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Abbrevations: OSA, obstructive sleep apnea; T2DM, type 2 
diabetes mellitus; MetS, metabolic syndrome; CVD, cardiovascular 
diseases; AHI, apnea-hypopnea index; SDB, sleep disordered 
breathing; BMI, body mass index; OSAS, obstructive sleep apnea 
syndrome; CRP, c-reactive protein; TNF-α, tumor necrosis factor α; 
HRT, hormone replacement therapy; PSG, polysomnographic; CPAP, 
continuous positive airway pressure

Introduction
Obesity incidence is increasing globally; the prevalence of 

obesity in Asian countries has risen to about 30.1 There is a linear 
correlation between obesity and OSA. In obese people, fat deposits 
in the upper respiratory tract narrow the airway; there is a decrease in 
muscle activity in this region, leading to hypoxic and apneic episodes, 
ultimately resulting in sleep apnea. These hypoxia/apnea episodes 
lead to a decrease in oxygen that is available in body tissues and blood 
vessels. The decreased oxygenation causes tissue hypoxia, which is 
the main contributing factor to atherosclerosis, the main risk factor for 
Cardiovascular Diseases (CVD).2

A four-year longitudinal study3 of overweight and obese American 
adults demonstrates that change in weight is directly proportionate 
to sleep disordered breathing (SDB). Those with the greatest weight 
gain had a more severe apnea-hypopnea index (AHI). The risk of 
OSA increases with age and body mass index (BMI); other associated 
factors seen in a cohort of Australian men includes sedentary lifestyle, 
tobacco abuse, and heavy alcohol use.4 OSA is strongly correlated 
with multiple disease conditions, including type 2 diabetes mellitus 

(T2DM), hyperlipidemia, hypertension, heart failure, cardiovascular 
diseases (CVD) and depression.4,5

Obesity and sleep
Obesity is defined as a BMI≥30, whereas a BMI≥25.0 indicates 

the person is overweight.6 Compared to men, women have lower 
rates of being overweight or obese. The major contributing factors to 
obesity include environment, eating behavior, and physical inactivity. 
Psychosocial circumstances and genetics also play important roles in 
obesity.7

People who are obese (with a BMI of more than 30) with shorter 
sleep duration have twice as many subjective sleep problems compared 
to non-obese people.8 Being obese or overweight is associated with 
decreased amount of sleep compared to non-obese patients.9 Obesity 
is associated with poor sleep quantity and quality; thus weight 
reduction can ameliorate sleep problems.10,11 As a result preventing 
weight gain had a positive effect on sleep quality and duration in adult 
Black women12 (Figure 1).

Weight gain is a slow process sustained by lifestyle factors such 
as lack of sleep, sedentary lifestyle, excessive caloric intake, and 
genetics. Short sleepers and obese people can easily suffer major 
depression. In male Chinese subjects, obesity has also been associated 
with short sleep duration (less than 6 hours) and prolonged working 
hours (greater than 9 hours).13 Short sleep duration and dietary intake 
can cause hormonal imbalances. One such imbalance is a decrease in 
melatonin, leading to alterations in the metabolic circadian rhythm 
predisposing to weight gain and metabolic syndrome.14 There are 
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Abstract

