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Background: Owing to the lack of clear guidelines, the significance of obstructive sleep apnea (OSA) 
screening in healthy community people is unclear. This study aimed to screen for OSA in a healthy 
community population and provide a basis for its screening.
Methods: Permanent residents from five communities in the coastal and mountainous areas of south 
China were selected. The screening process included demographic and sleep questionnaire surveys, and an 
OSA screening. To compare the prevalence and risk factors of OSA in different areas, a type IV wearable 
intelligent sleep monitor (WISM) was used for screening.
Results: A total of 3,650 participants completed all studies, with a mean age of 53.81±12.71 years. In 
addition, 4,318 participants completed the OSA screening within 30 days, and the objective screening 
speed was 200 people per day. The recovery rate of the screening equipment was 99.37% (4,291/4,318), 
the screening success rate was 89.63% (3,846/4,291), and the rejection rate was 2.7% (120/4,438). The 
prevalence of high-risk OSA screened using the Stop-Bang questionnaire was 42.8% (1,563/3,650) and that 
screened using the device was 30.7% (1,119/3,650). The prevalence of OSA screened using the Stop-Bang 
questionnaire was higher than that screened using the device (P<0.01). Further analysis of sleep quality and 
daytime sleepiness showed that 47.6% (1,736/3,650) of the community population had good sleep quality 
and 6.6% (240/3,650) had daytime sleepiness. Age, sex, body mass index (BMI), neck circumference, and 
hypertension were risk factors for OSA in the community population.
Conclusions: The use of objective type IV sleep detection equipment to screen a large sample population 
in the community in a short time is feasible. The prevalence of high-risk OSA screened using the Stop-Bang 
questionnaire was higher than that screened using the objective screening device.
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Introduction

Obstructive sleep apnea (OSA) is a common disorder 
in which the upper respiratory tract collapses repeatedly 
during sleep (1), leading to decreased levels of oxygenated 
hemoglobin and sleep fragmentation. In the general adult 
population, OSA occurs in 14% of men and 5% of women (2)  
and has been reported to affect more than 936 million 
people worldwide, with China having the largest number 
of cases at 176 million (3). Data has shown that most 
patients with OSA are undiagnosed and untreated even 
in developed countries. In developing countries, OSA is 
poorly understood, and methods of diagnosis and treatment 
are often not applicable in low-resource settings (4). Owing 
to the multifactorial nature and social consequences of 
OSA, the disease is associated with a high economic and 
social burden. The 2015 report on the Economic Burden 
of OSA in the US Healthcare System estimated that a 
poor understanding of the severity of OSA could result 
in economic losses of $12.4 billion (5). Currently, data on 
OSA-related medical burden is lacking in China; however, 
the health damage and economic loss caused by OSA cannot 
be ignored and must be paid more attention to. Therefore, 
early detection and treatment of OSA in the general 
population are important, and early screening for OSA in 
the community is necessary. 

The 1993 Wisconsin Sleep Cohort Study used 
polysomnography (PSG) to investigate the prevalence 
and epidemiology of OSA in the adult population (6). 

PSG is the gold standard for the diagnosis of OSA; 
however, it is expensive and needs to be performed in a 
skilled sleep laboratory, resulting in long waiting times 
and discomfort for patients (7). Subjective screening 
questionnaires, such as the Epworth Sleepiness Scale (ESS) 
and the Berlin Questionnaire (BQ), which are easy to use, 
have low sensitivity and specificity (ESS: 46% and 60%, 
respectively; BQ: 73% and 44%, respectively), making them 
unacceptable screening options (8). A type IV wearable 
intelligent sleep monitor (WISM) may be a strategy to 
increase OSA screening, particularly in communities with 
low access to healthcare. Our research team conducted a 
comparative study between the type IV WISM and PSG at 
Guangdong Provincial People’s Hospital and found that the 
sensitivity and specificity of the devices were high (93% and 
77%, respectively, when the respiratory disorder index was 
≥5; and 92%, and 89%, respectively, when the respiratory 
disturbance index was ≥15) (9).

This study aimed to screen for OSA in a healthy 
community population, explore the feasibility of type 
IV sleep monitoring in screening patients with OSA in a 
large sample of community residents in China, provide a 
basis for OSA screening in a healthy population, estimate 
the prevalence of high-risk OSA, and evaluate its related 
risk factors. We present this article in accordance with 
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-1538/rc).

Methods

Study design

This prospective, multi-point, cross-sectional study was 
performed on a Chinese population. Participants were 
recruited from the general population of the community 
between April 9 and May 18, 2021. A detailed description 
of participant recruitment was provided in a recently 
published study by He et al. (10). The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). This study was approved by the Ethics Committee 
of Guangdong Provincial People’s Hospital [approval No. 
GDREC2020221H (R1)]. All the participants provided 
written informed consent.

Study participants

This study used a multistage stratified cluster sampling 
to select a representative population. Villages were 
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then selected from counties and communities in urban 
streets or districts; finally, with the support of the local 
government, residents of selected villages and communities 
were invited to participate in the survey. This study was 
designed and conducted based on a previously published 
study titled Data Resource Overview: China National 
Health Survey (11). Inclusion criteria were as follows: (I) 
community residents aged >18 years who had resided at 
the study site for >6 months; (II) people who volunteered 
to participate in the study and signed informed consent; 
and (III) people who could cooperate with investigators 
to complete all  assessments,  including structured 
questionnaires, sleep monitoring, physical examination, 
and fasting blood withdrawal. Participants with cognitive 
impairment, mobility problems, or severe organic disease 
were excluded.

