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Objective: Obstructive sleep apnea (OSA) is a common sleep-disordered breathing disease. We aimed to establish an improved
screening questionnaire without physical examinations for OSA named the CNCQ-OSA (Chinese community questionnaire for OSA).
Methods: A total of 2585 participants who visited sleep medicine center and underwent overnight polysomnography were grouped
into two independent cohorts: derivation (n = 2180) and validation (n = 405). The CNCQ-OSA was designed according to the baseline
of patients in derivation cohort. We comprehensively analyzed the data to evaluate the predictive value of the CNCQ-OSA, compared
to the GOAL questionnaire, STOP-Bang questionnaire (SBQ) and NoSAS questionnaire.

Results: The CNCQ-OSA included seven variables: loud snoring, BMI > 25 kg/m? male gender, apnea, sleepiness, hypertension and
age >30, with a total score ranging from 7 to 16.7 points (>13.5 points indicating high risk of OSA, >14.5 points indicating extremely
high risk). In the derivation and validation cohorts, the areas under the curve of the CNCQ-OSA were 0.761 and 0.767, respectively. In
the validation cohort, the sensitivity and specificity of a CNCQ-OSA score >13.5 points for the apnea—hypopnea index (AHI) >5/h
were 0.821 and 0.559, respectively (Youden index, 0.380), and the score >14.5 points were 0.494 and 0.887, respectively (Youden
index, 0.375). The CNCQ-OSA had a better predictive value for AHI > 5/h, AHI > 15/h and AHI > 30/h, with the highest Youden
index, compared to the other questionnaires.

Conclusion: The CNCQ-OSA can effectively identify the risk of OSA, which is appropriate for self-screening at home without
physical examinations.

Keywords: obstructive sleep apnea, screening, GOAL, STOP-Bang, NoSAS

Introduction

Obstructive sleep apnea (OSA) is a common sleep-disordered breathing with condition characterized by complete or
partial airway collapse during sleep, as well as decreased oxygen saturation and fragmented sleep. OSA is known to
generate adverse changes such as nocturnal intermittent hypoxemia, thoracic negative pressure fluctuation, and metabolic
problems, which can lead to multisystem chronic damage.>* Although the prevalence of OSA ranges from 9% to 38%
and increases with age, the low adherence to treatment along with subsequent complications are a constant concern for
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physicians.*> As the proportion of elderly individuals is increasing gradually, early screening, diagnosis, and therapy are
critical for improving the prognosis of OSA.

Polysomnography (PSG) is the gold standard for diagnosing OSA. Nevertheless, the popularity and use of PSG are
unsatisfactory because it is an expensive and time-consuming process. As an alternative, OSA screening questionnaires,
including the STOP-Bang questionnaire (SBQ), NoSAS score and the recently developed GOAL questionnaire, are most
frequently utilized.®® Clinicians can rapidly identify individuals at risk for OSA by using multivariate screening
questionnaires in sleep clinics.

To quickly evaluate the risk of OSA in patients before surgery, Chung et al developed and validated the SBQ.°
According to a meta-analysis, the overall sensitivity and specificity of the SBQ for detecting AHI > 5/h were 0.88
and 0.44, respectively.” The predictive efficiency of the SBQ has been demonstrated in patients from sleep clinics,
surgical patients, and the general population, and the SBQ was later translated into multiple languages for wider
usage.'®'? Another study found that the AUC of the SBQ for the global population and the European population
were 0.76 and 0.78, respectively, while it was only 0.56 for the East Asian population.'® Several studies have
indicated that the type of obesity and the location of fat accumulation are closely related to OSA.'* Central obesity
is more common in Chinese individuals, and the waist-hip ratio and waist—height ratio are better screening
indicators for OSA than neck circumference.'” !’ It implied that the parameter of neck circumference and the
screening cut-off points of age, BMI, and total score on the SBQ may not be entirely applicable to the Chinese
population. Patients with OSA from Asian are younger, predominantly male, with lower obesity measures, compared
to people from other continents.'®

