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Abstract
Background Studies have reported significant improvement
of obstructive sleep apnea (OSA) in obese patients after
bariatric surgery (BS). Weight loss following BS is rapid in
the first few months, but it can take at least 1 year to reach the
final result. The aim of this study is to measure the effect of
BS on various clinical, respiratory, and sleep parameters of
OSA at two postoperative intervals.
Methods Prospectively, all patients being evaluated for BS
underwent a polysomnography (PSG). Patients diagnosed
with OSA preoperatively were invited to undergo a PSG at
least 6 months postoperatively and if OSA persisted, again at
least 12 months postoperatively.
Results One hundred ten patients underwent a first postopera-
tive PSG 7.7 months after surgery. The mean apnea–hypopnea
index (AHI) significantly decreased from 39.5 to 15.6/h. In
58.2 %, the AHI was reduced to below 10 and in 25.5 % to
below 5. Fifty patients underwent a first PSG 7.1 months and a
second PSG 16.9 months after surgery. The mean AHI de-
creased from 49.1 to 22.7 to 17.4/h following BS.
Conclusions BS initiates dramatic improvement and even
remission of clinical and sleep parameters during the first

7 months, which continues at a slower rate over the next
10 months. We recommend a follow-up PSG after surgery to
check for residual disease and if necessary retritration of
continuous positive airway pressure, which may lead to
higher treatment compliance.
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Abbreviations
AI Apnea index
AHI Apnea–hypopnea index
BMI Body mass index
BS Bariatric surgery
CPAP Continuous positive airway pressure
DI Desaturation index
ENT Ear nose and throat
ESS Epworth sleepiness scale
IFSO International Federation for the Surgery of Obesity
LAGB Laparoscopic gastric banding
LRYGB Laparoscopic gastric bypass
OHS Obesity hypoventilation syndrome
OSA Obstructive sleep apnea
PSG Polysomnography
SaO2 Oxygen saturation
SG Sleeve gastrectomy
WHO World Health Organization

Introduction

Obesity is a significant risk factor for obstructive sleep apnea
(OSA), the most prevalent sleep-disordered breathing

M. J. L. Ravesloot (*) :N. de Vries
Department of Otolaryngology/Head and Neck Surgery, St. Lucas
Andreas Hospital, Jan Tooropstraat 164, 1061 AE Amsterdam,
The Netherlands
e-mail: m.ravesloot@slaz.nl

A. A. J. Hilgevoord
Department of Clinical Neurophysiology, St. Lucas Andreas
Hospital, Amsterdam, The Netherlands

B. A. van Wagensveld
Department of Surgery, St. Lucas Andreas Hospital, Amsterdam,
The Netherlands

OBES SURG (2014) 24:22–31
DOI 10.1007/s11695-013-1023-y



problem. OSA affects 2–4 % of the general population [1].
Among patients suffering from morbid obesity, OSA is a lot
more common. Not everyone with OSA is obese, but most
people with obesity have OSA.

As reported previously by our group, there is a high
prevalence of OSA in patients undergoing bariatric surgery
(BS) [2]. Of 279 consecutive patients undergoing BS, 69.9 %
were diagnosed with OSA preoperatively, specifically 40 %
with severe OSA.

Small-scale studies have reported significant improve-
ment of OSA in obese patients after BS (range,
3 months–12 years) [3–20]. Studies have shown that
weight loss following BS is rapid in the first few
months, but it can take at least 1 year or more to reach
the final result [17]. Bearing this in mind, we report a
large, prospective, follow-up study on a previously pub-
lished paper, designed to assess the effect of significant
weight loss after BS on various respiratory and sleep
parameters of OSA measured by PSG 6 and 12 months
after surgery [2].

