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ABSTRACT

انقطاع  بانتشار  المتعلقة  الأدبيات  في  فجوة  الدراسة  هذه  تتناول  الأهداف: 
التنفس الانسدادي أثناء النوم )OSA( والتنبؤ به بين المرضى الذين يخضعون 
لجراحة السمنة في المملكة العربية السعودية، مع الأخذ في الاعتبار الممارسات 

الثقافية والغذائية الفريدة في المنطقة.

المنهجية: قامت هذه الدراسة الاستعادية التي أجريت في المدينة الطبية بجامعة 
الملك سعود بالرياض، بتحليل بيانات المرضى الذين يعانون من السمنة المفرطة 
المحولين من وحدة جراحة السمنة إلى عيادة اضطرابات النوم. وباستخدام قاعدة 
بيانات مركز اضطرابات النوم )سبتمبر 2015 - مارس 2019(، قام الباحثون 
في  النوم  تخطيط  استخدام  مع  والسريرية،  الديموغرافية  المتغيرات  بفحص 

.)OSA( لتشخيص وتقييم شدة توقف التنفس أثناء النوم )PSG( المختبر

النتائج: قامت الدراسة بتقييم 265 مريضًا يعانون من السمنة المفرطة بسبب 
توقف التنفس أثناء النوم باستخدام PSG قبل جراحة السمنة. من بين هؤلاء، 
متوسط  وكان  النوم،  أثناء  التنفس  بانقطاع   )57.7%(  153 تشخيص  تم 
 67.8±19.6 النوم  أثناء  التنفس  انقطاع  من  يعانون  الذين  للمرضى   AHI
كتلة  ومؤشر  العمر  دراستنا  حددت  بالتنبؤات،  يتعلق  فيما  حدث/ساعة. 
الكاحل  وتورم  والشخير  والتدخين  الذكري  والجنس  الرقبة  ومحيط  الجسم 
التنفس  بانقطاع  مرتبطة  السكري كعوامل مهمة  الدم ومرض  وارتفاع ضغط 
أثناء النوم. بالإضافة إلى ذلك، وجدت دراستنا أن قياسات الخصر ومستوى 

الهيموجلوبين والهيماتوكريت كانت مؤشرات هامة.

الخلاصة: تؤكد هذه الدراسة على ارتفاع معدل انتشار توقف التنفس أثناء 
النوم لدى مرضى جراحة السمنة في المملكة العربية السعودية وتحدد العديد 
النتائج  هذه  تسلط  الحالة.  بهذه  المرتبطة  والسريرية  الديموغرافية  العوامل  من 
الضوء على أهمية فحص انقطاع التنفس أثناء النوم لدى هذه الفئة من السكان 

لتحسين نتائج المرضى وتقليل مضاعفات ما بعد الجراحة.

Objectives: To address a gap in the literature on the 
prevalence and predictors of obstructive sleep apnea 
)OSA( among patients undergoing bariatric surgery 
in Saudi Arabia, considering the region’s unique 
cultural and dietary practices.

Methods: This retrospective study at King Saud 
University Medical City, Riyadh, analyzed data from 
morbidly obese patients referred from the bariatric 
surgery unit to the sleep disorders clinic. Using the 
Sleep Disorders Center database )September 2015 to 
March 2019(, it examined demographic and clinical 
variables, with in-laboratory polysomnography 
)PSG( employed to diagnose and assess OSA severity.

Original Article

Results: The study assessed 265 morbidly obese 
patients for OSA using PSG before bariatric surgery. 
Of these, 153 )57.7%( were diagnosed with OSA, 
with the mean apnea hypopnea index for patients 
with OSA being 67.8±19.6 events/hr. In terms of 
predictors, our study identified age, body mass index, 
neck circumference, male gender, smoking, snoring, 
ankle swelling, hypertension, and diabetes mellitus as 
significant factors associated with OSA. Additionally, 
our study found that waist measurements, hemoglobin 
level, and hematocrit were significant predictors.

Conclusion: This study underscores the high 
prevalence of OSA in bariatric surgery patients in 
Saudi Arabia and delineates several demographic and 
clinical factors associated with the condition. These 
findings highlight the importance of screening for 
OSA in this population to optimize patient outcomes 
and minimize postoperative complications.

Keywords: bariatric surgery, obesity, obstructive sleep 
apnea, screening, Saudi Arabia

Saudi Med J 2025; Vol. 46 (3): 274-281
doi: 10.15537/smj.2025.46.3.20240851

From the Department of Home Health Care (Alaqeel), King Fahad 
Medical City, Second Health Cluster, from the Department of Family 
and Community Medicine (Alaraik); from the Department of Medicine 
(Aldammas, Aleissi, Nashwan, Olaish, Dhafar, BaHammam), The 
University Sleep Disorders Center, College of Medicine, King Saud 
University, and from the Department of Critical Care (Abanumay), 
Prince Sultan Military Medical City, Riyadh, Kingdom of Saudi 
Arabia.

Received 26th November 2024. Accepted 18th February 2025.

Address correspondence and reprint request to: Dr. 
Alaa M. Alaqeel, Home Health Care Department, King Fahad 
Medical City, Second Health Cluster, Riyadh, Kingdom of Saudi 
Arabia. E-mail: aq.alaa@hotmail.com
ORCID ID: https://orcid.org/0009-0004-0979-0181

Saudi Med J 2025; Vol. 46 )3(      https://smj.org.sa OPEN ACCESS



275https://smj.org.sa      Saudi Med J 2025; Vol. 46 )3(

OSA & patients for bariatric surgery ... Alaqeel et al

Obesity, defined as excessive fat accumulation that 
poses health risks, is diagnosed when the body 

mass index )BMI( exceeds 30. It has become a global 
concern with significant aftermaths for healthcare 
systems and individuals.1 In Saudi Arabia, obesity 
prevalence has surged over recent decades, leading to 
greater awareness of related comorbidities, notably 
obstructive sleep apnea )OSA(.2,3 Obstructive sleep 
apnea involves repeated interruptions in breathing 
during sleep, disrupting sleep patterns and causing 
adverse health effects.3 Factors contributing to OSA 
include nasal congestion, craniofacial structure linked 
to genetics and ethnicity, obesity, gender, and age, 
which affect lung volume, respiratory stability, arousal 
thresholds, and airway muscle function.4

