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Abstract

Introduction: Obstructive sleep apnea (OSA) is a prevalent chronic disease and is associated with many
adverse health outcomes, but OSA is underrecognized by physicians.

Objectives:  To identify factors associated with severity of OSA

Methods: This was a retrospective cross-sectional study. 587 OSA patients were enrolled and
classified into 3 groups: mild, moderate, and severe OSA. Demographic and comorbidity
data, anthropometric measurement, and Epworth sleepiness scale were reviewed. Ordinal
regression was used to analyze the associated factors.

Results: The prevalence of mild, moderate, and severe OSA were 39.0%, 23.9% and 56.7%
respectively. Univariable analyses showed that male sex, body mass index (BMI) > 25 kg/m?,
neck circumference (NC) > 40 cm, excessive daytime sleepiness, hypertension, and diabetes
mellitus were associated with severity of OSA. Multivariable ordinal analysis showed that
age > 60 years old, male sex, BMI > 25 kg/m? NC > 40 cm, excessive daytime sleepiness,
and diabetes mellitus were associated with severity of OSA.

Conclusions: Our identifying factors assist to recognize adult patients at risk of OSA by severity.
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Introduction

Obstructive sleep apnea (OSA) is a preva-
lent sleep disorder, characterized by repetitive
partial or complete obstruction of the upper airway
during sleep, which leads to recurring episodes of
hypoxemia, sleep fragmentation, and increased
sympathetic activity.! The prevalence of OSA ranges
from 9% to 38% in the general population® and is
11.4 % in the Thai population.

OSA is associated with various adverse
health outcomes including hypertension, diabetes
mellitus, atrial fibrillation, heart failure, coronary
artery disease, stroke, cognitive impairment, and
decreased quality of life.*> Moreover, more severe
OSA is associated with more risk of cardiovascular
outcomes and mortality.®’

Despite increasing awareness of OSA by
physicians, it is often underrecognized because
initial presentations such as snoring, seem harm-
less.® OSA is also underdiagnosed because the
standard diagnostic procedure is overnight polysom-
nography (PSG), which is not generally available,
has a long waiting list, is costly, and requires a sleep
specialist for interpretation.” OSA is treatable by
continuous positive airway pressure therapy, which
decreases sleepiness and fatigue and improves
quality of life.'®!" Thus, identifying, and prioritizing
patients at risk who require early PSG or treatment
are important for primary prevention of adverse
health consequences.

Most published studies concern risk factors
for diagnosing OSA, but factors associated with
severity of OSA are less recognized. Therapeutic
approaches can vary according to severity, which
is affected by ethnic differences such as obesity, fat
distribution, and craniofacial structure.!> Therefore,
the aim of this study was to identify factors related
to mild, moderate, and severe OSA in Thai patients.

Methods

Participants and Study Design

This study was a retrospective chart review
study conducted at the sleep clinic, Thammasat
University Hospital, Thailand between November
2019 and October 2020. The study protocol was
approved by the Human Research Ethics Committee
of University of Thammasat University (Medicine)
(approval no.MTU-EC-CF-0-311/64).

We included all patients over 18 years old
who were diagnosed with OSA. The diagnosis of
OSA was made by evidence of AHI > 5 per hour
from standard in-laboratory PSG (either split-night
or full-night). Patients were excluded from the
study if PSG data was incomplete or total sleep time
<100 min.

Data Collection

Demographic data, anthropometric mea-
surement, self-reported questionnaire, and Thai
Epworth sleepiness scale were routinely recorded
prior to PSG and retrieved from electronic medi-
cal records. Comorbidities such as hypertension,
diabetes mellitus, asthma, COPD, and chronic rhi-
nitis were obtained from medical records or current
drug treatment.

