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Objectives: To determine risk factors and clinical characteristics of obstructive sleep apnea 

patients (OSA) according to the severity of the value of AHI ≥ 60 (Apnea-Hypopnea Index). 

Methods: A hospital-based, case-control study, December 2018 - 2020. Patients were 

grouped by severity of AHI as moderate, severe, and very severe. Results: Of 103 male 

cases, 52 were very severe obstructive sleep apnea (vsOSA). The control group consisted of 

16 moderate OSA (mOSA) and 35 severe OSA (sOSA) patients. The case group consisted 

of 52 vsOSA patients. The average age was 48.7 ± 12.6. There was statistically significant 

increased body mass index (p < 0.003), systolic blood pressure, and abdominal circumference 

(p < 0.006) in the vsOSA group. Moreover, on polysomnography there was less deep sleep 

(p < 0.004), a greater arousal index (p < 0.000), higher apnea-hypopnea index (p < 0.000), 

and higher night systole pressure (p < 0.010). According to a bivariate analysis, abdominal 

circumferences were the variable with the closest association to the vsOSA group (crude OR: 

9.14, p > 0.004), followed by decreased maximum saturation of O2 (crude OR: 6.6, p > 0.451). 

Conclusion: Of male OSA patients, 50.1% have vsOSA (AHI > 60) and most of them were 

obese and suffered from high blood pressure. Lower levels of O2 saturation and increased 

abdominal and neck circumferences were significant risk factors for the very severe obstructive 

sleep apnea group.
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Introduction

Obstructive sleep apnea (OSA) is a common condition 

characterized by repetitive obstruction of the upper airway 

during sleep with resultant episodic hypoxia and arousal. The 

severity of the OSA is determined by the apnea-hypopnea index 

(AHI), the frequency in which apnea or hypopnea is produced, 

and expressed as the number of events per hour [1]. With these 

values, the severity of OSA can be grouped as: mild OSA (mOSA) 

-5 > AHI < 15 events/hour; moderate OSA (mod OSA) 15 > 

AHI < 30; severe OSA (sOSA) AHI > 30) [2]. This is assessed by 

polysomnography (PSG) [3, 4]. The comprehensive overnight PSG 
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 Booster shot is an additional vaccine dose that should 

afford extra protection against COVID-19. Last week, the New 

England Journal of Medicine published a study of third COVID 

shots involving participants over 60 years age or older in Israel. 

The data was collected from July through August when the Delta 

variant was spreading throughout the country [6, 7]. It showed 

that a booster shot of BNT16b2 (Pfizer-BioNTech) vaccine 

restored an immune response similar to the protection generated 

after a second dose, and severe illness was significantly lower 

among participants. Further, several countries including Britain, 

Germany, France, Belgium have decided to offer booster shots to 

older adults and people with weakened immune systems, even 

though EU drug regulators have not yet been recommended the 

additional dose of vaccination [8, 9]. As for the USA, booster 

shots will be widely available from September 20th to Americans 

who received two dose COVID-19 vaccine. In the case of Asian 

countries, China will complete booster shots to elderly as well as 

high-risk employees by the end of October, while South Korea 

plans to begin booster shots from October to people who have 

weakened immune systems, or who received their second dose 

6 months ago [10, 11]. 

Even though booster shots are essential to those with weak 

immune or high risk for occupational exposure, WHO called for a 

global moratorium on booster shots until the end of September 

since it could increase inequality in vaccine access. Moreover, 

WHO says current vaccine supplies could save more lives of 

unvaccinated populations. 
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male. Exclusion criteria: controls with AHI < 15, sleep disease 

comorbidity, diagnosis other than OSA, and women. 

Variables
Demographic, anthropometric, clinical and PSG variables included 

for the analysis were: age (years), weight (kg), height (m), body 

mass index (BMI: kg/m2), neck and abdomen circumference (cm), 

Mallampati’s classifications parameters, blood pressure, SPO2 

measurement and selected PSG indicators.

We defined obesity as a BMI ≥ 30. A hypertension 

diagnosis was considered as systolic blood pressure > 140 

mmHg or diastolic blood pressure > 90. Arterial blood pressure 

measurements were done according to the Seventh Report of the 

Joint National Committee on Prevention, Detection, Evaluation, 

and Treatment of High Blood Pressure, Hypertension [17]. 

We followed National Cholesterol Education Program’s 

Adult Treatment Panel III criteria to define metabolic syndrome, 

with the cut-off value for abdominal obesity of 90 cm for men, 

as recommended by the World Health Organization guidelines 

for South Asians [18, 19]. 

Clinical examinations
Participants’ body weight (in kg) and height (in cm) were 

measured by trained medical assistants or physicians using a 

standardized protocol,  and BMI (in kg/m2) was subsequently 

calculated. Patients with BMI  values between 25  and 30kg/

m2 were considered overweight, and patients with BMI values 

> 30 kg/m2 were considered obese. Body weight was measured 

to the nearest 0.5kg in standing position without footwear, 

wearing light indoor clothes, with body composition analyzer, 

“AQUNICC BC 360” of AQUNICC brand, by “SELVAS” Korea. 

Abdominal circumference was measured midway between lower 

rib margin and anterior superior iliac spine using a non-elastic 

measuring tape and reported in cm. Neck circumferences in 

cm were measured at the level of the cricothyroid membrane. 

An automatic sphygmomanometer “Ray come” with a digital 

display was used to measure blood pressure with patients in the 

sitting position after at least 5 minutes of rest. 

