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Abstract
Purpose: Bariatric surgery is an established treatment of morbid
obesity and effectively controls symptoms of OSAHS. The aim of
this study was to evaluate impact of bariatric surgery on OSAHS.
Methods: Validated Epworth Sleepiness Score (ESS) and STOPBang questionnaires were used to assess the impact of bariatric
surgery on OSAHS in morbidly obese patient’s undergone bariatric
surgery from May 2008 to December 2011. Change in ESS, STOPBang score, weight and BMI, co-morbidities and CPAP requirement
were recorded. EMBASE, MEDLINE and COCHRANE database
were searched for relevant literature.
Results: 21 patients were included in the final analysis. There was
a significant drop in the overall ESS and STOP-Bang scores of
patients (p < 0.05). In 16 patients the symptoms of OSAHS resolved
and improved in 1 patient. 89% of the patients did not require CPAP
machine post operatively. 20 studies were included in the literature
review. It was inferred from the literature review that within 12
months after surgery the reported improvement in OSAHS was up
to 78% and between 40 to 60% resolution was reported in the long
term follow up (84-144 months).
Conclusion: This study and the available literature strongly support
bariatric surgery as an effective treatment of OSAHS. It should be
considered in morbidly obese patients alongside other measures.
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Obstructive sleep apnoea/hypopnoea syndrome (OSAHS) is
a growing concern among the health authorities as its economic,
social and health implications are immense. OSAHS is a condition
of hypoventilation or obstructive ventilation during sleep causing
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Risk factors of OSAHS include increased age, male gender, family
history, diabetes, smoking, alcohol consumption and sedative drugs
but the most important of all is obesity [5]. The dramatic increase
in the worldwide prevalence of obesity has paralleled the increase in
the prevalence of obstructive sleep apnoea [10]. Studies have shown
a strong association between increased body mass index (BMI) and
the risk of OSAHS [11]. Significant OSAHS is present in 40% of obese
individuals and 70% of OSAHS patients are obese [12]. A mere 10%
increase in BMI has been shown to increase the individuals risk of
developing OSAHS by 500% and weight loss in OSAHS patients
significantly decreases apnoea frequency [13].
Conservative management of OSAHS includes lifestyle changes
such as losing weight, smoking cessation and limiting alcohol
consumption [2,5]. Moderate to severe cases can be treated by using
continuous positive airway pressure (CPAP) or intra-oral devices
(IODs) and various surgical options are also available [5]. Continuous
positive airway pressure (CPAP) is an effective therapy for OSAHS,
but compliance to this treatment is low [14]. Bariatric surgery results
in sustained weight loss, a decrease of BMI by 45% can occur in
the first 12 months, it is therefore is a competitive surgical option
for improvement and resolution of moderate to severe sleep apnoea
patients [15-18]. In this study we present our experience of impact
of bariatric surgery on OSAHS along with a literature review of the
impact of bariatric surgery on OSAHS.

Methods

Introduction

ClinMed

interruption of sleep to restore breathing. Hence the resultant
poor sleep quality eventually gives rise to symptoms like impaired
alertness, cognitive impairment, excessive daytime sleepiness, mood
and personality changes, loud snoring, choking or gasping during
sleep, morning headaches and insomnia [1-3]. These symptoms
arising from lack of sleep, if left untreated, have serious consequences
causing compromise of quality of life, reduced working capacity,
sexual health problems and predispose to medical problems like
coronary heart diseases, insulin intolerance and hypertension [4-9].

The hospital criteria for referral to bariatric surgery service was;
BMI > 35 with NIDDM and/or OSAHS. At the first clinic visit a
complete history; initial weight, BMI, height, neck circumference,
waist, blood pressure and co-morbidities were recorded. The patients
were made to complete an Epworth Sleepiness Score form and if the
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Pts. undergone bariatric surgery during the
study period n = 123

Pts. not meeting the inclusion
criteria n = 86

Inclusion criteria: Pts. with known
sleep apnoea undergone bariatric
surgery n = 27

Pts. on sedative
medications n = 1

Excluded from final
analysis

Pts. selected for study and
questionnaires sent n = 26

Pts. responded n = 21 (80%)

Included in the final analysis
Figure 1: Patient selection and study design.
Note: * Pts. = Patients