Questionnaire

The standard questionnaire collected demographic data 
such as age, sex, educational level, marital status, lifestyle 
including smoking history, drinking history, and physical 
exercise, and disease histories such as hypertension, 
coronary heart disease, diabetes, and dyslipidemia. 
Hypertension was defined as the use of blood pressure 
medications and/or systolic or diastolic blood pressure 
≥140/90 mmHg (12). Diabetes was defined as fasting blood 
glucose ≥7 mmol/L or the use of diabetic medications (oral 
hypoglycemic agents and/or insulin) (13).

The questionnaire was completed by a specialized doctor 
in the research group through face-to-face interviews. Field 
supervisors conducted quality control checks to ensure 
the completeness and authenticity of each questionnaire. 
The questionnaires were scanned and converted into an 
electronic format by special software at the end of each day, 
and the input questionnaire data were checked to verify 
the accuracy of each input. Participants with snoring and 
other sleep problems were assessed using a special sleep 
questionnaire. The Stop-Bang questionnaire was used to 
evaluate patients with high-risk OSA. A score of ≥3 was 
considered a high-risk OSA and <3 was considered a low-
risk OSA. The Pittsburgh Sleep Quality Scale was used to 
evaluate sleep quality. A score of ≤5 was considered good 
sleep quality, and >5 was considered poor sleep quality. The 
Insomnia Severity Scale was used to evaluate insomnia. 
A score of ≤7 was considered as no insomnia >7 was 
considered as insomnia. Daytime sleepiness was assessed 
using the ESS. A score of ≥9 was considered daytime 

sleepiness, and <9 was considered no daytime sleepiness. 
The fatigue severity scale was used to evaluate the fatigue 
degree.

Type IV WISM

We used a type IV WISM (Chengdu Yunweikang 
Healthcare Company, China) to screen the community 
population for OSA. The device uses a photoelectric 
reflector sensor to measure pulse oxygen saturation based 
on the absorption characteristics of hemoglobin under 
infrared and red light, and the raw data are stored in a 
specific database. Based on physical activity signals, artifact 
identification, and built-in automated algorithms, the 
duration of effective monitoring and the number of oxygen 
saturation decreases (≥3% or ≥4%) were recorded and 
analyzed, and reports were generated automatically. The 
recommended areas for monitoring are the palmar muscles 
of the thenar, and skin areas with thick hair, scars, spots, 
and other areas that should be avoided. The device can be 
continuously monitored overnight for 7 h and recycled 
after disinfection and charging. The main monitoring 
indicators included the oxygen desaturation index (ODI), 
mean oxygen saturation, lowest oxygen saturation, and 
percentage of sleep time with oxygen saturation <90%. 
The sleep-monitoring device was compared and verified 
with PSG at the Sleep Center of Guangdong Provincial 
People’s Hospital. A total of 196 participants were enrolled 
in the study who underwent both overnight PSG and 
WISM monitoring to assess the sensitivity and specificity 
of WISM for the diagnosis of OSA. According to the PSG 
results, 39 patients (20%) had mild OSA, and 135 (69%) 
had moderate-to-severe OSA. The ODI represents the 
number of oxygen saturation decreases by ≥4% divided 
by the effective monitoring time in hours. When the ODI 
reached 7.0 times/h, the sensitivity, specificity, and accuracy 
of OSA with AHI ≥5 times/h were 86%, 91%, and 95%, 
respectively. Therefore, in this study, ODI ≥7 times/h 
indicated the presence of OSA.

Anthropometric measurements 

Details of height, weight, and blood pressure measurements 
are described in a previous study (11). Body mass index 
(BMI) was calculated as weight divided by height squared. A 
BMI ≥25 kg/m2 was defined as obesity. Trained technicians 
performed two neck and waist measurements. The neck 
circumference was measured at the upper edge of the 
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cricothyroid cartilage, and the waist circumference was 
measured 1 cm above the umbilicus. 

Blood parameters

Blood samples were collected from each participant after 
an 8-h overnight fast to assess lipid profile parameters 
[total cholesterol, triglycerides, low-density lipoprotein 
cholesterol, and high-density lipoprotein cholesterol 
(HDL-C)], fasting blood glucose, and high-sensitivity 
C-reactive protein. Details regarding the collection, 
transportation, handling, storage, and analysis of blood 
samples are described in a previous study (11). Home sleep 
apnea test (HSAT) comparison verification

Among all  the people screened for the type IV 
equipment, 305 participants from Chenghai and Jinping 
Districts of Shantou City were selected and subjected to a 
type III HSAT to compare the prevalence and consistency 
of OSA diagnosed using type IV equipment and HSAT 
sleep monitoring devices, to further verify the accuracy 
of type IV equipment screening for OSA in healthy 
community populations.

Statistical analyses

Statistical analysis was performed using SPSS (version 
23.0; IBM Corp., Armonk, NY, USA). Normality test 
was conducted on continuous variables, and the level 
of α=0.10 was considered that the population obeyed 
normal distribution. Descriptive statistics were used, 
with continuous variables expressed as mean ± standard 
deviation, and categorical variables as frequency and 
percentage. Student’s t-test was used for continuous 
variables with normal distribution, and one-way analysis 
of variance (ANOVA) was used for categorical variables. 
Logistic regression analysis was used to identify significant 
independent risk factors for OSA in high-risk groups. The 
statistical test was two-sided, and statistical significance was 
set at P<0.05. 

