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Abstract: Background and objectives: While an increasing number of people who snore are seeking medical con-
sultations, the clinical characteristics of snorers are rarely reported. The aim of this study is to characterize the clinical
and polysomnographic features in a population of snorers. Methods: A total of 490 subjects were examined retro-
spectively. The clinical history, Epworth Sleepiness Scale (ESS) scores, physical examination, and full-night poly-
somnography (PSG) data were obtained for all the subjects. The correlations between the neck circumference, waist
circumference, ESS scores, body mass index (BMI), and apnea-hypopnea index (AHI) of obstructive sleep apnea
(OSA) patients were explored. The gender and age differences in OSA patients were analyzed. Results: OSA was
diagnosed in 84.7% of the sample, with 21.2% of the patients having a mild form, 15.4% having a moderate form, and
63.4% having a severe form of OSA. The ESS scores, neck circumference, waist circumference, and BMI were posi-
tively correlated with AHI in OSA patients. The ESS scores and BMI were negatively correlated with nadir oxygen
saturation (Sa0;). A greater number of men than women exhibited moderate to severe forms of the disease. OSA
affects the work of males more commonly compared with females. Nocturia was a more common complaint in elderly
OSA patients. Heart diseases coexisted more frequently with OSA in elderly patients. Conclusions: In a population of
snorers, OSA is the most common condition identified. The ESS scores and BMI were well correlated with the severity
of the disease. Men had a more severe form of OSA than women. Nocturia frequently occurred in elderly OSA patients,
as did the coexistence of heart disease.
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1 Introduction

The number of people seeking medical consul-
tations for snoring is increasing. Obstructive sleep
apnea (OSA) is the most common sleep-disordered
breathing. In view of the obesity pandemic, the inci-
dence of OSA is likely to rise (Jordan et al., 2014).
The prevalence of symptomatic OSA in the general
population is 2%—4%, and OSA increases with age
(de Backer, 2013). OSA is associated with a number
of adverse outcomes, including sleep disruption,
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cognitive dysfunction, traffic accidents, and increased
risk of cardiovascular diseases. OSA has become a
global health problem, and it reduces the quality of
life and increases mortality.

The objectives of this study are to examine the
clinical characteristics and polysomnographic out-
comes in a population of snorers. The OSA patients
were further studied for factors that might be related
to the severity of the disease. The gender and age
differences in OSA were assessed as well.

2 Materials and methods
2.1 Subjects

A total of 490 snorers, who were admitted to the
hospital and underwent a full-night polysomnography
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(PSG) during January 2013 to April 2014, were en-
rolled as subjects in this study. None of the subjects
were referred because of a previous diagnosis and
treatment for OSA, and the PSG tests of all the sub-
jects were valid.

The access to patient records was approved by
the local ethics committee, and patient confidentiality
was maintained.

2.2 Clinical assessment

The anthropometric data including gender, age,
height, weight, body mass index (BMI), neck cir-
cumference, and waist circumference and the detailed
clinical data including the symptoms, comorbidities,
Epworth Sleepiness Scale (ESS) scores, and physical
examination records focusing on the maxillofacial,
oropharynx, and neck regions were recorded. Exces-
sive daytime sleepiness was assessed by an ESS score
of >10.

2.3 Sleep study

The full-night PSG recordings were reviewed
independently by two sleep specialists. A poly-
somnographic system (Alice 5, Respironics, Philips,
Pittsburgh, Pennsylvania, USA) was used to perform
the PSG tests. The diagnosis of OSA was confirmed
following the criteria proposed by the adult OSA task
force of the American Academy of Sleep Medicine
(Epstein et al., 2009).

2.4 Statistical analyses

The characteristics of the subjects were summa-
rized as the meantstandard deviation (SD) for the
continuous variables and as counts and percentages
for the categorical variables. Pearson’s or Spearman’s
correlation analysis was used to explore the correla-
tions between the neck circumference, waist circum-
ference, ESS scores, BMI and AHI in the OSA pa-
tients. An independent #-test or one-way analysis of
variance (ANOVA) was used for the comparison
between the groups of continuous variables, and a
Chi-squared test or Fisher’s exact test was used for
the categorical variables. A binary logistic regression
analysis was used to compare the clinical data of the
gender and age groups. In all the cases, P<0.05 was
considered statistically significant. All the statistical
analyses were performed using SPSS, Version 20.0
(SPSS, Inc., Chicago, IL, USA).

