect mood and psychological wellbeing. 

Additionally, individuals with obesity have elevated baseline 

rates of depression and anxiety [85]. Careful psychiatric 

assessment before treatment initiation and monitoring during 

treatment remain prudent, particularly in patients with 

psychiatric history [86]. 

Body image changes resulting from rapid weight loss may 

produce psychological distress in some individuals. Loose skin, 

changed appearance, and altered self-perception require 

psychological adjustment [87]. Some patients report changes in 

appetite and relationship with food that feel distressing despite 

being therapeutic targets. Mental health support should be 

readily available for patients experiencing psychological 

difficulties during treatment [88]. 

4.4. Long-Term Safety 

Long-term safety data beyond two years remain limited [45]. 

Extended follow-up studies are ongoing but have not yet 

reported results. Potential concerns requiring long-term 

monitoring include bone health effects, as rapid weight loss can 
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reduce bone mineral density [89]. Nutritional deficiencies may 

develop if inadequate dietary intake accompanies appetite 

suppression [90]. Cardiac structural changes related to weight 

loss warrant attention in longitudinal studies [91]. Potential 

effects on reproductive function and fertility require 

investigation [92]. Unknown effects of chronic GLP-1 receptor 

activation over decades represent a theoretical concern given 

limited human experience with lifelong treatment [93]. 

Postmarketing surveillance programs continue monitoring for 

rare adverse events not detected in clinical trials [94]. 

Healthcare providers should report unexpected serious adverse 

events to regulatory agencies [95]. Long-term registries 

tracking patients treated with semaglutide will provide valuable 

safety data as clinical experience accumulates over time. 

4.5. Contraindications and Precautions 

Absolute contraindications for semaglutide include personal or 

family history of medullary thyroid carcinoma [66], multiple 

endocrine neoplasia syndrome type 2 [66], previous severe 

hypersensitivity reaction to semaglutide or excipients [72], and 

pregnancy (medication should be discontinued at least 2 months 

before planned conception) [96]. Relative contraindications and 

situations requiring caution include history of pancreatitis [74], 

severe gastrointestinal disease [97], diabetic retinopathy (due to 

rapid glycemic improvement potentially worsening 

retinopathy) [55], severe renal impairment [83], and psychiatric 

conditions including suicidal ideation [86]. Each of these 

situations requires individualized risk-benefit assessment 

considering patient-specific factors, disease severity, 

alternative treatment options, and monitoring capabilities. 

5. PRACTICAL IMPLEMENTATION 

5.1. Patient Selection Criteria 

Regulatory approvals specify semaglutide for adults with body 

mass index equal to or greater than 30 kg/m² (obesity), or body 

mass index equal to or greater than 27 kg/m² (overweight) with 

at least one weight-related comorbidity [13]. Weight-related 

comorbidities include hypertension, dyslipidemia, type 2 

diabetes mellitus, obstructive sleep apnea, cardiovascular 

disease, and others [98]. The relatively broad approval criteria 

allow treatment of many patients with obesity or overweight-

related health consequences. 

However, appropriate patient selection extends beyond 

regulatory criteria. Ideal candidates demonstrate previous 

unsuccessful attempts at weight loss through lifestyle 

modification [99], understanding that medication represents 

one component of comprehensive weight management [100], 

willingness and ability to implement dietary and physical 

activity changes [101], acceptance of ongoing treatment 

requirement for weight loss maintenance [102], financial means 

or insurance coverage to afford medication long-term [103], 

absence of contraindications and acceptable risk profile [104], 

and realistic expectations about weight loss magnitude and 

timeline [105]. 

Shared decision-making should incorporate discussion of 

treatment goals, expected outcomes, adverse effects, costs, 

duration of therapy, and alternatives [106]. Patients should 

understand that discontinuation typically results in weight 

regain, necessitating indefinite treatment for most individuals 

[39]. The conversation should address individual values, 

preferences, and priorities regarding weight management 

approaches. 

