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ABSTRACT

Introduction: Obstructive sleep apnea (OSA) is

one of the most important co-morbid

conditions related with morbid obesity.

Bariatric procedures are associated with

significant improvement in OSA. The aim of

the current study was to evaluate the effect of

bariatric surgery on daytime sleepiness and

quality of sleep in patients that had

undergone laparoscopic sleeve gastrectomy.

Methods: Fifty-nine patients were prospectively

enrolled in the study. Pre-operative and

post-operative (6 months) demographics,

medical history, weight, and height of the

patients were recorded, and patients were

asked to complete Pittsburg Sleep Quality

Index (PSQI) and Epworth Sleepiness Scale

(ESS) questionnaires. OSA screenings were

performed using the STOP-Bang questionnaire.

Results: The mean age of the patients was

37.1 ± 1.2 years and 76% were female.

Pre-operative and post-operative median

(range) BMIs were 47 kg/m2 (39–67 kg/m2) and

35 kg/m2 (25–44 kg/m2), respectively

(P\0.001). The mean ± standard deviation

excess weight loss was 51.6 ± 13.2%. In

univariate analysis, total PSQI, STOP-Bang, and

ESS scores were found to significantly improve

6 months after surgery (all P\0.001).

Multivariate mixed-model analysis showed a

high correlation between the decrease in BMI

and all key predictors. Mixed-model analysis

revealed that every 1 kg/m2 decrease in BMI was

associated with a 0.32, 0.13, and 0.26

improvements in PSQI, STOP-Bang, and ESS

scores, respectively (all P\0.001).

Conclusion: Laparoscopic sleeve gastrectomy is

associated with rapid weight loss and

improvements in sleep quality, daytime

sleepiness, and the risk of OSA 6 months after

surgery.
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INTRODUCTION

Obesity and the co-morbidities related to

obesity are increasing. In the United States,

69% of the general population who are 20 years

of age or older are overweight or obese

according to the Centers for Disease Control

and Prevention [1]. One of the well-known

co-morbid factors related to obesity is

obstructive sleep apnea (OSA). OSA is a

disorder that is characterized by recurrent

episodes of upper airway collapse causing

apnea and hypopnea during sleep [2]. It has

been shown that the prevalence of OSA varies

from 60% to 83% in the obese population with

a body mass index (BMI) of C35 kg/m2 [3].

Conversely, OSA has been shown to be a

stand-alone factor that increases the risk of

obesity [4, 5]. After bariatric surgery, it has been

shown that the severity and symptoms of OSA

decrease or sometimes even completely resolve

with successful weight loss [6]. Overnight

polysomnography (PSG) is the gold standard

for the diagnosis of OSA [7, 8]. However, not all

patients who are morbidly obese are routinely

tested and diagnosed for OSA by a PSG test.

Clinicians often use different screening tools

such as the STOP-Bang and ESS questionnaires

in the pre-operative setting [9, 10].

In early months after sleeve gastrectomy,

especially in first 6 months, average weight loss

is about 50% of the excess body weight [11].

There are no adequate data on the possible

improvement of sleep apnea, daytime

sleepiness, and sleep quality in 6-month

post-operative period in which this rapid

weight loss is achieved. The primary outcome

of this study was to evaluate the quality of sleep,

daytime sleepiness, and risk of OSA in patients

scheduled for obesity surgery. The secondary

outcome was to determine the effects of weight

loss in the 6-month post-operative period on

the possible improvements in OSA, daytime

sleepiness, and the quality of sleep.

METHODS

The institutional ethical committee of the

Sevket Yilmaz Training and Research Hospital

approved the study protocol and the patient

consent forms the study. The study was

conducted between November 2013 and July

2014, and data were collected prospectively

between the study dates. All patients with a

diagnosis of morbid obesity (BMI C 35 kg/m2)

who underwent a laparoscopic sleeve

gastrectomy operation were consecutively

enrolled in the study. Patients who declined to

participate in the study or who were lost during

follow-up were excluded. In the pre-operative

interventions, PSG was not the routine

procedure unless it is indicated or strictly

advised during the pre-operative pulmonology

department visit. OSA screenings were

performed by STOP-Bang questionnaire. The

following variables were collected

pre-operatively and 6 months post-operatively:

age, gender, past medical history, weight,

height, and BMI. Pre-operatively and 6 months

post-operatively, patients were asked to fill out

the Pittsburg Sleep Quality Index (PSQI),

STOP-Bang, and Epworth Sleepiness Scale (ESS)

questionnaires.

