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Obesity, represented by a Body Mass Index (BMI) above 30 kg/m
2
, is a major risk factor for Obstructive Sleep Apnea 

Syndrome (OSAS). Its effect depends of the distribution of adiposity, men beeing more susceptible than women. The 

treatment applied may vary from non-surgical procedures to multilevel surgery. The aim of these study was to 

determine the implication of obesity in the development and progression of OSAS and to establish its role in the 

surgical treatment planning and outcome. The effect of bariatric surgery on OSAS has been studied by several trials 

which revealed a decrease in Apnea-Hypopnea Index (AHI) at follow-up. Surgery for hypopharyngeal obstruction in 

morbidly obese patients reduced the mean AHI. Even though some authors claim that Continuous Positive Airway 

Pressure (CPAP) does not change the BMI, this therapy is associated with the decrease of blood pressure, gycemia and 

daytime sleepiness. Guidelines recommend for bariatric surgery patients with a BMI≥35kg/m
2
 and OSAS or patients 

with a BMI≥40kg/m
2
.Weight loss increases upper airway diameter and reduces the metabolic effect of the adipose 

tissue resulting in increased compliance to CPAP, better surgical outcome, higher quality of life and reduced 

comorbidity.  
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INTRODUCTION 

 

Obesity is a widespread health problem represented by a 

BMI above 30kg/m
2
 and associated with several 

comorbidities like obstructive sleep apnea syndrome 

(OSAS), type 2 diabetes, hypertension, heart disease, 

stroke, cancer and degenerative problems. Obesity, 

along with its metabolic and anatomical changes, is a 

major risk factor in the etiology of OSAS determining 

the collapse of the upper airway. Its effect depends of 

the distribution of adiposity whether it is central or 

peripheral, in this aspect men beeing more susceptible 

than women. The treatment applied in obese patients 

with OSAS may vary from non-surgical procedures as 

weight loss, CPAP, oral appliances and positional 

therapy to multilevel surgery
1
. 

The aim of this study was to determine the implication 

of obesity in the development and progression of OSAS 

and, in the same time, to establish its role in the surgical 

treatment planning and outcome. 

Clinical evidence of the role of obesity on OSAS 

The fat depositions may surround the upper airway 

resulting in smaller lumen and increased collapsibility 

of the upper airway and may generate the truncal 

obesity reducing chest compliance and functional 

residual capacity. However, OSAS may cause weight 

gain by increased appetite and lack of activity
2
. It has 

been described a genetic polymorphism that may affect 

in the same time sleep apnea and obesity. Patel et al. 

reported that obesity explains 40% of OSAS
3
 and Popko 

et al. showed that leptin receptor is correlated with 

OSAS and obesity
4
. 

The metabolic dysregulation has been associated with 

OSAS independent of obesity: glucose intolerance, 

insulin resistance, diabetes, cardiovascular diseases and 

lipid abnormalities. This may be an explanation of the 

metabolic improvement of patients who underwent 

Continuous Positive Airway Pressure (CPAP) therapy. 

Even though some authors claim that CPAP does not 

change the BMI
5
, this kind of therapy is associated, 

among others, with the decrease of blood pressure, 

better glycemic control and reduction of daytime 

sleepiness
6
. 

The interaction between OSAS, obesity and sleep 

deprivation may trigger the pathophysiologic feature of 

metabolic dysregulation. Leptin, produced by adipose 

tissue, is a hormone responsible for the sensation of 

satiety; paradoxically hyperleptinemia does not increase 

this sensation because it desensitizes the cellular 

response. Because it has been demonstated that leptin 

level is reduced after 4 days of CPAP use
7
, we may 

conclude that OSAS has its own implication in 

metabolic disorders besides obesity. Ghrelin, a counter-

regulator to leptin, increases its production while 
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reduced sleep, which stimulates appetite leading to 