3 Results
3.1 General sample

A total of 409 males and 81 females were ana-
lyzed with an age of (45.27+11.6) years; 460 patients
were young and middle-aged (<65 years), and 30
patients were elderly (=65 years). OSA was identified
in 415 (84.7%) patients, simple snoring in 65 (13.3%),
mixed sleep apnea (MSA) in 6 (1.2%), and central
sleep apnea (CSA) in 4 (0.8%).

In the 409 male patients, OSA was identified in
362 patients (88.5%), simple snoring in 39 (9.5%),
MSA in 4 (1.0%), and CSA in 4 (1.0%). In the 81
female patients, OSA was identified in 53 (65.4%)
patients, simple snoring in 26 (32.1%), MSA in 2
(2.5%), and CSA in 0 (0%). Gender (84.7%) differences
existed for the prevalence of various forms of sleep-
disordered breathing (Fisher’s exact test, P<0.001).

In the 460 young and middle-aged patients, OSA
was identified in 390 (84.8%) patients, simple snoring
in 62 (13.5%), MSA in 4 (0.9%), and CSA in 4 (0.9%).
In the 30 elderly patients, OSA was identified in 25
(83.3%) patients, simple snoring in 3 (10.0%), MSA
in 2 (6.7%), and CSA in 0 (0%). The prevalence of
various forms of sleep-disordered breathing was
similar in the age groups.

3.2 Characteristics of OSA patients

Of the 415 OSA patients, 362 patients were male,
53 were female, 390 were young and middle-aged,
and 25 were elderly.

In addition to snoring, the majority of the OSA
patients had other symptoms; 171 (41.2%) patients
complained of gasping/choking at night, 66 (15.9%)
of morning headaches, 265 (63.9%) of dry mouth,
242 (58.3%) of daytime sleepiness, 121 (29.2%) of
nocturia, 252 (60.7%) of memory loss, and 174
(41.9%) of irritability. OSA influenced the quality of
life in 168 patients (40.5%), affected the patient’s
work in 121 (29.2%), and had an effect on traffic
safety in 62 (14.9%) patients. The mean ESS score
was 7.884+4.66, and 130 (31.3%) OSA patients had
ESS scores of >10.

Among the OSA patients, 154 (37.1%) had
comorbidity with hypertension, 54 (13.0%) with di-
abetes mellitus, 45 (10.8%) with heart disease, 7
(1.7%) with cerebrovascular disease, 26 (6.3%) with
reflux esophagitis, 15 (3.6%) with thyroid diseases,



Shao et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2015 16(3):215-223 217

159 (38.3%) with rhinitis, 180 (43.4%) with phar-
yngolaryngitis, and 14 (3.4%) patients had a history
of upper airway surgery.

A number of OSA patients had signs of upper
airway narrowing as follows: 1 (0.2%) with retrog-
nathia, 54 (13.0%) with tonsillar hypertrophy, and 58
(14.0%) with pharyngeal cavity stenosis. The neck
and waist circumferences were (38.46+3.83) and
(97.849.5) cm, respectively.

According to the AHI, mild was identified in 88
patients (21.2%), moderate in 64 (15.4%), and severe
in 263 (63.4%). The mean AHI, respiratory disturb-
ance index (RDI), and respiratory effort related
arousal (RERA) of the OSA patients were
(42.28+25.00), (42.88+25.19), and (0.59+1.53) h™".
The mean nadir Sa0,, average SaO,, oxygen desatu-
ration index (ODI), and percentage of recording time
with Sa0, of <90% (T90) of the OSA patients were
(70.56£14.79)%, (93.01£3.62)%, (43.62+26.17) h™',
and (23.43£26.72)%, respectively. A total of 58
(14.0%) patients had their nadir SaO, between 85%
and 90%, 74 (17.8%) between 80% and 85%, and 280
(67.5%) below 80%.

