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A B S T R A C T

Aim of the study: To assess if the neck circumference (NC) can be used to predict the presence and the
severity of obstructive sleep apnea syndrome (OSA) in a group of patients had snoring and witnessed apnea
from Almoosa Hospital, Alhasa, Saudi Arabia.
Materials and Methods: A retrospective study for patients had snoring and witnessed apnea referred to
a sleep lab for the diagnosis of obstructive sleep apnea (OSA) by overnight full polysomnogram from
August 2016 to August 2020. Apnea-hypopnea index (AHI) was used to categorize the severity of sleep
apnea. Age, sex, neck circumference (NC) body mass index (BMI), comorbidities, and sleep parameters
were recorded. Receiver-operating characteristic (ROC) curve was used to assess the ability of NC for the
diagnosis of the OSA. Sensitivity and specificity were calculated for different cut-off points.
Results: The study included 450 patients who met the inclusion criteria with a mean age 52.5 ± 14.6. The
mean NC (cm), and BMI were 39.4 ± 3.1, and 35.2 ± 9.0, respectively. OSA was diagnosed in 378 (84.0%)
patients. OSA was more detected among males, those with an increased age, NC, BMI, and among patients
had hypertension and type 2 diabetes. The mean BMI was significantly higher among females (p=0.031)
while NC was significantly higher among males. Significant positive correlations were detected between
both NC and BMI with the severity of OSA.
Conclusion: Neck circumference can be used to predict the presence as well as the severity of obstructive
sleep apnea in snoring patients. BMI, and male gender are independent predictors.

© This is an open access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

1. Introduction

Obesity is a global health problem that affects people all
over the world.1 Obesity is becoming more common in
Saudi Arabia, and it is now recognized as a major risk
factor for a variety of diseases, including hypertension, type
2 diabetes, obstructive sleep apnea (OSA), cardiovascular
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disease (CVD), and others.2 Obesity is common in Saudi
Arabia due to a variety of factors including sedentary
behavior, biology, and dietary patterns.3 Via education,
politicians, and healthcare professionals, there is a demand
to raise national awareness about the effects of obesity to
tackle it in the region.4

OSA is a well-known sleep disorder that causes airflow to
stop or significantly decrease the airflow with the presence
of respiratory effort. It is the most prevalent form of sleep-
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disordered breathing, and it is characterized by repeated
episodes of upper airway collapse during sleep, which
contributes to arousal, hypopnea, and apnea during sleep.5

Snoring, witnessed apneas, gasping and choking, nocturia,
insomnia; disturbed sleep, prolonged daytime sleepiness,
reduced concentration, morning headache, nocturia, non-
refreshing sleep, and daytime exhaustion are all symptoms
of obstructive sleep apnea.6 OSA’s patients are more likely
to have cardiovascular disease, asthma, stroke, type 2
diabetes, reduced brain ability, traffic crashes, workplace or
social disorders, and depression.7 OSA should be diagnosed
and treated as soon as possible to increase the quality of
life and prevent morbidity and mortality. The gold standard
diagnostic procedure is a polysomnography (PSG). PSG is
a fundamental procedure to accurately diagnose OSA and to
assess treatment benefit.5

Tonsil size, Mallampati score, neck circumference (NC),
and body mass index (BMI) are all predictors for obstructive
sleep apnea.8 Male gender, advanced age, and hypertension
are all risk factors for OSA.9 NC was shown to be strongly
NC had a direct correlation with BMI in both men and
women, with BMI in both men and women, the NC is
considered an essential parameter for the diagnosis of OSA.
In one study, OSA was seen in 30% of patients with an
NC of 43 cm in males and 38 cm in females.10 OSA is a
common condition in Saudi Arabia, affecting at least 4.0
percent of males and 1.8 percent of females, respectively.11

Male gender, advanced age, obesity, and hypertension were
all independent predictors of OSA in Saudis.11 We aimed
to assess if the neck circumference (NC) can be used to
predict the presence and the severity of obstructive sleep
apnea syndrome (OSA) in a group of patients had snoring
and witnessed apnea from Almoosa Hospital, Alhasa, Saudi
Arabia

2. Materials and Methods

A retrospective study was performed at Almoosa Hospital,
Alhasa, Saudi Arabia, during the period from August 2016
to August 2020. Patients had snoring and witnessed apnea
with possible obstructive sleep apnea tracked across the
inpatient and outpatient hospital settings. *Ethical approval
was obtained from the Institutional Review Board at our
hospital (IRB log nombur:ARC-21.03.3).