obesity and OSAS
8,9

. Several adipokines have been 

proved to interfere in OSA and obesity 

pathophysiology, like tumor necrosis factor  and 

interleukin-6, which produce depression of central 

nervous system activity and airway neuromuscular 

control and may also trigger proinflammatory 

substances
10

 creating a vicious circle in which OSA 

increases its severity. Adiponectin prevents 

inflammation and atherosclerosis by involving in 

glucose and lipid metabolism; unfortunately, its levels 

are low in obesity and OSAS, but CPAP treatment is 

proved to increase its level
11

. Nesfatin-1 regulates the 

brain functions linked to stress, food ingestion, mental 

state and paradoxical sleep. Aksu et al. studied the 

connection between OSAS, metabolic syndrome and 

Nesfatin-1 levels by admitting 59 patients diagnosed 

with OSAS with or without metabolic syndrome and 

dividing them into three groups - mild, moderate and 

severe apnea. He discovered that there was a significant 

lower level of Nesfatin-1 in the metabolic syndrome 

group compared to non- metabolic syndrome group
12

. 

Aldosterone, as a part of the hypothalamic–pituitary–

adrenal axis, increases along with the activity of the 

sympathetic nervous system resulting in high blood 

pressure and greater heart rate; sleep fragmentation, 

frequent arousals and hypoxemia produce pulsatile 

cortisol release with a rise of its concentration in the 

evening
13,14

. Caneiro et al. showed a reduction in heart 

rate after 3 month of CPAP use, but no difference in 

arterial blood pressure
15

. 

Metabolic Syndrome Z represents a risk factor for 

cardiovascular diseases beeing characterized by central 

obesity, hypertension, insuline resistance and 

hyperlipidaemia. When, in the clinical pannel, OSAS is 

also present, it is considered as “syndrome Z”
16

. The 

relationship between sleep apnea and blood pressure has 

a circadian pattern (dipping and non-dipping) and 

represents an important prognostic factor in terms of 

risk for cardiovascular events
17-19

.  Grunstein et al. 

showed that morning diastolic blood pressure is 

increased in patients with OSAS compared with those 

without OSAS, independently of obesity and age, but 

with a stronger correlation in the women cohort
20,21

.  

As the central control of blood pressure is affected by 

OSAS, the daytime blood pressure response to hypoxia 

and the physiological decrease of blood pressure at 

night may become abnormal
22

. Furthermore, there is a 

cyclic variation in heart rate and blood pressure that 

occur during sleep compared to normal subjects. That 

may explain why the acute coronary events take place 

more frequently during sleep in the case of OSAS 

patients, especially in the early hours after awakening, 

due to the increased sympathetic nerve activity that 

persists during wakefulness
23,24

. 

Surendra et al. performed a 2 year cross-sectional study 

showing that, in subjects with normal BMI, the 

metabolic syndrome appears first followed by OSA with 

the developing of syndrome Z
25

. 

Bariatric surgery for treatment of OSAS 

The bariatric surgery reduces the amount of caloric 

intake by changing the anatomical features of the 

gastrointestinal tract. It is indicated, as the National 

Institutes of Health guidelines recommends, for patients 

with BMI > 35 kg/m
2 

and OSAS or for patients with a 

BMI ≥ 40 kg/m
2 26

. The weight loss effect is seen in 

about 2 years, when reaches a plateau and continues to 

decrease for about 10 years until reaches 25% of initial 

weight
27

. Moreover, bariatric surgery may provide great 

outcome in terms of improvement in oxygen saturation, 

sleep efficiency and rapid eye movement latency by 

reducing the intra-abdominal pressure and increasing 

the diaphragmatic excursion
28

. The principle of bariatric 

procedures is represented by the reduction of gastric 

reservoir and the narrowing of outlet region, in order to 

reduce the gastric volume to 20-25ml and delay 

emptying. These procedures may be restrictive, mal 

absorptive or combined and the most commonly 

performed are adjustable gastric banding (AGB), Roux-

en-Y gastric bypass (RYGB), sleeve gastrectomy (SG) 

and bilio-pancreatic diversion (BPD)
1,29

. The final effect 

of this surgery is the reduction of both visceral and 

subcutaneous adipose tissue resulting in anatomical and 

hormonal changes that are more common after 

performing mal absorptive procedures
30

. That explains 

why AGB is not superior to weight loss therapy and 

BPD is considered to be the most effective in improving 

OSA, followed by SG and RYGB
31

. 