ESS score was > 11 they were referred to the respiratory physician’s
team for further assessment and polysomnography. Postoperative
patients were routinely seen at 3, 6 and 12 month period initially and
then yearly.
For this study we performed a review of the prospectively
maintained data of the patients who underwent bariatric surgery
from May 2008 to December 2011. We identified patients who had
a documented diagnosis of obstructive sleep apnoea before surgery
and included them in the study. Any patients who were on sedative
medications were excluded from the study (Figure 1). We recorded
the change in ESS, STOP-Bang score, weight and BMI, percentage
excess weight loss (EWL) change in co morbidity, CPAP requirement
and neck circumference. An ESS score of more than 11 and a STOPBang score of more than 3 was considered significant.
Patients were sent two questionnaires by post. Epworth sleepiness
scale (ESS) and STOP-Bang questionnaire which are a validated
subjective method of assessing sleepiness in a variety of situations
[19]. ESS can be used to divide patients in either the normal range
(ESS < 11), mild daytime sleepiness (ESS = 11-14), moderate daytime
sleepiness (ESS = 15-18) or severe daytime sleepiness (ESS > 18). The
STOP-Bang questionnaire is a screening tool for OSAHS, developed
and validated to be used for surgical patients [20]. It includes
questions about snoring, tiredness, a witnessed episode of stopped
breathing during sleep, high blood pressure (HTN), body mass index,
age, neck size, and gender.
Patients were given two weeks to respond to the questionnaire
and then a reminder was sent to the patients and an additional
two weeks given to wait for the response. A high response rate was
Karim et al. Int J Respir Pulm Med 2016, 3:055

expected, as patients were regularly followed up as part of continued
weight loss programme in the hospital. Primary outcomes of this
study were changes in the ESS and STOP-Bang scores of patients and
improvement or resolution of sleep apnoea after bariatric surgery.
Secondary outcomes were change in BMI and percentage excess
weight loss (EWL) at 6 and 12 months after bariatric surgery.

Literature review
EMBASE, MEDLINE and COCHRANE databases were searched
for available literature on the subject, from 1988 to 2012, using the
words synonymous with obstructive sleep apnoea and bariatric
surgery (Sleep apnoea, Hypoventilation syndrome, Hypopnoea and
Bariatric surgery, Gastric bypass, Sleeve gastrectomy, Gastric band,
LAGB, Weight loss surgery). The databases were searched for all
relevant articles written in English language that mentioned impact
of bariatric surgery on OSAHS in adult populations (age ≥ 18 yrs).
Both laparoscopic and open bariatric procedures were included.
All prospective cohort studies, retrospective cohort studies were
included. Full articles were retrieved applying the selection criteria to
the abstracts and titles. Non English publications, studies on animals,
studies on obesity in children, studies without clear outcome on
impact of bariatric surgery on OSAHS, studies with only abstracts
or conference presentations and literature reviews were excluded
from the review. Articles were then read and scanned manually by
two reviewers. Any conflicts were resolved at each stage. Initially 73
studies were identified based on the inclusion criteria. After applying
the exclusion criteria 20 studies were included in the analysis. This
process was carried out by two reviewers and all conflicts were
resolved at each stage.
ISSN: 2378-3516
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Data collection and statistical analysis
Data was entered on Microsoft Office Excel 2007, statistical
analysis was carried out using SPSS software (version 16, SPSS Inc.,
Chicago, IL, USA). Continuous data was compared using parametric
paired student t-test and Wilcoxon signed-rank test was used for
non-parametric data. p-values of less than 0.05 were considered
statistically significant.

Results
123 bariatric surgery procedures were performed during the
period reviewed. All procedures were completed laparoscopically. 27
patients had obstructive sleep apnoea. Out of these18 patients were
previously diagnosed to have OSAHS while nine patients with an
ESS of more than 11 were referred for a sleep study which confirmed
OSAHS. One patient was on sedative medications and was therefore
excluded from the study (Figure 1). The response rate for the survey
was 81% (21/26). The details of these patients are shown in table 1.
The follow up period was 8-34 months.
There was a significant drop 61% in the overall ESS of patients
undergoing bariatric surgery. The STOP-Bang score decreased
Table 1: Details of patients included in the study & weight loss induced by
bariatric surgery.
N = 21
Age (range)

47.7 yrs (36-67)