5.2. Dosing and Administration 

Standard dosing protocols for weight management initiate 

semaglutide at 0.25 mg once weekly for four weeks [41]. The 

dose then escalates to 0.5 mg weekly for four weeks, followed 

by increases to 1.0 mg, 1.7 mg, and finally 2.4 mg at four-week 

intervals. The 2.4 mg dose represents the target maintenance 

dose for weight management. Some patients may require 

slower escalation if gastrointestinal symptoms prove limiting 

[42]. Clinicians should individualize escalation schedules based 

on tolerability, emphasizing that slower advancement often 

improves long-term adherence compared to forcing rapid 

escalation despite symptoms. 

Patients receive training on subcutaneous injection technique. 

The medication comes in prefilled, single-use pens requiring 

refrigeration until first use [107]. Injection sites include 

abdomen, thigh, or upper arm, with site rotation recommended 

to minimize injection site reactions [68]. Administration timing 

can be any day of the week, though consistency improves 

adherence [108]. Patients should select a day that fits their 

schedule and supports consistent weekly administration. 

Missed doses create challenges given the weekly schedule. If a 

dose is missed and remembered within five days, patients 

should administer immediately. If more than five days have 

passed, the missed dose should be skipped [109]. Prolonged 

interruptions may necessitate dose re-titration to minimize 

gastrointestinal symptoms upon resumption [110]. Clear 

instructions about managing missed doses should be provided 

at treatment initiation to prevent confusion and inappropriate 

dosing. 

5.3. Monitoring and Follow-Up 

Regular monitoring during semaglutide treatment should 

include weight and body mass index assessment at each visit 

[111], blood pressure monitoring [112], heart rate assessment 

(GLP-1 receptor agonists may increase heart rate modestly) 

[113], gastrointestinal symptom evaluation [114], assessment 

of diet quality and nutritional adequacy [115], physical activity 

level evaluation [116], screening for mood changes or suicidal 

ideation [86], and medication adherence assessment [117]. 

Initial visits may occur monthly during dose escalation, with 

subsequent visits every three months once stable on 

maintenance dose. 

For patients with diabetes, glucose monitoring intensity 

depends on concomitant medications and hypoglycemia risk 

[118]. Hemoglobin A1c should be assessed every three to six 

months [119]. Adjustment of other glucose-lowering 
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medications, particularly insulin and sulfonylureas, requires 

careful attention to prevent hypoglycemia [78]. Frequent 

communication during the initial months allows timely 

medication adjustments as weight loss and improved insulin 

sensitivity alter glucose dynamics. 

Lipid panels and liver function tests should be monitored 

periodically, though no specific monitoring schedule is 

mandated [120]. Patients with rapid or extensive weight loss 

may benefit from bone density assessment given potential 

effects on bone mineral density [89]. Nutritional assessment 

including vitamin and mineral status may be warranted in 

patients with very restricted intake [90]. Individualized 

monitoring plans should consider patient-specific risk factors, 

comorbidities, and rate of weight loss. 

5.4. Combination with Lifestyle Interventions 

Semaglutide should always accompany lifestyle modifications 

including dietary changes and increased physical activity [101]. 

The medication enhances effectiveness of behavioral 

interventions rather than replacing them [44]. Reduced caloric 

intake facilitated by appetite suppression should focus on 

nutrient-dense foods to prevent nutritional deficiencies [121]. 

Patients benefit from understanding that medication addresses 

physiological drivers of obesity while behavioral changes 

address environmental, psychological, and habitual factors. 

Dietary counselling should address portion control and mindful 

eating practices [122], emphasis on vegetables, fruits, whole 

grains, lean proteins, and healthy fats [123], strategies for 

managing gastrointestinal symptoms through food choices [70], 

adequate protein intake to preserve lean body mass during 

weight loss [124], and hydration maintenance [125]. Working 

with registered dietitians can help patients develop sustainable 

eating patterns that support both weight loss during treatment 

and maintenance if treatment discontinues. 

