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Nearly a billion adults around the world are affected by a disease that is characterized by upper airway collapse while

sleeping called obstructive sleep apnea or OSA. The progression and lasting effects of untreated OSA include an

increased risk of diabetes mellitus, hypertension, stroke, and heart failure. There is often a decrease in quality-of-life

scores and an increased rate of mortality in these patients. 

Keywords: obstructive sleep apnea (OSA)

1. Pathophysiology

1.1. Sympathetic Nervous System

Sleep is typically characterized by the dominance of parasympathetic activity in the body. Decreased oxygen and

increased CO   caused by an airway obstruction lead to increased sympathetic output in the periphery and central

chemoreceptors . Increased sympathetic output remains present during sleep and while awake. The study conducted

by Narkiewicz et al. compared sympathetic responses among obese patients with or without OSA. The study showed that

an increased sympathetic response was found in obese patients with OSA but was not found in the control obese group

without OSA . Because the obese patients without OSA did not have an increased sympathetic response, it is possible

that OSA is the causative factor for having an increased sympathetic response . The renin-angiotensin-aldosterone

system (RAAS) is activated by the sympathetic neurons and, since the sympathetic response is found to be upregulated

in patients with OSA, the RAAS system is also overstimulated. Patients with OSA often have elevated angiotensin II and

aldosterone hormone levels in the body. Increases in these levels lead to water retention in the kidneys and

vasoconstriction in the peripheral vasculature . As a result of these mechanisms being activated, hypertension is

commonly found in patients with OSA .

1.2. Endothelial Dysfunction

Endothelial cells normally release vasoactive and vasorelaxant factors to regulate the vascular tone. In OSA, the

endothelial cells do not function in the same capacity . Phillips et al., in a prospective study of OSA patients, measured

oxygen saturation, hemodynamics, and changes in circulating endothelin-1 levels . The study found that, after OSA

treatment, patients experienced decreases in blood pressure and endothelin-1 . Nitric oxide, which normally serves as

a vasodilator, was found to have impaired action in OSA; however, the impaired action was reversible after CPAP

treatment .

1.3. Systemic Inflammation

In OSA, there are increased inflammatory biomarkers such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a)

. This condition can be considered a low-grade chronic inflammatory disease . In addition to the

inflammatory biomarkers, concentrations of reactive oxygen species are increased due to the hypoxia caused by the

night-time intermittent airway obstruction . Increased reactive oxygen species in addition to the inflammation

biomarkers mentioned above indicate a possible mechanism by which OSA increases risk of cardiovascular disease and

overall mortality.

1.4. Metabolic Dysfunction

Type 2 diabetes mellitus (T2DM) is more prevalent in OSA populations. This is notable because T2DM may increase all-

cause mortality and the risk of CVD. In a cross-sectional analysis of 2588 participants, the Sleep Heart Health Study

found a link between obstructive sleep apnea and elevated fasting glucose, decreased glucose tolerance, and diabetes

mellitus . Nadeem at al. conducted a meta-regression analysis determining that there was increased LDL, triglycerides,
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and total cholesterol in patients with OSA . This is notable because increases in these factors as well as blood glucose

are risk factors for cardiovascular disease.

2. Risk Factors

Risk factors that can cause OSA include obesity, gender, age, and genetic syndromes . Screening patients for these

risk factors and understanding the etiology of OSA is essential for beginning treatment to prevent economic burden and

health risks.

2.1. Obesity

Obesity is a hallmark risk factor for the manifestation and disease progression of OSA . Adipose is deposited around

the circumference of the neck and airway of obese patients and may lead to increased risk of pharyngeal collapse. Airway

collapse causes mechanical obstruction from fat buildup and is accompanied by loss of neural control that contributes to

the development of OSA . A study by Peppard et al. showed that there is a direct relationship between weight gain and

OSA prevalence and apnea-hypopnea index (AHI), which is calculated as the number of episodes of obstructive apnea

divided by the number of hours of sleep. A 10% increase in body weight increased the prevalence of moderate–severe

OSA and AHI by six times . Researchers at the Harvard T.H. Chaan School of Public Health speculate that one in

two (48.9%) adults in the United States will become obese and that 25% will have severe obesity by the year 2030 . It

is predicted that the prevalence of OSA will increase as the prevalence of obesity increases in the years to come .