Materials and Methods

Patients

We performed a prospective, multidisciplinary, single-
center, observational study involving a consecutive se-
ries of patients who had been evaluated for BS in our
clinic. Patients meeting the international IFSO criteria
were eligible for BS (https://www.ifso.com). Specifical-
ly, patients aged 18–65, with a body mass index
(BMI)>40, or BMI>35 with comorbidity (e.g. hyperten-
sion, diabetes, OSA, or joint problems). Secondly pa-
tients were required to have made sufficient attempts at
weight loss using conservative measures and had to be
motivated for dietary and behavior modification. Some
patients with a BMI<35 were also included if comorbid
disease was present. A few exceptions were also made
concerning the age restriction. Various BS methods were
available in our clinic: laparoscopic adjustable gastric
banding (LAGB), laparoscopic gastric bypass (LRYGB),
and sleeve gastrectomy (SG) [2]. All patients underwent
a mandatory preoperative screening for OSA in addition
to our routine preoperative work-up. Apart from patients
with OSA previously diagnosed elsewhere, preoperative-
ly patients visited the ear, nose, and throat (ENT) out-
patient department. Information was gained using patient
history, ENT and general examination, and a full over-
night PSG. Weight and length (BMI) were measured.
The following BMI grading system was implemented:
normal range (BMI, 18.5–24.9 kg/m2), overweight
(BMI, 25–29.9 kg/m2), obese (BMI, 30–34.9 kg/m2),

severely obese (BMI, 35–39.9 kg/m2), morbidly obese
(BMI, 40–49.9 kg/m2), super obese (BMI, >50 kg/m2)
(https://www.ifso.com).

If the apnea–hypopnea index (AHI) was >15/h, continu-
ous positive airway pressure (CPAP) was prescribed. Pa-
tients were instructed to bring their CPAP appliance with
them when being admitted for surgery. Postoperatively,
CPAP was first applied in the recovery room. Patients were
advised to use their CPAP while sleeping, both during the
day and night. Patients with a preoperative AHI >30/h were
routinely admitted to the intensive care ward for 24 h post-
operatively. Morphinomimetic painkillers were not pre-
scribed in patients with OSA.

All patients diagnosed with OSA preoperatively received
an invitation for a PSG 6 months postoperatively (t1). Pa-
tients with persistent OSA at t1 were invited for a second
PSG 12 months postoperatively (t2).

Polysomnography

Besides patients with OSA previously diagnosed else-
where, all patients underwent a full-night comprehensive
sleep study using a digital Embla recorder (Flaga Med-
ical devices, Reykjavik, Iceland). This records sleep
architecture (derived from electroencephalogram, electro-
oculogram, and submental electromyogram), respiration
(thoracic and abdominal measurement), movements of
limbs, body position (trunk measurement), nasal airflow,
and the intensity of the snoring (the last two measured
by pressure sensor). Pulse oximetry was used to monitor
oxygen saturation (SaO2) and heart rate [2]. Due to
financial and capacity restrictions, 13 patients (26 %)
who underwent a second postoperative PSG underwent
a home polygraphy using a digital Embla titanium re-
corder (Flaga Medical devices, Reykjavik, Iceland). The
same parameters are recorded except for the sleep
architecture.

The severity of OSA is expressed by the AHI. Obstructive
apneas were defined as cessation of airflow for at least 10 s.
Hypopneas were defined as periods of reduction of >30 %
oronasal airflow for at least 10 s and a ≥4 % decrease in
oxygen saturation. Arousals were not scored as hypopneas.
The AHI was calculated as the sum of total events (apneas
and hypopneas) per hour of sleep. An AHI of 5–15/h is mild
OSA, an AHI of 15–30/h is moderate, and AHI >30/h is
severe OSA, as assessed by PSG [1, 2].

Statistical Analysis

Statistical analysis was performed using Microsoft Excel and
SPSS statistical software (version 18, SPSS Inc., Chicago,
USA). The distribution of recorded variables was character-
ized by calculating the mean and standard deviation. Since
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some parameters (especially the AHI) were expected to be
non-normally distributed, also the median and range were
calculated. Pre- and postoperative quantitative data were
compared using the paired Student’s t test with additional
application of the Wilcoxon signed-rank test. A p<.05 was
considered statistically significant.

The prevalence of OSA and OSA severity was subdivided
for obesity severity subgroups. To identify independent pre-
dictors of OSA cure (AHI<5) or surgical success (Sher’s
criteria, a postoperative reduction of the AHI by 50 % and to
below 20), we used logistic multiple regression. We tested
the variables age, preoperative BMI, and weight. To test the
relationship between BS method and a postoperative AHI<5
or surgical success according to Sher’s surgical criteria, the
χ2 test was applied.