Anthropometric measurements were taken
by trained sleep technicians using standard tech-
niques.”* Weight in kilograms (kg) was measured
while wearing light clothing and without shoes,
using a digital scale to the nearest 100 grams. Height
in meters (m) was measured without shoes, with
stadiometer to the nearest 0.5 centimeters (cm).
Body mass index (BMI) was calculated as weight
(kg) divided by the square of height (m?). Neck
circumference (NC) was measured (cm) using an
inelastic tape with 1 millimeter precision at the level
of the cricothyroid membrane in upright position.'*

Daytime sleepiness was evaluated using the
Thai version of the Epworth Sleepiness Scale (ESS)
questionnaires.!> A score > 10 was considered to
indicate excessive daytime sleepiness.!®

Polysomnography

All patients underwent standard in-
laboratory PSG. Recording techniques and data
scoring followed American Academy of Sleep
Medicine (AASM) recommendations'” by using
a digital polysomnography monitor (Greal Series,
Compumedics, Victory, Australia). The following
parameters were recorded continuously: electro-
encephalography, electrooculography, submental
and anterior tibial electromyography, nasal and oral
thermal airflow, nasal pressure, thoracoabdominal
movement, pulse oximetry (SpO2), position, snor-
ing, and electrocardiography. All recordings were
visually analyzed, and manually scored by two sleep
specialists according to the AASM scoring system."”
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Apnea was defined as > 90% reduction of
airflow lasting > 10 seconds. Hypopnea was defined
as > 30% reduction of nasal pressure lasting > 10
seconds and associated with either > 3% arterial
oxygen desaturation or arousal. AHI was calculated
as the number of apneas and hypopneas per hour of
total sleep time.

OSA was defined as AHI > 5 per hour and
severity was classified into 3 ordinal categories:
mild for AHI > 5 and <15, moderate for AHI > 15
and < 30, and severe for AHI > 30.!8

Statistical Analysis

Continuous variables were described as
mean + standard deviation for normally distributed
variables or median and interquartile range (IQR)
for non-normally distributed variables. Continuous
variables were converted into categorical variables
based on clinical significance or previous study'*;
age was classified into < 60 years and > 60 years,
and BMI was classified into < 25 kg/m? and > 25
kg/m? according to the Asian-Pacific cutoff value
for obesity."” The NC was classified into < 40 cm
and > 40 cm. Categorical variables were described
as number and percentage. Comparisons of
differences among the three groups were analyzed
using the analysis of variance (ANOVA) test for
continuous variables with normal distribution
and equal variance, the Kruskal Wallis test for
continuous variables with normal distribution

and unequal variance or non-normal distribution
variables, and the Chi-square test or Fisher’s exact
test for categorical variables. Potentially associa-
ted factors of OSA severity were included in
the univariable and multivariable ordinal logistic
regression model to calculate the odds ratios (ORs)
and 95% confidence intervals (Cls). All factors,
including age, sex, BMI, NC, excessive daytime
sleepiness (ESS > 10), and comorbidities such as
hypertension and diabetes mellitus were chosen
according to previously published studies. All analy-
ses were performed using Stata version 14 (STATA
Corp., Texas, USA). A two-sided p-value of < 0.05
was considered statistically significant.

Results

A total of 634 patients were included in our
study. After exclusion (n=47), the 587 remaining
patients showed median age of 51 (37, 62) years
old and 358 (61%) were male. The 587 patients
were classified as follows: mild OSA: 114 (39.0%);
moderate OSA: 140 (23.9%); and severe OSA: 333
(56.7%).

The characteristics of patients according
to severity of OSA are described in Table 1.
Characteristics significantly associated with
severity of OSA were sex, BMI, NC, ESS,
hypertension, and diabetes mellitus. There were no
significant differences in age, proportion of asthma,
COPD, or chronic rhinitis.



Vol. 23 No. 2 (May - August 2023)

113

Table 1 Characteristics of patients regarding severity of OSA.