M : F ratio

10 : 11

Procedures performed
Gastric band

1

Sleeve gastrectomy

10

Gastric bypass

10

Co morbidities
Diabetes mellitus

8

Hypertension

14

Arthritis

4

Angina

1

Gastro-oesophageal reflux disease

6

Follow up period 8-34 months
Changes in weight and BMI of patients n = 21

p value

Pre operatively BMI, mean (range)

52.4 (37.1-65.6)

BMI 6 months post operative, mean (range)

37.06 (24.7-46)

BMI 12 months. Post operative, mean (range)

34.4 (22.4-42.5) < 0.05

%EWL* 6 months Post operative, mean (range)

57.5 (36-100)

%EWL* 12 months Post operative, mean (range)

69.98 (41.7-100)

< 0.05

%EWL* = Excess Weight Loss.

similarly from a mean pre-operative value of 5 to 1.76 post-operatively
(p < 0.05) (Table 2). OSAHS resolved in 76% of the patients, 8/9
patients stopped using the CPAP machine (Table 2). Mean BMI
decreased by 29% (EWL 57.5%) in the first 6 months and 34% (EWL
70%) by 12 months (Table 1).

Results of the literature review
20 studies were included in the literature review. 3 studies
were based on questionnaires, and 17 were based on sleep study ±
a questionnaire. The most commonly used questionnaire was ESS.
Total of 828 patients were studied. The follow up period ranged from
4 to 144 months. At 12 months the reported improvement in OSAHS
was up to 78% and between 40 to 60% resolution was reported in
the long term follow up (84-144 months). One study reported 4%
resolution of OSAHS after bariatric surgery.

Discussion
OSAHS is a growing health problem and its prevalence is largely
related to the expanding obese population. It has been reported that
sleep disordered breathing affects around 9% of middle-aged women
and 24% of middle aged men [21]. Mild cases of obstructive sleep
apnoea can usually be treated by conservative measures. However
moderate to severe conditions are difficult to treat and weight loss is
the corner stone for management of OSAHS. Weight loss decreases
the intra-abdominal pressure on the diaphragm and the decrease
in neck circumference decreases the pressure on the upper airways,
hence improving OSAHS. Neck size is an important anthropometric
measurement as it is known that patients with OSAHS often have a
neck circumference > 17 inches (43 cm) [5]. Weight loss induced by
bariatric surgery is sustained for a longer term compared to other
non-surgical measures and therefore it is expected that symptoms
of sleep apnoea should be controlled over a longer period of time.
However there is paucity of published literature on long-term
outcome of bariatric surgery on OSAHS.
We performed a literature search on EMBASE, MEDLINE and
COCHRANE and identified 20 studies meeting the inclusion criteria
(Table 3). Almost all the studies concluded that weight loss induced
by bariatric surgery significantly improved OSAHS. The most
common method of diagnosing OSAHS was polysomnography and
8 studies used the Epworth sleepiness score (ESS) for screening and
follow up. A recent prospective study done in 2010 by Cleophas, et
al. [22] involved a patient cohort of 223 which showed a significant
decrease in the ESS, by 39%, of patients after bariatric surgery. 46100% resolution of OSAHS has been reported based on sleep studies
before and after bariatric surgery. Improvement in as early as 3

Table 2: ESS, STOP-Bang scores and clinical conditions of patients, before and after bariatric surgery.
Pre op

Post op

Follow-up period in months Mean (range)

p value

All procedures (n = 21)

16.25 (11-24)

6.33 (1-19)

Gastric sleeve n = 10
Gastric bypass n = 10
Gastric band n = 1

15.9 (11-24)
16.55 (11-20)
17

5.8 (2-19)
7.3 (3-18)
2

21 (8-34)
13 (8-18)
32

< 0.05

All procedures

5 (2-8)

1.76 (0-4)

Gastric sleeve n = 10
Gastric bypass n = 10
Gastric band n = 1

5.55 (3-8)
4.6 (2-6)
4

2.11 (1-4)
1.4 (1-4)
2

18.8 (16-22)

16.33 (13-20.5)

Pts.* with Sleep apnoea

21

16 resolved
1 improved
4 unchanged

21 (8-34)

Pts.* requiring CPAP*

9

8 not required
1 occasionally

21 (8-34)

Pts.* with Hypertension

14

8 resolved
4 improved
2 unchanged

21 (8-34)

Changes in the Epworth Sleepiness Score Mean (range)

STOP-Bang score Mean (range)

21 (8-34)
13 (8-18)
32

< 0.05

Neck circumference
Inches (range)

