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Introduction: We conducted this systematic review and meta-analysis (SRMA)
to evaluate the impact of bariatric surgery on obstructive sleep apnea (OSA)
as represented by the following polysomnography (PSG) parameters: apnea-
hypopnea index (AHI), oxygen desaturation index (ODI), mean oxygen desaturation
(mean SpO»), total sleep time spent with SpO, < 90% (T-90), and the nadir of
oxygen saturation (L SpO»).

Methods: A comprehensive search of the literature was conducted in Ovid
MEDLINE, Embase, and Scopus databases from inception to March 31, 2023.
Only articles written in English were reviewed. The analysis of all outcomes
was performed using a random-effects model. We included 30 studies (two
randomized controlled trials and 28 observational studies) in the final quantitative
synthesis with a total of 1,369 patients.

Results: We concluded that bariatric surgery (regardless of the type) was
associated with reduction in AHI [MD 23.2 events/h (95%Cl 19.7, 26.8)], ODI [MD
26.8 events/h (95%Cl 21.6, 32.1)], mean SpO, [MD—1.94% (95%Cl —2.5, —1.4)],
T-90 [MD 7.5min (95%Cl 5.0, 10.0)], and L SpO, [MD 9.0% (95%Cl —11.8, —6.3)].
Conclusion: Our SRMA results are updates to previously published results and
continue to support the positive impact of bariatric surgery on OSA and sleep-
related hypoxia.

KEYWORDS

bariatric surgery, body mass index, apnea-hypopnea index, oxygen desaturation index,
total sleep time < 90%, mean SpO,, nadir SpO,, obesity
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1. Introduction

1.1. Rationale

Obstructive sleep apnea (OSA) is the most common sleep-
disordered breathing, with a prevalence of 9-38% (Senaratna et al.,
2017). One of the main risk factors for OSA is obesity (Tuomilehto
et al., 2013). Obesity is a global epidemic with a steady increase
in the incidence rates in recent years. Its incidence has tripled
since 1975 according to the World Health Organization (WHO)
(The Lancet Gastroenterology Hepatology, 2021, Congdon and
Amugsi, 2022). The bidirectional relationship between OSA and
obesity is complex. An increase in body mass index (BMI) and
fat mass contributes to the deposition of fat tissues in the upper
airway, including fat pads, uvula, and the base of the tongue. This
deposition leads to an upper airway crowdedness, predisposing
it to repetitive episodes of collapse during sleep (Turnbull et al.,
2018; Yanari et al., 2022). Alternatively, intermittent hypoxia and
sleep fragmentation can increase visceral adipose tissue (Harada
et al, 2014; Zheng et al., 2022). It is estimated that 40% of
people with obesity have notable OSA that warrants treatment
(Wolk et al., 2003). Both OSA and obesity are independent risk
factors for many co-morbid conditions (such as cardiovascular,
cerebrovascular, metabolic, and even neoplastic diseases) (Wolk
et al., 2003).

Positive airway pressure (PAP) therapy is considered the
treatment of choice for OSA (Epstein et al, 2009). However,
adherence to PAP therapy can range between 34 and 50%
(Roecklein et al.,, 2010; Rotenberg et al., 2016). Furthermore, there
is evidence of age and sex disparities in PAP therapy adherence
that can range between 17 and 71% (Patel et al., 2021). Therefore,
alternative therapies are available to patients with poor adherence
to PAP therapy. One of these options is weight loss, either
conservatively via lifestyle modification or surgically via bariatric
surgery. The American Academy of Sleep Medicine (AASM)
strongly recommends surgical consultation for bariatric surgery in
all patients with OSA and class II/IIT obesity (BMI > 35 kg/m?)
(Kentetal., 2021). Similarly, the National Institute of Health (NIH)
recommends referral to bariatric surgery in patients with morbid
obesity and OSA regardless of PAP compliance (NHLBI, 2000; Kent
et al., 2021). Weight loss surgery usually reduces the severity of
OSA; however, a complete resolution is unusual (Greenburg et al.,
2009; Wong et al., 2018).

Recently, two systematic reviews and meta-analyses (SRMA)
were published to synthesize the evidence related to bariatric
surgery’s impact on OSA (Wong et al, 2018; Zhang et al,
2019). Given the publication of several additional studies since
the last SRMA in 2019, we conducted and updated a systematic
review of the literature for the quality of the evidence and
then conducted a meta-analysis to synthesize the evidence
to date.

1.2. Objectives

The aim of this systematic review and meta-analysis is to
address the following question:
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1. Is bariatric surgery [Roux-en-Y gastric bypass (RYGB),
sleeve gastrectomy (SG), or adjustable gastric banding
(LAGB)] associated with improvement in breathing-related
polysomnography parameters [i.e., reduction in apnea-
hypopnea index (AHI), reduction in oxygen desaturation
index (ODI), increase in mean oxygen saturation (mean
Sp0,), reduction in time spent with SpO, < 90% (T-90), and
increase in nadir of oxygen saturation (L SpO3)]?

2. Methods

The present systematic review and meta-analysis were
conducted in accordance with recommendations from the
Cochrane Collaboration and are reported in accordance with
the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines.

2.1. Eligibility criteria

Studies were selected according to the inclusion criteria
outlined below:

i) Human studies that included adults > 18 years old who had
undergone bariatric surgery.

ii) Studies that included polysomnography (PSG) or home sleep
apnea testing (HSAT) before and after bariatric surgery.

iii) Studies that included any of the following polysomnographic
parameters before and after bariatric surgery: apnea-hypopnea
index (AHI), oxygen desaturation index (ODI), mean oxygen
saturation (mean SpO,), time spent with SpO, < 90% (T-90),
and nadir of oxygen saturation (L SpO,).

iv) Studies that included BMI before and after bariatric surgery.

v) Only clinical trials (randomized, case-control, cross-

sectional, and cohort) were included, but case reports,

conference abstracts, review articles (narrative and
systematic), and editorials were excluded.

vi) Only studies written in English.

Since the goal of this systematic review and meta-analysis is to
study the impact of bariatric surgery on OSA in the absence of other
treatment options, all studies using positive airway pressure therapy
or non-invasive ventilation after bariatric surgery were excluded.

2.2. Search methods and data extraction

The literature search was conducted until 31 March 2023 using

» o«

the following keywords: “sleep;

» o« » «

study,” “apnea,” “obstructive,

» o«

“bariatric,” “surgery,” “sleeve gastrectomy,” “gastric bypass,” and
“gastric banding”. There were no date limits to the search. The
search was conducted in Ovid MEDLINE (R); Elsevier Embase
(1947-2022); and Elsevier Scopus (1823-2022). Screening was
conducted in two stages. In stage one, the authors (SM and
AR) independently conducted an initial screening of the titles
and abstracts. In stage two, the full text of the records included

in stage one of the screening was obtained by authors (SM,
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[ Identification of studies via databases ]
()
Records identified from Records removed before
= Databases (n = 4) screening.
g - Duplicate records (n=473)
] - Records marked as
[} PubMed (1,401
E PMC (5,3(66) ) — > ineligible by automation tools
5 EMBASE (1,759) (n= 4,306)
° SCOPUS (1,271) - Records excluded
automatically for not
containing a keyword in the
) Total records (9,797) fitle (n= 5012)
_ '
Records screened (Stage 1) ——| Records excluded
(n=1,106) (n=1,037)
- All excluded by human
A 4 -
Reports not retrieved
Reports sought for retrieval (Stage 2) | (n=5) )
(n =69) »( - Written in non-English
=) language (Spanish-2, ltalian-1,
'g Polish-1, Chinese-1)
§ v
ligibili Reports excluded: (n= 34)
Reports assessed for eligibility | Reason 1: Participants continued to use CPAP after
(n=64) bariatric surgery. (n= 21)
Reason 2: BMI was not included before, after, or before and
after bariatric surgery. (n=3)
Reason 3: No polysomnography before and after bariatric
surgery. (n=3)
Reason 4: Included participants < 18 years old. (n=4)
— Reason 5: Included participants with other disorders that
cause sleep related hypoxia (e.g. OHS, COPD). (n=1)
Reason 6: Does not clearly distinguish between weight loss
tools (bariatric surgery Vs life-style interventions). (n=1)
Reason 7: No statistical data (standard deviation) was
provided for BMI and AHI (n=1)
v
Studies included in review
(n =30)
FIGURE 1
Prisma flow diagram for the identification of appropriate studies for inclusion. OSA, obstructive sleep apnea; CPAP, continuous positive airway
pressure therapy; AHI, apnea-hypopnea index; BMI, body mass index; COPD, chronic obstructive pulmonary disease; OHS, obesity hypoventilation
syndrome.

DC, MK, SH, PR, and KH) to ensure they met eligibility
criteria. Any disagreements were resolved by a discussion between
the reviewers. The study selection process is illustrated in

Figure 1.

2.3. Quality assessment

The quality of included studies was assessed using the
following tools:

- Cross-sectional and observational studies using the quality
assessment tool for observational cohort and cross-sectional
studies developed by the National Heart, Lung, and Blood
Institute (Health NIO, 2014).
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- Case-control studies using the quality assessment tool for case-
control studies developed by the National Heart, Lung, and
Blood Institute (2021).

- Randomized control trials (RCTs) using the Cochrane Risk of
Bias (ROBINS2) assessment tool (Higgins et al., 2019).

Samples of these quality assessment tools are included as
Supplementary Tables S1, S3.

2.4. Certainty assessment

Two authors (SM and AR) independently assessed the certainty
of the evidence. Five GRADE considerations (study limitations,
consistency of effect, imprecision, indirectness, and publication
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bias) were used to assess the certainty of the body of evidence as
they are related to the studies that contributed data to the meta-
analyses for the prespecified outcomes. The certainty of evidence
was reported as high, moderate, low, or very low. We used the
methods and recommendations described in Sections 8.5 and 8.7
and Chapters 11 and 12 of the Cochrane Handbook for Systematic
Reviews of Interventions. We justified all decisions to downgrade or
upgrade the certainty of studies using footnotes, and we provided
comments to aid the reader’s understanding of the results where
necessary (Mudano et al., 2019).

2.5. Result synthesis and statistical analysis

Data were pooled for all studies that examined the effect
of surgical weight loss on OSA severity and BMI. The pooled
estimate of the mean difference was used as the primary outcome
measure and 95% confidence intervals were calculated. A random
effects model by DerSimonian and Laird was chosen to synthesize
the data throughout because it allows within- and between-study
variations, which are applicable to this meta-analysis that includes
mostly observational cross-sectional studies with inherently more
variability (Dersimonian and Laird, 1986).

Heterogeneity between studies was tested using both the I?
statistic, where I*>-values of 25, 50, and 75% were defined as mild,
moderate, and high heterogeneity, respectively. Publication bias
was assessed by visual inspection of funnel plots to examine possible
asymmetry and by using the Egger regression asymmetric test
(Bowden et al,, 2015). To explain the heterogeneity between studies
and to examine the influence of various factors, we performed
a meta-regression. The following factors were studied: baseline
AHI and BMI, age, study design (observational vs. randomized
control trial), type of bariatric surgery, the continent where the
study was done, study results used more than once, and duration
between bariatric surgery and follow-up sleep study. Leave-one-out
sensitivity analyses were performed to further explore the changes
in our findings by iteratively removing one influential study at
a time. All analyses were conducted in STATA software version
17.0 (Stata Corp., College Station, TX). The significance was set at
two-tailed p-values of 0.05.