Obstructive sleep apnea (OSA) is a global disease with a rising incidence along with 
its comorbidities, especially with metabolic syndrome. One of the main components 
contributing to sleep apnea is obesity; as well as diabetes mellitus type 2 (T2DM), 
hypercholesterolemia, and hypertension. OSA is a condition that requires management 
and the disease can be treated by using CPAP therapy. The awareness of this global 
issue is rising, and health care systems are providing preventive measures, diagnosis 
and the treatment options. The major preventable risk factors to decrease obesity are 
the awareness of lifestyle modification (eating behaviors, smoking, drinking alcohol, 
etc.) and understanding the importance of exercise. If these lifestyle modifications 
are widely applied, then not only will the consequences of obesity and sleep apnea 
be reduced, but also the incidence of cardiovascular disease will decrease greatly. 
Public awareness of the importance of weight loss by lifestyle modification or 
bariatric surgery to improve the quality of life is needed. These preventive actions, 
screening measures, and treatment strategies for obesity and OSA can significantly 
reduce the incidence of obesity, as well as OSA and the related comorbidities such as 
cardiovascular disease, atherosclerosis, and depression. Finally, health care costs will 
also be reduced.
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also alterations in the actions of the hormones leptin and insulin. 
Obese individuals develop resistance to both of these hormones. 
These hormones decrease food need and increase energy metabolism. 
Ghrelin, which is released by the stomach stimulates appetite and 
is also affected by sleep disturbances. An increase in the level of 
ghrelin and a decrease in the level of leptin is also noted in chronic 
short sleepers.15,16 These altered levels in short sleepers predispose to 
obesity because of the associated increased food intake.14,17–19 Factors 
which predispose to obesity, such as poor sleep and excessive caloric 
intake are also the major predisposing factors for diabetes and the 
other components of the metabolic syndrome.20–24 OSA has further-
reaching consequences than simply being tired, in OSA patients, 
excessive daytime sleepiness, anxiety, and poor concentration due to 
lack of sleep can lead to traffic accidents25 (Figure 2).

Figure 1 A schematic diagram that shows the obesity and associated 
comorbidities.

Figure 2 A schematic diagram that shows the correlations between OSA, 
Obesity, Leptin, and Ghrelin.

Obstructive sleep apnea syndrome

In obstructive sleep apnea syndrome (OSAS), patients experience 
recurrent apnea and hypopnea episodes due to the complete or partial 
collapse of the upper airway. In obese people, the narrowing of upper 
respiratory muscles occurs because of the accumulation of fatty tissues. 
The obstruction in breathing due to the narrowing of the upper airway 

causes a marked increase in intrathoracic pressure and triggers apnea 
and hypoxia.26 There is an increased sympathetic activation due to 
apnea/hypoxia episodes in OSAS patients.27 Episodes of hypoxemia/
apnea can drop the oxyhemoglobin saturation from 95% to 80%, 
depending on the length of the period of apnea. OSA is an independent 
risk factor for cardiovascular and cerebrovascular diseases. Due to the 
hypoxia-related to OSAS, the oxidative stress leads to overproduction 
of reactive oxygen species, which can cause endothelial dysfunction 
and result in atherosclerosis. The inflammatory marker C-reactive 
protein (CRP), tumor necrosis factor α (TNF α), and interleukin-6 
(IL-6) were increased in patients with OSA and significantly elevated 
when the AHI was 15 or greater.28

Leptin is a hormone involved in feeding and metabolizing energy. 
Increased levels of leptin are found in patients with OSAS. The level 
of leptin hormone is correlated with the severity of OSAS.29 Another 
study shows that increased levels of the leptin hormone are present in 
both obese and obstructive sleep apnea patients, with the leptin level 
being directly proportional to the severity of the syndrome.30 In OSA 
patients, serum leptin levels are 50% higher compared to controls. 

Epidemiology, prevalence and gender differences in 
OSA

The prevalence of OSA in the general population is 3 to 7% for 
men and 2 to 5% for women.31 The rates are especially high for those 
who are obese. The converse is also true: those with OSA are at risk 
for obesity. Inadequate sleep during the night and daytime sleepiness 
predispose patients to weight gain.32 The prevalence of sleep apnea in 
obese people who go for bariatric surgery is 77%. Polysomnographic 
(PSG) testing is recommended for all obese people who are candidates 
for bariatric surgery.33

The rates of OSA vary amongst women based on their menopausal 
status. In premenopausal women, the prevalence of OSA is 0.6%, 
which is very low. Postmenopausal women who are on hormone 
replacement therapy (HRT) have a prevalence of 0.5%; however, 
postmenopausal women who do not use HRT have a higher prevalence: 
2.7%. Post-menopausal women not on HRT have rates of OSA almost 
equal to that of men.34 The prevalence of OSA is higher in men than 
women, with the exception of postmenopausal women.35 Despite the 
increased prevalence of sleep apnea in men, women present with 
increased comorbidities, including a morning headache, insomnia, 
mood problems, and anxiety.36 

