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Introduction
Cardiovascular diseases are associated with high prevalence and 
mortality rates. Individuals with both obstructive sleep apnea (OSA) 
and metabolic syndrome (MetS) face a significantly increased risk 
of developing cardiovascular disease compared to the general popu-
lation.1,2 This elevated risk imposes a substantial burden on indi-
viduals, their families, and society. Although the precise relationship 
between OSA and MetS remains unclear, thoroughly investigating 
this connection is crucial. Identifying risk factors and understand-
ing the interplay between these conditions can help prevent disease 

progression, improve patient outcomes, enhance the quality of life, 
and ultimately yield positive socioeconomic impacts.

Concepts and epidemiology of OSA syndrome and MetS
Respiratory pauses and hypoventilation are recognized as common 
characteristics of OSA. Despite persistent efforts to breathe, the 
upper airway undergoes partial or complete collapse during sleep, 
leading to decreased blood oxygen levels, increased sleep disrup-
tions, and excessive daytime sleepiness. Epidemiological studies in-
dicate that OSA affects 14% of the global population, with a higher 
prevalence among individuals aged 30–69.3 Typical symptoms of 
OSA include daytime drowsiness, fatigue, difficulty concentrating, 
memory issues, and headaches, all of which can significantly di-
minish a patient’s quality of life. OSA is characterized by recurring 
airway collapse during sleep, resulting in decreased blood oxygen 
levels, chronic intermittent hypoxia, and disrupted sleep patterns. 
Common indicators of OSA include snoring, episodes of breathing 
cessation during sleep, and daytime sleepiness.

MetS is a complex metabolic disorder characterized by a com-
bination of risk factors that increase the likelihood of cardiovas-
cular and cerebrovascular diseases. MetS was first defined by the 
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World Health Organization in 1998, with subsequent descriptions 
provided by the International Diabetes Federation and the National 
Cholesterol Education Program Adult Treatment Panel III (here-
inafter referred to as NCEP-ATP III). Notably, high blood sugar 
levels, central obesity, high blood pressure, and abnormal lipid 
levels are commonly included in the diagnostic criteria for MetS. 
According to the NCEP-ATP III, the prevalence of MetS in the 
United States is estimated to be 24%, based on the National Health 
and Nutrition Examination Survey.4

The relationship between OSA and MetS
Individuals diagnosed with OSA face a significantly elevated risk 
of developing MetS compared to the general population. The re-
lationship between OSA and MetS is bidirectional, potentially 
perpetuating a harmful cycle. A comprehensive clinical study in 
China revealed MetS prevalence rates of 18.6%, 30.4%, 43.8%, 
and 57.1% in patients with no, mild, moderate, and severe OSA, 
respectively.5 Conversely, around 60.5% of individuals diagnosed 
with MetS also experience moderate to severe OSA.6 A prospec-
tive cohort study found that approximately 17.2% of OSA patients 
developed MetS within six years, highlighting an independent con-
nection between the two conditions.7

The significant comorbidity between OSA and MetS can be 
attributed to common risk factors such as obesity, aging, and 

unhealthy lifestyle choices. A four-year follow-up study of the 
Wisconsin Sleep Cohort Research has shown that for every 10% 
increase in body weight, the apnea-hypopnea index (AHI) in-
creased by 32%, with an incidence of moderate to severe OSA 
increasing sixfold. Conversely, for every 10% decrease in weight, 
AHI decreases by 26%.8 Central obesity, a key feature of MetS, 
is closely linked to fat accumulation around the neck, which ex-
acerbates upper airway obstruction during sleep compared to fat 
deposition in other body regions. It is estimated that 50% to 60% 
of obese individuals with MetS also have OSA.9

Numerous studies have underscored the high prevalence of 
OSA in MetS patients and vice versa, with both conditions signifi-
cantly elevating the risk of cardiovascular diseases. This overlap 
in prevalence between OSA and MetS, along with their shared as-
sociation with cardiovascular risks, emphasizes the importance of 
recognizing and addressing the complex interplay between sleep 
disorders and metabolic dysregulation (Fig. 1).