The study population included all patients who visited
our hospital during the study period with a chief complaint
of snoring and witnessed apnea, and who underwent
overnight polysomnography. The exclusion criteria: 1-age
less than 14 years 2- those diagnosed before as obstructive
sleep apnea 3- those had central sleep apnea 4- those did
tonsillectomy or uveoplataophyrngoplasty for the treatment
for sleep apnea.

Demographics data were obtaining from the YASASSI
program that is a unique program used in the outpatient
and inpatient hospital setting. YASASSI is a Healthcare

Information System (HIS) designed to help all types of
healthcare facilities. This system is helpful in saving lives,
improving quality of healthcare services, and reducing costs
because it is a simplified system, ease of use, improve work
flow, and reduce clinical errors.

Age, sex, height, weight, BMI, co-morbidities (like
type 2 diabetes, hypertension, ischemic heart disease,
bronchial asthma, chronic obstructive pulmonary disease,
cerebrovascular stroke, and renal disease), and NC were
determined from the patients file. Height in centimeters was
measured. Weight in kilograms was measured. BMI is the
weight in kilograms divided by the height in meters (kg /
m2). NC in centimeters was measured with a tape at the
level of the cricoid thyroid membrane.

2.1. Procedures

An overnight polysomnography was performed to the
studied patients in the sleep laboratory suite at Almoosa
Specialized Hospital. ALICE 6, Respironics, Philips full
polysomnography machine was used. The following were
monitored: central and occipital electroencephalogram,
electrooculogram, submentalis electromyogram to assess
sleep stages (non-rapid eye movement stages N1, N2,
N3 and rapid eye movement stage R), nasal and
oral airflow meter measured by the thermocouples,
thoracic and abdominal wall motitions, anterior tibialis
electromyogram, electrocardiogram, and body position.
Arterial oxygen saturation was monitored with a pulse
oximeter. The tracing was scored using 30 seconds epochs.
Hypopneas were scored per American academy of sleep
medicine (AASM) definitionVII4.B (3% desaturation).12

Snoring noise was captured by a microphone. The
polysomnographies recordings were analyzed.

Sleep study summarized into: total recording time, total
sleep time, sleep efficiency, REM latency from onset of
sleep, and wake after sleep onset. Apnea, hypopnea, arousal,
apnea hypopnea index, and respiratory disturbance index
were recorded.

Apnea is the cessation of airflow for more than 10
seconds, hypopnea is the decrease in airflow by at least 50%
that persisted for more than 10 seconds and accompanied
by oxygen desaturation of at least 3% or by arousal,
and respiratory effort–related arousal is the increase in
respiratory effort for at least 10 seconds leading to an
arousal from sleep but one that does not fulfill the criteria
for a hypopnea or apnea.13 AHI equal the total number
of respiratory events (apnea plus hypopnea) per hour of
sleep. Maximal and Nadir oxygen saturation recorded. Total
limb movement (number/H), and periodic limb movement
(number/H) were recorded. Heart rate average, lowest, and
arrhythmias were recorded.

Split night procedure was used, after the diagnosis of
obstructive sleep apnea we started positive airway pressure
titration to reach lowest pressure can decrease the events of
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AHI less than 5 events/H and maintain oxygen saturation at
least 92%.

The diagnosis of OSA was made based on AHI ≥ 5 with
witnessed snoring or apnea,13,14 which was used to divide
the patients into two groups based on the presence and
absence of apnea. In addition, we categorized. The severity
of sleep apnea was classified to three groups: mild if AHI
≥5 to ≤15, moderate if AHI ≥15 to ≤30, and severe if AHI
≥30.

Arabic and English version of Epworth Sleepiness Scale
was used at the sleep night.15 The Epworth Sleepiness Scale
(ESS) is a scale intended to measure daytime sleepiness that
is measured by use of a very short questionnaire. This can
be helpful in diagnosing sleep disorders.

