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Abstract

Background Obstructive sleep apnea (OSA) is the most commonly diagnosed sleep-associated pulmonary disorder
in the world. So many risk factors have been attributed to OSA; however, conflicting results exist on how these factors
contribute to OSA.

Purpose This study hypothesized that increasing the number of risk factors for OSA, as reflected in the STOP-BANG
questionnaire, increases the probability of having OSA but also increases the likelihood of having other severe dis-
eases such as hypertension in a Nigerian population and that the severity of OSA might be dependent on specific
anthropometric indices.

Methods This study involved 110 male and female residents of Sagamu Local Government Area of Ogun State. Data
was collected using a standardized instrument and the STOP-BANG questionnaire. Analysis involved descriptive statis-
tics, parametric test of independent t-test to characterize data based on gender, and multinomial regressions to deter-
mine predictive factors of the various parameters of study on the severity of OSA.

Results The association of the male gender with higher risk of OSA was confirmed by this study. Diastolic blood pres-
sure (DBP) and heart rate (HR) predicted the risk of OSA, with an increase in DBP and HR implying higher risk of OSA.
Of the anthropometric tests examined in this study, body mass index (BMI), neck circumference (NC), and neck height
ratio (NHtR) predicted the risk of OSA in comparing low risk and medium risk to high risk, an increase in BMI and NC

implying a higher risk of OSA while an increase in NHtR implying a lower risk of OSA.
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Introduction

Obstructive sleep apnea (OSA) is the most commonly
diagnosed sleep-associated pulmonary disorder in the
world [1]. OSA is characterized by repeated episodes
of a total or partial closure of the upper airway during
sleep, with a subsequent reduction of airflow resulting
in intermittent hypoxia, hypercapnia, and increased fre-
quency of awakenings [2]. OSA leads to lower quality of
life by causing cognitive and neurobehavioral impair-
ment, an inability to concentrate, memory loss, irritabil-
ity, depression, fatigue, daytime somnolence, headache,
an increased incidence of motor vehicle accidents, stroke,
cardiovascular impairments, and subsequently increased
morbidity and mortality [3-6].
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Different factors, such as age, gender, obesity, crani-
ofacial and oropharyngeal anatomical defects, ethnicity,
endocrine factors, and personal habits such as smoking
and alcohol consumption, have been implicated as risk
factors [7-10]. Hormones such as estrogen and proges-
terone have been considered to play an important role
in gender-defined anatomical differences in the patho-
genesis of OSA since the prevalence of OSA increased in
female after menopause [11, 12]. Likewise the anatomical
distribution of fat could also explain the sex-dimorphic
vulnerability of OSA, with fat being around the neck and
waist in adult males and around the hips in adult females
[13]. In a study, the relationship between obesity and
OSA is complex with evidence of severity of OSA not
correlating with the degree of obesity when assessed with
the body mass index (BMI) [14].

Generally, the measures of obesity which have been
employed and shown to better predict OSA include body
mass index (BMI), neck circumference (NC), waist cir-
cumference (WC), waist—hip ratio (WHR), neck—height
ratio, and waist-to-height ratio (WHtR) [15, 16]. How-
ever, results from studies on the relationship between
these different anthropometric measures and OSA dif-
fered by age, gender, and ethnicity of the participants,
as well as by environmental factors [8, 12, 17]. Obstruc-
tive sleep apnea (OSA) has also been associated with
an increase in the prevalence and incidence of arterial
hypertension and cardiovascular diseases (CVD) [18, 19].
In a study by Unnikrishnan et al. [20], systemic inflam-
mation has been linked to hypoxia due to OSA leading to
initiation and rapid progression of atherogenesis.

Despite the health implications, adequate attention has
not been paid to OSA. It is recommended that a diag-
nosis of OSA should be established by laboratory-based
or home-based polysomnography (PSG) [21]. Since it is
not practicable to subject all patients with risk of OSA to
PSG, it is useful to define its determinants. A useful tool
for screening for OSA is STOP-BANG questionnaire as
it has been found useful, simple, and validated [22]. We
hypothesized that increasing the number of risk factors
for OSA, as reflected in the STOP-BANG question-
naire, increases the probability of having OSA but also
increases the likelihood of having other severe diseases
such as hypertension in a Nigerian population situated in
Sagamu area of Ogun State, Nigeria. Moreover, it has also
been established that fat distribution rather than total
body fat is a major contributor to OSA and also a deter-
minant of cardiovascular risk [23, 24]. Therefore, we also
hypothesized that the severity of OSA might be depend-
ent on specific anthropometric indices. Hence, this pre-
sent study seeks to examine how sociodemographic,
anthropometric, and lifestyle factors predict the risk of
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OSA using the STOP-BANG questionnaire in a Nigerian
population.