3. Results
3.1. Included studies

A total of 9,797 articles were identified by searching the
different databases. Following the removal of duplicate articles
(n = 473), articles unreadable by automation tools (n = 4,306),
and articles excluded for other reasons (n = 3,912), a total of
1,106 articles were screened using the title and the abstract. The
details of the included/excluded articles were added to the PRISMA
flow diagram. This yielded 69 articles that were fully reviewed.
After applying the inclusion/exclusion criteria, a total of 30 articles
were deemed eligible for both qualitative and quantitative (meta-
analysis) synthesis. Two of these articles were RCTs (Aguiar et al.,
2014; Bakker et al., 2018). All the non-randomized controlled trials
except two studies [one case-control (Busetto et al., 2005) and
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one cross-sectional (Lage-Hansen et al., 2018)] were observational
(i.e., 26 studies). Out of these 26 observational studies, 19 were
prospective (Pillar et al., 1994; Valencia-Flores et al., 2004; Pallayova
etal., 2011; Krieger et al., 2012; Bakker et al., 2013, 2014; Fredheim
et al., 2013; Bae et al., 2014; Karakdse et al., 2014; Zou et al., 2015;
Del Genio et al., 2016; Jiao et al., 2016; Shaarawy et al., 2016; Xu
et al., 2016; Peromaa-Haavisto et al., 2017; Tirado et al., 2017;
Al-Jumaily et al., 2018; Chierakul et al., 2020; Yilmaz Kara et al.,
2021) and 7 retrospective (Peiser et al., 1984; Fritscher et al., 2007;
Morong et al., 2014; Obeidat et al., 2020; Song et al., 2021; Wu et al.,
2022; Yanari et al., 2022) in study design. Figure 1, the PRISMA flow
diagram, demonstrates the flow of records from the initial search
through the selection process, the number of records included, and
the reasons for exclusion. Tables 1, 2 illustrate the characteristics
of the included studies. The quality assessment of the included
studies is shown in Supplementary Tables S2 (“non-RCT” and S4
“RCT?). The quality of evidence across all studies included was very
low (Supplementary Table S5). This is related to several factors,
including a high risk of bias and publication bias.

3.2. Systematic review

Geographically, out of 30 studies, 14 were conducted in Asia,
7 in North America, 6 in Europe, and 3 in South America. A
total of 1,369 participants were included in the analysis. They
were middle-aged (the range of mean ages was 35-51 years)
and primarily women (66% with a range of 0-100% in each
study). Individual study sample sizes ranged from 10 to 162
participants, with most enrolling between 23 and 56 participants.
The participants underwent laparoscopic SG (5 studies), RYGB (13
studies), and AGB (3 studies). Seven studies included patients who
had more than one type of surgery, and two studies did not specify
the type of surgery and mentioned only bariatric surgery. Most
studies included patients who underwent standard in-laboratory
polysomnography (27 studies), and three studies included patients
who underwent HSAT. The following parameters were recorded:
AHI, ODIL, mean SpO,, TST < 90, and L SpO,. Of the 30 studies,
22 used the American Academy of Sleep Medicine scoring criteria
to score obstructive hypopneas, and three studies did not include
details on scoring criteria (Table 2).

3.3. Meta-analysis

i) Impact of bariatric surgery on the body mass index (BMI)

Bariatric surgery was associated with a significant reduction
in BMI [MD 11.6 kg/m2 (95% CI 10.2, 13.0)]. All 30 studies
included BMI before and after bariatric surgery (Figure 2A).
The BMI reduction was highest immediately following surgery
(0-3 months) but subsequently became lower. The studies
included in this review measured the BMI at variable intervals
post-surgery (e.g., 3 months, 6 months, 9 months, 12 months,
24 months, and 5 years). The mean BMIs before and after
bariatric surgery were 45.0 + 6.9 kg/m® and 32.9 + 4.9
kg/m?, respectively.
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TABLE 1 Characteristics of the included studies.

References

Lage-Hansen
et al. (2018)

Country

Denmark

Study
design

P
(cross-sectional)

Bariatric

surgery

- RYGB

Sample

size*(M)(A)

(before)

24 (13) (44)

Sample

size*(after)

24

Follow up
(months)

12

BMI kg/m?
(before)

444 +52

BMI kg/m?
(after)

30.8 £4.8

Sleep study
(PSG vs.
HSAT)

CRM (HSAT)—
Embletta

Comments

- Participants
had surgery
(56).
Participants
with OSA (33,
59%).

- Declined to
continue study
(9), not
included

in analysis.

Al-Jumaily et al.
(2018) (1)

USA

- RYGB

10 (0) (45)

10

4851+ 6.5

33.7+4

PSG

4 patients
refused PSG at
12 months.

Al-Jumaily et al.
(2018) (2)

USA

- RYGB

10 (0) (45)

12

4851+ 6.5

30.3£3.6

PSG

4 patients
refused PSG at
12 months.

Bakker et al.
(2018) (1)

USA

RCT

- GB

- 28(16) (51)
*Control (21)

25

39.1+29

359£35

PSG

- Control
included CPAP
therapy.

CPAP was more
effective than
GB in reducing
the “effective
AHI” at

9 months.

Bakker et al.
(2018) (2)

USA

RCT

- GB

e 28 (16) (51)
*Control (21)

24

18

39.1+£29

357 £3.9

PSG

Song et al. (2021)

China

- RYGB

37 (16) (49)

37

12

31+34

24+22

PSG

All participants
were diabetic.

Busetto et al.
(2005)

USA

P (case-control)

- IGB

17 (17)

17

55.8£9.9

48.6 £ 11.2

PSG

- One patient
did not tolerate
IGB.

- The change in
AHI
significantly
correlated with
waist size.

Shaarawy et al.
(2016)

Kuwait

P (observational)

- SG

27

22(13) (37)

12

482473

359+438

PSG

Five  dropped
out.
Included only

severe OSA.

(Continued)
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TABLE 1 (Continued)

References = Country Bariatric Sample Sample Follow up BMI kg/m? BMIl kg/m?  Sleep study = Comments
surgery size*(M)(A)  size*(after) (months) (before) (after) (PSG vs.
(before) HSAT)
Peiser et al. Israel - RYGB 15 (14) (45) 15 3 48 + 8.6 363+£74 PSG None
(1984) (1)
Peiser et al. Israel - RYGB 15 (14) (45) 6 5 48 + 8.6 34440 PSG None
(1984) (2)
Obeidat et al. Jordan - RYGB 112 (52) (37) 112 30 (mean) 498+78 33.7+13.6 PSG - 179 patients
(2020) underwent
bariatric
surgery but
only 112
patients
had OSA.
Bakker et al. USA - GB 27 (2) (43) 27 2 43.7 (42.0,51.4) 42.7 (30.1, 38.7) PSG - Control group
(2013) - RYGB were patients
treated
with CPAP.
Bakker et al. USA - GB 12 (2) (43) 12 -6 43.7(42.0,51.4) | - 32.7(30.1,38.7) | PSG - Total of 27
(2014) (1) 6m - RYGB 15 (CPAP) - 12-18 participants
(Bariatric
surgery
vs. CPAP).
Bakker et al. USA - GB 12 (2) (43) 12 12-18 43.7 (42.0,51.4) - 28.3(25.3,37.5) PSG - Total of 27
(2014) (2) - RYGB 15 (CPAP) participants
12-18 m (Bariatric
surgery
vs. CPAP).
Morong et al. Netherlands Non specified 162 (43) (47) 91 7 (median) 44.8 (40.0-49.6) 35.7 (31.6-40.2) PSG - Positional OSA
(2014) in patients
undergoing
bariatric
surgery is lower
than the
general population.
Jiao et al. (2016) China RYGB 39 (15) (48) 39 6-12 30.73 + 3.66 24.24 £2.70 PSG - Diabetic patients.
Krieger et al. USA - GB 30 (10) (44) 24 12 47.18 £11.01 35.62 +8.23 PSG - GB improves

(2012)

OSA
and leptins.

(Continued)
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TABLE 1 (Continued)

References

Country

Study

design

Bariatric
surgery

Sample
size*(M)(A)
(before)

Sample

size™*(after)

Follow up
(months)

BMI kg/m?
(before)

BMI kg/m?
(after)

Sleep study
(PSG vs.
HSAT)

Comments

Pallayova et al. USA P - RYGB 23 (9) (42) 23 12 523+74 357+6.3 PSG - sTNFa receptor
(2011) - SG(1) 2 could be a
- BPDDS (1) marker OSA
treatment by
bariatric surgery.
Del Genio et al. Ttaly P - SG 36 36 60 51.3+11.6 32.1£6.6 PSG - Patients who
(2016) did not respond
to SG were
found to have
nasal pathology.
Pillar et al. Israel P - RYGB 14 (11) (46) 14 4.5 45+7.2 33+75 PSG None
(1994) (1) - VBG
Pillar et al. Israel P - RYGB 14 (11) (46) 14 90 45+72 35+6.0 PSG None
(1994) (2) - VBG
Fredheim et al. Norway Non- - RYGB 139 (40) (45) 133 12 475+ 5.6 33.5+3.7 (HSAT)— OSA to ILI vs.
(2013) randomized Embletta surgery.
clinical trial
Zou et al. (2015) China P - RYGB 54 44 (18) (48) 10 (mean) 31.1+£34 244426 PSG None
Aguiar et al. Brazil RCT - RYGB 16 (3) (40) 16 3 48.2+ 8.6 369+ 6.7 PSG - 52 patients
(2014) were allocated
to control (36)
and
surgery (16).
Bae et al. (2014) Korea P - RYGB 67 10 (5) (39) 12 39.9+8.3 269+44 PSG - Out of the 67
who had
surgery, 61
had OSA.
Fritscher et al. Brazil R RYGB 13 (9) (44.6) 12 242+ 6.4 55.5 £ 10.1 34.1+£8.1 PSG - 4 patients were
(2007) (Observational) excluded
despite having
mild OSA. AHI
< 15 events
per h.
Xu et al. (2016) China P RYGB 39 (15) (46.3, 35 6 - 31.1 (m) - 24.9 (m) PSG - Follow up was
50.2) in males (29.7-33.0) (23.9-26.2) at 6 and 24
and females. - 31.1 - 239 months.
(f) (29.5-32.9) (f) (22.7-25.3) However, no
PSG at 24
months post-
surgery.
(Continued)
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TABLE 1 (Continued)

References

Valencia-Flores
et al. (2004)

Country

Mexico

Study
design

Bariatric
surgery

VBG RYGB
D-RYGB

Sample
size*(M)(A)
(before)

29 (13) (37.9)

Sample

size*(after)

29

Follow up
(months)

12

BMI kg/m?
(before)

Group 1: 56.5

+ 12.3 Group 2:

549 £13.1

BMI kg/m?
(after)

Group 1:39.2
8.5
Group 2:39.2 &
7.9

Sleep study
(PSG vs.
HSAT)

PSG

Comments

- Two groups
(both have
OSA before
surgery) but in
group 1 AHI
was less severe
compared  to
group 2.