As previous study suggested that nearly 176 million adults aged 30-69 years in China have OSA,' which might
underestimates the prevalence of OSA because it does not cover all age groups. The community population in China has
insufficient awareness of OSA and related screening instruments, so that a large number of potential OSA patients do not
receive timely diagnosis and treatment.”® At the meanwhile, the majority of the questionnaires require clinicians to
perform physical examination on the patients, such as measurement of the neck circumference (NC) for the SBQ and
NoSAS. These may not be amenable to primary self-screening, particularly among elderly individuals and those living
alone. Taken together, a simple and effective OSA screening questionnaire without a physical examination requirement
that is applicable to Chinese patients is warranted. Based on such concerns, we aimed to developed an improved
screening questionnaire for OSA, named the CNCQ-OSA (Chinese community questionnaire for OSA).

Methods

Study Participants

All participants were consecutively recruited from the Sleep Medical Center of the First Affiliated Hospital of
Guangzhou Medical University, Guangzhou, China, from May 2018 to March 2022, including adults referred for PSG
evaluation due to suspected sleep disordered breathing by their attending physicians or self-requested check-up. Patients
were retrospectively recruited in the derivation cohort (from May 2018 to March 2021) and prospectively recruited in the
validation cohort (from April 2021 to March 2022). This study complies with the Declaration of Helsinki, and was
approved by the Ethics Committee of the First Affiliated Hospital of Guangzhou Medical University with Ethical
Approval No. 05, 2017, and all patients gave and signed their informed consent. The inclusion criteria were (1) age >18
years; (2) complete independent behaviour and cognitive abilities; and (3) ability to answer the questionnaire completely
and accurately. The exclusion criteria were (1) previous diagnosis of or treatment for OSA; (2) respiratory events
dominated by central or mixed sleep apnea; (3) patients with a total sleep time <240 min by PSG; (4) patients with other
chronic respiratory diseases (such as chronic obstructive pulmonary disease, bronchiectasis, interstitial lung disease,
pulmonary fibrosis, lung tumours, etc.); (5) patients with acute and chronic diseases of the heart, liver, kidney and
digestive system; and (6) patients with chronic insomnia, restless leg syndrome, narcolepsy and other sleep disorders. All
participants from derivation cohort and validation cohort both met inclusion and exclusion criterion. The flow chart of
this study is shown in Figure 1.
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Participants visited the Sleep Participants visited the Sleep
Medical Center from May 2018 Medical Center from April 2021
to March 2021 (N = 2,523) to March 2022 (N =493)

4 y

. . Prospective data collection
Retrospective data collection . PSG
PSG
Complete the CNCQ-OSA
A A
Establish the CNCQ-OSA
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(N =176) (N=18)
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Derivation cohort Validation cohort
(N =2,180) (N = 405)

Figure | Flow chart.
Abbreviations: PSG, polysomnography; OSA, obstructive sleep apnea.

Data Extraction

We retrospectively (derivation cohort) and prospectively (validation cohort) collected the self-reported variables, which
are often associated with OSA from patient:*'** (1) demographic characteristics, such as age, gender, height, weight; (2)
previously diagnosed comorbidities, such as hypertension, diabetes, cardiovascular and cerebrovascular diseases, and
nasopharyngeal diseases; and (3) OSA-related symptoms, such as loud snoring (louder than speech or heard through the
door), apnea (conscious or observed by others), and sleepiness (daytime tiredness and dozing). Questions about

comorbidities and OSA-related symptoms were answered with “yes” or “no”. BMI was calculated by participants or
weight(kilogram)

height(meter) x height(meter

above information was collected 1 hour before PSG monitoring from patients who met the inclusion criteria but not the

sleep physicians according to the formula (BMI = >). In derivation cohort and validation cohort,

exclusion criteria.