The scores can be interpreted as follows: Scores of 11–15
indicates the possibility of mild to moderate sleep apnea
where a score of 16 and above indicates the possibility of
severe sleep apnea or narcolepsy.

2.2. Statistical analysis of data

Statistical analysis using the SPSS computer package
version 25.0 (IBM SPSS Statistics for Windows, Version
25.0. Armonk, NY: IBM Corp., USA) was carried out.
For descriptive statistics: the mean ± SD was used for
quantitative variables while frequency and percentage was
used for qualitative variables. Chi-square test or Fisher’s
exact test were used to assess the differences in frequency of
qualitative variables, while Mann-Whitney test or Kruskal-
Wallis test were used to assess the differences in means of
quantitative nonparametric variables. Spearman correlation
coefficient was used to measure the strength and direction
of association between OSA severity (indicated by AHI)
and both NC and BMI. ROC curve analysis was used to
assess the diagnostic ability of different cut-offs of NC
and BMI for the prediction of OSA that maximizes both
sensitivity and specificity. The statistical methods were
verified, assuming a significant level of p< 0.05 and a highly
significant level of p< 0.001.

3. Results

The study was carried out on 450 patients after fulfillment
of the inclusion criteria with a mean age 52.5 ± 14.6 ranging
from 14 to 87 years. Slightly more than half of them (52%)
were males, and the mean BMI and NC (cm) were 35.2
± 9.0 and 39.4 ± 3.1, respectively. OSA (AHI > 5) was
diagnosed in 378 (84.0%) patients. Significantly, OSA was
more detected among males, those with an increased age,
BMI, NC and those with HTN and DM. (Table 1).

The mean sleep efficiency was 71.6 ± 15.6. Only 17.3%
of cases had good sleep quality and more than one-third
(37.8%) had poor sleep quality with significantly poorer
quality among patients with OSA. The means of Epworth
sleepiness score (ESS), arousal index, and AHI were

significantly higher among patients with OSA. Regarding
laboratory findings, Nadir and maximum O2 saturation were
significantly lower and PaCO2 was significantly higher
among patients with OSA (Table 2 ).

CRP was higher among patients with OSA than non-
OSA.(Table 3).

Gender differences among patients with OSA were
evaluated for significant variables. The means of BMI and
ESS were significantly higher among females, while NC
and PaCO2 were significantly higher among males. HTN
and DM were significantly higher among females. (Table 4)

Variables that showed significant differences in the
previous tables were further evaluated according to the
degree of severity of OSA. Increasing age, BMI, NC, ESS,
arousal index, AHI, PaCO2, and presence of HTN or DM
were found to be significantly associated with increased
severity of OSA. Decreasing sleep efficiency and Nadir
O2 saturation were found to be significantly associated
with increased severity of OSA. However, no significant
differences in the degree of severity of OSA were found
regarding gender, sleep quality, or maximum O2 saturation.
(Table 5)

Further evaluation showed a significant positive
correlation between both NC and BMI with the severity of
OSA (ρ =0.14, P=0.004 and ρ =0.83, P<0.001) respectively.
We assessed the diagnostic ability of different cut-offs of
NC and BMI for the prediction of OSA using ROC curve
that maximizes both sensitivity and specificity. For NC,
AUC=0.83 (95% CI 0.79 – 0.88, P<0.001) with optimal
cut-off was 39.5 cm, sensitivity=78%, specificity=72%, and
for BMI, AUC=0.87 (95% CI 0.82 – 0.93, P<0.001) with
optimal cut-off was 32.8, sensitivity=83%, specificity=71%
(Figure 1).

Fig. 1: ROC curve analysis of neck circumference and body mass
index.
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Table 1: General and clinical characteristics of the studied sample.