The oropharynx examination: a) The Mallampati score was 

obtained during the physical examination of each patient. The 

score was assessed by asking the patient to open his or her 

mouth as wide as possible while protruding the tongue as far as 

possible. A standard I to IV grading system was used. Similarly, 

tongue position grading was performed as follows: I, if uvula 

and the entire tonsils/pillar were clearly visible; II, if most of the 

uvula was visible but tonsils or the pillar was invisible; III, if only 

the soft palate was partially visible; and IV, if only the hard palate 

was visible [15]. b) Tonsil grade was graded from I to IV; cases, 

where the tonsil tissue was not visible, were defined as I; cases 

where the tonsil was visible in the pillars as II; cases with tonsils 

outside the pillars as III; and cases where tonsils reached the 

midline as grade IV [20]. 

Polysomnography
All patients underwent one night laboratory polysomnography 

recording from 10:00 pm to 6:00 am, who were sent from sleep 

doctors and neurologists of the outpatient department. We 

used a PSG device with name “SOMNO screen TM plus 6962” 

by SOMNO medics GmbH, Germany. The software is DOMINO, 

version 2.6.0. All PSG tests were carried out according to 

standardized techniques with digital data recording. Preparation 

of examinations and placement of electrodes lasted approximately 

50 to 60 minutes. For the PSG, the recordings took place under 

the vigilance of specialized technicians with the supervision of 

a physician, in a room with appropriate technical conditions. 

The PSG recording scorings followed according to the American 

Academy of  Sleep Medicine 2007 recommendations, with 

automatic staging followed by manual staging in phases of 

30 seconds, according to modified Rechtschaffen and Kales 

criteria, carried out by experienced technicians and analyzed 

by sleep specialists [20, 21]. Data were obtained from two 

central derivations (C4-A1, C3-A2), two occipital derivations 

(O2-A1, O1-A2), two frontal derivations (F4-A1, F3-A2), two 

derivations for the detection of ocular movement (ROC-A1, 

LOC-A2), three chin electromyogram (EMG) derivation, two 

electrocardiogram electrodes, a nasal pressure sensor, a nasal 

thermistor, a piezoelectric snore sensor, respiratory movement 

sensors with thoracic and abdominal piezoelectric bands, pulse 

oximetry, EMG of the right and left tibialis muscle, and body 

position. Hypoapnea was defined as a decrease in amplitude 

of the thermistor ≥ 30%, with desaturation desaturation of 

4% compared to the prior baseline value, over at least 90% of 

the duration of an event ≥ 10 seconds. OSA was classified as 

moderate  (AHI 15.1–30 events/h), severe (AHI > 30 events/h), 

and very severe (AHI > 60 events/h) [22]. 
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is currently the most widely used diagnostic test to document 

obstructive sleep apnea. This is the gold standard for diagnosis 

of OSA [5, 6]. 

OSA prevalence is greater in men and associated with 

obesity [7, 8]. OSA risk factors with strong associations are 

obesity, male sex, and older age, while those with moderate 

associations include craniofacial/upper-airway abnormalities, 

smoking, alcohol drinking, nasal congestion, cardiovascular 

disease, and family history of sleep apnea [9]. Increased body-

mass index (BMI) and neck circumference are mostly measured 

in individuals with obesity and fat deposition around the upper 

airway who are at increased risk of having OSA. It is known 

that OSA is associated with a range of negative outcomes 

including sleepiness, sleep disruption, cognitive dysfunction, 

and cardiovascular disease [5]. Subjects with OSA may complain 

of excessive daytime sleepiness (EDS) or insomnia, nocturia, and 

morning headaches. Specifically, there has been increasing social 

concern regarding sleep quality due to traffic accidents caused 

by daytime sleepiness, which is a major sleep apnea symptom, 

and other large-scale disasters caused by a lack of attention [5, 

10, 11]. 

The prevalence of symptomatic OSA in the general population 

has been estimated at about 3-9% [1-3]. In Western countries, 

the overall population prevalence ranged from 9% to 38% [1]. 

Moreover, up to 5% of the western population has undiagnosed 

OSA syndrome characterized by an elevated apnea-hypopnea 

index (AHI) and symptoms) [7]. In the Wisconsin Sleep Cohort, a 

stratified random sample of Wisconsin state employees ages 30 

– 60 years, the prevalence of OSA defined by an AHI > 5 events/

hour was 9% in women and 24% in men [8]. The prevalence of 

OSA has been shown to increase with age in adults, up to the 

age of 65. On the other hand, in Asian countries OSA prevalence 

ranged from 3.7% to 97.3% [4]. This huge difference is possibly 

explained by the sample size as well as some risk factors such 

as age and BMI. In the study by Okabayashi et al. where the 

participants underwent home pulse oximetry, the OSA patients 

with highest AHI were overweight and hypertensive [12].  

Previously researchers found that patients with sOSA had 

higher rates of morbidity and mortality compared to mild and 

moderate AHI level patients [13]. Several studies demonstrated 

that the severity of OSA was significantlty different between 

white and asian ethnic groups. Asian populations had a higher 

mallampati oropharyngeal score (the distance from the tongue 

base to the roof of the mouth), a higher thryomental angle, 

and shorter thyromental distance morphology compared to 

white ethnic groups. Moreover, obese subjects had an abnormal 

craniofacial profile which resulted in structural narrowing of the 

upper airway. Further more, in the Korean population, Koo et al. 

revealed that during REM (rapid eye movement) sleep, modOSA 

and sOSA was significantly associated with metabolic syndrome 

after adjusting for age and BMI [14]. 

Some studies used different cut-off values for very severe 

OSA (vs OSA) with AHI ≥ 60 to AHI > 100 to determine the 

association between clinical characteristics to PSG parameters 

[14 - 16]. Based on a previous study we hypothesized that 

patients with vsOSA (AHI > 60) are associated with increased 

comorbidities in comparison with AHI < 60 levels. To our 

knowledge, no study has analyzed the diagnosis of OSA and 

sleep related breathing disorders using polysomnography in the 

Mongolia population. Therefore, in the present study, we aimed 

to determine risk factors and clinical characteristics of OSA 

patients with the value of AHI ≥ 60 in Mongolian male patients 

admitted at the Sleep Research Center of the General Hospital 

for State Special Servants (GHSSS) in Mongolia.