Pearson’s correlation was used to analyze the correlation 
between ODI measured using type IV equipment and AHI 
measured using HSAT. The consistency of the type IV 
equipment and HSAT results was determined using the 
Bland-Altman method.

Results

A total of 5,838 participants were recruited in 2 months, and 

3,650 met the inclusion criteria of the study. Their mean 
age was 53.81±12.71 years (Table 1). The prevalence of OSA 
in the community screening was 30.7% (1,119/3,650), and 
that of high-risk OSA was 42.8% (1,563/3,650), according 
to the Stop-Bang questionnaire.

Feasibility of screening pathways

The screening roadmap is shown in Figure 1 . Five 
communities in Shantou and Meizhou were selected. The 
screening time in each community was 5–6 days, and 200 
people were screened daily. The community residents who 
had made the appointment in advance first underwent face-
to-face demographic information collection and health 
questionnaire survey and then completed a series of physical 
examinations, such as height, weight, blood pressure, body 
fat measurement, biochemical examination, bone mineral 
density, and lung function. Residents who were willing to 
complete the sleep questionnaire were asked face-to-face by 
the researchers. Residents with high-risk OSA symptoms, 
such as snoring and daytime sleepiness, were advised to 
undergo overnight type IV equipment monitoring and 
return it to the designated collection point the next day.

Screening for OSA with type IV equipment in the five 
communities is shown in Table 2. OSA screening with type 
IV equipment in the healthy community population was 
feasible because 99.79% of devices were returned. The total 
recovery rate of WISM was 99.37%, and the equipment 
recovery rates of Chenghai District in Shantou City, Jinping 
District in Shantou City, Nanao County in Shantou City, 
Meijiang District in Meizhou City, and Jiaoling County 
in Meizhou City were 100%, 99.63%, 99.79%, 98.34%, 
and 99.09%, respectively. The total screening success rate 
was 89.63%, and the screening success rates of Chenghai 
District, Shantou Jinping District, Shantou Nanao County, 
Meijiang District of Meizhou City, and Jiaoling County of 
Meizhou City were 93.96%, 87.83%, 88.94%, 90.12%, and 
86.60%, respectively.

A total of 4,438 Type IV equipment were distributed 
in the five survey communities, and 2.70% (n=120) of the 
participants opted out of the inspection in the field. Of the 
remaining 4,318 participants, 0.21% (n=9) lost the device 
and 0.42% (n=18) failed to retrieve the data due to the 
device. Of the 4,291 participants enrolled, 3,846 (89.63%) 
reported valid data, 238 (5.55%) reported insufficient valid 
data due to a monitoring time of <7 h, and 207 (4.82%) 
did not wear the device on the night of monitoring. 
Demographic characteristics and risk factors of the two 
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Table 1 Clinico-social and demographic profiles of study subjects 
(N=3,650)

Characteristics Mean ± SD or n (%)

Region

Coastal 2,279 (62.4)

Mountain 1,371 (37.6)

Gender

Male 1,098 (30.1)

Female 2,552 (69.9)

Age (years) 53.81±12.71

BMI (kg/m2) 23.60±3.33

Neck circumference (cm) 34.01±3.66

Waist circumference (cm) 82.01±10.21

Marital status

Never married/divorced/widowed 459 (12.6)

Married 3,191 (87.4)

Educational level

Primary school and below 831 (22.8)

Middle school 902 (24.7)

High school 1,042 (28.5)

College degree and above 875 (24.0)

Smoking status

Never-smokers/former smokers 3,168 (86.8)

Current smokers 482 (13.2)

Alcohol use

Never-drinker/former drinkers 3,114 (85.3)

Current drinkers 536 (14.7)

Drinking tea

Never-drinkers/former drinkers 894 (24.5)

Current drinkers 2,756 (75.5)

Exercise 

5–7 d/week 1,917 (52.5)

3–4 d/week 391 (10.7)

1–2 d/week 413 (11.3)

≤3 d/month 328 (9.0)

Never 601 (16.5)

Table 1 (continued)

Table 1 (continued)

Characteristics Mean ± SD or n (%)

Hypertension

Yes 675 (18.5)

No/unknown 2,975 (81.5)

Diabetes

Yes 319 (8.7)

No/unknown 3,331 (91.3)

Dyslipidemia

Yes 1,678 (46.0)

No 1,972 (54.0)

Head and neck neoplasm

Yes 81 (2.2)

No 3,569 (97.8)

LDL-C (mmol/L) 3.24±0.91

HDL-C (mmol/L) 1.41±0.39

Total cholesterol (mmol/L) 5.61±1.12

Triglycerides (mmol/L) 1.53±1.19

Creatinine (mmol/L) 70.14±20.44

Lipoprotein (mmol/L) 108.20±154.17

Uric acid (μmol/L) 362.73±93.38

SD, standard deviation; BMI, body mass index; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol.

groups.
According to an ODI of ≥7, patients were divided into 

OSA and non-OSA groups. Table 3 summarizes the clinical 
characteristics of the study participants in the OSA and non-
OSA groups. The prevalence of high-risk OSA was 42.8% 
(1,563/3,650) using the Stop-Bang questionnaire and 30.7% 
(1,119/3,650) using type IV equipment. The prevalence of 
OSA using the Stop-Bang questionnaire was higher than 
that according to type IV equipment (P<0.01) (Table 4).  
The male ratio in OSA group was 44.4% (497/1,119) 
significantly higher than that in non-OSA group was 23.7% 
(601/2,531) (P<0.01). There was no significant difference 
in the ratio of residents living in coastal areas and mountain 
areas between OSA group and non-OSA group (P=0.473).