Bariatric surgery is an effective intervention for 
obesity, offering sustained and significant weight loss.5 
With its growing popularity, understanding associated 
health risks, particularly OSA, is essential. Obstructive 
sleep apnea, a widespread sleep disorder, involves upper 
airway obstruction during sleep, and is more common 
and severe in obese individuals, with obesity serving 
as a major risk factor.6,7 Nearly 38% of obese patients 
have moderate-to-severe OSA, and untreated cases 
can lead to severe health complications and increased 
mortality.8,9 Furthermore, 74% of patients considering 
bariatric surgery have OSA.10 While bariatric surgery 
often resolves OSA in morbidly obese individuals, 
pre-operative preparation, including polysomnography  
)PSG( screening, is debated.11 Current recommendations 
emphasize thorough perioperative care and pain 
management.12

Saudi Arabia has experienced an unprecedented rise 
in obesity rates, with unique demographic characteristics 
affecting OSA presentation. Evidence suggests that 
OSA presentation and its associated comorbidities, 
such as obesity, may vary by race and ethnicity due to 
differences in craniofacial anatomy, fat distribution, 
and genetic predispositions.13-15 Recent data shows a 
high prevalence of obesity among adolescents )up to 
20%( and distinctive anthropometric patterns that 
may influence perioperative risk assessment.16 Given 
the unique cultural, dietary, and genetic factors in Arab 
populations, including Saudis, and the limited number 
of studies in this area, further research is warranted 
to explore the potential influence of these factors on 
OSA risk and clinical presentation. The relationship 

between OSA and obesity in this population remains 
poorly characterized, potentially leading to suboptimal 
screening strategies. This clinical concern is particularly 
relevant given that bariatric surgery has become 
increasingly prevalent in Saudi Arabia.17

Furthermore, the younger age profile of Saudi 
bariatric surgery patients )mean age 30.9 years(, 
represents a distinct demographic pattern that has 
important clinical implications.17 This contrasts notably 
with western populations, where bariatric surgery 
patients tend to be older, with higher reported mean 
ages.18,19 Most critically, the relationship between OSA 
and obesity in young Saudi bariatric surgery candidates 
remains poorly characterized and inadequately studied. 
The novelty of this study lies in its focus on a younger 
age group and a distinct Saudi population, where racial 
and ethnic factors may significantly influence OSA 
presentation and severity. Traditional OSA screening 
protocols, largely developed for older populations, 
may not be optimal for this younger cohort, as the 
relationship between OSA and obesity presents 
differently across age groups.20 This knowledge gap is 
particularly concerning as applying standard Western-
based screening strategies without modification could 
lead to missed OSA diagnoses in young Saudi bariatric 
candidates, potentially compromising surgical outcomes 
and patient safety. Given the high obesity rates in 
Saudi Arabia,21 and the significant burden of OSA in 
bariatric surgery patients, this study aims to determine 
the prevalence of OSA and identify its independent risk 
factors within this population. 

Methods. This retrospective study was carried out 
at the University Sleep Disorders Center, King Saud 
University Medical City, Riyadh, Saudi Arabia, between 
September 2015 and March 2019. Using consecutive 
sampling, we included all eligible patients referred from 
the bariatric surgery unit who met specific criteria: BMI 
of ≥40 kg/m² or ≥35 kg/m² with metabolic comorbidities 
)such as OSA, type 2 diabetes, hypertension, ischemic 
heart disease, renal failure, heart failure, stroke, 
asthma, hypothyroidism, Cushing’s syndrome, and 
hypercholesterolemia, based on criteria by Flegal et al(,22 
complete demographic, clinical, and polysomnographic 
data, and referral from the bariatric surgery unit. After 
approval from the institutional review board, the 
data were obtained from a prospectively maintained 
institutional sleep disorders center database where 
standardized information is collected systematically at 
the time of patients’ initial clinical evaluation, following 
established protocols for sleep studies. The final sample 
comprised 265 patients. Demographic and clinical data 
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were collected using standardized forms during initial 
evaluation, and polysomnographic studies were carried 
out and scored according to the American Academy 
of Sleep Medicine guidelines. This methodology 
aligns with similar retrospective analyses in bariatric 
populations and provides adequate statistical power for 
identifying predictors of OSA in this population.10,20 
Exclusion criteria included incomplete or missing 
demographic, clinical, or polysomnographic data, not 
referred from the bariatric surgery unit, or did not meet 
the eligibility criteria, specifically a BMI of <35 kg/m² 
or a BMI of 35-39.9 kg/m² without accompanying 
metabolic comorbidities. Demographic data included 
age, gender, BMI, neck, hip, and waist circumferences, 
smoking status, and allergies, along with associated 
conditions like diabetes, hypertension, hyperlipidemia, 
and ischemic heart disease. 

Daytime sleepiness was assessed using the validated 
Arabic version of the Epworth sleepiness scale, where 
a score greater than 10 signifies excessive daytime 
sleepiness.23 Obstructive sleep apnea diagnosis and 
severity were assessed using in-laboratory PSG, with 
parameters such as apnea-hypopnea index )AHI(, arousal 
index, mean oxygen saturation, and minimum oxygen 
saturation measured.24 Diagnostic criteria followed the 
International Classification of Sleep Disorders, 3rd 
edition.25 Obstructive sleep apnea was diagnosed based 
on either: I( an AHI of ≥5 events/hour with associated 
symptoms; or II( an AHI of ≥15 events/hour irrespective 
of symptoms.25 Hypopnea events required ≥30% peak 
signal reduction for ≥10 seconds with ≥3% oxygen 
desaturation or arousal.26 Severe OSA was defined as an 
AHI of >30 events/hour.