2.2. Gender

Men seem to be affected by OSA more than women. The SHIP-Trend study showed than men were at a greater baseline

risk of obstructive sleep apnea than women by analyzing the prevalence of OSA in 1280 participants, with the result that

OSA prevalence was 59% in the men studied compared to only 33% in the females . Another study performed by

Whittle et al. showed via MRI that men often have more fat deposition in the neck compared to women . Men′s

increased fat disposition causes increased neck circumferences and consequently puts them at a higher risk of airway

collapse compared to women. Additionally, men′s airways tend to be longer than those of women. It is hypothesized that

the extended airways put men at a higher risk of pharyngeal collapse . Comparing individuals with the same BMI, OSA

tends to be less prevalent in women compared to men . The prevalence difference observed with gender is thought to

be due to the role of sex hormones during the fertile age, which tend to disappear after menopause, and may influence

the prevalence and severity of OSA in older females .

2.3. Age

Older-aged individuals are at a higher risk of having OSA. The previously mentioned SHIP-Trend study found that aging

steadily increased the prevalence of AHI in men and women beginning at the age of 50 . The suspected mechanism of

how age influences OSA prevalence is from decreased genioglossus reflex to negative pressure, which impairs dilator

muscle′s ability to compensate from pharyngeal collapse. Increases in type 1 collagen lead to delayed contractile-relaxant

response in the pharyngeal constrictor muscle . Because this compensatory response is decreased and the level of

type 1 collagen in the pharyngeal constrictor muscle is increased, the contraction and relaxation response that is

supposed to occur with each inspiration and expiration while sleeping is delayed . The United Nations′ 2019 report

on World Population Ageing completed by the Department of Economic and Social Affairs estimates that the proportion of

the population over the age of 65 will increase from roughly 9% in 2019 to about 16.7% by the year 2050. This increase in

elderly population, in tandem with the expected increase in obesity, is expected to result in an increased prevalence of

OSA .

3. Signs and Symptoms

The patient may be largely unaware that they are exhibiting signs or symptoms of obstructive sleep apnea since they

occur while the patient is asleep. Ascertaining a history from a spouse or partner of the patient is vital to completing a

workup of their condition. The patient may be aware that they snore, or perhaps that they wake up gasping for air;

however, their partner will likely be more aware of the frequency and severity of these signs. Frequent complaints from the

spouses or patients with OSA include drowsiness, headaches upon waking, xerostomia, sore throat, and unrestful sleep.

Daytime sleepiness or fatigue despite sufficient opportunities to sleep that is unexplained by other medical problems are

other symptoms that can occur in OSA. Patients with OSA frequently present with a recessed mandible, a high Mallampati

score, a high BMI, and a limited pharyngeal space . Screening for obstructive sleep apnea consists of using

either the yes or no questions in the STOP-BANG questionnaire or the Berlin questionnaire . STOP-BANG
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questions include yes or no questions about the patient′s symptoms of drowsiness, absence of breathing during sleep,

presence of hypertension, BMI more than 35 kg/m , older than 50 years of age, neck circumference greater than forty

centimeters, and male gender. If the screening produces a result indicating the presence of OSA, there is a

recommendation for a sleep study utilizing polysomnography either at the patient′s home or in a lab .

References

1. Salman, L.A.; Shulman, R.; Cohen, J.B. Obstructive sleep apnea, hypertension, and cardiovascular risk: Epidemiology,
pathophysiology, and management. Curr. Cardiol. Rep. 2020, 22, 1–9.

2. Narkiewicz, K.; Van De Borne, P.J.; Pesek, C.A.; Dyken, M.E.; Montano, N.; Somers, V.K. Selective potentiation of peri
pheral chemoreflex sensitivity in obstructive sleep apnea. Circulation 1999, 99, 1183–1189.