Materials and Methods 

Study design 
Hospital based, retrospective, case-control design was used 

for the study. All patient data and PSG recordings were used 

from the Sleep Center of the General Hospital for State Special 

Servants (GHSSS), Ulaanbaatar, Mongolia.

Study population 
There were a total of 233 PSG acquisitions performed during 

the 2-year period, December 2018-2020 and 158 patients were 

diagnosed with OSA, 103 males, and 55 females. We excluded 

all females and patients with a diagnosis other than OSA. 

Male patients were divided into three categories according to 

their AHI: moderate 16 (15.5%) (modOSA < 15, AHI < 29.9), 

severe 35 (34.0%) (sOSA > 30, AHI > 59.9) and very severe 52 

(50.5%) (vsOSA, AHI > 60). We considered vsOSA (AHI > 60) 

category as a case and modOSA with sOSA groups as controls. 

Cases and controls were matched randomly according to their 

AHI category. 

Inclusion criteria: age older than 18 years old, AHI > 15, and 

Clinical Factors Associated with Obstructive Sleep Apnea 
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male. Exclusion criteria: controls with AHI < 15, sleep disease 

comorbidity, diagnosis other than OSA, and women. 

Variables
Demographic, anthropometric, clinical and PSG variables included 

for the analysis were: age (years), weight (kg), height (m), body 

mass index (BMI: kg/m2), neck and abdomen circumference (cm), 

Mallampati’s classifications parameters, blood pressure, SPO2 

measurement and selected PSG indicators.

We defined obesity as a BMI ≥ 30. A hypertension 

diagnosis was considered as systolic blood pressure > 140 

mmHg or diastolic blood pressure > 90. Arterial blood pressure 

measurements were done according to the Seventh Report of the 

Joint National Committee on Prevention, Detection, Evaluation, 

and Treatment of High Blood Pressure, Hypertension [17]. 

We followed National Cholesterol Education Program’s 

Adult Treatment Panel III criteria to define metabolic syndrome, 

with the cut-off value for abdominal obesity of 90 cm for men, 

as recommended by the World Health Organization guidelines 

for South Asians [18, 19]. 

Clinical examinations
Participants’ body weight (in kg) and height (in cm) were 

measured by trained medical assistants or physicians using a 

standardized protocol,  and BMI (in kg/m2) was subsequently 

calculated. Patients with BMI  values between 25  and 30kg/

m2 were considered overweight, and patients with BMI values 

> 30 kg/m2 were considered obese. Body weight was measured 

to the nearest 0.5kg in standing position without footwear, 

wearing light indoor clothes, with body composition analyzer, 

“AQUNICC BC 360” of AQUNICC brand, by “SELVAS” Korea. 

Abdominal circumference was measured midway between lower 

rib margin and anterior superior iliac spine using a non-elastic 

measuring tape and reported in cm. Neck circumferences in 

cm were measured at the level of the cricothyroid membrane. 

An automatic sphygmomanometer “Ray come” with a digital 

display was used to measure blood pressure with patients in the 

sitting position after at least 5 minutes of rest. 

The oropharynx examination: a) The Mallampati score was 

obtained during the physical examination of each patient. The 

score was assessed by asking the patient to open his or her 

mouth as wide as possible while protruding the tongue as far as 

possible. A standard I to IV grading system was used. Similarly, 

tongue position grading was performed as follows: I, if uvula 

and the entire tonsils/pillar were clearly visible; II, if most of the 

uvula was visible but tonsils or the pillar was invisible; III, if only 

the soft palate was partially visible; and IV, if only the hard palate 

was visible [15]. b) Tonsil grade was graded from I to IV; cases, 

where the tonsil tissue was not visible, were defined as I; cases 

where the tonsil was visible in the pillars as II; cases with tonsils 

outside the pillars as III; and cases where tonsils reached the 

midline as grade IV [20]. 

Polysomnography
All patients underwent one night laboratory polysomnography 

recording from 10:00 pm to 6:00 am, who were sent from sleep 

doctors and neurologists of the outpatient department. We 

used a PSG device with name “SOMNO screen TM plus 6962” 

by SOMNO medics GmbH, Germany. The software is DOMINO, 

version 2.6.0. All PSG tests were carried out according to 

standardized techniques with digital data recording. Preparation 

of examinations and placement of electrodes lasted approximately 

50 to 60 minutes. For the PSG, the recordings took place under 

the vigilance of specialized technicians with the supervision of 

a physician, in a room with appropriate technical conditions. 

The PSG recording scorings followed according to the American 

Academy of  Sleep Medicine 2007 recommendations, with 

automatic staging followed by manual staging in phases of 

30 seconds, according to modified Rechtschaffen and Kales 

criteria, carried out by experienced technicians and analyzed 

by sleep specialists [20, 21]. Data were obtained from two 

central derivations (C4-A1, C3-A2), two occipital derivations 

(O2-A1, O1-A2), two frontal derivations (F4-A1, F3-A2), two 

derivations for the detection of ocular movement (ROC-A1, 

LOC-A2), three chin electromyogram (EMG) derivation, two 

electrocardiogram electrodes, a nasal pressure sensor, a nasal 

thermistor, a piezoelectric snore sensor, respiratory movement 

sensors with thoracic and abdominal piezoelectric bands, pulse 

oximetry, EMG of the right and left tibialis muscle, and body 

position. Hypoapnea was defined as a decrease in amplitude 

of the thermistor ≥ 30%, with desaturation desaturation of 

4% compared to the prior baseline value, over at least 90% of 

the duration of an event ≥ 10 seconds. OSA was classified as 

moderate  (AHI 15.1–30 events/h), severe (AHI > 30 events/h), 

and very severe (AHI > 60 events/h) [22]. 
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is currently the most widely used diagnostic test to document 

obstructive sleep apnea. This is the gold standard for diagnosis 

of OSA [5, 6]. 