The correlation analysis showed that neck cir-
cumference was positively correlated with the AHI
(r=0.341, P<0.001) and RDI (r=0.341, P<0.001); the
waist circumference was positively correlated with
the AHI (=0.457, P<0.001) and RDI (r=0.444, P<
0.001); the BMI was positively correlated with the
AHI (7=0.389, P<0.001) and RDI (+=0.387, P<
0.001), whereas BMI was negatively correlated with
the nadir Sa0, (»=—0.392, P<0.001); the ESS scores
was positively correlated with the AHI (=0.288, P<
0.001) and RDI (»=0.292, P<0.001), whereas ESS
was negatively correlated with the nadir SaO,
(=-0.258, P<0.001).

3.3 Phenotypes of different severities

The anthropometric data of OSA patients by
different severities are shown in Table 1. Sympto-
matic, clinical, and physical examination data by
different severities are shown in Tables 2 and 3. The
symptoms of dry mouth (52.3%, 54.7%, and 70.0%,
respectively; P=0.003) and daytime sleepiness
(46.6%, 51.6%, and 63.9%, respectively; P=0.009)
were more frequent in the severe OSA patients.
The severe OSA patients had higher ESS scores
(6.13+4.27, 6.75+£3.46, and 8.75+4.82, respectively;

Table 1 Anthropometric data of OSA patients by severity

Parameter Mild Moderate Severe  P-value’
Subjects 88 (21.2%) 64 (15.4%) 263 (63.4%)
Age (year) 45.55+11.99 47.5+10.5 45.41£11.32 NS

Height (cm) 168.346.72 168.3+6.87 170.545.95  0.003
Weight (kg) 72.92+10.04 74.89+10.89 82.03+11.07 <0.001

BMI (kg/m’®) 25.8143.02 26.37+2.62 28.1943.36  <0.001
NC(cm)  36.81£3.10 37.48+3.14 39.26+3.98 <0.001
WC (cm)  92.06+8.39 95.77+8.85 100.23+9.04  <0.001

Data are presented as count (percentage) or mean+SD (n=415).
BMI: body mass index; NC: neck circumference; WC: waist cir-
cumference; NS: non-significant. - One-way ANOVA

Table 2 Symptomatic and clinical data of OSA patients
by severity

Symptom Mild Moderate Severe  P-value'
Gasping/ 31 (35.2%) 24 (37.5%) 116 (44.1%) NS
choking
Morning 14 (15.9%) 10 (15.6%) 42(16.0%) NS
headaches
Dry mouth 46 (52.3%) 35 (54.7%) 184 (70.0%) 0.003
Daytime 41 (46.6%) 33 (51.6%) 168 (63.9%) 0.009
sleepiness
Nocturia 22 (25.0%) 18(28.1%) 81(30.8%) NS

Memory loss 53 (60.2%) 38 (59.4%) 161 (61.2%) NS

Irritability 34 (38.6%) 25(39.1%) 115(43.7%) NS

ESS scores  6.1324.27 6.75£3.46 8.75+4.82 <0.001

Influence of 28 (31.8%) 18 (28.1%) 121 (46.0%) 0.009
QOL

Influence of 22 (25.0%) 12 (18.8%) 87 (33.1%)  0.049
work

Influence of 14 (15.9%) 6(9.4%) 42 (16.0%) NS
traffic

Data are presented as count (percentage) or mean+SD (n=415).
ESS: Epworth Sleepiness Scale; QOL: quality of life; NS: non-
significant. * Chi-squared test or one-way ANOVA

P<0.001) than the mild and moderate OSA patients.
The qualities of life (33.0%, 28.1%, and 46.0%, re-
spectively; P=0.009) and work (25.0%, 18.8%, and
33.1%, respectively; P=0.049) were more frequently
influenced in the severe OSA patients. Reflux
esophagitis (2.3%, 14.1%, and 5.7%, respectively;
P=0.01) was more frequent in the moderate and se-
vere OSA patients.

