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Abstract: The prevalence of obstructive sleep apnea (OSA) among the bariatric surgery population is estimated to be 45–70%. 
However, weight loss obtained by bariatric surgery is not always associated with full remission of OSA, suggesting that other 
confounding factors are present. This article aims to review the current literature, focusing on factors that could predict the persistence 
of OSA after bariatric surgery. For this purpose, relevant studies of more than 50 patients that assessed pre- and post-operative 
presence and severity of OSA detected by poly(somno)graphy (PG/PSG) in bariatric populations were collected. Six retrospective and 
prospective studies were evaluated that included 1302 OSA patients, with a BMI range of 42.6 to 56 kg/m2, age range of 44.8 to 50.7 
years, and percentage of women ranging from 45% to 91%. The studies were very heterogeneous regarding type of bariatric surgery, 
diagnostic criteria for OSA and OSA remission, and delay of OSA reassessment. OSA remission was observed in 26% to 76% of 
patients at 11–12 months post-surgery. Loss to follow-up was high in all studies, leading to a potential underestimation of OSA 
remission. Based on this limited sample of bariatric patients, age, pre-operative OSA severity, proportion of weight loss, and type 2 
diabetes (T2D) were identified as factors associated with OSA persistence but the results were inconsistent between studies regarding 
the impact of age and the magnitude of weight loss. Several other factors may potentially lead to OSA persistence in the bariatric 
surgery population, such as fat distribution, ethnicity, anatomical predisposition, pathophysiological traits, supine position, and REM- 
predominant hypopnea and apnea. Further well-conducted multicentric prospective studies are needed to document the importance of 
these factors to achieve a better understanding of OSA persistence after bariatric surgery in obese patients. 
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Introduction
Obstructive sleep apnea (OSA) results from repeated decrease or cessation of upper airway (UA) flow during sleep.1 This 
condition, if left untreated, is associated with cardiovascular comorbidities (eg, myocardial infarction, diabetes, stroke, 
hypertension (HT)), increased risk of motor vehicle accidents, and premature mortality.2 OSA is a heterogenous disease 
with varied predisposing factors, pathophysiological mechanisms, and multiple clinical manifestations (eg, excessive 
daytime sleepiness (EDS), fatigue, choking, gasping) while a significant proportion of patients who exhibit OSA on 
a sleep record are asymptomatic.3–7 The prevalence of OSA syndrome (OSAS; ie, OSA associated with symptoms and/or 
comorbidities) is estimated to be 3–7% in adult men and 2–5% in adult women in the general population1 and this is 
likely to grow over time due to the obesity epidemic.

In order to characterize the severity of OSA, obstructive apnea/hypopnea index (AHI) values of 5–14, 15–29, and ≥30 
are used to define mild, moderate, and severe OSA, respectively. However, AHI is poorly correlated with the severity of 
clinical symptoms7 despite the fact that there is a linear relationship between AHI and HT2 and AHI correlates with 
overall mortality in OSA patients.8 The non-modifiable risk factors for OSA are aging, ethnicity, male gender, 
menopause, and anatomic features.3,5,9,10
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OSA is also associated with endocrine disorders (eg, acromegaly, hypothyroidism, type 2 diabetes (T2D)), heart failure, 
and renal insufficiency and, in these cases, the treatment of the underlying disorder can improve OSA. However, the main 
modifiable risk factor for OSA remains obesity3,4,11,12 while sedentarity and lifestyle factors (eg, use of sedatives and 
hypnotics, alcohol and tobacco) also play a significant role.13–15 Obesity is a strong risk factor for OSA, resulting in 
reduction of lung volume, related to an increase in abdominal fat, and narrowing of the UA due to fat deposition in the 
oropharyngeal muscle and the surrounding tissues such as the tongue, soft palate, uvula, and lateral pharyngeal wall and 
increase in neck circumference.4,6,12 Weight loss is thus an efficient treatment in OSA but weight loss takes time and can be 
only be proposed as the sole treatment in mild-to-moderate OSA patients. In addition, the majority of patients are not able to 
maintain weight loss over the long-term, and gaining weight is associated with OSA reoccurrence/aggravation.12 Therefore, 
bariatric surgery is a common strategy used to obtain a sustained and significant weight loss in obese patients.16–20 The 
prevalence of OSA among the bariatric population is very high compared to the general population and is estimated to be 
45%–70%.16,17,21 A recent meta-analysis based on 32 studies that included 2310 patients, reported an OSA remission rate 
of 65%. Remission was associated with improvements in sleep quality and EDS.19