For mean

SPO,, took the
mean of both
REM

and NREM

Tirado et al.
(2017)

Spain

P
(Observational)

RYGB SG

66 (12) (42.3)

66

12

45.6 £ 6.19

29.0 & 3.69

PSG

None

Karakose et al.
(2014)

Turkey

P

- SG
- Mini GB

17 (5) (40)

17

8.35 (mean)

48.48 £ 6.45

34.25 + 4.86

PSG

Forty patients
were enrolled in
the study.

33 patients
underwent PSG
and bariatric
surgery.

7 patients did not
undergo the
control PSG due
to symptom being
excluded.

Peromaa-
Haavisto et al.
(2017)

Finland

RYGB

132 (-) (50.7)

128

12

439+6.4

33.0+£5.1

HSAT Embletta

- 197 initially but
only 132
fulfilled OSA.

Chierakul et al.
(2020)

Thailand

Not specified
(only BS)

24

24 (14) (35)

7.8

51.6 + 8.7

382468

PSG

- 96% of
participants
had
Severe OSA.

Yilmaz Kara
etal. (2021)

Turkey

- LSG

31 (14) (44.1)

31

12

49.8 £ 8.5

332482

PSG

- None

(Continued)
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TABLE 1 (Continued)

Bariatric
surgery

References  Country Study

design

Wu et al. (2022) China R - LSG
1)

Sample
size*(M)(A)
(before)

37 (9) (19-37)

Sample
size*(after)

37

Follow up
(months)

BMI kg/m?
(before)

41.5+6.2

BMI kg/m?
(after)

355+ 4.4

Sleep study = Comments
(PSG vs.

HSAT)

PSG - Indexes  were

better at 6m

than 3m. No

difference b/w 6

and 12 m.

Between 6 and

12m, BMI

|, but AHI
and LSpO,
stabilized.

- EWL% and
smoking were
independent
factors
determining the
efficacy of LSG
against
morbid obesity.

Wu et al. (2022) China R - LSG
(2

37(9) (19-37)

37

415+6.2

31.7+26

PSG

Wu et al. (2022) China
3)

R - LSG

37(9) (19-37)

37

12

41.5+6.2

264139

PSG

Yanari et al. Japan R - LSG

(2022) (1)

56 (33) (46.3)

56

429+ 6.6

323443

Excluded mild
OSA since they
were mixed
with
participants
with No OSA.

PSG

Yanari et al. Japan R - LSG

(2022) (2)

56 (33) (46.3)

56

12

429+6.6

31.6£5.0

PSG

*Sample size include patients before or after surgery who met the diagnosis of OSA.
(1), (2), (3) Represent the same study at different follow-up intervals.

CRM, cardio-respiratory monitoring; RYGB, Roux-en-Y gastric bypass; P, prospective; HSAT, home sleep apnea test; BMI, body mass index; PSG, polysomnography; OSA, obstructive sleep apnea; AASM, American Academy of Sleep Medicine; M, male; A, age; GB,
gastric banding; RCT, randomized controlled studies; R, retrospective; IGB, intra-gastric balloon; LSG, laparoscopic sleeve gastrectomy; BPDDS, Biliopancreatic diversion with duodenal switch; VBG, vertical banded gastroplasty; ILI, intensive life-style intervention;
D-RYGB, Distal RYGB; CPAP, continuous positive airway pressure; L SpO,, nadir of oxygen saturation; EWL, estimated weight loss; AHI, apnea-hypopnea index; BS, bariatric surgery; m, months; s TNFa, soluble tumor necrosis factor alpha.
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TABLE 2 Characteristics of the included studies (continued).

References

AHI

(events/h)
(before)

AHI
(events/h)
(after)

(e]b]!
(events/h)
(before)

ODI
(events/h)
(after)

m SP02
(%)
(before)

m SPOZ
(%) (after)

T-90 (min)
(before)

T-90 (min)
(after)

LSaO, (%)
(before)

L5302 (oo)
(after)

Events
scoring
criteria

Lage-Hansen 182+ 14.1 45+49 259 +21.2 55+5.6 - - - - - - Non-AASM
etal. (2018)
Al-Jumaily 38.1 +£29.4 15.7 £ 15 - - - - - - - - AASM
etal. (2018) (1)
Al-Jumaily 38.1 2294 5.6 +10.2 - - - - - - - - AASM
etal. (2018) (2)
Bakker et al. 51.5+ 235 39.3 £264 - - - - - - - - AASM
(2018) (1)
Bakker et al. 51.5+23.5 3414246 - - - - - - - - AASM
(2018) (2)
Song et al. 215+ 154 64+7.0 - - - - - - 80% (95% CI 87% (95% CI AASM
(2021) (Pooja) 76-83%) 86-89%)
Busetto et al. 59.3+18.1 14.0 +12.4 - - - - - - N/A N/A Non-AASM
(2005)
Shaarawy et al. 55.8+8.3 128 £11.3 52.6 +£ 6.5 10.6 £ 6.3 - - - - 672+ 11.3 922 +5.3 AASM
(2016)
Peiser et al. 82 +43.6 - 153+£17.3 - - - - - - - - Non-AASM
(1984) (1)
Peiser et al. 82 +43.6 55+9.7 - - - - - - - - Non-AASM
(1984) (2)
Obeidat et al. 29.5+29.0 6.8 £10.8 - - - - - - - - AASM
(2020)
Bakker et al. 18.1(16.3, 10.5 (5.0, 20.8) - - - - - - 78.0 (72.8, 82.8) 79.0 (74.0, 88.0) AASM
(2013) 67.5)
Bakker et al. 18.1 (16.3, - 10.5 (5.0, - - - - 10.6 (6.1, 24.6) - 19.3 (3.8, 46.5) 78.0 (72.8, 82.8) - 79.0 (74.0, AASM
(2014) 67.5) 20.8) - 8.7(1.8,17.8) 88.0)
- 6.5 - 84.0
(1.9, 12.8) (79.0, 91.0)
Morong et al. 212 6.3 (3.2-12.3) 18.6 6.3(3.3-12.2) - - - - - - AASM
(2014) (11.5-34.9) (10.6-36.1)
Jiao et al. 13 +23.5 347 - - - - - - 82 + (14) 89 + (6) Not mentioned
(2016)
Krieger et al. 342+ 35 19.0 £21.7 - - 95.15 £+ 1.84 95.39 + 1.65 922 +17.84 4.45 £ 6.85 80.58 + 6.90 84.00 £ 7.35 AASM
(2012)
(Continued)
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TABLE 2 (Continued)

References

AHI

(events/h)
(before)

AHI
(events/h)
(after)

oDl
(events/h)
(before)

oDl
(events/h)
(after)

m SPO,
(%)
(before)

m SPO,
(%) (after)

T-90 (min)
(before)

T-90 (min)
(after)

LSaO, (%)
(before)

LSaO; (%)
(after)

Events
scoring
criteria

Pallayova et al. 328 4.7 (2.0-12.9) - - 95.2 9.3 - - 78 (69-84) 86 (80-88) AASM
(2011) (11.4-75.7) (94.1-96.1) (95.4-97.5)
Del Genio 328+1.7 58+12 - - - - - - - - AASM
et al. (2016)
Pillar et al. 40 +29 11+ 16.4 - - - - - - - - AASM
(1994) (1) - Only Apnea
was scored
Pillar et al. 40 +29 24 +23 - - - - - - - - AASM
(1994) (2) - Only Apnea
was scored
Fredheim et al. 29.3+24.1 7.7 £222 30.2 +24.6 731227 928 +25 95.1+2.4 - - 75.8 £ (9.4) 84.8 (6.2, 11.8) AASM
(2013)
Zou et al. 224+178 71+£94 254+ 18.6 6.4+£9.0 934+£29 955+ 1.7 8£12.7 14£32 77.1 £ (11.9) 86.7 £ (6.7) AASM
(2015)
Aguiar et al. 15.6 £ 15.5 626 £7.6 - - 93.30 (87-97) 94.3 (86.6-98) - - 83.25 (70-94) 85 (70-95) AASM
(2014)
Bae et al. 51 +34.2 9.3+£129 61 +34.2 8.6 +13.0 935+£22 958 +1.7 - - 81.8 £ (6.4) 86.0 £ (6.8) AASM
(2014)
Fritscher et al. 46.5 (33-140) 16 (0.9-87) N/A N/A 64.7 £ 13.4 78.7 £ 13.7s N/A N/A 64.7 + 13.4 78.7 £ 13.7% AASM
(2007)
Xu et al. (2016) Men: Men: 6.2 Men: Men: 4.6 Men: Men: 95.4 - - Men: CI% 76.1 Men: CI% AASM
21.7 (15.9- (3.4-15.3) 23.9 (16.8- (2.4-12.5) 93.6 (92.1- (94.3-96.4) (69.6-81.1) 87.5(82.4-89.6)
30.3) Female: Female: 8.9 33.8) Female: Female: 8.7 94.5) Female: Female: 95.7 Female: C177.8 Female: CI
21.3 (15.4- (5.3-15.2) 28.5 (20.8- (5.1-15.0) 94.0 (93.1- (95.1-96.2) (72.1-82.0) 85.9 (82.6-88.7)
28.3) 38.3) 94.8)
Valencia- Group 1:32.7 Group 1: 1.5 + - - Group 1: Group 1: Group 1: 187.7 Group 1:93.9 &+ - - Non-AASM
Flores et al. =+ 37.2 Group 1.2 NREM: 82.6 NREM: 91.0 =+ 128 Group 2: 112
(2004) 2:71.9 £47.9 Group 2: 27.1 + 13.5 REM: 34 128.1 £95.2 Group 2:218.5
+25.6 77.7 £ 158 REM: 89.5 + + 141
Group 2: 5.7
NREM: 76.9 Group 2:
+ 11.0 REM: NREM: 87.1 £
65.8 £ 13.5 4.3
REM: 84.6 +
5.4
Tirado et al. 33.8 +26.1 9.14 £9.71 33.1 £ 26.0 7.63 £7.35 88.5£9.80 92.1 +10.06 9.82 £ 164 1.14 £3.94 - - AASM
(2017)
(Continued)
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TABLE 2 (Continued)

References AHI AHI (e]] (e]p] m SPO, m SPO, T-90 (min) T-90 (min) LSaO, (%) LSaO; (%) Events

(events/n) (events/h) (events/h) (events/h) (%) (%) (after) (before) (after) (before) (after) scoring
(before) (after) (before) (after) (before) criteria

Karakése etal. | 28.41 +27.64 132342136 | 23.8442201 11.19 4 19.76 - - - - - - AASM

(2014)

Peromaa- 27.6 +24.6 994112 - - 92428 933+ 84 - - - - AASM

Haavisto et al.