< 0.05

Improvement in clinical conditions

*

--

---

Pts = Patients, CPAP* = Continuous Positive Airway Pressure device.
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Table 3: Summary of literature review of impact of bariatric surgery on Obstructive Sleep Apnoea (OSA).
Study

Study design/ Weight loss
sample size
procedure

Post-op
Follow-up
period

Tool to measure Pre-procedure
sleep apnoea
BMI kg/m2 AHI
(range)

A Rao, et al.
[28]

prospective/
n = 75

LAGB*

12 to 40
months

Sleep study

45.2 (33-60) 38.11
(16.6-137.7)

30 (2340.3)

13.18
(0.6-91.7)

78% resolved

Charuzi, et al.
[29]

Retrospective/
n = 47

RYGB*
VBG*

12 to 84
months

Technion sleep
questionnaire,
Sleep study

NS*

60.8 ± 35.5

NS*

8.0 ± 11.8

72% improved/40%
resolved

Poitou, et al.
[30]

Prospective/
n = 35

12 months
RYGB*
Gastric banding

Sleep study

51.3 ± 1.4

24.5 ± 2.7

39.9 ± 1.3 9.7 ± 1.3

54.3% AHI decrease

Cleator. et al.
[31]

Retrospective/
n = 20

Ileogastrostomy 11 months

Questionnaire

NS*

NS*

42.4

30% improved/
55% resolved/
15% unchanged

Dixon, et al.
[32]

Prospective/
n = 25

LAGB*

17.7 ± 10
months

Sleep study,
ESS*,Neck
circumference

52.7 ± 9.5

61.6 ± 31.9

37.2 ± 7.2 13.4 ± 13

ESS*
Pre op 13 ± 7.0
Post op 3.8 ± 3.0

Pillar, et al. [33] Retrospective/
n = 14

RYGB*
VBG*

4.5 months
and 7.5 years

Sleep study

45 ± 7.2

40 ± 29

30 ± 6.0

24 ± 23

72.5% AHI decrease
in 4.5 months
40% AHI decrease in
7.5 years

Guardiano, et
al. [16]

Retrospective/
n=8

RYGB*

28 ± 20
months

Sleep study

49 ± 12

55 ± 31

34 ± 12

41 ± 33

75% AHI decrease

Haines, et al.
[34]

Prospective/
n = 101

RYGB*
(50% open,
50% lap)

11
months(6-42)

Sleep study,
ESS*

56 ± 1

51 ± 4

38 ± 1

15 ± 2

ESS*
Pre op 10 ± 1
Post op 3mo. 6 ± 1
Post op 24mo. 4 ± 1

Cleophas, et
al. [22]

Prospective
n = 223

6,12, 24
RYGB*
VBG*
months
Gastric banding

ESS*, Short form
-12

44.8 ± 7.9

NS*

28.6 ± 5.5 NS*

Kalra, et al.
[35]

Retrospective/
n = 19

RYGB*

0.9 ± 0.16
years

Sleep study

60.3 ± 2.11 20.5 ± 6.9

NS*

1.9 ± 0.6

Lankford, et
al. [36]

Retrospective/
n = 15

RYGB*

12 months

Sleep study

48 ± 7.4

40 ± 37.2

32 ± 7.8

NS*

Fritscher, et
al. [37]

Prospective/
n = 12

RYGB*

24.2 ± 6.4
months

Sleep study,
ESS*

51.55 ±
10.1

46.5 (33-140) 34.1 ± 8.1 16 (0.9-87)

Marti-valeri, et Prospective/
al. [38]
n = 30

RYGB*

12 months

Sleep study

56.53 ±
8.39

63.59 ± 38.39 32.12 ±
5.9

Lettieri, et al.
[24]

Gastric banding 12 months

Sleep study

51 ± 10.4

47.9 ± 33.8

32.1 ± 5.5 24.5 ± 18.1

4% resolved

Sleep study,
ESS*

62 ± 3

56 ± 13

40 ± 2

ESS*
Pre op 14 ± 2
Post op 3 ± 1

Prospective/
n = 24

Post-procedure
BMI kg/m2 AHI
(range)

NS*

% sleep apnoea
improved/
Resolved
Epworth Sleepiness
Score

ESS*
Pre op 7.9 ± 4.5
Post op 6mo.5.1
± 3.2
Post op 12mo.5.3
± 3.3
Post op 18mo. 5.0
± 3.4
Post op 24mo. 4.8
± 3.3