Nevertheless, weight loss obtained by bariatric surgery is not always associated with full remission of OSA, 
suggesting that other factors can contribute to OSA. Indeed, craniofacial disharmony is also a risk factor for OSA, 
related to reduction of pharyngeal airway space, an inferiorly placed hyoid bone, or increased anterior facial height.9 

Reduced pharyngeal airway space is associated with the position of tongue, soft palate, maxilla, and mandibula.9 An 
inferiorly placed hyoid bone increases the risk of pharyngeal collapse. The co-existence of bi-maxillary retrusion and 
acute cranial base angle may reduce the antero-posterior dimension of the pharyngeal airway. Increases in soft palate 
thickness and length can also contribute to OSA. Furthermore, increased area and length of the tongue among OSA 
patients suggests they have a more posterior position of the tongue.9 In addition, people of African descent have 
a significantly larger tongue that could make them more susceptible to OSA.22

In addition to anatomic factors, the pathophysiological PALM classification has been developed to explain the 
dynamic factors associated with OSA.6 Four components contribute to OSA. The first is anatomic collapsibility, reflected 
by the critical occlusion pressure (Pcrit). Fat deposition in the UA and abdominal area (reduced lung volume) increase 
anatomic collapsibility. Snoring and repeated pharyngeal depression during obstructive events lead to chronic inflamma-
tion of the soft tissue, reducing the diameter of the UA and increasing anatomic collapsibility. Moreover, a supine 
position with rising of the diaphragm, and backdrop of the jaw and tongue also increases anatomic collapsibility. Pcrit 
can be measured by reduction of continuous positive airway pressure (CPAP) levels, during sleep, determining the 
pressure at which the pharyngeal airway occludes.6

The second component in the PALM classification is the muscular upper airway gain (UAG). Different muscles are 
responsible for UA patency: muscles that regulate the position of the hyoid bone, tongue base muscles and pharyngeal 
constrictors, and muscles of the soft palate.

The interaction between anatomic collapsibility and neuromuscular compensation determines the extent of OSA. 
Either the neuromuscular compensation offsets the anatomic collapsibility (in all positions and in all sleep stages) or not.6

The third aspect of the PALM system is the loop gain (LG), including 3 components: the control component, via 
chemoreceptors, the exchange component, via the lungs, and the connection component, regulated by the circulation. LG 
> 1 reflects a (hyper-)sensitive system leading to excessive ventilatory response (periodic breathing), while LG < 1 is 
associated with a more stable ventilatory system.6

The last component of the PALM classification is the arousal threshold (AT), defined as the level of inspiratory effort 
at which obstructive events terminate with an arousal from sleep. If all the mechanisms successfully achieve UA patency 
and sustainable ventilation (VE), an arousal from sleep may not be required to support ventilation. The threshold required 
to achieve UA reopening (associated with sustainable VE) is defined as the threshold of effective recruitment (TER). The 
arousal at the end of an obstructive event occurs when the AT < TER or when hyperventilation follows UA reopening 
(stimulation of the arousal center). A low AT causes sleep fragmentation, and ventilatory and pharyngeal muscular 
instability, promoting obstructive events recurrence and EDS.6

Approximately 20% of OSA patients have high anatomic collapsibility and 80% have a combination of anatomic 
disharmonies and anomalies in AT/UAG/LG.6
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PALM 1 (23%) represents very high UA collapsibility (Pcrit > 2.5 cm H2O). In this case, weight loss, positional 
therapy, oral appliance (OA), CPAP, and UA surgery are the first-line treatments (anatomical treatments).6

PALM 2 (57%) represents intermediate collapsibility (Pcrit between +2.5 and −2.5 cm H2O).6 Patients in subgroup 2a 
(no major non-anatomical impairment) are candidates for anatomical treatment. Patients in subgroup 2b (one or more 
non-anatomical impairments) are candidates for a combination of anatomical and non-anatomical treatments.6