The effect of bariatric surgery on the severity of OSAS 

has been studied, using polysomnographic parameters, 

by several trials
32-44

 which revealed a significant 

decrease in Apnea-Hypopnea Index (AHI) at follow-up 

(Table 1). 

 

BMI 

pre 

BMI 

post 

AHI 

pre 

AHI 

post 
p-Value EBM Author 

48.3 33.1 82.0 15.3 No data 4 Peiser et al.
32 

70.8 55.0 88.8 8.0 <0.05 4 Charuzi et al.
33 

47.5 32.1 58.8 7.8 <0.001 4 Charuzi et al.
34 

54.0 37.0 40.0 5.0 No data 
Case 

report 
Summers et al.

35 

56.0 40.0 64.0 26.0 <0.001 4 Sugerman et al.
36 

45.0 35.0 40.0 24.0 <0.05 4 Pillar et al.
37 

160 kg 105 kg 96.9 11.3 <0.0001 4 
Scheuller 

and Weider
38 

62.0 40.0 56.0 23.0 <0.05 4 Rasheid et al. 

49.0 34.0 55.0 14.0 <0.01 4 Guardiano et al.
39 

56.5 39.2 53.7 8.6 <0.01 4 Valencia-Flores
40 

55.8 48.6 52.1 14.0 <0.01 4 Busetto et al.
41 

52,7 37.2 61.6 13.4 <0.01 4 Dixonet et al.
42 

51.5 34.1 46.5 16.0 <0.05 4 Frischer et al
43

. 

56.0 38.0 51.0 15.0 <0.001 4 Haines et al.
44

 

54.51 38.39 57.91 14.80 
 

C All 

 

Table 1. Effect of gastric surgery on the severity of 

obstructive sleep apnea
1 
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There are several authors who have studied the effect of 

bariatric surgery on OSAS severity using 

polysomnographic data and CPAP pressure requirement 

before and after surgery
46,47

. 

Buchwald et al. performed a meta-analysis revealing 

that OSAS was resolved or improved after surgery and 

that RYGB was the most successful procedure, followed 

by SG, BPD and gastric banding. However, the patients 

cured were younger and lighter. Another finding was 

that of a mean residual AHI > 15 events/hour, despite 

the considerable improvement. The limitation of the 

study was the short term follow-up (3 months) as most 

of the patients had not been achieving the final weight 

loss
46

. 

Dixon et al. conducted a randomised trial that revealed 

no significant weight loss after bariatric surgery 

compared to conventional weight loss measures. 

However, the patients received only AGB, which is 

known to have the least improvement on OSAS
47

. 

Multilevel surgery 

The aim of surgical therapy in OSAS is to eliminate 

airway collapse, improve sleep, raise compliance to 

CPAP and, overall, increase quality of life
48

. In 1996, 

Sher et al. defined the surgical success as the 

improvement of the Respiratory Distress Index (RDI) 

with 50% with decrease to below 20, or the Apnea 

Index (AI) to below 10; an AHI under 5 define a 

curative surgical treatment
49-52

. In Table 2, there are 

highlighted the surgical options according to each 

anatomical region that may be involved in the 

obstructive process. 

 

Anatomic location Surgical procedure 

Nasal cavity Polypectomy 

Ablation of turbinate 

Septoplasty 

Nasopharynx Adenoidectomy 

Oropharynx Tonsillectomy 

UPPP 

LAUP 

Rapid maxillary expansion 

Hypopharynx Midline glossectomy, 

Tongue base reduction 

Mandibular advancement 

Genioglossal advancement 

Hyoid myotomy suspension 

Oro and 

hypophanrynx 

Maxillomandibular 

advancement 

Bypass of the airway Tracheotomy 

UPPP – Uvulopalatopharyngoplasty;  

LAUP - Laser‐Assisted Uvulopalatoplasty 

 

Table 2. Surgical options according to each anatomical 

site
49

 

Surgical therapy aims the obstruction, usually at 

multiple levels, of the upper airway and it is indicated 

for patients unresponsive or unwilling to wear CPAP. 