Variables Total Mild OSA Moderate OSA Severe OSA P-value
(n =587) (n=114) (n = 140) (n=333)
Age (years), median (IQR) 51 (37, 62) 48 (35, 58) 50.5 (35, 61) 52 (38, 63) 0.059
Age, n (%) 0.151
<60 years 412 (70.2) 88 (77.2) 99 (70.7) 225 (67.6)
> 60 years 175 (29.8) 26 (22.8) 41(29.3) 108 (32.4)
Sex, n (%) 0.003
Male 358 (61.0) 56 (49.1) 81 (57.9) 221 (66.4)
Female 229 (39.0) 58 (50.9) 59 (42.1) 112 (33.6)
BMI (kg/m2), median (IQR) 29.4(25.7,34.3)  26.5(23.6,31.6) 28.8(25.4,32.35)  30.9(26.7,35.8) <0.001
BMI classification, n (%) <0.001
<25 kg/m2 126 (21.5) 44 (38.6) 31 (22.1) 51 (15.3)
>25 kg/m2 461 (78.5) 70 (61.4) 109 (77.9) 282 (84.7)
NG, n (%) <0.001
<40 cm 339 (57.8) 93 (81.6) 96 (68.6) 150 (45.1)
>40 cm 248 (42.2) 21(18.4) 44 (31.4) 183 (54.9)
ESS, median (IQR) 8(5,12) 7(4,11) 8(5,11) 9(5,13) 0.003
EDS, n (%) 0.008
No 389 (66.3) 83 (72.8) 103 (73.6) 203 (61.0)
Yes 198 (33.7) 31(27.2) 37 (26.4) 130 (39.0)
Comorbidities, n (%)
Hypertension 329 (56.1) 52 (45.6) 71(50.7) 206 (61.9) 0.004
Diabetes mellitus 156 (26.6) 21(18.4) 25(17.9) 110 (33.0) <0.001
Asthma 21(3.6) 6(5.3) 5(3.6) 10 (3.0) 0.533
COPD 6 (1.0) 0(0.0) 3(2.1) 3(0.90) 0.221
Chronic rhinitis 118 (20.1) 28 (24.6) 27 (19.3) 63 (18.9) 0415
AHI, median (IQR) 35 (18, 63) 9.5(7.2,11.6) 21.1(18.2,26.1) 58.7(42.2,78.7) <0.001

Abbreviations: OSA, obstructive sleep apnea; IQR, interquartile range; BMI, body mass index; ESS, Epworth Sleepiness Scale;
EDS, excessive daytime sleepiness; COPD, chronic obstructive pulmonary disease; AHI, apnea hypopnea index.

By univariable analysis, ordinal odds ratios
were obtained as shown in Table 2. All parameters
were selected for further multivariable analysis,
including age > 60 years, male, BMI > 25 kg/m?,
NC > 40 cm, ESS > 10, hypertension and diabetes

mellitus.

The ordinal multivariable analysis showed
significant association between severity of OSA

and age > 60 years (OR, 1.57; 95% CI, 1.05 - 2.33;
p=0.027), male sex (OR, 1.55; 95% CI, 1.08-2.21;
p=0.017), BMI > 25 kg/m2 (OR, 1.71; 95% CI,
1.12-2.61; p=0.013), NC > 40 cm (OR, 2.71;
95% CI, 1.82-4.02; p<0.001) , excessive daytime

sleepiness (OR, 1.53; 95% ClI, 1.07-2.20; p=0.020)

and diabetes mellitus (OR, 1.57; 95% CI, 1.01-2.44;
p=0.048), as shown in Table 3.
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Table 2 Results of univariable ordinal logistic model using three severities of OSA.

Variables Crude OR 95% CI) P-value

Age

<60 years Ref

> 60 years 1.38 0.98 - 1.96 0.068
Sex

Male 1.72 1.25-2.38 0.001

Female Ref
BMI > 25 kg/m? 2.56 1.76 - 3.73 <0.001
NC > 40 cm 3.64 2.57-5.14 <0.001
EDS 1.68 1.19-2.38 0.003
Comorbidities

Hypertension 1.72 1.25-2.36 0.001

Diabetes mellitus 2.14 1.45-3.14 <0.001

Abbreviations: OR, odds ratio; CI, confidence interval; Ref, reference; BMI, body mass index; NC, neck circumference; EDS,

excessive daytime sleepiness.

Table 3 Results of multivariable ordinal logistic model using three severities of OSA.