3.4 Gender differences in OSA

The anthropometric and polysomnographic data
of the OSA patients by gender are shown in Tables 4 and
5. In the 362 male patients, mild was identified in
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67 patients (18.5%), moderate in 53 (14.6%), and
severe in 242 (66.9%), according to their AHI. In the
53 female patients, mild was identified in 21 patients
(39.6%), moderate in 11 (20.8%), and severe in 21
(39.6%). Moderate and severe OSA were more fre-
quent in males than in females (*=16.249, P<0.001).
In the 362 male patients, 49 (13.5%) patients had a
nadir Sa0, between 85% and 90%, 59 (16.3%) be-
tween 80% and 85%, and 252 (69.6%) below 80%. In
53 female patients, 9 (17.0%) patients had a nadir
Sa0, between 85% and 90%, 15 (28.3%) between
80% and 85%, and 28 (52.8%) below 80%. A dif-
ference existed in the distribution of the nadir SaO,
between the genders (Fisher’s exact test, P=0.041).

Table 3 Comorbidities and physical examination data of
OSA patients by severity

Disease Mild Moderate Severe  P-value’
Hypertension 24 (27.3%) 27 (42.2%) 103 (39.2%) NS
Diabetes mellitus 7 (8.0%) 9 (14.1%) 38 (14.4%) NS
Heart disease 7(8.0%) 9(14.1%) 29(11.0%) NS
Cerebrovascular 1 (1.1%) 1 (1.6%) 5(1.9%) NS

disease
Reflux 2(23%) 9(14.1%) 15(5.7%) 0.01
esophagitis
Thyroid diseases 2 (2.3%) 2(3.1%) 11(4.2%) NS
Rhinitis 35(39.8%) 26 (40.6%) 98 (37.3%) NS

Pharyngolaryngitis 39 (44.3%) 29 (45.3%) 112 (42.6%) NS

History of upper 2 (2.3%) 1(1.6%) 11(4.2%) NS
airway surgery

Retrognathia 0 (0%) 0 (0%) 1(04%) NS

Tonsillar 10 (11.4%) 6(9.4%) 38 (14.4%) NS
hypertrophy

Pharyngeal cavity 10 (11.4%) 6(9.4%) 42 (16.0%) NS
stenosis

Data are presented as count (percentage). NS: non-significant. * Chi-
squared test

Table 4 Anthropometric data of OSA patients by gender

Parameter Male Female P-value"

Subjects 362 (87.2%) 53 (12.8%)

Age (year) 44.7+11.21 52.849.67 <0.001
Height (cm) 171.0+£5.3 160.4+4.9  <0.001
Weight (kg) 80.39+10.99 69.47+£10.74 <0.001
BMI (kg/m?) 27.4643.24 27.01+4.04 NS
NC (cm) 39.02+3.65 34.66+2.72  <0.001
WC (cm) 98.3749.08 94.00+11.25  0.002

Data are presented as count (percentage) or mean+SD (n=415).
BMI: body mass index; NC: neck circumference; WC: waist cir-
cumference; NS: non-significant. * Independent-sample -test

The symptomatic, clinical and physical exami-
nation data by gender are shown in Tables 6 and 7.
Males were affected in their work by OSA more
frequently than were females (P=0.045). Thyroid
disease was more frequent in female OSA patients
(P=0.003).

Table 5 PSG study of OSA patients by gender

Index Male Female  P-value’
AHI (h™h 43.76+24.33 32.12+27.34  0.001
5-15h" 67 (18.5%) 21 (39.6%)
1530 h" 53 (14.6%) 11 (20.8%) <0.001
>30 h! 242 (66.9%) 21 (39.6%)
RERA (h™") 0.58+1.58  0.62£1.20 NS
RDI (h'") 44.36£24.49 32.76+27.70  0.002
Nadir Sa0, (%)  70.27+14.65 72.58+15.70 NS
>90% 2 (0.6%) 1 (1.9%)
85%-90% 49 (13.5%) 9 (17.0%) 0.041
80%-85% 59 (16.3%) 15 (28.3%)
<80% 252 (69.6%) 28 (52.8%)
Average Sa0, (%) 93.00+3.54  93.06+4.20 NS
ODI (h ') 44.65+25.68 36.60£28.54  0.036
T90 (%) 23.78+26.42 21.10+28.84 NS

Data are presented as count (percentage) or mean+SD (n=415).
AHI: apnea-hypopnea index; RERA: respiratory effort related
arousal; RDI: respiratory disturbance index; ODI: oxygen desatu-
ration index; T90: percentage of recording time with SaO, of
<90%; NS: non-significant. ~ Independent-sample t-test or Chi-
squared test, as appropriate