Statistical analysis. The Statistical Package for 
the Social Sciences statistics for Windows, version 
26.0 )IBM Corp., Armonk, NY, USA( was used 
for analysis, comparing demographic, clinical, and 
polysomnographic variables between OSA and non-OSA 
groups and between non-severe and severe OSA groups. 
Continuous variables were presented as mean ± standard 
deviation )SD(, while categorical variables were 
expressed as frequencies and percentages. A p-value of 
less than 0.05 was considered significant. Independent 
t-tests or the Mann-Whitney U test )for non-normally 
distributed data( were used to compare group variables. 
Univariable and multivariable analyses identified factors 
associated with OSA presence and severity. Variables 
analyzed included demographics )age, gender, BMI, and 
neck and waist circumference(, clinical characteristics 
)blood gas levels, hemoglobin, hematocrit, smoking, 
snoring, ankle swelling, hypertension, and diabetes(, 
and polysomnographic parameters )AHI, sleep stages, 

desaturation index, peripheral oxygen saturation 
[SpO₂] metrics, arousal index, leg movement indices(. 
Odds ratios )ORs( and 95% confidence intervals 
)CIs( were used to assess the strength of associations. 
To address potential confounding factors, significant 
variables )p<0.05( from the univariable analysis were 
included in the multivariable logistic regression model. 
This approach ensured that the independent effects of 
predictors were assessed while controlling demographic, 
clinical, and polysomnographic confounders. The 
dependent variables in this study were limited to 
OSA presence or absence and OSA severity, while the 
independent variables included demographic, clinical, 
and polysomnographic factors such as age, gender, 
BMI, neck circumference, waist circumference, blood 
gas levels, hemoglobin, hematocrit, smoking status, and 
various polysomnographic metrics.

Given the observational nature of the study and 
the expected differences between OSA and non-OSA 
groups, we employed multivariable logistic regression 
rather than excluding cases with differing characteristics. 
This approach preserves the real-world representation of 
the bariatric surgery population while controlling for 
potential confounders.27

Results. A total of 265 morbidly obese patients 
undergoing bariatric surgery were assessed for OSA 
using PSG. Of these, 153 patients were diagnosed 
with OSA )OSA-positive(, and 112 patients were 
without OSA )non-OSA(. The demographic and 
clinical characteristics of the 2 groups were significantly 
different )Table 1(. Patients in the OSA group were older 
)35.1±16.3 years( compared to those in the non-OSA 
group )25±12.9 years(, with a statistically significant 
p-value of <0.001. Additionally, the proportion of male 
participants was higher in the OSA group )66.7%( 
compared to the non-OSA group )30.4%(, also with 
a p-value of <0.001. Body mass index was significantly 
higher in the OSA group )48.9±9.9 kg/m²( than in 
the non-OSA group )45.3±6.6 kg/m²(, with a p-value 
of 0.011. Significant differences were also observed in 
neck circumference, waist circumference, and other 
clinical measures between the groups. These factors, 
including age, gender, BMI, and neck circumference, 
were identified as potential confounders and adjusted 
for in subsequent analyses to isolate the effects of OSA 
on health outcomes.

Polysomnographic findings revealed significant 
differences between the OSA and non-OSA groups 
across several variables )Table 2(. Sleep efficiency was 
significantly lower in the OSA group )67.8±19.6%( 
compared to the non-OSA group )75.7±18.4%(, with 
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a p-value of <0.001. The AHI was markedly higher in 
the OSA group )62±43.1 events/hr( compared to the 
non-OSA group )5.8±4.4 events/hr(, with a p-value 
of <0.001. Similarly, the lowest recorded SpO₂ )%( 
was significantly lower in the OSA group )80±11.3%( 
compared to the non-OSA group )90.1±4.3%(, with 
a p-value of <0.001. Other measures, such as the 
desaturation index and time with SpO₂ of <90%, were 
significantly higher in the OSA group, indicating more 
severe oxygen desaturation events during sleep. These 
findings underscore the clinical differences between 
the OSA and non-OSA groups. To address potential 
confounding factors such as age, gender, and BMI, 
multivariable analyses were carried out.

Multivariable logistic regression analyses were 
carried out to identify predictors of OSA and severe 
OSA, accounting for confounders such as age, BMI, 
neck circumference, and waist circumference )Table 3(.

Age was a significant predictor of OSA, with 
older age being associated with increased odds of 
OSA )OR=1.073, 95% CI: [1.026-1.123], p=0.002(, 
indicating that each additional year of age increased 
the odds of having OSA by 7.3%. While BMI was 
significantly associated with OSA in the univariable 
model )OR=1.05, 95% CI: [1.019-1.082], p=0.002(, 
this association was not significant in the multivariable 
model )OR=1.044, 95% CI: [0.943-1.157], p=0.405(, 
suggesting the effect of BMI may be confounded by 

Table 1 - Clinical characteristics of morbidly obese patients undergoing bariatric surgery.

Variables Total (n=265)
Obstructive sleep apnea

P-values
Yes (n=153) No (n=112)

Age )years( 30.8±15.7 35.1±16.3 25±12.9 <0.001
Gender )male( 136 )51.3( 102 )66.7( 34 )30.4( <0.001
Smoker 22 )8.4( 19 )12.5( 3 )2.7( 0.008
BMI )kg/m2( 47.4±8.9 48.9±9.9 45.3±6.6 0.011
Neck circumference )inches( 16±2.9 16.3±1.8 15.4±3.8 <0.001
Waist 50.1±6.7 51.8±6.8 47.9±6 <0.001
Hip 54.7±6.6 55.6±7.4 53.6±5.3 0.063
Clinical information 

Epworth sleepiness scale
Excessive daytime sleepiness
pH
PaCO2 )mmHg(
PaO2 )mmHg(
HCO3 )mmol/L(
Hemoglobin level )g/L(
HcT
FEV1/FVC )%(
FVC )% predicted(
FEV1 )% predicted(

9.5±5.6
87 )32.8(
7.3±0.5

43.5±13.9
76.8±15.8
25.4±4.2

136.5±16.8
41.3±5.4
80.8±8.7
43.6±42.2
43.2±43.7

10±5.8
53 )44.5(
7.3±0.5

45.4±16.1
75.4±14.9
26.1±4.5

140.5±16.8
42.4±4.8
80.7±9.7
43.3±42.5
43.5±44.6

8.7±5.1
34 )45.3(
7.1±0.7
39.3±5.3
79.9±17.9
23.6±2.9

131.6±15.4
40±5.9

81.3±3.9
44.7±42.9
42.4±42.4

0.189
0.914
0.023
0.322
0.421
0.164
<0.001
<0.001
0.793
0.757
0.803

Symptoms
Snoring
Witnessed apnea
Ankle swelling

147 )55.5(
112 )42.3(
78 )29.4(

99 )81.8(
74 )61.2(
56 )46.3(

48 )60.0(
38 )47.5(
22 )27.8(

0.001
0.056
0.009

Comorbidities
Hypertension
Ischemic heart disease
Diabetes mellitus
Renal failure
Compensated heart failure
Stroke
Bronchial asthma
Hypothyroidism
Cushing
Hypercholesterolemia