PALM 3 (19%) represents low UA collapsibility (Pcrit < −2.5 cm H2O). The treatment for these patients would be non- 
CPAP treatment options: weight loss, OA, oxygen, and drugs targeting the LG or the AT (eg, acetazolamide, Z-drugs).6,23

A therapeutic level of CPAP ≤ 8 cm H2O corresponds to the PALM 3 group of patients.6 From a pathophysiological 
point of view, patients exhibiting a PALM 1 and PALM 2a pattern are expected to improve with weight loss. Finally, 
aging is associated with an increased prevalence of OSA in both sexes, but remains higher in males.24

The multiple factors implicated in OSA physiopathology may explain the potential persistence of OSA after bariatric 
surgery in obese patients. The aim of the present narrative review was to identify factors associated with persistence of 
OSA after bariatric surgery.

Methods
For this analysis, relevant studies assessing pre- and post-operative presence and severity of OSA detected by PG/PSG in 
bariatric populations were selected.

Eligibility Criteria of the Studies
Inclusion criteria: Prospective and retrospective studies assessing pre- and post-operative presence and severity of OSA 
by polygraphy (PG) or polysomnography (PSG) in adults undergoing bariatric surgery. Full text available in English, in 
PubMed central and Scopus databases. Relevant keywords: bariatric, gastric sleeve, gastric bypass, sleep apnea, 
hypopnea, polygraphy, polysomnography.

Exclusion criteria: the studies with a sample size less than 50 patients were excluded. Indeed, 45 participants would have to be 
included in the sample to show a AHI reduction of −25/h after bariatric surgery,25 with a power at 80%, Type I error (α)=0,05, 
Type II error (β)=0,2. If primary outcome was mean difference of BMI of – 13,2 (Type I error (α)=0.05 Type II error (β)=0.2 
Power = 0.8), a number of 66 patients was required.25 Based on these two hypotheses, it seems relevant that studies with a final 
sample size of < 45–50 patients were excluded due to high risk of bias.

Results
Six studies of interest that met inclusion criteria were selected, after exclusion of 23 studies with sample size between 8 
and 46 patients (median: 24 patients), totalizing 574 patients.

The six studies are summarized in Table 1. Yanari et al17 and Morong et al26 were retrospective studies. The other 
four studies, de Raaff et al,27 Peromaa-Havisto et al,20 Haines et al,28 and Ravesloot et al,29 were prospective studies. The 
only multicentric study was Peromaa-Havisto et al.20 These studies included 1302 OSA patients at inclusion (PG/PSG 
confirmed OSA cases among patients who are going to undergo bariatric surgery) and 690 patients in the final study 
samples. The flow chart of patient inclusion is shown in Figure 1.

Pre-op mean body mass index (BMI) ranged from 42.6 to 56 kg/m2 and mean age varied from 44.8 to 50.7 years. 
Comorbidities, if reported, were frequent among these patients, with a high prevalence of T2D (from 42% to 
67.2%)17,20,27 and HT (from 57.6% to 62%).20,27 The majority of patients were females, ranging from 45% to 91% of 
the study population.

Patients were assessed by PG and/or PSG in all studies pre- and post-operatively. OSA severity was assessed using 
AHI calculated during PG/PSG or respiratory disturbance index (RDI), that included respiratory-related arousals, with 
different severity cut-offs (Haines et al28) and according to different American Academy of Sleep Medicine (AASM) 
criteria.

Surgical procedures were Roux-en-Y gastric bypass (RYGB) for de Raaff et al,27 Peromaa-Havisto et al,20 and Haines et al,28 

sleeve gastrectomy (SG) for Yanari et al,17 and Ravesloot et al29 compared laparoscopic gastric banding (LAGB) vs RYGB vs 
SG. In one study, the applied surgery was not reported (Morong et al26).
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Table 1 Summary of the Six Included Studies Selected from the Literature Review Assessing Pre- and Post-Operative Presence and Severity of OSA by PG or PSG in Adults 
Undergoing Bariatric Surgery

