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Obesity is recognized as one of the most significant risk factors for obstructive 
sleep apnea (OSA), and weight reduction remains an effective strategy for improving 
OSA symptoms. With the ongoing evolution of bariatric surgery, pharmacological 
therapies, and conventional weight management approaches such as dietary 
modification and exercise, there is growing interest in understanding the differential 
efficacy and mechanisms of these interventions for OSA management. This 
review systematically examines the impacts of surgical procedures (including 
bariatric surgeries like gastric sleeve), pharmacological treatments (such as GLP-
1 receptor agonists, orlistat, and phentermine/topiramate), and lifestyle-based 
weight management on OSA outcomes. It analyzes the comparative effectiveness, 
underlying mechanisms, indications, and limitations of each approach, integrating 
insights from the latest clinical studies. Additionally, this review discusses the 
challenges and unresolved issues in the field, such as patient selection, long-term 
adherence, and the interplay between weight loss and OSA pathophysiology. The 
purpose of this article is to provide a comprehensive synthesis of current evidence, 
highlight gaps in knowledge, and outline future directions for integrating weight 
management strategies into the holistic care of patients with OSA.
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1 Introduction

Obstructive sleep apnea (OSA) is a highly prevalent sleep disorder characterized by 
recurrent episodes of upper airway obstruction during sleep, leading to intermittent hypoxia, 
sleep fragmentation, and significant physiological stress. The global burden of OSA is 
substantial, with estimates suggesting that nearly one billion people are affected worldwide, 
although many cases remain undiagnosed (1, 2). Epidemiological studies consistently 
demonstrate a strong association between obesity and OSA, with the prevalence of OSA 
markedly increased in individuals with elevated body mass index (BMI) (3–5). The full 
etiology of OSA is multifactorial, involving anatomical, neuromuscular, and genetic factors, 
with specific risk factors including craniofacial anomalies; disputable associations, such as the 
coincidence of malocclusions (e.g., Class II or III) with OSA, may involve airway narrowing, 
though causality remains unclear and requires further polysomnography and interdisciplinary 
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research (6). Obesity contributes to OSA pathogenesis through several 
mechanisms, including increased fat deposition in the upper airway, 
reduced airway caliber, and altered neuromuscular control, all of 
which predispose to airway collapse during sleep (7, 8). The 
bidirectional relationship between obesity and OSA is further 
evidenced by the fact that OSA can exacerbate metabolic dysfunction, 
promote weight gain through disrupted sleep and hormonal changes, 
and increase the risk of developing obesity-related comorbidities (9, 
10). Importantly, OSA is not limited to adults; it is also prevalent 
among children and adolescents with obesity, where it can contribute 
to a range of adverse health outcomes (11–13). The high prevalence of 
OSA in special populations, such as pregnant women with class III 
obesity and patients with metabolic syndrome, underscores the need 
for heightened clinical vigilance and targeted screening strategies 
(14–16). Epidemiologically, OSA prevalence is approximately 2–3 
times higher in men than women, rises with age (peaking in midlife), 
and is linked to congenital diseases like Treacher Collins Syndrome 
(~1:50,000 live births), where craniofacial malformations such as 
mandibular hypoplasia contribute to OSA in up to 95% of cases, with 
progressive severity over time (17).

The clinical implications of OSA extend far beyond impaired sleep 
quality. Untreated OSA is associated with a spectrum of adverse health 
outcomes, including increased risk of cardiovascular diseases (such as 
hypertension, arrhythmias, coronary artery disease, heart failure, and 
stroke), metabolic syndrome, type 2 diabetes, chronic kidney disease, 
and neurocognitive impairments (1, 18–20). The pathophysiological 
mechanisms underlying these associations are complex and 
multifactorial, involving intermittent hypoxemia, oxidative stress, 
systemic inflammation, sympathetic nervous system activation, and 
endothelial dysfunction (21–24). OSA is also linked to increased 
morbidity and mortality, reduced quality of life, impaired workplace 
productivity, and elevated risk of accidents (18, 25, 26). The burden of 
OSA-related comorbidities is particularly pronounced in individuals 
with obesity, where the coexistence of metabolic, cardiovascular, and 
sleep disorders creates a vicious cycle that amplifies health risks and 
complicates management (27, 28). Beyond the listed outcomes, OSA 
influences daily life by elevating cardiovascular risks, including 
arrhythmias and sudden cardiac events, particularly in obese 
individuals where obesity-related factors like intermittent hypoxia and 
disrupted circadian rhythms (e.g., reduced NPAS2 protein levels) 
intensify metabolic disturbances and cardiovascular burden (29). 
Early recognition, accurate diagnosis—often via polysomnography—
and comprehensive management are essential to mitigate these risks 
and improve patient outcomes (11, 30).

Weight loss is universally recognized as a cornerstone non-surgical 
intervention for the management of OSA, particularly in patients with 
overweight or obesity (31, 32). Even modest reductions in body weight 
can lead to significant improvements in OSA severity, as measured by 
reductions in the apnea-hypopnea index (AHI), and can ameliorate 
associated cardiometabolic risk factors (33, 34). However, the 
effectiveness of different weight loss modalities—including lifestyle 
interventions, pharmacotherapy, and bariatric surgery—varies 
considerably, and the durability of weight loss and OSA remission 
remains a clinical challenge (35–37). Lifestyle modifications involving 
dietary changes, increased physical activity, and behavioral therapy are 
first-line strategies but often yield limited long-term success in 
achieving and maintaining clinically meaningful weight loss (13, 38). 
Pharmacological therapies, particularly newer incretin-based agents, 

have shown promise in facilitating sustained weight loss and 
improving OSA, though issues of cost and long-term safety persist (26, 
39, 40). Per the American Academy of Sleep Medicine (AASM) 2017 
clinical practice guideline on diagnostic testing for adult OSA, 
diagnosis typically involves polysomnography or home sleep apnea 
testing, with treatment guidelines emphasizing non-invasive therapies 
like continuous positive airway pressure (CPAP) as first-line and 
surgical interventions as a last resort after failures of conservative 
approaches (41). Bariatric surgery remains the most effective 
intervention for substantial and sustained weight loss, with robust 
evidence supporting its role in improving or resolving OSA and 
related comorbidities, especially in patients with severe obesity (35, 
42, 43). Nevertheless, the selection of optimal weight loss strategies 
must be individualized, taking into account patient characteristics, 
comorbidity profiles, and the potential risks and benefits of each 
intervention (31, 44).

With ongoing advancements in surgical techniques, 
pharmacological agents, and comprehensive weight management 
approaches, there is growing clinical interest in the comparative 
efficacy, indications, and safety profiles of these interventions for OSA 
(35, 39, 45). Recent randomized controlled trials and meta-analyses 
have provided valuable insights into the proportional relationship 
between the degree of weight loss and improvement in OSA severity, 
as well as the impact of multidisciplinary interventions on 
cardiometabolic health and quality of life (34, 45, 46). However, 
challenges remain in identifying patients most likely to benefit from 
specific interventions, optimizing long-term adherence, and 
addressing barriers to sustained weight loss and OSA remission (36, 
37). Furthermore, the heterogeneity of OSA phenotypes, the presence 
of non-anatomical contributors to airway obstruction, and the 
influence of sex, age, and comorbid conditions necessitate a 
personalized, evidence-based approach to therapy (8, 16, 44). This 
review aims to systematically synthesize current evidence on the 
effects and mechanisms of different weight loss strategies—including 
surgical, pharmacological, and lifestyle interventions—on OSA, 
providing clinicians with a comprehensive framework to guide 
individualized management and improve outcomes for patients with 
this multifaceted disorder.

2 Main text

2.1 The efficacy and mechanisms of 
bariatric surgery on OSA

2.1.1 Common types of bariatric surgery and 
indications

Bariatric surgery encompasses a variety of surgical procedures 
designed to induce significant and sustained weight loss, particularly 
in individuals with severe obesity and related metabolic complications 
such as OSA. The two most commonly performed bariatric procedures 
worldwide are sleeve gastrectomy (SG) and Roux-en-Y gastric bypass 
(RYGB), both of which have demonstrated robust efficacy in reducing 
body weight and ameliorating comorbid conditions (47, 48). SG 
involves the resection of a large portion of the stomach, resulting in a 
tubular gastric remnant that restricts food intake and alters gut 
hormone secretion. RYGB, on the other hand, creates a small gastric 
pouch and reroutes the small intestine, combining restrictive and 
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malabsorptive mechanisms to promote weight loss and metabolic 
improvements (48, 49). Indications for bariatric surgery have evolved 
over time; current international guidelines generally recommend 
these procedures for individuals with a BMI ≥ 40 kg/m2 or those with 
BMI ≥ 35 kg/m2 who have significant obesity-related comorbidities, 
such as type 2 diabetes, hypertension, or OSA (47, 50). Recent 
consensus statements and updates from surgical societies now also 
consider patients with BMI 30–34.9 kg/m2 eligible if they have poorly 
controlled metabolic diseases, reflecting the growing recognition of 
the metabolic benefits of surgery beyond weight loss alone (50, 51). 
The choice of surgical procedure is influenced by patient-specific 
factors, including the presence and severity of comorbidities, 
anatomical considerations, and patient preference. Both SG and RYGB 
are typically performed laparoscopically, which minimizes operative 
risk and recovery time (48, 52). Importantly, for patients with 
BMI ≥ 35 kg/m2 and OSA, bariatric surgery is strongly indicated due 
to its superior efficacy in reducing body weight and improving OSA 
symptoms compared to non-surgical interventions (47, 49). In 
summary, SG and RYGB are the principal bariatric procedures, with 
clear indications and procedural guidelines, particularly for patients 
with severe obesity and associated metabolic diseases such as OSA.

2.1.2 Surgical weight loss and improvement in 
OSA severity

Multiple studies have demonstrated that bariatric surgery leads 
to significant reductions in the apnea-hypopnea index (AHI), a key 
metric for assessing the severity of OSA, and in some cases, complete 
resolution of OSA is achieved. A comprehensive systematic review 
and meta-analysis encompassing 2,310 patients found that bariatric 
surgery resulted in a weighted mean difference reduction in AHI of 
−19.3 events/h, and the rate of OSA remission post-surgery was 65% 
(53). This improvement is not only statistically significant but also 
clinically meaningful, as lower AHI values are associated with 
reduced morbidity and improved quality of life. Further supporting 
these findings, a large narrative review based on the Scandinavian 
Obesity Surgery Registry reported significant long-term 
improvements in sleep apnea following gastric bypass, with a 
corresponding decrease in related comorbidities (54). The magnitude 
of weight loss achieved through bariatric procedures is positively 
correlated with the degree of OSA improvement, as demonstrated 
by a recent meta-analysis quantifying the relationship between 
weight reduction and AHI change: a 20% reduction in BMI was 
associated with a 57% decrease in AHI, though further reductions 
in BMI beyond this threshold produced diminishing returns in AHI 
improvement (55). Notably, both metabolically healthy and 
unhealthy obese patients benefit similarly from laparoscopic sleeve 
gastrectomy in terms of OSA remission, indicating that the 
metabolic profile does not substantially alter the beneficial effects of 
surgical weight loss on OSA (56). Individual cohort studies 
corroborate these findings, showing that after bariatric surgery, not 
only is there a significant drop in AHI, but also a reduction in the 
prevalence and severity of OSA, with some patients achieving 
complete remission (AHI < 5 events/h) (57). However, it is 
important to note that while a majority of patients experience 
significant improvement, complete resolution of OSA is achieved in 
less than half of cases, suggesting that factors beyond obesity—such 
as craniofacial anatomy and upper airway characteristics—also play 
a role in OSA persistence (58, 59). Overall, the evidence robustly 

supports bariatric surgery as an effective intervention for reducing 
OSA severity, with the extent of weight loss being a key determinant 
of the degree of improvement.

2.1.3 Mechanistic analysis of surgical weight loss
Bariatric surgery improves OSA primarily through mechanisms 

that address the anatomical and physiological contributors to airway 
obstruction in obese individuals. One of the key pathways is the 
reduction of pharyngeal fat deposition, which leads to enlargement of 
the upper airway and a decrease in its collapsibility during sleep. 
Imaging studies have demonstrated that weight loss after bariatric 
surgery is associated with significant reductions in tongue fat and 
lateral pharyngeal wall volumes, both of which are strongly correlated 
with improvements in AHI and overall OSA severity (60). Acoustic 
pharyngometry and polysomnographic assessments confirm that 
post-surgical patients exhibit increased pharyngeal cross-sectional 
area, especially at the oropharyngeal junction and glottal regions, 
which directly enhances airway patency and reduces obstructive 
events (61). Additionally, weight loss achieved through surgery results 
in decreased neck circumference and waist circumference, further 
alleviating the mechanical load on respiratory structures (62).

Beyond anatomical changes, bariatric surgery also induces 
favorable metabolic and inflammatory shifts that contribute to OSA 
improvement. Postoperative reductions in insulin resistance and 
systemic inflammation have been observed, as evidenced by 
associations between lower levels of high-sensitivity C-reactive 
protein, triglycerides, and HbA1c and reduced OSA risk scores, 
although direct causal reductions in these markers with OSA symptom 
improvement require further study (63). These metabolic 
enhancements may reduce the propensity for upper airway edema and 
neuromuscular dysfunction, thereby supporting airway stability 
during sleep. Furthermore, the improvement in pulmonary function 
parameters—such as forced vital capacity and oxygen saturation—
following surgical weight loss underscores the role of reduced 
respiratory load and enhanced ventilatory efficiency in OSA 
amelioration (64). Collectively, these findings highlight that bariatric 
surgery addresses both the structural and functional determinants of 
OSA, offering a multifaceted therapeutic benefit that extends beyond 
simple weight reduction. However, it is important to note that while a 
majority of patients experience significant OSA improvement or 
remission after surgery, complete resolution is not universal, 
suggesting that non-obesity-related anatomical and physiological 
factors may also play a role in persistent OSA (53).

2.1.4 Limitations and complications of bariatric 
surgery

Despite its proven efficacy in achieving significant and sustained 
weight loss and improving obesity-related comorbidities, bariatric 
surgery is associated with several important limitations and potential 
complications that must be carefully considered, particularly in 
specific patient populations. Surgical risks inherent to bariatric 
procedures include perioperative complications and mortality, with 
complication rates varying based on surgical technique, patient 
comorbidities, and surgical expertise (65). Nutritional deficiencies are 
a well-documented concern following bariatric surgery, especially 
with malabsorptive procedures like RYGB and biliopancreatic 
diversion. Patients are at increased risk for deficiencies in protein, 
iron, calcium, vitamin B12, folate, and other micronutrients, which 
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can manifest as anemia, osteoporosis, neuropathies, and other 
systemic complications (66–68).

Moreover, while bariatric surgery typically results in substantial 
weight loss, there is a recognized risk of weight regain or insufficient 
weight loss, leading to the need for revisional surgeries. Revisional 
procedures, performed due to complications or failure of the 
primary surgery, carry higher risks of morbidity and technical 
complexity (68). In addition, certain complications such as 
gastrointestinal ulcers, strictures, fistulas, gallstone disease, kidney 
stones, and rare but severe events like liver failure, splenic abscess, 
or rhabdomyolysis have been reported after bariatric surgery (69–
71). The risk of complications is further amplified in elderly patients 
or those with significant comorbidities such as advanced liver 
disease, cardiovascular disease, or poor functional status. Although 
recent evidence suggests that bariatric surgery can be performed 
safely in selected elderly patients, these individuals still experience 
higher rates of early postoperative complications, and careful 
patient selection and perioperative management are essential (72, 
73). Patients with advanced liver fibrosis or cirrhosis require 
thorough preoperative assessment, as the risk of hepatic 
decompensation, longer hospital stays, and increased perioperative 
morbidity is higher, though studies show that with proper selection, 
bariatric surgery can be performed with acceptable safety profiles 
(74–76).