70 )26.4(
5 )1.9( 

54 )20.4(
1 )0.4(
1 )0.4(
2 )0.8(

53 )20.0(
31 )11.7(
1 )0.4(

44 )16.6(

57 )37.5(
4 )2.6(

39 )25.7(
1 )0.7(
0 )0.0(
2 )1.3(

35 )23.0(
16 )10.6(
1 )0.7(

32 )21.2(

13 )11.6(
1 )0.9(

15 )13.4(
0 )0.0(
1 )0.9(
0 )0.0(

18 )16.1(
15 )13.4(
0 )0.0(

12 )10.7(

<0.001
0.399
0.015
1.000
0.424
0.510
0.163
0.487
1.000
0.024

Values are presented as numbers and percentages )%( or means ± standard deviation )SD(. Of the 265 patients, 254 )95.8%( had 
a body mass index )BMI( of ≥40 kg/m², while 11 )4.2%( had a BMI of 35-39.9 kg/m² with metabolic comorbidities. The mean 

BMI was 48.9±9.9 kg/m² in the obstructive sleep apnea group and 45.3±6.6 kg/m² in the non-obstructive sleep apnea group. 
PaCO₂: partial pressure of carbon dioxide, PaO₂: partial pressure of oxygen, HCO₃: bicarbonate, HCT: hematocrit, 

FEV₁: forced expiratory volume in one second, FVC: forced vital capacity
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other factors. Neck circumference showed a similar 
pattern, with a significant association in the univariable 
model )OR=1.261, 95% CI: [1.088-1.463], p=0.002(, 
but not in the multivariable model )OR=1.140, 95% 
CI: [0.770-1.688], p=0.514(. Waist circumference, 
however, remained significantly associated with OSA in 
both the univariable )OR=1.1, 95% CI: [1.053-1.149], 
p<0.001( and multivariable models )OR=1.070, 95% 
CI: [1.035-1.106], p=0.001(. Male gender was a strong 
predictor of OSA, with men being significantly more 
likely to develop the condition than women )OR=4.588, 
95% CI: [2.715-7.753], p<0.001(.

Age continued to be a significant predictor of severe 
OSA )OR=1.120, 95% CI: [1.090-1.152], p<0.001(. 

Neck circumference was also significantly associated 
with severe OSA )OR=1.158, 95% CI: [1.089-1.230], 
p=0.001(, as was waist circumference )OR=1.070, 95% 
CI: [1.035-1.106], p=0.001(. Male gender remained a 
significant predictor of severe OSA )OR=3.760, 95% 
CI: [2.219-6.370], p<0.001(.

Discussion. Our study aimed to assess the 
occurrence of OSA and its forecasters in bariatric surgery 
patients in Saudi Arabia. Obstructive sleep apnea was 
diagnosed in 57.7% of our cohort, which is consistent 
with findings from similar studies.20,28,29 Significant 
demographic and clinical characteristic differences 
were observed between patients with and without 

Table 2 - Polysomnographic data of morbidly obese patients undergoing bariatric surgery.

Variables
Presence of OSA Severity of OSA

Yes No P-values Non-severe Severe P-values
Sleep efficiency )%( 67.8±19.6 75.7±18.4 0.000 68.4±19.4 73.6±17.5 0.274
Stage N1 )%( 14.9±13.5 7.7±6.5 0.000 13.4±9.4 9.8±6.5 0.056
Stage N2 )%( 61.8±15.8 56.6±11.9 0.003 52.1±11.2 60.9±14.7 0.021
Stage N3 )%( 14.5±15 15.2±13.6 0.451 21.8±14.5 16.0±14.7 0.137
Stage REM )%( 10.5±10 17.8±7.5 0.000 13.0±8.0 15.5±8.8 0.278
Apnea hypopnea index )events/hr( 62±43.1 5.8±4.4 0.000 26.32±17.9 72.34±33.4 0.000
AHI-NREM )events/hr( 58.6±44.8 3.7±3.7 0.000 41.1±22.8 44.5±38.0 0.720
AHI-REM )events/hr( 68.6±38.2 17.5±18.4 0.000 13.2±10.2 79.2±32.0 0.000
Desaturation index )desaturations/hr( 43.9±44.5 4.9±4.5 0.000 13.2±14.0 35.9±36.6 0.013
Time with SpO2 <90% )mins( 13.9±23.5 0.4±1.6 0.000 1.6±3.8 14.4±24.0 0.030
Time with SpO2 <95% )mins( 48.7±35.4 15.6±26 0.000 29.7±32.00 52.3±36.5 0.023
Lowest recorded SpO2 )%( 80±11.3 90.1±4.3 0.000 88.9±6.3 77.6±12.00 0.000
Mean nocturnal SpO2 )%( 93.7±3.8 96.5±1.5 0.000 95.7±1.4 93.4±3.7 0.014
Arousal index )arousals/hr( 59.8±40.3 14.4±10.6 0.000 42.2±20.1 48.4±31.7 0.438
Leg movement index )events/hr( 6.6±11.8 3.8±8.3 0.154 9.9±16.7 5.00±7.4 0.052
Periodic leg movement index )events/hr( 10.9±6.2 10±5.6 0.708 8.8±4.7 10.8±6.6 0.545

Values are presented as means ± standard deviation )SD(. OSA: obstructive sleep apnea, REM: rapid eye movement, NREM: non-rapid eye movement, 
AHI: apnea-hypopnea index, SpO₂: oxygen saturation, N1, 2, and 3: non-rapid eye movement sleep stages

Table 3 - Associated factors for obstructive sleep apnea and Severe obstructive sleep apnea in morbidly obese patients undergoing bariatric surgery.