There were 1,119 patients (30.7%) in the OSA group 
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Five communities were surveyed

Total sample size (n=5,838)

Demographic information and health questionnaire (n=5,838)

Physical examination: height, 
weight, blood pressure

Measure of body fat
Biochemical examination: 
blood glucose, blood lipid

Other tests: bone mineral density 
measurement, lung function test

Sleep questionnaire (n=5,513)

Study and receive type IV sleep monitor for 
one night at home (n=4,438)

Refuse to receive sleep monitor (n=1,075)

Actual distribution of type IV sleep monitor 
(n=4,318)

Refuse to check (n=120)

Recovery of type IV sleep monitor (n=4,291)

No recovery: 
•	 Lost (n=9)
•	 Failure to recover due to equipment 

reasons (n=18)

Valid report (n=3,846)

•	 Insufficient valid data (recording time
<7 h) (n=238)

•	 Not wearing (n=207)

Total analysis sample (n=3,650)

Figure 1 Screening path map.

Table 2 Analysis of OSA screening rate and situation in community population

Site Issue Refuse to check Actual distribution Recycle Valid data Recovery rate (%) Screening success rate (%)

Chenghai District 930 19 911 911 856 100 93.96

Jinping District 838 38 800 797 700 99.63 87.83

Nanao County 944 11 933 931 828 99.79 88.94

Meijiang District 917 11 906 891 803 98.34 90.12

Jiaoling County 809 41 768 761 659 99.09 86.60

Total 4,438 120 4,318 4,291 3,846 99.37 89.63

OSA, obstructive sleep apnoea.
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Table 3 Comparison of demographic characteristics and social profiles between OSA patients and non-OSA patients

Characteristics OSA (N=1,119, 30.7%) Non-OSA (N=2,531, 69.3%) P value

Region 0.473

Coastal 689 (61.6) 1,590 (62.8)

Mountain 430 (38.4) 941 (37.2)

Gender <0.01

Male 497 (44.4) 601 (23.7)

Female 622 (55.6) 1,930 (76.3)

Age (years), mean ± SD 56.55±13.00 52.60±12.39 <0.01

BMI (kg/m2), mean ± SD 24.84±3.52 23.06±3.08 <0.01

Neck circumference (cm), mean ± SD 35.46±3.74 33.37±3.43 <0.01

Waist circumference (cm), mean ± SD 86.27±10.49 80.13±9.50 <0.01

Marital status 0.169

Never married/divorced/widowed 128 (11.4) 331 (13.1)

Married 991 (88.6) 2,200 (86.9)

Educational level 0.764

Primary school and below 263 (23.5) 568 (22.4)

Middle school 265 (23.7) 637 (25.2)

High school 319 (28.5) 723 (28.6)

College degree and above 272 (24.3) 603 (23.8)

Smoking status <0.01

Never-smokers/former smokers 932 (83.3) 2,236 (88.3)

Current smokers 187 (16.7) 295 (11.7)

Alcohol use <0.01

Never-drinker/former drinkers 895 (80.0) 2,219 (87.7)

Current drinkers 224 (20.0) 312 (12.3)

Drinking tea <0.01

Never-drinkers/former drinkers 239 (21.4) 655 (25.9)

Current drinkers 880 (78.6) 1,876 (74.1)

Exercise 0.002

5–7 d/week 640 (57.2) 1,277 (50.5)

3–4 d/week 108 (9.7) 283 (11.2)

1–2 d/week 115 (10.3) 298 (11.8)

≤3 d/month 79 (7.1) 249 (9.8)

Never 177 (15.8) 424 (16.8)

Hypertension <0.01

Yes 294 (26.3) 381 (15.1)

No/unknown 825 (73.7) 2,150 (84.9)

Table 3 (continued)
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Table 3 (continued)

Characteristics OSA (N=1,119, 30.7%) Non-OSA (N=2,531, 69.3%) P value

Diabetes 0.097

Yes 109 (9.7) 210 (8.3)

No/unknown 1,010 (90.3) 2,321 (91.7)

Dyslipidemia <0.01

Yes 577 (51.6) 1,101 (43.5)

No 542 (48.4) 1,430 (56.5)

Head and neck neoplasm 0.209

Yes 21 (1.9) 60 (2.4)

No 1,098 (98.1) 2,471 (97.6)

LDL-C (mmol/L), mean ± SD 3.27±0.88 3.23±0.92 0.185

HDL-C (mmol/L), mean ± SD 1.33±0.38 1.45±0.39 <0.01

Total cholesterol (mmol/L), mean ± SD 5.61±1.08 5.60±1.14 0.803

Triglycerides (mmol/L), mean ± SD 1.67±1.27 1.46±1.15 <0.01

Creatinine (mmol/L), mean ± SD 75.31±23.41 67.85±18.53 <0.01

Lipoprotein (mmol/L), mean ± SD 108.25±151.56 108.18±155.35 0.99

Uric acid (μmol/L), mean ± SD 388.11±97.83 351.51±89.09 <0.01

Blood oxygen parameters

Lowest SpO2 during sleep (%), mean ± SD 82.22±5.34 89.34±3.56 <0.01

Mean SpO2 during sleep (%), mean ± SD 95.52±2.03 96.96±1.07 <0.01

Maximum oxygen reduction time (s), mean ± SD 45.23±11.30 34.83±9.58 <0.01

OSA, obstructive sleep apnoea; SD, standard deviation; BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol.