Table 6 Symptomatic and clinical data of OSA patients
by gender

Symptom B SE Wals Sig." Exp(B)
Gasping/choking 0.468 0.317 2.183 0.140 1.596
Morning headaches 0.404 0.420 0.925 0.336 1.497
Dry mouth —0.234 0.329 0.507 0.477 0.791
Daytime sleepiness 0.044 0.339 0.017 0.897 1.045
Nocturia 0.425 0.326 1.700 0.192 1.529
Memory loss 0.183 0.338 0.292 0.589 1.201
Irritability 0.367 0.320 1.316 0.251 1.444
ESS scores —0.052 0.040 1.738 0.187 0.949
Influence of QOL —0.344 0.350 0.966 0.326 0.709
Influence of work —0.905 0.451 4.027 0.045 0.405
Influence of traffic 0.282 0.484 0.340 0.560 1.326
Constant —1.821 0.389 21.881 0.000 0.162

B: partial regression coefficient; SE: standard error; Wals: Wald
Chi-square; Sig.: significance test; Exp(B): odds ratio; ESS: Ep-
worth Sleepiness Scale; QOL: quality of life. * Binary logistic re-
gression analysis
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Table 7 Comorbidities and physical examination data of OSA patients by gender

Disease B SE Wals Sig.” Exp(B)
Hypertension 0.099 0.336 0.087 0.768 1.104
Diabetes mellitus —0.456 0.529 0.741 0.389 0.634
Heart disease 0.481 0.474 1.030 0.310 1.618
Cerebrovascular disease -19.282 15072.504 0.000 0.999 0.000
Reflux esophagitis -0.377 0.683 0.305 0.581 0.686
Thyroid diseases 1.724 0.571 9.123 0.003 5.608
Rhinitis 0.193 0.324 0.356 0.551 1.213
Pharyngolaryngitis -0.109 0.321 0.115 0.735 0.897
Post-airway surgery —-0.435 1.066 0.166 0.683 0.647
Retrognathia 21.980 40192.970 0.000 1.000 3513413205.792
Tonsillar hypertrophy —-0.628 0.532 1.395 0.238 0.534
Pharyngeal cavity stenosis 0.720 0.506 2.022 0.155 2.054
Constant -2.077 0.269 59.800 0.000 0.125

B: partial regression coefficient; SE: standard error; Wals: Wald Chi-square; Sig.: significance test; Exp(B): odds ratio.” Binary logistic

regression analysis

3.5 Age differences in OSA

The anthropometric and polysomnographic data
of the OSA patients by age are shown in Tables 8 and
9. The BMI, neck and waist circumferences were
similar in the age groups. In 390 young and middle-
aged patients, mild OSA was identified in 82 patients
(21.0%), moderate in 60 (15.4%), and severe in 248
(63.6%). In 25 elderly patients, mild OSA was identi-
fied in 6 patients (24.0%), moderate in 4 patients
(16.0%), and severe in 15 patients (60.0%). In 390
young and middle-aged patients, 54 patients (13.8%)
had a nadir SaO, between 85% and 90%, 66 (16.9%)
between 80% and 85%, and 267 (68.5%) below 80%.
In 25 elderly patients, 4 patients (16.0%) had a nadir
Sa0; between 85% and 90%, 8 (32.0%) between 80%
and 85%, and 13 (52.0%) below 80%.

Table 8 Anthropometric measurements of OSA patients
by age

Young and

Parameter middle-aged Elderly  P-value’
Subjects 390 (94%) 25 (6%)
Age (year) 44.2349.83 69.64+4.64 <0.001
Height (cm) 169.87£6.18  166.48+7.90  0.009
Weight (kg) 79.35+£11.50  73.55+11.45 0.015
BMI (kg/m?) 26.46+3.36  26.50+3.13 NS
NC (cm) 38.49+3.89 37.96+2.88 NS
WC (cm) 97.76+9.52 98.60+8.89 NS

Data are presented as count (percentage) or mean+SD (n=415).
BMI: body mass index; NC: neck circumference; WC: waist
circumference; NS: non-significant. * Independent-sample #test