OSA prevalence is greater in men and associated with 

obesity [7, 8]. OSA risk factors with strong associations are 

obesity, male sex, and older age, while those with moderate 

associations include craniofacial/upper-airway abnormalities, 

smoking, alcohol drinking, nasal congestion, cardiovascular 

disease, and family history of sleep apnea [9]. Increased body-

mass index (BMI) and neck circumference are mostly measured 

in individuals with obesity and fat deposition around the upper 

airway who are at increased risk of having OSA. It is known 

that OSA is associated with a range of negative outcomes 

including sleepiness, sleep disruption, cognitive dysfunction, 

and cardiovascular disease [5]. Subjects with OSA may complain 

of excessive daytime sleepiness (EDS) or insomnia, nocturia, and 

morning headaches. Specifically, there has been increasing social 

concern regarding sleep quality due to traffic accidents caused 

by daytime sleepiness, which is a major sleep apnea symptom, 

and other large-scale disasters caused by a lack of attention [5, 

10, 11]. 

The prevalence of symptomatic OSA in the general population 

has been estimated at about 3-9% [1-3]. In Western countries, 

the overall population prevalence ranged from 9% to 38% [1]. 

Moreover, up to 5% of the western population has undiagnosed 

OSA syndrome characterized by an elevated apnea-hypopnea 

index (AHI) and symptoms) [7]. In the Wisconsin Sleep Cohort, a 

stratified random sample of Wisconsin state employees ages 30 

– 60 years, the prevalence of OSA defined by an AHI > 5 events/

hour was 9% in women and 24% in men [8]. The prevalence of 

OSA has been shown to increase with age in adults, up to the 

age of 65. On the other hand, in Asian countries OSA prevalence 

ranged from 3.7% to 97.3% [4]. This huge difference is possibly 

explained by the sample size as well as some risk factors such 

as age and BMI. In the study by Okabayashi et al. where the 

participants underwent home pulse oximetry, the OSA patients 

with highest AHI were overweight and hypertensive [12].  

Previously researchers found that patients with sOSA had 

higher rates of morbidity and mortality compared to mild and 

moderate AHI level patients [13]. Several studies demonstrated 

that the severity of OSA was significantlty different between 

white and asian ethnic groups. Asian populations had a higher 

mallampati oropharyngeal score (the distance from the tongue 

base to the roof of the mouth), a higher thryomental angle, 

and shorter thyromental distance morphology compared to 

white ethnic groups. Moreover, obese subjects had an abnormal 

craniofacial profile which resulted in structural narrowing of the 

upper airway. Further more, in the Korean population, Koo et al. 

revealed that during REM (rapid eye movement) sleep, modOSA 

and sOSA was significantly associated with metabolic syndrome 

after adjusting for age and BMI [14]. 

Some studies used different cut-off values for very severe 

OSA (vs OSA) with AHI ≥ 60 to AHI > 100 to determine the 

association between clinical characteristics to PSG parameters 

[14 - 16]. Based on a previous study we hypothesized that 

patients with vsOSA (AHI > 60) are associated with increased 

comorbidities in comparison with AHI < 60 levels. To our 

knowledge, no study has analyzed the diagnosis of OSA and 

sleep related breathing disorders using polysomnography in the 

Mongolia population. Therefore, in the present study, we aimed 

to determine risk factors and clinical characteristics of OSA 

patients with the value of AHI ≥ 60 in Mongolian male patients 

admitted at the Sleep Research Center of the General Hospital 

for State Special Servants (GHSSS) in Mongolia.

Materials and Methods 

Study design 
Hospital based, retrospective, case-control design was used 

for the study. All patient data and PSG recordings were used 

from the Sleep Center of the General Hospital for State Special 

Servants (GHSSS), Ulaanbaatar, Mongolia.

Study population 
There were a total of 233 PSG acquisitions performed during 

the 2-year period, December 2018-2020 and 158 patients were 

diagnosed with OSA, 103 males, and 55 females. We excluded 

all females and patients with a diagnosis other than OSA. 

Male patients were divided into three categories according to 

their AHI: moderate 16 (15.5%) (modOSA < 15, AHI < 29.9), 

severe 35 (34.0%) (sOSA > 30, AHI > 59.9) and very severe 52 

(50.5%) (vsOSA, AHI > 60). We considered vsOSA (AHI > 60) 

category as a case and modOSA with sOSA groups as controls. 

Cases and controls were matched randomly according to their 

AHI category. 

Inclusion criteria: age older than 18 years old, AHI > 15, and 
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Table 2. Anthropometric and sleep characteristics of all patients (cases (AHI > 60) and controls).
Obstructive Sleep Apnea

Characteristics 
Moderate

(n = 65)

Severe

(n = 83)

Very severe

(n = 66)

Total

(n = 214)
*p-value

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

BMI a 27.91 ± 5.18 30.94 ± 6.6 34.86 ± 5.55 29.60 ± 6.5 0.003

Neck circumferenceb, c 38.8 ± 3.9 40.54 ± 5.19 41.87 ± 3.89 37.26 ± 5.19 0.041

Abdominal circumferenced 100.3 ± 12.52 105.3 ± 19.0 113.8 ± 15.17 99.21 ± 18.19 0.006