Predictors
OSA vs. non-OSA (OR [95% CI]) Severe OSA vs. non-severe OSA (OR [95% CI])

Univariable P-values Multivariable P-values Univariable P-values Multivariable P-values
Age )year( 1.047 )1.028-1.066( <0.001 1.073 )1.026-1.123( 0.002 1.110 )1.080-1.141( <0.001 1.120 )1.090-1.152( <0.001
BMI )kg/m2( 1.05 )1.019-1.082( 0.002 1.044 )0.943-1.157( 0.405 1.062 )1.032-1.093( <0.001 1.040 )1.015-1.066( 0.002
Neck circumference )inches( 1.261 )1.088-1.463( 0.002 1.14 )0.77-1.688( 0.514 1.190 )1.120-1.263( <0.001 1.158 )1.089-1.230( 0.001
Waist 1.1 )1.053-1.149( <0.001 1.019 )0.895-1.161( 0.773 1.091 )1.055-1.128( <0.001 1.070 )1.035-1.106( 0.001
Waist-hip-ratio 1.05 )1.008-1.094( 0.018 1.073 )1.026-1.123( 0.002 1.053 )1.020-1.087( 0.002 1.038 )1.006-1.071( 0.021
Hemoglobin level )g/L( 1.035 )1.017-1.053( <0.001 1.025 )1.008-1.042( 0.003 1.025 )0.995-1.056( 0.109 1.013 )0.984-1.043( 0.267
HcT 1.105 )1.041-1.174( 0.001 1.026 )0.914-1.152( 0.658 1.075 )1.038-1.113( <0.001 1.055 )1.018-1.093( 0.003
Gender )male( 4.588 )2.715-7.753( <0.001 3.563 )0.825-15.382( 0.089 4.882 )2.895-8.238( <0.001 3.760 )2.219-6.370( <0.001
Hypertension 4.569 )2.35-8.884( <0.001 2.2 )0.604-8.016( 0.232 4.635 )2.403-8.945( <0.001 2.250 )0.621-8.159( 0.212
Diabetes mellitus 2.232 )1.16-4.294( 0.016 2.120 )1.100-4.090( 0.023 2.265 )1.180-4.360( 0.014 1.920 )0.990-3.724( 0.053
Hypercholesterolemia 2.241 )1.097-4.58( 0.027 2.020 )1.030-3.960( 0.040 2.280 )1.112-4.675( 0.024 1.998 )0.969-4.121( 0.061

OR: odds ratio, CI: confidence interval, OSA: obstructive sleep apnea, BMI: body mass index, HcT: hematocrit
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OSA, including age, BMI, neck circumference, waist 
measurements, hemoglobin levels, and hematocrit. 
These findings align with prior research identifying age, 
BMI, and neck circumference as critical predictors of 
OSA in obese patients undergoing bariatric surgery.10,30 
Male gender, smoking, snoring, ankle swelling, 
hypertension, and diabetes mellitus were more common 
in the OSA group, reflecting trends reported in the 
literature.28,31,32 A systematic review and meta-analysis 
of 9 studies from North America and Europe revealed 
that 72% of bariatric surgery patients were diagnosed 
with OSA.33 Predictors identified in our research )age, 
BMI, neck circumference, male gender, smoking, 
snoring, ankle swelling, hypertension, and diabetes( 
were consistent with the meta-analysis. However, our 
study uniquely found waist measurements, hemoglobin 
levels, and hematocrit as significant predictors.

The study’s results underscore the importance of 
addressing confounding factors such as age, gender, 
and BMI. By adjusting for these variables in our 
multivariable logistic regression analysis, we were able to 
isolate the relationship between OSA and other clinical 
outcomes, ensuring that our findings were not biased 
by these confounders. While we found that BMI was 
associated with OSA, it was no longer significant after 
accounting for other confounding factors, suggesting 
that neck circumference and waist circumference are 
perhaps more direct predictors of OSA in morbidly 
obese patients. This aligns with previous research that 
emphasized the role of upper-body obesity in the 
development of OSA.10

Our data highlighted that male patients had a 
higher susceptibility to OSA, with a mean AHI of 
62±43.1 events/hr, which is consistent with previous 
findings linking male gender to increased OSA risk.32 
Our findings are consistent with those of a 2018 
study carried out in Thailand, which reported similar 
associations between OSA and comorbidities such as 
hypertension, fatty liver disease, dyslipidemia, and type 
2 diabetes.20 Statistically significant differences in neck 
circumference )16±2.9 inches( and waist circumference 
)51.8±6.8 inches, p<0.001( in our cohort further 
corroborate previous studies.10

It is important to note that smoking status was also 
associated with OSA. A total of 22 )8.4%( smokers were 
identified, with a higher percentage of smokers in the 
OSA group )12.5%( compared to the non-OSA group 
)2.7%(. This aligns with previous research that suggests 
smoking is a contributing factor to the development of 
OSA.34 Ex-smokers )n=7, 2.7%( were more prevalent 
in the OSA group, though this difference was not 
statistically significant. However, the duration of 

smoking, a known risk factor for the severity of OSA, 
was not captured in our data, and this limitation should 
be addressed in future studies.

While OSA remains under-recognized and 
undertreated in bariatric patients, targeted physician 
education on OSA screening in obesity and bariatric 
surgery clinics is crucial. Our findings align with earlier 
research, highlighting obesity as a significant OSA risk 
factor.10 Obese or severely obese patients face double 
the OSA risk of normal-weight individuals, with even 
minor weight increases worsening symptoms, while a 
20% weight reduction can significantly alleviate OSA. 
Continuous positive airway pressure )CPAP( therapy 
plays a critical role in managing OSA before and after 
bariatric surgery, as it helps improve perioperative 
outcomes and reduce complications.29 Early detection 
of OSA enables timely initiation of CPAP therapy, 
which can mitigate the effects of anesthetic agents and 
analgesics that impair upper airway reflexes and arousal 
mechanisms during the perioperative period.

Study limitations. The retrospective design 
inherently limited data completeness and availability of 
some variables, such as smoking history, which lacked 
details on duration and cessation status. Additionally, 
the cross-sectional nature of data collection 
prevented the assessment of temporal relationships 
between variables and long-term outcomes. Our 
study population characteristics introduced certain 
limitations. Being carried out at a single tertiary care 
center may have created referral bias. Furthermore, 
the predominance of patients with BMI of ≥40 kg/
m² )95.8%( limits the generalizability of our findings 
across all BMI categories, although the findings of high 
BMI concur with most previous studies that reported 
bariatric surgery patients in Saudi Arabia.17,35 Several 
clinical assessment limitations existed. While we had 
complete polysomnographic data for included patients, 
we lacked follow-up data to assess post-surgical 
outcomes and CPAP adherence. Potential sources of 
bias included selection bias from excluding patients 
who declined PSG, information bias from self-reported 
symptoms and comorbidities, and measurement bias 
from varying technical staff and equipment. Despite 
statistical adjustment for known confounders, residual 
confounding may exist, particularly from unmeasured 
socioeconomic factors.