Finally, psychosocial and behavioral considerations are critical, as 
postoperative mental health issues—including depression, substance 
use disorders, and even increased risk of suicide—have been 
documented, underscoring the need for long-term multidisciplinary 
follow-up (77, 78). In summary, while bariatric surgery is a powerful 
tool against severe obesity and related conditions, its limitations—
including surgical risks, nutritional complications, risk of recurrence, 
and special considerations in high-risk populations—necessitate 
individualized risk–benefit assessment, patient education, and 
comprehensive long-term care.

2.2 The effects of conventional weight 
management programs on OSA

2.2.1 Effects of dietary control and exercise 
interventions

Dietary control and exercise interventions remain foundational 
strategies in weight management for patients with OSA, with 
compelling evidence supporting their role in reducing OSA severity 
and improving metabolic health. Energy-restricted diets, such as 
low-calorie or low-carbohydrate regimens, have demonstrated efficacy 
in promoting weight loss and, consequently, alleviating OSA 
symptoms. For example, a randomized clinical trial evaluating the 
Mediterranean diet combined with lifestyle intervention found that, 
when added to standard care (continuous positive airway pressure, 
CPAP, and brief healthy lifestyle advice), the intervention led to a 
significantly greater reduction in AHI compared to standard care 
alone, independent of weight loss, suggesting benefits beyond mere 
caloric restriction (79). Similarly, alternate day fasting combined with 
a low-carbohydrate diet resulted in sustained weight and fat mass 
reduction, although it did not significantly impact sleep quality, 
insomnia severity, or OSA risk in adults with obesity, highlighting that 
not all dietary approaches uniformly affect OSA outcomes (80).

Exercise, encompassing both aerobic and resistance training, 
further augments the benefits of dietary interventions. Structured 
lifestyle modification programs that integrate individualized plans for 
diet and physical activity have been shown to significantly improve 
cardiorespiratory capacity and reduce body weight and BMI, with 
corresponding improvements in health-related quality of life among 
participants with class II and III obesity (81). In obese adolescents, 
multidisciplinary interventions combining diet and exercise led to 
improvements in cardiometabolic risk factors and, notably, 
normalization of sleep-disordered breathing in a significant 
proportion of participants (82). Additionally, studies indicate that 
adding regular exercise—such as daily free walking—to a low-calorie 
diet yields greater improvements in daytime sleepiness, 
anthropometric measures, and OSA severity than dietary intervention 
alone (83).

Aerobic exercise and resistance training may also directly enhance 
upper airway muscle function, potentially reducing airway 
collapsibility during sleep and thereby improving OSA independent 
of weight loss. Moreover, lifestyle interventions that encompass 
healthy diet and regular physical activity are associated with a lower 
risk of insomnia, excessive daytime sleepiness, and OSA in large 
population studies (84). However, the magnitude of benefit can vary, 
and long-term adherence remains a challenge. Qualitative research 
underscores the importance of personalized, psychologically 
informed, and technologically integrated programs to support 
sustainable weight loss and lifestyle change in the sleep medicine 
population (85). In summary, energy-restricted diets and structured 
exercise regimens are effective for weight reduction and can 
significantly improve OSA severity and upper airway function, 
especially when delivered as part of comprehensive, individualized 
lifestyle interventions.

2.2.2 Behavioral interventions and 
multidisciplinary weight management

Behavioral interventions, particularly cognitive-behavioral 
therapy (CBT), combined with robust family and social support, play 
a pivotal role in achieving and maintaining long-term weight control 
and alleviating OSA. The efficacy of behavioral and lifestyle 
interventions as first-line strategies for obesity management is well 
established (86, 87). Cognitive-behavioral-psychological interventions, 
when integrated with family-based weight management, have shown 
superior outcomes compared to conventional management alone. In 
a clinical study of obese OSA patients, those receiving 
uvulopalatopharyngoplasty (UPPP) in conjunction with cognitive-
behavioral and family weight management exhibited greater 
reductions in BMI, neck and waist circumference, and more 
substantial improvements in AHI and oxygen saturation parameters 
than those receiving standard care, underscoring the synergistic effect 
of behavioral strategies and family engagement (88).

Multidisciplinary approaches, which often include nutrition 
therapy, physical activity, behavioral counseling, and medical 
interventions, are increasingly recognized as essential for effective and 
sustainable weight reduction (89, 90). These comprehensive programs 
not only address dietary and activity modifications but also leverage 
the motivational and practical support provided by family and social 
networks. For example, family-based interventions have been shown 
to enhance adherence to nutritional and physical activity 
recommendations in individuals with obesity and comorbid 
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conditions such as type 2 diabetes, further supporting the importance 
of social support in facilitating behavior change and health 
improvement (91). Moreover, healthy lifestyle behaviors—including 
high-quality diets, regular physical activity, and weight maintenance—
are independently associated with reduced OSA risk, with evidence 
indicating that BMI mediates much of this protective effect (92). 
Importantly, even after accounting for BMI, the direct benefits of 
healthy lifestyle adherence on OSA remain significant, highlighting 
the multifaceted impact of behavioral interventions.

In summary, behavioral interventions, especially when embedded 
within a multidisciplinary framework and supported by family and 
social networks, are important to the long-term control of body 
weight and the mitigation of OSA severity. These approaches foster 
sustainable health behaviors, improve treatment adherence, and 
enhance clinical outcomes, reinforcing the need for comprehensive, 
patient-centered strategies in the management of obesity-related OSA.

2.2.3 Evidence for the efficacy of weight 
management in OSA

Clinical trials and systematic reviews consistently affirm that 
weight management interventions can significantly improve OSA 
outcomes, particularly by reducing the AHI, alleviating daytime 
sleepiness, and enhancing quality of life. Multidisciplinary weight loss 
programs, combining dietary modifications, physical activity, and 
behavioral therapy, have demonstrated notable reductions in OSA 
severity and normalization of OSA in a substantial proportion of 
youth and adults with obesity (38). In adults, structured diet 
management plans, especially when delivered as educational 
programs, have been shown to decrease AHI and improve nocturnal 
oxygenation and subjective sleep quality, even when used alongside 
CPAP therapy (93). The MIMOSA randomized clinical trial further 
highlighted that a Mediterranean diet and lifestyle intervention on top 
of standard care led to greater improvements in AHI and OSA 
symptoms than standard care alone, regardless of CPAP use or the 
degree of weight loss achieved, suggesting additional benefits from 
lifestyle modification beyond weight reduction per se (79). In pediatric 
populations, multidisciplinary interventions led to significant 
improvements in OSA severity and sleep duration (38), though 
recurrence rates remain high in obese children after 
adenotonsillectomy, emphasizing the need for sustained weight 
management and multidisciplinary approaches (94). Evidence from 
adult studies also shows a proportional relationship between the 
percentage of weight loss and reduction in AHI, with meta-regression 
analyses indicating that every 1% loss in body weight can yield a 
measurable improvement in OSA severity (45). However, the 
effectiveness of weight management is closely tied to patient 
adherence; long-term maintenance of weight loss is challenging, and 
lapses in adherence can attenuate the therapeutic benefits (37). In 
summary, while conventional weight management is a foundational 
and evidence-based approach for reducing OSA severity and 
improving related symptoms, its overall efficacy in practice is often 
moderated by patient adherence and the ability to maintain long-term 
lifestyle changes.

2.2.4 Limitations and challenges
Despite the well-established benefits of weight loss in improving 

OSA, several significant limitations and challenges persist across 
surgical, pharmacological, and lifestyle-based interventions. One of 

the most pressing issues is the high rate of weight regain following 
initial weight loss, which undermines the long-term efficacy of these 
treatments. Studies have shown that while bariatric surgery and 
intensive lifestyle interventions can result in substantial weight loss 
and OSA improvement, a considerable proportion of patients 
experience weight recidivism over time, leading to the partial or full 
return of OSA symptoms (33, 95). Long-term adherence to lifestyle 
modifications, such as dietary changes and regular physical activity, is 
notoriously poor, with most patients struggling to maintain clinically 
significant weight loss without continued, structured support (13, 36). 
Pharmacological treatments, including GLP-1 receptor agonists and 
other anti-obesity medications, offer promise for sustained weight loss 
and OSA improvement, but real-world data indicate that their 
effectiveness is often limited by side effects, high cost, and suboptimal 
long-term adherence (39, 96). Furthermore, these medications may 
not be accessible to all patients due to financial or healthcare system 
barriers, and their discontinuation frequently leads to weight regain 
and OSA recurrence.

Another challenge is the limited efficacy of weight loss 
interventions in individuals with severe or morbid obesity. Evidence 
suggests that patients with higher baseline BMI or more severe OSA 
are less likely to achieve complete remission of OSA, even after 
substantial weight reduction, whether through surgery, medication, 
or lifestyle changes (42, 97). This limitation is particularly evident in 
adolescents and adults with extreme obesity, where the anatomical and 
physiological changes contributing to OSA may not be fully reversed 
by weight loss alone (42, 98). Additionally, certain patient subgroups, 
such as those with underlying genetic syndromes or complex 
comorbidities, may derive less benefit from standard weight loss 
approaches and require more individualized or multidisciplinary care 
(99, 100). Collectively, these challenges highlight the need for ongoing 
research into strategies that enhance long-term adherence, address 
weight regain, and improve outcomes for patients with severe obesity, 
as well as the importance of integrating weight management with 
other therapeutic modalities for optimal OSA control.

2.3 The impact of pharmacological weight 
loss therapy on OSA

2.3.1 Glucagon-like peptide-1 receptor agonists 
(GLP-1 RAs, e.g., liraglutide, semaglutide)

Clinical research increasingly supports the efficacy of GLP-1 RAs, 
such as liraglutide and semaglutide, in achieving significant weight 
reduction and improving OSA symptoms in certain patient 
populations. Multiple meta-analyses and systematic reviews have 
demonstrated that GLP-1 RAs can lead to substantial decreases in 
body weight and BMI, which are closely linked to reductions in OSA 
severity, as measured by the AHI (101–103). For example, pooled data 
from randomized controlled trials indicate that GLP-1 RAs can reduce 
AHI by approximately 5–16 events per hour, with greater 
improvements observed in individuals with higher baseline obesity 
(101, 102). The weight loss achieved with these agents is clinically 
meaningful, with semaglutide and liraglutide consistently 
outperforming placebo and, in some studies, other anti-obesity 
medications (104, 105). The mechanisms underlying these benefits are 
multifactorial: GLP-1 RAs suppress appetite via central nervous 
system pathways, leading to reduced caloric intake, and also promote 
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satiety and delay gastric emptying (106, 107). Additionally, emerging 
evidence suggests that these agents may exert anti-inflammatory 
effects and improve metabolic parameters such as glycemic control, 
blood pressure, and lipid profiles, all of which can further contribute 
to ameliorating OSA pathophysiology (108–110). Some studies also 
highlight the potential for GLP-1 RAs to reduce upper airway fat 
deposition and systemic inflammation, thereby directly targeting key 
contributors to OSA beyond weight loss alone (108, 111). However, 
while the overall safety profile of GLP-1 RAs is favorable, with 
gastrointestinal side effects being the most common, rare but serious 
adverse events such as delayed gastric emptying and psychiatric effects 
have been reported, necessitating careful patient selection and 
monitoring (112, 113). Dosage and formulation have been investigated 
and show differences; injectable GLP-1 agonists (e.g., semaglutide) 
typically yield superior weight loss efficacy compared to oral forms in 
obesity studies, attributed to better bioavailability and adherence, 
though OSA-specific comparisons are scarce (114, 115). This 
distinction is important, as it could amplify AHI reductions through 
enhanced weight loss, highlighting the need for targeted OSA research 
on long-term effects. In summary, GLP-1 RAs represent a promising 
pharmacological approach for obese patients with OSA, offering both 
direct and indirect mechanisms for symptom improvement, though 
further large-scale, long-term studies are warranted to optimize their 
use and clarify their role in OSA management (101, 102, 108).

2.3.2 Orlistat and other traditional anti-obesity 
medications

Orlistat, a gastrointestinal lipase inhibitor, exerts its weight-
reducing effects primarily by blocking the absorption of dietary fats, 
thereby promoting caloric deficit and subsequent weight loss. Its 
mechanism is distinct from centrally acting appetite suppressants, as 
it acts peripherally within the gastrointestinal tract. Clinical guidelines 
recommend pharmacotherapy, including orlistat, as an adjunct to 
lifestyle modifications for patients with obesity (BMI ≥ 30 kg/m2 or 
≥27 kg/m2 with comorbidities such as OSA) when 
non-pharmacological interventions are insufficient (116). Evidence 
suggests that orlistat can modestly reduce body weight, with studies 
reporting average weight loss of around 3–4% of baseline weight over 
12–15 months (96). However, compared to newer agents such as 
phentermine/topiramate and liraglutide, orlistat’s weight loss efficacy 
is less pronounced, and its impact on OSA may be correspondingly 
limited. In a real-world cohort, orlistat achieved a mean weight loss of 
3.9% at 15 months, but patients with comorbid OSA were less likely 
to achieve clinically significant weight reduction, suggesting that the 
improvement in OSA severity may be suboptimal when using orlistat 
alone (96).

The therapeutic benefit of orlistat in OSA is likely mediated 
through weight loss, as reductions in adiposity can alleviate upper 
airway collapsibility and improve respiratory mechanics (116). 
Nevertheless, the magnitude of improvement in OSA parameters such 
as the AHI is generally proportional to the degree of weight loss, and 
orlistat’s modest efficacy may limit its standalone utility for OSA 
management. Additionally, orlistat is associated with gastrointestinal 
side effects, including steatorrhea, flatulence, and fecal urgency, which 
can lead to poor adherence and discontinuation. Another important 
consideration is the potential for fat-soluble vitamin deficiencies (A, 
D, E, K), necessitating regular monitoring and supplementation as 
appropriate (116). While orlistat remains a viable option for some 

patients, the emergence of more effective pharmacotherapies and the 
need for individualized treatment plans underscore the importance of 
weighing efficacy, tolerability, and patient preferences when selecting 
anti-obesity medications for the management of OSA and related 
comorbidities (117).

2.3.3 Novel pharmacotherapies (e.g., 
phentermine/topiramate, zonisamide)

The combination of phentermine and topiramate has emerged as 
a promising pharmacological intervention for weight reduction in 
individuals with obesity and comorbid OSA. Phentermine/topiramate 
extended-release (ER) is a fixed-dose combination designed to 
decrease appetite and increase satiety, offering a dual mechanism for 
effective weight management. Clinical data indicate that this 
combination can yield clinically significant weight loss, with studies 
reporting a mean weight reduction of approximately 6.3% over 
15 months in real-world settings, which is comparable to other leading 
anti-obesity medications such as liraglutide (96). Notably, the 
combination therapy has demonstrated efficacy in diverse populations, 
including both adults and adolescents, and has recently received 
approval for pediatric use in the United States for chronic weight 
management in those aged 12 years and older with severe obesity 
(118). Case reports further support the effectiveness of phentermine/
topiramate in individuals with syndromic obesity, such as Bardet-
Biedl syndrome, where substantial reductions in BMI and 
improvements in metabolic parameters have been observed (119). 
Importantly, weight loss achieved through pharmacotherapy, 
including phentermine/topiramate, has been shown to produce 
proportional improvements in OSA severity, as measured by 
reductions in the AHI (45). This relationship underscores the 
therapeutic potential of anti-obesity medications in addressing both 
weight and OSA-related outcomes.