Polysomnography

All participants underwent overnight polysomnography monitoring with an Alice 5 PSG (Philips Wellcome, USA) for at
least 7 hours, and the use of alcohol, coffee, sedatives and hypnotics was prohibited on the same day. The monitoring
indicators included electroencephalogram, electromyography, blood oxygen saturation, electrooculogram, electrocardio-
gram, snoring, mouth airflow, nasal airflow, chest breathing and body position.”®> The raw data were automatically read
by the instrument. Two trained sleep professionals separately manually analysed the parameters, such as sleep duration
and sleep breathing events, based on the Manual for the Scoring of Sleep and Associated Events published by the
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American Academy of Sleep Medicine in 2012. Apneas were classified from a drop >90% of baseline airflow lasting at
least 10s, while hypopnea were classified from a >30% pre-event drop over >10s associated with desaturation of oxygen
>3% or an arousal.”’ Patients with an apnea—hypopnea index (AHI) score of >5 events/h were defined as having OSA.*'

Questionnaire

We aimed to develop an OSA screening questionnaire without physical examination focused on the Chinese community
population (the CNCQ-OSA). The STOP-Bang questionnaire allocates 1 point for 8 items with positive results (loud
snoring, tiredness, observed apnea, hypertension, body mass index (BMI) >35 kg/m?, age >50 years, NC > 40 cm, and
male gender), 3 or more points indicates a high risk of OSA.® NoSAS score is consisted of 5 questions with a final score
of 0—17 points, with a threshold for high risk of OSA of 8 points or more. Four points for having NC > 40 cm, 3 points
for having a BMI of 25 kg/m? to less than 30 kg/m?® or 5 points for having a BMI > 30 kg/m?, 2 points for habitual
snoring, 4 points for age >55, and 2 points for the male gender.” The GOAL questionnaire is a newly developed
screening instrument that does not require physical examinations and was used to compare the predictive value of the
CNCQ. The GOAL questionnaire includes 4 items (male, age >50, BMI > 30 kg/m?, loud snoring), and each item needs
to be answered as yes or no (scored 1 or 0 points, respectively, total points range from 0 to 4). If the assessment of 2 or
more topics was positive, then the patient was considered at high risk for OSA.®

Statistical Analysis

All analyses were conducted using SPSS version 26.0. The results are expressed as the mean + standard deviation for
continuous variables and as number (n) and percentage (%) for categorical variables. The chi-square test was used for
categorical variables in the comparison group, while Student’s #-test and one-way ANOVA were used for continuous
variables. The original screening model was based on self-reported risk factors for OSA, including 11 factors: male
gender, age, BMI, loud snoring, apnea, sleepiness, hypertension, diabetes, coronary heart disease, cerebrovascular
disease, and nasopharyngeal disease. BMI was calculated based on reported height and weight from patients. The
odds ratio (OR) of the above 11 variables was obtained by logistic regression analysis, and the variables showing
statistical significance (P < 0.05) were selected as the next screening indicators.

Furthermore, the optimal cut-off points of age and BMI were determined according to the receiver operating
characteristic (ROC) curve and Youden index; thus, age and BMI were converted into categorical variables.
Multivariate logistic regression analysis was used to calculate the adjusted OR value of the next included indicators,
which subsequently served as the corresponding score for the questionnaire. If the OR of the indicator for OSA was 1.5,
then this item would receive 1.5 points. Otherwise, all negative answers received 1 point. The area under the ROC curve
(AUC) was used to evaluate the final screening model, and the cut-off point for OSA screening was defined according to
the sensitivity, specificity and the Youden index. Finally, 2x2 contingency tables were used to evaluate the sensitivity,
specificity, Youden index, positive predictive value (PPV) and negative predictive value (NPV) of the CNCQ-OSA,
GOAL, SBQ and NoSAS, comparing their predictive value for AHI > 5/h, AHI > 15/h and AHI > 30/h. P values < 0.05
were considered indicative of statistical significance.