Physical activity recommendations include gradual increase to 

at least 150 minutes of moderate-intensity activity weekly 

[126], incorporation of resistance training to preserve muscle 

mass [127], activities appropriate for individual fitness level 

and joint health [128], and strategies for overcoming barriers to 

physical activity [129]. As weight loss progresses, many 

patients find physical activity becomes easier and more 

enjoyable, creating positive reinforcement loops that support 

continued engagement. 

Behavioral interventions addressing eating behaviors, stress 

management, sleep quality, and environmental factors that 

influence weight should complement pharmacotherapy [130]. 

Referral to registered dietitians, exercise physiologists, or 

behavioral health specialists may enhance outcomes [131]. 

Multidisciplinary care teams provide comprehensive support 

addressing the biological, psychological, and social dimensions 

of obesity. 

6. CARDIOMETABOLIC OUTCOMES 

6.1. Effects on Glycemic Control 

In patients with type 2 diabetes, semaglutide substantially 

improves glycemic control beyond effects attributable to 

weight loss alone [41]. Hemoglobin A1c reductions occur 

through multiple mechanisms including enhanced glucose-

dependent insulin secretion, suppressed glucagon release, and 

delayed gastric emptying [132]. Many patients achieve 

glycemic targets, allowing reduction or discontinuation of other 

diabetes medications [55]. The glucose-dependent mechanism 

of action results in low hypoglycemia risk when used as 

monotherapy [67]. 

Fasting plasma glucose decreases with semaglutide treatment 

[133]. Postprandial glucose excursions improve due to delayed 

gastric emptying and enhanced insulin response [134]. These 

glycemic improvements translate to reduced diabetes-related 

complications risk over time [135]. 

For patients with prediabetes, semaglutide reduces progression 

to type 2 diabetes, though dedicated prevention trials are limited 

[136]. The glycemic benefits of semaglutide persist with 

continued treatment [45]. Some patients with relatively recent 

diabetes onset achieve remission defined as maintaining normal 

glucose levels without glucose-lowering medications [137]. 

However, cessation of semaglutide typically results in glycemic 

deterioration, requiring resumption of treatment or alternative 

medications [138]. 

6.2. Blood Pressure and Lipid Effects 

Semaglutide produces modest reductions in systolic and 

diastolic blood pressure [112]. The blood pressure lowering 

effects occur partially through weight loss but may involve 

additional mechanisms including natriuresis and improved 

endothelial function [139]. Patients taking antihypertensive 

medications may require dose adjustments to prevent excessive 

blood pressure reduction [140]. Improvements in blood 

pressure contribute to overall cardiovascular risk reduction. 

Lipid profile changes include reductions in total cholesterol, 

LDL cholesterol, and triglycerides [141]. HDL cholesterol may 

increase modestly [142]. These lipid improvements result 

primarily from weight loss and dietary changes rather than 

direct medication effects [143]. Patients taking lipid-lowering 

medications may achieve better lipid control, potentially 

allowing medication dose reductions in some cases [144]. 

Inflammatory markers including C-reactive protein decrease 

with semaglutide treatment [145]. Adiponectin, an anti-

inflammatory adipokine, increases [146]. These changes reflect 

improved metabolic health and reduced systemic inflammation 

associated with obesity [147]. The anti-inflammatory effects 

may contribute to cardiovascular benefits beyond traditional 

risk factor improvements. 

6.3. Cardiovascular Outcomes 

Cardiovascular outcome trials of semaglutide demonstrate 

cardiovascular safety with no increased risk of major adverse 

cardiovascular events [80]. The SELECT trial specifically 

evaluated cardiovascular outcomes in patients with established 

cardiovascular disease and overweight or obesity without 
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diabetes [148]. The trial demonstrated reduced risk of 

cardiovascular death, non-fatal myocardial infarction, and non-

fatal stroke with semaglutide compared to placebo [148]. These 

findings establish semaglutide as the first obesity medication 

proven to reduce cardiovascular events. 