Table 4 Comparison of screening results between type IV device and Stop-Bang questionnaire

Group Low-risk OSA (Stop-Bang <3) High-risk OSA (Stop-Bang ≥3) Total P

ODI <7 1,658 873 2,531 (69.3%) –

ODI ≥7 429 690 1,119 (30.7%) –

Total 2,087 (57.2%) 1,563 (42.8%) 3,650 <0.01

OSA, obstructive sleep apnoea; ODI, oxygen desaturation index.

and 2,531 patients (69.3%) in the non-OSA group. 
Men accounted for 30.1% (n=1,098), whereas women 
accounted for 69.9% (n=2,552) because more women in 
the community were willing to participate. Participants 
in the OSA group were older and had a higher BMI, neck 
circumference, and waist circumference than those in 
the non-OSA group (P<0.01). There were no significant 
differences in marital status or education between the 

two groups. Among the survey population, 3,168 (86.8%) 
had never smoked or quit smoking and 482 (13.2%) were 
current smokers. The proportion of smokers in the OSA 
group was significantly higher than that in the non-OSA 
group (P<0.01). In the survey population, 3,114 participants 
(85.3%) never drank alcohol or abstained from alcohol, and 
536 (14.7%) currently drank alcohol. The proportion of 
alcohol drinkers in the OSA group was significantly higher 
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than that in the non-OSA group (P<0.01). In addition, 894 
(24.5%) participants never drank tea, and 2,756 (75.5%) 
drank tea. The proportion of tea drinkers in the OSA group 
was significantly higher than that in the non-OSA group 
(P<0.01). Among the participants, 52.5% (n=1,917) exercised 
5–7 days per week, 10.7% (n=391) exercised 3–4 days per 
week, 11.3% (n=413) exercised 1–2 days per week, and 
9.0% (n=328) exercised no more than 3 days per month. 
Approximately 16.5% (n=601) had never exercised. Among 
the participants, 18.5% (n=675) had hypertension, and 
81.5% (n=2,975) had no hypertension or were unclear. The 
proportion of patients with hypertension in the OSA group 
was significantly higher than that in the non-OSA group 
(P<0.01). In the community survey, 46.0% of participants 
(n=1,678) had dyslipidemia and 54.0% (n=1,972) did 
not. The proportion of patients with dyslipidemia in the 
OSA group was significantly higher than that in the non-
OSA group (P<0.01). Biochemical examination showed 
that HDL-C levels in the OSA group were significantly 
lower than those in the non-OSA group (P<0.01), whereas 
triglyceride, creatinine, and uric acid levels in the OSA 
group were significantly higher than those in the non-OSA 
group (P<0.01).

Risk factor regression analysis shows that in the 
correction of the Logistic regression model, male sex, age, 
increasing BMI, neck circumference, waist circumference, 
smoking, drinking, drinking tea, exercising 5–7 days 
a week, hypertension, dyslipidemia, low HDL-C, and 
high triglycerides, creatinine, and uric acid levels, were 
independently associated with an increased risk of OSA 
(Table 5). After adjusting for confounding factors, male sex, 
increased age, increased BMI, increased neck circumference, 
smoking, and hypertension were significantly associated with 
the risk of OSA. The risk of OSA in women was 0.496 times  
that of men. For each 1-year increase in age, the risk of 
OSA increased 1.015 times. For every 1 unit increase in 
BMI, the risk of OSA increased 1.115 times. For every 1 cm 
increase in neck circumference, the risk of OSA increased 
1.048 times. Smokers had a 0.642 times higher risk of OSA 
than non-smokers, and patients with hypertension had a 
1.268 times higher risk of OSA. 

Characteristics of sleep

Table 6 shows the sleep characteristics of the population 
in different regions, and the OSA and non-OSA groups. 
Approximately 47.6% (1,736/3,650) of the community 
had good sleep quality and 52.4% (1,914/3,650) had 

poor sleep quality. Of the coastal community population, 
50.4% (1,149/2,279) had good sleep quality and 49.6% 
(1,130/2,279) had poor sleep quality. Moreover, 42.8% 
(587/1,371) had good sleep quality in mountainous areas, 
and 57.2% (784/1,371) had poor sleep quality. The sleep 
quality in coastal areas was better than that in mountainous 
areas (P<0.01); 48.3% (541/1,119) of OSA patients had 
good sleep quality, 51.7% (578/1,119) had poor sleep 
quality, 47.2% (1,195/2,531) of non-OSA patients had 
good sleep quality, and 52.8% (1,336/2,531) had poor sleep 
quality. There was no difference in sleep quality between 
the two groups (P=0.53). Daytime sleepiness occurred in 
6.6% (240/3,650) of the community population, 6.7% 
(152/2,279) of coastal communities, and 6.4% (88/1,371) 
of mountainous areas, with no difference in the proportion 
of daytime sleepiness between the two regions (P=0.767); 
daytime sleepiness was 7.2% (81/1,119) in patients with 
OSA and 6.3% (159/2,531) in patients without OSA. There 
was no difference in daytime sleepiness between the two 
groups (P=0.28). Approximately 36.0% (1,313/3,650) of 
the five community populations had insomnia, 31.2% 
(712/2,279) of the coastal community population, and 
43.8% (601/1,371) of the mountainous community 
population had insomnia, which was significantly higher in 
the mountainous population than in the coastal population 
(P<0.01). There was no significant difference in population 
fatigue scores between the two communities (P=0.131). 

HSAT validation

Table 7 shows that among 305 community participants 
who underwent HSAT validation, 57.7% (176/305) were 
diagnosed with moderate-to-severe OSA using the type 
IV equipment ODI of ≥5. Based on the HSAT AHI of ≥5, 
75.4% (230/305) of the participants were diagnosed with 
moderate-to-severe OSA.