The correlation between OSA and obesity
Accumulation of visceral fat, particularly in obese individuals, 
presents a significant risk factor for OSA, as indicated by previous 
research. Analysis of intra-abdominal fat areas in obese individu-
als with and without OSA reveals that those with OSA tend to have 
markedly larger visceral fat areas and higher ratios of visceral fat 

Fig. 1. Putative mechanisms connecting obstructive sleep apnea (OSA), obesity, and metabolic syndrome (MetS). Double-headed arrow (between “Ob-
structive sleep apnea syndrome” and “Obesity”): This indicates a bidirectional relationship between Obstructive sleep apnea syndrome and obesity. Inter-
mittent hypoxia may lead to obesity, and obesity may exacerbate the effects of intermittent hypoxia. Downward arrow (from “Obesity” to the blue box): This 
shows that obesity acts as a critical intermediary process leading to the subsequent mechanisms involved in metabolic syndrome. Downward arrow (from 
the blue box to “Metabolic Syndrome”): This indicates that the various physiological mechanisms and pathological changes within the blue box collectively 
contribute to the development of metabolic syndrome. CRP, C-reactive protein; FFA, free fatty acids; IL-6, interleukin 6; RAAS, renin-angiotensin-aldosterone 
system; SNS, sympathetic nervous system; TNF-α, tumor necrosis factor-alpha.
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to total fat compared to their non-OSA counterparts.10

Various studies have proposed a potential link between OSA 
and body mass index (BMI) through the hormone leptin. Leptin 
binds to the OB receptor on the surface of the hypothalamus, ini-
tiating the JAK-STAT signaling pathway, which leads to increased 
expression of anorexigenic peptides and decreased appetite.11 OSA 
could contribute to obesity by elevating BMI, lowering leptin lev-
els, raising ghrelin levels, and intensifying cravings. The disrupted 
sleep patterns and frequent awakenings associated with OSA may 
interfere with hormone regulation, potentially resulting in height-
ened hunger and a preference for calorie-dense foods. Furthermore, 
daytime fatigue and reduced energy levels might stifle motivation 
for physical activity, further fueling weight gain.

The connection between OSA and hypertension
Data from the extensive Wisconsin Sleep Cohort study suggest a 
significant association between OSA severity and blood pressure 
(BP) over time. In a four-year follow-up, individuals with mild and 
moderate-to-severe OSA had odds ratios of 2.89 (95% confidence 
interval, 1.46–5.64) and 1.42 (95% confidence interval, 1.13–
1.78), respectively, for developing hypertension compared to those 
without sleep-disordered breathing, regardless of factors such as 
BMI, waist circumference, neck circumference, age, gender, base-
line hypertension status, and other confounding variables.12

Intermittent hypoxemia (IH), a prominent feature of OSA, can 
trigger spikes in BP and excessive activity of the sympathetic nerv-
ous system through carotid chemoreceptors in OSA patients.13 
Normally, during sleep in healthy individuals, sympathetic activity 
decreases, and parasympathetic dominance prevails, contributing to 
the physiological nocturnal “dipping” of BP and heart rate.14 The 
loss or reduction of this dipping pattern is common in OSA and 
has been linked to a heightened risk of cardiovascular diseases. Pe-
riodic episodes of intermittent hypoxia and hypercapnia resulting 
from apneic-hypopneic episodes can induce changes in autonomic 
nervous function that counteract the natural nocturnal dipping of 
BP.15 Notably, OSA patients may also have consistently elevated 
BP while awake, possibly due to increased sympathetic drive.

The connection between OSA and diabetes
The correlation between OSA and hyperglycemia has been widely 
documented, particularly in individuals with type 2 diabetes mel-
litus (T2DM). Sleep disorders, including OSA, are more prevalent 
in people with T2DM, negatively impacting overall well-being, 
mood, and quality of life. Additionally, individuals with sleep dis-
orders like OSA are at an increased risk of developing metabolic 
disorders such as T2DM.