Study and 
Date of 
Publication

Type of Study Final 
Study 
Sample/ 
Number 
at 
Inclusion

Demographics Surgery Post- 
Surgery 
Timing 
Assessment

Pre- 
BMI

Post- 
BMI

Pre- 
AHI

Post- 
AHI

OSA 
Diagnostic

OSA 
Remission

Findings Comments

de Raaff et al 
201627

P 
2008–2015

205/437 Women: 63.4% 
Mean age: 48.8

RYGB Between  
6–9m

46 33.7 32.3 8.5 PSG/PG 
AASM 1999

PSG/PG 
showing 
AHI <15: 
74.1% 
No CPAP 
wash-out

Predictive factors 
of OSA 
persistence: age  
≥ 50 y, pre-AHI ≥ 
30, EWL < 60%, 
HT

45% PG pre-op, 31% 
post-op 
≤ AHI 
underestimated with 
PG 
≤ Probably higher 
OSA remission 
Lost to follow-up: 
229/437 (52%) 
Death: 3 
More follow-up 
assumed among 
more symptomatic 
patients 
≤ patients with AHI 
< 15 underestimated

Yanari et al 
202217

R 
2013–2019

56/56 Women: 45% 
Mean age: 44.8

SG 6m and 1y 42.6 32.1 
(6m) 
31.4 
(1y)

51.1 25.4 
(6m) 
23 
(1y)

PSG 
AASM: NR

PSG showing 
AHI <15 
at 1y: 51.8%

Correlation 
between EWL%, 
changes in tongue 
and uvula area and 
AHI changes 
Pre-op AHI and 
Post-op HbA1c = 
independent 
prognostic factors 
for OSA 
persistence 
Reduction of NC 
after SG but not 
correlated with 
OSA remission

Prevalence of 
micrognathia higher 
among Japanese 
people ≤ remission 
rate inferior in 
comparison with 
other studies 
Lost to follow-up: 
0%
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Peromaa- 
Haavisto 
et al 201720

P (multicentric) 
2010–2013

164/187 Women: 64% 
Mean age: 50.7

LRYGB 1y 43.8 33 27.8 9.9 PG 
AASM 1999

PG showing 
AHI <5 at 1y: 
45% 
(AHI>15: 20% 
at 1y) 
De novo OSA 
occurred in 
8% of the 
patients after 
surgery

No predictive 
factor found for 
OSA remission/ 
persistence 
Less effect on AHI 
in supine position 
compared to non- 
supine position

3 different hospitals 
Lost to follow-up: 
23/187 (12%) 
554: referral patients 
but only 197 willing 
to participate at the 
study

Haines et al 
200628

P 
1998–2005

96/289 Women: 91% 
Mean age: 45

RYGB 
(LRYGB50%)

Mean: 11m 56 38 RDI: 
51

RDI: 
15

PSG 
AASM 1999 
RDI 
0–5: absent 
6–20: mild 
21–40: 
moderate 
> 40: 
severe

Remission 
rate: 
52/83=63% 
(no longer 
need of 
CPAP/BiPAP)

BMI, RDI, and 
CPAP use 
decreased post- 
surgery. 
On PSG: 
minimum oxygen 
saturation, sleep 
efficiency, REM 
latency improved

Lost to follow-up: 
191/289 (66%) 
Death: 2 
Choice of RDI 
instead of AHI, 
reason unknown 
High variability in 
post-op timing 
evaluation  
(6–42months)

Morong et al 
201426

R 
2008–2012

119/162 Women: 80.2% 
Mean age: 45

NR 7m 44.8 35.7 22.2 6.3 PSG 
AASM 2007

PSG showing 
AHI < 5 at 
7m: 35.2% 
POSA by 
Cartwright’s 
criteria 
POSA 
prevalence 
post-surgery: 
62.7% 
44% who 
were 
originally 
diagnosed 
with OSA 
before 
developed 
POSA after 
surgery

BMI, neck 
circumference 
and AHI 
significantly lower 
in POSA patients. 
Low AHI is the 
only significant 
independent 
predictive factor 
for the presence 
of POSA 
Reduction of BMI, 
neck 
circumference, 
total AHI, 
desaturation, and 
better sleep 
efficiency post- 
surgery.

Lost to follow-up: 
43/162 (26%)

(Continued)
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Table 1 (Continued). 