(2017)

Chierakul et al. 87.6 + 38.9 285+ 215 723 +38.1 24.4+207 - - - - - - AASM

(2020)

Yilmaz Kara 36.1+£27.1 103 +118 26.7 £29.5 75499 915437 940 £ 1.6 24.0£293 54+7.0 743 £ 12.1 792 + 14.7 Not mentioned

etal. (2021)

Wu et al. 322+5.3 193+ 46 - - - - - - 74.6 £ 8.9 845+54 Chinese Thoracic

(2022) (1) Society

Wu et al. 322453 111434 - - - - - - 74.6 £ 8.9 90.1+ 3.6

(2022) (2)

Wu et al. 322453 91422 - - - - - - 74.6 £ 8.9 90.8 £ 3.9

(2022) 3)

Yanari et al. 55.0 +23.1 27.0 £ 20.6 553 +23.7 249419.1 - - - - 713+ 114 78.7 £ 8.1 Not mentioned

(2022)

Yanari et al. 55.0 4+ 23.1 243 +19.9 553+ 23.7 224+188 - - - - 713+ 114 79.9 + 8.6

(2022)

(1), (2), (3) Represent the same study at different follow-up intervals.

Before, before bariatric surgery; after, after bariatric surgery; L SpO,, nadir of oxygen saturation; AHI, apnea-hypopnea index; m SpO,, mean oxygen saturation; T-90, total sleep time spent with SpO, < 90%; ODI, oxygen desaturation index; AASM, American

Academy of Sleep Medicine; REM, Rapid Eye Movement; CI, confidence interval.
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A Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% Cl (%)
Bakker et al. 2013 27 457 73 27 338 73 —— 11.90[ 8.01, 15.79] 2.56
Aguiar et al. 2014 16 482 86 16 369 86 —— 11.30[ 5.34, 17.26] 2.01
Peiser et al. (3m) 1983 15 48 86 15 363 86 —— 11.70[ 5.55, 17.85] 1.96
Wu et al. 2022 (3m) 37 415 62 37 355 62 - 6.00[ 3.17, 8.83] 284
Pillar et al. (1) 1994 14 45 72 14 33 52 —— 12.00[ 6.67, 17.33] 217
Peiser et al. (5m) 1983 15 48 8.6 6 34 8.6 —a— 14.00[ 5.86, 22.14] 1.52
Al-Jumaily et al. 2018 (6m) 10 485 6.5 10 337 6.5 —— 14.80[ 9.10, 20.50] 2.08
Bakker et al. 2014 (6m) 12 457 78 12 338 78 —— 11.90[ 5.66, 18.14] 1.94
Busetto et al. 2004 17 558 99 17 486 99 ——— 7.20[ 0.54, 13.86] 1.84
Wu et al. 2022 (6m) 37 415 62 37 317 62 —- 9.80[ 6.97, 12.63] 2.84
Xu et al. 2016 (f) 39 312 26 35 24 26 ! 720[ 6.01, 839] 3.15
Xu et al. 2016 (m) 39 313 25 35 25 25 | 6.30[ 5.16, 7.44] 3.15
Yanari et al. 2021 (6m) 56 429 66 56 322 6.6 - 10.70[ 8.26, 13.14] 2.92
Nitipatana Chierakul et al. 2020 24 516 87 24 382 8.7 —i— 1340[ 848, 18.32] 228
Bakker et al. 2018 (9m) 28 391 29 25 359 29 320[ 1.64, 4.76] 3.09
Al-Jumaily et al. 2018 (12m) 10 485 65 6 303 65 —— 18.20[ 11.62, 24.78] 1.86
Bae et al. 2014 67 39.9 83 10 26.9 8.3 —— 13.00[ 7.49, 1851] 212
Fredheim et al. 2013 139 475 56 133 335 5.6 I 14.00[12.67, 15.33] 3.13
Kara et al. 2020 31 498 85 31 332 8.5 —— 16.60[12.37, 20.83] 247
Kreigar et al. 2012 30 4718 11.01 24 3562 11.01 —— 11.56 [ 5.65, 17.47] 2.02
Lage-Hansen et al. 2018 24 444 52 24 308 52 - 13.60[ 10.66, 16.54] 2.81
Pallayovo et al. 2011 23 523 74 23 357 74 —i— 16.60[ 12.32, 20.88] 2.46
Peromaa-Haavisto et al. 2016 132 439 64 128 33 64 3 10.90[ 9.34, 12.46] 3.09
Shaarawy et al. 2016 27 482 73 22 359 73 —— 12.30[ 8.19, 16.41] 2.50
Song et al. 2021 37 31 34 37 24 34 = 7.00[ 545, 8.55] 3.09
Tirado et al. 2017 66 456 6.19 66 29 6.19 E B 16.60[14.49, 18.71] 2.99
Valencia-Flores et al. (group 1) 2004 29 565 123 29 392 123 —— 17.30[10.97, 23.63] 1.92
Valencia-Flores et al. (group 2) 2004 29 549 131 29 392 131 —— 15.70[ 8.96, 22.44] 1.82
Wu et al. 2022 (12m) 37 415 62 37 264 62 —- 15.10[12.27, 17.93] 2.84
Yanari et al. 2021 (12m) 56 429 66 56 316 6.6 - 11.30[ 8.86, 13.74] 2.92
Bakker et al. 2018 (18m) 28 39.1 29 24 357 29 B 340 1.82, 4.98] 3.09
Genio et al. 2016 36 513 116 36 321 116 —— 19.20[ 13.84, 24.56] 2.16
Pillar et al. (2) 1994 14 45 72 14 3% 72 —— 10.00[ 4.67, 15.33] 2.17
Zou et al. 2014 54 3141 34 44 244 34 | 6.70[ 535, 8.05] 3.12
Bakker et al. 2014 (12-18) m 12 457 78 12 304 78 —— 15.30[ 9.06, 21.54] 1.94
Fritscher et al. 2007 13 555 101 12 341 1041 ——— 2140[13.48, 29.32] 1.56
Obeidat et al. 2020 112 498 78 112 337 738 E 3 16.10 [ 14.06, 18.14] 3.01
Jiao et al. 2016 39 30.73 366 39 2424 3.66 E 3 649 487, 8.11] 3.08
Morong et al. 2013 162 4438 72 91 358 7:2 E 3 9.00[ 7.15, 10.85] 3.04
Fatmanur Karakoése et al. 2014 17 4848 645 17 3425 6.45 —— 14.23[ 9.89, 18.57] 244
Overall O 11.60[ 10.22, 12.97]
Heterogeneity: T = 15.33, I = 90.80%, H® = 10.87
Test of 8= 8: Q(39) = 445.03, p = 0.00
Test of 8= 0:z=16.50, p = 0.00
0 10 20 30

Random-effects REML model

FIGURE 2 (Continued)
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B Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Bakker et al. 2013 27 34 399 27 121 399 —i— 2190[ 0.62, 43.18] 1.65
Aguiar et al. 2014 16 156 155 16 6.26 155 B 9.34[ -1.40, 20.08] 2.94
Peiser et al. (3m) 1983 15 82 436 15 153 436 —&—— 66.70[ 3550, 97.90] 0.99
Wu et al. 2022 (3m) 37 322 53 37 193 5.3 [ | 1290[ 10.48, 15.32] 3.93
Pillar et al. (1) 1994 14 40 29 14 1 29 —— 29.00[ 7.52, 5048] 1.63
Peiser et al. (5m) 1983 15 82 436 6 5.5 436 —=—76.50[ 35.22, 117.78] 0.63
Al-Jumaily et al. 2018 (6m) 10 381 294 10 157 294 —a— 2240[ -3.37, 48.17] 1.30
Bakker et al. 2014 (6m) 12 34 425 12 121 425 —— 2190[-12.11, 5591] 0.86
Busetto et al. 2004 17 593 181 17 14 181 i 4530[ 33.13, 57.47] 273
Wu et al. 2022 (6m) 37 322 53 37 111 5.3 [ | 21.10[ 18.68, 23.52] 3.93
Xu et al. 2016 (f) 39 217 99 35 9.8 9.9 [ ] 11.90[ 7.38, 1642] 3.76
Xu et al. 2016 (m) 39 226 111 35 83 111 [ | 1430[ 9.23, 19.37] 3.71
Yanari et al. 2021 (6m) 56 55 231 56 27 231 E 3 28.00[ 19.44, 36.56] 3.26
Nitipatana Chierakul et al. 2020 24 876 389 24 285 389 —i— 59.10[ 37.09, 81.11] 1.59
Bakker et al. 2018 (9m) 28 515 235 25 393 235 - 1220 -0.47, 24.87] 2.66
Al-Jumaily et al. 2018 (12m) 10 381 294 6 56 294 —a— 3250 274, 62.26] 1.06
Bae et al. 2014 67 51 342 10 93 342 —— 41.70[ 18.98, 64.42] 1.53
Fredheim et al. 2013 139 293 241 133 7.7 241 | 2160[ 15.87, 27.33] 3.63
Kara et al. 2020 31 361 271 31 103 271 - 25.80[ 12.31, 39.29] 255
Kreigar et al. 2012 30 342 35 24 19 35 —— 1520 -3.59, 33.99] 1.90
Lage-Hansen et al. 2018 24 182 141 24 45 141 » 13.70[ 5.72, 21.68] 3.34
Pallayovo et al. 2011 23 40 505 23 65 505 —— 33.50[ 4.31, 62.69] 1.09
Peromaa-Haavisto et al. 2016 132 276 246 128 99 246 [ | 17.70[ 11.72, 23.68] 3.60
Shaarawy et al. 2016 27 5538 83 22 128 8.3 | 43.00[ 38.33, 47.67] 3.75
Song et al. 2021 37 215 154 37 6.4 154 n 15.10[ 8.08, 22.12] 3.47
Tirado et al. 2017 66 338 261 66 9.14 261 E 3 2466[ 15.76, 33.56] 3.21
Valencia-Flores et al. (group 1) 2004 29 327 372 29 1.5 37.2 —— 31.20[ 12.05, 50.35] 1.86
Valencia-Flores et al. (group 2) 2004 29 719 479 29 271 479 —a— 4480[ 20.15, 69.45] 1.38
Wu et al. 2022 (12m) 37 322 53 37 9.1 5.3 | 2310[ 20.68, 25.52] 3.93
Yanari et al. 2021 (12m) 56 55 231 56 243 231 . 3 30.70[ 22.14, 39.26] 3.26
Bakker et al. 2018 (18m) 28 515 235 24 341 235 - 1740[ 4.59, 30.21] 264
Genio et al. 2016 36 328 1.7 36 5.8 1.7 [l 27.00[ 26.21, 27.79] 4.00
Pillar et al. (2) 1994 14 40 29 14 24 29 —a— 16.00[ -5.48, 37.48] 1.63
Zou et al. 2014 54 224 178 44 71 178 B 15.30[ 8.21, 2239] 3.46
Bakker et al. 2014 (12-18) m 12 34 425 12 71 425 —— 2690[ -7.11, 60.91] 0.86
Fritscher et al. 2007 13 732 88.72 12 346 8872 38.60[-31.01, 108.21] 0.25
Obeidat et al. 2020 112 295 29 112 6.8 29 | 22.70[ 15.10, 30.30] 3.39
Jiao et al. 2016 39 13 235 39 3 235 . 10.00[ -0.43, 20.43] 298
Morong et al. 2013 162 225 175 9N 73 175 [ | 15.20[ 10.71, 19.69] 3.76
Fatmanur Karakése et al. 2014 17 28.41 2764 17 13.23 2764 —— 15.18[ -3.40, 33.76] 1.92
Overall [ 23.24[ 19.67, 26.81]
Heterogeneity: 1° = 82.87, I = 92.43%, H’ = 13.21
Test of 8, = 8;: Q(39) = 350.42, p = 0.00
Testof 8=0:z=12.76, p = 0.00