In addition to phentermine/topiramate, zonisamide—a carbonic 
anhydrase inhibitor with established weight loss effects—has garnered 
attention for its potential dual role in OSA management. Beyond 
facilitating weight reduction, zonisamide’s mechanism of carbonic 
anhydrase inhibition may directly ameliorate OSA by modulating 
ventilatory control and reducing upper airway collapsibility. Although 
direct clinical trials of zonisamide in OSA populations are limited, its 
pharmacological profile and observed benefits in weight reduction 
suggest potential utility in this context (116). The evolving landscape 
of anti-obesity pharmacotherapy, exemplified by agents like 
phentermine/topiramate and zonisamide, reflects a paradigm shift 
toward integrated management of obesity and its comorbidities, 
including OSA. Ongoing clinical development and further research 
are warranted to delineate the long-term efficacy, safety, and direct 
effects of these novel agents on OSA outcomes (120).

2.3.4 Limitations and safety of pharmacological 
therapy

Pharmacological interventions for weight loss in the context of 
OSA have gained increasing attention, particularly with the emergence 
of incretin-based therapies such as GLP-1 RAs and dual agonists like 
tirzepatide. While these agents offer promising dual benefits—
promoting significant weight loss and improving OSA severity—they 
are not without limitations and safety concerns. The most commonly 
reported adverse effects of GLP-1 RAs and tirzepatide are 
gastrointestinal in nature, including nausea, vomiting, and diarrhea, 
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which are generally mild and transient but can impact adherence and 
quality of life (121). Long-term safety data are still evolving, but 
current evidence suggests that these medications are generally well 
tolerated, with serious adverse events being rare (122). However, 
uncertainties remain regarding their effects over several years, 
particularly in populations with multiple comorbidities or those 
taking concomitant medications for chronic diseases such as 
cardiovascular disease or diabetes.

Patient selection is another critical limitation. Most studies have 
focused on individuals with obesity-related OSA, and the efficacy and 
safety profiles in non-obese patients or those with less severe OSA 
remain unclear (123, 124). Additionally, the interaction of anti-obesity 
pharmacotherapy with other chronic disease medications is a relevant 
concern, as many OSA patients have overlapping conditions requiring 
polypharmacy. Furthermore, contraindications exist for certain 
populations, such as those with a history of medullary thyroid 
carcinoma or pancreatitis, limiting the universal applicability of these 
drugs (121).

Finally, while pharmacological therapy provides a non-invasive 
alternative for those unable or unwilling to undergo bariatric surgery, 
its long-term sustainability and impact on cardiovascular outcomes in 
OSA patients are still under investigation (125, 126). The need for 
ongoing lifestyle modification alongside drug therapy remains 
paramount, as weight regain after discontinuation is a recognized 
challenge. In summary, while pharmacological therapy for weight loss 
in OSA represents a significant advancement, its use must be carefully 
individualized, considering potential side effects, long-term safety, 
patient comorbidities, and drug interactions, and should ideally be 
integrated within a multidisciplinary management framework.

2.4 Multiple mechanisms of weight loss on 
OSA

2.4.1 Improvement of upper airway anatomy
Weight reduction plays a pivotal role in improving the anatomical 

structure of the upper airway, which is central to the pathophysiology 
of OSA. Obesity is recognized as the primary risk factor for OSA, 
primarily due to the accumulation of adipose tissue in the pharyngeal 
region, including the tongue and lateral pharyngeal walls. This fat 
deposition narrows the upper airway, increases collapsibility, and 
elevates the risk of obstruction during sleep. Recent studies employing 
magnetic resonance imaging (MRI) have provided direct evidence 
that weight loss, achieved through intensive lifestyle interventions or 
bariatric surgery, leads to significant reductions in tongue fat and soft 
tissue volumes surrounding the upper airway. Notably, the decrease in 
tongue fat volume has been shown to be the principal mediator of 
improved AHI, underscoring its critical role in OSA severity 
modulation. The correlation between reductions in tongue fat and 
improvements in AHI remains robust even after adjusting for overall 
weight loss, highlighting the specific impact of upper airway fat 
reduction on airway patency (60). Furthermore, bariatric surgery, as 
a potent weight loss intervention in obese patients, has demonstrated 
a marked decrease in upper airway adiposity, neck circumference, and 
palatal webbing, all of which contribute to enhanced upper airway 
patency and reduced risk of airway collapse during sleep (127). 
Pharmacological agents such as GLP-1 RAs, which promote 
substantial and sustained weight loss, may also mitigate OSA by 

reducing fat deposition around the upper airway, thereby decreasing 
soft tissue encroachment and airway resistance (111). Collectively, 
these findings affirm that weight reduction, regardless of the 
modality—surgical, pharmacological, or behavioral—directly 
translates into anatomical improvements of the upper airway, 
diminishing the propensity for airway obstruction and ultimately 
alleviating OSA severity.

2.4.2 Improvement of metabolic and 
inflammatory status

Weight loss achieved through various interventions—including 
lifestyle modification, pharmacotherapy, and bariatric surgery—has 
demonstrated significant benefits in improving metabolic and 
inflammatory profiles, which in turn can mitigate the severity of 
OSA. Weight reduction is closely linked to enhanced insulin sensitivity 
and a marked decrease in systemic inflammation, both of which are 
key contributors to the pathophysiology of OSA. For example, a 
randomized clinical trial comparing lifestyle modification with CPAP 
therapy in obese patients with moderate to severe OSA found that 
lifestyle-induced weight loss led to greater reductions in high-
sensitivity C-reactive protein (hsCRP), a marker of systemic 
inflammation, and improved insulin sensitivity compared to CPAP 
alone. Importantly, these metabolic improvements were observed 
regardless of craniofacial phenotype, underscoring the primary role 
of weight reduction in ameliorating OSA-related metabolic 
disturbances (128). The pro-inflammatory state associated with 
obesity exacerbates OSA through mechanisms such as endothelial 
dysfunction and neurohormonal dysregulation, which are alleviated 
as adiposity decreases (129, 130). Furthermore, anti-obesity 
pharmacotherapies—including GLP-1 RAs—have shown promise not 
only in facilitating substantial and sustained weight loss but also in 
reducing systemic inflammation and improving comorbid metabolic 
conditions, such as insulin resistance and hypertension, which are 
prevalent in OSA populations (111, 120). Bariatric and metabolic 
surgeries also contribute to long-term improvements in glycemic 
control, remission of type 2 diabetes, and reduction in inflammatory 
markers, thereby lowering the risk of microvascular and macrovascular 
complications associated with OSA (131). Collectively, these findings 
highlight the central role of weight loss in improving metabolic and 
inflammatory status, which indirectly alleviates OSA severity and 
enhances overall cardiometabolic health.

2.4.3 Neuromodulation and autonomic function 
changes

Weight reduction has been shown to play a crucial role in 
modulating autonomic nervous system activity, particularly by 
decreasing sympathetic nervous system overactivity, which is a known 
contributor to increased cardiovascular risk and nocturnal blood 
pressure variability in patients with sleep apnea. The interplay between 
body weight and autonomic function is multifaceted, involving 
alterations in inflammatory mediators and neuroregulatory pathways. 
While the referenced study primarily investigates the neuroprotective 
effects of apelin-13 in a rat model of spinal cord injury, its findings 
underscore the broader concept that interventions targeting neural 
inflammation and promoting neuroregeneration can significantly 
enhance autonomic and functional recovery. Specifically, apelin-13 
administration post-injury resulted in improved behavioral outcomes 
and reduced central nervous system inflammation, as evidenced by 
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decreased pro-inflammatory cytokines and increased anti-
inflammatory markers such as IL-10. These neuroprotective and anti-
inflammatory effects contributed to better preservation of neural 
tissue and functional restoration, which are essential for optimal 
autonomic regulation (132). Translating these findings to the context 
of weight loss and sleep apnea, it is plausible that similar mechanisms—
namely, the reduction of systemic and neural inflammation and the 
restoration of autonomic balance—underlie the observed 
cardiovascular benefits and stabilization of nocturnal blood pressure 
following weight reduction. Therefore, therapies that induce weight 
loss, whether through surgical, pharmacological, or lifestyle 
interventions, may confer their beneficial effects on sleep apnea not 
only by reducing upper airway collapsibility but also by improving 
autonomic regulation and mitigating cardiovascular risk through 
decreased sympathetic activity and enhanced neuroprotection.

2.5 Comparison and selection of different 
weight loss methods for the treatment of 
OSA

2.5.1 Efficacy comparison
Bariatric surgery stands out as the most effective intervention for 

achieving substantial weight loss and improving OSA, particularly in 
patients with severe obesity and severe OSA. Multiple studies and 
meta-analyses demonstrate that surgical procedures such as RYGB, 
SG, and single-anastomosis duodeno-ileostomy with sleeve 
gastrectomy (SADI-S) lead to significant reductions in BMI and AHI, 
as well as high rates of remission for OSA and other obesity-related 
comorbidities (64, 133, 134). For instance, RYGB and SG have shown 
sustained weight loss and durable improvement in OSA over 5 to 10 
years, with remission rates of OSA as high as 64.5% after RYGB and 
50.1% after SG at 5 years (134, 135). SADI-S, both as a primary and 
revisional surgery, achieves excess weight loss rates exceeding 70% and 
OSA remission rates above 60% in the mid- and long-term (133, 136). 
Surgery is particularly recommended for patients with BMI ≥ 40 kg/
m2 or ≥35 kg/m2 with serious comorbidities, where non-surgical 
approaches often fail to achieve adequate weight reduction or OSA 
control (64). In contrast, pharmacological therapies, especially the 
newer incretin-based agents such as GLP-1 RAs and dual GIP/GLP-1 
agonists, have shown promising results in moderate weight loss (up to 
20% of body weight) and corresponding reductions in AHI, offering 
a viable alternative for patients with mild to moderate obesity or those 
with contraindications to surgery (121, 122, 125). Anti-obesity 
medications like liraglutide and tirzepatide not only induce significant 
weight loss but also improve OSA severity and cardiometabolic risk 
factors, though the magnitude of AHI reduction is generally 
proportional to the degree of weight loss and may not match the 
results seen with surgery in severe cases (45, 120). Lifestyle 
interventions and structured weight management programs remain 
the cornerstone for patients with mild to moderate obesity and OSA, 
or as an adjunct to other therapies, but their efficacy is often limited 
by poor long-term adherence and modest weight loss, making them 
less suitable as sole therapy for severe cases (32, 79). Endoscopic 
procedures like endoscopic sleeve gastroplasty (ESG) may offer 
intermediate efficacy and are considered for select patients who are 
not candidates for surgery (137, 138). In summary, bariatric surgery 
delivers the most pronounced and sustained improvements in both 

weight and OSA severity, especially in patients with severe obesity and 
OSA, while pharmacotherapy and lifestyle interventions are 
appropriate for those with mild to moderate disease or when surgery 
is contraindicated, underscoring the need for individualized treatment 
selection (45, 64, 122).

2.5.2 Individualized treatment strategies
Developing individualized treatment strategies for weight 

reduction and OSA management hinges on a comprehensive 
assessment of each patient’s obesity severity, comorbidities, adherence 
potential, and risk preferences. The heterogeneity in OSA 
pathophysiology and its close association with obesity necessitate a 
multifaceted and tailored approach. For instance, the severity of 
obesity and the presence of comorbidities such as cardiovascular 
disease, diabetes, or hypertension significantly influence both the 
urgency and the selection of therapeutic modalities. The Obesity 
Medicine Association highlights the importance of early and sustained 
intervention, recommending a combination of nutrition therapy, 
physical activity, behavioral counseling, pharmacotherapy, and 
bariatric procedures, with the choice and frequency of interventions 
personalized to maximize outcomes and preserve lean body mass (89). 
Similarly, the European Association for the Study of Obesity (EASO) 
framework emphasizes the need for evidence-based, individualized 
pharmacological interventions, taking into account patient-specific 
factors such as BMI, comorbidities, and treatment response to 
optimize both efficacy and safety (117).

In OSA management, CPAP remains the cornerstone for 
moderate to severe cases, but adherence is often suboptimal, 
prompting the need for alternative or adjunct therapies. Patient 
characteristics—including anatomical sites of airway obstruction, 
identified through modalities such as drug-induced sleep endoscopy 
(DISE), and physiological traits—should guide the selection of 
therapies such as oral appliances, upper airway surgeries, or emerging 
pharmacological agents like GLP-1 RAs and dual incretin therapies, 
which not only promote weight loss but also improve OSA severity 
(123, 139). Behavioral interventions, including structured weight 
management programs and self-monitoring, are crucial for long-term 
success and must be tailored to individual lifestyle, motivation, and 
support systems. Furthermore, patient preferences and risk 
tolerance—whether for surgical intervention, medication side effects, 
or intensive lifestyle modification—must be integrated into shared 
decision-making to enhance adherence and satisfaction (140, 141).

Ultimately, the paradigm of personalized medicine in obesity and 
OSA care is evolving to incorporate not only clinical and physiological 
parameters but also patient-reported outcomes, quality of life, and 
psychosocial factors. The integration of multidisciplinary teams—
including sleep specialists, bariatric surgeons, nutritionists, and 
behavioral therapists—ensures that individualized treatment plans are 
comprehensive, dynamic, and responsive to the changing needs of 
patients across the spectrum of obesity and OSA severity (139, 142). 
This approach maximizes the likelihood of sustained weight reduction, 
improved OSA control, and long-term health benefits.

2.5.3 Combined treatment models
The combined application of multiple weight loss strategies—such 

as pharmacotherapy with behavioral interventions, or surgery 
alongside lifestyle management—has emerged as a highly effective 
approach in the management of obesity and its related comorbidities, 
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including OSA. Integrative medicine, which coordinates conventional 
therapies like CPAP and oral appliances with weight loss and lifestyle 
programs, has demonstrated improved symptomatic outcomes and a 
reduction in the AHI in OSA patients (143, 144). Recent advances in 
pharmacological therapies, particularly with incretin-based agents 
such as GLP-1 RAs, have shown significant potential not only for 
weight reduction but also for improving metabolic and respiratory 
parameters in OSA (108, 145, 146). These agents, when used in 
combination with lifestyle interventions or as adjuncts to surgical 
procedures, can address the multifactorial nature of obesity and OSA, 
potentially leading to greater and more sustainable reductions in 
disease severity. Evidence also suggests that bariatric and metabolic 
endoscopic therapies, when paired with lifestyle changes, offer a safer 
and effective alternative to traditional surgery, achieving clinically 
meaningful weight loss and improvement in OSA symptoms (147). 
Moreover, emerging combination therapies—such as dual or triple 
hormonal receptor agonists—are being developed to maximize weight 
loss and optimize tolerability, further enhancing the prospects of long-
term disease control (120). Importantly, multidisciplinary and 
personalized strategies, which integrate behavioral, pharmacological, 
and surgical modalities, have been shown to lower relapse rates and 
improve adherence, particularly in complex cases where single-
modality interventions are insufficient (148). As the landscape of 
obesity and OSA management evolves, a comprehensive, 
individualized approach that leverages the synergistic effects of 
combined therapies is increasingly recognized as the optimal pathway 
to achieving sustained weight reduction and mitigating OSA-related 
health risks. It is vital to emphasize again the importance of developing 
novel patient treatment protocols and methods, such as integrating 
digital health tools and personalized behavioral strategies, to enhance 
adherence and efficacy in OSA management.