Study and 
Date of 
Publication

Type of Study Final 
Study 
Sample/ 
Number 
at 
Inclusion

Demographics Surgery Post- 
Surgery 
Timing 
Assessment

Pre- 
BMI

Post- 
BMI

Pre- 
AHI

Post- 
AHI

OSA 
Diagnostic

OSA 
Remission

Findings Comments

Ravesloot 
et al 201429

P T1 
110/171 
T2 50/171

Women: 60.8% 
Mean age: NR

LAGB 
LRYGB 
SG

t1: 6m 
t2: 12m

110: 
pre- 
BMI 
45.4 
50: 
pre- 
BMI 
45

110: 
post- 
BMI 
36.3 
50: 
post- 
BMI 
35

110: 
pre- 
AHI 
39.5 
50: 
pre- 
AHI 
49.1

110: 
post- 
AHI 
15.6 
50: 
post- 
AHI 
17.4

PSG 
AASM 2007

PSG/PG 
showing AHI 
< 5 at 6 m: 
25.5% 
at 12 m: 24%

Improvement of 
clinical and sleep 
parameters during 
the first 7 
months. 
No linear 
relationship 
between the 
extent of weight 
loss and 
improvement in 
OSA 
Age, pre-op 
weight/BMI are 
not predictive 
factors of OSA 
remission

Some patients with 
BMI < 35 included if 
co-morbidities (HT, 
DT2, OSA, joint 
problems) 
Lost to follow-up 
:121/171 (70%) 
LRYGB >LAGB > SG 
More severely obese 
patients 
26% PG instead of 
post-op PSG 
≤ AHI 
underestimated with 
PG 
≤ Probably lower 
OSA remission

Abbreviations: AASM, American Academy of Sleep Medicine scoring rules; AHI, apnea-hypopnea index; BiPAP, bilevel positive airway pressure; BMI, body mass index; CPAP, continuous positive airway pressure; DL, dyslipidemia; EWL, 
excess weight loss ¼ Pre� op weight� follow� up weight

pre� op weight� ideal weight �100; HbA1c, glycated hemoglobin; HT, hypertension; LAGB, laparoscopic gastric banding; (L)RYGB, (Laparoscopic) Roux-en-Y gastric bypass; M, months; NC, neck circumference; NR, not 

reported; P, prospective; PG, polygraphy; POSA, positional obstructive sleep apnea; PSG, polysomnography; R, retrospective; RDI, respiratory disturbance index; SG, sleeve gastrectomy; T2D, type 2 diabetes; Y, years.
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Six-to-nine month post-surgery reassessment was available in 2 studies (de Raaff et al27 and Morong et al26). Post-operative 
reevaluation was at 6 months and one year in 2 studies (Yanari et al17 and Ravesloot et al29). Changes at 11 to 12 months were 
assessed in 2 studies (Peromaa-Havisto et al20 and Haines et al28).

During the postoperative OSA reassessment, sleep tests were repeated, but it is important to note that in de Raaff et al27 and 
in Ravesloot et al29 some patients had PG instead of PSG and the reverse. Post-operative mean BMI decreased significantly in 
all studies with a decrease ranging between 9.1 and 18 kg/m2. The remission rate for T2D ranged between 45% and 
66.7%.17,20 For HT, this was 73% but was only reported by Peromaa et al.20 OSA remission rates exhibited quite a bit of 
variation among the studies, at between 24% and 74%, but the definition of remission varied between studies: AHI< 5, AHI < 
15, or “no more need of CPAP/BiPAP”.

Regarding factors associated with persistence of OSA after bariatric surgery, several analyses were performed. 
Ravesloot et al29 observed that preoperative BMI was not related to OSA remission. However, De Raaff et al27 determined 
that excess weight loss (EWL) (excess weight loss ¼ Pre� op weight� follow� up weight

pre� op weight� ideal weight �100) < 60% was a predictive factor of 
OSA persistence when Ravesloot et al29 showed no linear relationship between the extent of weight loss and improvement 
in OSA. Pre- and post-operative BMI were relatively similar in both studies.