50 0 5 100

Random-effects REML model

FIGURE 2 (Continued)
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¢ Treatment Control Mean diff. Weight

Study N Mean SD N Mean SD with 95% CI (%)
Xu et al. 2016 (f) 39 292 134 35 67 76 . 3 22.50[ 17.46, 27.54] 8.82
Xu et al. 2016 (m) 39 248 13 35 5 5 . 3 19.80[ 15.21, 24.39] 8.95
Yanari et al. 2021 (6m) 56 553 237 56 249 19.1 —- 30.40[ 22.43, 38.37] 7.86
Nitipatana Chierakul et al. 2020 24 723 381 24 244 207 —— 47.90[ 30.55, 65.25] 4.68
Bae etal. 2014 67 61 342 10 86 13 ——8— 5240[30.87, 73.93] 3.67
Fredheim et al. 2013 139 302 246 133 73 227 S B 22.90[ 17.27, 28.53] 8.65
Kara et al. 2020 31 267 295 31 75 99 —— 19.20[ 8.25, 30.15] 6.77
Lage-Hansen et al. 2018 24 259 212 24 55 56 —— 2040[ 11.63, 29.17] 7.57
Shaarawy et al. 2016 27 526 65 22 106 63 = 42.00[ 38.39, 45.61] 9.19
Tirado et al. 2017 66 33.1 26 66 763 7.35 - 2547[18.95, 31.99] 8.36
Yanari et al. 2021 (12m) 56 553 237 56 224 188 - 32.90[24.98, 40.82] 7.88
Zou et al. 2014 54 254 186 44 64 9 - 19.00[ 13.00, 25.00] 8.53
Morong et al. 2013 162 218 191 91 52 6.7 3 16.60 [ 12.54, 20.66] 9.08
Overall <> 26.84 [ 21.60, 32.09]

Heterogeneity: 1° = 74.61, I° = 88.45%, H’> = 8.66
Test of 8, = 8: Q(12) = 130.29, p = 0.00
Testof 8=0:z=10.03, p=0.00

Random-effects REML model

D

Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Xu et al. 2016 (f) 39 94 13 35 957 8 B -170[ -220, -1.20] 14.08
Xu et al. 2016 (m) 39 934 18 35 954 1.6 M -200[ -2.78, -1.22] 12.12
Bae et al. 2014 67 935 22 10 958 1.7 —— -230[ -3.73, -0.87] 7.81
Fredheim et al. 2013 139 928 25 133 951 24 [ | -2.30[ -2.88, -1.72] 13.52
Kara et al. 2020 31 915 37 31 94 1.6 —— -250[ -3.92, -1.08] 7.85
Kreigar et al. 2012 30 95.15 1.84 24 9539 1.65 - -024[ -1.18, 0.70] 10.92
Pallayovo et al. 2011 23 951 16 23 964 1.6 M -130[ -2.22, -0.38] 11.06
Peromaa-Haavisto etal. 2016 132 92 28 128 933 84 —— -130[ -2.81, 0.21] 735
Tirado et al. 2017 66 885 98 66 921 10.06 —a—— -360[ -6.99, -0.21] 233
Zou et al. 2014 54 934 29 44 955 1.7 M -210[ -3.07, -1.13] 10.74
Fritscher et al. 2007 13 857 51 12 945 36 —a— -8.80[-12.29, -5.31] 2.22
Overall 2 -1.94[ -2.50, -1.38]

Heterogeneity: T° = 0.51, I> = 68.89%, H* = 3.21
Test of 8, = 8: Q(10) = 33.53, p = 0.00
Testof 8=0:z=-6.79, p=0.00

Random-effects REML model

FIGURE 2 (Continued)
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E Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Bakker et al. 2014 (6m) 12 138 153 12 232 354 —— -940[ -31.22, 1242] 1.28
Kara et al. 2020 31 24 293 31 54 7 - 1860[ 8.00, 29.20] 5.41
Kreigar et al. 2012 30 922 1784 24 445 6.85 | 477 -279, 12.33] 10.65
Tirado et al. 2017 66 982 164 66 1.14 3.94 | 868[ 461, 1275 36.73
Valencia-Flores et al. (group 1) 2004 29 187.7 128 29 939 112 _— 93.80[ 3190, 155.70] 0.16
Valencia-Flores et al. (group 2) 2004 29 128.1 952 29 2185 141 _— -9040[ -152.32, -28.48] 0.16
Zou et al. 2014 54 8 127 44 14 32 ] 6.60[ 275 1045 41.00
Bakker et al. 2014 (12-18) m 12 138 153 12 94 133 - 440[ -7.07, 1587] 4.62

Overall f 750[ 503, 9.96]
Heterogeneity: T° = 0.00, I> = 0.00%, H” = 1.00

Test of 8, = 8: Q(7) = 24.90, p =0.00

Testof 8=0:z=5.96, p=0.00

200 -100 0 100 200
Random-effects REML model

F Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Bakker et al. 2013 27 779 83 27 847 10 —— -6.80[-11.70, -1.90] 5.87
Wu et al. 2022 (3m) 37 746 89 37 901 36 - -15.50[ -18.59, -12.41] 6.62
Bakker et al. 2014 (6m) 12 779 78 12 803 61 —— -240[ -8.00, 3.20] 5.55
Wu et al. 2022 (6m) 37 746 89 37 908 3.9 - -16.20 [ -19.33, -13.07] 6.61
Yanari et al. 2021 (6m) 56 713 114 56 799 86 —- -860[-12.34, -486] 6.38
Bae et al. 2014 67 818 64 10 86 6.8 —l— -420[ -8.49, 0.09] 6.15
Kara et al. 2020 31 743 121 31 792 147 —i— -490[-11.60, 1.80] 5.05
Kreigar et al. 2012 30 8058 69 24 84 7.35 - -342[ -7.23, 0.39] 6.35
Pallayovo et al. 2011 23 77 118 23 847 63 —— -7.70[-13.17, -2.23] 5.61
Shaarawy et al. 2016 27 672 113 22 922 53 —l— -25.00 [ -30.13, -19.87] 5.77
Song et al. 2021 37 797 54 37 873 23 ] -760[ 9.49, -571] 7.00
Wu et al. 2022 (12m) 37 746 89 37 845 54 - -9.90[-13.25, -6.55] 6.53
Yanari et al. 2021 (12m) 56 713 114 56 787 8.1 - -740[-11.06, -3.74] 6.41
Zou et al. 2014 54 771 119 44 867 6.7 - -9.60[-13.55, -5.65] 6.29
Bakker et al. 2014 (12-18)m 12 779 83 12 803 116 —— -240[-10.47, 5.67] 444
Fritscher et al. 2007 13 64.7 134 12 787 137 —— -14.00[-24.63, -3.37] 3.46
Jiao et al. 2016 39 82 14 39 89 6 —— -7.00[-11.78, -2.22] 5093
Overall <> -9.04[-11.77, -6.30]

Heterogeneity: 1> = 26.90, I = 86.85%, H’ = 7.61
Test of 8, = 8;: Q(16) = 102.26, p = 0.00
Testof 8=0:z=-6.48, p=0.00

3 =20 -0 0 10
Random-effects REML model

FIGURE 2 (Continued)

(A) A forest plot illustrates body mass index (BMI) before and after bariatric surgery. (B) A forest plot illustrates apnea-hypopnea index (AHI) before
and after bariatric surgery. (C) A forest plot illustrates the oxygen desaturation index (ODI) before and after bariatric surgery. (D) A forest plot
illustrates mean oxygen desaturation (mean SpO,) before and after bariatric surgery. (E) A forest plot illustrates the total time spent with SpO, < 90%
(T-90) before and after bariatric surgery. (F) A forest plot illustrates the nadir of oxygen saturation (L SpO;) before and after bariatric surgery. SD,
standard deviation; Cl, confidence interval.
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ii) Impact of bariatric surgery on the apnea-hypopnea
index (AHI)

Bariatric surgery was associated with a significant reduction
in the AHI [MD 23.2 events/h (95%CI 19.7, 26.8)]. All
30 studies included AHI before and after bariatric surgery
(Figure 2B). The greatest reduction in AHI tended to be in
those with the highest baseline AHI (before surgery) with
a long follow-up (at least 6 months) (Peiser et al., 1984;
Valencia-Flores et al., 2004; Busetto et al., 2005; Bae et al,,
2014; Bakker et al., 2018). The mean AHIs before and after
bariatric surgery were 40.3 & 18.7 events/h and 13.5 £ 9.3
events/h, respectively.

iii) Impact of bariatric surgery on the oxygen desaturation
index (ODI)

Bariatric surgery was associated with a significant reduction
in the ODI [MD 26.8 events/h (95%CI 21.6, 32.1)]. Out of
the 30 studies, 11 included ODI before and after bariatric
surgery (Figure 2C). The mean ODIs before and after
bariatric surgery were 39.5 & 17.1 events/h and 10.9 £ 7.5
events/h, respectively.

iv) Impact of bariatric surgery on the mean oxygen saturation
(mean SpO3)

Bariatric surgery was associated with a significant increase
in the mean oxygen saturation [MD —1.94% (95%CI —2.5,
—1.4)]. Out of the 30 studies, 10 included mean SpO, before
and after bariatric surgery (Figure 2D). The mean SpO levels
before and after bariatric surgery were 92.3 & 2.9% and 94.8 £
1.3%, respectively.

v) Impact of bariatric surgery on the total sleep time spent with
SpO2 < 90% (T-90)

Bariatric surgery was associated with a significant reduction
in the total sleep time spent with SpO, < 90% [MD 7.5 min
(95%CI 5.0, 10.0)]. Out of the 30 studies, 7 included T-90
before and after bariatric surgery (Figure 2E). The mean T-90
values before and after bariatric surgery were 49.3 & 69.1 min
and 44.7 & 76.8 min, respectively.

vi) Impact of bariatric surgery on the nadir oxygen saturation
(L Sp02)

Bariatric surgery was associated with a significant increase
in the nadir oxygen saturation [MD 9.0% (95%CI —11.8,
—6.3)]. Out of the 30 studies, 13 included L SpO, before and
after bariatric surgery (Figure 2F). The mean L SpO, values
before and after bariatric surgery were 75.6 &= 4.7% and 84.6 £
4.3%, respectively.