2.6 Challenges and future directions in 
long-term management of OSA with 
weight loss

2.6.1 Long-term adherence and weight 
maintenance

Achieving and sustaining long-term weight loss is a central 
challenge in the management of OSA, particularly given the high risk 
of weight regain and the critical importance of ongoing adherence to 
therapeutic strategies. Multiple factors influence long-term adherence, 
including biological, psychological, behavioral, and environmental 
components. Behavioral weight loss programs, while effective in the 
short term, often see diminished adherence over time, leading to 
weight regain; this is supported by evidence that dietary adherence, 
rather than specific macronutrient composition, is the primary 
predictor of long-term weight loss success (149). Psychological factors 
such as impulsivity, emotional eating, and depression have also been 
identified as significant predictors of weight maintenance after 
interventions like bariatric surgery, highlighting the need for 
comprehensive pre- and post-surgical psychological evaluation and 
ongoing support (150, 151). Cognitive training to strengthen executive 
functions—such as self-regulation and self-efficacy—may further 
enhance adherence and weight maintenance, although more research 
is needed to establish its efficacy (152). Additionally, regular self-
monitoring behaviors, such as dietary tracking and frequent 

self-weighing, are consistently associated with better weight 
maintenance, with evidence suggesting that self-monitoring at least 3 
days per week, and ideally 5 to 6 days, yields the greatest benefit (153). 
The integration of technology, including telemedicine and eHealth 
interventions, provides innovative platforms for delivering ongoing 
support, personalized feedback, and behavioral reinforcement, which 
can mitigate barriers related to time, access, and motivation and have 
been shown to improve long-term adherence and weight loss 
maintenance (154, 155). Pharmacotherapy, when used in conjunction 
with behavioral interventions, is recommended for sustained weight 
loss and maintenance, and long-term use of approved anti-obesity 
medications has been shown to facilitate clinically meaningful weight 
loss and improve OSA-related health outcomes, though adherence to 
pharmacotherapy itself must also be monitored (39, 156, 157). 
Bariatric surgery remains the most effective intervention for severe 
obesity, but sustained success depends on adherence to dietary and 
lifestyle changes postoperatively, with comprehensive follow-up 
programs and tailored interventions playing a pivotal role in 
preventing weight regain (151, 158). Ultimately, a multifaceted, 
personalized approach—incorporating behavioral, psychological, 
technological, and pharmacological strategies, along with ongoing 
professional support—is essential to enhance long-term adherence 
and prevent weight rebound in OSA management.

2.6.2 Prospects for novel pharmacological agents 
and surgical techniques

The landscape of OSA management is rapidly evolving with the 
advent of novel pharmacological agents and minimally invasive 
surgical techniques, offering new hope for patients who are unable to 
achieve adequate control with traditional therapies. Among the most 
promising developments is the emergence of new-generation GLP-1 
RAs and dual agonists such as tirzepatide, which have demonstrated 
significant efficacy in promoting weight loss and improving OSA 
severity. The recent FDA approval of tirzepatide for the management 
of obesity in adults with OSA underscores its dual benefit in targeting 
both metabolic dysfunction and sleep-disordered breathing, marking 
a significant milestone in personalized OSA therapy (123, 124). These 
incretin-based therapies not only facilitate substantial weight 
reduction but also appear to directly ameliorate OSA symptoms, likely 
by mitigating the underlying metabolic and inflammatory drivers of 
upper airway collapsibility. Furthermore, emerging evidence suggests 
that combination pharmacotherapy and agents targeting lipid 
metabolism, such as cholesteryl ester transfer protein (CETP) 
inhibitors, may also play a role in reducing OSA risk, highlighting the 
potential for multi-modal drug strategies in the future (159). On the 
surgical front, the refinement of minimally invasive procedures—such 
as ESG—provides a viable alternative for patients with severe obesity 
who are unsuitable for conventional bariatric surgery. ESG has been 
shown to achieve meaningful weight loss and facilitate discontinuation 
of CPAP therapy in select patients, with a favorable safety profile and 
rapid recovery (138). Additionally, advances in diagnostic modalities 
like DISE enable more precise identification of airway obstruction 
sites, facilitating tailored surgical interventions with potentially greater 
efficacy and fewer complications (139, 160). Collectively, these 
innovations herald a future in which OSA management is increasingly 
individualized, integrating pharmacological advances, combination 
therapies, and minimally invasive surgical options to optimize 
patient outcomes.
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2.6.3 Multidisciplinary collaboration and 
integrated management

The management of OSA, particularly in the context of obesity 
and weight reduction, increasingly relies on a multidisciplinary 
collaboration that spans sleep medicine, nutrition, endocrinology, 
surgery, dentistry, and other allied health disciplines. This integrated 
approach is essential due to the multifactorial etiology and complex 
comorbidity profiles commonly seen in OSA patients. Evidence from 
both clinical practice and research strongly supports the value of 
multidisciplinary teams (MDTs) in optimizing diagnosis, tailoring 
treatment plans, and improving outcomes for patients with OSA. For 
example, the involvement of sleep medicine specialists ensures 
accurate diagnosis and ongoing assessment, while nutritionists and 
endocrinologists address metabolic risk factors and guide sustainable 
weight management strategies. Surgeons provide expertise in bariatric 
or upper airway surgical interventions when indicated, and dentists 
or orthodontists contribute to screening, early detection, and 
management through oral appliance therapy or craniofacial 
interventions, highlighting the necessity for standardized protocols 
and shared pathways to care (161, 162). Clinical guidelines and 
consensus statements emphasize continuous, collaborative follow-up 
to monitor treatment efficacy, reduce recurrence risk, and address 
evolving patient needs (163, 164). In pediatric populations, 
multidisciplinary collaboration is especially critical, as early 
intervention involving pediatricians, ENT specialists, orthodontists, 
and sleep experts can prevent long-term complications and improve 
quality of life (165, 166). Furthermore, successful case reports and 
retrospective analyses demonstrate that MDTs can effectively 
coordinate preoperative optimization, perioperative management, and 
postoperative care, leading to safer surgical outcomes and better long-
term weight control in severely obese patients with OSA (167, 168). 
The inclusion of behavioral health professionals, physical therapists, 
and patient educators further supports adherence to therapy, lifestyle 
modification, and psychosocial well-being (169, 170). Overall, the 
literature consistently underscores that multidisciplinary collaboration 
is not only beneficial but indispensable for comprehensive, patient-
centered OSA management, ensuring that interventions are 
personalized, evidence-based, and responsive to the full spectrum of 
patient needs.

3 Conclusion

Obesity and OSA are closely interrelated, with excess body weight 
serving as a major modifiable risk factor for OSA onset and 
progression. Within this context, weight reduction has emerged as a 
fundamental pillar in OSA management, supported by robust 
evidence for its efficacy across the spectrum of disease severity. 
However, the landscape of weight loss interventions is diverse, with 
each approach offering distinct advantages, limitations, and 
implications for patient care. As experts in the field, it is crucial to 
critically assess and balance these modalities in pursuit of optimal, 
individualized patient outcomes.

Bariatric surgery remains the most effective intervention for 
substantial and sustained weight loss, particularly in patients with 
severe obesity and OSA. Numerous studies have demonstrated 
marked improvements in OSA severity post-surgery, often leading to 
significant reductions in AHI and, in some cases, disease remission. 

However, surgical interventions require careful patient selection, 
comprehensive perioperative assessment, and long-term follow-up to 
manage potential complications and address the risk of weight regain. 
The invasive nature of surgery, its cost, and the need for lifelong 
nutritional and medical monitoring necessitate prudent weighing of 
benefits versus risks, especially in populations with comorbidities or 
limited access to specialized care.

Pharmacological treatments, particularly the advent of novel 
agents such as GLP-1 RAs, have expanded therapeutic options for 
patients unable or unwilling to undergo surgery, as well as those 
with mild to moderate obesity. These medications have shown 
promising results in achieving clinically meaningful weight loss, 
with emerging evidence supporting their role in OSA 
improvement. Nonetheless, long-term efficacy, safety, and 
accessibility remain areas for ongoing investigation. The potential 
for adverse effects, variable patient responses, and the need for 
sustained therapy highlight the importance of integrating 
pharmacotherapy within a broader, multidisciplinary 
management framework.

Conventional lifestyle interventions, including dietary 
modification, increased physical activity, and behavioral therapy, are 
foundational strategies suitable for a wide range of OSA patients. 
While the magnitude of weight loss achieved through these measures 
is typically modest compared to surgical or pharmacological 
approaches, their non-invasive nature and applicability to diverse 
populations make them indispensable. However, their effectiveness is 
heavily contingent upon patient adherence and the availability of 
structured support systems. High dropout rates and weight regain are 
common challenges, underscoring the necessity for ongoing patient 
engagement, education, and personalized goal-setting.

Mechanistically, weight loss alleviates OSA not only by reducing 
pharyngeal fat deposition and improving upper airway patency, but 
also by ameliorating systemic metabolic dysfunction and modulating 
neurohumoral regulation. These multifaceted pathways highlight the 
interconnectedness of obesity, OSA, and related comorbidities, 
reinforcing the value of comprehensive weight management to 
improve both respiratory and overall health outcomes.

From an expert perspective, the optimal management of OSA in 
obese patients must be individualized, multidisciplinary, and 
longitudinal. Integrating the expertise of sleep medicine specialists, 
bariatric surgeons, endocrinologists, nutritionists, and behavioral 
therapists is essential for tailoring interventions to patient preferences, 
comorbidity profiles, and readiness for change. Individualized 
treatment plans should consider not only the efficacy and risks of each 
weight loss modality, but also patient adherence, psychosocial factors, 
and long-term sustainability.

While AASM guidelines position surgical interventions as a last 
resort for primary OSA treatment due to risks and inconsistent 
outcomes, bariatric surgery uniquely reduces OSA risk in obese 
patients by addressing underlying obesity, yielding significant AHI 
reductions (e.g., −20 events/h) and remission rates up to 70% through 
weight loss and metabolic remodeling (Section 2.1.2). This must be 
contextualized as an obesity-targeted approach rather than direct OSA 
surgery, reserved for severe cases (BMI ≥35 kg/m2 with comorbidities) 
where it surpasses non-surgical durability, balanced against 
perioperative complications (Section 2.1.4). Integrating it into 
personalized, multidisciplinary frameworks reconciles this with 
guidelines (41).
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Looking forward, research should focus on refining the integration 
of emerging weight loss therapies within OSA management 
algorithms, identifying biomarkers to predict treatment response, and 
developing strategies to enhance adherence and minimize relapse. 
Large-scale, high-quality studies are needed to compare the long-term 
outcomes of different interventions, including their impact on 
OSA-related morbidity, cardiovascular risk, and quality of life. There 
is a critical need for advancing OSA diagnosis and treatment methods, 
including enhanced polysomnography with biomarkers, sex-tailored 
behavioral interventions to mitigate underdiagnosis (e.g., in women), 
and novel multidisciplinary protocols for comorbidities like sleep 
bruxism, incorporating lifestyle, sleep hygiene, diet, and psychosocial 
elements such as intimacy to improve sleep continuity and reduce 
stress (171, 172). These developments could improve precision, 
accessibility, and patient outcomes, filling current gaps.

In summary, weight reduction remains a cornerstone of OSA 
management, with surgical, pharmacological, and lifestyle interventions 
each playing critical but distinct roles. Achieving sustained 
improvements in OSA outcomes requires a patient-centered, 
multidisciplinary approach that balances efficacy, safety, and long-term 
adherence. Advancing our understanding of the complex interplay 
between weight loss and OSA pathophysiology will enable more precise, 
effective, and durable treatment strategies, ultimately improving the 
prognosis and quality of life for this growing patient population.

Author contributions

G-qS: Writing  – original draft, Formal analysis, Resources, 
Funding acquisition, Project administration, Data curation, 
Methodology, Conceptualization, Software, Investigation. G-qH: 
Conceptualization, Supervision, Validation, Software, Visualization, 
Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. G-qS received support 
from Huzhou City Science and Technology Plan Project, No. 
2023GY75.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
	1.	Yasir, M, Pervaiz, A, and Sankari, A. Cardiovascular outcomes in sleep-disordered 

breathing: are we under-estimating? Front Neurol. (2022) 13:801167. doi: 10.3389/
fneur.2022.801167

	2.	Zabara-Antal, A, Grosu-Creanga, I, Zabara, ML, Cernomaz, AT, 
Ciuntu, BM, Melinte, O, et al. A debate on surgical and nonsurgical approaches for 
obstructive sleep apnea: a comprehensive review. J Pers Med. (2023) 13:1288. doi: 
10.3390/jpm13091288

	3.	Dixit, M, Pawar, S, and Saket, S. Obstructive sleep apnea hypopnea syndrome 
among obese patients visiting the outpatient department of a tertiary care centre. J Nep 
Med Assoc. (2024) 62:37–9. doi: 10.31729/jnma.8395

	4.	Saldías Peñafiel, F, Brockmann Veloso, P, Santín Martínez, J, Fuentes-López, E, 
Leiva Rodríguez, I, and Valdivia Cabrera, G. Estudio de prevalencia de síndrome de 
apneas obstructivas del sueño en la población adulta chilena. Subestudio de la encuesta 
nacional de salud, 2016/17. Rev Med Chile. (2020) 148:895–905. doi: 10.4067/
S0034-98872020000700895

	5.	Edwards, S, Bijlani, S, Fairley, H, Lloyd, N, Rivas, AM, and Payne, JD. Frequency 
and prevalence of obesity and related comorbidities in West Texas. Baylor Univ Med Cent 
Proc. (2020) 33:1–4. doi: 10.1080/08998280.2019.1668667

	6.	Paradowska-Stolarz, AM. Is malocclusion a risk factor for obstructive sleep apnea 
and temporomandibular disorders? An orthodontic point of view. Dent Med Probl. 
(2025) 62:197–9. doi: 10.17219/dmp/194232

	7.	Kim, B, and Choi, JH. Weight loss for obstructive sleep apnea: pharmacological and 
surgical management. J Rhinol. (2023) 30:1–5. doi: 10.18787/jr.2023.00010

	8.	Kang, YJ, and Park, C-S. Mechanisms and management of obstructive sleep apnea: 
a translational overview. Clin Exp Otorhinolaryngol. (2025) 18:296–305. doi: 10.21053/
ceo.2025-00071

	9.	Malicki, M, Karuga, FF, Szmyd, B, Sochal, M, and Gabryelska, A. Obstructive sleep 
apnea, circadian clock disruption, and metabolic consequences. Meta. (2022) 13:60. doi: 
10.3390/metabo13010060

	10.	Preshy, A, and Brown, J. A bidirectional association between obstructive sleep 
apnea and metabolic-associated fatty liver disease. Endocrinol Metab Clin N Am. (2023) 
52:509–20. doi: 10.1016/j.ecl.2023.01.006

	11.	Jadhav, U, Bhanushali, J, Sindhu, A, Reddy, BSK, Toshniwal, A, and Rashmika, M. 
A comprehensive review of pediatric obstructive sleep apnea: from assessment to 
intervention. Cureus. (2025) 17:e78051. doi: 10.7759/cureus.78051

	12.	Yang, Q, Huang, X, Lin, Y, Chen, K, Lu, Q, Lin, W, et al. Exploring the multifaceted 
landscape of pediatric obstructive sleep apnea: insights into prevalence, severity, and 
coexisting conditions. Nat Sci Sleep. (2024) 16:359–68. doi: 10.2147/NSS.S452221

	13.	Leung, AKC, Wong, AHC, and Hon, KL. Childhood obesity: an updated review. 
Curr Pediatr Rev. (2024) 20:2–26. doi: 10.2174/1573396318666220801093225

	14.	Johns, EC, Hill, EA, Williams, S, Sabil, A, Riha, RL, Denison, FC, et al. High 
prevalence of obstructive sleep apnea in pregnant women with class III obesity: a 
prospective cohort study. J Clin Sleep Med. (2022) 18:423–32. doi: 10.5664/jcsm.9578