Results

Characteristics

A total of 2585 participants were ultimately included in the study and consecutively allocated into a derivation cohort (n
= 2180) and validation cohort (n = 405). The mean age of all subjects was 46.9+14.2 years old, the mean BMI was 26.3
+4.2 kg/m?, the mean NC was 38.4 + 4.0 cm, and there were 2020 (78.1%) males. A total of 2388 (92.4%) participants
had loud snoring, 1074 (41.5%) felt daytime sleepiness, and 992 (38.4%) had sleep apnea. The numbers of participants
with hypertension, diabetes, cerebrovascular disease, coronary heart disease, and nasopharyngeal disease were 713
(27.6%), 203 (7.9%), 82 (3.2%), 130 (5.0%) and 822 (33.0%), respectively. Overall, 1859 (71.9%) patients were
diagnosed with OSA, and the mean AHI value was 25.3 £ 25.6 events/h. There were statistically significant differences
in age, BMI, snoring, sleepiness, cerebrovascular disease, nasopharyngeal disease, OSA diagnosis and AHI between the
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derivation and validation cohorts. The GOAL scores of the derivation and validation cohorts were 2.3 £ 0.8 and 2.3 £ 0.7,
respectively, showing no significant difference. While there are statistical significance in SBQ and NoSAS between
derivation and validation cohorts (Table 1).

Derivation Cohort
Establishment of the CNCQ-OSA

Initially, we conducted a statistical analysis of the data from the derivation cohort. In the multivariate logistic regression
analysis with 11 variables included, there was no significant difference between diabetes mellitus, coronary heart disease,
nasopharyngeal disease and cerebrovascular disease and the diagnosis of OSA (P>0.05, Figure 2A); thus, these four
variables were excluded from the subsequent analysis. In the ROC curve of age and BMI for OSA diagnosis, “age > 30
years old” (Youden index: 0.044; sensitivity: 0.901; specificity: 0.143) and “BMI > 25 kg/m*” (Youden index: 0.262;
sensitivity: 0.716; specificity: 0.546) were the best cut-off points for screening. The cut-off points used in the GOAL
questionnaire were “age > 50 years old” (Youden index: 0.008; sensitivity: 0.417; specificity: 0.591) and “BMI > 30 kg/
m®” (Youden index: 0.112; sensitivity: 0.208; specificity: 0.904), which had low sensitivity and Youden index values.
Based on the results, a multivariate logistic regression analysis was performed on seven variables: age > 30 years, BMI >
25 kg/m?, male gender, loud snoring, apnea, sleepiness, and hypertension. In descending order, the adjusted OR values are loud
snoring (OR: 5.03; 95% CI: 3.45-7.33), BMI 25 > kg/m” (OR: 2.30; 95% CI: 1.87-2.83), male gender (OR: 2.21; 95% CI: 1.75—
2.79), apnea (OR: 2.08; 95% CI: 1.65-2.62), sleepiness (OR: 1.91; 95% CI: 1.52-2.39), hypertension (OR: 1.64; 95% CI: 1.52—
2.39), and age > 30 years, which were all statistically significant (P < 0.001, Figure 2B). Finally, the CNCQ-OSA contains seven
dichotomous elements, and the adjusted OR value was the score for each item (one decimal place reserved). As indicated in

Table | The Characteristics of Including Participants with OSA

All Derivation Validation P value

Cohort Cohort
n 2585 2180 405
OSA (%) 1859 (71.9) 1513 (69.4) 346 (85.4) <0.01
Male (%) 2020 (78.1) 1704 (78.2) 316 (78.0) 0.950
Age (years) 46.9 £ 142 47.6 £ 13.9 43.1 £ 153 <0.01
BMI (kg/m?) 263 +42 264 £ 4.1 258 + 4.6 <0.01
NC (cm) 384 + 4.0 384 +39 385+ 42 0.222
AHI (events/h) 25.3 £ 25.6 24.5 £ 257 294 + 248 <0.01
I5>AHI 25 564 (21.8) 460 (21.1) 104 (25.7) <0.01
30> AHI > I5 426 (16.5) 350 (l6.1) 76 (18.8)
AHI > 30 869 (33.6) 703 (32.2) 166 (41.0)
Loud snoring (%) 2388 (92.4) 1998 (91.7) 390 (96.3) <0.01
Sleepiness (%) 1074 (41.5) 812 (37.2) 262 (64.7) <0.01
Apnea (%) 992 (38.4) 823 (37.8) 169 (41.7) 0.131
Hypertension (%) 713 (27.6) 604 (27.7) 109 (26.9) 0.743
Diabetes (%) 203 (7.9) 169 (7.8) 34 (84) 0.649
Cerebrovascular diseases (%) 82 (3.2) 55 (2.5) 37 (6.7) <0.01
Cardiovascular diseases (%) 130 (5.0) 104 (4.8) 26 (6.4) 0.156
Nasopharyngeal diseases (%) | 822 (33.0) 686 (31.5) 166 (41.0) <0.01
GOAL (points) 23+08 23+08 2307 0.138
SBQ (points) 35+ 1.4 35+ 1.4 3712 <0.01
NoSAS (points) 6.8 3.6 6.7 £ 3.7 7.7 £ 3.1 <0.01