Methodology

Study design

This study used an ex post facto research design; the
parameters of interest were collected from the study sub-
jects without any form of experimentation.

Study area
The study was conducted in Sagamu Local Government
Area of Ogun State, Nigeria, on the following criteria.

Criteria for selection
The subjects for this study were selected by non-proba-
bility convenient sampling technique.

Inclusion criteria: Male and female residents of Sagamu
Local Government Area of Ogun State and its environs
within the age range of 18—90 years.

Exclusion criteria: Participants must be found to be
free from known cases of gross anemia, gross clinical
abnormalities of the vertebral column, thoracic cage,
neuromuscular diseases, chronic bronchitis, emphysema,
bronchial asthma, tuberculosis, and malignancy. Subjects
who had undergone vigorous exercise and abdominal or
chest surgery were excluded from the study.

Method of data collection

Data was collected using a standardized instrument, the
STOP-BANG questionnaire [24]. Ten research assis-
tants were trained on the objective of the study, the eth-
ics of research, and modality of the data collection from
the questioning to measurement of various variables
of interest. The purpose and methodology of this study
was carefully explained to the subjects and after which
interested subjects were asked to give their consent. The
research assistants conducted an interviewer-adminis-
tered questionnaire survey regarding sociodemographic
information and lifestyle factors, as well as sleep-related
questions including the STOP-BANG questionnaire [24].
Ethical approval for this study was obtained from the
Health Research Ethics Committee, Olabisi Onabanjo
University Teaching Hospital, Sagamu, with an approval
number OOUTH/HREC/658/2023AP.

Instrumentation
Severity of risk to OSA was classified as low, moderate,
and high risk based on their STOP-BANG score with 0-2
scored as low risk, 3—4 scored as moderate risk, and 5-8
scored as high risk.

Measurements of height, weight, body mass index
(BMI), body adiposity index (BAI), waist circumference
(WC), hip circumference (HC), waist hip ratio (WHR),
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waist height ratio (WHtR), neck circumference (NC),
neck height ratio (NHtR), and blood pressure (BP) were
taken by trained research assistants.

Data analysis

Descriptive statistics and a parametric test of inde-
pendent t-test were used to characterize data based
on gender, while multinomial regressions were used to
determine predictive factors of the various parameters of
the study on the severity of OSA.

Results

In Table 1, the sociodemographic and lifestyle char-
acteristics of the study subjects were presented. The
subjects were aged between 18 and 90 years with most
of them within the age bracket of 41-50 years. It can
also be deduced that the percentage of those with low
risk of OSA decreased from 80.00% in age bracket of
18-20 years to 25.00% in age bracket 71-80 years. The
only person in age bracket 81-90 years had a low risk of
OSA.

In terms of gender, there was almost an equal distribu-
tion between the male and female genders. The females
and males that had low risk of OSA were 67.92% and
47.54%, respectively.

In terms of lifestyle habits, most (86.80%) of the study
subjects were non-smokers with about 54.90% of them
with a low risk of OSA while 75.00% of those who smoke
had low risk of OSA. Most of them were non-consumer
of alcohol (43.00%) and a relatively lesser number being
occasional consumers of alcohol (38.60%). Those that
drink regularly, drink occasionally, and those that do not
drink with low risk of OSA were 42.85%, 58.70%, and
59.25%, respectively.

In terms of their nature of job, most of the subjects
had jobs with moderate activity (43.00%) and a smaller
percentage having jobs that are physically exhausting
(38.60%). Those that have physically exhausting, moder-
ate, and sedentary jobs with low risk of OSA were 48.88%,
61.66%, and 66.67%, respectively.