The mechanisms through which OSA may contribute to the 
development of diabetes are complex and varied. Animal studies 
have demonstrated that simulating the intermittent episodes of de-
oxygenation/reoxygenation seen in OSA, known as IH, can disrupt 
glucose regulation.16 Research involving participants exposed to 
IH has shown impaired insulin sensitivity and glucose tolerance.17 
In addition to IH, sleep fragmentation due to frequent awakenings 
in OSA also negatively impacts insulin sensitivity, although empir-
ical evidence on this effect is limited. The exact pathways through 
which IH and sleep fragmentation affect glucose metabolism are 
not fully understood, but potential factors include increased sym-
pathetic activity, oxidative stress, and inflammation.18 Sympathet-
ic nervous system activation, in addition to raising blood pressure, 
can reduce tissue sensitivity to insulin. Elevated levels of inflam-

matory cytokines in OSA patients have been linked to insulin re-
sistance and local or systemic inflammation.19

The connection between OSA and dyslipidemia
Regarding the relationship between OSA and dyslipidemia, studies 
have shown a significant association between OSA severity and 
levels of high-density lipoprotein (HDL). Higher AHI values have 
been linked to lower HDL levels.20 Research on OSA patients has 
consistently reported decreased HDL levels, along with elevated 
levels of total cholesterol, triglycerides (TG), and low-density li-
poprotein (LDL).21 CIH in OSA can lead to increased TG levels by 
promoting the production of TG-related proteins and enzymes in 
the liver. Additionally, the heightened sympathetic activity in OSA 
patients may impact the synthesis of lipoprotein lipase, resulting in 
reduced serum HDL levels. Previous studies have suggested that 
blocking alpha-1 receptors could raise HDL levels and lower TG 
levels, indicating a possible link between sympathetic overactivity 
in OSA and altered lipid profiles.22

The influence of various treatments on MetS and its compo-
nents
Causal inference requires interventional studies to demonstrate the 
effect of treating OSA on preventing and reversing MetS, typically 
defined as having fewer than three MetS criteria at the end of fol-
low-up. Currently, most studies have focused only on the impact 
of interventions on individual components of MetS, and there is no 
evidence to suggest that treating OSA can prevent the onset of MetS.

Patients with OSA have shown a significant, though small, 
weight gain after receiving continuous positive airway pressure 
(CPAP) therapy,23 an effect that is particularly noticeable in pa-
tients with type 2 diabetes.24 This observation contradicts the pre-
viously described relationship between obesity and OSA. Howev-
er, the weight gain following CPAP therapy may be due to changes 
in different body components. Recent meta-analyses have shown 
no association between CPAP use and the volume of subcutaneous 
or visceral fat tissue.25 CPAP may increase lean body mass, sug-
gesting that the weight gain induced by CPAP may reflect positive 
changes in body composition.26

A meta-analysis of randomized controlled trials on CPAP found 
improvements in insulin resistance among OSA patients but no 
significant changes in fasting glucose or HbA1c levels.27,28 Dur-
ing long-term follow-up, CPAP failed to sustain improvements 
in glycemic control or reduce insulin resistance. The largest and 
longest study to date, a sub-study of the multi-center randomized 
controlled trial, involved 2,687 subjects with a median follow-up 
of 4.3 years and aimed to determine the impact of long-term CPAP 
treatment on glycemic control and diabetes risk in patients with 
cardiovascular disease and OSA.29 Participants were randomly as-
signed to the CPAP treatment group or the usual care group, and 
the incidence of diabetes was recorded. The results showed no 
significant differences in blood glucose, HbA1c, or the use of an-
tidiabetic medications between the CPAP treatment group and the 
usual care group in patients with pre-existing diabetes. Similarly, 
no significant differences were found between the two groups in 
patients with prediabetes or newly diagnosed diabetes. Notably, 
women with OSA and diabetes who received CPAP therapy had 
better glycemic control, whereas women assigned to the usual care 
group experienced worsening glycemic control during follow-up. 
This suggests a gender difference in the link between OSA and 
metabolic dysregulation, warranting further research. The lack of 
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differences may be due to insufficient CPAP usage, as one week of 
8-h nightly CPAP has been shown to improve glycemic control.30