The mechanisms underlying cardiovascular benefits likely 

involve multiple pathways. Weight reduction itself improves 

cardiovascular risk factors [149]. Blood pressure and lipid 

improvements contribute to reduced atherosclerotic 

progression [150]. Anti-inflammatory effects may stabilize 

atherosclerotic plaques [151]. Direct effects on vascular 

endothelium, cardiac muscle, and atherosclerotic plaque 

composition represent additional potential mechanisms [152]. 

Heart rate increases modestly with GLP-1 receptor agonists 

including semaglutide [113]. The clinical significance of this 

heart rate increase remains uncertain [153]. Most studies show 

no association with adverse cardiovascular outcomes despite 

elevated heart rate [74]. Patients with resting tachycardia or 

those on heart rate-limiting medications require monitoring. 

6.4. Effects on Non-Alcoholic Fatty Liver 

Disease 

Obesity associates strongly with non-alcoholic fatty liver 

disease (NAFLD) and its progressive form, non-alcoholic 

steatohepatitis (NASH) [154]. Semaglutide reduces hepatic 

steatosis assessed by imaging or biopsy [155]. Liver enzyme 

elevations improve with treatment [156]. Histological 

improvements in NASH including reductions in steatosis, 

inflammation, and fibrosis have been demonstrated in 

dedicated trials [157]. 

The hepatic benefits of semaglutide result primarily from 

weight loss and improved insulin sensitivity [158]. Direct 

hepatic effects through GLP-1 receptors may also contribute, 

though hepatocyte GLP-1 receptor expression remains 

controversial [159]. For patients with NAFLD or NASH, 

semaglutide represents a promising treatment option that 

addresses both obesity and liver disease [160]. 

6.5. Renal Outcomes 

Semaglutide demonstrates renal protective effects in patients 

with type 2 diabetes [82]. Albuminuria decreases with 

treatment [161]. Estimated glomerular filtration rate remains 

stable or improves in most patients [162]. The FLOW trial 

specifically evaluated renal outcomes in patients with type 2 

diabetes and chronic kidney disease, demonstrating reduced 

risk of kidney disease progression, end-stage renal disease, 

cardiovascular death, and renal death [162]. 

Renal benefits likely result from multiple mechanisms. Blood 

pressure reduction decreases intraglomerular pressure [163]. 

Improved glycemic control reduces diabetic kidney disease 

progression [164]. Weight loss and metabolic improvements 

contribute to renal protection [165]. Direct effects on renal 

GLP-1 receptors may modulate sodium reabsorption and 

glomerular hemodynamics [166]. 

7. WEIGHT MAINTENANCE AND 

POST-DISCONTINUATION 

OUTCOMES 

7.1. Weight Regain After Discontinuation 

The STEP 4 withdrawal trial demonstrated that discontinuation 

of semaglutide results in substantial weight regain [39]. 

Participants switched to placebo after 20 weeks of treatment 

regained approximately two-thirds of lost weight over the 

subsequent year. Cardiometabolic improvements including 

glycemic control, blood pressure, and lipid profiles deteriorated 

with weight regain [39]. These findings indicate that 

semaglutide addresses underlying biological drivers of obesity 

that reassert when treatment stops rather than permanently 

resetting body weight regulation. 

The biological mechanisms driving weight regain involve 

multiple compensatory responses to weight loss. Reductions in 

energy expenditure below predicted levels based on new body 

weight occur with weight loss through any method [167]. 

Increased hunger and food preoccupation emerge as body 

weight falls below defended set point [168]. Neurohormonal 

changes including decreased leptin and increased ghrelin 

promote weight regain [168]. Semaglutide counteracts these 

compensatory mechanisms during treatment, but they reassert 

after discontinuation. 

Individual variability exists in weight regain trajectories. Some 

patients maintain greater proportions of weight loss after 

discontinuation, particularly those who successfully modified 

diet and physical activity patterns [101]. However, most 

patients require continued pharmacotherapy for sustained 

weight loss [169]. This pattern parallels other chronic diseases 

like hypertension or diabetes where ongoing treatment remains 

necessary for disease control. 