Table 9 PSG study of OSA patients by age

Young and

Index middle-aged Elderly P-value”
AHI (h'™) 42.75425.22  34.87+20.21 NS
5-15h" 82 (21.0%) 6 (24.0%)
1530 h" 60 (15.4%) 4 (16.0%) NS
>30h" 248 (63.6%) 15 (60.0%)
RERA (h'") 0.601£1.56 0.392+0.90 NS
RDI (h') 44.37+£25.41  35.26+20.22 NS
Nadir Sa0, (%) 70.34+14.81  74.00+14.20 NS
>90% 3 (0.8%) 0 (0%)
85%-90% 54 (13.8%) 4 (16.0%) NS
80%—85% 66 (16.9%) 8(32.0%)

<80% 267 (68.5%)
Average Sa0, (%) 93.02+3.63
oDI (h™") 44.06+26.44
T90 (%) 23.57+26.83

Data are presented as count (percentage) or mean+SD (n=415).
AHI: apnea-hypopnea index; RERA: respiratory effort related
arousal; RDI: respiratory disturbance index; ODI: oxygen desatu-
ration index; T90: percentage of recording time with SaO, of
<90%; NS: non-significant. * Independent-sample #-test or Chi-
squared test, as appropriate

13 (52.0%)
92.84+3.65 NS
36.77420.64 NS
21.36£2542 NS

The symptomatic, clinical, and physical exami-
nation data by age are shown in Tables 10 and 11.
More elderly OSA patients complained of nocturia
(P=0.004). Heart disease was more frequent in the
elderly OSA patients (P=0.014). Pharyngolaryngitis
presents itself more frequently in young and middle-
aged OSA patients with a P value that just reached the
criteria of statistical significance (P=0.05).
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Table 10 Symptomatic and clinical data of OSA patients
by age

Symptom B SE Wals  Sig.” Exp(B)
Gasping/choking  0.098 0.445  0.048 0.826 1.103
Morning —0.661 0.684 0935 0.334 0.516
headaches
Dry mouth —0.550 0.464 1.409 0.235 0.577
Daytime 0.878 0.519 2.864 0.091 2.407

sleepiness
Nocturia 1.275 0.446 8.185 0.004 3.578
Memory loss 0.060 0.484 0.015 0.902 1.062
Irritability 0.642 0451 2.023 0.155 1.900
ESS scores —0.049 0.052 0.864 0.353 0.953
Influence of QOL —0.139 0.486 0.082 0.775 0.870
Influence of work —0.210 0.547  0.147 0.702 0.811
Influence of 0302 0.595 0.257 0.612 1.352
traffic
Constant -3.356 0.590 32.367 0.000 0.035

B: partial regression coefficient; SE: standard error; Wals: Wald
Chi-square; Sig.: significance test; Exp(B): odds ratio; ESS:
Epworth Sleepiness Scale; QOL: quality of life. * Binary logistic
regression analysis

Table 11 Comorbidities and physical examination data of
OSA patients by age

Disease B SE Wals Sig.” Exp(B)
Hypertension 0.794 0.466 2.895 0.089 2.211
Diabetes mellitus —0.798 0.713 1.253 0.263 0.450
Heart disease 1.290 0.525 6.025 0.014 3.632
Cerebrovascular 1.429 0.923 2.397 0.122 4.174

disease
Reflux esophagitis 0.744 0.666 1.249 0.264 2.105
Thyroid diseases 0.508 0.909 0.312 0.576 1.662
Rhinitis —0.288 0.496 0.337 0.561 0.750
Pharyngolaryngitis —1.065 0.543 3.849 0.050 0.345
Post-airway —17.969 10200.804 0.000 0.999 0.000
surgery
Retrognathia —19.995 40192.970 0.000 1.000 0.000
Tonsillar 0.302 0.939 0.103 0.748 1.352
hypertrophy
Pharyngeal cavity =~ —0.355 1.231 0.083 0.773 0.701
stenosis
Constant -2.936 0.388 57.394 0.000 0.053

B: partial regression coefficient; SE: standard error; Wals: Wald
Chi-square; Sig.: significance test; Exp(B): odds ratio.” Binary
logistic regression analysis