Nevertheless, despite these limitations, the study 
provides valuable insights into the predictors and 
prevalence of OSA in bariatric surgery patients and 
highlights the importance of routine OSA screening 
to improve perioperative outcomes and reduce 
complications.
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In conclusion, the study underscores the high 
occurrence of OSA in bariatric surgery patients in Saudi 
Arabia and delineates several demographic and clinical 
factors associated with the condition. These findings 
highlight the importance of screening for OSA in this 
population to optimize patient outcomes and minimize 
postoperative complications. The study, henceforth, 
proves the importance of CPAP therapy before and 
after bariatric surgery and promotes further research 
to understand the effectiveness of CPAP therapy in 
reference to OSA, obesity, and bariatric surgery.

Acknowledgment. The authors gratefully acknowledge 
Charlesworth Author Services (www.cwauthors.com) for their English 
language editing.

References
  
  1. Hruby A, Hu FB. The epidemiology of obesity: a big picture. 

Pharmacoeconomics 2015; 33: 673-689.
  2. Alsulami S, Baig M, Ahmad T, Althagafi N, Hazzazi E, Alsayed 

R, et al. Obesity prevalence, physical activity, and dietary 
practices among adults in Saudi Arabia. Front Public Health 
2023; 11: 1124051.

  3. Jehan S, Zizi F, Pandi-Perumal SR, Wall S, Auguste E, Myers 
AK, et al. Obstructive sleep apnea and obesity: implications for 
public health. Sleep Med Disord 2017; 1: 00019.

  4. Jordan AS, McSharry DG, Malhotra A. Adult obstructive sleep 
apnoea. Lancet 2014; 383: 736-747.

  5. Wolfe BM, Kvach E, Eckel RH. Treatment of obesity: weight 
loss and bariatric surgery. Circ Res 2016; 118: 1844-1855.

  6. Yeghiazarians Y, Jneid H, Tietjens JR, Redline S, Brown DL, 
El-Sherif N, et al. Obstructive sleep apnea and cardiovascular 
disease: a scientific statement from the American Heart 
Association. Circulation 2021; 144: e56-e67.

  7. Aguiar IC, Freitas WR Jr, Santos IR, Apostolico N, Nacif 
SR, Urbano JJ, et al. Obstructive sleep apnea and pulmonary 
function in patients with severe obesity before and after 
bariatric surgery: a randomized clinical trial. Multidiscip Respir 
Med 2014; 9: 43.

  8. Matarredona-Quiles S, Carrasco-Llatas M, Martínez-Ruíz 
de Apodaca P, Díez-Ares JÁ, González-Turienzo E, Dalmau-
Galofre J. Analysis of possible predictors of moderate and severe 
obstructive sleep apnea in obese patients. Indian J Otolaryngol 
Head Neck Surg 2024; 76: 5126-5132.

  9. Knauert M, Naik S, Gillespie MB, Kryger M. Clinical 
consequences and economic costs of untreated obstructive sleep 
apnea syndrome. World J Otorhinolaryngol Head Neck Surg 
2015; 1: 17-27.

10. Duarte RL, Magalhães-da-Silveira FJ. Factors predictive of 
obstructive sleep apnea in patients undergoing pre-operative 
evaluation for bariatric surgery and referred to a sleep laboratory 
for polysomnography. J Bras Pneumol 2015; 41: 440-448.

11. Nastałek P, Polok K, Celejewska-Wójcik N, Kania A, Sładek K, 
Małczak P, et al. Impact of bariatric surgery on obstructive sleep 
apnea severity and continuous positive airway pressure therapy 
compliance-prospective observational study. Sci Rep 2021; 11: 
5003.

12. Ramar K, Malhotra RK, Carden KA, Martin JL, Abbasi-
Feinberg F, Aurora RN, et al. Sleep is essential to health: an 
American Academy of Sleep Medicine position statement. J 
Clin Sleep Med 2021; 17: 2115-2119.

13. Hnin K, Mukherjee S, Antic NA, Catcheside P, Chai-Coetzer 
CL, McEvoy D, et al. The impact of ethnicity on the prevalence 
and severity of obstructive sleep apnea. Sleep Med Rev 2018; 41: 
78-86.

14. Johnson DA, Ohanele C, Alcántara C, Jackson CL. The need 
for social and environmental determinants of health research 
to understand and intervene on racial/ethnic disparities in 
obstructive sleep apnea. Clin Chest Med 2022; 43: 199-216.

15. Stepney D, Attarian HP, Knutson KL. Association between 
severity of obstructive sleep apnea and its common symptoms 
varies by race, ethnicity, and gender. J Clin Sleep Med 2023; 19: 
1727-1733.

16. Al-Omar HA, Alshehri A, Alqahtani SA, Alabdulkarim H, 
Alrumaih A, Eldin MS. A systematic review of obesity burden 
in Saudi Arabia: prevalence and associated co-morbidities. 
Saudi Pharm J 2024; 32: 102192.

17. Arishi AA, Gosadi IM, Hakami IA, Darraj H, Abusageah 
F, Hakami KM, et al. Bariatric surgery reduces weight loss, 
comorbidities prevalence, and improves quality of life in the 
southern region of Saudi Arabia. Medicina (Kaunas) 2023; 59: 
1695.

18. Dowgiałło-Gornowicz N, Lech P, Katkowski B, Walędziak M, 
Proczko-Stepaniak M, Szymański M, et al. Risk factors for 
bariatric surgery in patients over 65 years of age-a multicenter 
retrospective cohort study. Langenbecks Arch Surg 2024; 409: 
115.

19. Weitzner ZN, Kim KH, Kim Y, Seo KW, Choi YS, Dutson 
EP. Comparison of Eastern and Western patients undergoing 
bariatric surgery at 2 US and Korean institutions: a retrospective 
analysis of differing bariatric patient populations. Surg Endosc 
2024; 38: 129-135.

20. Kositanurit W, Muntham D, Udomsawaengsup S, 
Chirakalwasan N. Prevalence and associated factors of 
obstructive sleep apnea in morbidly obese patients undergoing 
bariatric surgery. Sleep Breath 2018; 22: 251-256.

21. Althumiri NA, Basyouni MH, AlMousa N, AlJuwaysim MF, 
Almubark RA, BinDhim NF, et al. Obesity in Saudi Arabia in 
2020: prevalence, distribution, and its current association with 
various health conditions. Healthcare (Basel) 2021; 9: 311.