PSQI

The PSQI is a validated self-report questionnaire

to measure the quality and the patterns of sleep

in adults, its advantage being the ease in its

clinical usage [12]. It includes 19 items that
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generate seven-component scores: subjective

sleep quality, sleep latency, sleep duration,

habitual sleep efficiency, sleep disturbances,

use of sleep medication, and daytime

dysfunction over the last month. The

questions have answers based on a 0–3 scale,

where 0 reflects good and 3 reflects poor quality

of sleep, for those different sleep problem areas.

The Turkish version of the PSQI was validated

by Agargun et al. [13].

STOP-Bang

The STOP-Bang questionnaire is a tool that has

been shown to be effective in predicting the risk

of OSA for patients in the pre-operative period

[14]. According to the questionnaire, the

presence of loud snoring, tiredness, observed

apnea, high blood pressure, BMI over 35 kg/m2,

age over 50 years, neck circumference over

46 cm, and male gender each score 1 point. The

total score is from a minimum of 0 to maximum

8. A total score of C4 has a high sensitivity in

predicting severe OSA pre-operatively for

patients undergoing surgery who are obese or

morbidly obese [15]. Studies which focused on

the effect of a high STOP-Bang score on the

surgical outcomes for patients who were not

using continuous positive airway pressure

(CPAP) devices and who were not diagnosed

with PSG found that patients with a STOP-Bang

score of C3 have a higher risk of post-operative

complications and an increased length of stay in

hospital [16, 17]. The Turkish version of the

STOP-Bang was validated by Acar et al. [18].

ESS

The ESS is a validated self-reported eight-item

questionnaire used tomeasure self-reported sleep

propensity [19]. The questions are based on the

patient’s probability of falling asleep with a scale

of increasingprobability from0to3 for8different

situations during their daily life. A total ESS score

of\10 is considered to be within normal range

while scores of C10 indicates excessive daytime

sleepiness and scores of between 16 and 24

indicate a high level of daytime sleepiness [19].

Most people can answer the ESS, without

assistance, in 2 or 3 min. The reliability and

validity of the ESS in Turkish language was

previously shown by Izci et al. [20].

Statistical Analysis

The data were analyzed for normal distribution

of continuous variables using histograms and

the Shapiro–Wilk test. The normally distributed

continuous variables were reported as

mean ± standard deviation (SD), while the

non-normally distributed data were reported as

medians (range). Categorical variables were

reported as frequencies and percentages. To

examine the differences between pre-operative

and 6-month post-operative results, categorical

covariates were analyzed using McNemar’s test,

while the continuous covariates were analyzed

based on paired samples t test and Wilcoxon

signed-rank tests. In multivariate analysis, a

linear mixed-model repeated-analysis design

was used to estimate the association between

the change in BMI in pre-operative and

post-operative periods with the change in

PSQI, STOP-Bang, and ESS scores. Unless

otherwise indicated, a 5% type-I error level

was used to refer statistical significance. All

statistical analysis was performed using SPSS for

Mac version 20.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

During the study period, a sleeve gastrectomy

operation was performed in 65 patients with a
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diagnosis of morbid obesity. After four patients

declined to participate in the study period and

two patients were lost in the follow-up, 59

patients were included in the study. The mean

age of patients was 37.1 years and the majority

were female (76.3%; Table 1).

Only five patients [8.5%, 95% confidence

interval (CI): 3.7–18.3%] had a documented

history of OSA and they started using a CPAP

device for 18 ± 14.6 months before their

operation date. Two of the patients with OSA

were newly diagnosed in the routine

pre-operative evaluation by the pulmonologist.

The minimum and the maximum apnea

hypopnea index for those five patients were 18

and 95, respectively. With the rapid weight loss

that was achieved in the early months after

surgery, all of these patients gave up using their

CPAP devices with an improvement in their

sleep qualities and a decrease in their daytime

sleepiness. The mean excess weight loss (EWL)

of these five patients was 55.7 ± 10.5%, which

was similar with overall EWL. Since CPAP

therapy is a possible confounder that might

have affected the primary study outcome, seven

patients on CPAP therapy were further excluded

from the analysis, and univariate and

multivariate analysis were performed with the

remaining 52 patients.

In 6-month post-operative period, the

median weight had decreased from 127 to

90 kg, and the median BMI decreased from 47

to 35 kg/m2 (Fig. 2a). The calculated percentage

BMI loss was 28.2 ± 6.6% and the percentage

EWL was 51.6 ± 13.2% (Table 2).

