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Abstract
Purpose Our goal in this study is to determine the prevalence
and associated factors of obstructive sleep apnea (OSA) in
morbidly obese patients undergoing bariatric surgery.
Methods This descriptive study was conducted at King
Chulalongkorn Memorial Hospital from 2007 to 2015. Data
of morbidly obese patients who underwent bariatric surgery
were included using ICD-10 code for principle diagnosis
Bmorbid obesity^ (E668) and ICD-9 code for Bbariatric
surgery^ (4389, 4438, 4439).
Results Baseline characteristics of 238 patients who met the
inclusion criteria demonstrated 49.2% male, mean age of
33.9 ± 10.8 years, and mean BMI of 52.6 ± 11.6. Sleeve

gastrectomy and Roux-en Y gastric bypass surgery were per-
formed in 51.5 and 48.5%; respectively. High risk for OSA
using STOP-Bang as a screening questionnaire (≥3 points)
was 92.7%. The prevalence of OSA using respiratory distur-
bance index (RDI) ≥ 5 was demonstrated at 85.7%. Mild,
moderate, and severe OSA was observed in 8.8, 15.3, and
75.9%, respectively. Snoring, STOP-Bang score ≥ 3, fatty
liver, and BMI were significantly correlated with OSA com-
pared to the group without OSAwith the odds ratio of 17.04
(p = <0.0001, 95% CI = 6.67–43.49), 16 (p = 0.01, 95%
CI = 1.95–131.11), 4.75 (p = 0.001, 95% CI = 1.82–12.37),
and 1.04 (p = 0.045, 95% CI = 1.0009–1.09), respectively.
Comparison between non-severe and severe OSA groups
demonstrated dyslipidemia and BMI to be correlated with
OSA severity (odds ratio = 3.06, 95% CI 1.36–6.89,
p = 0.007 and odds ratio = 1.07, 95% CI 1.03–1.13,
p = 0.001, respectively).
Conclusions Obstructive sleep apnea is frequently observed
in morbidly obese patients undergoing bariatric surgery and
the severity tends to be severe. Snoring, STOP-Bang score ≥ 3,
fatty liver, and BMI were significantly correlated with OSA.
Dyslipidemia and BMI were demonstrated to be associated
factors for severity of OSA in this population.
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Introduction

Across the globe, obesity is a growing major health concern.
In 2008, database from WHO demonstrated that 35% of peo-
ple older than 20 years were overweight (more than 1400
million people) and 11%were obese. This trend was predicted
to be increased in all age group [1]. In Thailand, database from
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department of health in 2009 and 2010 has shown that 22.2%
and 36.5% of Thai people older than 15 years were obese,
respectively [2]. Obesity can be treated using multi-modality
approach such as lifestyle modification, medication, and bar-
iatric surgery. Currently, bariatric surgery is a fast-growing
and effective approach to control weight in morbidly obese
patients who failed lifestyle modification.

As shown in various studies, intraoperative and postopera-
tive complications in the bariatric surgery have been linked
with obstructive sleep apnea (OSA). A 2012 systematic re-
view demonstrates statistically significant relationship be-
tween OSA and perioperative complications [3].

Obstructive sleep apnea prevalence has been demonstrated
to be high in this population [4–8]. Various parameters have
been found as predictors for OSA including BMI, neck cir-
cumference, and Epworth sleepiness scale (ESS) score [4–9].
However, the data of OSA prevalence as well as the associated
factors are limited in Asian countries.