From Table 2, it can be deduced that females had a
lower risk of OSA across all age groups except the age
brackets of 21-30 years. Between ages 81 and 90 years,
females were not represented in this study. Also between
age bracket of 51-80 years, males had medium to high
risk of OSA.

From Table 3, the anthropometric characteristics
of the study population was presented based on their
risk of OSA, most of them had a waist circumference
above 90 cm (37.70%); those with 1-70 cm, 71-80 cm,
81-90 cm, and above 90 cm with low risk of OSA were
83.33%, 67.74%, 53.57%, and 42.11%, respectively.
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A higher percentage of the subject subjects had
a waist hip ratio of less than 1 (88.60%); those with
waist hip ratio of <1 and > 1 with low risk of OSA were
59.43% and 25.00%, respectively.

The study samples who had a waist height ratio<1
were 95.6%; those with waist height ratio of<1 and>1
with a low risk of OSA were 58.03% and 0.00%,
respectively.

The study samples who had a neck height ratio
between >20 cm/m were 86.00%; those with neck height
ratio of <20 cm/m and >20 cm/m with low risk of OSA
were 68.18% and 54.34%, respectively.

In this study, most of the subjects had a body adiposity
index more than 25% (65.80%); those with BAI of < 10%,
10-25%, and >25% with low risk of OSA were 57.14%,
53.33%, and 58.44%, respectively.

Most of the subjects had a BMI between 18.50 and
24.90 (40.40%); those with BMI of<18.50, 18.50-24.90,
25.00-29.90, and>29.90 with low risk of OSA were
50.00%, 63.26%, 80.95, and 36.11%, respectively.

From Table 4, it can be deduced that for the different
categories of waist circumference, females had the low-
est risk to OSA. Males have a higher risk of OSA com-
pared whether the WHR is<1 or>1. For waist height
ratio, females have a lower risk of OSA when the ratio
is<1 only. Males have a lower risk of OSA when the neck
height ratio is <20 cm/m; otherwise, females have a lower
risk of OSA. When the body adiposity index is less than
10.00%, females have a lower risk of OSA, when the BAI
is between 10 and 25%, males have a lower risk of OSA,
but when the BAI is>25%, females have a lower risk of
OSA compared to males. Females despite their BMI had
a lower risk of OSA compared to males.

From Table 5, most of the study population showed
normal cardiovascular variables with most of them hav-
ing a systolic blood pressure below 140 mmHg (74.60%);
those with SBP with <80, 81-90, 91-100, and > 100 have
percentage low risk of OSA as 81.13%, 48.15%, 43.75%,
and 16.67%, respectively. Most of the subjects had dias-
tolic blood pressure below 100 mmHg (89.50%); those
with SBP with<110, 110-120, 121-140, and > 140 have
percentage low risk of OSA as 67.86%, 80.95%, 50.00%,
and 37.93%, respectively. Most of the subjects had a heart
rate between 60 and 100 beats/min (87.60%); those with
HR<60, 60-100, and>100 with low risk of OSA were
80.00%, 57.00%, and 50.00%, respectively.

From Table 6, in predicting the risk of OSA by age,
comparing subjects with low risk to those with high risk
of OSA it can be deduced that as age increases the risk to
having low risk of OSA decreases by 0.919 times, whereas
by comparing subjects with moderate risk to those with
high risk of OSA that as age increases the risk to OSA
decreases by 0.955 times.
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Table 1 Sociodemographic and lifestyle characteristics of the study subjects by risk of OSA
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Parameters

Total percentage
(N=110)