3.4. Sensitivity analysis

The heterogeneity (I*>) values were high for all parameters
obtained except T-90. Accordingly, a sensitivity analysis was
conducted to assess potential sources of heterogeneity. Potential
sources evaluated included the study design, the study population
(i.e., the geographical location by continent), the mean age, the
baseline BMI, the baseline AHI, the follow-up after surgery, the
type of bariatric surgery, and the multiple use of the same study.
A meta-regression analysis was conducted to reduce or resolve
the heterogeneity.
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i) BMI
The heterogeneity was high (I = 92.1%). After conducting
a meta-regression analysis and adjusting for all potential
sources of heterogeneity, I* was reduced to 50.6% (factors
that were significantly causing heterogeneity are the type of
surgery-LSG, baseline BMI, mean age, and study design).
Then, we used the trim-and-fill method and the leave-one
study-out method. When we excluded the study of Wu et al.
(2022), I’ was reduced to 16.5%, suggesting that this study was
the main driving source for the heterogeneity.
ii) AHI
The heterogeneity was high (I = 95.5%). After conducting
a meta-regression analysis and adjusting for all potential
sources of heterogeneity, I* was reduced to 47.7% (factors
that were significantly causing heterogeneity are baseline BMI,
baseline AHI, study design, and using the same study multiple
times). Then, we used the trim-and-fill method and the leave-
one study-out method. When we excluded the study of Wu
etal. (2022), I was reduced to 2.5%, suggesting that this study
was the main driving source for the heterogeneity.
iii) ODI
The heterogeneity was high (I = 88.5%). After conducting
a meta-regression analysis and adjusting for all potential
sources of heterogeneity, I was reduced to 54.0% (the factor
that significantly caused heterogeneity was baseline AHI).
Then, we used the trim-and-fill method and the leave-one
study-out method. When we excluded the study of Shaarawy
etal. (2016), I’ resolved suggesting that this study was the main
driving source for the heterogeneity.
iv) Mean SpO;
The heterogeneity was high (I = 68.9%). After conducting
a meta-regression analysis and adjusting for all potential
sources of heterogeneity, I” resolved (the factor that was
driving heterogeneity was follow-up at 1 year).
v) T-90
There was no heterogeneity. Accordingly, no sensitivity
analysis was conducted in this subgroup.
vi) LSpO,
The heterogeneity was high (I = 86.9%). After conducting
a meta-regression analysis and adjusting for all potential
sources of heterogeneity, I” did not change appreciably (I?
= 86.7%). Then, we used the trim-and-fill method and the
leave-one study-out method. When we excluded the study of
Shaarawy et al. (2016), I> was reduced to 13.6%, suggesting that
this study was the main driving source for the heterogeneity.
Of note, is that the type of surgery-LSG was also a significant
factor contributing to the heterogeneity.

3.5. Publication bias

There was evidence of publication bias in the following
parameters: BMI and AHI, ODI, and mean SpO,. This is most
likely related to the following potential reasons. First, when we
searched the databases we excluded non-English language articles,
which can contribute to publication bias. Second, the funnel plots
showed an asymmetrical distribution of the included studies across

frontiersin.org


https://doi.org/10.3389/frsle.2023.1212936
https://www.frontiersin.org/journals/sleep
https://www.frontiersin.org

Mashaqi et al.

the midline, and finally, the Egger’s test was statistically significant
(BMI, p = 0.0001; AHI, p = 0.0008; ODI, p = 0.03; mean SpOy, p
= 0.006), supporting the assumption that publication bias is very
likely. There was no publication bias in T-90, p = 0.59 and L SpO»,
p = 0.67. The funnel plots of these parameters are illustrated in
Supplementary Figures SIA-F.

4. Discussion

The major findings from this systematic review and meta-
analysis are as follows: (a) bariatric surgery (regardless of the type)
is associated with a significant reduction in BMI; (b) bariatric
surgery (regardless of the type) is associated with a significant
reduction in AHI, which tends to be highest in patients with a
high baseline AHI, high baseline BMI, and longer follow up; (c)
bariatric surgery is associated with significant improvement in all
other breathing-related PSG parameters (ODI, mean SpO,, T-90,
and L SpOy).

Wong et al. (2018) conducted a systematic review and meta-
analysis that focused on the impact of bariatric surgery on the AHI
and to determine whether using different AASM hypopnea scoring
roles (i.e., using the 3% or the 4% scoring role) can change the
results. They included 27 studies in the qualitative analysis (24
non-RCTs and 3 RCTs) and 15 studies in the meta-analysis and
concluded that bariatric surgery is more effective in reducing both
AHI and BMI when compared to non-surgical weight loss strategies
[WMD —25.1 events/h (95%CI —29.9, —20.2)] vs. [WMD —13.2
kg/m? (95%CI —16.4, —10.0)]. They also found that higher baseline
AHI and BMI, as well as a longer duration of follow-up, were
associated with greater reductions in weight and AHI. There was no
association between the amount of weight loss and the reduction
in AHI. After 1 year, Zhang et al. (2019) published a systematic
review and meta-analysis that focused on the impact of bariatric
surgery on sleep-related hypoxemia. They included 15 studies (14
non-RCTs and 1 RCT) and concluded that bariatric surgery resulted
in a significant improvement in nocturnal hypoxia. Mean SpO,
increased by 1.36% {[95% CI (0.72, 2.00)], p < 0.001} at a mean
of 12.5 months, and the nadir SpO, increased by 1.08% {[95% CI
(0.68, 1.49)], p < 0.001} at a mean of 10.1 months. Furthermore,
their review showed a significant reduction in both AHI and BMI
with bariatric surgery. The results of our systematic review and
meta-analysis are updates of both reviews (2019-2023) and still
support the significant positive impact of bariatric surgery on both
obstructive sleep apnea and sleep-related hypoxia.

Although we excluded studies that used PAP therapy after
bariatric surgery (a total of 18 studies), we cannot ignore the
impact of bariatric surgery on weight loss and the subsequent
OSA severity in these studies. In fact, the BMI and AHI were
significantly reduced in all these studies. The mean BMIs pre- and
post-bariatric surgery were 48.2 & 6.7 kg/m? and 36.2 & 5.1 kg/m?,
respectively. The mean AHIs pre- and post-bariatric surgery were
49.1 £ 20.9 events/h and 18.8 £ 13.4 events/h, respectively over a
mean follow-up of 12.7 months (data not included).

As mentioned earlier, there is a correlation between OSA
and several co-morbid diseases, especially cardiovascular diseases.
The prevalence of OSA and the impact of treating OSA in
cardiovascular diseases has been studied extensively. OSA is
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highly prevalent in patients with hypertension, and up to 80% of
patients with treatment-resistant hypertension have OSA (Logan
2001). OSA treatment has been shown to reduce blood
pressure, although this reduction was only 2-3 mmHg (Fava

et al.,

et al, 2014). Similarly, OSA is an independent risk factor for
atrial fibrillation in patients without underlying cardiovascular
diseases (Mehra et al., 2006). Several small retrospective studies
have shown that OSA treatment can reduce the atrial fibrillation
burden independent of the modality of rhythm control (Patel et al.,
2017). Similarly, OSA treatment has been shown to be promising
in patients with pulmonary hypertension and cerebrovascular
diseases (Sajkov et al., 2002; Brill et al., 2018). The American
Heart Association recently published a scientific statement that
recommends screening for sleep-related breathing disorders in
patients with poorly controlled/treatment-resistant hypertension,
recurrent atrial fibrillation, New York Heart Association class II-
IV HF and suspicion of sleep-disordered breathing, tachy-brady
syndrome, ventricular tachycardia, survivors of sudden cardiac
death in whom sleep apnea is suspected, and stroke (Yeghiazarians
etal., 2021).

Conservative lifestyle diet and
medications) are effective tools for weight loss and AHI reduction

interventions (such as
(Blackman et al., 2016; Carneiro-Barrera et al., 2022). However,
bariatric surgery seems to be more effective than conservative
interventions in treating OSA. Dixon et al. conducted a randomized
clinical trial and found that patients in the conventional weight
loss group lost a mean of 5.1kg (95% CI, 0.8-9.3 kg) compared to
27.8kg (95% CI, 20.9-34.7kg) in the bariatric surgery group (P
< 0.001). The AHI decreased by 14.0 events/h (95% CI, 3.3-24.6
events/h) in the conventional weight loss group and by 25.5
events/h (95% CI, 14.2-36.7 events/h) in the bariatric surgery
group (Dixon etal., 2012).

The strengths of our systematic review and meta-analysis are
the following:

a) To our knowledge, it includes the largest number of studies
documenting the effects of bariatric surgery on obstructive
sleep apnea.

b) To study the impact of bariatric surgery on OSA in the
absence of other factors, we excluded studies that used PAP
therapy after bariatric surgery.

c) We did not rely on AHI as a surrogate for OSA. Rather, we
assessed all breathing-related PSG parameters.

Our review has two major limitations. First, since we excluded
many studies that used PAP therapy after bariatric surgeries, many
excellent studies (including RCTs) were excluded. Second, the
heterogeneity was high for all parameters except T-90. However, we
were able to conduct a sensitivity analysis and identify the potential
sources of heterogeneity.

5. Conclusions

This systematic review and meta-analysis concluded that
bariatric surgery reduces the severity of obstructive sleep apnea
and affects several sleep-related breathing parameters. Patients with
sleep-related breathing disorders and morbid obesity who are at
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high risk of cardio-metabolic diseases and failing conservative
lifestyle interventions should be evaluated for bariatric surgery.
Further research is warranted to reveal more facts about the
correlation between weight loss and airway dynamics and to
determine how that can help with OSA treatment.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Author contributions

SM contributed to the
study, and wrote the first draft of the manuscript. AR,
PR, YA, DC, MK, KH, SH, SP, and IG organized the
PR performed
the statistical analysis. PR and AR wrote sections of the

conception, design of the

database and reviewed the manuscript.

manuscript. SP and IG mentored and supervised the

research activity. All authors contributed to the manuscript

revision, read, submitted version of

and approved the
the manuscript.