	15.	Wang, B, Liu, X, Hao, W, Fan, J, Que, B, Ai, H, et al. Comorbid obstructive sleep 
apnea is associated with adverse cardiovascular outcomes in female patients with acute 
coronary syndrome complicating metabolic syndrome. Clin Cardiol. (2023) 46:663–73. 
doi: 10.1002/clc.24020

	16.	Chinese Thoracic Society. Expert consensus on the diagnosis and treatment of 
obstructive sleep apnea in women. Zhonghua Jie He He Hu Xi Za Zhi. (2024) 47:509–28. 
doi: 10.3760/cma.j.cn112147-20240206-00072

	17.	Paradowska-Stolarz, A, Sluzalec-Wieckiewicz, K, Mikulewicz, M, Maslowiec, C, 
Kokot, K, Miralles-Jorda, L, et al. Obstructive sleep apnoea in patients with treacher 
Collins syndrome—a narrative review. J Clin Med. (2025) 14:4741. doi: 10.3390/
jcm14134741

	18.	Sircu, V, Colesnic, S-I, Covantsev, S, Corlateanu, O, Sukhotko, A, Popovici, C, et al. 
The burden of comorbidities in obstructive sleep apnea and the pathophysiologic 
mechanisms and effects of CPAP. Clocks Sleep. (2023) 5:333–49. doi: 10.3390/
clockssleep5020025

https://doi.org/10.3389/fneur.2025.1719923
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3389/fneur.2022.801167
https://doi.org/10.3389/fneur.2022.801167
https://doi.org/10.3390/jpm13091288
https://doi.org/10.31729/jnma.8395
https://doi.org/10.4067/S0034-98872020000700895
https://doi.org/10.4067/S0034-98872020000700895
https://doi.org/10.1080/08998280.2019.1668667
https://doi.org/10.17219/dmp/194232
https://doi.org/10.18787/jr.2023.00010
https://doi.org/10.21053/ceo.2025-00071
https://doi.org/10.21053/ceo.2025-00071
https://doi.org/10.3390/metabo13010060
https://doi.org/10.1016/j.ecl.2023.01.006
https://doi.org/10.7759/cureus.78051
https://doi.org/10.2147/NSS.S452221
https://doi.org/10.2174/1573396318666220801093225
https://doi.org/10.5664/jcsm.9578
https://doi.org/10.1002/clc.24020
https://doi.org/10.3760/cma.j.cn112147-20240206-00072
https://doi.org/10.3390/jcm14134741
https://doi.org/10.3390/jcm14134741
https://doi.org/10.3390/clockssleep5020025
https://doi.org/10.3390/clockssleep5020025


Song and Hu� 10.3389/fneur.2025.1719923

Frontiers in Neurology 12 frontiersin.org

	19.	Full, KM, Jackson, CL, Rebholz, CM, Matsushita, K, and Lutsey, PL. Obstructive 
sleep apnea, other sleep characteristics, and risk of CKD in the atherosclerosis risk in 
communities sleep heart health study. J Am Soc Nephrol. (2020) 31:1859–69. doi: 
10.1681/ASN.2020010024

	20.	Sica, E, De Bernardi, F, Nosetti, L, Martini, S, Cosentino, M, Castelnuovo, P, et al. 
Catecholamines and children obstructive sleep apnea: a systematic review. Sleep Med. 
(2021) 87:227–32. doi: 10.1016/j.sleep.2021.09.007

	21.	Tian, Y, Zhang, D, Yang, H, Zhang, X, and Xu, S. Impact of FASN-enriched EVs 
on endothelial cell function in obstructive sleep apnea hypopnea syndrome. J Pharm 
Anal. (2025) 15:101251. doi: 10.1016/j.jpha.2025.101251

	22.	Meliante, PG, Zoccali, F, Cascone, F, Di Stefano, V, Greco, A, De Vincentiis, M, 
et al. Molecular pathology, oxidative stress, and biomarkers in obstructive sleep apnea. 
Int J Mol Sci. (2023) 24:5478. doi: 10.3390/ijms24065478

	23.	Lavalle, S, Masiello, E, Iannella, G, Magliulo, G, Pace, A, Lechien, JR, et al. 
Unraveling the complexities of oxidative stress and inflammation biomarkers in 
obstructive sleep apnea syndrome: a comprehensive review. Life. (2024) 14:425. doi: 
10.3390/life14040425

	24.	Kajikawa, M, and Higashi, Y. Obesity and endothelial function. Biomedicine. 
(2022) 10:1745. doi: 10.3390/biomedicines10071745

	25.	Kumari, K, Khalaf, J, Sawan, LJ, Ho, WL, Murugan, CK, Gupta, A, et al. CPAP 
therapy for OSA and its impact on various cardiovascular disorders. Cardiol Rev. (2025). 
doi: 10.1097/CRD.0000000000000843

	26.	Tai, JE, Phillips, CL, Yee, BJ, and Grunstein, RR. Obstructive sleep apnoea in 
obesity: a review. Clin Obes. (2024) 14:e12651. doi: 10.1111/cob.12651

	27.	Pennings, N, Golden, L, Yashi, K, Tondt, J, and Bays, HE. Sleep-disordered 
breathing, sleep apnea, and other obesity-related sleep disorders: an obesity medicine 
association (OMA) clinical practice statement (CPS) 2022. Obesity Pillars. (2022) 
4:100043. doi: 10.1016/j.obpill.2022.100043

	28.	Li, G, Meex, RCR, and Goossens, GH. The role of tissue oxygenation in obesity-
related cardiometabolic complications. Rev Endocr Metab Disord. (2025) 26:19–30. doi: 
10.1007/s11154-024-09910-z

	29.	Karuga, FF, Jaromirska, J, Sochal, M, Białasiewicz, P, and Gabryelska, A. 
Association between glucose metabolism, the circadian cycle and hypoxia: evaluation 
of the NPAS2 and rev-erb-α protein serum levels in obstructive sleep apnea patients – a 
pilot study. Dent Med Probl. (2024) 61:465–9. doi: 10.17219/dmp/185718

	30.	Zenteno, D, Torres-Puebla, G, Sánchez, C, Oviedo, V, Tapia, J, and Torres-Castro, R. 
Poligrafías en pacientes pediátricos hospitalizados: una práctica de la vida real. Colomb 
Med. (2024) 55:e2016622. doi: 10.25100/cm.v55i4.6622

	31.	Saunders, KH, Igel, LI, and Tchang, BG. Surgical and nonsurgical weight loss for 
patients with obstructive sleep apnea. Otolaryngol Clin N Am. (2020) 53:409–20. doi: 
10.1016/j.otc.2020.02.003

	32.	Horn, DB, Almandoz, JP, and Look, M. What is clinically relevant weight loss for 
your patients and how can it be achieved? A narrative review. Postgrad Med. (2022) 
134:359–75. doi: 10.1080/00325481.2022.2051366

	33.	Kuna, ST, Reboussin, DM, Strotmeyer, ES, Millman, RP, Zammit, G, Walkup, MP, 
et al. Effects of weight loss on obstructive sleep apnea severity. Ten-year results of the 
sleep AHEAD study. Am J Respir Crit Care Med. (2021) 203:221–9. doi: 10.1164/
rccm.201912-2511OC

	34.	Carneiro-Barrera, A, Amaro-Gahete, FJ, Guillén-Riquelme, A, Jurado-Fasoli, L, 
Sáez-Roca, G, Martín-Carrasco, C, et al. Effect of an interdisciplinary weight loss and 
lifestyle intervention on obstructive sleep apnea severity: the INTERAPNEA 
randomized clinical trial. JAMA Netw Open. (2022) 5:e228212. doi: 10.1001/
jamanetworkopen.2022.8212

	35.	Notz, S, Grotelueschen, R, Pape, J, Stueben, B-O, Stern, L, Gerullies, J, et al. 
Treatment pathways and outcomes in patients with BMI ≥ 50 kg/m2: conservative 
treatment, immediate surgery or stepwise surgical approach. Obes Surg. (2025) 
35:3742–59. doi: 10.1007/s11695-025-08102-1

	36.	Louis, M, Patel, B, Prange, E, and Celso, B. Trending weight loss between usual 
care and bariatric surgery among higher weight persons with obstructive sleep apnea. 
Cureus. (2022) 14:e32052. doi: 10.7759/cureus.32052

	37.	Altree, TJ, Bartlett, DJ, Marshall, NS, Hoyos, CM, Phillips, CL, Birks, C, et al. 
Predictors of weight loss in obese patients with obstructive sleep apnea. Sleep Breath. 
(2022) 26:753–62. doi: 10.1007/s11325-021-02455-4

	38.	Roche, J, Isacco, L, Masurier, J, Pereira, B, Mougin, F, Chaput, J-P, et al. Are 
obstructive sleep apnea and sleep improved in response to multidisciplinary weight loss 
interventions in youth with obesity? A systematic review and meta-analysis. Int J Obes. 
(2020) 44:753–70. doi: 10.1038/s41366-019-0497-7

	39.	Pedersen, SD, Manjoo, P, Dash, S, Jain, A, Pearce, N, and Poddar, M. 
Pharmacotherapy for obesity management in adults: 2025 clinical practice guideline 
update. Can Med Assoc J. (2025) 197:E797–809. doi: 10.1503/cmaj.250502

	40.	Peng, L, Chen, L, Lei, W-B, and Wen, W-P. Incretins for obstructive sleep apnea: 
effects mediated fully by weight loss? Sleep. (2025) 48:zsae232. doi: 10.1093/sleep/zsae232

	41.	Kapur, VK, Auckley, DH, Chowdhuri, S, Kuhlmann, DC, Mehra, R, Ramar, K, et al. 
Clinical practice guideline for diagnostic testing for adult obstructive sleep apnea: an 
American Academy of Sleep Medicine clinical practice guideline. J Clin Sleep Med. 
(2017) 13:479–504. doi: 10.5664/jcsm.6506

	42.	Kaar, JL, Morelli, N, Russell, SP, Talker, I, Moore, JM, Inge, TH, et al. Obstructive 
sleep apnea and early weight loss among adolescents undergoing bariatric surgery. Surg 
Obes Relat Dis. (2021) 17:711–7. doi: 10.1016/j.soard.2020.12.003

	43.	Huang, W, Zhong, A, Xu, H, Xu, C, Wang, A, Wang, F, et al. Metabolomics analysis 
on obesity-related obstructive sleep apnea after weight loss management: a preliminary 
study. Front Endocrinol. (2022) 12:761547. doi: 10.3389/fendo.2021.761547

	44.	Messineo, L, Bakker, JP, Cronin, J, Yee, J, and White, DP. Obstructive sleep apnea 
and obesity: a review of epidemiology, pathophysiology and the effect of weight-loss 
treatments. Sleep Med Rev. (2024) 78:101996. doi: 10.1016/j.smrv.2024.101996

	45.	Locke, BW, Gomez-Lumbreras, A, Tan, CJ, Nonthasawadsri, T, Veettil, SK, 
Patikorn, C, et al. The association of weight loss from anti-obesity medications or 
bariatric surgery and apnea-hypopnea index in obstructive sleep apnea. Obes Rev. (2024) 
25:e13697. doi: 10.1111/obr.13697

	46.	Carneiro-Barrera, A, Amaro-Gahete, FJ, Lucas, J-F, Sáez-Roca, G, 
Martín-Carrasco, C, Lavie, CJ, et al. Weight loss and lifestyle intervention for 
cardiorespiratory fitness in obstructive sleep apnea: the INTERAPNEA trial. Psychol 
Sport Exerc. (2024) 72:102614. doi: 10.1016/j.psychsport.2024.102614

	47.	Arterburn, DE, Telem, DA, Kushner, RF, and Courcoulas, AP. Benefits and risks 
of bariatric surgery in adults: a review. JAMA. (2020) 324:879–87. doi: 10.1001/
jama.2020.12567

	48.	Sharew, B, Kodur, N, Corcelles, R, and Mauer, Y. Bariatric and metabolic surgery 
in the adult population. Mayo Clin Proc. (2024) 99:1631–45. doi: 10.1016/j.
mayocp.2024.05.022

	49.	Bège, T, Duconseil, P, Lasbleiz, A, and Dutour, A. Benefits of bariatric surgery on 
weight loss, development of comorbidities and mortality. Rev Prat. (2022) 72:164–7.

	50.	Hsu, JL, and Farrell, TM. Updates in bariatric surgery. Am Surg. (2024) 90:925–33. 
doi: 10.1177/00031348231220576

	51.	Sasaki, A, Yokote, K, Naitoh, T, Fujikura, J, Hayashi, K, Hirota, Y, et al. Metabolic 
surgery in treatment of obese Japanese patients with type 2 diabetes: a joint consensus 
statement from the Japanese society for treatment of obesity, the Japan diabetes society, 
and the Japan society for the study of obesity. Diabetol Int. (2022) 13:1–30. doi: 10.1007/
s13340-021-00551-0

	52.	Kasalický, M. Bariatry – surgical therapy of the severe obesity. Vnitrni Lekarstvi. 
(2020) 66:472–7. doi: 10.36290/vnl.2020.142

	53.	Al Oweidat, K, Toubasi, AA, Tawileh, RBA, Tawileh, HBA, and Hasuneh, MM. 
Bariatric surgery and obstructive sleep apnea: a systematic review and meta-analysis. 
Sleep Breath. (2023) 27:2283–94. doi: 10.1007/s11325-023-02840-1

	54.	Sundbom, M, Näslund, I, Ottosson, J, Stenberg, E, and Näslund, E. Results from 
the Scandinavian obesity surgery registry: a narrative review. Obes Rev. (2024) 
25:e13662. doi: 10.1111/obr.13662

	55.	Malhotra, A, Heilmann, CR, Banerjee, KK, Dunn, JP, Bunck, MC, and Bednarik, J. 
Weight reduction and the impact on apnea-hypopnea index: a systematic meta-analysis. 
Sleep Med. (2024) 121:26–31. doi: 10.1016/j.sleep.2024.06.014

	56.	Chen, Y, Chen, L, Ye, L, Jin, J, Sun, Y, Zhang, L, et al. Association of metabolic 
syndrome with prevalence of obstructive sleep apnea and remission after sleeve 
gastrectomy. Front Physiol. (2021) 12:650260. doi: 10.3389/fphys.2021.650260

	57.	Yang, C, Yu, W, Yao, K, He, Y, Sun, H, Xu, B, et al. Concurrent laparoscopic sleeve 
gastrectomy with uvulopalatopharyngoplasty in the treatment of morbid obesity 
comorbid with severe obstructive sleep apnea: a retrospective cohort study. J Clin Sleep 
Med. (2024) 20:555–64. doi: 10.5664/jcsm.10924

	58.	Wyszomirski, K, Walędziak, M, and Różańska-Walędziak, A. Obesity, bariatric 
surgery and obstructive sleep apnea—a narrative literature review. Medicina. (2023) 
59:1266. doi: 10.3390/medicina59071266

	59.	Demaeyer, N, and Bruyneel, M. Factors associated with persistent obstructive sleep 
apnea after bariatric surgery: a narrative review. Nat Sci Sleep. (2024) 16:111–23. doi: 
10.2147/NSS.S448346

	60.	Wang, SH, Keenan, BT, Wiemken, A, Zang, Y, Staley, B, Sarwer, DB, et al. Effect of 
weight loss on upper airway anatomy and the apnea–hypopnea index. The importance 
of tongue fat. Am J Respir Crit Care Med. (2020) 201:718–27. doi: 10.1164/
rccm.201903-0692OC