de Raaff et al27 concluded that severe apnea (AHI ≥ 30) before surgery was a predictive factor of OSA persistence. 
Yanari et al4 also observed that pre-operative AHI was an independent prognostic factor of OSA persistence. In 
Ravesloot et al,29 age was not a predictive factor of OSA remission, unlike the results from de Raaff et al27 in which 
older age predicted OSA persistence. Regarding comorbidities, Yanari et al17 found that high glycated hemoglobin 
(HbA1c) post-surgery was an independent prognostic factor for OSA persistence. HT was also identified as a predictive 
factor of OSA persistence by de Raaff et al.27

Discussion
This narrative review highlights the rate of remission of OSA one year after bariatric surgery. This review was 
strengthened by having selected studies with a significant sample size at the time of follow-up and a homogeneous 
and accurate assessment of pre- and post-operative OSA. The lack of well-conducted studies in the field is quite 
surprising considering the volume of bariatric surgery performed each year. Indeed, there were 18,909 procedures in 

Figure 1 Flow chart of patients included in the six relevant studies. Number at inclusion: total of PSG/PG confirmed OSA patients (AHI>5) that have undergone bariatric 
surgery. Final number: total of OSA patients with analyzable post-operative PSG/PG. Deaths were reported only in 2 studies (De Raaf et al27 and Haines et al28). 
Abbreviations: AHI, apnea-hypopnea index; OSA, obstructive sleep apnea; PG, polygraphy; PSG, polysomnography.
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Germany in 2022.30 As obesity is the strongest risk factor for OSA, among the bariatric population, OSA prevalence 
reaches 45%–70%.16,17,21

Difficulties Related to the Selection of Studies
When collecting literature on cure rates in OSA after bariatric surgery, several difficulties were faced in terms of 
selection of high-quality studies. Studies on the topic are highly heterogeneous, some were prospective, others were 
retrospective, and no randomized controlled trials with an adequate sample size were available. There was also high 
variability in the assessment of OSA patients among the bariatric surgery population, with vague definitions of OSA 
(eg, self-declaration of suffering from the disorder or self-reported use of CPAP/bilevel positive airway pressure 
[BiPAP]). A large number of studies were excluded for insufficient number of patients in the final study sample. The 
“lost to follow-up” category was high in most of the studies. This is also observed in other settings, as seen in 
a longitudinal study exploring remission of gastroesophageal reflux after a median of 77 months post-Nissen fundoplica-
tion, the “lost to follow-up” group was as high as 14%.31 The long timing of the post-surgery period and the 
inconvenience of coming back for PSG could be a possible explanation for the loss of patients. The patients with 
fewer or no symptoms of OSA after surgery were probably more reluctant to come to the follow-up appointments. 
Indeed, the self-reported discontinuation of CPAP/BiPAP is an inaccurate way to evaluate OSA remission as 70% of the 
patients are non-compliant with CPAP after bariatric surgery.27

Heterogeneity of the Definition of OSA and OSA Remission
Among the selected studies for the present review, OSA definition was also based on two different sleep recordings, PG 
or PSG, for evaluating AHI. This could be a source of bias for OSA prevalence as diagnosis based on PG can lead to 
underestimation of OSA severity or false negative results. Indeed, patients diagnosed using PG are likely to have a 30% 
lower AHI compared to patients undergoing diagnosis by PSG.32 Moreover, 14% of patients would be missed for 
a severe OSA diagnosis with PG instead of PSG.32 The use of different AASM criteria (1999, 2007) can also lead to 
variability in AHI, especially regarding the number of scored hypopneas, as 2007 criteria are more severe.33 For OSA 
reassessment after surgery, some study teams have used PSG instead of PG, and this can lead to the reverse, an 
underestimation of remission rate. Of note, variability of remission rate definition AHI < 5, AHI < 15 or “no more 
need of CPAP/BiPAP” can also explain the large variation in remission rates among the studies.

Another concern was related to CPAP wash-out in CPAP users before performing post-surgery PG/PSG. This 
essential requirement was not applied in any of the studies. The absence of a wash-out period overestimates the real 
OSA remission rate. When stopping CPAP use, OSA reoccurs after a mean of one week, associated with a sympathetic 
activity increase, blood pressure increase, relevant cerebral hypoxia, and disturbed cardiac repolarization but without an 
increased risk of myocardial infarction.22,23 CPAP withdrawal can, however, increase EDS and reduce driving perfor-
mance, representing an ethical problem for CPAP/BiPAP withdrawal for the study.34,35 Of note, only 45% of OSA 
patients suffer from EDS, such that the risk of stopping CPAP one week is low.36 Moreover, for the other patients, they 
can just be asked to avoid driving during the washout period.