CPAP can reduce blood pressure by lowering sympathetic ac-
tivation and vascular injury caused by intermittent hypoxia. Al-
though CPAP treatment can lower blood pressure, the improve-
ment is modest, with a 24-h average blood pressure reduction of 2 
mmHg.31 However, CPAP can significantly improve conditions in 
patients with resistant hypertension, playing an important clinical 
role in managing hypertension in these patients.

A meta-analysis of randomized controlled trials with control 
groups showed that CPAP treatment significantly reduced total cho-
lesterol, particularly in younger and more obese patients, but had 
no significant effect on LDL-C, HDL-C, or triglyceride levels.32 A 
2020 study assessing the impact of long-term CPAP treatment on 
dyslipidemia found significant reductions in total cholesterol and 
LDL-C levels after both short-term and long-term CPAP therapy, 
but no changes in triglyceride or HDL-C levels.33 Similarly, the 
European Sleep Apnea Database (ESADA) cohort investigated the 
effect of long-term CPAP treatment on lipid levels, and unadjusted 
analyses showed improvements in all lipid levels after CPAP treat-
ment.34 However, after adjusting for age, gender, lipid-lowering 
medications, weight changes, CPAP adherence, and duration, only 
total cholesterol levels showed a significant reduction, with the du-
ration of CPAP treatment being the only independent predictor of 
cholesterol reduction. Dyslipidemia in OSA patients with MetS is a 
long-term process influenced by multiple factors, of which OSA is 
only one. HDL-C is primarily influenced by genetic factors and is 
not easily modified by various interventions.

In patients with MetS and severe OSA, eight weeks of CPAP 
treatment was associated with improvements in cardiovascular 
risk markers, specifically reductions in blood pressure and total 
cholesterol levels. However, these benefits were observed only in 
patients with high CPAP adherence (≥4 h of nightly use) and con-
tinued medication use.35 In 2009, a small prospective study with 
20 subjects evaluated the effect of one year of CPAP treatment 
on the prevalence of MetS in patients diagnosed with both OSA 
and MetS. After one year of CPAP follow-up, the prevalence of 
MetS decreased by 45%.36 In 2013, Hoyos and colleagues uti-
lized retrospective data from a randomized trial to assess the ef-
fect of 12 weeks of CPAP treatment on the reversal of MetS.37 
This study included 65 patients with moderate to severe OSA who 
were on antihypertensive and lipid-lowering medications. Of the 
18 patients with MetS before treatment, three reversed MetS af-
ter three months of CPAP intervention. One patient in the placebo 
CPAP group experienced such reversal (P > 0.05). This suggests 

that 12 weeks of CPAP treatment had no significant impact on 
the development or reversal of MetS. However, the adherence to 
CPAP treatment in the CPAP group was 3.6 h per night, making 
it difficult to determine whether poor adherence may have dimin-
ished potential metabolic benefits. In 2022, Sara conducted a ran-
domized controlled trial specifically addressing whether treating 
OSA with CPAP promotes MetS reversal.38 One hundred patients 
completed the study (50 in each group). The average adherence to 
CPAP was 5.5 ± 1.5 h per night. Compared to placebo, CPAP treat-
ment resulted in a higher reversal rate of MetS (18% vs. 4%; P = 
0.04), but most patients retained this diagnosis, suggesting that the 
effect of OSA on MetS may be limited.