Because the surgical interventions may take place at 

more than one level, the procedures were divided into 

two groups (Table 3). The Phase 1 surgery encompasses 

the most conservative procedures and is recommended 

to be attempted first. The benefits and risks of different 

surgical interventions are also an important factor in 

choosing the right technique
53

. 

 

 Procedures 

Phase 1 

Nasal reconstruction 

Uvulopalatopharyngoplasty 

Geniohioid advancement 

Phase 2 

Maxillary advancement  

Mandibular osteotomy 

Tongue base resection 

 

Table 3. Surgical procedures divided into two phases 

according to the anatomical level of obstruction
53 

 

Friedman et al. (2007), in a retrospective review of a 

prospective dataset of 145 patients, studied the effect of 

a three-level treatment (nasal surgery, palatal implant 

technique, radiofrequency reduction of the tongue base) 

by assessing polysomnographic parameters, Epworth 

Sleepiness Scale and visual analogue scale of the bed 

partner; he revealed that multilevel minimally invasive 

single-stage surgery improved the targeted parameters 

in patients with mild to moderate OSAS
54

. A year later, 

along with Lin et al. in a meta-analysis, he assessed the 

multilevel surgery outcome for the treatment of OSAS 

discovering that surgical succes may be represented by 

the improved condition of the patient
55

. 

 

CONCLUSIONS 

 

Obese patients are associated with obstructive apnoea, 

therefore screening these patients by using 

polysomnography it is advisable. Reduction of adipose 

tissue around the neck and waist improves the metabolic 

and inflammatory status. Weight loss increases upper 

airway diameter which results in improvement of 

polysomnographic parameters and reduces the 

metabolic effect of the adipose tissue resulting in 

increased compliance to CPAP, better surgical outcome, 

higher quality of life and low comorbidity. Guidelines 

recommend for bariatric surgery patients with a BMI ≥ 

35 kg/m
2
 and OSAS or patients with a BMI ≥ 40 kg/m

2
. 

Roux-en-Y gastric bypass is the most efficient of 

bariatric procedures. A life-long follow-up is mandatory 

for long-term weight control and therapeutic success. 

88 

88 



 
Acknowledgement “This work  was cofinaced from the European 

Social Fund through Sectorial Operational Programme  -  Human  

Resources  Development  2007-2013, project  number 

POSDRU/1871.5/S/155631,  entitled  “Doctoral  programs  at  the  

forefront  of  research excellence  in  prioritary  domains:  health,  

materials,  products  and  innovative  processes”, Beneficiary – 

“Carol Davila „University of Medicine and Pharmacy  Bucharest). 

REFERENCES 

1. Kleinhans H., Verse T. Bariatric Surgery. In: 

Hörmann K., Verse T. Surgery for Sleep Disordered 

Breathing, Second Edition, Springer-Verlag Berlin 

Heidelberg, 2010; 221-230.  

2. Romero-Corral A., Caples S.M., Lopez-Jimenez F., 

Somers V.K. Interactions between obesity and 

obstructive sleep apnea: implications for treatment. 

Chest. 2010; 137 (3):711-9. 

3. Patel SR , Larkin EK , Redline S . Shared genetic 

basis for obstructive sleep apnea and adiposity measures 

. Int J Obes (Lond). 2008 ; 32 (5): 795 - 800 .  

4. Popko K , Gorska E , Wasik M , et al . Frequency of 

distribution of  leptin gene polymorphism in obstructive 

sleep apnea patients. J Physiol Pharmacol. 2007; 58 

(Suppl 5) (Pt. 2): 551 - 561 .  

5. Lee N.R., Givens C.D., Wilson J., Robins R.B. 

Staged surgical treatment of obstructive sleep apnea 

syndrome: a review of 35 patients. J Oral Maxillofac 

Surg 1999; 57:382–385  

6. Redenius R., Murphy C., O’Neill E., Al-Hamwi M., 

Zallek S.N.  Does CPAP Lead to Change in BMI? J 

Clin Sleep Med. 2008 15; 4(3) :205-9.  

7. Wolk R , Somers VK . Leptin and vascular function: 

Friend or foe? Eur Heart J. 2006; 27 (19): 2263 - 2265 .  