Differences in ethnicity

Most studies done in regards to ethnicity differences and OSA 
have been done between Blacks and Whites. In a cross-sectional study 
of OSA prevalence in South Asian patients with T2DM compared to 
that of white Europeans, whites were nearly twice as likely to have 
OSA (36.2% vs. 51.4%). In addition, the severity of the condition was 
lower for South Asians than for Europeans.37 In the Sleep Heart Health 
Study, a multi-ethnic cohort was studied to explore the symptoms of 
SDB in relation to race and ethnicity. Frequent snoring was more 
common in Hispanic men and woman as well as Black women 
compared to others.38 In African-Americans, the risk of OSA is seen 
at a younger age than in whites.39 In a study comparing Far East Asian 
men with white men, OSA was more common and more severe in Far 
East Asian men, although they had a lower BMI.40 Authors noted that 
craniofacial differences may play a role in these increased rates of 
OSA in Far East Asian men. In the Middle East, obesity plays a bigger 
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role in OSA. A review article exploring this topic found that studies 
were done in countries such as Dubai, United Arab Emirates found up 

to 22% of participants are at risk for OSA (Table 1).41,42

Table 1 A highlights on the worldwide studies concerning OSA, obesity, and related comorbidities

Study title Study design Total number 
(N)

Major associated 
comorbidities Obesity

Sleep 
disturbances 
(OSA)

P-values Reference

Quality of sleep and risk for 
obstructive sleep apnea in 
ambulant individuals with 
T2DM at a tertiary referral 
hospital in Kenya: A cross-
sectional, comparative study.

Cross-sectional, 
comparative study

223 males + 
females

T2 dm, 
hypertension, 
depression, COPDS

Positive Positive 0.001 5

Sleep apnea in Australian men: 
Disease burden, co-morbidities, 
and correlates from the 
Australian longitudinal study 
on male health.

Longitudinal study 13,423 adult 
males

T2 dm, 
hypertension, 
depression

Positive Positive <0.001 4

OSA and multiple 
anthropometric indices of 
general obesity and abdominal 
obesity among young adults

Cross-sectional 
study

2911 males + 
females Anxiety/depression Positive Positive <0.001 2

Longitudinal study 
of moderate weight 
change and SDB.

Prospective 
cohort study

690 males + 
females Anxiety/depression Positive Positive 0.01 3

Short sleep duration combined 
with OSA is associated with 
visceral obesity in Korean 
adults

Cross-sectional 
study.

838 males + 
females Anxiety/depression Positive Positive <0.001 42

Association 
of short sleep duration with 
weight gain and obesity at 
1-year follow-up: A large-scale 
prospective study. (Japan)

Prospective 35,247 males 
+ females Anxiety/depression Positive Positive <0.01 1

Treatment implications

Weight loss, physical activity, and diet control: Obesity and low 
levels of physical activity are associated with moderate to severe 
OSA. Exercise helps in decreasing weight, blood pressure, depression, 
anxiety, and fatigue.28 Eating disorders such as bulimia can also be 
the causative factor of obesity; these mental and psychological issues 
should be addressed to overcome obesity and its comorbidities in 
early childhood or at the earliest age of diagnosis.43 To prevent adult 
obesity, early childhood prevention by families is key in controlling 
this global issue. Unfortunately, high-quality studies in this area are 
greatly lacking.44 

CPAP: The conventional treatment for OSA is continuous positive 
airway pressure (CPAP). This therapy uses a machine to deliver 

a constant airflow to a patient’s airway via a nasal, facial, or oral 
device that maintains airway patency during sleep. CPAP treatment 
significantly relieves OSAS symptoms and improves functional status 
in both males and females. Women’s physiological changes during 
pregnancy and menopause lead to different sleep patterns and clinical 
presentations of OSAS when compared to men.28 