Materials and methods

Protocol

From 2007 to 2015, we collected the data of patients with
morbid obesity who underwent bariatric surgery at King
Chulalongkorn Memorial Hospital, Bangkok, Thailand, by
searching from electronic medical record. We used ICD-10
code for principle diagnosis Bmorbid obesity^ (E668) and
ICD-9 code for Bbariatric surgery^ (4389, 4438, 4439) to
search name, hospital number, and admission number of pa-
tients. Criteria to define morbid obesity were BMI ≥ 40 kg/m2

or BMI ≥ 35 kg/m2 with metabolic comorbidities including
OSA, type 2 diabetes mellitus, hypertension, or dyslipidemia
using the WHO recommendations [10]. After the review of
medical records, data were collected including polysomno-
graphic data and clinical data such as height; weight; BMI;
neck circumference; underlying comorbidity including type 2
diabetes mellitus, hypertension, dyslipidemia, fatty liver dis-
ease, coronary artery disease, renal disease, and cerebrovascu-
lar disease; and symptoms including snoring, nocturia, head-
ache, apnea, and dry throat. STOP-Bang was utilized as a
screening questionnaire for OSA. Score of at least 3 was used
to define high risk for OSA [11]. This STOP-Bang question-
naire was validated in Thai language [12]. Epworth sleepiness
scale (ESS) was utilized to demonstrate degree of sleepiness in
our study. Score of at least 10 was used to define excessive
daytime sleepiness [13]. This ESS questionnaire was also val-
idated in Thai language [14]. The most recent diagnostic
criteria of OSA from International Classification of Sleep
Disorders (3rd edition) using one of the two criteria were
utilized in our study [15].

1. Respiratory disturbance index (RDI) ≥ 5 events per hour
plus one of OSA-related symptoms or OSA-related
comorbidities

2. Respiratory disturbance index (RDI) ≥ 15 events per hour.

Statistical analysis

Characteristic data were presented in mean ± standard devia-
tion or median and range and frequencies (percent). Chi-
squared or Fisher’s exact test was used to compare categorical
variables. T test or Mann-WhitneyU test was used to compare
continuous variables. Association factors were determined by
logistic regression analysis. The results were expressed as
odds ratio (OR), 95% confidence intervals (CI), and p value.
Univariate analysis with forward stepwise selection was used
to determine the appropriate multivariate model. Multivariate
analysis was performed on factors that were significant in the
univariate analysis. P value of less than 0.05 was considered
statistically significance. The SPSS statistical software was
used for statistical analysis. The study was approved by insti-
tutional review board, Faculty of Medicine, Chulalongkorn
University, Bangkok, Thailand (IRB No. 571/57).

Results

There were 255 patients underwent bariatric surgery during the
period of 2007 to 2015. In 17 patients, the medical record was
not available. The analysis included total of 238 patients (Fig. 1)
in which all except 27 patients underwent polysomnography.
There were 175 patients who had complete report of
polysomnography in medical record and 36 patients who did
not have complete report. In 36 patients, 29 patients had partial
polysomnography report, and 7 patients were documented to
have OSA and currently using PAP but polysomnography report
was not available. Prevalence of OSA in our study was reported
to be high at 85.7%. Using the available polysomnographic data,
OSA severity was classified to mild OSA, moderate OSA, and
severe OSA in 8.8, 15.3, and 75.9%, respectively. STOP-Bang
score ≥ 3 points was noted at 92.7%. This finding coincided with
high prevalence of OSA reported from polysomnography. Sleep
gastrectomy and Roux-en Y gastric bypass were performed in
51.5 and 48.5%, respectively.

For clinical characteristics of the patients, percentage of male
sex, mean age, BMI, and neck circumference were 49.2%,
33.9 ± 10.8 years, 52.6 ± 11.6 kg/m2, and 18.2 ± 2.5 inches.,
respectively. Hypertension (60.9%), fatty liver disease (60.5%),
and dyslipidemia (53.8%) were among the most common co-
morbidities observed in our study. Snoring (85.3%), morning
headache (37.4%), and nocturia (28.2%) were among the three
most common OSA-related symptoms. In 175 patients who
underwent polysomnography and had complete official report,
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42.4% of the patients underwent baseline polysomnography and
57.6% underwent split-night polysomnography.Mean total AHI,
total RDI, mean oxygen saturation, and nadir oxygen saturation

were 71.1 ± 48.2, 71.8 ± 47.7, 88.2 ± 10.7, and 72.2 ± 15.4,
respectively. Sleep-related hypoventilation was defined by an
increase in PCO2 or surrogate to the level above 55 mmHg for