Results

Two hundred seventy-nine patients who underwent a preop-
erative PSG were included in the study. Based on the PSG
results, 195 (69.9 %) patients were diagnosed with OSA [2].
Of the 195 patients diagnosed with OSA preoperatively, 171
patients with OSA underwent surgery. The mean duration
between the preoperative PSG and the date of surgery was
8.4 months. Patients lost to follow-up are depicted graphically
in Fig. 1. The majority of patients refused a postoperative
evaluation or did not show up for their scheduled sleep study.
Ten patients underwent BS but are being treated for their sleep
apnea in a different medical center; unfortunately, we were
unable to gather postoperative PSG results for these patients.

Additionally, one patient was pregnant in the postoperative
period and two patients died, one from cardiac complications
following surgery and the other from lung cancer.

Study Population with One Postoperative PSG (n=110)

Preoperative Results

Of the 110 patients who underwent a first postoperative PSG,
73 (60.8 %) were women and 37 (30.8 %) men. Preoperatively,
1 (0.9 %) patient was obese, 30 (27.3 %) severely obese, 48
(43.6 %) morbidly obese, and 31 (28.2 %) super obese. Thirty-
five (31.8 %) patients underwent LAGB [average BMI, 41.0±-
standard deviation (SD) 4.6 kg/m2], 70 (63.6 %) LRYGB
(average BMI, 47±SD 7.1 kg/m2), and 5 (4.5 %) SG (average
BMI, 53.4±SD 9.5 kg/m2). Patient baseline characteristics are
shown in Table 1. Preoperatively, based on the PSG results, 28
(25.5 %) patients were diagnosed with mild OSA, 30 (27.3 %)
with moderate OSA, and 52 (47.3 %) with severe OSA.

Postoperative Results

At the first postoperative visit, 7.7±2.4 months after surgery,
the mean AHI significantly decreased from 39.5±SD 31.7/h
to 15.6±SD 17.4/h, the mean BMI significantly decreased
from 45.4±SD 7.3 kg/m2 to 36.3±SD 6.1 kg/m2, and the
mean weight significantly decreased from 132.5±SD
26.9 kg to 106.4±SD 23.8 kg. Pre- and postoperative clinical
parameters are summarized in Table 1.

Postoperatively, 1 patient (0.9 %) had a normal
weight, 12 (10.9 %) were overweight, 38 (34.5 %)
obese, 31 (28.2 %) severely obese, 24 (21.8 %) mor-
bidly obese, and 4 (3.6 %) super obese. Twenty-eight
(25.5 %) were cured of their OSA. Forty-eight (43.6 %)
still suffered from mild disease, 17 (15.5 %) moderate
disease, and 17 (15.5 %) severe disease.

Patients with preoperative mild disease were more likely
to be “cured” than those with a preoperative severe disease
(53.6 vs. 17.9 %; Fig. 2). The mean AHI after BS in patients
(n=82) with residual disease was 20.2±SD 18.1/h. The
improvement in mean AHI, stratified per OSA severity
group, is shown in Fig. 3.

Of the patients, 66.4 % could be considered successfully
treated when applying Sher’s surgical success criteria. The
mean percentage weight loss after treatment in the success-
fully treated group was higher than in the unsuccessfully
treated group (22.4±SD 9.3 % vs. 15.4±SD 9.8 %, respec-
tively, unpaired t test, p<.001).

Figure 4a shows a scatter plot of the preoperative and
postoperative AHI data. On examination, the scatterplot
shows two distinguishable clusters of subjects. Data
points are either clustered around the x=y line (little

Included patients with a 
preoperative PSG

n=279

n=195
:60 :135

No OSA (AHI < 5)
n=84
:5 :79

Underwent BS
n=171

:53 :118

Lost to follow-up: 60
AHI<5: 29
Withdrawal: 31

1st postoperative PSG (t1)
n=110
: 37 :73

Did not undergo BS: 24
Withdrawal from waiting list: 22 
Still awaiting surgery: 2

2nd postoperative PSG (t2)
n=50

: 17 : 33

Lost to follow-up: 61
No Show: 48
Data incomplete: 10
Death: 2   Pregnant:1

Fig. 1 Flowchart of subjects included in the study. AHI: apnea hypopnea
index; BS: bariatric sugery; OSA: obstructive sleep apnea; PSG:
polysomnography
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to no effect of surgical weight loss on the AHI) or
below the regression line (good effect of surgical weight
loss on the AHI).