Influence of Age and Sex
In all the included studies, except that of Yanari et al,17 there were more women than men in the final study sample. 
Indeed, the prevalence of obesity is 15% for women and 11% for men.11 Moreover, women are more inclined to undergo 
bariatric surgery.11 According to one study, among 61,708 patients over 10 years, 22% of bariatric surgeries were 
performed on men and 78% on women.37 The predominance of women included in the studies could be a factor related 
to reduced persistence of OSA after surgery as OSA is mainly related to visceral obesity, typically found in males.38 

Women are more likely to develop OSA after menopause, due to hormonal changes and increases in visceral deposition 
of fat.38 In the 6 studies selected, the mean age was 47 years and, according to the World Health Organization, most 
women experience menopause between the age of 45 and 55 years, however, we do not know the menopausal status of 
these patients and its potential implication in reported OSA remission rates.10
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Choice of Surgical Techniques and Post-Operative Reassessment Period
The heterogeneity of the studies is also due to the different bariatric surgeries used and the variable post-surgery timing 
evaluation for persistence/remission of OSA. In a cohort study over 10 years, among 1787 obese patients undergoing RYGB, 
the patients lost 31% of their baseline weight at one year and 28% at 10 years compared to their nonsurgical matches.39,40 For 
SG, the patients lost 23% of their baseline at one year and for LAGB, the patients lost 13% of their baseline weight at 
one year.39,40 The result at 10 years for SG/LAGB was not available since the patients lost to follow-up was too high after four 
years. After four years, weight loss was higher with RYGB than SG, which was higher than LAGB.39,40 A prospective cohort 
study reported that among 1406 participants undergoing RYGB, the maximal weight loss (37.4% of their baseline) was 
achieved after a median of two post-operative years. The highest rate of weight regain was during the first year after their nadir 
weight.39 Table 2 summarizes the factors possibly linked to variable weight loss after bariatric surgery.

According to a randomized controlled trial that followed patients who underwent RYGB vs SG for over 10 years, 
there were no statistically significant differences in T2D, dyslipidemia (DL), or OSA remission but HT remission rates 
were higher with RYGB.42 Most T2D remission was achieved in two years but no data was presented concerning the best 
timing for DL/OSA/HTA remission.40 According to this literature review, %EWL was not associated with higher/lower 
OSA remission rate.27,29,43 We hypothesize that the highest OSA remission rate is associated with maximal weight loss, 
therefore, after one year. In any case, waiting longer for postoperative evaluation of OSA remission rate increases the risk 
of a higher number of lost to follow-up patients.

Factors Associated with Persistence of OSA After Bariatric Surgery
In the current study, factors associated with persistence of OSA after bariatric surgery included EWL < 60% (de Raaff et al27), 
but no relationship was identified between pre-operative BMI and the magnitude of weight loss in Ravesloot et al.29 These 
differences may be related to the sample size of the studies. Ravesloot et al28 included fewer patients (n = 171 vs 437) with 
a high loss to follow-up rate at 12 months of 70%. Other factors, such as pre-operative AHI (de Raaff et al27 and Yanari et al17) 
and aging (de Raaff et al27), were also not identified by Ravesloot et al.29 However, these risk factors seem to be related to OSA 
persistence as OSA rate increases with age44 and as the reduction of AHI is linearly associated with BMI, such that if AHI is 
higher at baseline, the magnitude of the decrease will not be higher than that for less severe OSA.45 The fact that these factors 
were not identified in the study by Ravesloot et al29 may also be related to the use of post-operative PG rather than PSG and an 
underestimation of post-operative AHI.

Regarding comorbidities, Yanari et al17 reported that high HbA1c post-surgery was an independent prognostic factor 
for OSA persistence. A meta-analysis of studies that followed patients up to 24 months indicated that the remission rate 
of T2D was 63.5%–82%.46 Since T2D is a risk factor for OSA,4 persistence of T2D could be an explanation for OSA 
persistence after bariatric surgery.