In the pre-operative period, 22/52 (42.3%,

95% CI 29.9–55.8%) patients had a score of C10

when the results of the ESS were considered,

which represents excessive daytime sleepiness,

while only one patient (1.9%, 95% CI

0.3–10.1%) had a score of C10 in 6-month

Table 1 Patient baseline characteristics

Characteristics Value

N 59

Mean (±standard deviation) age, years 37.1 ± 1.2

Female, n (%) 45 (76.3)

Pulmonary history, n (%)

Obstructive sleep apnea 5 (8.5)

Tobacco use 27 (45.8)

Table 2 Pre-operative and post-operative changes in weight, BMI, and co-morbidities (n = 52)

Characteristics Pre-operative Post-operative (6 months) P value

Weight, median (range) 127 (98–178) 90 (63–138) \0.001a

BMI, median (range) 47 (39–67) 35 (25–44) \0.001a

Diabetes mellitus, n (%) 9 (17.3) 4 (7.7) 0.063b

Hypertension, n (%) 12 (23.1) 5 (9.6) 0.016b

Musculoskeletal complaints, n (%) 31 (59.6) 12 (23.1) \0.001b

Percentage BMI loss, mean ± SD 28.2 ± 6.6

Percentage EBMI loss, mean ± SD 59.3 ± 13.3

Percentage EWL, mean ± SD 51.6 ± 13.2

BMI body mass index, EBMI excess body mass index, EWL excess weight loss, SD standard deviation
a Wilcoxon signed-rank test
b McNemar’s test
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post-operative period (P\0.001; Fig. 1a).

Similarly according to STOP-Bang, 34/52

(65.4%, 95% CI 51.8–76.9%) pre-operative

patients had a score of C4 and were

considered as a high risk for OSA. On the

other hand, only 2/59 (3.9%, 95% CI:

1.1–13.0%) patients had a score of C4

6 months after the surgery (P\0.001; Fig. 1b).

A significant improvement in all of the PSQI

subscale scores at 6 months following the

operation was observed, when compared with

the pre-surgery scores (all P\0.001). The total

PSQI score (range) improved from 9.0 (2.0–17.0)

to 3.0 (1.0–9.0) by the 6-month post-operative

period (P\0.001; Table 3; Fig. 2b).

Compared to the pre-operative evaluation,

the STOP-Bang total score significantly

decreased from 3.9 ± 1.2 to 1.8 ± 1.0 in the

6 months following the sleeve gastrectomy

operation (P\0.001; Fig. 2c). Similarly, the

mean pre-operative ESS score of 9.0 ± 4.6

decreased to 3.5 ± 2.2 at the 6-month

post-operative evaluation (P\0.001; Fig. 2d).

To evaluate the effects of the change in BMI

on the PSQI, STOP-Bang, and ESS, a multivariate

mixed-model analysis was performed separately

for each key predictor. After adjustment for age

and gender, a high association between the

decrease in BMI and all key predictors was

demonstrated. Mixed-model analysis revealed

that every 1 kg/m2 decrease in BMI was

associated with a 0.32, 0.13, and 0.26

improvement in PSQI, STOP-Bang, and ESS

scores, respectively (all P\0.001; Table 4).

DISCUSSION

The results of the current study demonstrate

that sleep quality is significantly reduced and

that excessive daytime somnolence is very

common in patients who are morbidly obese

who are referred for bariatric surgery. Moreover,

the results show a significant improvement in

STOP-Bang score—a validated tool of OSA

screening in obese population [12]—in

addition to excessive daytime sleepiness and

quality of sleep assessments 6 months after

laparoscopic sleeve gastrectomy.

Bariatric surgery is widely accepted as one of

the primary treatments for patients who are

morbidly obese. Sleeve gastrectomy, which has

gained popularity in previous decade, was

shown to be a successful method for achieving

sustained weight loss and decreasing the

morbidity after surgery. The loss of the excess

weight after surgery is known to be higher in

the early post-operative phases, mostly due to

the operative stress, decreased hunger, and

increased satiety in early operative periods [21,

Fig. 1 The change in OSA risk according to pre-operative
and post-operative ESS and STOP-Bang scores. a ESS
score C10 representing excessive daytime sleepiness.
b STOP-Bang score C4 representing high risk for OSA.
ESS Epworth Sleepiness Scale, OSA obstructive sleep apnea
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22]. These changes have been shown to be

related with alterations in gut hormones such as

ghrelin, peptide YY, and glucagon-like peptide 1

[23–25]. In the current literature, with different

surgical operations or with non-surgical

endoscopic approaches, the percentage EWL

6 months after surgery has been found to be

between 33.6% and 52.6% [26, 27]. In the study

by Nocca et al. [28], the percentage EWL was

found to be 48.9% in 6-month post-operative

follow-up period, specifically after sleeve

gastrectomy. In accordance with previous

reports, the current authors found the

percentage EWL and excess BMI loss to be

51.6% and 59.3%, respectively, 6 months after

sleeve gastrectomy (Table 2).