Percentage by risk of OSA

1 Age

2 Gender

3 Smoking status

4 Alcohol consumption status

5 Nature of job

18-20

Female

Male

Yes

No

Regularly

Occasionally

Never

Physically exhausting

Moderate activity

Sedentary

17.50

12.30

24.60

22.80

14.00

5.30

260

0.90

46.50

53.50

13.20

86.80

18.40

38.60

43.00

38.60

43.00

1840

Low risk—80.00%
Medium risk—20.00%
High risk—0.00%
Low risk—71.42%
Medium risk—21.42%
High risk—7. 14%
Low risk—53.57%
Medium risk—42.85%
High risk—3.57%
Low risk—53.84%
Medium risk—42.30%
High risk—3.84%
Low risk—37.50%
Medium risk—43.75%
High risk—18.75%
Low risk—33.33%
Medium risk—33.33%
High risk—33.33%
Low risk—25.00%
Medium risk—50.00%
High risk—25.00%
Low risk—100.00%
Medium risk—0.00%
High risk—0.00%
Low risk—67.92%
Medium risk—30.18%
High risk—1.88%
Low risk—47.54%
Medium risk—40.98%
High risk—11.47%
Low risk—75.00%
Medium risk—25.00%
High risk—0.00%
Low risk—54.90%
Medium risk—37.25%
High risk—7.84%
Low risk—42.85%
Medium risk—35.71%
High risk—21.43%
Low risk—58.70%
Medium risk—35.95%
High risk—4.34%
Low risk—59.25%
Medium risk—35.19%
High risk—5.56%
Low risk—48.88%
Medium risk—44.44%
High risk—6.66%
Low risk—61.66%
Medium risk—31.66%
High risk—6.66%
Low risk—66.67%
Medium risk—22.22%
High risk—11.11%
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Table 2 Risk of the study subjects to OSA across age groups by
gender

Parameter Percentage by risk of OSA

Age 18-20 Low risk—91.66%
Medium risk—8.33%
High risk—0.00%

Low risk—71.43%
Medium risk—28.57%
High risk—0.00%

Low risk—50.00%
Medium risk—50.00%
High risk—0.00%

Low risk—75.00%
Medium risk—16.66%
High risk—8.33%

Low risk—60.00%
Medium risk—40.00%
High risk—0.00%

Low risk—46.15%
Medium risk—46.15%
High risk—7.70%

Low risk—60.00%
Medium risk—40.00%
High risk—0.00%

Low risk—50.00%
Medium risk—43.75%
High risk—6.25%

Low risk—66.67%
Medium risk—33.33%
High risk—0.00%

Low risk—0.00%
Medium risk—57.14%
High risk—42.86%

Low risk—66.67%
Medium risk—33.33%
High risk—0.00%

Low risk—0.00%
Medium risk—66.67%
High risk—33.33%

Low risk—50.00%
Medium risk—50.00%
High risk—0.00%

Low risk—0.00%
Medium risk—100.00%
High risk—0.00%
Female -

Male Low risk—100.00%
Medium risk—0.00%
High risk—0.00%

Female

Male

21-30

Female

Male

Female

31-40

Male

Female

41-50

Male

Female

Male

Female

Male

Female

Male

In predicting the risk of OSA by gender in the study
subjects, it can be deduced with reference to the male
gender the risk of having a low risk as to having high risk
of OSA is 15.268 times, whereas the risk of having mod-
erate risk of OSA as against high risk for a female subject
as to a male subject is 6.288 times.

In predicting the risk of OSA by smoking status, it can
be deduced with reference to those that smoke that there
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is low risk of OSA for a non-smoker compared to having
a high risk is reduced by 1.489E —007 times, whereas the
risk to moderate risk of OSA for a non-smoker compared
to having a high risk is reduced by 3.419E — 007 times.

In predicting the risk of OSA by nature of alcohol con-
sumption, it can be deduced with reference to those that
drink regularly that there is low risk of OSA for a non-
drinker compared to having a high risk being 6.514 times
and those that drink occasionally being 9.721 times to
having low risk as to having high risk, whereas the risk
to moderate risk of OSA for a non-consumer of alcohol
compared to having a high risk being 9.446 times and
those that drink occasionally being 9.186 times to having
low risk as to having high risk.

In predicting the risk of OSA by nature of job of the
subject, it can be deduced that with reference to those
that engage in sedentary jobs that there is low risk of
OSA for a those with physically exhausting jobs to having
a high risk being 3.531 times and those that have moder-
ate activity jobs being 1.019 times to having low risk as
to having high risk, whereas the risk to moderate risk of
OSA for those with physically exhausting jobs compared
to having a high risk being 10.434 times and those that
with moderate activity jobs being 1.847 times to having
low risk as to having high risk of OSA.

From Table 7, in predicting the risk of OSA by waist
circumference, it can be deduced that as WC increases,
the tendency to having low risk decreases by a factor of
0.987, whereas the tendency of having moderate risk as
to having high risk of OSA increases by a factor of 1.005.