255 pa�ents' data were
serched from electronic

medical record

238 pa�ents' data
were reviewed

175 pa�ents underwent
PSG with complete

report

36 pa�ents underwent
PSG without complete

report

29 pa�ents with
par�al PSG report

7 pa�ents without PSG report but
with documented OSA

and using PAP

27 pa�ents did not
undergo PSG

17 pa�ents' data
were unavailable

Fig. 1 Population recruitment
diagram

Table 1 Clinical characteristics
of morbidly obese patients
undergoing bariatric surgery

Characteristics No OSA OSA Total p value

Sex (%, male) 14 (41.2) 103 (50.5) 117 (49.2) 0.315
Age (years old)a 35.6 ± 10.6 33.6 ± 10.8 33.9 ± 10.8 0.312
BMI (kg/mm2)a 47.7 ± 10.5 53.4 ± 11.5 52.6 ± 11.6 0.008
Neck circumference (inches)a 16.8 ± 1.7 18.2 ± 2.6 18.2 ± 2.5 0.139
Comorbidity (%)
Hypertension

Fatty liver disease

Dyslipidemia

Type 2 diabetes mellitus

Renal disease

Coronary artery disease

Cerebrovascular disease

15 (44.1)

10 (29.4)

12 (35.3)

9 (26.5)

2 (5.9)

1 (2.9)

2 (5.9)

130 (63.7)

134 (65.7)

116 (56.9)

65 (31.9)

11 (5.4)

4 (2)

1 (0.5)

145 (60.9)

144 (60.5)

128 (53.8)

74 (31.1)

13 (5.5)

5 (2.1)

3 (1.3)

0.030

<0.001

0.020

0.529

1.000

0.541

0.054
Smoking (%) 4 (14.8) 53 (26.6) 57 (25.2) 0.185
Alcoholic drinking (%) 7 (25) 66 (32.8) 73 (31.9) 0.405
Type of surgery (%) <0.001
Sleeve gastrectomy

Roux-en Y gastric bypass

8 (23.5)

26 (76.5)

114 (56.2)

89 (43.8)

122 (51.5)

115 (48.5)
Symptoms (%)
Snoring

Morning headache

Nocturia

Apnea

Dry throat

13 (38.2)

4 (11.8)

3 (9.6)

3 (8.8)

2 (5.9)

190 (93.1)

85 (41.7)

64 (57.4)

63 (30.9)

45 (22.2)

203 (85.3)

89 (37.4)

67 (28.2)

66 (27.7)

47 (19.8)

<0.001

0.001

0.007

0.008

0.028
ESS (score)b

ESS ≥ 10 (%)

STOP-Bang ≥3 (%)

4 (0, 12)

1 (11.1)

2 (50)

8 (1, 24)

72 (40.9)

113 (94.2)

8 (0, 24)

73 (39.5)

115 (92.7)

0.010

0.090

0.026

aMean ± SD
bMedian (range)
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more than 10 mins or an increase in PCO2 or surrogate above
10 mmHg compared to awake baseline value with the level
above 50 mmHg for more than 10 mins [16]. Sleep-related
hypoventilation was shown in 52% of this group.

Table 1 demonstrated clinical characteristics of our patients
comparing the groups with and without OSA. The polysom-
nographic characteristics of these patients comparing between
patients with non-severe OSA and severe OSAwere demon-
strated in Table 2. Association between variables and OSA/
severity of OSAwere shown in Table 3. Snoring, STOP-Bang

score ≥ 3, fatty liver, and BMI were significantly correlated
with OSA compared to those in the group without OSAwith
the odds ratio of 17.04 (p = <0.0001, 95% CI = 6.67–43.49),
16 (p = 0.01, 95% CI = 1.95–131.11), 4.75 (p = 0.001, 95%
CI = 1.82–12.37), and 1.04 (p = 0.045, 95% CI = 1.0009–
1.09), respectively. Comparison between non-severe and se-
vere OSA group demonstrated dyslipidemia and BMI to be
correlatedwith OSA severity (odds ratio = 3.06, 95%CI 1.36–
6.89, p = 0.007 and odds ratio = 1.07, 95% CI 1.03–1.13,
p = 0.001, respectively).