	61.	Zhao, Y, Li, T, Zhang, G, Liang, X, Wang, Y, Kang, J, et al. Bariatric surgery reduces 
sleep apnea in obese patients with obstructive sleep apnea by increasing pharyngeal 
cross-sectional area during the early postoperative period. Eur Arch Otorrinolaringol. 
(2023) 280:2435–43. doi: 10.1007/s00405-023-07821-4

	62.	Peromaa-Haavisto, P, Luostarinen, M, Juusela, R, Tuomilehto, H, and Kössi, J. 
Obstructive sleep apnea: the effect of bariatric surgery after five years—a prospective 
multicenter trial. Obes Surg. (2024) 34:1544–51. doi: 10.1007/s11695-024-07124-5

	63.	Barbosa, ACSCS, Ribeiro, HS, Nakano, E, Botelho, PB, and De 
Carvalho, KMB. Biochemical markers and obstructive sleep apnea risk in individuals 
after long-term bariatric surgery. Obes Surg. (2022) 32:3272–9. doi: 10.1007/
s11695-022-06222-6

	64.	Qin, H, Wang, Y, Chen, X, Steenbergen, N, Penzel, T, Zhang, X, et al. The 
efficacy of bariatric surgery on pulmonary function and sleep architecture of 
patients with obstructive sleep apnea and co-morbid obesity: a systematic review and 
meta-analysis. Surg Obes Relat Dis. (2023) 19:1444–57. doi: 10.1016/j.soard.2023. 
07.007

https://doi.org/10.3389/fneur.2025.1719923
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1681/ASN.2020010024
https://doi.org/10.1016/j.sleep.2021.09.007
https://doi.org/10.1016/j.jpha.2025.101251
https://doi.org/10.3390/ijms24065478
https://doi.org/10.3390/life14040425
https://doi.org/10.3390/biomedicines10071745
https://doi.org/10.1097/CRD.0000000000000843
https://doi.org/10.1111/cob.12651
https://doi.org/10.1016/j.obpill.2022.100043
https://doi.org/10.1007/s11154-024-09910-z
https://doi.org/10.17219/dmp/185718
https://doi.org/10.25100/cm.v55i4.6622
https://doi.org/10.1016/j.otc.2020.02.003
https://doi.org/10.1080/00325481.2022.2051366
https://doi.org/10.1164/rccm.201912-2511OC
https://doi.org/10.1164/rccm.201912-2511OC
https://doi.org/10.1001/jamanetworkopen.2022.8212
https://doi.org/10.1001/jamanetworkopen.2022.8212
https://doi.org/10.1007/s11695-025-08102-1
https://doi.org/10.7759/cureus.32052
https://doi.org/10.1007/s11325-021-02455-4
https://doi.org/10.1038/s41366-019-0497-7
https://doi.org/10.1503/cmaj.250502
https://doi.org/10.1093/sleep/zsae232
https://doi.org/10.5664/jcsm.6506
https://doi.org/10.1016/j.soard.2020.12.003
https://doi.org/10.3389/fendo.2021.761547
https://doi.org/10.1016/j.smrv.2024.101996
https://doi.org/10.1111/obr.13697
https://doi.org/10.1016/j.psychsport.2024.102614
https://doi.org/10.1001/jama.2020.12567
https://doi.org/10.1001/jama.2020.12567
https://doi.org/10.1016/j.mayocp.2024.05.022
https://doi.org/10.1016/j.mayocp.2024.05.022
https://doi.org/10.1177/00031348231220576
https://doi.org/10.1007/s13340-021-00551-0
https://doi.org/10.1007/s13340-021-00551-0
https://doi.org/10.36290/vnl.2020.142
https://doi.org/10.1007/s11325-023-02840-1
https://doi.org/10.1111/obr.13662
https://doi.org/10.1016/j.sleep.2024.06.014
https://doi.org/10.3389/fphys.2021.650260
https://doi.org/10.5664/jcsm.10924
https://doi.org/10.3390/medicina59071266
https://doi.org/10.2147/NSS.S448346
https://doi.org/10.1164/rccm.201903-0692OC
https://doi.org/10.1164/rccm.201903-0692OC
https://doi.org/10.1007/s00405-023-07821-4
https://doi.org/10.1007/s11695-024-07124-5
https://doi.org/10.1007/s11695-022-06222-6
https://doi.org/10.1007/s11695-022-06222-6
https://doi.org/10.1016/j.soard.2023.07.007
https://doi.org/10.1016/j.soard.2023.07.007


Song and Hu� 10.3389/fneur.2025.1719923

Frontiers in Neurology 13 frontiersin.org

	65.	Goel, R, Nasta, AM, Goel, M, Prasad, A, Jammu, G, Fobi, M, et al. Complications 
after bariatric surgery: a multicentric study of 11,568 patients from Indian bariatric 
surgery outcomes reporting group. J Minim Access Surg. (2021) 17:213–20. doi: 10.4103/
jmas.JMAS_12_20

	66.	Collazo-Clavell, ML, and Shah, M. Common and rare complications of bariatric 
surgery. Endocrinol Metab Clin N Am. (2020) 49:329–46. doi: 10.1016/j.ecl.2020.02.003

	67.	McLean, C, Mocanu, V, Birch, DW, Karmali, S, and Switzer, NJ. Hypoalbuminemia 
predicts serious complications following elective bariatric surgery. Obes Surg. (2021) 
31:4519–27. doi: 10.1007/s11695-021-05641-1

	68.	Majid, NLA, Vanoh, D, Zainuddin, NZS, and Hashim, MNM. Post bariatric 
surgery complications, nutritional and psychological status. Asia Pac J Clin Nutr. (2024) 
33:162–75. doi: 10.6133/apjcn.202406_33(2).0003

	69.	Shi, H-B, Dai, Y, Li, X-F, Yang, M-F, Gao, J-L, and Dong, J. Causes and 
countermeasures of complications after bariatric surgery. Zhongguo Yi Xue Ke Xue Yuan 
Xue Bao. (2023) 45:833–9. doi: 10.3881/j.issn.1000-503X.15351

	70.	Buksh, MM, Tallowin, S, and Al Samaraee, A. Splenic abscess complicating 
bariatric surgery: a systematic review. Am Surg. (2022) 88:28–37. doi: 
10.1177/0003134821991971

	71.	Usta, S, and Karabulut, K. Rhabdomyolysis as a rare complication of bariatric 
surgery. Turk J Surg. (2021) 37:400–2. doi: 10.47717/turkjsurg.2021.3990

	72.	Bonouvrie, DS, Van De Pas, KGH, Janssen, L, Leclercq, WKG, Greve, JWM, Van 
Dielen, FMH, et al. Safety of bariatric surgery in the elderly: results from the Dutch 
national registry. Surg Obes Relat Dis. (2023) 19:335–43. doi: 10.1016/j.soard.2022.10.004

	73.	Belluzzi, A, Hage, K, Abi Mosleh, K, Mundi, MS, Abu Dayyeh, B, and 
Ghanem, OM. Long-term safety and efficacy of bariatric surgery in septuagenarians. 
Obes Surg. (2023) 33:3778–85. doi: 10.1007/s11695-023-06882-y

	74.	Vuppalanchi, R, McCabe, ME, Tandra, SR, Parcha, SP, Ghafoor, A, Schuh, L, et al. 
Safety and efficacy of bariatric surgery in cirrhosis patients with extreme obesity. Ann 
Surg. (2022) 275:e174–80. doi: 10.1097/SLA.0000000000003891

	75.	Barum, G, Paladini, LA, De Oliveira, PGS, Moreira, TR, Tovo, CV, and Mattos, ÂZ. 
Assessment of metabolic and bariatric surgery safety in patients with advanced liver 
fibrosis. Obes Surg. (2024) 34:3173–80. doi: 10.1007/s11695-024-07434-8

	76.	Kaul, A, Singla, V, Baksi, A, Aggarwal, S, Bhambri, A, Shalimar, D, et al. Safety and 
efficacy of bariatric surgery in advanced liver fibrosis. Obes Surg. (2020) 30:4359–65. doi: 
10.1007/s11695-020-04827-3

	77.	Brown, RM, Guerrero-Hreins, E, Brown, WA, Le Roux, CW, and Sumithran, P. 
Potential gut–brain mechanisms behind adverse mental health outcomes of bariatric 
surgery. Nat Rev Endocrinol. (2021) 17:549–59. doi: 10.1038/s41574-021-00520-2

	78.	Liao, J, Yin, Y, Zhong, J, Chen, Y, Chen, Y, Wen, Y, et al. Bariatric surgery and 
health outcomes: an umbrella analysis. Front Endocrinol. (2022) 13:1016613. doi: 
10.3389/fendo.2022.1016613

	79.	Georgoulis, M, Yiannakouris, N, Kechribari, I, Lamprou, K, Perraki, E, Vagiakis, E, 
et al. The effectiveness of a weight-loss Mediterranean diet/lifestyle intervention in the 
management of obstructive sleep apnea: results of the “MIMOSA” randomized clinical 
trial. Clin Nutr. (2021) 40:850–9. doi: 10.1016/j.clnu.2020.08.037

	80.	Kalam, F, Gabel, K, Cienfuegos, S, Ezpeleta, M, Wiseman, E, and Varady, KA. 
Alternate day fasting combined with a low carbohydrate diet: effect on sleep quality, 
duration, insomnia severity and risk of obstructive sleep apnea in adults with obesity. 
Nutrients. (2021) 13:211. doi: 10.3390/nu13010211

	81.	Wammer, F, Haberberger, A, Linge, AD, Myklebust, TÅ, Vemøy, S, and Hoff, DAL. 
Lifestyle modification for weight loss: effects on cardiorespiratory capacity in patients 
with class II and class III obesity. Obes Sci Pract. (2022) 8:45–55. doi: 10.1002/osp4.544

	82.	Roche, J, Corgosinho, FC, Isacco, L, Scheuermaier, K, Pereira, B, Gillet, V, et al. A 
multidisciplinary weight loss intervention in obese adolescents with and without sleep-
disordered breathing improves cardiometabolic health, whether SDB was normalized 
or not. Sleep Med. (2020) 75:225–35. doi: 10.1016/j.sleep.2020.06.030

	83.	Ismail, A, AbdElnabi Mousa, NM, Mohamed Elgendy, SK, Al-Emrany, AM, 
AbdelFadil Saber, OS, Adel Elhakk, SM, et al. Effect of lifestyle changes on liver enzymes, 
triglycerides, sex hormones, and daytime sleepiness in polycystic ovarian syndrome 
women with obstructive sleep apnea and fatty liver – a randomized controlled trial. 
Menopausal Rev. (2025) 24:94–101. doi: 10.5114/pm.2025.152991

	84.	Zheng, Y-B, Huang, Y-T, Gong, Y-M, Li, M-Z, Zeng, N, Wu, S-L, et al. Association 
of lifestyle with sleep health in general population in China: a cross-sectional study. 
Transl Psychiatry. (2024) 14:320. doi: 10.1038/s41398-024-03002-x

	85.	Dupuy-McCauley, K, Benzo, R, and Barwise, A. Designing a program to support 
weight loss for patients attending the sleep medicine clinic: a qualitative study. J Clin 
Sleep Med. (2023) 19:459–71. doi: 10.5664/jcsm.10354

	86.	Adeola, OL, Agudosi, GM, Akueme, NT, Okobi, OE, Akinyemi, FB, Ononiwu, UO, 
et al. The effectiveness of nutritional strategies in the treatment and management of 
obesity: a systematic review. Cureus. (2023) 15:e45518. doi: 10.7759/cureus.45518

	87.	Maxim, M, Soroceanu, RP, Vlăsceanu, VI, Platon, RL, Toader, M, Miler, AA, et al. 
Dietary habits, obesity, and bariatric surgery: a review of impact and interventions. 
Nutrients. (2025) 17:474. doi: 10.3390/nu17030474

	88.	Tan, J, Cui, Q, Gu, X, Xu, S, Xue, S, Yuan, K, et al. Efficacy of weight management 
combined with uvulopalatopharyngoplasty for obesityrelated obstructive sleep apnea-

hypopnea syndrome. Nan Fang Yi Ke Da Xue Xue. (2020) 40:1668–72. doi: 10.12122/j.
issn.1673-4254.2020.11.21

	89.	Christensen, S, and Nelson, C. Chronicity of obesity and the importance of early 
treatment to reduce cardiometabolic risk and improve body composition. Obesity Pillars. 
(2025) 15:100175. doi: 10.1016/j.obpill.2025.100175

	90.	Cuda, SE, Pratt, JSA, Santos, M, and Browne, A. Obesity pillars roundtable: 
metabolic and bariatric surgery in children and adolescents. Obesity Pillars. (2022) 
3:100023. doi: 10.1016/j.obpill.2022.100023

	91.	Smalls, BL, Ortz, CL, Barr-Porter, M, Norman-Burgdolf, H, McLouth, CJ, 
Harlow, B, et al. Promoting intergenerational health in rural Kentuckians with diabetes 
(PIHRK’D): protocol for a longitudinal cohort study. JMIR Res Protoc. (2025) 14:e69301. 
doi: 10.2196/69301

	92.	Mou, J, Zhou, H, Huang, S, and Feng, Z. The impact of comprehensive healthy 
lifestyles on obstructive sleep apnea and the mediating role of BMI: insights from 
NHANES 2005–2008 and 2015–2018. BMC Pulm Med. (2024) 24:601. doi: 10.1186/
s12890-024-03404-z

	93.	Rokou, A, Eleftheriou, A, Tsigalou, C, Apessos, I, Nena, E, Dalamaga, M, et al. 
Effect of the implementation of a structured diet management plan on the severity of 
obstructive sleep apnea: a systematic review. Curr Nutr Rep. (2022) 12:26–38. doi: 
10.1007/s13668-022-00445-w

	94.	Cohen, A, Gunthner, A, Cervone, A, Uzwy, M, and Urban-Galvez, SN. Recurrence 
of obstructive sleep apnea in post-adenotonsillectomy obese pediatric patients: a 
systematic review. Cureus. (2025) 17:e84741. doi: 10.7759/cureus.84741

	95.	Kayali, M. Weight loss and beyond, assessment of quality of life after laparoscopic 
sleeve gastrectomy using baros in patients with obesity in Turkey. Acta Endocrinol 
(Bucharest). (2023) 19:326–32. doi: 10.4183/aeb.2023.326

	96.	Ni, K, Rogowitz, E, Farahmand, AK, Kaizer, LK, Arbet, J, Cunningham, CR, et al. 
Weight loss outcomes in a veterans affairs pharmacotherapy-based weight management 
clinic. J Endocr Soc. (2024) 8:bvae042. doi: 10.1210/jendso/bvae042

	97.	Remmel, S, Noom, M, Sandstrom, R, Mhaskar, R, Diab, A-RF, Sujka, JA, et al. 
Preoperative comorbidities as a predictor of EBWL after bariatric surgery: a retrospective 
cohort study. Surg Endosc. (2024) 38:2770–6. doi: 10.1007/s00464-024-10785-z

	98.	Al Ghareeb, G, Abdoh, D, Kofi, M, and Konswa, AA. Lifestyle interventions in a 
patient identified as super-super obese with a body mass index of 90.5. J Med Cases. 
(2024) 15:55–9. doi: 10.14740/jmc4194

	99.	DeVries, JK, Nation, JJ, Nardone, ZB, Lance, SH, Stauffer, JA, Abichaker, GM, et al. 
Multidisciplinary clinic for care of children with complex obstructive sleep apnea. Int J 
Pediatr Otorhinolaryngol. (2020) 138:110384. doi: 10.1016/j.ijporl.2020.110384

	100.	Correia, VP, Zorron, R, Craciun, A, and Gomes, O. Transoral outlet reduction 
(TORe) for treatment of weight regain after biliopancreatic diversion in a patient with 
Prader–Willi syndrome and super-super obesity: report of the first case. Updat Surg. 
(2025). doi: 10.1007/s13304-025-02349-0