7.2. Strategies for Sustained Weight Loss 

Given high rates of weight regain after semaglutide 

discontinuation, most patients require indefinite treatment for 

weight loss maintenance [170]. This approach treats obesity as 

a chronic disease requiring ongoing management rather than an 

acute condition curable with temporary intervention [98]. 

Patients should understand treatment duration expectations 

before initiating therapy to make informed decisions about 

starting medication [171]. 

For patients who discontinue semaglutide due to cost, side 

effects, or personal preference, intensive behavioral 

interventions may help minimize weight regain [172]. 

Structured programs including frequent counseling, meal 

replacements, and activity monitoring provide external support 

replacing pharmacological appetite regulation [173]. However, 

behavioral interventions alone rarely maintain 

pharmacologically-achieved weight loss [174]. 

Transitioning to alternative weight management medications 

represents another strategy. Patients intolerant of semaglutide 

might tolerate other GLP-1 receptor agonists or different 
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medication classes [175]. Combination pharmacotherapy using 

multiple mechanisms may provide alternatives for some 

patients [176]. However, medication access and cost often limit 

these options. 

Bariatric surgery after semaglutide discontinuation could 

provide more durable weight loss for appropriate candidates 

[177]. Whether prior semaglutide use affects surgical outcomes 

remains unclear [178]. Some patients may view medications as 

bridging therapy while pursuing surgical options or preparing 

for surgery [179]. 

7.3. Long-Term Efficacy Data 

The longest randomized controlled trial data extend to two 

years from the STEP 5 trial [45]. Weight loss was maintained 

at this timepoint with continued treatment. Participants 

achieved substantial reductions from baseline with continued 

improvements in cardiometabolic parameters. These findings 

demonstrate maintained efficacy through two years without 

evidence of tolerance development. 

However, data beyond two years remain limited to extension 

studies and observational cohorts [138]. Whether weight loss 

plateaus, continues gradually, or begins reversing with very 

long-term treatment remains uncertain [180]. The STEP 5 data 

suggest plateau rather than continued loss after the first year 

[45]. Long-term registry studies will provide valuable data 

about outcomes with extended treatment duration. 

Durability of cardiometabolic benefits with sustained treatment 

requires investigation. The SELECT cardiovascular outcomes 

trial provides data through several years, demonstrating 

maintained cardiovascular benefits [148]. Whether benefits 

plateau, increase progressively, or diminish over time needs 

clarification [181]. The time course of benefits for specific 

outcomes like diabetes prevention, sleep apnea improvement, 

or joint health enhancement warrants study. 

8. COST-EFFECTIVENESS AND 

ACCESSIBILITY 

8.1. Economic Considerations 

Semaglutide represents a high-cost obesity treatment [182]. 

The medication costs substantially more than older anti-obesity 

medications and lifestyle interventions [183]. For most patients, 

lifelong treatment is required, resulting in cumulative costs over 

decades [184]. These costs create access barriers for many 

individuals who might benefit clinically. 

Insurance coverage for obesity medications varies widely. 

Some insurers cover semaglutide for weight management while 

others restrict coverage to diabetes indications [185]. Prior 

authorization requirements, step therapy protocols, and 

coverage limitations constrain access [186]. Medicare coverage 

for obesity medications has been restricted historically, though 

policy discussions about expanding coverage are ongoing 

[187]. 

Cost-effectiveness analyses compare treatment costs to health 

benefits measured as quality-adjusted life years [188]. 

Modeling studies suggest semaglutide may be cost-effective 

compared to usual care when accounting for reduced obesity-

related complications [189]. However, cost-effectiveness 

depends critically on assumptions about medication duration, 

adherence, complication rates, and medication pricing [190]. 

Results vary across healthcare systems with different cost 

structures. 