Variables All cases
n=450 (%)

Without OSA n= 72 (%) With OSA n=
378 (%)

P-value

Age (years) Mean ± SD Min
– Max

52.5 ± 14.6 14 – 87 44.3 ± 20.9 55.5 ± 13.3 <0.001*

Gender Male 234 (52.0) 27 (37.5) 207 (54.8) 0.010*
Female 216 (48.0) 45 (62.5) 171 (45.2)

BMI (kg/m2) Mean ± SD Min
– Max

35.2 ± 9.0 20.6 – 52.1 32.6 ± 9.3 35.7 ± 8.9 0.009*

NC (cm) Mean ± SD Min
– Max

39.4 ± 3.1 32 – 45 37.9 ± 3.1 39.6 ± 3.0 <0.001*

HTN 250 (55.6) 29 (40.3) 221 (58.5) 0.006*
DM 163 (36.2) 18 (25.0) 145 (38.4) 0.033*
IHD 42 (9.3) 11 (15.3) 31 (8.2) 0.075
Other diseases1 249 (55.3) 33 (45.8) 216 (57.1) 0.092

BMI: Body mass index, DM: Diabetes mellitus, HTN: Hypertension, IHD: Ischemic heart disease.
NC: Neck circumference. 1: Some cases had more than one condition.
Values present as number & % were analyzed by Fisher’s exact test.
Values present as mean ± SD were analyzed by Mann-Whitney U test. *: Significant.

Table 2: Sleep parameters among the studied samples.

Variables All cases
n=450 (%)

Without OSA
n= 72 (%)

With OSA
n= 378 (%)

P-value

Sleep efficiency Mean ± SD
Min – Max

71.6 ± 15.6
10.0 – 98.2

75.3 ± 13.5 70.8 ± 15.9 0.037*

Sleep quality
Good (>90) 78 (17.3) 21 (29.3) 57 (15.1)

0.007*Fair (70-90) 202 (44.9) 32 (44.4) 170 (45.0)
Poor (<70) 170 (37.8) 19 (26.4) 151 (39.9)

ESS Mean ± SD
Min – Max

11.9 ± 5.7
2 – 24

8.3 ± 4.4 12.6 ± 5.7 <0.001*

Arousal index Mean ± SD
Min – Max

17.2 ± 11.1
2 – 83.2

12.7 ± 4.5 18.1 ± 11.8 <0.001*

AHI (event/H) Mean ± SD
Min – Max

30.0 ± 22.4
0 – 106

4.6 ± 2.3 34.8 ± 21.3 <0.001*

AHI: apnoea hypopnea index, ESS: Epworth sleepiness score.
Values present as number & % were analyzed by chi-square test.
Values present as mean ± SD were analyzed by Mann-Whitney U test. *: Significant.

Table 3: Laboratory findings of the studied samples.

Variables All cases
n=450 (%)

Without OSA
n= 72 (%)

With OSA
n= 378 (%)

P-value

CRP Mean ± SD
Min – Max

3.11 ± 3.53
0 – 18

1.91 ± 2.93 3.01 ± 4.8 0.061

CPAP{cmH20] Mean ± SD
Min – Max

0 9.1 ± 4.0 0.593

Bi-PAP
{cmH20]

Mean ± SD
Min – Max

0 14.8 ± 3.5
/ 6.8 ± 3.4

0.117 /
0.063

Max O2 sat % Mean ± SD
Min – Max

95.7 ± 6.6
80 – 100

96.9 ± 6.8 94.7 ± 7.6 0.023*

Nadir O2 sat% Mean ± SD
Min – Max

81.0 ± 12.5
24 – 96

90.5 ± 11.9 78.9 ± 10.8 <0.001*

PaCO2 (mmHg) Mean ± SD
Min – Max

44.0 ± 6.4
35 – 61

37.7 ± 6.6 46.3 ± 8.1 <0.001*

Bi PAP: Bi-level positive airway pressure, CPAP: Continuous positive airway pressure, CRP: C reactive protein.
Values present as mean ± SD were analyzed by Mann-Whitney U test. *: Significant.
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Table 4: Gender differences among patients with obstructive sleep apnea (OSA).