22. Flegal KM, Kit BK, Orpana H, Graubard BI. Association of 
all-cause mortality with overweight and obesity using standard 
body mass index categories: a systematic review and meta-
analysis. JAMA 2013; 309: 71-82.

23. Ahmed AE, Fatani A, Al-Harbi A, Al-Shimemeri A, Ali YZ, 
Baharoon S, et al. Validation of the Arabic version of the 
Epworth sleepiness scale. J Epidemiol Glob Health 2014; 4: 
297-302.

24. Elwali A, Moussavi Z. Predicting polysomnography parameters 
from anthropometric features and breathing sounds recorded 
during wakefulness. Diagnostics (Basel) 2021; 11: 905.

25. Sateia MJ. International classification of sleep disorders-third 
edition: highlights and modifications. Chest 2014; 146: 
1387-1394.

26. Berry RB, Gamaldo CE, Harding SM, Brooks R, Lloyd RM, 
Vaughn BV, et al. AASM scoring manual version 2.2 updates: 
new chapters for scoring infant sleep staging and home sleep 
apnea testing. J Clin Sleep Med 2015; 11: 1253-1254.

https://pubmed.ncbi.nlm.nih.gov/25471927/
https://pubmed.ncbi.nlm.nih.gov/25471927/
https://pubmed.ncbi.nlm.nih.gov/37056656/
https://pubmed.ncbi.nlm.nih.gov/37056656/
https://pubmed.ncbi.nlm.nih.gov/37056656/
https://pubmed.ncbi.nlm.nih.gov/37056656/
https://pubmed.ncbi.nlm.nih.gov/29517065/
https://pubmed.ncbi.nlm.nih.gov/29517065/
https://pubmed.ncbi.nlm.nih.gov/29517065/
https://pubmed.ncbi.nlm.nih.gov/23910433/
https://pubmed.ncbi.nlm.nih.gov/23910433/
https://pubmed.ncbi.nlm.nih.gov/27230645/
https://pubmed.ncbi.nlm.nih.gov/27230645/
https://pubmed.ncbi.nlm.nih.gov/34148375/
https://pubmed.ncbi.nlm.nih.gov/34148375/
https://pubmed.ncbi.nlm.nih.gov/34148375/
https://pubmed.ncbi.nlm.nih.gov/34148375/
https://pubmed.ncbi.nlm.nih.gov/25136444/
https://pubmed.ncbi.nlm.nih.gov/25136444/
https://pubmed.ncbi.nlm.nih.gov/25136444/
https://pubmed.ncbi.nlm.nih.gov/25136444/
https://pubmed.ncbi.nlm.nih.gov/25136444/
https://pubmed.ncbi.nlm.nih.gov/39559156/
https://pubmed.ncbi.nlm.nih.gov/39559156/
https://pubmed.ncbi.nlm.nih.gov/39559156/
https://pubmed.ncbi.nlm.nih.gov/39559156/
https://pubmed.ncbi.nlm.nih.gov/39559156/
https://pubmed.ncbi.nlm.nih.gov/29204536/
https://pubmed.ncbi.nlm.nih.gov/29204536/
https://pubmed.ncbi.nlm.nih.gov/29204536/
https://pubmed.ncbi.nlm.nih.gov/29204536/
https://pubmed.ncbi.nlm.nih.gov/26578136/
https://pubmed.ncbi.nlm.nih.gov/26578136/
https://pubmed.ncbi.nlm.nih.gov/26578136/
https://pubmed.ncbi.nlm.nih.gov/26578136/
https://pubmed.ncbi.nlm.nih.gov/33654165/
https://pubmed.ncbi.nlm.nih.gov/33654165/
https://pubmed.ncbi.nlm.nih.gov/33654165/
https://pubmed.ncbi.nlm.nih.gov/33654165/
https://pubmed.ncbi.nlm.nih.gov/33654165/
https://pubmed.ncbi.nlm.nih.gov/34170250/
https://pubmed.ncbi.nlm.nih.gov/34170250/
https://pubmed.ncbi.nlm.nih.gov/34170250/
https://pubmed.ncbi.nlm.nih.gov/34170250/
https://pubmed.ncbi.nlm.nih.gov/30149931/
https://pubmed.ncbi.nlm.nih.gov/30149931/
https://pubmed.ncbi.nlm.nih.gov/30149931/
https://pubmed.ncbi.nlm.nih.gov/30149931/
https://pubmed.ncbi.nlm.nih.gov/35659019/
https://pubmed.ncbi.nlm.nih.gov/35659019/
https://pubmed.ncbi.nlm.nih.gov/35659019/
https://pubmed.ncbi.nlm.nih.gov/35659019/
https://pubmed.ncbi.nlm.nih.gov/37786380/
https://pubmed.ncbi.nlm.nih.gov/37786380/
https://pubmed.ncbi.nlm.nih.gov/37786380/
https://pubmed.ncbi.nlm.nih.gov/37786380/
https://pubmed.ncbi.nlm.nih.gov/39525490/
https://pubmed.ncbi.nlm.nih.gov/39525490/
https://pubmed.ncbi.nlm.nih.gov/39525490/
https://pubmed.ncbi.nlm.nih.gov/39525490/
https://pubmed.ncbi.nlm.nih.gov/37893415/
https://pubmed.ncbi.nlm.nih.gov/37893415/
https://pubmed.ncbi.nlm.nih.gov/37893415/
https://pubmed.ncbi.nlm.nih.gov/37893415/
https://pubmed.ncbi.nlm.nih.gov/37893415/
https://pubmed.ncbi.nlm.nih.gov/38589572/
https://pubmed.ncbi.nlm.nih.gov/38589572/
https://pubmed.ncbi.nlm.nih.gov/38589572/
https://pubmed.ncbi.nlm.nih.gov/38589572/
https://pubmed.ncbi.nlm.nih.gov/38589572/
https://pubmed.ncbi.nlm.nih.gov/37934296/
https://pubmed.ncbi.nlm.nih.gov/37934296/
https://pubmed.ncbi.nlm.nih.gov/37934296/
https://pubmed.ncbi.nlm.nih.gov/37934296/
https://pubmed.ncbi.nlm.nih.gov/37934296/
https://pubmed.ncbi.nlm.nih.gov/28396972/
https://pubmed.ncbi.nlm.nih.gov/28396972/
https://pubmed.ncbi.nlm.nih.gov/28396972/
https://pubmed.ncbi.nlm.nih.gov/28396972/
https://pubmed.ncbi.nlm.nih.gov/33799725/
https://pubmed.ncbi.nlm.nih.gov/33799725/
https://pubmed.ncbi.nlm.nih.gov/33799725/
https://pubmed.ncbi.nlm.nih.gov/33799725/
https://pubmed.ncbi.nlm.nih.gov/23280227/
https://pubmed.ncbi.nlm.nih.gov/23280227/
https://pubmed.ncbi.nlm.nih.gov/23280227/
https://pubmed.ncbi.nlm.nih.gov/23280227/
https://pubmed.ncbi.nlm.nih.gov/25455647/
https://pubmed.ncbi.nlm.nih.gov/25455647/
https://pubmed.ncbi.nlm.nih.gov/25455647/
https://pubmed.ncbi.nlm.nih.gov/25455647/
https://pubmed.ncbi.nlm.nih.gov/34069566/
https://pubmed.ncbi.nlm.nih.gov/34069566/
https://pubmed.ncbi.nlm.nih.gov/34069566/
https://pubmed.ncbi.nlm.nih.gov/25367475/
https://pubmed.ncbi.nlm.nih.gov/25367475/
https://pubmed.ncbi.nlm.nih.gov/25367475/
https://pubmed.ncbi.nlm.nih.gov/26446251/
https://pubmed.ncbi.nlm.nih.gov/26446251/
https://pubmed.ncbi.nlm.nih.gov/26446251/
https://pubmed.ncbi.nlm.nih.gov/26446251/