References

Aguiar, I. C,, Freitas, W. R. Jr., Santos, I. R,, Apostolico, N., Nacif, S. R., Urbano,
J. J., et al. (2014). Obstructive sleep apnea and pulmonary function in patients with
severe obesity before and after bariatric surgery: a randomized clinical trial. Multidiscip.
Respir. Med. 9, 43. doi: 10.4081/mrm.2014.378

Al-Jumaily, A. M., Ashaat, S., Martin, B., Pohle-Krauza, R., Krauza, M., Dan,
A, et al. (2018). A pilot study on the biomechanical assessment of obstructive
sleep apnea pre and post bariatric surgery. Respir. Physiol. Neurobiol. 250, 1-6.
doi: 10.1016/j.resp.2018.01.007

Bae, E. K, Lee, Y. J, Yun, C. H, and Heo, Y. (2014). Effects of surgical
weight loss for treating obstructive sleep apnea. Sleep Breath 18, 901-905.
doi: 10.1007/s11325-014-0956-2

Bakker, J. P., Balachandran, J. S., Tecilazich, F., Deyoung, P. N., Smales, E., Veves,
A, et al. (2013). Pilot study of the effects of bariatric surgery and continuous positive
airway pressure treatment on vascular function in obese subjects with obstructive sleep
apnoea. Intern. Med. J. 43, 993-998. doi: 10.1111/imj.12224

Bakker, J. P., Campana, L. M., Montesi, S. B., Balachandran, J., Deyoung,
P. N, Smales, E, et al. (2014). A pilot study investigating the effects of
continuous positive airway pressure treatment and weight-loss surgery on autonomic
activity in obese obstructive sleep apnea patients. J. Electrocardiol. 47, 364-373.
doi: 10.1016/j.jelectrocard.2014.02.008

Bakker, J. P., Tavakkoli, A., Rueschman, M., Wang, W., Andrews, R., Malhotra, A.,
et al. (2018). Gastric banding surgery versus continuous positive airway pressure for
obstructive sleep apnea: a randomized controlled trial. Am. J. Respir. Crit. Care. Med.
197, 1080-1083. doi: 10.1164/rccm.201708-1637LE

Blackman, A., Foster, G. D., Zammit, G., Rosenberg, R., Aronne, L., Wadden, T.,
et al. (2016). Effect of liraglutide 3.0 mg in individuals with obesity and moderate or
severe obstructive sleep apnea: the SCALE Sleep Apnea randomized clinical trial. Int. J.
Obes. 40, 1310-1319. doi: 10.1038/ij0.2016.52

Bowden, J., Davey Smith, G., and Burgess, S. (2015). Mendelian randomization with
invalid instruments: effect estimation and bias detection through Egger regression. Int.
J. Epidemiol. 44, 512-525. doi: 10.1093/ije/dyv080

Brill, A. K., Horvath, T., Seiler, A., Camilo, M., Haynes, A. G., Ott, S. R,
et al. (2018). CPAP as treatment of sleep apnea after stroke: a meta-analysis
of randomized trials. Neurology 90, e1222-€1230. doi: 10.1212/WNL.00000000000
05262

Frontiersin Sleep

10.3389/frsle.2023.1212936

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The authors DC and SM declared that they were an editorial
board member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/frsle.2023.
1212936/full#supplementary-material

Busetto, L., Enzi, G., Inelmen, E. M., Costa, G., Negrin, V., Sergi, G., et al. (2005).
Obstructive sleep apnea syndrome in morbid obesity: effects of intragastric balloon.
Chest 128, 618-623. doi: 10.1378/chest.128.2.618

Carneiro-Barrera, A., Amaro-Gahete, F. J., Guillén-Riquelme, A., Jurado-Fasoli,
L., Sdez-roca, G., Martin-Carrasco, C., et al. (2022). Effect of an interdisciplinary
weight loss and lifestyle intervention on obstructive sleep apnea severity:
the INTERAPNEA randomized clinical trial. JAMA Netw. Open 5, €228212.
doi: 10.1001/jamanetworkopen.2022.8212

Chierakul, N., Thangdechahirun, P., Taweerutchana, V., Kodchalai, A.,
Panuchawan, T., and Mamanee, K. (2020). Improvement in obstructive sleep
apnea (OSA) in super morbidly obese patients after bariatric surgery. J. Med. Assoc.
Thailand 103, 735-728. doi: 10.35755/jmedassocthai.2020.08.10650

(2022).  Editorial:  the
Front. Public Health 10,

Congdon, P, and Amugsi, D.
epidemic: causes, context, prevention.
doi: 10.3389/fpubh.2022.1030180

Del Genio, G., Limongelli, P., Del Genio, F., Motta, G., Docimo, L., and Testa, D.
(2016). Sleeve gastrectomy improves obstructive sleep apnea syndrome (OSAS):5 year
longitudinal study. Surg. Obes. Relat. Dis. 12, 70-74. doi: 10.1016/j.s0ard.2015.02.020

obesity
1030180.

Dersimonian, R., and Laird, N. (1986). Meta-analysis in clinical trials. Control Clin.
Trials 7, 177-188. doi: 10.1016/0197-2456(86)90046-2

Dixon, J. B., Schachter, L. M., O’Brien, P. E., Jones, K., Grima, M., Lambert,
G., et al. (2012). Surgical vs. conventional therapy for weight loss treatment of
obstructive sleep apnea: a randomized controlled trial. JAMA 308, 1142-1149.
doi: 10.1001/2012.jama.11580

Epstein, L. J.,, Kristo, D., Strollo, P. J. Jr., Friedman, N., Malhotra, A., Patil,
S. P., et al. (2009). Clinical guideline for the evaluation, management and long-
term care of obstructive sleep apnea in adults. J. Clin. Sleep Med. 5, 263-276.
doi: 10.5664/jcsm.27497

Fava, C., Dorigoni, S., Dalle Vedove, F., Danese, E., Montagnana, M., Guidi, G.
C., et al. (2014). Effect of CPAP on blood pressure in patients with OSA/hypopnea a
systematic review and meta-analysis. Chest 145, 762-771. doi: 10.1378/chest.13-1115

Fredheim, J. M., Rollheim, J., Sandbu, R., Hofse, D., Omland, T., Roislien, J.,
et al. (2013). Obstructive sleep apnea after weight loss: a clinical trial comparing
gastric bypass and intensive lifestyle intervention. J. Clin Sleep Med. 9, 427-432.
doi: 10.5664/jcsm.2656

frontiersin.org


https://doi.org/10.3389/frsle.2023.1212936
https://www.frontiersin.org/articles/10.3389/frsle.2023.1212936/full#supplementary-material
https://doi.org/10.4081/mrm.2014.378
https://doi.org/10.1016/j.resp.2018.01.007
https://doi.org/10.1007/s11325-014-0956-2
https://doi.org/10.1111/imj.12224
https://doi.org/10.1016/j.jelectrocard.2014.02.008
https://doi.org/10.1164/rccm.201708-1637LE
https://doi.org/10.1038/ijo.2016.52
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1212/WNL.0000000000005262
https://doi.org/10.1378/chest.128.2.618
https://doi.org/10.1001/jamanetworkopen.2022.8212
https://doi.org/10.35755/jmedassocthai.2020.08.10650
https://doi.org/10.3389/fpubh.2022.1030180
https://doi.org/10.1016/j.soard.2015.02.020
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1001/2012.jama.11580
https://doi.org/10.5664/jcsm.27497
https://doi.org/10.1378/chest.13-1115
https://doi.org/10.5664/jcsm.2656
https://www.frontiersin.org/journals/sleep
https://www.frontiersin.org

Mashaqi et al.

Fritscher, L. G., Canani, S., Mottin, C. C,, Fritscher, C. C., Berleze, D., Chapman, K.,
et al. (2007). Bariatric surgery in the treatment of obstructive sleep apnea in morbidly
obese patients. Respiration 74, 647-652. doi: 10.1159/000107736

Greenburg, D. L., Lettieri, C. J., and Eliasson, A. H. (2009). Effects of surgical weight
loss on measures of obstructive sleep apnea: a meta-analysis. Am. J. Med. 122, 535-542.
doi: 10.1016/j.amjmed.2008.10.037

Harada, Y., Oga, T., Chihara, Y., Azuma, M. Murase, K, Toyama, Y.,
et al. (2014). Differences in associations between visceral fat accumulation
and obstructive sleep apnea by sex. Ann. Am. Thorac. Soc. 11, 383-391.
doi: 10.1513/AnnalsATS.201306-1820C

Health NIO (2014). National Heart, Lung and Blood Institute Quality Assessment
Tool for Observational Cohort and Cross-sectional Studies. Health NIO.

Higgins, J. P., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. ], et al. (2019).
Cochrane Handbook for Systematic Reviews of Interventions. John Wiley and Sons.
doi: 10.1002/14651858.ED000142

Jiao, X., Zou, J., Zhang, P., Yu, H,, Dj, J., Han, X,, et al. (2016). Roux-en-Y gastric
bypass surgery on obstructive sleep apnea-hypopnea syndrome: factors associated with
postoperative efficacy. Obes. Surg. 26, 2924-2930. doi: 10.1007/s11695-016-2209-x

Karakése, F., Bozkurt, S., Akkoyunlu, M. E., Cogkun, H., Yakar, F., Bayram, M., et al.
(2014). The role of bariatric surgery in obstructive sleep apnea syndrome. Turk. Toraks
Dergisi. 15, 150-154. doi: 10.5152/ttd.2014.4211

Kent, D., Stanley, J., Aurora, R. N, Levine, C., Gottlieb, D. J., Spann, M. D., et al.
(2021). Referral of adults with obstructive sleep apnea for surgical consultation: an
American Academy of Sleep Medicine clinical practice guideline. J. Clin Sleep Med.
17, 2499-2505. doi: 10.5664/jcsm.9592

Krieger, A. C., Youn, H., Modersitzki, F., Chiu, Y. L., Gerber, L. M., Weinshel,
E., et al. (2012). Effects of laparoscopic adjustable gastric banding on sleep
and metabolism: a 12-month follow-up study. Int. J. Gen. Med. 5, 975-981.
doi: 10.2147/1JGM.S35566

Lage-Hansen, P. R, Holm, J., Gram, J., and Larsen, K. (2018). Sleep apnoea in
patients undergoing bariatric surgery. Dan. Med. J. 65, A5440.

Logan, A. G., Perlikowski, S. M., Mente, A., Tisler, A., Tkacova, R., Niroumand,
M,, et al. (2001). High prevalence of unrecognized sleep apnoea in drug-resistant
hypertension. J. Hypertens. 19, 2271-2277. doi: 10.1097/00004872-200112000-
00022

Mehra, R, Benjamin, E. J., Shahar, E., Gottlieb, D. J., Nawabit, R., Kirchner,
H. L., et al. (2006). Association of nocturnal arrhythmias with sleep-disordered
breathing: the sleep heart health study. Am. J. Respir. Crit. Care Med. 173, 910-916.
doi: 10.1164/rccm.200509-14420C

Morong, S., Benoist, L. B., Ravesloot, M. J., Laman, D. M., and De Vries, N. (2014).
The effect of weight loss on OSA severity and position dependence in the bariatric
population. Sleep Breath 18, 851-856. doi: 10.1007/s11325-014-0955-3

Mudano, A. S., Tugwell, P, Wells, G. A, and Singh, J. A. (2019). Tai
Chi for rheumatoid arthritis. Cochrane Database Syst. Rev. 9, Cd004849.
doi: 10.1002/14651858.CD004849.pub2

National Heart, Lung, and Blood Institute (2021). Quality Assessment of Case-
Control Studies. NIH. Available online at: https://www.nhlbi.nih.gov/health-topics/
study-quality-assessment-tools (accessed August 25, 2022).

NHLBI (2000). The Practical Guide Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults. U.S. Department of Health and Human Services
NHLBI.