The cardiovascular benefits demonstrated in SELECT may 

improve cost-effectiveness by preventing expensive 

cardiovascular events [148]. Reduced diabetes incidence and 

progression in treated patients could generate healthcare 

savings [191]. However, these benefits must offset high 

medication costs over many years [192]. Whether semaglutide 

ultimately proves cost-effective at current pricing remains 

debated. 

8.2. Supply Chain and Access Issues 

Widespread demand for semaglutide has created supply 

shortages affecting access for both obesity and diabetes 

indications [193]. Manufacturing capacity has not kept pace 

with demand growth [194]. These shortages have led to 

treatment interruptions for established patients and delays 

initiating new patients [195]. 

The supply constraints have prompted some clinicians to 

prioritize patients based on clinical need. Patients with diabetes 

may receive priority over those seeking weight management 

[196]. Those with severe obesity and multiple complications 

may receive priority over those with lower BMI [197]. Such 

prioritization raises ethical questions about equitable access to 

effective treatments. 

Compounding pharmacies have filled some supply gaps by 

producing semaglutide formulations [198]. However, quality 

control concerns exist regarding compounded products [199]. 

Regulatory agencies have issued warnings about compounded 

GLP-1 receptor agonists that may lack appropriate oversight 

[200]. Patients using compounded formulations should 

understand potential differences from approved products. 

8.3. Health Equity Considerations 

High costs and variable insurance coverage create disparities in 

semaglutide access across socioeconomic groups [201]. 

Individuals with comprehensive insurance or financial 

resources can access treatment while those lacking coverage or 

unable to afford out-of-pocket costs cannot [202]. These 

disparities may worsen obesity-related health inequities if 

effective treatments remain available only to advantaged 

populations. 

Clinical trial populations have limited racial and ethnic 

diversity, constraining understanding of efficacy and safety 

across populations [52]. Underrepresented groups may have 

different responses to treatment or different adverse event 

profiles [203]. Cultural factors affecting diet, physical activity, 
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and perceptions of obesity treatment may influence outcomes 

[53]. 

Language barriers, health literacy limitations, and lack of 

culturally concordant care may further limit access for some 

populations [204]. Injectable medication requirements and need 

for refrigeration could present practical barriers for patients 

with unstable housing or limited resources [205]. Addressing 

these equity concerns requires policy interventions, 

community-based care delivery models, and efforts to reduce 

medication costs. 

9. RESEARCH GAPS AND FUTURE 

DIRECTIONS 

Despite substantial research on semaglutide for weight 

management, critical knowledge gaps remain. 

First, long-term safety data beyond two years are limited. 

Extended follow-up studies tracking patients for five years, ten 

years, and longer are needed to identify late adverse effects not 

apparent in shorter trials. Particular attention should focus on 

bone health, nutritional status, cardiovascular structure, cancer 

incidence, and potential effects of chronic GLP-1 receptor 

activation over decades. 

Second, strategies for maintaining weight loss after 

semaglutide discontinuation require development and testing. 

Most patients regain weight when treatment stops, creating a 

need for maintenance approaches. Research should evaluate 

intensive behavioral interventions, transitioning to alternative 

medications, intermittent treatment strategies, and factors 

predicting successful maintenance to identify patients who 

might sustain weight loss after discontinuation. 

Third, optimal patient selection criteria need refinement beyond 

current BMI-based thresholds. Biomarkers, genetic factors, 

behavioral characteristics, or clinical features that predict 

treatment response could enable personalized medicine 

approaches. Understanding which patients benefit most helps 

target treatment to those likely to achieve meaningful 

outcomes. 

Fourth, comparative effectiveness research directly comparing 

semaglutide to bariatric surgery is lacking. Randomized trials 

comparing medications to surgical interventions would inform 

treatment selection. Studies examining combination 

approaches using semaglutide to enhance surgical outcomes or 

prevent post-surgical weight regain could identify synergistic 

strategies. 