Variables Adjusted OR (95% CI) P-value

Age

< 60 years Ref

> 60 years 1.57 1.05-2.33 0.027
Sex

Male 1.55 1.08 -2.21 0.017

Female Ref
BMI > 25 kg/m? 1.71 1.12-2.61 0.013
NC >40 cm 2.71 1.82-4.02 <0.001
EDS 1.53 1.07 -2.20 0.020
Comorbidities

Hypertension 1.19 0.82-1.72 0.356

Diabetes mellitus 1.57 1.01 -2.44 0.047

Abbreviations: OR, odds ratio; CI, confidence interval; Ref, reference; BMI, body mass index; NC, neck circumference; EDS,

excessive daytime sleepiness.

Discussion

Our study reported that independent
factors associated with severity of OSA included age
> 60 years old, male sex, BMI > 25 kg/m? NC >
40 cm, excessive daytime sleepiness, and diabetes
mellitus.

Age is a well-known risk factor for OSA.
Our study supported a previous study in that old
age increased risk of more severe OSA.?° The
SHIP-Trend study?! reported that the prevalence of

moderate to severe OSA in the general population
was 36.6% in age > 60 years compared with 13.4%
in age < 60 years.

Many studies revealed that OSA was more
prevalent in males than in females.'*?* Similar
to findings of Dosman JA et al., our study found
that male sex was associated with more severe
OSA.*? The explanation might be the differences
in upper airway anatomy, function, and female sex
hormones.*
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Obesity is considered a significant risk
factor for the development and progression of
OSA.% Dong Z et al. reported that increased body
mass index (BMI) has been associated with greater
severity of OSA.?® Our study also affirmed that
BMI > 25 kg/m? in Thai population was a factor
associated with severity of OSA. The pathophysio-
logy of OSA in obese people might be affected
by fat distribution. Fat deposits around the upper
airway may result in a smaller lumen and increased
collapsibility of the upper airway. Fat deposits in
the tissues surrounding the thorax might increase
demand for oxygen by reducing chest compliance
and functional residual capacity.?

Neck circumference (NC) over 40 cm was
the strongest factor associated with severity of OSA
in our study. NC is considered a marker of loca-
lized adipose tissue distribution around the neck.
It is a more reliable factor in determining OSA
and severity of OSA than BMI.?’ Kim SE et al. also
found that NC had the strongest positive correlation
with AHI in an Asian population.?®

We assessed daytime sleepiness by the
Thai version of the ESS questionnaire, which is the
standard measurement of subjective sleepiness.
An ESS score above 10 is regarded as an indicator
of excessive daytime sleepiness.!® The correlation
between ESS score, or excessive daytime sleepi-
ness, and severity of OSA is still inconclu-
sive because some of the OSA patients did not
report excessive sleepiness despite severe OSA.
However, the association between excessive daytime
sleepiness and severity of OSA observed in this
study was similar to that in many other studies.*-*

The relationship between OSA and diabetes
seems to be bidirectional.’! Several studies have
found a high prevalence of OSA in patients with
diabetes and shown that OSA may be a risk factor
for the development of type 2 diabetes.*? Our study
related having diabetes to severity of OSA.

This study has some limitations which
need to be considered. First, we enrolled patients
who suspected OSA at a sleep clinic, so they
might not reflect the features of a more general
population. Second, this was a cross-sectional
retrospective study. Thus, we could not determine the
actual causes and effects of risk and development of
OSA severity. However, this is the first study
investigating factors associated with severity of

OSA in Thai patients. Previous studies found
independent factors associated with OSA by treating
final clinical outcomes of interest as binary (no OSA
versus OSA). In our study, we defined 3 groups of
outcomes in routine practice (mild, moderate, and
severe OSA) and used ordinal regression analysis
to provide more details of differences between the
groups.

Further investigations should develop
simple and generalizable screening tools for
physicians to differentiate OSA by severity.

In conclusion, our study strongly suggests
that elderly people, males, those who have BMI
> 25 kg/m?, NC > 40 cm, excessive daytime
sleepiness, and diabetes mellitus are more likely
to have higher OSA severity which need early
diagnosis and treatment without delay. These factors
assist physician to differentiate OSA by severity.
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