Obeidat, N., Alryalat, S. A., Oweidat, K. A., Abu-khalaf, M., Btoush, A.,
Al-Essa, M., et al. (2020). Long-term effects of gastric bypass surgery in
patients with obstructive sleep apnea. Curr. Respir. Med. Rev. 16, 34-38.
doi: 10.2174/1573398X16666200206151624

Pallayova, M., Steele, K. E., Magnuson, T. H., Schweitzer, M. A., Smith, P.
L., Patil, S. P, et al. (2011). Sleep apnea determines soluble TNF-a receptor 2
response to massive weight loss. Obes. Surg. 21, 1413-1423. doi: 10.1007/s11695-011-
0359-4

Patel, N., Donahue, C., Shenoy, A., Patel, A., and El-Sherif, N. (2017). Obstructive
sleep apnea and arrhythmia: a systemic review. Int. J. Cardiol. 228, 967-970.
doi: 10.1016/j.ijcard.2016.11.137

Patel, S. R., Bakker, J. P, Stitt, C. J., Aloia, M. S., and Nouraie, S. M.
(2021). Age and sex disparities in adherence to CPAP. Chest 159, 382-389.
doi: 10.1016/j.chest.2020.07.017

Peiser, J., Lavie, P., Ovnat, A., and Charuzi, I. (1984). Sleep apnea syndrome in the
morbidly obese as an indication for weight reduction surgery. Ann. Surg. 199, 112-115.
doi: 10.1097/00000658-198401000-00020

Peromaa-Haavisto, P., Tuomilehto, H., Késsi, J., Virtanen, J., Luostarinen, M.,
Pihlajamiki, J., et al. (2017). Obstructive sleep apnea: the effect of bariatric
surgery after 12 months. A prospective multicenter trial. Sleep Med. 35, 85-90.
doi: 10.1016/j.sleep.2016.12.017

Pillar, G., Peled, R, and Lavie, P. (1994).
apnea without concomitant weight increase 7.5

Recurrence  of
years after

sleep
weight

Frontiersin Sleep

10.3389/frsle.2023.1212936

reduction Chest 106, 1702-1704.  doi: 10.1378/chest.106.6.

1702

Roecklein, K. A., Schumacher, J. A., Gabriele, J. M., Fagan, C., Baran, A. S., and
Richert, A. C. (2010). Personalized feedback to improve CPAP adherence in obstructive
sleep apnea. Behav. Sleep Med. 8, 105-112. doi: 10.1080/15402001003622859

Rotenberg, B. W., Murariu, D., and Pang, K. P. (2016). Trends in CPAP adherence
over twenty years of data collection: a flattened curve. J. Otolaryngol. Head Neck Surg.
45, 43. doi: 10.1186/540463-016-0156-0

Sajkov, D., Wang, T., Saunders, N. A, Bune, A. J., and Mcevoy, R. D. (2002).
Continuous positive airway pressure treatment improves pulmonary hemodynamics
in patients with obstructive sleep apnea. Am. J. Respir. Crit. Care Med. 165, 152-158.
doi: 10.1164/ajrccm.165.2.2010092

Senaratna, C. V., Perret, J. L., Lodge, C. J., Lowe, A. J., Campbell, B. E., Matheson,
M. C,, et al. (2017). Prevalence of obstructive sleep apnea in the general population: a
systematic review. Sleep Med. Rev. 34, 70-81. doi: 10.1016/j.smrv.2016.07.002

Shaarawy, H., Sarhan, A., and EL Hawary, A. (2016). Assessment of the
effect of bariatric surgery on severe obstructive sleep apnea patients not
tolerating CPAP therapy.  Egyptian ]. Chest Dis. Tuberculosis. 65, 661-666.
doi: 10.1016/j.ejcdt.2016.04.007

Song, Z., Guo, K., Huang, W., Xu, H,, Liu, Y., Guan, J.,, et al. (2021). Decreased
serum betatrophin may correlate with the improvement of obstructive sleep apnea after
Roux-en-Y Gastric Bypass surgery. Sci. Rep. 11, 1808. doi: 10.1038/s41598-021-81379-1

surgery.

The Lancet Gastroenterology Hepatology (2021). Obesity: another ongoing
pandemic. Lancet Gastroenterol. Hepatol. 6, 411. doi: 10.1016/S2468-1253(21)00143-6

Tirado, R., Masdeu, M. J., Vigil, L., Rigla, M., Luna, A., Rebasa, P., et al.
(2017). Impact of bariatric surgery on heme oxygenase-1, inflammation, and insulin
resistance in morbid obesity with obstructive sleep apnea. Obes. Surg. 27, 2338-2346.
doi: 10.1007/s11695-017-2635-4

Tuomilehto, H., Sepp4, J., and Uusitupa, M. (2013). Obesity and obstructive
sleep apnea-clinical significance of weight loss. Sleep Med. Rev. 17, 321-329.
doi: 10.1016/j.smrv.2012.08.002

Turnbull, C. D., Wang, S. H., Manuel, A. R., Keenan, B. T., Mcintyre, A. G., Schwab,
R. ], et al. (2018). Relationships between MRI fat distributions and sleep apnea and
obesity hypoventilation syndrome in very obese patients. Sleep Breath 22, 673-681.
doi: 10.1007/s11325-017-1599-x

Valencia-Flores, M., Orea, A., Herrera, M., Santiago, V., Rebollar, V., Castailo,
V. A, et al. (2004). Effect of barijatric surgery on obstructive sleep apnea and
hypopnea syndrome, electrocardiogram, and pulmonary arterial pressure. Obes. Surg.
14, 755-762. doi: 10.1381/0960892041590773

Wolk, R., Shamsuzzaman, A. S.,, and
Obesity, sleep apnea, and hypertension. Hypertension 42,
doi: 10.1161/01.HYP.0000101686.98973.A3

Wong, A. M., Barnes, H. N,, Joosten, S. A., Landry, S. A., Dabscheck, E.,
Mansfield, D. R,, et al. (2018). The effect of surgical weight loss on obstructive
sleep apnoea: a systematic review and meta-analysis. Sleep Med. Rev. 42, 85-99.
doi: 10.1016/j.smrv.2018.06.001

Wu, J., Ge, H, Lei, S., Yang, X., Zhang, S., Han, Y., et al. (2022). Clinical evaluation
of the medium-term efficacy of laparoscopic sleeve gastrectomy against obstructive
sleep apnea-hypopnea syndrome in obese patients. Comput. Math Methods Med. 2022,
7682706. doi: 10.1155/2022/7682706

Xu, H., Zhang, P, Han, X,, Yu, H,, D, ], Zou, J,, et al. (2016). Sex effect on obesity
indices and metabolic outcomes in patients with obese obstructive sleep apnea and type
2 diabetes after laparoscopic Roux-en-Y gastric bypass surgery: a preliminary study.
Obes. Surg. 26, 2629-2639. doi: 10.1007/s11695-016-2140-1

Yanari, S., Sasaki, A., Umemura, A., Ishigaki, Y., Nikai, H., Nishijima, T., et al.
(2022). Therapeutic effect of laparoscopic sleeve gastrectomy on obstructive sleep
apnea and relationship of type 2 diabetes in Japanese patients with severe obesity. J.
Diabetes. Investig. 13, 1073-1085. doi: 10.1111/jdi.13755

Yeghiazarians, Y., Jneid, H., Tietjens, J. R., Redline, S., Brown, D. L., El-
Sherif, N., et al. (2021). Obstructive sleep apnea and cardiovascular disease: a
scientific statement from the American Heart Association. Circulation 144, e56-e67.
doi: 10.1161/CIR.0000000000000988

Yilmaz Kara, B., Kalcan, S., Ozyurt, S., Giimis, A., Ozgelik, N., Karadogan, D.,
et al. (2021). Weight loss as the first-line therapy in patients with severe obesity and
obstructive sleep apnea syndrome: the role of laparoscopic sleeve gastrectomy. Obes.
Surg. 31, 1082-1091. doi: 10.1007/s11695-020-05080-4

Zhang, Y., Wang, W., Yang, C., Shen, J., Shi, M., and Wang, B. (2019). Improvement
in nocturnal hypoxemia in obese patients with obstructive sleep apnea after bariatric
surgery: a meta-analysis. Obes. Surg. 29, 601-608. doi: 10.1007/s11695-018-3573-5

Zheng, C., Zheng, X,, Lin, X,, Ye, J., Xu, Z,, Hu, H,, et al. (2022). Visceral adipose
tissue indices independently correlated with obstructive sleep apnea in patients with
type 2 diabetes. J. Diab. Res. 2022, 4950528. doi: 10.1155/2022/4950528

Zou, J., Zhang, P, Yu, H,, Di, ., Han, X, Yin, S,, et al. (2015). Effect of laparoscopic

Roux-en-Y gastric bypass surgery on obstructive sleep apnea in a chinese population
with obesity and T2DM. Obes. Surg. 25, 1446-1453. doi: 10.1007/s11695-014-1510-9

Somers, V. K. (2003).
1067-1074.

frontiersin.org


https://doi.org/10.3389/frsle.2023.1212936
https://doi.org/10.1159/000107736
https://doi.org/10.1016/j.amjmed.2008.10.037
https://doi.org/10.1513/AnnalsATS.201306-182OC
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1007/s11695-016-2209-x
https://doi.org/10.5152/ttd.2014.4211
https://doi.org/10.5664/jcsm.9592
https://doi.org/10.2147/IJGM.S35566
https://doi.org/10.1097/00004872-200112000-00022
https://doi.org/10.1164/rccm.200509-1442OC
https://doi.org/10.1007/s11325-014-0955-3
https://doi.org/10.1002/14651858.CD004849.pub2
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://doi.org/10.2174/1573398X16666200206151624
https://doi.org/10.1007/s11695-011-0359-4
https://doi.org/10.1016/j.ijcard.2016.11.137
https://doi.org/10.1016/j.chest.2020.07.017
https://doi.org/10.1097/00000658-198401000-00020
https://doi.org/10.1016/j.sleep.2016.12.017
https://doi.org/10.1378/chest.106.6.1702
https://doi.org/10.1080/15402001003622859
https://doi.org/10.1186/s40463-016-0156-0
https://doi.org/10.1164/ajrccm.165.2.2010092
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.1016/j.ejcdt.2016.04.007
https://doi.org/10.1038/s41598-021-81379-1
https://doi.org/10.1016/S2468-1253(21)00143-6
https://doi.org/10.1007/s11695-017-2635-4
https://doi.org/10.1016/j.smrv.2012.08.002
https://doi.org/10.1007/s11325-017-1599-x
https://doi.org/10.1381/0960892041590773
https://doi.org/10.1161/01.HYP.0000101686.98973.A3
https://doi.org/10.1016/j.smrv.2018.06.001
https://doi.org/10.1155/2022/7682706
https://doi.org/10.1007/s11695-016-2140-1
https://doi.org/10.1111/jdi.13755
https://doi.org/10.1161/CIR.0000000000000988
https://doi.org/10.1007/s11695-020-05080-4
https://doi.org/10.1007/s11695-018-3573-5
https://doi.org/10.1155/2022/4950528
https://doi.org/10.1007/s11695-014-1510-9
https://www.frontiersin.org/journals/sleep
https://www.frontiersin.org

	The impact of bariatric surgery on breathing-related polysomnography parameters—Updated systematic review and meta-analysis
	1. Introduction
	1.1. Rationale
	1.2. Objectives

	2. Methods
	2.1. Eligibility criteria
	2.2. Search methods and data extraction
	2.3. Quality assessment
	2.4. Certainty assessment
	2.5. Result synthesis and statistical analysis

	3. Results
	3.1. Included studies
	3.2. Systematic review
	3.3. Meta-analysis
	3.4. Sensitivity analysis
	3.5. Publication bias

	4. Discussion
	5. Conclusions
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