In predicting the risk of OSA by BM]I, it can be deduced
that as BMI increases, the tendency to having low risk as
to having high risk of OSA decreases by 0.936, whereas
the tendency of having moderate risk to having high risk
of OSA decreases by a factor of 0.962.

In predicting the risk of OSA by BAI it can be deduced
that as BAI increases, the tendency of having low risk as
to having high risk of OSA increases by 1.039, whereas
the tendency of having moderate risk to having high risk
of OSA decreases by a factor of 0.995.

In predicting the risk of OSA by WHR, it can be
deduced that as WHR increases, the tendency of having
low risk as to having high risk of OSA increases by 2.570,
whereas the tendency of having moderate risk to having
high risk of OSA decreases by a factor of 0.349.

In predicting the risk of OSA by WHLtR, it can be
deduced that as WHIR increases, the tendency of having
low risk as to having high risk of OSA decreases by 0.162
units, whereas the tendency of having moderate risk to
having high risk of OSA increases by a factor of 4.845.

In predicting the risk of OSA by NHtR, it can be
deduced that as NHtR increases, the tendency of having
low risk as to having high risk of OSA increases by 3.414
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Table 3 Anthropometric characteristics of the study subjects by risk of OSA

Parameters

Total percentage (N=110)  Percentage by risk of OSA

1 Waist circumference 61-70cm

71-80cm

81-90 cm

Above 90 cm

2 Waist hip ratio <1

>1

3 Waist height ratio <1

>1

4 Neck height ratio <20 cm/m

>20cm/m

5 Body adiposity index <10%

10-25%

>25%

6 Body mass index <1850

18.50-24.90

25.00-29.90

>29.90

10.50 Low risk—83.33%
Medium risk—16.67%
High risk—0.00%
26.30 Low risk—67.74%
Medium risk—29.03%
High risk—3.22%
25.50 Low risk—53.57%
Medium risk—39.28%
High risk—7.14%
37.70 Low risk—42.11%
Medium risk—45.61%
High risk—12.28%
88.60 Low risk—59.43%
Medium risk—34.91%
High risk—5.66%
11.40 Low risk—25.00%
Medium risk—50.00%
High risk—25.00%
95.6 Low risk—58.03%%
Medium risk—34.82%
High risk—7.14%
440 Low risk—0.00%
Medium risk—100.00%
High risk—0.00%
14.00 Low risk—68.18%
Medium risk—31.82%
High risk—0.00%
86.00 Low risk—54.34%
Medium risk—36.95%
High risk—8.69%
6.10 Low risk—57.14%
Medium risk—42.85%
High risk—0.00%
28.10 Low risk—53.33%
Medium risk—40.00%
High risk—6.67%
65.80 Low risk—58.44%
Medium risk—33.76%
High risk—7.79%
9.60 Low risk—50.00%
Medium risk—37.50%
High risk—12.50%
40.40 Low risk—63.26%
Medium risk—34.70%
High risk—2.04%
21.10 Low risk—80.95%
Medium risk—9.52%
High risk—9.52%
28.90 Low risk—36.11%
Medium risk—52.77%
High risk—11.11%

units, whereas the tendency of having moderate risk to
having high risk of OSA increases by a factor of 2.684.
From the foregoing only BMI, NC, and NHtR are the
only anthropometric indices that adequately predicted
the risk of OSA in comparing low risk and medium risk

to high risk as reference with an increase in BMI and NC
implying a higher risk of OSA while an increase in NHtR
implying a lower risk of OSA.

From Table 8, in predicting the risk of OSA by SBP, it
can be deduced that as SBP increases, the tendency of
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Table 4 Risk of the study subjects to OSA using different anthropometric indices by gender