Despite a positive relation, the correlation between the
percentage and absolute reduction in AHI and the percentage
and absolute reduction in weight and BMI is poor (R2 rang-
ing between 0.095 and 0.211).

Study Group with Two Postoperative PSGs (n=50)

Preoperative Results

Of the 50 patients who underwent two postoperative PSGs,
33 (66 %) were women and 17 (34 %) men. Preoperatively, 1
(2 %) patient was obese, 15 patients (19 %) severely obese,

Table 1 Effect of bariatric surgery on clinical and sleep parameters, 7.7 months after bariatric surgery

Preoperative (t0) Postoperative (t1) p value

N Mean (SD) Median Range N Mean (SD) Median Range

BMI (kg/m2) 110 45.4±SD 7.3 44 (33.6–66) 110 36.3±SD 6.1 35.4 (24.9–55) <.001a

Weight (kg) 110 132.5±SD 26.9 127.5 (91–225) 110 106.4±SD 23.8 103 (66–196) <.001a

AHI (/h) 110 39.5±SD 31.7 27.3 (5.8–142) 110 15.6±SD 17.4 8.8 (0.2–96) <.001a

AI (/h) 107 20.4±SD 27.9 7.4 (0–127) 110 7.0±SD 11.1 2.5 (0–67) <.001a

Mean SaO2 (%) 106 92.2±SD 4.0 93 (74–97.3) 108 94.4±SD 1.9 95.0 (86–98) <.001a

Minimum SaO2 (%) 105 75.1±SD 11.5 77 (50–92) 106 84.0±SD 5.9 85.0 (67–93) <.001a

Desaturation index (DI) 101 28.3±SD 28 15.1 (0–106) 106 11.8±SD 19.0 5.4 (0–147) <.001a

Arousal index (/h) 106 9.2±SD 9.7 5.8 (0–54.7) 106 7.7±SD 9.0 5.2 (0–57.4) .330b

Sleep efficiency (%) 101 82.4±SD 13.4 85.9 (41.3–100) 105 88.5±SD 9.5 90.0 (49.4–100) <.001a

p values are paired t test

AI apnea index, AHI apnea–hypopnea index, BMI body mass index, ESS Epworth sleepiness scale, OSA obstructive sleep apnea, SaO2 oxygen
saturation
a Parametric paired t test
b Nonparametric Wilcoxon signed-rank test
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Preoperative OSA severity
severe OSAmoderate OSAmild OSA

AHI < 5
AHI  5

Fig. 2 Percentage of patients
with a postoperative AHI<5,
stratified per preoperative OSA
severity group. Patients with
preoperative mild disease were
more likely to be “cured” than
those with a preoperative severe
disease (53.6 vs. 17.9 %)
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19 (38 %) morbidly obese, and 15 (30 %) super obese.
Eighteen (36 %) patients underwent LAGB (average
BMI, 40.9±SD 4.9 kg/m2), 29 (58 %) LRYGB (average
BMI, 46.7±SD 7.9 kg/m2), and 3 (6.0 %) SG (average
BMI, 53.9±SD 12.9 kg/m2). Patient baseline character-
istics are shown in Table 2. Preoperatively, based on the
PSG results, 5 (10 %) patients were diagnosed with
mild OSA, 15 (30 %) with moderate OSA, and 30
(60 %) with severe OSA.