Avoidance of lying in a supine position or, using topical nasal 
corticosteroids are other therapeutic approaches. The psychoactive 
drug modafinil has also prescribed to patients who do not respond to 
CPAP effectively.45

Weight loss by surgical procedures: In the primary care setting, 
physicians performing BMI screenings markedly increased from 
2008 to 2013 from 54% to 73%. However, the management and 
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implications of obesity at primary healthcare facilities still need to be 
improved, and behavioral-based treatment should be given priority.46 

Weight loss is the key factor in the treatment of OSA. It can be 
achieved with exercise, diet changes, and/or medications. One study 
showed that short sleepers (less than 7 hours) had improvement in 
metabolic indices and greater weight loss when they increased their 
sleep more than 7 hours.47 Short sleepers (6 hours or less) who go to 
sleep late tend to eat later at night, increasing their daily intake of 
calories and becoming more prone to gain weight.48

Surgical procedures are more beneficial than medical procedures 
for losing weight and addressing the comorbidities associated with 
obesity. If dieting and increased sleep measures fail, then bariatric 
surgery could be an alternative treatment option to lose weight. 
After losing weight through bariatric surgery, OSA, and metabolic 
derangements greatly improved.49,50 While the treatment combination 
CPAP and surgery to lose weight has beneficial effects in the 
treatment of OSA, patients need close monitoring to prevent surgical 
complications.51

There was a great improvement noticed in OSA on 
polysomnographic studies before and after the surgical procedure; 
improvements were also noticed in metabolic syndrome. Bariatric 
surgery is becoming the major treatment option for patients in which 
weight loss through diet, exercise, and CPAP therapy has failed.52–54 
In obese renal transplant patients, LSG (laparoscopic sleeve 
gastrectomy) surgical procedures greatly reduce the post-transplant 
complications.55 Another study shows bariatric surgery reduces 
microvascular complications, especially in those with prediabetic 
state.56

The concentration of the enzyme heme oxygenase is increased 
in patients with severe OSA and morbid obesity; bariatric surgery 
decreases this enzyme concentration. As result, inflammatory process 
and insulin resistance decrease. Obesity-related OSA is best treated 
by a combination of surgical procedures and CPAP therapy.51,57 OSAS 
and obesity are correlated problems; while treating OSAS, obesity 
should also be addressed in obese patients, even if that means using 
surgical procedures.58

Complications of surgical procedures: There are very few 
microvascular complications noted with bariatric surgery. In patients 
with pre-diabetes, it is actually more beneficial in preventing 
microvascular complications such as diabetic nephropathy, 
neuropathy, and retinopathy.56 Obese patients who have previously 
undergone bariatric surgery who subsequently cardiac surgery, have 
a higher risk of coronary artery complications compared to patients 
with no previous bariatric surgery.59 

People who have bariatric surgery are also at increased risk for 
vitamin deficiencies, depending on the type of procedure. Vitamin B 
deficiencies are often reported after bariatric surgical procedures, and 
the patients can develop neurological complications, such as muscle 
weakness, polyneuropathy, and abnormal gait. Wernicke-Korsakoff 
neuropathy is one side effect that is not reversible; other complications 
can be treated by taking vitamins.60 After bariatric surgery, bleeding, 
ulceration, fistula formation, and stenosis of the anastomosis can 
occur; all these complications can be repaired endoscopically or in an 
open procedure.61

Public health implications

To prevent obesity and its serious complications, patients as well as 
policymakers, health care workers, marketing and food industries all 
play a role.62 To prevent obesity and its complications, early childhood 
development interventions mediated by parents and family education 
is also very important. Preparing healthy meals, increasing physical 
activities, and encouraging lifestyle modifications at an early age. 
Early childhood education about what constitutes a healthy lifestyle 
and its adoption are very important. Parents can make children more 
active by involving them in chores or encouraging play beyond video 
games. Also adopting healthier cooking methods such as baking or 
grilling instead of frying food should be emphasized. Avoidance 
of foods with high fructose corn syrup such as juice or soda is also 
important. Ironically in Australia, obesity persists despite a national 
dietary campaign which has led to a reduction in sugary beverage 
consumption.63 Local community campaigns can gain attention and 
motivate people to avoid sugary drinks and other sugar-filled beverages 
and food. This avoidance and awareness might be detrimental to soda 
industries and other sugar manufacturing products globally, but this 
will allow us to appropriately address this rising global problem and 
its comorbidities worldwide.64 Engaging the entire family in making 
healthy choices leads to a healthy society in the future.65