Parameters Percentage by risk of OSA

1 Waist circumference 61-70 cm Female Low risk—100.00%
Medium risk—0.00%
High risk—0.00%
Male Low risk—66.67%
Medium risk—33.33%
High risk—0.00%
71-80cm Female Low risk—83.33%
Medium risk—16.67%
High risk—0.00%
Male Low risk—62.50%
Medium risk—33.33%
High risk—4.17%
81-90 cm Female Low risk—84.62%
Medium risk—15.38%
High risk—0.00%
Male Low risk—31.25%
Medium risk—56.25%
High risk—12.50%
Above 90 cm Female Low risk—50.00%
Medium risk—46.43%
High risk—3.57%
Male Low risk—33.33%
Medium risk—40.00%
High risk—26.67%
2 Waist hip ratio <1 Female Low risk—72.92%
Medium risk—25.00%
High risk—2.08%
Male Low risk—50.00%
Medium risk—41.07%
High risk—8.93%
>1 Female Low risk—20.00%
Medium risk—=80.00%
High risk—0.00%
Male Low risk—20.00%
Medium risk—40.00%
High risk—40.00%

3 Waist height ratio <1 Female Low risk—70.59%
Medium risk—27.45%
High risk—1.96%
Male Low risk—49.15%
Medium risk—38.98%
High risk—11.86%

>1 Female Low risk—0.00%
Medium risk—100.00%
High risk—0.00%
Male Low risk—0.00%
Medium risk—100.00%
High risk—0.00%
4 Neck height ratio <20 cm/m Female Low risk—>55.56%
Medium risk—44.44%
High risk—0.00%
Male Low risk—71.43%
Medium risk—28.57%
High risk—0.00%
>20cm/m Female Low risk—70.46%
Medium risk—27.27%
High risk—2.27%
Male Low risk—44.44%
Medium risk—42.59%
High risk—2.96%
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Table 4 (continued)
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Parameters

Percentage by risk of OSA

5 BAI <10%

10-25%

>25%

6 BMI

<185

18.5-24.9

25-29

>29

Low risk—75.00%
Medium risk—25.00%
High risk—0.00%

Female

Male Low risk—33.33%
Medium risk—66.67%

High risk—0.00%

Low risk—33.33%
Medium risk—66.67%
High risk—0.00%

Female

Male Low risk—55.17%
Medium risk—34.48%

High risk—10.34%

Low risk—69.57%
Medium risk—28.26%
High risk—2.17%

Female

Male Low risk—41.38%
Medium risk—44.83%
High risk—13.79%
Low risk—100.00%
Medium risk—0.00%
High risk—0.00%
Low risk—42.86%
Medium risk—42.86%
High risk—14.28%
Low risk—76.92%
Medium risk—23.08%
High risk—0.00%
Low risk—55.88%
Medium risk—41.18%
High risk—2.94%
Low risk—85.71%
Medium risk—7.14%
High risk—7.14%
Low risk—71.43%
Medium risk—14.28%
High risk—14.28%
Low risk—47.83%
Medium risk—52.17%
High risk—0.00%
Low risk—15.38%
Medium risk—53.85%
High risk—30.77%

Female

Male

Female

Male

Female

Male

Female

Male

having low risk as to having high risk of OSA decreases
by 0.973 units, whereas the tendency of having moderate
risk to having high risk of OSA remains unchanged.

In predicting the risk of OSA by DBD, it can be deduced
that as DBP increases, the tendency of having low risk
as to having high risk of OSA decreases by 0.948 units,
whereas the tendency of having moderate risk to having
high risk of OSA decreases by 0.948.

In predicting the risk of OSA by HR, it can be deduced
that as HR increases, the tendency of having low risk
as to having high risk of OSA decreases by 0.928 units,

whereas the tendency of having moderate risk to having
high risk of OSA decreases by 0.963.

DBP and HR adequately predicted the risk of OSA,
with an increase in DBP and HR implying higher risk of
OSA.

Discussion

Association of male gender with risk of OSA has been
described. In this study, the prevalence of low risk
of OSA is higher in women compared to men and
appears to rise with age as females have a lower risk
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Table 5 Cardiovascular indices of the study subjects by risk of OSA
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Parameters

Total percentage (N=110)  Percentage by risk of OSA

1 Systolic blood pressure <110

110-120

>140
2 Diastolic blood pressure <80
81-90
91-100
>100
<60

3 Heart rate

60-100

Low risk—67.86%
Medium risk—32.14%
High risk—0.00%
Low risk—80.95%
Medium risk—14.29%
High risk—4.76%
Low risk—50.00%
Medium risk—47.22%
High risk—2.78%
Low risk—37.93%
Medium risk—41.38%
High risk—20.69%
Low risk—81.13%
Medium risk—26.42%
High risk—37.75%
Low risk—48.15%
Medium risk—48.15%
High risk—3.70%
Low risk—43.75%
Medium risk—50.00%
High risk—6.25%
Low risk—16.67%
Medium risk—50.00%
High risk—33.33%
Low risk—80.00%
Medium risk—20.00%
High risk—0.00%
Low risk—57.00%
Medium risk—36.00%
High risk—7.00%
Low risk—50.00%
Medium risk—37.50%
High risk—12.50%