18% reduction in
CPAP pressures
50% improved/25%
resolved

17.45 ± 16.64

Rasheid, et al. Prospective/
[17]
n = 11

RYGB*

3-21 months

Scheuller and
Wieder, [18]

Retrospective/
n = 15

BPD*
VBG*

12-144 months Sleep study

NS*

96.9

NS

11.3

60% resolved

Simard, et al.
[39]

Prospective/
n = 30

BPD-DS*

24 months

Questionnaire

56.5 ± 2.3

NS*

NS*

NS*

100% improved

Sugerman, et
al. [40]

Retrospective/
n = 40

VBG*
RYGB*
HG*

69.6 ± 28.8
months

Sleep study

58 ± 13

64 ± 39

38 ± 9

26 ± 26

ValenciaFlores, et al.
[23]

Retrospective/
n = 28

RYGB*
VBG*

14 months

Sleep study, Neck 56.5 ± 12.3 53.7 ± 46.9
circumference

39.2 ± 8.5 13.7

46.6% resolved

Valera, et al.
[41]

Prospective/
n = 56

RYGB*

12 months

Sleep study,
ESS*

NS*

73% resolved
ESS*
Pre op 13.7 ± 5.5
Post op 1mo. 5.3
± 4.0

49 ± 9

35 ± 10

23 ± 7

NS*

*
LAGB=Laparoscopic Adjustable Gastric Banding, *RYGB= Roux-en-Y Gastric Bypass, *VBG= Vertical Banded Gastroplasty, *BPD-DS= Bilio-Pancreatic DiversionDuodenal Switch, *BPD= Bilio-Pancreatic Diversion, *ESS= Epworth Sleepiness Score, *HG=Horizontal Gastroplasty, *NS=Not Specified.

months after surgery has been reported [17] and a study involving a
small group of patients showed maintenance resolution for up to 12
years after surgery [18].

that weight loss induced by bariatric surgery resolves OSAHS in the
majority of patients [24]; however the study involved 24 patients
only. A summary of the literature review is shown in table 3.

Pillar observed in a 7.5 year follow up recurrence of symptoms
of OSAHS but could not establish a relation between weight regain
and recurrence of symptoms. The lowest reported improvement was
46% in 28 patients after a follow up of 14 months [23]. Interestingly
only four studies included more than 50 patients, this only reflects
the paucity of data in this area and lays further emphasis on reporting
studies on this subject. One prospective study was against the notion

An alarming feature of OSAHS is the condition being
undiagnosed as daytime sleepiness and declining concentration levels
can be attributed to other factors and OSAHS is overlooked. In our
experience we observed that nine patients were referred for sleep study
on the basis of ESS of more than 11 and were found to have OSAHS.
Studies from United States, Europe, Asia, and Australia have shown a
high prevalence (80-90%) of un-diagnosed sleep apnoea in adults [25-
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27]. This gives an account of the problem being undiagnosed widely
and as a consequence left untreated.
We conclude from our experience and the literature review that
bariatric surgery is a promising option to treat OSAHS. It should be
considered in morbidly obese patients alongside other measures. Long
term follow up studies are required to further elaborate the impact
of bariatric surgery on resolution of OSAHS. We also recommend
Epworth Sleepiness Score as a screening tool for assessment of all
patients being considered for bariatric surgery. Patients with ESS
more than 11 should be referred for sleep study, as it is an effective
instrument used to measure average daytime sleepiness. There is a
high level of internal consistency between the eight items in the ESS as
measured by Cronbach’s alpha, ranging from 0.74 to 0.88. Numerous
studies using the ESS have supported high validity and reliability.
The authors appreciate that there are a few shortcomings of this
study. Firstly a better assessment tool for OSAHS is a sleep study,
which should ideally be performed on all patients with sleep apnoea
before and after surgery. Secondly, a control group comparing
bariatric surgery and non-surgical measures of treating OSAHS would
make the results even more reliable. There may also be a selection
bias in this cohort of patients as these surgeries were performed at
a single centre, where follow up of patients is stringent and some
patients failed to return the questionnaire, this may have influenced
the questionnaire-based results. The small cohort of patients in this
study is comparable other studies in the literature review, however
now that bariatric surgery is increasingly being performed and its
awareness as a feasible option to treat OSAHS is increasing, there is a
potential for future studies.
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