Postoperative Results

Fifty patients underwent a first PSG 7.1±SD 1.3 months
after surgery (t1) and a second PSG 16.9±SD 4.3 months
after surgery (t2). The results are summarized in Table 2.
The mean AHI decreased statistically significantly from
49.1/h (t0) to 22.7/h (t1) to 17.4/h (t2) following BS
(p<.001, p<.001, and p=.003), the mean BMI from
45.0 kg/m2 (t0) to 36.7 kg/m2 (t1) to 35.0 kg/m2 (t2)
(p<.001, p<.001, and p=.001), and the mean weight
from 130.2 kg (t0) to 106.6 kg (t1) to 102.1 kg (t2)
(p<.001, p<.001, and p=.004; Table 3).

Postoperatively at t2, 2 patients (4 %) had a normal
weight, 7 (14 %) were overweight, 18 (26 %) obese, 12
(24 %) severely obese, 10 (20 %) morbidly obese, and 1
(2 %) super obese. Twelve (24 %) were cured of their OSA.

Twenty-one (42 %) still suffered from mild disease, 6 (12 %)
moderate disease, and 11 (22 %) severe disease. The mean
AHI after BS in patients (n=38) with residual disease was
22.1±SD 17.5/h. The mean AHI in the severe OSA group
decreased from 69.7±SD 28.3/h to 24.1±SD 19.3/h
(p<.001), in the moderate OSA group from 21.3±SD 4.1
to 8.6±SD 6.3/h (p<.001), and in the mild OSA group from
8.6±SD 2.4 to 3.5±SD 3.1/h (p=.091).

Of the patients, 58 % could be considered success-
fully treated when applying Sher’s surgical success
criteria (50 % reduction in AHI and/or ≤20). The mean
percentage weight loss after treatment in the successfully
treated group was higher than in the unsuccessfully treated
group (21.7±SD 10.5 % vs. 19.0±SD 12.3 %, respectively,
unpaired t test, p=.417).

Figure 4b shows a scatter plot of the preoperative
and postoperative AHI at t1 and t2 (with separate
linear regression lines for each measurement interval).
The difference in average AHI between the first and
second postoperative recording was not explained by a
difference in percentage of sleeping time in supine
position.

Despite a positive relation, the correlation between the
percentage and absolute reduction in AHI and the percentage
and absolute reduction in weight and BMI is poor (R2 rang-
ing between 0.057 and 0.253).

Preoperative OSA severity
severe OSAmoderate OSAmild OSA
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Error Bars: 95.% CI

postoperative AHI
preoperative AHIFig. 3 Improvement in mean

AHI, stratified per OSA severity
group. In the severe OSA group,
the mean AHI decreased
66.1±SD 26.9 to 25.4±SD 20.8/
h (p<.001), in the moderate OSA
group from 21.2±SD 4.4 to
8.9±SD 6.5/h (p<.001) and in
the mild OSA group from
9.6±SD 2.6 to 4.8±SD 3.2/h
(p<.001)

26 OBES SURG (2014) 24:22–31



Even though themean pre- and postoperativeAHIwas higher
in the study population who underwent two postoperative PSGs
(mean=42.75±SD 36.4 %) than in the study population who

underwent one postoperative PSG (mean=55.6±SD 33.7 %),
the difference in mean percentage AHI reduction was not statis-
tically significant t (158)=2.18, p=.031 (unpaired t test).

Fig. 4 a Scatter plot of
individual pre- and postoperative
AHI of the study population who
underwent one postoperative
polysomnography (n=110). b
Scatterplot of individual pre- and
postoperative AHI of the study
population who underwent two
postoperative
polysomnographies (n=50)
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Identification of Predictors

In logistic regression models, age, preoperative BMI, and
weight in all combinations were inadequate predictors
(p values for the regression coefficient, >.05) of cure and
surgical success (Sher’s criteria) at both measurement in-
tervals (t1 and t2).

When testing the relationship between BS method and a
postoperative AHI<5 or surgical success according to

Sher’s criteria, a significant association was found be-
tween gastric bypass surgery and Sher’s surgical success
χ2 (1, n=105)=6,300, p=.012. The odds of patients under-
going gastric bypass surgery reaching surgical success is 2.8
times higher than patients undergoing gastric banding (95 %
confidence interval, 1.24–6.64). There was no significant asso-
ciation between operation type and an AHI<5 in both study
groups. The test could not be applied to the study group, which
underwent two postoperative PSGs as the group was too small.