Variables Malen= 207 (%) Femalen= 171 (%) P-value
Age (years) 55.1 ± 13.6 56.0 ± 12.9 0.680
BMI (kg/m2) 38.2 ± 7.2 39.9 ± 8.1 0.031*
N C (cm) 40.5 ± 3.2 39.1 ± 3.6 <0.001*
HTN (n=221) 111 (53.6) 110 (64.3) 0.036*
DM (n=145) 69 (33.3) 76 (44.4) 0.027*
Sleep efficiency 72.2 ± 13.9 69.7 ± 16.6 0.112

Sleep quality
Good (>90) 35 (16.9) 22 (12.9)

0.113Fair (70-90) 99 (47.8) 71 (41.5)
Poor (<70) 73 (35.3) 78 (45.6)

ESS 11.8 ± 5.2 13.8 ± 5.9 0.001*
Arousal index (event/H) 17.3 ± 10.5 19.3 ± 11.9 0.084
AHI (event/H) 33.5 ± 21.6 35.9 ± 19.8 0.265
Max O2 sat % 93.8 ± 6.9 95.0 ± 7.7 0.111
Nadir O2 sat % 78.2 ± 10.5 80.2 ± 11.7 0.081
PaCO2 (mmHg) 47.0 ± 8.8 45.1 ± 8.4 0.034*

AHI: apnea hypopnea Index. BMI: Body mass index, DM: Diabetes mellitus, ESS: Epworth sleepiness score,
HTN: Hypertension, NC: Neck circumference.
Values present as number & % were analyzed by chi-square test or Fisher’s exact test.
Values present as mean ± SD were analyzed by Mann-Whitney U test. *: Significant.

Table 5: Relation between the severity of obstructive sleep apnea and different study variables.

Variables Normal n=72
(%)

Mild n=72 (%) Moderate
n=138 (%)

Severe n=168
(%)

P-value

Age (years) 44.3 ± 20.9 49.5 ± 12.8 53.9 ± 9.2 56.8 ± 10.6 <0.001*

Gender Male 27 (37.5) 35 (48.6) 75 (54.3) 93 (55.4) 0.063
Female 45 (62.5) 37 (51.4) 63 (45.7) 75 (44.6)

BMI 32.6 ± 9.3 36.8 ± 6.8 39.9 ± 9.3 42.2 ± 6.5 <0.001*
N C (cm) 37.9 ± 3.1 39.6 ± 3.7 39.8 ± 3.1 40.1 ± 4.6 0.001*
HTN 29 (40.3) 24 (33.3) 72 (52.2) 120 (71.4) <0.001*
DM 18 (25.0) 21 (29.2) 48 (34.8) 90 (53.6) <0.001*
Sleep efficiency 75.3 ± 13.5 78.3 ± 15.7 75.6 ± 15.0 70.6 ± 17.6 0.002*

Sleep
Quality

Good (>90) 21 (29.3) 18 (25.0) 27 (19.6) 21 (12.5)
0.073Fair (70-90) 32 (44.4) 33 (45.8) 72 (52.2) 89 (53.0)

Poor (<70) 19 (26.4) 21 (29.2) 39 (28.3) 58 (34.5)
ESS 8.3 ± 4.4 9.1 ± 4.3 11.0 ± 3.5 13.4 ± 4.8 <0.001*
Arousal index (event/H) 12.7 ± 4.5 15.5 ± 7.9 13.7 ± 10.4 24.4 ± 12.7 <0.001*
AHI (event/H) 4.6 ± 7.8 9.1 ± 3.1 22.3 ± 4.8 57.3 ± 22.4 <0.001*
Max O2 sat % 96.9 ± 6.8 96.4 ± 6.5 96.0 ± 7.2 94.6 ± 7.6 0.078
Nadir O2 sat % 90.5 ± 11.9 86.5 ± 9.2 82.4 ± 10.1 73.5 ± 12.4 <0.001*
PaCO2 (mmHg) 37.7 ± 6.6 40.5 ± 5.7 46.8 ± 7.5 48.2 ± 8.6 <0.001*

AHI: apnea hypopnea Index. BMI: Body mass index, DM: Diabetes mellitus, ESS: Epworth sleepiness score,
HTN: Hypertension, NC: Neck circumference.
Values present as number & % were analyzed by chi-square test.
Values present as mean ± SD were analyzed by Kruskal-Wallis test. *: Significant.