Among the 305 community participants who underwent 
HSAT validation, the ODI of type IV equipment was 
strongly correlated with the AHI of HSAT (R2=0.504, 
P<0.001) (Figure 2). The Bland-Altman curves of the ODI 
of type IV equipment and the AHI of HSAT are shown in 
Figure 3. Approximately 93% (284/305) of the scatterers 
were within 95% limits of agreement (LOA).

Discussion

Our study successfully applied a type IV WISM to screen 
OSA in a healthy community population and verified the 
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Table 5 Risk factors assessment of subjects at risk of OSA

Risk factors
Unadjusted Adjusted

OR (95% CI) P value OR (95% CI) P value

Gender

Male

Female 0.390 (0.336–0.452) <0.001 0.496 (0.380–0.646) <0.001

Age 1.026 (1.020–1.032) <0.001 1.015 (1.007–1.022) <0.001

BMI 1.182 (1.155–1.209) <0.001 1.115 (1.072–1.160) <0.001

Neck circumference 1.198 (1.171–1.225) <0.001 1.048 (1.016–1.081) 0.003

Waist circumference 1.068 (1.059–1.076) <0.001 1.009 (0.995–1.024) 0.187

Smoking status

Never-smokers/former smokers

Current smokers 1.521 (1.247–1.855) <0.001 0.642 (0.497–0.830) 0.001

Alcohol use

Never-drinker/former drinkers

Current drinkers 1.780 (1.474–2.149) <0.01 1.140 (0.907–1.433) 0.262

Drinking tea

Never-drinkers/former drinkers

Current drinkers 1.286 (1.086–1.521) 0.003 0.912 (0.757–1.099) 0.335

Exercise

5–7 d/week

3–4 d/week 0.761 (0.598–0.969) 0.027 0.954 (0.736–1.237) 0.722

1–2 d/week 0.770 (0.609–0.974) 0.029 0.990 (0.765–1.281) 0.941

≤3 d/month 0.633 (0.483–0.830) 0.001 0.814 (0.607–1.092) 0.170

Never 0.833 (0.682–1.017) 0.072 1.038 (0.837–1.287) 0.735

Hypertension

Yes 2.011 (1.693–2.388) <0.001 1.268 (1.044–1.539) 0.017

No/unknown

Dyslipidemia

Yes 1.383 (1.201–1.592) <0.001 0.941 (0.795–1.114) 0.482

No

HDL-C 0.440 (0.363–0.533) <0.001 0.974 (0.760–1.248) 0.833

Triglycerides 1.147 (1.083–1.216) <0.001 1.009 (0.936–1.088) 0814

Creatinine 1.019 (1.015–1.023) <0.001 1.001 (0.997–1.006) 0.6

Uric acid 1.004 (1.003–1.005) <0.001 1.001 (1.000–1.002) 0.082

OSA, obstructive sleep apnoea; OR, odds ratio; 95% CI, 95% confidence interval; BMI, body mass index; HDL-C, high-density lipoprotein 
cholesterol.
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Table 6 Sleep related scale assessment

Characteristics
All subjects 
(N=3,650)

Region Presence of OSA

Coastal (N=2,279) Mountain (N=1,371) P value OSA (N=1,119) Non-OSA (N=2,531) P value

PSQI <0.01 0.53

Good 1,736 (47.6) 1,149 (50.4) 587 (42.8) 541 (48.3) 1,195 (47.2)

Poor 1,914 (52.4) 1,130 (49.6) 784 (57.2) 578 (51.7) 1,336 (52.8)

ESS 0.767 0.28

Daytime sleepiness 240 (6.6) 152 (6.7) 88 (6.4) 81 (7.2) 159 (6.3)

No daytime sleepiness 3,410 (93.4) 2,127 (93.3) 1,283 (93.6) 1,038 (92.8) 2,372 (93.7)

ISI <0.01 0.02

Insomnia 1,313 (36.0) 712 (31.2) 601 (43.8) 371 (33.2) 942 (37.2)

No insomnia 2,337 (64.0) 1,567 (68.8) 770 (56.2) 748 (66.8) 1,589 (62.8)

FSS score 27.48±13.70 27.76±13.52 27.03±14.00 0.131 27.32±13.69 27.52±13.57 0.7

Data are shown as n (%) or mean ± standard deviation. OSA, obstructive sleep apnoea; PSQI, Pittsburgh Sleep Quality Index; ESS,  
Epworth Sleepiness Scale; ISI, Insomnia Severity Index; FSS, Fatigue Severity Scale.

Table 7 Comparison of screening results between type IV device 
and type III HSAT

Group ODI <5 ODI ≥5 Total

AHI <5 24 51 75 (24.6%)

AHI ≥5 54 176 230 (75.4%)

Total 78 (25.6%) 227 (74.4%) 305

HSAT, home sleep apnea test; ODI, oxygen desaturation index; 
AHI, apnea-hypopnea index.
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Figure 2 Linear correlation analysis of ODI and AHI (R2=0.504, 
P<0.001). WISM, wearable intelligent sleep monitor; ODI, oxygen 
desaturation index; AHI, apnea-hypopnea index.
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Figure 3 Bland-Altman conformance test results for ODI 
calculated by WISM and AHI calculated by HST. The mean 
difference between the ODI of WISM and AHI of HST was 6.12 
[consistency limit: −19.42 to 31.66 (N=305)]. AHI, apnea-hypopnea 
index; WISM, wearable intelligent sleep monitor; ODI, oxygen 
desaturation index; SD, standard deviation; HST, home sleep test.

feasibility and accuracy of this screening method in a large 
sample population. This OSA screening method has a high 
equipment recovery rate, a high screening success rate, and 
strong generalization in various communities. Our study 
found that in a large community population, the prevalence 
of OSA screened using type IV equipment was 30.7%, and 
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the prevalence of high-risk OSA screened using the Stop-
Bang questionnaire was 42.8% (1,563/3,650). It is necessary 
to screen for OSA as early as possible in large community 
populations.