24.60

18.40

31.60

2540

48.20

27.20

14.10

10.50

87.60

of OSA across all age groups except the age brackets
of 21-30 years. This finding does not support the role
of hormones such as estrogen and progesterone being
responsible for increasing the risk of OSA by age as
the finding does not suggest this since there is no bell-
shaped relationship in the risk of OSA of females across
age [25]. The anatomical distribution of fat could be
used to explain the sex-dimorphic vulnerability of OSA,
with fat being around the neck and waist in adult males
and around the hips in adult females [13]. Anatomical
differences in the pharyngeal and upper airway struc-
ture may contribute partially to the higher susceptibil-
ity to OSA in males compared to females [26, 27]. In
this study, it was discovered that for every year increase
in age, having a low risk of OSA decreases by a factor
of 8.1% (OR=0.919). This increased risk with age can
be attributed to age-related anatomical changes in the
pharynx which lead to increased upper airway collaps-
ibility [28, 29]. Another study confirms that age dif-
ference in the risk of OSA is independent of BMI and
gender [30].

In this study, BMI, NC, and NHtR are the anthropo-
metric indices that adequately predict the risk of OSA in
comparing low and medium risk to high risk, an increase
in BMI implying a higher risk of OSA while an increase
in NHtR implying a lower risk of OSA. In a study by
Awopeju et al. [31], BMI, WC, hip circumference, and
waist-to-height ratio performed similarly in predicting
high risk of OSA. Cardiovascular variables of DBP and
HR predict the severity of OSA; this is like other studies
that associated OSA with an increase in the prevalence
and incidence of arterial hypertension and cardiovascu-
lar diseases (CVD) [18, 19]. Individuals suffering from
OSA exhibit a greater occurrence of isolated diastolic
hypertension [32]. This is potentially due to tachycar-
dia and shortening of cardiac diastole. Hypertension, in
turn, may be brought on by OSA through hypoxemia
and hypercapnia, which lead to systemic inflammation
and oxidative stress. This process results in the genera-
tion of increased levels of endothelin-1 and decreased
production of nitric oxide in endothelial cells, increas-
ing arterial peripheral resistance and elevating blood
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Table 6 Risk of OSA by sociodemographic and lifestyle factors
Variables by risk of OSA Sub-variables Odds ratio 95% confidence interval Sig
Age
1 Low risk-high risk 0919 0.864-0.979 0.008
Moderate risk-high risk 0.955 0.899-1.015 0.142
Gender
2 Low risk-high risk Female 15.268 1.253-185.982 0.033
Male Reference - -
Moderate risk-high risk Female 6.288 0.158-76.33 0.149
Male Reference - -
Current smoking status
3 Low risk-high risk No 1.489E-007 2.697E—-008-8.221E—-008 0.001
Yes Reference - -
Moderate risk-high risk No 3419E-007 3.4197E-007-3419E—-007 -
Yes Reference - -
Alcohol consumption
4 Low risk-high risk Never 6.514 0.490-86.667 0.156
Occasionally 9.721 0.792-119.321 0.075
Regularly Reference - -
Moderate risk-high risk Never 9.446 0.714-125.060 0.088
Occasionally 9.186 0.739-114.243 0.085
Regularly Reference - -
Nature of job
5 Low risk-high risk Physically exhausting 3.531 0.121-102.894 0478
Moderate activity 1.019 0.055 19.055
Sedentary Reference - -
5 Moderate risk-high risk Physically exhausting 10434 0.353-308.561 0.175
Moderate activity 1.847 0.097-35.006 0.683
Sedentary Reference - -
Table 7 Risk of OSA by anthropometric factors
Variables by risk of OSA Odds ratio 95% confidence interval Sig
Waist circumference
1 Low risk=high risk 0.987 0.956-1.020 0.443
Moderate risk-high risk 1.005 0.975-1.036 0.734
Body mass index
2 Low risk=high risk 0.936 0.804-1.091 0.398
Moderate risk-high risk 0.962 0.826-1.121 0.622
Body adiposity index
3 Low risk-high risk 1.039 0.936-1.153 0470
Moderate risk-high risk 0.995 0.897-1.104 0.923
Waist hip ratio
4 Low risk-high risk 2.570 0.024-277.378 0.693
Moderate risk-high risk 0.349 0.003-47.784 0.675
Waist height ratio
5 Low risk=high risk 0.162 0.001-115.127 0.587
Moderate risk-high risk 4.845 0.005-4436.919 0.650
Neck height ratio
[§ Low risk=high risk 3414 0.065-179.027 0.543
Moderate risk-high risk 2684 0.050-114.112 0.627
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Table 8 Risk of OSA by cardiovascular variables