3. Narkiewicz, K.; Van De Borne, P.J.H.; Cooley, R.L.; Dyken, M.E.; Somers, V.K. Sympathetic activity in obese subjects w
ith and without obstructive sleep apnea. Circulation 1998, 98, 772–776.

4. Jin, Z.-N.; Wei, Y.-X. Meta-analysis of effects of obstructive sleep apnea on the renin-angiotensin-aldosterone system.
J. Geriatr. Cardiol. JGC 2016, 13, 333.

5. Cai, A.; Wang, L.; Zhou, Y. Hypertension and obstructive sleep apnea. Hypertens. Res. 2016, 39, 391–395.

6. Budhiraja, R.; Parthasarathy, S.; Quan, S.F. Endothelial dysfunction in obstructive sleep apnea. J. Clin. Sleep Med. 200
7, 3, 409–415.

7. Phillips, B.G.; Narkiewicz, K.; Pesek, C.A.; Haynes, W.; Dyken, M.; Somers, V.K. Effects of obstructive sleep apnea on
endothelin-1 and blood pressure. J. Hypertens. 1999, 17, 61–66.

8. Gjørup, P.H.; Sadauskiene, L.; Wessels, J.; Nyvad, O.; Strunge, B.; Pedersen, E.B. Abnormally increased endothelin-1
in plasma during the night in obstructive sleep apnea: Relation to blood pressure and severity of disease. Am. J. Hypert
ens. 2007, 20, 44–52.

9. Ip, M.S.; Lam, B.; Chan, L.Y.; Zheng, L.; Tsang, K.W.; Fung, P.C.; Lam, W.K. Circulating nitric oxide is suppressed in ob
structive sleep apnea and is reversed by nasal continuous positive airway pressure. Am. J. Respir. Crit. Care Med. 200
0, 162, 2166–2171.

10. Testelmans, D.; Tamisier, R.; Barone-Rochette, G.; Baguet, J.P.; Roux-Lombard, P.; Pépin, J.L.; Lévy, P. Profile of circul
ating cytokines: Impact of OSA, obesity and acute cardiovascular events. Cytokine 2013, 62, 210–216.

11. NaNadeem, R.; Molnar, J.; Madbouly, E.M.; Nida, M.; Aggarwal, S.; Sajid, H.; Naseem, J.; Loomba, R. Serum inflamma
tory markers in obstructive sleep apnea: A meta-analysis. J. Clin. Sleep Med. 2013, 9, 1003–1012.

12. Kheirandish-Gozal, L.; Gozal, D. Obstructive sleep apnea and inflammation: Proof of concept based on two illustrative
cytokines. Int. J. Mol. Sci. 2019, 20, 459.

13. Yu, L.M.; Zhang, W.H.; Han, X.X.; Li, Y.Y.; Lu, Y.; Pan, J.; Mao, J.Q.; Zhu, L.Y.; Deng, J.J.; Huang, W.; et al. Hypoxia-ind
uced ROS contribute to myoblast pyroptosis during obstructive sleep apnea via the NF-κB/HIF-1α signaling pathway. O
xid. Med. Cell. Longev. 2019, 2019, 4596368.

14. Seicean, S.; Kirchner, H.L.; Gottlieb, D.J.; Punjabi, N.M.; Resnick, H.; Sanders, M.; Budhiraja, R.; Singer, M.; Redline,
S. Sleep-disordered breathing and impaired glucose metabolism in normal-weight and overweight/obese individuals: T
he Sleep Heart Health Study. Diabetes Care 2008, 31, 1001–1006.

15. Nadeem, R.; Singh, M.; Nida, M.; Waheed, I.; Khan, A.; Ahmed, S.; Naseem, J.; Champeau, D. Effect of obstructive sle
ep apnea hypopnea syndrome on lipid profile: A meta-regression analysis. J. Clin. Sleep Med. 2014, 10, 475–489.