The Wisconsin Sleep Cohort Study of 4,925 people 
between 30 and 60 years of age found that 93% of women 
and 82% of men with moderate-to-severe OSA were 
never clinically diagnosed (14). Similarly, a Sleep Heart 
Health study showed that up to 91.7% of patients with 
suspected OSA had frequent snoring and sleepiness that 
were not diagnosed (15). Awareness of OSA is low in the 
population, and most high-risk OSA patients have not been 
identified. When the disease complicates, the difficulty 
in its management significantly increases. A large clinical 
intervention trial showed that continuous positive pressure 
ventilation therapy did not prevent secondary cardiovascular 
events (16). Therefore, early screening is needed to prevent 
and control OSA. Our study aimed to carry out early OSA 
screening in healthy community dwellers and successfully 
verify its feasibility.

The primary diagnostic devices for OSA include PSG 
and type III HSAT. HSAT can be used to diagnose patients 
with moderate-to-severe OSA without comorbidities 
(17,18). These devices have high requirements for 
technicians and the screening environment. They are 
expensive, relatively inefficient, and not suitable for screening 
OSA in a large sample population. Screening for OSA in the 
population relies on various questionnaires (19), which are 
time-consuming and subject to the influence of participants 
and evaluators. In this study, a type IV WISM was used, 
and pulse oxygen saturation was the most commonly 
recorded signal (20). Some studies have shown that ODI 
monitored using type IV sleep monitoring equipment 
alone or in combination with the Stop-Bang questionnaire 
is significantly better than the Stop-Bang questionnaire 
alone in OSA screening, particularly for mild OSA (21). A 
review of previous studies by the United States Prevention 
Task Force found that type IV sleep monitoring devices are 
generally accurate in diagnosing OSA, although there is 
inconsistency in estimating the actual AHI (22). WISM is a 
compact device with no external wires and can be attached 
to the palm in one step. The low difficulty of application 
ensures the successful wearing, integrity, and effectiveness 
of data collection.

In this study, five communities were screened for OSA. 
Among 4,438 residents who completed registration and 
were successfully issued WISM, 120 (2.7%) opted out of 
the inspection on the spot. Most residents felt that it was 

inconvenient to return the device the next day, which may 
be a problem with portable home-monitoring devices. Of 
the 4,318 devices issued, 9 (0.21%) were lost during the 
study, and the rest were returned. The type IV device is 
taken home by the patient, which may pose a risk of theft 
or loss. We tried to minimize this risk as much as possible, 
proving that this method is also feasible when screening 
large populations. The recovery rate of valid data in the five 
communities was as high as 99.37%. Excluding the lack of 
valid data caused by the participants’ failure to follow the 
guidance of field researchers due to <7 h of wearing time, 
and the failure of data recovery due to the equipment, the 
overall screening success rate in the five communities was 
89.63%, and the failure rate of screening was 10.37%. Our 
results are consistent with previous findings that between 
5% and 20% of the data in portable studies were of poor 
quality (23).

Type III HSAT simplifies the monitoring channel, 
including only respiratory airflow, chest and abdominal 
movement, and blood oxygen signals, and can be used to 
diagnose patients with moderate-to-severe OSA without 
comorbidities (17). To further validate the screening 
efficacy of type IV WISM in a large community population, 
305 participants were selected for an additional overnight 
HSAT comparison. Our study showed a strong correlation 
and consistency between ODI obtained by the type IV 
WISM and AHI obtained by HSAT, suggesting that the 
type IV WISM has a good diagnostic performance as a 
screening tool. This type IV equipment was also compared 
with PSG at the Sleep Center of Guangdong Provincial 
People’s Hospital, and it was found that the sensitivity and 
specificity of type IV equipment were higher (9). The type 
IV equipment is small, light, time-consuming, and can 
screen 200 people per day, but with great accuracy. It has no 
external lead, and the device can be operated in one step to 
increase OSA screening population participation, making it 
possible to quickly screen for OSA in communities or large 
sample populations.

In addition, our study recorded a 30.7% prevalence 
of OSA in a large community population using type IV 
equipment’s ODI of ≥7 times/h, which is consistent with 
a systematic review of a 9–38% prevalence of OSA in the 
general population when OSA was diagnosed with an AHI 
of ≥5 beats per hour (24). However, because awareness of 
OSA is low, the true prevalence of OSA in the population 
may be much higher (25). Our study, which was dominated 
by women, showed that the prevalence of OSA was higher 
in men than in women (24); therefore, our study may have 
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underestimated the prevalence of OSA in healthy people. 
In this study, the prevalence of high-risk OSA screened 
using the Stop-Bang questionnaire was higher than that 
using WISM, which may be due to the low specificity of 
the Stop-Bang questionnaire alone, although it has high 
sensitivity, leading to a high prevalence of screening (26). In 
this study, there was no difference in sleep quality between 
patients with OSA and non-OSA patients in the community 
population, although some studies have shown that people 
at high risk of OSA are more likely to have poor sleep 
quality than those at low risk of OSA (27). Poor sleep quality 
can lead to excessive daytime sleepiness and fatigue (28);  
therefore, there was no difference in the proportion of 
daytime sleepiness between patients with OSA and non-
OSA patients in our community population.