	101.	Li, M, Lin, H, Yang, Q, Zhang, X, Zhou, Q, Shi, J, et al. Glucagon-like peptide-1 
receptor agonists for the treatment of obstructive sleep apnea: a meta-analysis. Sleep. 
(2025) 48:zsae280. doi: 10.1093/sleep/zsae280

	102.	Yang, R, Zhang, L, Guo, J, Wang, N, Zhang, Q, Qi, Z, et al. Glucagon-like 
peptide-1 receptor agonists for obstructive sleep apnea in patients with obesity and type 
2 diabetes mellitus: a systematic review and meta-analysis. J Transl Med. (2025) 23:389. 
doi: 10.1186/s12967-025-06302-y

	103.	Xu, S, Li, J, Qiu, J, Zhang, Y, Yang, S, and Liu, J. Efficacy of glucagon-like peptide-1 
receptor agonists in obese or diabetic patients with obstructive sleep apnea syndrome: 
a meta-analysis. Nutr Rev. (2025):nuaf115. doi: 10.1093/nutrit/nuaf115

	104.	Wen, J, Nadora, D, Bernstein, E, How-Volkman, C, Truong, A, Akhtar, M, et al. 
Semaglutide versus other glucagon-like peptide-1 agonists for weight loss in type 2 
diabetes patients: a systematic review and meta-analysis. Cureus. (2024) 16:e69008. doi: 
10.7759/cureus.69008

	105.	Ren, X, Hua, H, Wu, Y, Zhang, W, Long, X, Bai, Y, et al. Efficacy and safety of 
GLP-1 agonists in the treatment of T2DM: a systematic review and network meta-
analysis. Sci Rep. (2025) 15:24103. doi: 10.1038/s41598-025-09807-0

	106.	Dong, Y, Carty, J, Goldstein, N, He, Z, Hwang, E, Chau, D, et al. Time and 
metabolic state-dependent effects of GLP-1R agonists on NPY/AgRP and POMC 
neuronal activity in vivo. Mol Metab. (2021) 54:101352. doi: 10.1016/j.
molmet.2021.101352

	107.	Zarei, M, Sabetkasaei, M, Mozafari, M, and Zaeri, S. The expanding role of 
semaglutide: beyond glycemic control. J Diabetes Metab Disord. (2025) 24:160. doi: 
10.1007/s40200-025-01663-z

	108.	Dragonieri, S, Portacci, A, Quaranta, VN, Carratu, P, Lazar, Z, Carpagnano, GE, 
et al. Therapeutic potential of glucagon-like peptide-1 receptor agonists in obstructive 
sleep apnea syndrome management: a narrative review. Diseases. (2024) 12:224. doi: 
10.3390/diseases12090224

	109.	Karakasis, P, Sagris, M, Patoulias, D, Koufakis, T, Theofilis, P, Klisic, A, et al. 
Mitigating increased cardiovascular risk in patients with obstructive sleep apnea using 
GLP-1 receptor agonists and SGLT2 inhibitors: hype or hope? Biomedicine. (2024) 
12:2503. doi: 10.3390/biomedicines12112503

	110.	Alluri, AA, Mohan Kurien, M, Pokar, NP, Madarapu, A, Sadam, S, Puvvala, N, 
et al. Exploring the therapeutic potential of GLP-1 receptor agonists in the management 

https://doi.org/10.3389/fneur.2025.1719923
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.4103/jmas.JMAS_12_20
https://doi.org/10.4103/jmas.JMAS_12_20
https://doi.org/10.1016/j.ecl.2020.02.003
https://doi.org/10.1007/s11695-021-05641-1
https://doi.org/10.6133/apjcn.202406_33(2).0003
https://doi.org/10.3881/j.issn.1000-503X.15351
https://doi.org/10.1177/0003134821991971
https://doi.org/10.47717/turkjsurg.2021.3990
https://doi.org/10.1016/j.soard.2022.10.004
https://doi.org/10.1007/s11695-023-06882-y
https://doi.org/10.1097/SLA.0000000000003891
https://doi.org/10.1007/s11695-024-07434-8
https://doi.org/10.1007/s11695-020-04827-3
https://doi.org/10.1038/s41574-021-00520-2
https://doi.org/10.3389/fendo.2022.1016613
https://doi.org/10.1016/j.clnu.2020.08.037
https://doi.org/10.3390/nu13010211
https://doi.org/10.1002/osp4.544
https://doi.org/10.1016/j.sleep.2020.06.030
https://doi.org/10.5114/pm.2025.152991
https://doi.org/10.1038/s41398-024-03002-x
https://doi.org/10.5664/jcsm.10354
https://doi.org/10.7759/cureus.45518
https://doi.org/10.3390/nu17030474
https://doi.org/10.12122/j.issn.1673-4254.2020.11.21
https://doi.org/10.12122/j.issn.1673-4254.2020.11.21
https://doi.org/10.1016/j.obpill.2025.100175
https://doi.org/10.1016/j.obpill.2022.100023
https://doi.org/10.2196/69301
https://doi.org/10.1186/s12890-024-03404-z
https://doi.org/10.1186/s12890-024-03404-z
https://doi.org/10.1007/s13668-022-00445-w
https://doi.org/10.7759/cureus.84741
https://doi.org/10.4183/aeb.2023.326
https://doi.org/10.1210/jendso/bvae042
https://doi.org/10.1007/s00464-024-10785-z
https://doi.org/10.14740/jmc4194
https://doi.org/10.1016/j.ijporl.2020.110384
https://doi.org/10.1007/s13304-025-02349-0
https://doi.org/10.1093/sleep/zsae280
https://doi.org/10.1186/s12967-025-06302-y
https://doi.org/10.1093/nutrit/nuaf115
https://doi.org/10.7759/cureus.69008
https://doi.org/10.1038/s41598-025-09807-0
https://doi.org/10.1016/j.molmet.2021.101352
https://doi.org/10.1016/j.molmet.2021.101352
https://doi.org/10.1007/s40200-025-01663-z
https://doi.org/10.3390/diseases12090224
https://doi.org/10.3390/biomedicines12112503


Song and Hu� 10.3389/fneur.2025.1719923

Frontiers in Neurology 14 frontiersin.org

of obstructive sleep apnea: a comprehensive review. J Basic Clin Physiol Pharmacol. 
(2025) 36:13–25. doi: 10.1515/jbcpp-2024-0193

	111.	El-Solh, AA, Gould, E, Aibangbee, K, Jimerson, T, and Hartling, R. Current 
perspectives on the use of GLP-1 receptor agonists in obesity-related obstructive sleep 
apnea: a narrative review. Expert Opin Pharmacother. (2025) 26:51–62. doi: 
10.1080/14656566.2024.2437525

	112.	Zhou, Y, Chen, M, Liu, L, and Chen, Z. Difference in gastrointestinal risk 
associated with use of GLP-1 receptor agonists: a real-world pharmacovigilance study. 
Diabetes Metab Syndr Obes. (2022) 15:155–63. doi: 10.2147/DMSO.S348025

	113.	Tobaiqy, M, and Elkout, H. Psychiatric adverse events associated with 
semaglutide, liraglutide and tirzepatide: a pharmacovigilance analysis of individual case 
safety reports submitted to the EudraVigilance database. Int J Clin Pharm. (2024) 
46:488–95. doi: 10.1007/s11096-023-01694-7

	114.	Wilding, JPH, Batterham, RL, Calanna, S, Davies, M, Van Gaal, LF, Lingvay, I, 
et al. Once-weekly semaglutide in adults with overweight or obesity. N Engl J Med. 
(2021) 384:989–1002. doi: 10.1056/NEJMoa2032183

	115.	Davies, M, Færch, L, Jeppesen, OK, Pakseresht, A, Pedersen, SD, Perreault, L, 
et al. Semaglutide 2·4 mg once a week in adults with overweight or obesity, and type 2 
diabetes (STEP 2): a randomised, double-blind, double-dummy, placebo-controlled, 
phase 3 trial. Lancet. (2021) 397:971–84. doi: 10.1016/S0140-6736(21)00213-0

	116.	Powell, A. Obesity: pharmacotherapy. FP Essent. (2020) 492:25–9.

	117.	McGowan, B, Ciudin, A, Baker, JL, Busetto, L, Dicker, D, Frühbeck, G, et al. 
Development of the European Association for the Study of Obesity (EASO) grade-based 
framework on the pharmacological treatment of obesity: design and methodological 
aspects. Obes Facts. (2025):1–9. doi: 10.1159/000546855

	118.	Dhillon, S. Phentermine/topiramate: pediatric first approval. Pediatr Drugs. 
(2022) 24:715–20. doi: 10.1007/s40272-022-00532-z

	119.	Hassan, D, Salama, M, Kumar, S, and Muthusamy, K. Weight loss with topiramate 
and phentermine combination therapy in a patient with Bardet-Biedl syndrome. JCEM 
Case Rep. (2025) 3:luaf164. doi: 10.1210/jcemcr/luaf164

	120.	Çeti̇N, E, Pedersen, B, and Burak, MF. Paradigm shift in obesity treatment: an 
extensive review of current pipeline agents. Turk J Med Sci. (2025) 55:1–16. doi: 
10.55730/1300-0144.5938

	121.	Grunstein, RR, Wadden, TA, Chapman, JL, Malhotra, A, and Phillips, CL. Giving 
weight to incretin-based pharmacotherapy for obesity-related sleep apnea: a revolution 
or a pipe dream? Sleep. (2023) 46:zsad224. doi: 10.1093/sleep/zsad224

	122.	Hu, X, Yee, BJ, Phillips, C, Chapman, J, and Grunstein, R. Incretins for 
management of obesity and obstructive sleep apnea. Expert Rev Respir Med. (2025) 
19:775–87. doi: 10.1080/17476348.2025.2513516

	123.	Xu, B, Gaynor-Sodeifi, K, and Kundel, V. Obstructive sleep apnea: an evolving 
therapeutic landscape with an emerging role for incretin-based therapies. Adv Ther. 
(2025) 42:4255–69. doi: 10.1007/s12325-025-03312-6

	124.	Hassan, MG, Hassan, DG, and Hassan, GA. Tirzepatide gains US food and drug 
administration approval for the management of obstructive sleep apnea. J Am Dent 
Assoc. (2025) 156:620–5. doi: 10.1016/j.adaj.2025.05.007

	125.	Beccuti, G, Bioletto, F, Parasiliti-Caprino, M, Benso, A, Ghigo, E, Cicolin, A, et al. 
Estimating cardiovascular benefits of tirzepatide in sleep apnea and obesity: insight from 
the SURMOUNT-OSA trials. Curr Obes Rep. (2024) 13:739–42. doi: 10.1007/
s13679-024-00592-x

	126.	Malhotra, A, Bednarik, J, Chakladar, S, Dunn, JP, Weaver, T, Grunstein, R, et al. 
Tirzepatide for the treatment of obstructive sleep apnea: rationale, design, and sample 
baseline characteristics of the SURMOUNT-OSA phase 3 trial. Contemp Clin Trials. 
(2024) 141:107516. doi: 10.1016/j.cct.2024.107516

	127.	Matarredona-Quiles, S, Carrasco-Llatas, M, Martínez-Ruíz de Apodaca, P, 
Díez-Ares, JÁ, González-Turienzo, E, and Dalmau-Galofre, J. Effect of bariatric surgery 
in the treatment of obstructive sleep apnea in obese patients. Acta Otorrinolaringol Esp 
(Engl Ed). (2025) 76:512221. doi: 10.1016/j.otoeng.2025.512221

	128.	Ng, SSS, Tam, WWS, Lee, RWW, Chan, T-O, Yiu, K, Yuen, BTY, et al. Effect of 
weight loss and continuous positive airway pressure on obstructive sleep apnea and 
metabolic profile stratified by craniofacial phenotype: a randomized clinical trial. Am J 
Respir Crit Care Med. (2022) 205:711–20. doi: 10.1164/rccm.202106-1401OC

	129.	Salman, LA, Shulman, R, and Cohen, JB. Obstructive sleep apnea, hypertension, 
and cardiovascular risk: epidemiology, pathophysiology, and management. Curr Cardiol 
Rep. (2020) 22:6. doi: 10.1007/s11886-020-1257-y

	130.	Figorilli, M, Velluzzi, F, and Redolfi, S. Obesity and sleep disorders: a bidirectional 
relationship. Nutr Metab Cardiovasc Dis. (2025) 35:104014. doi: 10.1016/j.
numecd.2025.104014

	131.	Damaskos, C, Litos, A, Dimitroulis, D, Antoniou, EA, Mantas, D, Kontzoglou, K, 
et al. Cardiovascular effects of metabolic surgery on type 2 diabetes. Curr Cardiol Rev. 
(2020) 16:275–84. doi: 10.2174/1573403X16666200220120226

	132.	Vafaei-Nezhad, S, Niknazar, S, Norouzian, M, Abdollahifar, MA, Aliaghaei, A, 
and Abbaszadeh, HA. Therapeutics effects of [Pyr1] apelin-13 on rat contusion model 
of spinal cord injury: an experimental study. J Chem Neuroanat. (2021) 113:101924. doi: 
10.1016/j.jchemneu.2021.101924

	133.	Esparham, A, Roohi, S, Ahmadyar, S, Dalili, A, Moghadam, HA, Torres, AJ, et al. 
The efficacy and safety of laparoscopic single-anastomosis duodeno-ileostomy with 
sleeve gastrectomy (SADI-S) in mid- and long-term follow-up: a systematic review. Obes 
Surg. (2023) 33:4070–9. doi: 10.1007/s11695-023-06846-2

	134.	Thaher, O, Wollenhaupt, F, Croner, RS, Hukauf, M, and Stroh, C. Evaluation of 
the effect of sleeve gastrectomy versus Roux-en-Y gastric bypass in patients with morbid 
obesity: multicenter comparative study. Langenbeck's Arch Surg. (2024) 409:156. doi: 
10.1007/s00423-024-03341-9

	135.	Sundbom, M, Näslund, E, Ottosson, J, Olbers, T, Hedberg, S, Wennerlund, J, et al. 
Ten-year results after primary gastric bypass: real-world data from a Swedish nationwide 
registry. Ann Surg. (2025). doi: 10.1097/SLA.0000000000006743

	136.	Gutiérrez-Rojas, CA, Alvarez-Sores, ED, Lara-Mejía, A, Cabrera-Eraso, DF, 
Vargas-Sahagún, CM, and Martínez-Ortiz, CA. First SADI-S in the Mexican institute of 
social security. Rev Med Inst Mex Seguro Soc. (2024) 62:1–7. doi: 10.5281/
zenodo.11397278

	137.	Joseph, S, Vandruff, VN, Amundson, JR, Che, S, Zimmermann, C, Ishii, S, et al. 
Comparable improvement and resolution of obesity-related comorbidities in endoscopic 
sleeve gastroplasty vs laparoscopic sleeve gastrectomy: single-center study. Surg Endosc. 
(2024) 38:5914–21. doi: 10.1007/s00464-024-11194-y

	138.	De Siena, M, Gualtieri, L, Bove, V, Pontecorvi, V, Matteo, MV, Carlino, G, et al. 
Impenetrable abdomen: a case report of endoscopic sleeve gastroplasty performed in 
patient with huge paramedian laparocele. Obes Surg. (2024) 34:4573–5. doi: 10.1007/
s11695-024-07536-3