Laparoscopic sleeve gastrectomy has also

been shown to be an excellent operation for

the resolution of co-morbidities [29]. In some

series, some co-morbidities like diabetes

mellitus and OSA are completely resolved, and

many others (such as hypertension,

musculoskeletal complaints, and dyslipidemia)

are dramatically improved 12 or 24 months

after surgery [25, 26]. In this cohort study, the

authors found that nearly 60% of documented

co-morbidities resolved just 6 months after the

surgery in patients that had undergone sleeve

gastrectomy (Table 2).

It is well known that obesity and OSA have a

strong relationship [30, 31]. Studies that have

aimed to explain the mechanisms related to

obesity and OSA focused on the role of fat

around upper airways and pharynx [32, 33], as

well as the hormonal changes in ghrelin, leptin,

adiponectin, and even in growth hormone

[34–37]. Studies have shown that short sleep

duration is associated with significant weight

gain, and increased BMI was associated with

reduced sleep efficiency and change in sleep

architecture [38]. The vast majority of patients

that undergo bariatric procedures have different

grades of OSA. Unfortunately, due to the

challenges in the diagnosis of OSA, most of

Table 3 Comparison of ESS, PSQI, and STOP-Bang in pre-operative and post-operative patients (n = 52)

Scales Pre-operative Post-operative (6 months) P value

PSQI, median (range)

Sleep duration 1.0 (0.0–3.0) 0.0 (0.0–3.0) \0.001a

Sleep disturbances 2.0 (1.0–3.0) 1.0 (0.0–2.0)

Sleep latency 2.0 (0.0–3.0) 1.0 (0.0–3.0)

Daytime dysfunction 1.0 (0.0–3.0) 1.0 (0.0–2.0)

Habitual sleep efficiency 1.0 (0.0–3.0) 0.0 (0.0–3.0)

Subjective sleep quality 1.0 (0.0–3.0) 0.0 (0.0–2.0)

Use of sleep medications 1.0 (0.0–3.0) 0.0 (0.0–2.0)

Total 9.0 (2.0–17.0) 3.0 (1.0–9.0) \0.001a

STOP-Bang, mean ± SD 3.9 ± 1.2 1.8 ± 1.0 \0.001b

ESS, mean ± SD 9.0 ± 4.6 3.5 ± 2.2 \0.001b

ESS Epworth Sleepiness Scale, PSQI Pittsburg Sleep Quality Index, SD Standard deviation
a Wilcoxon signed-rank test
b Paired samples t test
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them remain undiagnosed [39]. Overnight PSG

is the gold standard for the diagnosis of OSA.

However, it is expensive, time-consuming, and

not available in every institution. For that

reason, it is recommended to better identify

high-risk patients, i.e., those most likely to have

OSA, by easier and cheaper screening tools such

as STOP-Bang and ESS in the pre-operative

setting [40].

In a previous study, Holty et al. [41]

described significant reductions in mean ESS

scores 24 months after bariatric surgery;

however, in that study the operation of choice

was vertical gastrectomy and Roux-en-Y gastric

bypass. In the current study, the authors found

that the 6-month post-operative mean ESS

scores after sleeve gastrectomy were

significantly reduced from 9.0 ± 4.6 to

3.5 ± 2.2 (P\0.001). According to the ESS

scores, 22 patients had excessive daytime

sleepiness pre-operatively, while only 1 patient

had excessive daytime sleepiness 6 months after

the operation. This finding shows the

effectiveness of surgical weight loss on

daytime sleepiness with the effective

improvement in excessive daytime sleepiness

in patients who are morbidly obese.

The STOP-Bang questionnaire is another

screening tool that has been shown to be valid

in surgical patients who are morbidly obese. In

Fig. 2 Distribution of pre-operative and post-operative a BMI, b PSQI, c STOP-Bang, and d ESS. P values\0.001. BMI
body mass index, ESS Epworth Sleepiness Scale, PSQI Pittsburg Sleep Quality Index
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patients who are morbidly obese, it was shown

that a STOP-Bang score of C4 has a sensitivity of

90% for predicting severe OSA [15]. In this

study, the authors have shown that the

pre-operative mean STOP-Bang score decreases

from 3.9 ± 1.2 to 1.8 ± 1.0 just 6 months after

sleeve gastrectomy (P\0.001). The finding that

there is a significant reduction in the number of

patients with a total STOP-Bang score of C4

from 34 pre-operatively to 2 in the 6-month

post-operative period suggests the effectiveness

of sleeve gastrectomy in the improvement of

the risk for OSA, even in the relatively early

period following surgery. The authors further

suggest that, in the follow-up period after

operations for morbid obesity, this simple

screening tool could easily be used in clinical

practice and provides valuable information

about OSA.