Table 2 Polysomnographic data
of morbidly obese patients
undergoing bariatric surgery

Polysomnographic data Non-severe OSA Severe OSA Total p value

Type of polysomnography (%) <0.001
Baseline

Split-night

27 (65.9)

14 (34.1)

45 (34.9)

84 (65.1)

72 (42.4)

98 (57.6)
Sleep efficiencya 84 ± 15.4 78 ± 16 79.5 ± 16 0.040
Percent in supine positiona 68 ± 33.3 72.5 ± 30.4 71.4 ± 31 0.388
Sleep stage (%)
NREM1b 8.3 (1, 31.2) 19.3 (0, 86.4) 15.9 (0, 86.4) <0.001
NREM2a 46.2 ± 13.2 48.1 ± 16.2 47.7 ± 15.5 0.485
NREM3b 26.3 (2.8, 72.8) 12.5 (0, 67.3) 17 (0, 72.8) <0.001
REMb 13.4 (0, 53) 4.1 (0, 30.1) 7 (0, 53) <0.001
Arousal indexb 20.4 (0, 96.7) 64.7 (6.6, 154.4) 49.4 (0, 154.4) <0.001
Total AHIa 16.4 ± 6.9 88.3 ± 42.5 71.1 ± 48.2 <0.001
Total RDIa 18 ± 6.5 88.9 ± 42 71.8 ± 47.7 <0.001
Supine RDIb 22 (4, 100) 92.4 (0, 196.4) 69.5 (0, 196.4) <0.001
Non-supine RDIb 9.8 (0, 32) 86.5 (0, 180) 49.8 (0, 180) <0.001
NREM RDIb 15.3 (1.7, 46.9) 86.5 (7.9, 195.3) 58.2 (1.7, 195.3) <0.001
REM RDIb 38.8 (3.1, 96) 81.6 (0, 152.3) 65.9 (0, 152.3) <0.001
Oxygen saturation
Mean saturationa

Nadir saturationa

Time SpO2 < 90%b

94.7 ± 1.4

79.8 ± 8.1

0.9 (0, 23.6)

86.1 ± 11.6

69.7 ± 16.3

15.2 (0, 100)

88.2 ± 10.7

72.2 ± 15.4

8.4 (0, 100)

<0.001

<0.001

<0.001
Sleep-related hypoventilation (%) 4 (17.4) 60 (60) 64 (52) <0.001
Positive pressure device use (%) 0.464
CPAP 21 (95.45) 98 (87.5) 119 (88.81)
BIPAP 1 (4.55) 14 (12.5) 15 (11.19)

aMean ± SD
bMedian (range)

Table 3 Associated factors for OSA and severe OSA in morbidly obese patients undergoing bariatric surgery

Predictors OSAVS no OSA (OR [95%CI]) Severe OSAVS non-severe OSA (OR [95%CI])

Univariate p value Multivariate p value Univariate p value Multivariate p value

Male
BMI
Neck circumference
Hypertension
Dyslipidemia
Fatty liver disease
Snoring
Nocturia
Morning headache
Apnea
Dry throat
STOP-Bang ≥3

–
1.05 [1.01–1.10]
–
2.23 [1.07–4.64]
2.42 [1.13–5.15]
4.59 [2.08–10.15]
21.92 [9.10–52.81]
4.72 [1.39–16.02]
5.36 [1.82–15.77]
4.62 [1.36–15.67]
4.56 [1.05–19.75]
16.14 [1.97–132.27]