8. Taheri S., Lin L., Austin D., Young T., Mignot E. 

Short sleep duration is associated with reduced leptin, 

elevated ghrelin, and increased body mass index. PLoS 

Med. 2004; 1 (3): e62.  

9. Spiegel K., Tasali E., Penev P., Van Cauter E. Brief 

communication: sleep curtailment in healthy young men 

is associated with decreased leptin levels, elevated 

ghrelin levels, and increased hunger and appetite. Ann 

Intern Med. 2004; 141 (11): 846 - 850. 

10. Schwartz A.R., Patil S.P., Laffan A.M., Polotsky V., 

Schneider H., Smith P.L. Obesity and obstructive sleep 

apnea: pathogenic mechanisms and therapeutic 

approaches. Proc Am Thorac Soc. 2008; 5 (2): 185 - 

192.  

11. Zhang X.L., Yin K.S., Li C., Jia E.Z., Li Y.Q., Gao 

Z.F. Effect of continuous positive airway pressure 

treatment on serum adiponectin level and mean arterial 

pressure in male patients with obstructive sleep apnea 

syndrome. Chin Med J (Engl). 2007; 120 (17): 1477 - 

1481.  

12. Aksu O., Aydın B., Doguç D.K., Ilhan I., Ozturk O., 

Altuntas A., Demirkan H., Koroglu B.K., Tamer M.N. 

The evaluation of Nesfatin-1 levels in patients with 

OSAS associated with metabolic syndrome. J 

Endocrinol Invest. 2015;38 (4):463-9.  

13. Ceccato F., Bernkopf E., Scaroni C. Sleep apnea 

syndrome in endocrine clinics. J Endocrinol Invest. 

2015 38(8):827-34. 

14. Calvin A.D.
, 
 Albuquerque F.N.

, 
Lopez-Jimenez F., 

Somers V.K. Obstructive Sleep Apnea, Inflammation, 

and the Metabolic Syndrome. Metab Syndr Relat 

Disord. 2009; 7(4): 271–277.  

15. Carneiro G., Togeiro S.M., Hayashi L.F., Ribeiro-

Filho F.F., Ribeiro A.B., Tufik S., Zanella M.T. Effect 

of continuous positive airway pressure therapy on 

hypothalamic-pituitary-adrenal axis function and 24-h 

blood pressure profile in obese men with obstructive 

sleep apnea syndrome. Am J Physiol Endocrinol Metab. 

2008; 295(2):E380-4. 

16. Wilcox I., McNamara S.G., Collins F.L., Grunstein 

R.R., Sullivan C.E. "Syndrome Z": the interaction of 

sleep apnoea, vascular risk factors and heart disease. 

Thorax. 1998;53 Suppl 3:S25-8. 

17. Kannel W.B. Some lessons in cardiovascular 

epidemiology from Framingham. Am J Cardiol 1976; 

37:269–282. 

18. Verdecchia P, Schillaci G, Guerrieri M, et al. 

Circadian blood pressure changes in left ventricular 

hypertrophy in essential hypertension. Circulation 1990; 

81: 528–536. 

19. Frattola A, Parati G, Cuspidi C, et al. Prognostic 

value of 24-hour blood pressure variability. J Hypertens 

1993; 11:1133–1137. 

20. Grunstein RR, Wilcox I, Yang TS, et al. Snoring and 

sleep apnea in men: interaction with central obesity and 

hypertension. Int J Obesity 1993; 17:533–540. 

21. Grunstein RR, Wilcox I. Sleep apnea, obesity and 

hypertension in women. Int J Obesity 1993; 17(Suppl 

2): 56. 

22. Wilcox I, Collins FL, Grunstein RR, et al. 

Relationship between chemosensitivity, obesity and 

blood pressure in obstructive sleep apnoea. Blood 

Pressure 1994; 3:47–54. 

23. Mayer J, Becker H, Brandenburg U, et al. Blood 

pressure and sleep apnea: results of long-term nasal 

continuous positive airways pressure therapy. 

Cardiology 1991; 79:84–92. 

24. Hedner J, Ejnell H, Sellgren J, et al. Is high and 

fluctuating muscle nerve sympathetic activity in the 

sleep apnea syndrome of pathogenetic importance for 

the development of hypertension? J Hypertens 1988; 6: 

S529–31. 