Table 2 Clinical parameters and polysomnographic results of the study population who underwent a first PSG 7.1 months and a second PSG
16.9 months after bariatric surgery

Preoperative First postoperative visit Second postoperative visit

7.1±SD 1.3 months 16.9±SD 4.3 months

N Mean (SD) Median Range N Mean (SD) Median Range N Mean (SD) Median Range

BMI (kg/m2) 50 45.0±SD 8.0 42.9 (33.6–66) 50 36.7±SD 6.2 35.4 (26–54.5) 42 35.0±SD 6.0 34.4 (23.4–54)

Weight (kg) 50 130.2±SD 27.7 120.5 (93–209) 50 106.6±SD 23.4 103.5 (69–185) 50 102.1±SD 20.1 102 (64–163)

AHI (/h) 50 49.1±SD 33.8 40.2 (6–142) 50 22.7±SD 16.3 17.3 (6–74) 50 17.4±SD 17.4 11.1 (1.3–66)

AI (/h) 47 30.7±SD 34.2 14.0 (1–127) 50 10.7±SD 10.8 6.9 (0.2–53.5) 50 9.7±SD 12.2 4.1 (0–44.5)

Mean SaO2 (%) 47 91.5±SD 3.8 92.0 (77.9–97.3) 50 93.8±SD 1.9 94.0 (90–98) 50 94.6±SD 1.8 95 (89–98)

Minimum
SaO2 (%)

47 71.2±SD 11.4 74.0 (50–92) 50 81.5±SD 5.3 82.5 (67–91) 48 83.7±SD 6.1 84.5 (70–96)

Desaturation
index (DI)

44 37.7±SD 30.7 27.4 (1–106) 49 17.6±SD 22.6 10.2 (1.7–147) 49 14.9±SD 19.6 8.1 (0–113)

Arousal index (/h) 47 9.6±SD 8.0 6.3 (0–38.8) 50 9.9±SD 10.4 6.5 (1.7–147) 36 8.1±SD 7.4 6.2 (0–30.2)

Sleep efficiency (%) 44 80.5±SD 14.5 84.9 (41.3–99.6) 50 87.7±SD 9.5 89.2 (52.5–100) 37 88.4±SD 9.3 90.1 (67–99.5)

p values are paired t test

AI apnea index, AHI apnea–hypopnea index, BMI body mass index, OSA obstructive sleep apnea, SaO2 oxygen saturation

Table 3 Comparison of pre- and postoperative quantitative data using
the paired Student’s t test with additional application of the Wilcoxon
signed-rank test of the study population who underwent a first

polysomnography at a mean of 7.1 months (t1) and a second
polysomnography at a mean of 16.9 months (t2) after bariatric surgery

Preoperative (t0) First postoperative PSG (t1) Second postoperative PSG (t2) p t0t1 p t0t2 p t1t2
7.1±SD 1.3 months 16.9±SD 4.3 months

BMI (kg/m2) 45.0±SD 8.0 36.7±SD 6.2 35.0±SD 6.0 <.001 <.001 =.001

Weight (kg) 130.2±SD 27.7 106.6±SD 23.4 102.1±SD 20.1 <.001 <.001 =.004

AHI (/h) 49.1±SD 33.8 22.7±SD 16.3 17.4±SD 17.4 <.001 <.001 =.003

AI (/h) 30.7±SD 34.2 10.7±SD 10.8 9.7±SD 12.2 <.001 <.001 =.478

Mean SaO2 (%) 91.5±SD 3.8 93.8±SD 1.9 94.6±SD 1.8 <.001 <.001 <.001

Minimum SaO2 (%) 71.2±SD 11.4 81.5±SD 5.3 83.7±SD 6.1 <.001 <.001 =.006

Desaturation index (DI) 37.7±SD 30.7 17.6±SD 22.6 14.9±SD 19.6 <.001 <.001 =.448

Arousal index (/h) 9.6±SD 8.0 9.9±SD 10.4 8.1±SD 7.4 =.877 =.594 =.110

Sleep efficiency (%) 80.5±SD 14.5 87.7±SD 9.5 88.4±SD 9.3 =.001 =.009 =.436

p values are paired t test

AI Apnea index, AHI apnea–hypopnea index, BMI body mass index, OSA obstructive sleep apnea, PSG polysomnography, SaO2 oxygen saturation
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Discussion