To improve public health, healthcare workers must address the 
important lifestyle modifications of diet and exercise, as well as the 
proper duration and quality of sleep.66 Public messages should be 
given that emphasize the harmful effects of excessive food intake 
and lack of physical exertion.67 Primary care physicians can play a 
vital role in preventing obesity and related comorbidities by educating 
patients, recommending different strategies, and involving a multi-
disciplinary team of healthcare workers to provide effective obesity 
therapy and prevention to their patients. A dietician can be an integral 
part of this team as dieticians can aid patients in developing adoption 
of a balanced diet by providing healthy food education.68 Dieticians 
can aid patients in developing adoption of a balanced diet by providing 
healthy food education. Through a proper diet, greater weight loss can 
be achieved.69 

To achieve a better quality of life, specific and concrete measures 
should be taken to address the underlying factors related to obesity. 
Surgical procedures are vital treatment options, which can give a better 
choice for overcoming obesity and its associated comorbidities. These 
bariatric surgeries are safe and effective. Guidance and awareness of 
the costs and side effects of these procedures can impact better public 
health by primary care physicians and healthcare workers.70 

Discussion
The prevalence of OSA is increasing globally due to the growing 

occurrence of obesity in society. In obese people, the fat deposits in 
the upper respiratory tract make breathing difficulties during sleep 
thus causing OSA,.71 OSA is strongly associated with obesity.72 Obese 
people must be screened for OSA and disorders that are associated 
with it. Both obesity and OSA patients have a greater risk of metabolic 
syndrome.73 Diet control in obese people can improve sleep problems 
and associated depression, anxiety, and insomnia. In young adults, 
disturbed sleep management should be addressed along with stress 
and depression management. Keeping in mind that the attention 
should also be placed on emotional issues. Involving a person in 
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healthy group discussions and therapies, encouraging them to actively 
participate in these groups, can strengthen psychological, mental and 
social health. Health care workers, especially primary care physicians, 
can play a vital role in solving this growing public health problem.74,75

OSA is a rising prevalent problem, associated mainly with obesity. 
The gold standard of treatment is CPAP therapy and ensuring that 
patients adhere to the therapy. If the condition does not improve, then 
surgical procedures are recommended to overcome this problem.76 
Surgical weight loss procedures for obese people are highly 
recommended, even by non-surgical teams and societies.77 Bariatric 
surgical procedures are safe, even in the elderly population, so this 
should not be a deterrent to undergo the operations.78–80

Conclusion
This review highlights the impact of obesity on OSA is evident. 

Indeed, in several populations across different cultures, the positive 
relationship between obesity and OSA was pronounced. This 
represents an important public health crisis that demands multi-
layered interventions. To cope with this increasing and seriously 
preventable health issue, we emphasize the need to minimize the 
consumption of junk and fast food, increase the consumption of 
fresh fruits and vegetables. Other important habits are drinking water 
instead of juice, soda or alcohol; as well as smoking cessation. In 
addition to making dietary changes engaging in physical exercise 
is necessary. If medical and/or lifestyle medication therapies fail, 
then surgical interventions are another option to treat obesity and its 
associated comorbidities. Surgical procedures which can drastically 
reduce obesity and its related comorbidities ultimately improving 
mortality rates. To improve public health, obesity and its associated 
comorbidities should be seriously considered. Solving this issue is not 
only the responsibility of an individual and a healthcare worker, but it 
should be properly addressed by government officials to improve the 
health of individuals and make an overall healthier society.
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