Fifth, effects on body composition require clarification. Weight 

loss includes both fat mass and lean mass reduction. Whether 

semaglutide preferentially reduces adipose tissue while 

preserving muscle compared to other interventions remains 

uncertain. Strategies combining semaglutide with resistance 

training and adequate protein intake to optimize body 

composition warrant investigation. 

Sixth, mechanisms of weight loss beyond appetite suppression 

deserve further investigation. The relative contributions of 

delayed gastric emptying, altered food preferences, modified 

reward processing, and potential effects on energy expenditure 

need quantification. Understanding mechanisms could identify 

combination approaches targeting multiple pathways. 

Seventh, psychosocial impacts including effects on eating 

behaviors, body image, quality of life, and mental health require 

comprehensive evaluation. Rapid weight loss affects 

psychological wellbeing and social functioning in complex 

ways. Research should examine both benefits and potential 

harms across psychological domains. 

Eighth, pediatric long-term safety data are critically needed. 

Effects on growth, development, bone health, and long-term 

metabolic health in adolescents treated during development 

require investigation. Studies should examine whether early 

intervention prevents adult obesity and associated 

complications or produces unexpected long-term 

consequences. 

Ninth, cardiovascular and metabolic outcomes in diverse 

populations need examination. Most trial participants have 

been from Western countries with limited representation of 

global populations. Whether cardiovascular and metabolic 

benefits extend across ethnic, racial, and geographic 

populations requires confirmation. 

Tenth, strategies for ensuring equitable access to effective 

obesity treatments deserve attention. Research on 

implementation approaches, policy interventions, and care 

delivery models that reduce disparities would support broader 

benefit from advances in obesity pharmacotherapy. Studies 

examining barriers to access and testing interventions to 

overcome them could improve health equity. 

10. CONCLUSION 

Semaglutide represents a major advancement in obesity 

pharmacotherapy, offering substantial weight reduction 

through multiple biological mechanisms. The medication 

functions primarily by suppressing appetite and enhancing 

satiety through effects on hypothalamic appetite centers, 

delayed gastric emptying, and modulation of reward pathways. 

Clinical trials demonstrate superior efficacy compared to 

placebo and other approved anti-obesity medications across 

diverse populations. Meaningful proportions of patients 

achieve clinically significant weight loss thresholds with 

accompanied improvements in cardiometabolic risk factors 

including blood pressure, lipid profiles, glycemic control, and 

systemic inflammation. 

The safety profile of semaglutide includes primarily 

gastrointestinal adverse effects that typically diminish with 

dose titration and time. Serious adverse events remain relatively 

rare but include pancreatitis and gallbladder disease. Long-term 

safety beyond two years requires further investigation. 

Cardiovascular outcome trials demonstrate safety and potential 

benefit, establishing semaglutide as the first obesity medication 

proven to reduce cardiovascular events. 

The medication requires ongoing treatment for weight loss 

maintenance, as discontinuation results in substantial weight 
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regain in most patients. Practical implementation requires 

careful patient selection considering both clinical eligibility and 

individual factors including prior weight loss attempts, 

willingness to modify lifestyle behaviors, acceptance of long-

term treatment, and financial means to afford medication. 

Gradual dose escalation minimizes adverse effects and 

improves tolerability. The medication should always 

accompany rather than replace lifestyle modifications 

addressing diet, physical activity, and behavioral factors 

contributing to obesity. Regular monitoring ensures appropriate 

response, adverse effect detection, and dose adjustments when 

necessary. 

Critical knowledge gaps constrain comprehensive 

understanding of semaglutide's role in obesity management. 

Long-term safety data, strategies for post-discontinuation 

weight maintenance, optimal patient selection approaches, 

comparative effectiveness against surgical interventions, 

effects on body composition, and psychosocial impacts require 

investigation. Addressing cost and accessibility barriers 

represents a crucial challenge for ensuring equitable access to 

effective treatment. As clinical experience accumulates and 

research addresses current limitations, the field will develop 

increasingly refined understanding of how to optimize 

semaglutide use for obesity management across diverse 

populations and clinical contexts. 
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