281https://smj.org.sa      Saudi Med J 2025; Vol. 46 )3(

OSA & patients for bariatric surgery ... Alaqeel et al

27. Real J, Forné C, Roso-Llorach A, Martínez-Sánchez JM. Quality 
reporting of multivariable regression models in observational 
studies: review of a representative sample of articles published 
in biomedical journals. Medicine (Baltimore) 2016; 95: e3653.

28. Xia Y, Liang C, Kang J, You K, Xiong Y. Obstructive sleep apnea 
and obesity are associated with hypertension in a particular 
pattern: a retrospective study. Healthcare (Basel) 2023; 11: 402.

29. Wyszomirski K, Walędziak M, Różańska-Walędziak A. Obesity, 
bariatric surgery and obstructive sleep apnea-a narrative 
literature review. Medicina (Kaunas) 2023; 59: 1266.

30. Chen W, Feng J, Wang Y, Wang C, Dong Z. Development 
and validation of a nomogram for predicting obstructive sleep 
apnea in bariatric surgery candidates. Nat Sci Sleep 2021; 13: 
1013-1023.

31. Patial K, Mishra HP, Pal G, Suvvari TK, Ghosh T, Mishra 
SS, et al. Understanding the association between obesity and 
obstructive sleep apnea syndrome: a case-control study. Cureus 
2023; 15: e45843.

32. Horvath CM, Jossen J, Kröll D, Nett PC, Baty F, Brill AK, et 
al. Prevalence and prediction of obstructive sleep apnea prior 
to bariatric surgery-gender-specific performance of 4 sleep 
questionnaires. Obes Surg 2018; 28: 2720-2726.

33. Katasani T, Holt G, Al-Khyatt W, Idris I. Peri- and postoperative 
outcomes for obstructive sleep apnoea patients after bariatric 
surgery-a systematic review and meta-analysis. Obes Surg 2023; 
33: 2016-2024.

34. Krishnan V, Dixon-Williams S, Thornton JD. Where there is 
smoke…there is sleep apnea: exploring the relationship between 
smoking and sleep apnea. Chest 2014; 146: 1673-1680.

35. Zacharakis G, Almasoud A, AlZahrani J, Al-Ghamdi S, 
Altuwaim A, AlShehri A, et al. Upper gastrointestinal tract 
involvement in the management of bariatric patients in the 
Kingdom of Saudi Arabia. Ann Gastroenterol 2021; 34: 
177-182.

https://pubmed.ncbi.nlm.nih.gov/27196467/
https://pubmed.ncbi.nlm.nih.gov/27196467/
https://pubmed.ncbi.nlm.nih.gov/27196467/
https://pubmed.ncbi.nlm.nih.gov/27196467/
https://pubmed.ncbi.nlm.nih.gov/36766978/
https://pubmed.ncbi.nlm.nih.gov/36766978/
https://pubmed.ncbi.nlm.nih.gov/36766978/
https://pubmed.ncbi.nlm.nih.gov/37512076/
https://pubmed.ncbi.nlm.nih.gov/37512076/
https://pubmed.ncbi.nlm.nih.gov/37512076/
https://pubmed.ncbi.nlm.nih.gov/34234604/
https://pubmed.ncbi.nlm.nih.gov/34234604/
https://pubmed.ncbi.nlm.nih.gov/34234604/
https://pubmed.ncbi.nlm.nih.gov/34234604/
https://pubmed.ncbi.nlm.nih.gov/37881397/
https://pubmed.ncbi.nlm.nih.gov/37881397/
https://pubmed.ncbi.nlm.nih.gov/37881397/
https://pubmed.ncbi.nlm.nih.gov/37881397/
https://pubmed.ncbi.nlm.nih.gov/29616468/
https://pubmed.ncbi.nlm.nih.gov/29616468/
https://pubmed.ncbi.nlm.nih.gov/29616468/
https://pubmed.ncbi.nlm.nih.gov/29616468/
https://pubmed.ncbi.nlm.nih.gov/37140722/
https://pubmed.ncbi.nlm.nih.gov/37140722/
https://pubmed.ncbi.nlm.nih.gov/37140722/
https://pubmed.ncbi.nlm.nih.gov/37140722/
https://pubmed.ncbi.nlm.nih.gov/25451354/
https://pubmed.ncbi.nlm.nih.gov/25451354/
https://pubmed.ncbi.nlm.nih.gov/25451354/
https://pubmed.ncbi.nlm.nih.gov/33654356/
https://pubmed.ncbi.nlm.nih.gov/33654356/
https://pubmed.ncbi.nlm.nih.gov/33654356/
https://pubmed.ncbi.nlm.nih.gov/33654356/
https://pubmed.ncbi.nlm.nih.gov/33654356/

	Title
	Authors
	Affiliation
	ABSTRACT
	Introduction
	Methods
	Results
	Discussion
	References
	Acknowledgment