25. Sharma S.K., Sreenivas V. Are metabolic syndrome, 

obstructive sleep apnoea & syndrome Z sequential?--a 

hypothesis. Indian J Med Res. 2010; 131:455-8. 

26. NIH: National Institutes of Health Conference. 

Gastrointestinal surgery for severe obesity: consensus 

development conference statement. Am J Clin Nutr, 

1992; 55:615S-619S. 

27. Sjostrom L., Lindroos A.K., Peltonen M., Torgerson 

J., Bouchard C., Carlsson B.,Dahlgren S., Larsson B., 

Narbro K., Sjöström C.D., Sullivan M., Wedel H. 

89 

89 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Aksu%20O%5BAuthor%5D&cauthor=true&cauthor_uid=25432328
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ayd%C4%B1n%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25432328
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dogu%C3%A7%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=25432328
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ilhan%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25432328
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ozturk%20O%5BAuthor%5D&cauthor=true&cauthor_uid=25432328
http://www.ncbi.nlm.nih.gov/pubmed/?term=Altuntas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25432328
http://www.ncbi.nlm.nih.gov/pubmed/?term=Demirkan%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25432328
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koroglu%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=25432328
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tamer%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=25432328
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ceccato%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26122486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bernkopf%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26122486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Scaroni%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26122486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Calvin%20AD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Albuquerque%20FN%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lopez-Jimenez%20F%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Somers%20VK%5Bauth%5D


Swedish Obese Subjects Study Scientific Group. 

Lifestyle, diabetes, and cardio vascular risk factors 10 

years after bariatric surgery. N Engl J Med 2004; 

351:2683–2693 

28. Buchwald H., Avidor Y., Braunwald E., Jensen 

M.D., Pories W., Fahrbach K., Schoelles K. Bariatric 

surgery: a systematic review and meta-analysis. JAMA. 

2004. 13; 292(14):1724-1737. 

29. Schneider B.E., Mun E.C. Surgical management of 

morbid obesity. Diabetes Care. 2005; 28:475-480 

30. Ashrafian H., le Roux C.W., Rowland S.P., Ali M., 

Cummin A.R., Darzi A., Athanasiou T. Metabolic 

surgery and obstructive sleep apnoea: the protective 

effects of bariatric procedures. Thorax. 2012; 67 

(5):442-9 

31. Bhattacharjee H., Aggarwal S.Bariatric Surgery for 

Treatment of Obstructive Sleep Apnea. JIMSA  2013; 

26 (2);142-143. 

32. Busetto L., Enzi G., Inelmen E.M., Costa G., Negrin 

V., Sergi G., Vianello A. Obstructive sleep apnea 

syndrome in morbid obesity: effects of intragastric 

balloon. Chest 2005; 128:618–623 

33. Charuzi I., Fraser D., Peiser J., Ovnat A., Lavie P. 

Sleep apnea syndrome in the morbidly obese 

undergoing bariatric surgery. Gastroenterol Clin North 

Am 1987; 16:517–519 

34. Charuzi I., Ovnat A., Peiser J., Saltz H., Weitzman 

S., Lavie P. The effect of surgical weight reduction on 

sleep quality in obesity-related sleep apnea syndrome. 

Surgery 1985; 97: 535-538 

35. Dixon J.B., Schachter L.M., O`Brien P.E. 

Polysomnography before and after weight loss in obese 

patients with severe sleep apnea. Int J Obes (Lond) 

2005; 29:1048–1054 

36. Fritscher L.G., Canani S., Mottin C.C., Fritscher 

C.C., Berleze D., Chapman K., Chatkin J.M. Bariatric 

surgery in the treatment of obstructive sleep apnea in 

morbidly obese patients. Respiration 2007; 74:647–652 

37. Guardiano S., Scott J.A., Ware J.C., Schechner S.A. 

The longterm results of gastric bypass on indexes of 

sleep apnea. Chest 2003; 124:1615–1619 

38. Haines K.L., Nelson L.G., Gonzalez R., Torrella T., 

Martin T., Kandil A., Dragotti R., Anderson W.M., 

Gallagher S.F., Murr M.M. Objective evidence that 

bariatric surgery improves obesity-related obstructive 

sleep apnea. Surgery 2007; 141:354–358 

39. Peiser J., Lavie P., Ovnat A., Charuzi I. Sleep apnea 

syndrome in the morbidly obese as an indication for 

weight reduction surgery. Ann Surg 1984; 199:112–115 

40. Pillar G., Peled R., Lavie P. Recurrence of sleep 

apnea without concomitant weight reduction increase 

7.5 years after weight reduction surgery. Chest 1994; 