Malampatti score* 1.62 ± 0.8 1.48 ± 0.6 1.82 ± 0.9 1.49 ± 0.78 0.151

Apnoe-hypoapnea indexe 21.06 ± 3.88 45.65 ± 8.25 83.5 ± 17.5 38.59 ± 29.41 0.000

SpO2 minf 84.12 ± 5.41 76.6 ± 8.4 67.23 ± 9.53 78.97 ± 10.67 0.000

SpO2 maxg 93.0 ± 1.46 92.9 ± 2.18 91.4 ± 2.74 92.71 ± 2.7 0.007

BP day systole maxh 134.3 ± 26.57 144.5 ± 22.4 150.8 ± 22.5 136.13 ± 22.35 0.044

BP night systole maxi, j 152.5 ± 34.3 169.57 ± 26.8 174.13 ± 29.2 148.92 ± 30.37 0.011

Total sleep time, hours k, l, m 7.27 ± 0.96 6.84 ± 1.03 7.25 ± 0.83 7.00 ± 1.00 0.108

Sleep efficiency 87.5 ± 6.65 86.3 ± 10.6 88.8 ± 9.04 86.61 ± 10.3 0.460

REM sleep n, o 19.3 ± 5.28 15.7 ± 6.36 13.94 ± 4.65 16.89 ± 6.55 0.004

Arousal index p 31.3 ± 12.4 45.6 ± 15.47 53.2 ± 17.4 39.44 ± 20.90 0.000

*ANOVA test; multiple comparisons: amoderate vs. very severe, p < 0.011; bmoderate vs. severe, p < 0.051; cmoderate vs. very severe, p < 0.045; dsevere 
vs. very severe, p < 0.051; emoderate vs. very severe, p < 0.053; fsevere vs. very severe, p < 0.031; gmoderate vs. severe, p < 0.012; hmoderate vs. severe, 
p < 0.013; imoderate vs. severe, p < 0.013; jmoderate vs. very severe, p < 0.052; kmoderate vs. severe, p < 0.024; lsevere vs. very severe, p < 0.051; 
mmoderate vs. very severe, p < 0.001; nmoderate vs. very severe, p < 0.001; osever vs. very severe, p < 0.000; omoderate vs. very severe, p < 0.000. 
REM-Rapid Eye Movement. 
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Table 3. Bivariate analysis of associations with the severity of OSA.
Characteristics OR CI 95% p-value

Age 1.16 1.00-1.01 0.078

Gender 

 Femalee* 1.00 Reference 

 Male 1.33 0.80-2.20 0.086

Apnea-hypoapnea index, scores 

 Moderate (15-30)* 1.00 Reference

 Severe (31-60) 2.07 2.41-6.87 0.041

 Very severe (60 <) 4.24 3.49-23.7 0.053

Total sleep time, hours 

 > 8 hours* 1.00 Reference

 < 7 hours 3.41 2.32-8.72 0.054

REM sleep, minutes 

 < 90 min* 1.00 Reference

 > 91 min 1.78 1.65-4.69 0.056

Arousal index, scores 

 < 39* 1.00 Reference

 > 40 1.15 0.69-1.91 0.586
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Statistical analysis
Frequencies, percentages, and an ANOVA test was used to 

examine the difference among different groups. The Turkey 

test was applied for multiple comparisons after the Bonferroni 

corrections. A conditional logistic regression model was used to 

estimate crude Odds Ratios (crude OR) with a 95% confidence 

interval (CI). A p-value of < 0.05 was used as the cut-off point for 

determining the statistical significance. The data were collected 

using quantitative methods and were analyzed using Statistical 

Packages for Social Sciences (SPSS) version 20 statistical 

software.

Ethical statement 
The study was approved by the Research Ethics Committee of the 

Mongolian National University of Medical Sciences on March 23, 

2019 (No. 2019/3-03). All patients signed an informed consent 

form before clinical examination, anthropometric measurement, 

and acquisition of polysomnography. 

Results

In our database, we identified 103 male cases of OSA and 

52 (50.5%) patients with an AHI > 60 during 2 years. Case-

patients that met the inclusion criteria were matched with 16 

(15.5%) modOSA controls and 35 (34.0%) sOSA controls. The 

mean age of all subjects was 48.7 ± 12.6 years. There are no 

significant differences in OSA groups by age (p > 0.791). Socio-

demographic characteristics of all patients is shown in Table 1.

72 (70%) of all patients included in the study had day arterial 

hypertension, 88 (85%) had night arterial hypertension, 10 (9%) 

patients had normal weight, 29 (28%) were overweight, and 64 

(62%) suffered from morbid obesity. There was no statistically 

significant difference between groups in terms of age, education, 

and place of living with a p value of 0.92-0.13 following the chi-

square test (Table 1). 

Multiple comparison test revealed that there was 

statistically significantly more body weight (p < 0.016), BMI (p 

< 0.012), night systolic blood pressure, abdominal (p < 0.009) 

and neck (p < 0.014) circumference in the AHI > 60 group than 

the moderate OSA group. In contrast, there was no statistical 

difference in height, day systolic blood pressure, sleep efficiency 

and Mallampati index between groups (Table 2). PSG variables 

of sleep architecture revealed increased sleep arousal index (p < 

0.000), high AHI (p < 0.000), desaturation of O2 (p < 0.000), 

night systole blood pressure increasing (p < 0.010) in patients 

with vsOSA compared to moderate to severe groups (Table 2). 

Logistic regression analysis of associations of different 

groups of OSA revealed that abdominal circumferences have the 

highest association with vsOSA (crude OR: 9.14, p > 0.004), 

followed by maximum saturation of O2 (crude OR: 6.6, p > 

0.401), BMI > 30 (crude OR: 5.3 p > 0.001) and blood pressure 

>140 (crude OR: 4.62, p > 0.015). However, neck circumference 

> 36 with crude OR of 3.08 was not statistically significant (p > 

0.151) (Table 3). 