Variables by risk of OSA  Oddsratio  95% Sig
confidence
interval
Systolic blood pressure
1 Low risk-high risk 0.973 0.930-1.019 0.247
Moderate risk-high risk 1.000 0.960-1.042 0.983
Diastolic blood pressure
2 Low risk=high risk 0.939 0.856-1.030 0.182
Moderate risk-high risk 0.948 0.866—-1.038 0.247
Heart rate
3 Low risk-high risk 0.928 0.861-0.999 0.047
Moderate risk-high risk 0.963 0.895-1.035 0.305

pressure [33-35]. Additionally, subjects with OSA have
significantly higher renin generation, which is induced
by efferent renal sympathetic nerve activation. This effect
results in elevated plasma angiotensin-II and aldoster-
one, ultimately leading to increased vasoconstriction and
sodium-water retention, respectively [35], both of which
contribute to higher blood pressure levels.

Our study focused on clinical predictor of OSA in a
general population; however, several studies have inves-
tigated predictors of obstructive sleep apnea (OSA) in
various populations, identifying both common and dis-
tinct risk factors. Xu et al. [36] focused on patients with
hypertrophic cardiomyopathy (HCM) and identified
older age, male gender, higher BMI, hypertension, and
left ventricular outflow tract obstruction as significant
predictors of OSA, aligning with the broader understand-
ing of age, male gender, and BMI as key risk factors. Con-
versely, Cadavid et al. [37] explored OSA predictors in
nonobese individuals, finding age and male gender as the
only independent predictors, challenging the traditional
profile of older, obese, and frequent snorers. Peruvemba
et al. [38] emphasized the utility of clinical parameters
such as age, sex, and neck circumference in identifying
OSA risk, while Jonassen et al. [39] proposed a prediction
score based on age, snoring, breathing cessations, BMI,
and hypertension for severe OSA.

Our study contributes insights into OSA prediction,
diverging from some previous studies by highlighting
the significance of anatomical differences in fat distribu-
tion and upper airway structure. We found that males
exhibit higher vulnerability to OSA due to fat accumula-
tion around the neck and waist, with age-related changes
in the pharynx exacerbating risk. Our observations chal-
lenge the notion that hormonal factors alone account for
lower OSA prevalence in females, suggesting anatomical
differences play an equally important role. Comparing
with prior research, while age consistently emerges as a
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predictor, our focus on anatomical factors offers nuanced
understanding of gender differences in OSA vulnerability.
Overall, our findings underscore the multifaceted nature
of OSA risk factors, emphasizing the importance of com-
prehensive approaches to prediction. Like most question-
naire-based studies, overestimation or underestimation
may be an issue, but it is hoped that the findings of this
study will add to the body of knowledge on this subject.

Conclusion

Obstructive sleep apnea can be caused by several risk
factors such as age, gender, obesity, craniofacial and oro-
pharyngeal anatomical defects, and personal habits such
as smoking and alcohol consumption. Likewise, certain
anthropometric measures have also been revealed to be
a cause of obstructive sleep apnea; measures like BMI
and NHtR have a high predictive value to cause OSA. To
reduce the incidence of OSA, it is recommended that the
identified anthropometric properties should be moni-
tored over time and measures should be put in place to
ensure good respiratory health.
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