106:1702–1704 

41. Rasheid S., Banasiak M., Gallagher S.F., Lipska A., 

Kaba S., Ventimiglia D., Anderson W.M., Murr M.M. 

Gastric bypass is an effective treatment for obstructive 

sleep apnea in patients with clinically significant 

obesity. Obes Surg 2003; 13:58–61 

42. Scheuller M., Weider D. Bariatric surgery for 

treatment of sleep apnea syndrome in 15 morbidly obese 

patients: long-term results. Otolaryngol Head Neck Surg 

2001;125:299–302 

43. Sugerman H.J., Fairman R.P., Sood R.K., Engle K., 

Wolfe L., Kellum J.M. Long-term effects of gastric 

surgery for treating respiratory insufficiency of obesity. 

Am J Clin Nutr 1992; 55 (2 Suppl): 597S-601S 

44. Summers C.L., Stradling J.R., Baddeley R.M. 

Treatment of sleep apnoea by vertical gastroplasty. Br J 

Surg 1990; 77:1271–1272 

45. Valencia-Flores M., Orea A., Herrera M., Santiago 

V., Rebollar V., Castaño V.A., Oseguera J., Pedroza J., 

Sumano J., Resendiz M., García-Ramos G. Effect of 

bariatric surgery on obstructive sleep apnea and 

hypopnea syndrome, electrocardiogram, and pulmonary 

arterial pressure. Obes Surg 2004; 14:755–762 

46. Buchwald H., Avidor Y., Braunwald E., Jensen 

M.D., Pories W., Fahrbach K., Schoelles K. Bariatric 

surgery: a systematic review and meta-analysis. JAMA. 

2004. 13; 292(14):1724-1737. 

47. Dixon JB, Schachter LM, O’Brien PE, Jones K, 

Grima M, Lambert G, Brown W, Bailey M, 

NaughtonMT. Surgicalvs conventional therapy for 

weight loss treatment of obstructive sleep apnea: a 

randomized controlled trial. JAMA. 2012: 19; 

308(11):1142-1149. 

48. Carvalho B1, Hsia J, Capasso R. Surgical therapy of 

obstructive sleep apnea: a review. Neurotherapeutics. 

2012; 9 (4):710-716.  

49. Sher AE. Upper airway surgery for obstructive sleep 

apnea. Sleep medicine reviews. 2002; 6:195–212.  

50. Sher AE, Schechtman KB, Piccirillo JF: The 

efficacy of surgical modifications of the upper airway in 

adults with obstructive sleep apnea syndrome, Sleep 

19:156-77, 1996. 

51. Holty J-EC, Guilleminaut C. Surgical options for the 

treatment of obstructive sleep apnea. Med Clin N Am. 

2010; 94: 479–515.  

52. Freedman N. Treatment of obstructive sleep apnea 

syndrome. Clin Chest Med. 2010; 31:187–201.  

53. Powell N.B., Guilleminault C., Riley R.W. Surgical 

therapy for obstructive sleep apnea. In Kryger M.H., 

Roth T., Dement W.C., editors: Principles and practice 

of sleep medicine, ed 2, Philadelphia, 1994, WB 

Saunders. 

54. Friedman M, Lin H-C, Gurpinar B, Joseph NJ. 

Minimally invasive single-stage multilevel treatment for 

obstructive sleep apnea. Laryngoscope. 2007;117:1859–

1863.  

55. Lin H.C., Friedman M., Chang H.W., Gurpinar B. 

The efficacy of multilevel surgery of the upper airway 

in adults with obstructive sleep apnea/ hypopnea 

syndrome. Laryngoscope. 2008; 118: 902–908.  

 

90 