	139.	Araújo Martins, M, Lombo, C, Mota, C, Pinto, C, Moura, R, and Fonseca, R. 
Characterization of patients with obstructive sleep apnea syndrome undergoing drug-
induced sleep endoscopy: a retrospective study of nine years (2014-2022). Cureus. (2025) 
17:e78811. doi: 10.7759/cureus.78811

	140.	Kraiwattanapong, J, Rattanaarun, K, Cunteerasup, A, Papassornsiri, T, 
Balankura, T, and Pavarajarn, S. Clinical characteristics and treatment preferences of 
obstructive sleep apnea. Sci Rep. (2025) 15:18976. doi: 10.1038/s41598-025-03816-9

	141.	Van Daele, M, Smolders, Y, Van Loo, D, Bultynck, C, Verbraecken, J, Vroegop, A, 
et al. Personalized treatment for obstructive sleep apnea: beyond CPAP. Life (Basel, 
Switzerland). (2024) 14:1007. doi: 10.3390/life14081007

	142.	Duong-Quy, S, Nguyen-Huu, H, Hoang-Chau-Bao, D, Tran-Duc, S, Nguyen-
Thi-Hong, L, Nguyen-Duy, T, et al. Personalized medicine and obstructive sleep apnea. 
J Pers Med. (2022) 12:2034. doi: 10.3390/jpm12122034

	143.	Billings, KR, and Maddalozzo, J. Integrative approach to managing obstructive 
sleep apnea. Sleep Med Clin. (2023) 18:269–75. doi: 10.1016/j.jsmc.2023.05.011

	144.	Billings, KR, and Maddalozzo, J. Integrative approach to managing obstructive 
sleep apnea. Otolaryngol Clin N Am. (2022) 55:1045–54. doi: 10.1016/j.otc.2022.06.010

	145.	Bailey, CJ, Flatt, PR, and Conlon, JM. Multifunctional incretin peptides in 
therapies for type 2 diabetes, obesity and associated co-morbidities. Peptides. (2025) 
187:171380. doi: 10.1016/j.peptides.2025.171380

	146.	Caruso, I, Cignarelli, A, Sorice, GP, Perrini, S, and Giorgino, F. Incretin-based 
therapies for the treatment of obesity-related diseases. Npj Metab Health Dis. (2024) 
2:31. doi: 10.1038/s44324-024-00030-5

	147.	Dave, N, Dawod, E, and Simmons, OL. Endobariatrics: a still underutilized 
weight loss tool. Curr Treat Options Gastroenterol. (2023) 21:172–84. doi: 10.1007/
s11938-023-00420-6

	148.	Simonian, A, Sousa, E, Samakar, K, and Vidmar, AP. Use of obesity medications 
in a young pediatric patient with optic nerve hypoplasia and severe early-onset obesity: 
a case report. Obesity Pillars. (2025) 16:100192. doi: 10.1016/j.obpill.2025.100192

	149.	Magkos, F. The role of dietary protein in obesity. Rev Endocr Metab Disord. (2020) 
21:329–40. doi: 10.1007/s11154-020-09576-3

	150.	Marchitelli, S, Ricci, E, Mazza, C, Roma, P, Tambelli, R, Casella, G, et al. Obesity 
and psychological factors associated with weight loss after bariatric surgery: a 
longitudinal study. Nutrients. (2022) 14:2690. doi: 10.3390/nu14132690

	151.	Nicolau, J, Sanchís, P, Sfondrini, G, Ayala, L, Pujol, A, Tamayo, MI, et al. The 
EBBS questionnaire (eating behavior after bariatric surgery) is a useful tool for 
identifying individuals at risk of long-term weight regain after sleeve gastrectomy. Obes 
Surg. (2025) 35:1769–78. doi: 10.1007/s11695-025-07836-2

	152.	Szabo-Reed, AN, and Donnelly, JE. Cognitive training: associations and 
implications for weight management and translational research. Transl J Am Coll Sports 
Med. (2021) 6:e000151. doi: 10.1249/tjx.0000000000000151

	153.	Arroyo, KM, Carpenter, CA, Krukowski, RA, and Ross, KM. Identification of 
minimum thresholds for dietary self-monitoring to promote weight-loss maintenance. 
Obesity (Silver Spring, Md). (2024) 32:655–9. doi: 10.1002/oby.23994

	154.	Veselá, L, and Hainerová, IA. Utilization of telemedicine in the care of children 
with obesity. Cas Lek Cesk. (2025) 164:63–7.

	155.	Asbjørnsen, RA, Wentzel, J, Smedsrød, ML, Hjelmesæth, J, Clark, MM, 
Solberg Nes, L, et al. Identifying persuasive design principles and behavior change 
techniques supporting end user values and needs in eHealth interventions for long-
term weight loss maintenance: qualitative study. J Med Internet Res. (2020) 
22:e22598. doi: 10.2196/22598

https://doi.org/10.3389/fneur.2025.1719923
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1515/jbcpp-2024-0193
https://doi.org/10.1080/14656566.2024.2437525
https://doi.org/10.2147/DMSO.S348025
https://doi.org/10.1007/s11096-023-01694-7
https://doi.org/10.1056/NEJMoa2032183
https://doi.org/10.1016/S0140-6736(21)00213-0
https://doi.org/10.1159/000546855
https://doi.org/10.1007/s40272-022-00532-z
https://doi.org/10.1210/jcemcr/luaf164
https://doi.org/10.55730/1300-0144.5938
https://doi.org/10.1093/sleep/zsad224
https://doi.org/10.1080/17476348.2025.2513516
https://doi.org/10.1007/s12325-025-03312-6
https://doi.org/10.1016/j.adaj.2025.05.007
https://doi.org/10.1007/s13679-024-00592-x
https://doi.org/10.1007/s13679-024-00592-x
https://doi.org/10.1016/j.cct.2024.107516
https://doi.org/10.1016/j.otoeng.2025.512221
https://doi.org/10.1164/rccm.202106-1401OC
https://doi.org/10.1007/s11886-020-1257-y
https://doi.org/10.1016/j.numecd.2025.104014
https://doi.org/10.1016/j.numecd.2025.104014
https://doi.org/10.2174/1573403X16666200220120226
https://doi.org/10.1016/j.jchemneu.2021.101924
https://doi.org/10.1007/s11695-023-06846-2
https://doi.org/10.1007/s00423-024-03341-9
https://doi.org/10.1097/SLA.0000000000006743
https://doi.org/10.5281/zenodo.11397278
https://doi.org/10.5281/zenodo.11397278
https://doi.org/10.1007/s00464-024-11194-y
https://doi.org/10.1007/s11695-024-07536-3
https://doi.org/10.1007/s11695-024-07536-3
https://doi.org/10.7759/cureus.78811
https://doi.org/10.1038/s41598-025-03816-9
https://doi.org/10.3390/life14081007
https://doi.org/10.3390/jpm12122034
https://doi.org/10.1016/j.jsmc.2023.05.011
https://doi.org/10.1016/j.otc.2022.06.010
https://doi.org/10.1016/j.peptides.2025.171380
https://doi.org/10.1038/s44324-024-00030-5
https://doi.org/10.1007/s11938-023-00420-6
https://doi.org/10.1007/s11938-023-00420-6
https://doi.org/10.1016/j.obpill.2025.100192
https://doi.org/10.1007/s11154-020-09576-3
https://doi.org/10.3390/nu14132690
https://doi.org/10.1007/s11695-025-07836-2
https://doi.org/10.1249/tjx.0000000000000151
https://doi.org/10.1002/oby.23994
https://doi.org/10.2196/22598


Song and Hu� 10.3389/fneur.2025.1719923

Frontiers in Neurology 15 frontiersin.org

	156.	Sevencan, B, Steenackers, N, van Laar, ADE, Pazmiño Lucio, S, Buyse, B, 
Kalkanis, A, et al. Evaluating the potential of metabolic drugs in obstructive sleep apnea 
and obesity: a narrative review. J Clin Sleep Med. (2025) 21:1433–44. doi: 10.5664/
jcsm.11682

	157.	Kow, CS, Ramachandram, DS, Hasan, SS, and Thiruchelvam, K. Efficacy and 
safety of GLP-1 receptor agonists in the management of obstructive sleep apnea in 
individuals without diabetes: a systematic review and meta-analysis of randomized, 
placebo-controlled trials. Sleep Med. (2025) 129:40–4. doi: 10.1016/j.
sleep.2025.02.010

	158.	Cornejo-Pareja, I, Molina-Vega, M, Gómez-Pérez, AM, Damas-Fuentes, M, and 
Tinahones, FJ. Factors related to weight loss maintenance in the medium-long term after 
bariatric surgery: a review. J Clin Med. (2021) 10:1739. doi: 10.3390/jcm10081739

	159.	Zou, J, Qi, S, Sun, X, Zhang, Y, Wang, Y, Li, Y, et al. Association of lipid-
modifying therapy with risk of obstructive sleep apnea: a drug-target mendelian 
randomization study. Toxicol Appl Pharmacol. (2024) 485:116909. doi: 10.1016/j.
taap.2024.116909

	160.	Williamson, A, Fang, W, Kabalan, MJ, Zalzal, HG, Coutras, SW, and Carr, MM. 
Reliability of a pediatric sleep endoscopy scoring system. Int J Pediatr Otorhinolaryngol. 
(2022) 162:111284. doi: 10.1016/j.ijporl.2022.111284

	161.	Cioboata, R, Balteanu, MA, Mitroi, DM, Catana, OM, Tieranu, M-L, 
Vlasceanu, SG, et al. Interdisciplinary perspectives on dentistry and sleep medicine: a 
narrative review of sleep apnea and oral health. J Clin Med. (2025) 14:5603. doi: 10.3390/
jcm14155603

	162.	Faber, J, Mota, A, Ho, L-I, and Darendeliler, MA. The role of orthodontists in the 
multidisciplinary management of obstructive sleep apnea. Prog Orthod. (2024) 25:40. 
doi: 10.1186/s40510-024-00541-3

	163.	Aubertin, G. French consensus on the care pathway for children with suspected 
or diagnosed type 1 obstructive sleep disorder. Orthod Fr. (2024) 95:249–60. doi: 
10.1684/orthodfr.2024.161

	164.	Chang, JL, Goldberg, AN, Alt, JA, Mohammed, A, Ashbrook, L, Auckley, D, et al. 
International consensus statement on obstructive sleep apnea. Int Forum Allergy Rhinol. 
(2023) 13:1061–482. doi: 10.1002/alr.23079

	165.	Savin, S, Mezzofranco, L, Gracco, A, Bruno, G, and De Stefani, A. Management 
of the pediatric patient with suspected diagnosis of obstructive sleep apnea syndrome. 
Children (Basel, Switzerland). (2023) 10:1225. doi: 10.3390/children10071225

	166.	Lê-Dacheux, M-K, Aubertin, G, Piquard-Mercier, C, Wartelle, S, Delaisi, B, 
Iniguez, J-L, et al. Obstructive sleep apnea in children: a team effort! Orthod Fr. (2020) 
91:323–45. doi: 10.1684/orthodfr.2020.28

	167.	Daou, C, Barajas-Gamboa, JS, Salloum, C, and Guerron, AD. Very-low-calorie-
diet, tirzepatide, and bariatric surgery: a multidisciplinary success in super-super 
obesity. J Surg Case Rep. (2025) 2025:rjae816. doi: 10.1093/jscr/rjae816

	168.	Ma, Y, Fan, Y, Zhou, D, Chen, J, and Ge, S. Laparoscopic sleeve gastrectomy under 
general anesthesia in severely obese patients: a single-centered retrospective study. PeerJ. 
(2021) 9:e10802. doi: 10.7717/peerj.10802

	169.	Sforza, M, Salibba, A, Carollo, G, Scarpellino, A, Bertone, JM, Zucconi, M, et al. 
Boosting obstructive sleep apnea therapy by non-pharmacological approaches: a 
network meta-analysis. Sleep Med. (2024) 115:235–45. doi: 10.1016/j.sleep.2024.01.029

	170.	Herrero Babiloni, A, Lam, JTAT, Exposto, FG, Beetz, G, Provost, C, Gagnon, DH, 
et al. Interprofessional collaboration in dentistry: role of physiotherapists to improve 
care and outcomes for chronic pain conditions and sleep disorders. J Oral Pathol Med. 
(2020) 49:529–37. doi: 10.1111/jop.13068

	171.	Meira E Cruz, M, and Andersen, ML. Sleep, sex and psychosocial health: 
expanding the horizons of behavioral sleep medicine. Dent Med Probl. (2025) 5:771–3. 
doi: 10.17219/dmp/209574

	172.	Więckiewicz, M, Smardz, J, and Martynowicz, H. Lifestyle, daily habits, sleep 
hygiene, and diet: proposal of a new approach for sleep bruxism management. Dent Med 
Probl. (2025) 62:5–7. doi: 10.17219/dmp/191517

https://doi.org/10.3389/fneur.2025.1719923
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.5664/jcsm.11682
https://doi.org/10.5664/jcsm.11682
https://doi.org/10.1016/j.sleep.2025.02.010
https://doi.org/10.1016/j.sleep.2025.02.010
https://doi.org/10.3390/jcm10081739
https://doi.org/10.1016/j.taap.2024.116909
https://doi.org/10.1016/j.taap.2024.116909
https://doi.org/10.1016/j.ijporl.2022.111284
https://doi.org/10.3390/jcm14155603
https://doi.org/10.3390/jcm14155603
https://doi.org/10.1186/s40510-024-00541-3
https://doi.org/10.1684/orthodfr.2024.161
https://doi.org/10.1002/alr.23079
https://doi.org/10.3390/children10071225
https://doi.org/10.1684/orthodfr.2020.28
https://doi.org/10.1093/jscr/rjae816
https://doi.org/10.7717/peerj.10802
https://doi.org/10.1016/j.sleep.2024.01.029
https://doi.org/10.1111/jop.13068
https://doi.org/10.17219/dmp/209574
https://doi.org/10.17219/dmp/191517

	Comparative impact of different weight loss strategies on obstructive sleep apnea: an integrated review of surgical, pharmacological, and lifestyle interventions
	1 Introduction
	2 Main text
	2.1 The efficacy and mechanisms of bariatric surgery on OSA
	2.1.1 Common types of bariatric surgery and indications
	2.1.2 Surgical weight loss and improvement in OSA severity
	2.1.3 Mechanistic analysis of surgical weight loss
	2.1.4 Limitations and complications of bariatric surgery
	2.2 The effects of conventional weight management programs on OSA
	2.2.1 Effects of dietary control and exercise interventions
	2.2.2 Behavioral interventions and multidisciplinary weight management
	2.2.3 Evidence for the efficacy of weight management in OSA
	2.2.4 Limitations and challenges
	2.3 The impact of pharmacological weight loss therapy on OSA
	2.3.1 Glucagon-like peptide-1 receptor agonists (GLP-1 RAs, e.g., liraglutide, semaglutide)
	2.3.2 Orlistat and other traditional anti-obesity medications
	2.3.3 Novel pharmacotherapies (e.g., phentermine/topiramate, zonisamide)
	2.3.4 Limitations and safety of pharmacological therapy
	2.4 Multiple mechanisms of weight loss on OSA
	2.4.1 Improvement of upper airway anatomy
	2.4.2 Improvement of metabolic and inflammatory status
	2.4.3 Neuromodulation and autonomic function changes
	2.5 Comparison and selection of different weight loss methods for the treatment of OSA
	2.5.1 Efficacy comparison
	2.5.2 Individualized treatment strategies
	2.5.3 Combined treatment models
	2.6 Challenges and future directions in long-term management of OSA with weight loss
	2.6.1 Long-term adherence and weight maintenance
	2.6.2 Prospects for novel pharmacological agents and surgical techniques
	2.6.3 Multidisciplinary collaboration and integrated management

	3 Conclusion

	References