To our best knowledge, this is the first paper studying
the effect of BS on OSA at two intervals postoperative-
ly. The effect of BS on weight is gradual. Weight loss
in the first few months is rapid, but it can take at least
1 year or more to reach the final result [17]. The same
pattern can be observed when studying the effect of BS on
OSA. In this series of patients with OSA, BS initiates dramatic
improvement of clinical and sleep parameters during the first
7 months; thereafter, improvement continues albeit at a slower
rate. Physicians should bear in mind that sleep and clinical
parameters will most probably have improved significantly
6 months after surgery, but a continuation of reduction in the
severity of OSA and improvement of the success rate can be
expected thereafter, supporting the recommendation to per-
form a second postoperative PSG, which may provide new
insights.

In line with previous studies, the gross majority of patients
reported a significant decrease in AHI and other OSA param-
eters following BS, but the mean AHI after BS is consistent
with moderately severe OSA [20]. Nevertheless, it is impor-
tant to bear in mind that the effect on OSA by BS is compa-
rable to other OSA treatment modalities. Studies have shown
that a mean AHI<5, for both sleep surgery and CPAP therapy,
is rarely achievable [21]. Despite being very efficacious, it is a
clinical reality that the use of CPAP is often cumbersome and
that CPAP compliance rates are poor. Weaver and Grunstein
report in their review that 29–83% of patients are nonadherent
and use their CPAP <4 h per night [22]. Sleep surgery, on the
other hand, has a continuous effect, but success rates are poor.
When the traditional surgical definition (50 % reduction in
AHI and/or ≤20) is applied, the pooled success rate for phase I
procedures (soft palate surgery with or without adjuvant treat-
ment targeting base of tongue obstruction) is 55 %, but with
AHI≤10 as a cut-off point, success rate decreases to 31.5 %;
and at AHI≤5, success is reduced to 13 % [23]. Studies have
shown that the success rates of sleep surgery are lower in
patients with an increased BMI [24, 25]. In this current study,
the success rates of bariatric surgery decreases from 66.4 to
54.5 to 26.4 %, respectively, in the study population who
underwent one postoperative PSG (n=110).

The treatment of OSA is a stepwise approach. In patients
with OSA and obesity, BS is an important treatment option,
resulting in a decrease in AHI and if indicated, consequent
less aggressive future OSA treatment plans. For example, as
the AHI drops, so does the CPAP pressure needed, poten-
tially improving tolerance and compliance [26]. Patients
with moderate to severe OSA should continue to lose weight
if necessary and pursue CPAP treatment to alleviate symp-
toms and decrease the risk of cardiovascular disease.

Comparable to previous studies, we did not find a linear
relationship between the extent of weight loss and

improvement in OSA. In a randomized controlled trial, the
effect of conventional vs. surgical weight loss with
LAGB on OSA in obese patients was compared [27].
Despite greater weight loss in the surgical weight loss
group, there was no statistically significant difference in
AHI between the two groups. There was substantial
inter-individual variability in AHI changes. In our cur-
rent study, we confirm that weight loss and reduction in
BMI is associated with a decrease in AHI, but the
correlation between the percentage and absolute reduc-
tion in AHI and the percentage and absolute reduction
in weight and BMI is poor. Furthermore, age, preoper-
ative weight, and BMI were inadequate predictors of
cure and surgical success at both measurement intervals.
One can conclude that the effect of BS on the AHI is
difficult to predict. Furthermore, these results support
the hypothesis that the pathogenesis of OSA in obese
patients is not just due to local fatty deposition in the
neck resulting in reduction of the lumen of the upper
airway thereby reducing airflow and inducing airway
collapse, but is of a more complex nature, including
factors such as age, sex, skeletal structures, neuromus-
cular, and metabolic function [27–29]. Thus, the patho-
genesis and relationship of the extent of weight loss
with improvement of OSA needs further investigation.