–
0.009
–
0.033
0.022
<0.001
<0.001
0.013
0.002
0.014
0.043
0.010

–
1.04 [1.0009–1.09]
–
–
–
4.75 [1.83–12.37]
17.04 [6.67–43.49]
–
–
–
–
16 [1.95–131.11]

–
0.045
–
–
–
0.001
<0.001
–
–
–
–
0.010

2.64 [1.25–5.55]
1.06 [1.02–1.11]
1.23 [1.03–1.47]
–
2.55 [1.24–5.22]
–
–
–
–
5.85 [1.97–17.43]
–
–

0.011
0.001
0.020
–
0.011
–
–
–
–
0.001
–
–

–
1.07 [1.03–1.13]
–
–
3.06 [1.36–6.89]
–
–
–
–
–
–
–

–
0.001
–
–
0.007
–
–
–
–
–
–
–
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Discussion

Obstructive sleep apnea is prevalent in bariatric surgery pop-
ulation demonstrated at 85.7% in this first report in Thai pop-
ulation. Our data is resembled to previous studies in both
Asian and Western countries. The prevalence of OSA in var-
ious previously published reports was reviewed in Table 4,
ranging from 70 to 95% similar to our finding (85.7%) [4, 5,
7, 8]. However, prevalence of severe OSAwas observed to be
higher (75.9%) in our data when comparison was made with
previously published paper ranging from 27.8 to 49%. We
utilized RDI > 30 events per hour as a criteria for severe
OSA and other studies utilized AHI instead. Theoretically, this
may result in higher percentage of severe OSA reported in our
study. However, if we were to use AHI > 30 events per hour
instead, prevalence of severe OSAwas still demonstrated to be
high at 74.4%. The relatively higher BMI observed in our
study (52.6 ± 11.6) compared to previously published paper
(ranging from 42 ± 7.3 to 52) may be a potential explanation.
We previously published our data demonstrating that the
obese OSA patients compared to non-obese group had more
severe OSA reflecting by higher RDI [17].

Our study showed that hypertension, fatty liver disease,
dyslipidemia, and type 2 diabetes mellitus were the most
common comorbidities coincided with OSA. Snoring was
the most common symptom of OSA and significantly cor-
related with OSA. Previous studies demonstrated several
variables to be correlated with OSA and severe OSA. In
2007, Lee YH’s study in multiethnic bariatric surgery
population in Singapore demonstrated that neck circum-
ference was a strong predictor for severe OSA [18]. In
2010, Yeh PS’s study in Taiwan demonstrated BMI, neck
circumference, and ESS were predictors of OSA in bar-
iatric surgery population [7]. However, in 2001, Serafini
FM did not demonstrate BMI, ESS, or snoring to be cor-
related with severity of OSA in morbidly obese patients
undergoing bariatric surgery in USA [9]. In our study, we
demonstrated that snoring, STOP-Bang ≥3, fatty liver dis-
ease, and BMI significantly correlated with OSA. In ad-
dition, dyslipidemia and BMI were significant predictors
for severe OSA. Our results are similar to previous reports
studied in Asian population. Our data supports the use of
STOP-Bang as a screening questionnaire in this bariatric

surgery population. STOP-Bang was previously demon-
strated to be a reasonable screening questionnaire in sur-
gical setting as well as in the outpatient’s setting [16].

Despite our study demonstrated interesting finding, the na-
ture of retrospective study resulted in some missing and in-
complete data. Since we assumed that the patients not under-
going polysomnography did not have OSA, the prevalence
may have been underestimated if some of those patients in
fact had OSA. Prospective study in bariatric surgery popula-
tion on OSA prevalence, postoperative outcome including the
change in cardiometabolic indicators, and the effect of OSA
treatment are warrant.

Conclusion

Prevalence of OSA in morbidly obese patients undergoing
bariatric surgery is high and the severity tends to be severe.
Snoring, STOP-Bang ≥3, fatty liver disease, and BMI were
significantly correlated with OSA. Dyslipidemia and BMI
were demonstrated to be associated factors for severity of
OSA in this population.
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