Table 2 Factors Possibly Linked to Variable Weight Loss After 
Bariatric Surgery

Factors Influence on Weight Loss39–41

Surgical technique RYGB>SG>LAGB

Pre-operative BMI High>less high

Sex F>M

Age Young>older

Ethnicity White, Hispanics>other

Comorbidities No>present

Smoking Current>non-smoker

Abbreviations: LAGB, laparoscopic gastric banding; RYGB, Roux-en-Y gastric 
bypass; SG, sleeve gastrectomy; F, female; M, male.
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HT was identified as a predictive factor of OSA persistence by de Raaff et al.27 The incidence of HT is associated with 
severe OSA, potentially explaining the remaining presence of post-operative sleep apnea in this specific population.33

One of the lowest remission rates (35%) was observed in Morong et al.26 In this study, they used a more restrictive 
definition of remission: PSG with AHI < 5. Their hypothesis was that positional OSA (POSA) was underestimated 
among patients after bariatric surgery suggesting that the habit of sleeping in a supine position with CPAP/BiPAP should 
explain the larger proportion of POSA after surgery. Morong et al26 noticed that only low AHI was a significant 
independent predictor for POSA and that 44% of those who were originally diagnosed with OSA developed POSA after 
surgery. POSA is associated with backward positioning of the lower jaw, smaller lower facial height, smaller craniofacial 
volume, and smaller volume of lateral pharyngeal wall soft tissue.

Finally, the lost to follow-up rates in the studies included in this literature review were broadly elevated, from 12% 
(Peromaa et al20) to 70% (Ravesloot et al29), introducing a possible selection bias.

Conclusions
In conclusion, we identified, from this limited sample of bariatric patients, that age, pre-operative OSA severity, proportion of 
weight loss, and T2D may be factors related to OSA persistence after bariatric surgery but the reported results were 
inconsistent between studies for age and the magnitude of weight loss. However, several other factors influencing the 
persistence of OSA should be prospectively explored in adequately powered studies that include strategies to standardize 
OSA diagnosis and limit loss to follow-up. These include fat distribution, anatomical predispositions and pathophysiological 
traits, ethnicity, supine position, and rapid eye movement (REM)-predominant hypopnea and apnea.

This could be accomplished by setting up a multicentric prospective study, ideally a randomized controlled trial. 
Obese patients (BMI > 40), candidates for RYGB, would be randomized in two arms, surgery or behavioral intervention 
with OSA resolution as primary aim. We would choose RYGB since it is associated with a higher weight loss.39,40 

Baseline assessments should include home-PSG before surgery/behavioral intervention, sleep endoscopy, 3-D cone beam 
computed tomography for extensive anthropometric measurements, waist and neck circumference and fat distribution 
with free-fat mass component (assessed by dual-energy X-ray absorptiometry). Additional measurements assessing OSA 
pathophysiological phenotypes, such as Pcrit (H2O) and other PSG ventilatory analysis could be performed in patients 
with confirmed OSA during attended PSG. The better post-operative timing to re-assess patients would be one year 
because maximal weight loss is observed at this point in long-term prospective studies.39,40 Thus, one year after surgery/ 
behavioral intervention, home-PSG should be repeated (after one-week wash-out of CPAP, if CPAP-treated34–36) together 
with 3-D cone beam computed tomography, waist and neck circumference, fat distribution with free-fat mass component 
to understand factors associated with OSA resolution or persistence. Using home-PSG would bring an added value to 
assessment of sleep position, REM, and supine OSA in the patients’ usual sleep environment. To obtain a population 
sample that would allow sufficient representation of all the factors possibly associated with the persistence of OSA post- 
operatively, based on the prevalence of these factors as followed: menopausal women, 20%, ethnicity other than 
Caucasians, 30%,47 craniofacial anomalies, 30%,48 REM-predominant OSA, 30%,49 T2D, 40% in a bariatric population, 
the sample size should be 300 patients in each arm (surgery/behavioral intervention). To obtain this population of 600 
OSA patients eligible for RYGB, 1200 patients would have to be screened. This type of study could make a major 
contribution to understanding the evolution of OSA after bariatric surgery in obese patients.
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