4 Discussion

This report is an epidemiological study exam-
ining a population of snorers. Our study found that in
this population, OSA is the most common condition
identified, followed by primary snoring, CSA, and
MSA, which are relatively rare. We found that the
prevalence of OSA in male subjects is higher, which

is in accordance with previous epidemiological stud-
ies (Lurie, 2011a). When the subjects were grouped
by age, the prevalences of OSA and other types of
sleep-disordered breathing conditions were similar in
both groups. Previous studies suggested that the
prevalence of OSA increased with age (Peppard et al.,
2013; Jennum and Riha, 2009), because individuals
from the general population were enrolled as subjects
in those studies. Our study suggests the prevalence of
OSA in male snorers is as high as that in the elderly.
In addition to snoring at night and excessive
daytime sleepiness, dry mouth, daytime sleepiness,
memory loss, gasping/choking at night, and irritabil-
ity were common symptoms in OSA patients. Dry
mouth, daytime sleepiness, the effect on work, and a
reduced quality of life were more frequently reported
by severe OSA patients. We found that hypertension
was a common comorbidity in OSA patients. OSA
contributes to or exacerbates cardiovascular disease
(Monahan and Redline, 2011), and hypertension is
the most common result (Lurie, 2011b). Through a
detailed investigation into the patients’ previous
medical history, we found that some OSA patients
had refractory hypertension, the pathogenesis of
which might be related to the chronic intermittent
hypoxia experienced by the patients at night (Parati et
al., 2014). Therefore, OSA might be a novel target for
cardiovascular risk reduction (Monahan and Redline,
2011). A systematic review and meta-analysis sug-
gested that continuous positive airway pressure low-
ered blood pressure in OSA patients (Montesi et al.,
2012). Patients with OSA commonly have comorbid
nocturnal gastroesophageal reflux disease (GERD)
(Hesselbacher et al., 2014). In our study, we found
that reflux esophagitis was more common in moder-
ate and severe OSA patients, and the prevalence of
reflux esophagitis did not differ between the genders
and age groups. Basoglu et al. (2014) showed that
obesity and sleepiness might be related to the preva-
lence of GERD in OSA patients, which may help
explain the results of our study. Their study showed
that the severity of OSA did not influence GERD
prevalence, whereas female gender might be related
to GERD prevalence. They also evaluated GERD
comprehensively, whereas, in our study, we focused
on reflux esophagitis, a relatively severe form of
GERD. In this study, we found a high incidence of
rhinitis in the OSA patients. The increased airway
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resistance in rhinitis patients might have a role in the
pathogenesis of OSA. Parikh et al. (2014) found that
in patients with OSA and rhinitis, the ESS score is
associated with the symptom severity of rhinitis.
Additionally, we found that pharyngolaryngitis was a
common comorbidity in OSA patients. A bidirec-
tional relationship might exist between OSA and
pharyngolaryngitis. Pharyngolaryngitis might in-
crease upper airway resistance. Conversely, repeated
collapse and return of the upper airway in OSA pa-
tients might induce pharyngolaryngitis. Local ana-
tomical abnormalities, such as tonsillar hypertrophy,
pharyngeal cavity stenosis, and retrognathia, could
cause mechanical obstruction of the upper airway
(Azagra-Calero et al., 2012). In OSA patients with
anatomical abnormalities of the upper airway,
three-dimensional reconstruction of the upper airway
by multi-slice spiral computed tomography is pro-
posed. If necessary, a careful surgical assessment is
performed. In our study, we found a relatively low
incidence of anatomical abnormalities in the OSA
patients. Consistent with our findings, Azagra-Calero
et al. (2012) suggested that the main cause of OSA is
a reduction of the expansion forces of the pharyngeal
dilator muscles, as in situations of genioglossal muscle
dysfunction, and between the inspiratory activity of
the muscle and the respiratory effort, which play an
important role in the progression of the disease.