Several limitations of this study need to be recognized.
Ideally all patients who underwent a preoperative PSG and
BS would have been invited for a PSG 6 months postopera-
tively regardless of the presence or absence of OSA preoper-
atively. Likewise, regardless of the outcome of the first post-
operative PSG, ideally, all patients would have been invited
for a second PSG 12 months postoperatively. It can be
questioned whether patients with a preoperative AHI below
5, continue to maintain an AHI below 5 postoperatively. As
for the patients who underwent a second PSG, the chance is
greater that a patient will maintain an AHI >5 at the first
postoperative PSG if the preoperative AHI was high. There-
fore, the mean AHI is relatively high at the three measurement
intervals, and the chance is greater that these patients will not
be cured at the second postoperative PSG. Even though the
mean pre- and postoperative AHI was higher in the study
population who underwent two postoperative PSGs than in
the study population who underwent one postoperative PSG,
the difference in mean percentage AHI reduction (42.75±SD
36.4 % and 55.6±SD 33.7 %, respectively) was not statisti-
cally significant t(158)=2.18, p=.031 (unpaired t test).

The second main limitation of this study was the loss of
patients to follow-up. Despite conscientiously performing a
preoperative PSG on all patients undergoing BS irrespective
of history or clinical findings, 31.3 % did not show up or
refused the first postoperative evaluation. Patients undergoing
BS have a reputation of noncompliance; our data support this
observation [29, 30]. Patients received a written invitation. If
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not accepted, patients were contacted by telephone and encour-
aged to accept the follow-up evaluation. Most patients reported
that their symptoms had subsided; therefore, they deemed a
second evaluation unnecessary. Others, despite our best efforts,
simply refused. We may, therefore, be underestimating the
success rate, as patients with residual symptoms were keener
for re-evaluation. Of the tested patients, 64.5 % maintained
residual disease. Patients are blinded by the benefits of weight
loss and note an allover improvement of their general health,
while they may still suffer from OSA albeit less severe. On the
contrary, patients who have not measured significant weight
loss are often reluctant to continue follow-up. This is particu-
larly true for patients undergoing gastric bypass or gastric
sleeve surgery as nothing further can be done to induce weight
loss besides dietary modification [28]. Plus, studies have shown
that attendance of follow-up appointments is associated with
better weight loss outcomes [31].

The third study limitation is absent data. Due to financial and
capacity restrictions, a few of the patients invited for a second
postoperative PSG underwent a home respiratory polygraphy,
which does not record sleep efficiency or the arousal index.

As we did not take an arterial blood gas in all patients, to
measure the carbon dioxide level in the blood, we were not
able to identify presence of obesity hypoventilation syn-
drome (OHS). It can be questioned whether some patients
not only suffer from OSA but also from OHS.

Lastly, we did not perform a CPAP washout period prior to
the postoperative PSG. CPAP is thought to play a role in
reducing edema resulting from snoring-associated vibration
and apnea-induced suction of the upper airway. The baseline
AHI may be reduced by a fraction in chronic CPAP use. One
could argue that we are overestimating the effect of BS on OSA,
even though research suggests that the effect is minimal [32].

Advising patients not to use CPAP, leaving patients
untreated for a period of time prior to a follow-up PSG,
raised ethical concerns (traffic or professional accidents,
cardiovascular complications) within our research group,
especially since so many patients were diagnosed with ex-
tremely severe OSA preoperatively.

Conclusion

These data clearly demonstrate the significant, marked im-
provement and even remission of OSA following BS in obese
patients, as measured by PSG. BS initiates dramatic improve-
ment of clinical and sleep parameters during the first 7 months,
which continues at a slower rate over the next 10 months. It is
of key importance to educate patients prior to BS on OSA: the
high prevalence of OSA in the BS population, the risks of
untreated OSA, and need for appropriate treatment, especially
since the effect of BS on the AHI is not predictable. One hopes
that patients will recognize the importance of preoperative

PSG to ensure appropriate treatment and a follow-up PSG to
check for residual disease and if necessary retritration of
CPAP, which may lead to higher treatment compliance.
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