Table 1. Demographic characteristics of patients.
Obstructive Sleep Apnea 

Characteristics Moderate
(n = 65)

Severe
(n = 83)

Very severe
(n = 66)

Total
(n = 214) *p- value

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Age, yearsa 48.41 ± 12.2 51.85 ± 10.7 47.8 ± 11.3 48.7 ± 12.6 0.058

Education N (%) N (%) N (%) N (%) 

 Primary    3 (18.8) 7 (20.0) 14 (26.9) 24 (23.3) 0.915

 Middle 13 (81.2) 28 (80.0) 38 (73.1) 79 (76.7)

Residency

 Ulaanbaatar city 12 (75.0) 25 (71.4) 34 (65.4) 71 (69.0) 0.920

 County 4 (25.0) 10 (28.6) 18 (34.6) 32 (31.0)

Employment

 Primary 5 (31.3) 12 (34.3) 17 (32.7) 34 (33.0) 0.131

 High 7 (43.8) 17 (48.6) 16 (30.8) 41 (39.8)

 University 4 (25.0) 6 (17.1) 19 (36.5) 29 (28.2)

*ANOVA test; multiple comparison: aVery severe vs. severe, p = 0.074. 

Clinical Factors Associated with Obstructive Sleep Apnea 
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Table 2. Anthropometric and sleep characteristics of all patients (cases (AHI > 60) and controls).
Obstructive Sleep Apnea

Characteristics 
Moderate

(n = 65)

Severe

(n = 83)

Very severe

(n = 66)

Total

(n = 214)
*p-value

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

BMI a 27.91 ± 5.18 30.94 ± 6.6 34.86 ± 5.55 29.60 ± 6.5 0.003

Neck circumferenceb, c 38.8 ± 3.9 40.54 ± 5.19 41.87 ± 3.89 37.26 ± 5.19 0.041

Abdominal circumferenced 100.3 ± 12.52 105.3 ± 19.0 113.8 ± 15.17 99.21 ± 18.19 0.006

Malampatti score* 1.62 ± 0.8 1.48 ± 0.6 1.82 ± 0.9 1.49 ± 0.78 0.151

Apnoe-hypoapnea indexe 21.06 ± 3.88 45.65 ± 8.25 83.5 ± 17.5 38.59 ± 29.41 0.000

SpO2 minf 84.12 ± 5.41 76.6 ± 8.4 67.23 ± 9.53 78.97 ± 10.67 0.000

SpO2 maxg 93.0 ± 1.46 92.9 ± 2.18 91.4 ± 2.74 92.71 ± 2.7 0.007

BP day systole maxh 134.3 ± 26.57 144.5 ± 22.4 150.8 ± 22.5 136.13 ± 22.35 0.044

BP night systole maxi, j 152.5 ± 34.3 169.57 ± 26.8 174.13 ± 29.2 148.92 ± 30.37 0.011

Total sleep time, hours k, l, m 7.27 ± 0.96 6.84 ± 1.03 7.25 ± 0.83 7.00 ± 1.00 0.108

Sleep efficiency 87.5 ± 6.65 86.3 ± 10.6 88.8 ± 9.04 86.61 ± 10.3 0.460

REM sleep n, o 19.3 ± 5.28 15.7 ± 6.36 13.94 ± 4.65 16.89 ± 6.55 0.004

Arousal index p 31.3 ± 12.4 45.6 ± 15.47 53.2 ± 17.4 39.44 ± 20.90 0.000

*ANOVA test; multiple comparisons: amoderate vs. very severe, p < 0.011; bmoderate vs. severe, p < 0.051; cmoderate vs. very severe, p < 0.045; dsevere 
vs. very severe, p < 0.051; emoderate vs. very severe, p < 0.053; fsevere vs. very severe, p < 0.031; gmoderate vs. severe, p < 0.012; hmoderate vs. severe, 
p < 0.013; imoderate vs. severe, p < 0.013; jmoderate vs. very severe, p < 0.052; kmoderate vs. severe, p < 0.024; lsevere vs. very severe, p < 0.051; 
mmoderate vs. very severe, p < 0.001; nmoderate vs. very severe, p < 0.001; osever vs. very severe, p < 0.000; omoderate vs. very severe, p < 0.000. 
REM-Rapid Eye Movement. 
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Statistical analysis
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estimate crude Odds Ratios (crude OR) with a 95% confidence 
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mean age of all subjects was 48.7 ± 12.6 years. There are no 

significant differences in OSA groups by age (p > 0.791). Socio-
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hypertension, 88 (85%) had night arterial hypertension, 10 (9%) 

patients had normal weight, 29 (28%) were overweight, and 64 
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the moderate OSA group. In contrast, there was no statistical 

difference in height, day systolic blood pressure, sleep efficiency 

and Mallampati index between groups (Table 2). PSG variables 

of sleep architecture revealed increased sleep arousal index (p < 

0.000), high AHI (p < 0.000), desaturation of O2 (p < 0.000), 
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groups of OSA revealed that abdominal circumferences have the 

highest association with vsOSA (crude OR: 9.14, p > 0.004), 

followed by maximum saturation of O2 (crude OR: 6.6, p > 

0.401), BMI > 30 (crude OR: 5.3 p > 0.001) and blood pressure 

>140 (crude OR: 4.62, p > 0.015). However, neck circumference 
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Total
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Residency

 Ulaanbaatar city 12 (75.0) 25 (71.4) 34 (65.4) 71 (69.0) 0.920

 County 4 (25.0) 10 (28.6) 18 (34.6) 32 (31.0)

Employment

 Primary 5 (31.3) 12 (34.3) 17 (32.7) 34 (33.0) 0.131

 High 7 (43.8) 17 (48.6) 16 (30.8) 41 (39.8)
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night systole blood pressure, and vsOSA is high compared to 

patients with sOSA, and increases, even more, when compared 

to patients with moderate OSA, which is consistent with the 

findings of previous studies [18, 19]. These findings suggest 

that the principal clinical characteristic of patients with vsOSA 

is that of having a greater probability of arterial hypertension 

depending on the severity of the OSA, which is in keeping 

with other studies [24, 25]. In the bivariate analysis, obesity 

had an intense association (OR: 5.3) with AHI category and it 

was consistent with the results obtained by Preis et al. in the 

Framingham study [26]. 