Among the sociodemographic factors, the risk of OSA 
increased with age, with a 1.015 times increase for each 
additional year, which is similar to other studies (29-33). 
It is well known that men are at high risk of OSA (30), 
and our study found that men have a higher risk of OSA 
than women, which is supported by other findings (34,35). 
Punjabi et al. reported that men are at an increased risk 
of OSA and that men and women experience different 
symptoms (36).

Obesity is an independent risk factor for OSA. Most 
early studies used a BMI >30 kg/m2 as a cutoff to assess 
the risk of OSA (30,34,37). Our study demonstrated that 
the risk of OSA increased as BMI increased. The Kuprio 
Sleep Apnea Group reports (37) that obesity and OSA are 
bidirectionally related, and that obesity increases the risk 
of upper airway collapse, leading to sleep fragmentation, 
which further increases appetite, leading to weight gain 
and obesity. Leptin suppresses hypothalamic appetite 
by counteracting the effects of the orexigenic hormones 
neuropeptide Y and ghrelin (38,39). Sleep fragmentation 
attenuates leptin signaling in the hypothalamus, leading to 
an increase in the ghrelin/leptin ratio (40), which leads to 
increased appetite and uncontrolled food intake, leading to 
weight gain and obesity (38,39). However, differences in 
regional fat distribution in obese individuals may be more 
relevant to OSA severity than general measures of obesity, 
such as BMI, and neck circumference is well correlated 
with obesity in adults (40). In adults, increased neck 
circumference is associated with both snoring and OSA 
(41,42), particularly after adjusting for height (43). Our 
study also found that an increased neck circumference was 
an independent risk factor for OSA, and the risk of OSA 
increased with an increase in neck circumference.

Hypertension and metabolic abnormalities are the root 
causes of cardiovascular disease. There is a significant 
overlap between OSA and systemic blood pressure (44). 
The collapse of the upper respiratory tract in OSA leads 
to intermittent hypoxia, which leads to hyperactivation 
of the sympathetic output and endothelin system. As a 
result, a cascade of changes occurs that further leads to an 
increase in adrenergic tension, leading to hypertension (44).  
In our study, 26.3% of OSA-positive participants had 
hypertension, and 43.6% of patients with hypertension 
were estimated to have OSA. Further analysis showed that 
these patients had a 1.268 times greater risk of OSA than 
those with normotensive blood pressure, which is similar to 
the findings of other studies (31,34,36,45,46).

Our study concluded that the risk of OSA was 
not affected by tea consumption and that regular tea 
consumption did not increase the risk of OSA (P>0.05, 95% 
CI: 1.044–1.539). We did not find any studies that directly 
linked OSA with tea consumption. A meta-analysis reported 
that there are insufficient published data to assess whether 
OSA is associated with caffeine intake (47). This analysis 
also revealed that the association between OSA and tobacco 
use could not be confirmed based on the limited available 
evidence (47). Our study found that smoking was negatively 
associated with OSA after adjusting for confounding factors 
[UOR: 1.521 (1.247–1.855), AOR: 0.642 (0.497–0.830)]. 
Our findings are consistent with those of the Sleep Heart 
Health study, which also found an inverse association 
between smoking and OSA after adjusting for age and 
BMI (34). However, some studies have identified frequent 
chewing of tobacco or smoking as a potential risk factor 
for OSA (36,48). Smoking causes inflammation of the 
upper respiratory tract, leading to swelling of the uvula and 
narrowing and collapse of the airway (49). Further evidence 
is needed to clarify this issue, as there is insufficient 
evidence to confirm the association with tobacco (47).

In our study, ODI was used to diagnose OSA. ODI 
has been proved to be at least as useful a tool to screen, 
diagnose, and quantify OSA (50). However, the OSA 
phenotype may interfere with OSA diagnosis based on ODI 
alone. There is a study has shown that the OSA subtype 
is based on self-reported symptoms (51), and some OSA 
patients cannot rely on ODI alone for OSA diagnosis, and 
need to be combined with scale symptoms for subtype 
diagnosis.

The main advantage of this study is that it first used a 
type IV WISM to screen for OSA in a large sample of the 
community population. At the same time, the Stop-Bang 
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questionnaire was also used to screen the prevalence and 
risk factors of OSA in a community healthy population. 
After screening, some individuals were selected to undergo 
HSAT and other confirmatory tests to prove the accuracy 
and feasibility of screening. Second, the adequate sample 
size, robust sampling methods, and use of standardized 
questionnaires increased the external validity of our study. 
Other potential risk factors, such as diabetes, asthma, 
chronic obstructive pulmonary disease, and other coexisting 
diseases, can be explored in future studies to overcome the 
limitations of the current study. In addition, tea intake, 
alcohol consumption, and smoking can be quantified to 
improve the reliability of the association between OSA and 
community risk factors.

Conclusions

In conclusion, our study confirmed the feasibility of using 
an objective type IV WISM to complete the screening of 
large community samples in a short period and validated 
the accuracy of this practical OSA screening method. The 
prevalence of high-risk OSA screened using the Stop-
Bang questionnaire was higher than that screened using 
the objective screening device. The prevalence of OSA in 
the healthy community population was 30.7% using the 
objective screening device. This suggests the need for early 
screening of OSA in healthy community populations for 
definite diagnosis and treatment.
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