Toor and colleagues [42] have shown that

candidates for bariatric surgery have a shorter

total sleep duration, which interfered with poor

sleep quality in their study including 45

patients who were morbidly obese and their

non-obese controls. Moreover, they found that

weight-loss surgery resulted in a highly

significant improvement in sleep quality with

a significant improvement in PSQI scores.

However, their study included a heterogeneous

group with regard to the selected surgical

procedure (Roux-en-Y gastric bypass in 32

patients and sleeve gastrectomy in 13

patients), resulting in being able to include a

relatively smaller patient population for sleeve

Table 4 Mixed-model analysis of PSQI total, ESS, and STOP-Bang for 6-month BMI change after sleeve gastrectomy
(n = 52)

Models Parameter estimates Standard error P value

Model 1 (PSQI total)

Intercept -4.10 1.85 0.029

Age -0.07 0.03 0.031

Gender (female) -0.52 0.82 0.528

Decrease in BMI (kg/m2) -0.32 0.04 \0.001

Model 2 (STOP-Bang)

Intercept -3.34 0.63 \0.001

Age 0.04 0.11 \0.001

Gender (female) -0.55 0.28 0.055

Decrease in BMI (kg/m2) -0.13 0.01 \0.001

Model 3 (ESS)

Intercept -5.04 2.48 0.045

Age 0.06 0.04 0.155

Gender (female) -1.92 1.10 0.085

Decrease in BMI (kg/m2) -0.26 0.05 \0.001

BMI body mass index, ESS Epworth Sleepiness Scale, PSQI Pittsburg Sleep Quality Index
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gastrectomy. In the present study, in a relatively

larger study population, the authors have

shown by PSQI scores that sleeve gastrectomy

significantly improves sleep quality (Table 3).

There are several limitations of the current

study. First of all, the most important limitation

is the lack of PSG. The improvement of OSA

could only be demonstrated with overnight

recordings performed using portable limited

channel recorders (respiratory polygraphy) or

full PSG. Since it was not easily accessible, the

authors were unable to confirm OSA diagnosis

by PSG in the current study. By performing the

questionnaires, the authors were only able to

evaluate ‘the risk of OSA’. Secondly, other

possible disorders that may adversely affect

sleep quality and cause sleep pattern

disturbance, such as psychiatric disorders, were

not captured in this study [43]. After surgical

weight loss, sleep quality may also be positively

affected by an improvement in mood and other

psychological factors. Unfortunately, in this

study the authors did not perform such

psychiatric measures. Bariatric surgery has

been shown to be associated with an

improvement in quality of life and overall

psychological status on its own [44, 45].

Moreover, prostatic hyperplasia [46], gastritis

[47], gastro-esophageal reflux disease [48], and

numerous other co-morbidities, along with the

medications used, may adversely affect sleep

quality and may also have a possible impact on

sleep disturbances. The status of physical

activity, behavior modification, and many

other confounders are also associated with

sleep disturbances [49, 50]. These disorders

and confounders were not captured for this

study and is another major limitation that

should be noted. Further studies in bariatric

surgery are needed, with larger study

populations and greater consideration to the

co-morbid conditions that may interact with

sleep disorders and obesity.

The strength of the current study is that the

findings are based on a single type of surgery

that was performed by a bariatric surgery team

which performs over 100 bariatric surgery

procedures per year. The use of structurally

and linguistically validated questionnaires is

another power of the study. Of note, since

these questionnaires are long and may be hard

to complete for some patients, all were

completed under the guidance of an

experienced clinician.

CONCLUSIONS

Laparoscopic sleeve gastrectomy is a

stand-alone surgery for achieving adequate

weight loss. The decrease in BMI is associated

with the resolution of co-morbidities that are

related to obesity. The current study shows that,

even 6 months following the sleeve gastrectomy

operation, sleep quality and excessive daytime

sleepiness are improving. When OSA and

related co-morbidities are considered, this

finding is one of the possible reasons for the

noted success of this procedure. Moreover,

STOP-Bang is a promising tool to screen for

OSA in the post-operative period, as well as

during the pre-operative risk assessment.
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