Despite the metabolic benefits of CPAP therapy for OSA patients, 
it may not be the most effective treatment. In contrast, lifestyle inter-
ventions have a more significant impact on MetS in OSA patients. 
Lifestyle intervention is the cornerstone treatment for MetS, and 
the Mediterranean diet has been shown to reduce the risk of MetS 
and improve each of its components.39 A study comparing changes 
in metabolic indices over 24 weeks between weight loss combined 
with CPAP therapy and CPAP therapy alone found that levels of 
C-reactive protein, insulin resistance, and triglycerides decreased 
only in the weight loss group, while they remained unchanged in the 
CPAP-only group.40 This indicates that combining CPAP with life-
style interventions is crucial for improving disease outcomes in OSA 
patients. There is an interaction between the components of MetS, 
where weight loss can lead to changes in other components, such as 
lipid profiles and fasting glucose. Therefore, lifestyle intervention is 
an essential and effective treatment for OSA.

Improving the AHI and sleep quality alone may not reverse meta-
bolic disorders; sustained weight loss is crucial. Treatment strate-
gies for individuals presenting with OSA and MetS symptoms may 
include weight management and lifestyle modifications involving 
dietary adjustments, physical activity, improved sleep habits, smok-
ing cessation, and regular medical monitoring.41 In certain cases, 
metabolic surgeries like laparoscopic sleeve gastrectomy, laparo-
scopic Roux-en-Y gastric bypass, and biliopancreatic diversion with 
duodenal switch might be considered. Following such interventions, 
patients typically observe marked improvements in OSA symptoms, 
weight management, and metabolic health.42

For individuals with mild to moderate OSA, mandibular advance-
ment devices (MADs) can be a suitable option. Some studies sug-
gest that MADs could reduce blood pressure in patients, although 
they may not have a significant impact on fasting blood sugar and 
lipid profiles.43,44 The effects of MADs on the prevalence of MetS 
among OSA patients warrant further investigation (Table 1).

Table 1.  Treatment methods for OSA with MetS

Treatment method Description Impact

Continuous positive 
airway pressure

Primary treatment for moderate to severe 
OSA; addresses upper airway collapse, 
hypoxia, and symptoms like snoring

Decreases the occurrence of MetS, but has no 
significant impact on lipid levels, inflammatory 
markers, insulin resistance, or MetS

Weight management and 
lifestyle modifications

Involves dietary adjustments, physical activity, improved 
sleep habits, smoking cessation, and regular monitoring

Crucial for reversing metabolic disorders; 
improves sleep quality and AHI

Metabolic surgeries Includes laparoscopic sleeve gastrectomy, laparoscopic 
Roux-en-Y gastric bypass, and biliopancreatic diversion

Enhances OSA symptoms, weight 
management, and metabolic health

Mandibular advancement 
devices (MADs)

Suitable for mild to moderate OSA; advances 
the lower jaw to keep the airway open

Reduces blood pressure, but limited impact on 
fasting blood sugar and lipid profiles; effects 
on MetS prevalence need further study

AHI, apnea-hypopnea index; CPAP, continuous positive airway pressure; MADs, mandibular advancement devices; MetS, metabolic syndrome; OSA, obstructive sleep apnea.
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Future directions
Future research should explore the molecular mechanisms under-
lying the relationship between OSA and MetS, with a focus on 
the role of chronic intermittent hypoxia in metabolic dysfunction. 
Longitudinal studies assessing the long-term impact of integrated 
treatment strategies, including CPAP therapy, lifestyle interven-
tions, and metabolic surgeries, on both OSA and MetS are highly 
needed. Additionally, further investigation into personalized thera-
peutic approaches based on genetic and gender-specific factors 
could improve clinical outcomes and inform tailored management 
strategies.

Conclusions
Chronic episodes of intermittent hypoxia, hypercapnia, and dis-
rupted sleep patterns associated with OSA may contribute to the 
development or worsening of MetS. Conversely, the components 
of MetS can also influence OSA, creating a cycle of mutual rein-
forcement. OSA tends to cluster with MetS components, which are 
known risk factors for cardiovascular disease, thereby increasing 
the likelihood of cardiovascular events. The intricate interplay be-
tween OSA and MetS warrants further exploration. Proper eluci-
dation of the link between these conditions, along with strategies 
to break the cycle between them, could significantly reduce the 
cardiovascular risk associated with OSA and MetS.
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