The limitation of our study was the lack of an standardized 

sleep quality questionnaire for Mongolian patients. We didn’t 

evaluate the clinical laboratory analysis of patients with OSA 

which was another limitation of our study. Clinical studies 

including the laboratory analyses such as blood sugar, cholesterol, 

and lipids may have more significance in the identification of 

further prognosis of different stages of OSA. 

Half of male OSA patients observed during the 2018-2020 

years at the Sleep Center in Ulaanbaatar have very severe OSA 

with AHI > 60. Patients with vsOSA have a consistent association 

with HBP, more often with elevated BMI, and higher abdominal 

circumferences. PSG shows the lowest SPO2 saturation in 

patients with vsOSA as compared to patients with severe and 

moderate OSA. 

Conclusions
50.1% of male OSA patients in Mongolia have vsOSA (AHI > 

60) and most of them are obese and suffered from high blood 

pressure. Lower level of O
2 saturation and increased abdominal 

and neck circumferences are significant risk factors for the very 

severe obstructive sleep apnea group.

Conflict of Interest

The following authors have no conflict of interest.

Acknowledgments

We thank Oyungerel D, Pagmaadulam D, and Dashtsoo K for 

technical assistance. Funding support from GHSSS is greatly 

appreciated. 

References

1. Punjabi NM. The epidemiology of adult obstructive sleep 

apnea. Proc Am Thorac Soc 2008; 5: 136-43.

2. Senaratna CV, Perret JL, Lodge CJ. Prevalence of obstructive 

sleep apnea in the general population: a systematic review. 

Sleep Med Rev 2017; 34: 70-81.

3. Coughlin SR, Mawdsley L, Mugarza JA, Wilding JPH, 

Calverley PMA. Cardiovascular and metabolic effects of 

CPAP in obese males with OSA. Eur Respir J 2007; 10: 

1183-9. 

4. Young T, Peppard PE, Gottlieb DJ. Epidemiology of 

obstructive sleep apnea: a population health perspective. 

Am J Respir Crit Care Med 2002; 165: 11217-39.

5. Young T, Skatrud J, Peppard PE. Risk factors for obstructive 

sleep apnea in adults. JAMA 2004; 28: 2013-6. 

6. Young T. Rationale, design, and findings from the Wisconsin 

sleep cohort study: toward understanding the total societal 

burden of sleep-disordered breathing. Sleep Med Clin 2009; 

4: 37-46.

7. Howard ME, Desai AV, Grunstein RR. Sleepiness, sleep-

disordered breathing, and accident risk factors in 

commercial vehicle drivers. Am J Respir Crit Care Med 2004; 

170: 1014-21.

8. Punjabi NM, Caffo BS, Goodwin JL. Sleep-disordered 

breathing and mortality: a prospective cohort study. 

PLoS Med 2009; 6: e1000132. doi:10.1371/journal.

pmed.1000132. 

9. Jurcevic D, Shaman Z, Krishnan V. A new category: very 

severe obstructive sleep apnea has worse outcomes on 

morbidity and mortality. Chest 2012; 142: 1075-9.

10. Khawaja IS, Olson EJ, Van Der Walt C. Diagnostic accuracy 

of split-night polysomnograms. J Clin Sleep Med 2010; 6: 

357-62. 

11. Kim T, Kim JW, Lee K. Detection of sleep disordered breathing 

severity using acoustic biomarker and machine learning 

techniques. Biomed Eng Online 2018; 1: 16. doi:10.1186/

s12938-018-0448-x. 

12. Ruehland WR, Rochford PD, Dip Bio Instr G. The new 

Aasm criteria for scoring hypopneas: impact on the apnea 

hypopnea index. Sleep 2009; 32: 150-7.

13. Ott SR, Korostovtseva L, Schmidt M, Horvath T, Brill AK, 

Bassetti CL. Sleep-disordered breathing: clinical features, 

Shuren Dashzeveg et al. 

186          www.cajms.mn

Sleep efficiency, percentages 

 > 90%* 1.00 Reference

 < 91% 1.78 1.65-4.69 0.056

Deep sleep latency, minutes 

< 30 min* 1.00 Reference

> 31 min 2.87 1.69-4.78 0.001

BMI, kg 

 < 29 kg* 1.00 Reference

 > 30 kg 0.57 0.17-1.80 0.335

SpO2 % 

 > 92 %* 1.00 Reference

 < 91 % 0.51 0.06 - 2.46 0.494

BP day systole, mmHg

 < 136 mmHg* 1.00 Reference

 > 137 mmHg 2.65 2.12-6.28 0.061

BP night systole, mmHg 

 < 148 mmHg* 1.00 Reference

 > 149 mmHg 4.25 4.12-6.28 0.061

Abdominal circumference, cm 

 < 99 cm* 1.00 Reference

 > 100 cm 1.31 0.32 - 4.58 0.602

Neck circumference > 36

 < 37 cm* 1.00 Reference

 > 38 cm 1.64 0.36 - 6.90 0.549

*Reference value; BMI-Body Mass Index; REM-Rapid Eye Movement
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Continued

Discussion

Currently there are a limited number of studies about risk factors 

and clinical characteristics of vsOSA. In Argentine, one study 

recruited 10 patients with AHI > 100 for 1.5 years in 2019, while 

in South America 19 patients were recorded with AHI >100 in 

6 years, and in Mongolia we found the same AHI category in 9 

patients over a period of 2 years [17-20]. 