PSG monitoring is a labor-intensive and expen-
sive test conducted in a limited number of facilities,
which have many patients waiting for appointments.
In our study, the correlation analysis revealed that the
neck circumference, waist circumference, and BMI
were positively correlated with the AHI/RDI and that
the BMI was negatively correlated with the nadir
Sa0,. The analysis of the patients with different dis-
ease severity showed that severe patients had a greater
BMI as well as larger neck and waist circumferences.
Chang et al. (2014) showed that the neck circumfer-
ence could be a useful clinical predictor of OSA in
Chinese patients. Neck circumference, waist cir-
cumference, and BMI might be indicators of the se-
verity of OSA and could be used to screen for OSA in
the general population. ESS is widely used in the
evaluation of patients with sleep-disordered breathing
because of its simplicity and convenience (Damiani et
al., 2013). We found that ESS scores were positively
correlated with AHI/RDI, whereas they were nega-

tively correlated with the nadir SaO, and were sig-
nificantly increased in severe OSA patients; there-
fore, the ESS score might be another indicator of
severity. For the patients with a high possibility of
severe OSA, full-night PSG should be conducted as
early as possible.

The proportion of OSA patients with an AHI
of >15 (moderate to severe) or with a nadir SaO, of
<80% was higher in males. The AHI/ADI and ODI
were higher in male OSA patients. Consistent with
the study of Sforza et al. (2011), our study suggested
that male OSA patients had more severe OSA. Con-
sistent with our findings, Banhiran et al. (2014)
showed that male gender was a good predictor for
moderate to severe OSA. We found that daily work
was more frequently affected by OSA in males. No
specific quantitative indicators were adopted in this
study. Moreover, the types of work might be affected
by gender, which could influence the results. A higher
incidence of thyroid disease, predominantly Graves’
disease and hypothyroidism, was found in the female
OSA patients. It is unclear whether there is an intrin-
sic relationship between the pathogenesis of OSA and
Graves’ disease. A higher incidence of Graves’ dis-
ease in females might partly explain the results of our
study. There might be an interaction between hypo-
thyroidism and OSA. Hypothyroidism could cause
OSA, which might be related to structural change of
the upper airway and myopathy associated with
hypothyroidism. OSA could cause hypothyroidism
through its complicated influence on endocrine and
metabolic functions. Ozcan ef al. (2014) showed that
the incidence of hypothyroidism in OSA patients was
12.77%.

We found that the severity of OSA was similar
between the elderly and non-elderly OSA patients.
Nocturia was more common in the elderly. The result
was consistent with the study of Raheem et al. (2014)
showing that age is a predictor of nocturia in OSA
patients. IRomero et al. (2010) showed that nocturia
appeared comparable to snoring as a screening tool
for OSA. The mechanism is unknown, and increased
secretion of atrial natriuretic peptide (ANP) might be
involved (Raheem et al, 2014). ANP acts in the
kidneys to increase the excretion of sodium and thus
the drainage of water. The workload increases in OSA
patients. Physiologically, the compensatory capacity
of the kidneys decreases with the increase of age.
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Therefore, renal function tends to be impaired in
elderly OSA patients. We found that the incidence of
heart disease was higher in elderly OSA patients.
Many cardiovascular diseases, such as hypertension,
coronary heart disease, heart failure, and arrhythmia,
could be caused or aggravated by OSA, and the co-
existence of OSA and cardiovascular diseases in-
creases the mortality rate (Kasai et al., 2012). Oxida-
tive stress, inflammation, and endothelial dysfunction
induced by chronic intermittent hypoxia, a main
pathophysiological change in OSA, are important
mechanisms underlying these lesions (Kasai et al.,
2012; Prabhakar and Semenza, 2012; Badran et al.,
2014). Therefore, for OSA patients with cardiovas-
cular diseases, continuous positive airway pressure
(CPAP) therapy should be initiated as early as possi-
ble. The incidence of pharyngolaryngitis was higher
in young and middle-aged OSA patients, although the
cause is unknown. We suggest that OSA patients
should receive a careful diagnosis and treatment for
pharyngolaryngitis.

In this study, we found that OSA is the most
common sleep-disordered breathing condition among
snorers. Neck circumference, waist circumference,
and BMI are good candidates as indicators to assess
the severity of disease. Male OSA patients had more
severe conditions, and their work was influenced
more frequently. The severity of OSA was similar in
young, middle-aged, and elderly OSA patients. The
incidences of nocturia and heart disease were higher
in elderly OSA patients. The lack of quantitative
indicators in the evaluation of some clinical features
and a detailed classification of some comorbidities is
the limitation of our study, which should be addressed
in a future study.
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