4. Discussion

Obstructive sleep apnea (OSA) is a common sleep condition
that can cause a variety of complications, including death.
OSA should be diagnosed and treated as soon as possible.
A polysomnography is needed to reliably diagnose OSA
and determine the treatment’s effectiveness; however, it is
costly, has minimal supply, and requires complex technical
assistance. Predictors for obstructive sleep apnea could help
to reduce the number of patients seen for polysomnography

while still saving money for the patients.15

Eighty-four percent (84%) of our patients had OSA, with
male patients accounting for 54.8 percent. These results are
consistent with those of Alshehri et al., who discovered that
74.8 percent of the patients surveyed had OSA, with the
majority of them being males. Obesity and snoring were
found to be more common in men.16 In general, females
have a lower incidence of OSA than males, regardless of
age or weight. The composition and function of the upper
airway differs in men and women due to the influence of fat
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distribution, or sex hormones, and sleep apnea in women is
most often misdiagnosed as depression, diabetes mellitus or
hypertension.17

The majority of our patients were obese, with a mean
BMI of BMI was 32.6 ± 9.3 for people without OSA and
35.7 ± 8.9 for people with OSA for those with OSA, and a
good relationship between BMI and OSA severity. Obesity
and OSA incidence seem to be related, according to these
results. Pharyngeal fat is a type of excess fat that forms
in a person’s neck as a result of obesity. When the airway
is already relaxed, pharyngeal fat will obstruct a person’s
upper airway during sleep. Excess abdominal fat may also
compress a person’s chest wall, reducing lung capacity and
resulting in decreased ventilation, allowing the upper airway
more prone to collapse while sleeping.18

According to Alshehri et al., 70% of their study
population was obese, and the prevalence and incidence of
OSA were substantially higher in obese patients than in non-
obese patients.16 In a similar sample, the OSA group had a
higher BMI than the control group in a Turkish retrospective
study.19

Results of the present study revealed that NC (39.6
3.0), BMI (35.7 8.9), and old age (55.5 13.3) were the
variables that predicted the prevalence and magnitude
of OSA in the study patients. Furthermore, the greatest
positive correlations between AHI and NC (p =0.004) and
BMI (p0.001) were found. Larger neck circumferences are
usually linked to a higher risk of OSA, and it can be a better
predictor of OSA than BMI. In one study, people with OSA
had a 4 cm greater neck diameter than people who didn’t
have it. Furthermore, regardless of gender, a neck diameter
of 40 cm or greater had a sensitivity of 61% and a specificity
of 93% for OSA.20

In congruent with our results, KIM et al.21 Pinto
et al.22 and Ghuman et al.23 Hoffstein and Mateika,24

and Katz et al.25 reported that old age and high neck
circumference were risk factors for the presence of
OSA, while hypertension and large NC were associated
with the severity of OSA. They showed that AHI and
neck circumference have the highest positive association
(r=0.416), and that neck circumference is more correlated
with OSA than BMI or age.

According to Oğretmenoğlu et al., BMI together with
body fat correlates more strongly with the AHI. Unlike other
published articles, these studies conclude that the NC has a
weak correlation with OSA.6

In the current study, females had significantly higher
BMI, Epworth sleepiness scale (ESS), HTN, and type
2 diabetes, whereas males had significantly higher neck
circumference and PaCO2. Males with OSA had a higher
mean neck circumference than females, and females with
OSA had a slightly higher BMI than males. Ibrahim and
his colleagues found in the OSA group, males had a higher
mean neck circumference compared to females, and females
with OSA had a significantly higher BMI than males.

They found male gender, sleepiness evaluated by ESS, and
witnessed apneas were the most important factors predicting
OSA.26

In the present study, the desaturation depth increased
significantly with increasing BMI in the mild and moderate
OSA categories. In agreement with Sato et al., who found
that the depth and area of desaturation events increased
significantly with increasing BMI.27 Leppanen et al. found,
the desaturation depth did not change significantly with
increasing BMI in the mild and moderate OSA categories.28

5. Conclusion

In snoring patients, neck circumference is considered
a reliable predictor of the presence and severity of
obstructive sleep apnea. BMI and male gender are also other
independent predictors.
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