16. Rundo, J.V. Obstructive sleep apnea basics. Clevel. Clin. J. Med. 2019, 86 (Suppl. 1), 2–9.

17. Hamilton, G.S.; Joosten, S.A. Obstructive sleep apnoea and obesity. Aust. Fam. Physician 2017, 46, 460–463.

18. Schwartz, A.R.; Patil, S.P.; Laffan, A.M.; Polotsky, V.; Schneider, H.; Smith, P.L. Obesity and obstructive sleep apnea: P
athogenic mechanisms and therapeutic approaches. Proc. Am. Thorac. Soc. 2008, 5, 185–192.

19. Peppard, P.E.; Young, T.; Palta, M.; Dempsey, J.; Skatrud, J. Longitudinal study of moderate weight change and sleep-
disordered breathing. JAMA 2000, 284, 3015–3021.

20. Ward, Z.J.; Bleich, S.N.; Cradock, A.L.; Barrett, J.L.; Giles, C.M.; Flax, C.; Long, M.W.; Gortmaker, S.L. Projected US st
ate-level prevalence of adult obesity and severe obesity. N. Engl. J. Med. 2019, 381, 2440–2450.

21. Young, T.; Peppard, P.E.; Fau-Taheri, S.; Taheri, S. Excess weight and sleep-disordered breathing. J. Appl. Physiol. 200
5, 99, 1592–1599.

2

[16]



22. Fietze, I.; Laharnar, N.; Obst, A.; Ewert, R.; Felix, S.B.; Garcia, C.; Gläser, S.; Glos, M.; Schmidt, C.O.; Stubbe, B.; et a
l. Prevalence and association analysis of obstructive sleep apnea with gender and age differences—Results of SHIP-Tr
end. J. Sleep Res. 2019, 28, e12770.

23. Whittle, A.T.; Marshall, I.; Mortimore, I.L.; Wraith, P.K.; Sellar, R.J.; Douglas, N.J. Neck soft tissue and fat distribution: C
omparison between normal men and women by magnetic resonance imaging. Thorax 1999, 54, 323–328.

24. Malhotra, A.; Huang, Y.; Fogel, R.B.; Pillar, G.; Edwards, J.K.; Kikinis, R.; Loring, S.H.; White, D.P. The male predisposit
ion to pharyngeal collapse: Importance of airway length. Am. J. Respir. Crit. Care Med. 2002, 166, 1388–1395.

25. Redline, S.; Hans, M.; Krejcki, P. Differences in the age distribution and risk factors for sleep disordered breathing in bl
acks and whites. Am. J. Respir. Crit. Care Med. 1994, 149, 576.

26. Bonsignore, M.R.; Saaresranta, T.; Riha, R.L. Sex differences in obstructive sleep apnoea. Eur. Respir. Rev. 2019, 28,
154.

27. Malhotra, A.; Huang, Y.; Fogel, R.; Lazic, S.; Pillar, G.; Jakab, M.; Kikinis, R.; White, D.P. Aging influences on pharynge
al anatomy and physiology: The predisposition to pharyngeal collapse. Am. J. Med. 2006, 119, 72.e9–72.e14.

28. Andrade da Silva Dantas, D.; Mauad, T.; Silva, L.F.; Lorenzi-Filho, G.; Formigoni, G.G.; Cahali, M.B. The extracellular
matrix of the lateral pharyngeal wall in obstructive sleep apnea. Sleep 2012, 35, 483–490.

29. Department of Economic and Social Affairs. World Population Ageing 2019; UN: New York, NY, USA, 2020.

30. Jordan, A.S.; McSharry, D.G.; Malhotra, A. Adult obstructive sleep apnoea. Lancet 2014, 383, 736–747.

31. Tietjens, J.R.; Claman, D.; Kezirian, E.J.; De Marco, T.; Mirzayan, A.; Sadroonri, B.; Goldberg, A.N.; Long, C.; Gerstenf
eld, E.P.; Yeghiazarians, Y. Obstructive sleep apnea in cardiovascular disease: A review of the literature and proposed
multidisciplinary clinical management strategy. J. Am. Heart Assoc. 2019, 8, e010440.

Retrieved from https://encyclopedia.pub/entry/history/show/38186