Men are prone to have OSA compared to women at the 

ratio of 2:1 which is similar to other studies [19]. In our study, 

vsOSA tends to occur at a younger age (AHI > 60, mean age 

47.2 ± 11.3) than in Western and Asian countries [21, 22]. 

The anthropometric measurements like abdominal, neck 

circumferences, and BMI are close to the performance of other 

studies. 

PSG architecture of our patients shows higher AHI, with the 

same total sleep time (TST), and similar sleep efficiency, deep 

sleep (N3), rapid eye movement sleep (REM), and arousal index 

compared to other similar studies. The decreased SPO2 level in 

PSG had the strongest association (p < 0.000) with AHI severity 

in Mongolian men, which was similar to other studies [23]. In 

addition, our bivariate analysis is consistent with the associations 

found in the study conducted by Jurcevic et al. and Jorge Rey de 

Castro Rey de Castro [11, 20]. They concluded that the group 

with vsOSA has a consistent association with high blood pressure 

(HBP), more often with increased BMI, and higher abdominal 

circumferences. Yasimin Unal and H Kang also reported BMI and 

abdominal circumference having strong association with the 

severity of the AHI category [14, 15]. We also found differences 

in the magnitude of these associations depending on whether 

the vsOSA cases were compared with moderate or severe OSA 

controls, suggesting that the differences are more notable when 

compared to vsOSA than with moderate OSA. 

The association between day systole blood pressure, 



www.cajms.mn          187Vol.7• No.3• September 2021

night systole blood pressure, and vsOSA is high compared to 

patients with sOSA, and increases, even more, when compared 

to patients with moderate OSA, which is consistent with the 

findings of previous studies [18, 19]. These findings suggest 

that the principal clinical characteristic of patients with vsOSA 

is that of having a greater probability of arterial hypertension 

depending on the severity of the OSA, which is in keeping 

with other studies [24, 25]. In the bivariate analysis, obesity 

had an intense association (OR: 5.3) with AHI category and it 

was consistent with the results obtained by Preis et al. in the 

Framingham study [26]. 

The limitation of our study was the lack of an standardized 

sleep quality questionnaire for Mongolian patients. We didn’t 

evaluate the clinical laboratory analysis of patients with OSA 

which was another limitation of our study. Clinical studies 

including the laboratory analyses such as blood sugar, cholesterol, 

and lipids may have more significance in the identification of 

further prognosis of different stages of OSA. 

Half of male OSA patients observed during the 2018-2020 

years at the Sleep Center in Ulaanbaatar have very severe OSA 

with AHI > 60. Patients with vsOSA have a consistent association 

with HBP, more often with elevated BMI, and higher abdominal 

circumferences. PSG shows the lowest SPO2 saturation in 

patients with vsOSA as compared to patients with severe and 

moderate OSA. 

Conclusions
50.1% of male OSA patients in Mongolia have vsOSA (AHI > 

60) and most of them are obese and suffered from high blood 

pressure. Lower level of O
2 saturation and increased abdominal 

and neck circumferences are significant risk factors for the very 

severe obstructive sleep apnea group.
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(HBP), more often with increased BMI, and higher abdominal 
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abdominal circumference having strong association with the 

severity of the AHI category [14, 15]. We also found differences 
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the vsOSA cases were compared with moderate or severe OSA 

controls, suggesting that the differences are more notable when 
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Ultrasound-Guided Unilateral Posterior TAP Block 
for Lower Abdominal Surgery in Children
Odgerel Boldbaatar1, 2, Ganbold Lundeg1, Sergelen Orgoi3

1Department of Emergency Medicine and Anesthesiology, School of Medicine, Mongolian National University of Medical Sciences, Ulaanbaatar, Mongolia; 2Department 
of Anesthesiology and Operation Block, Children’s Hospital of National Center for Maternal and Child Health, Ulaanbaatar, Mongolia; 3Department of Surgery, School 
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Objectives: This study aimed to evaluate the analgesic effect of ultrasound-guided transversus 

abdominis plane block in children. Methods: Children between 3-18 years of age on whom 

lower abdominal surgeries were preformed are included in this random control trial (RCT). 

The parents signed a written consent form. Patients were randomized into control and study 

groups. Every group was divided into subgroups either with or without inflammation. Results: 
There were no differences between the two studied groups regarding demographic and clinical 

characteristics. Hemodynamics were more stable in the study group than in the control group. 

After induction, BP decreased in all groups and increased after surgical incision except for the 

transversus abdominis plane elective (TAP + Elec) group. An elevated white blood cell count 

was used as the mean indicator of inflammation. The opioid usage during the operation was 

significantly different in the subgroups (p = 0.000). The relationship between WBC and opioid 

usage was weak, positive, and statistically significant. Postoperative pain and pain medication 

requirements were lower in the TAP block group. Conclusion: Transversus abdominis plane 

block under ultrasound guidance is easy, safe, reliable, and adequate for analgesia in children. 

This method can decrease surgical and postoperative pain and analgesic requirements.
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Introduction

Childhood abdominal surgeries are common due to various 

congenital and inflammatory diseases. Regional anesthesia (RA) 

is a cornerstone of modern pediatric anesthesia, with a large 

number of pediatric anesthetists combining general and regional 

anesthesia to provide superior and long-lasting analgesia 

without risk of respiratory depression [1, 2]. Since 1994, Kapral 

and colleagues introduced the addition of ultrasound guidance 

for performing RA [2]. Marhofer and others used it for pediatric 

patients [3] in 2004, and since then ultrasound-guided RA in 

children has become widespread worldwide, including the 

developing countries. 

The nerves that supply the abdominal wall course through 

the neuro-fascial plane between the internal oblique and the 

transversus abdominis muscles. The surgical incisional wound 

itself is a causative component of pain, but also, an acute 

abnormal condition is an additional cause of visceroperitoneal 
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