Note: The results were expressed as the mean + standard deviation for continuous variables and as number (n) and
percentage (%) for categorical variables.
Abbreviations: OSA, obstructive sleep apnea; BMI, body mass index; NC, neck circumference; AHI, apnea hypopnea index.
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Variables Unadjusted model OR (95% Cl) P value
Nasopharyngeal diseases v+ 0.92 (0.73-1.15)  0.462
Cerebrovascular diseases —e1— 0.71 (0.35-1.41) 0.322
Cadiovascular diseases —¢— 0.90 (0.53-1.52)  0.681
Diabetes  —le— 1.08 (0.71-1.66) 0.711 Variables Adjusted Model OR (95% Cl) P value
Hypertension  —e— 1.42 (1.09-1.86) 0.011 Hypertension (e 1.60 (0.73-1.15)  <0.001
Apnea I 213 (1.69-2.69) <0.01 Apnea == 2.08 (1.65-262) <0.001
Sleepiness . 1.93 (1.532.43) <0.01 Sleepiness [ e~ 1.91(1.52-239)  <0.001
Loud snoring ——e——— 516(351-7.58) <0.01 Loud snoring — 5.03 (3.45-7.33) <0.001
BMI g 1.15(1.12-1.18)  <0.01 BMI >=25 —e—i 2.30 (1.87-2.83) <0.001
Age ] 1.02(1.01-1.02) <0.01 Age >=30 |+—e— 1.64(1.18-2.23) <0.001
Male ——r 2.32(1.832.95) <0.01 Male —— 2.21(1.75-279) <0.001
I T T T T T T 1 I T T T T T T 1
A o 1 2 3 4 5 6 7 8 B 0O 1 2 3 4 5 6 7 8
Odd Ratios QOdd Ratios

Figure 2 Odds ratio for variables associated with OSA diagnosis. (A) Univariate logistic regression models; (B) Multivariate logistic regression.
Abbreviation: BMI, body mass index.

Table 2, a “yes” answer in “male” earns 2.2 points, while a “no” answer earns 1 point. The total CNCQ-OSA score ranges from 7
to 16.7. The final version of CNCQ-OSA is shown in Table 3.

Comparison of the AUCs and Other Predictive Value

The AUC of the CNCQ-OSA in the derivation cohort was 0.761 (95% CI: 0.739-0.783). The Youden index was calculated
according to the sensitivity and specificity of each cut-off point, and the maximum score was 14.1 (Youden index: 0.388;
sensitivity: 0.688; specificity: 0.700). A practical screening questionnaire should be considered to have a higher sensitivity
and lower risk of missed diagnosis among OSA patients. Therefore, 13.5 points were selected as the screening cut-off point
(Youden index: 0.382; sensitivity: 0.811; specificity: 0.571), and the Youden index did not considerably decrease, but the
sensitivity was dramatically improved. In addition, a cut-off point of 14.5 with a specificity > 0.8 and the highest Youden
index was selected for further screening for OSA (Youden index: 0.346; sensitivity: 0.540; specificity: 0.806).

In the comparison of CNCQ-OSA and the other screening tools, the AUC of the CNCQ-OSA is similar to the SBQ
for AHI > 5/h, AHI > 15/h and AHI > 30/h (0.761 vs 0.735, 0.745 vs 0.721, 0.746 vs 0.717, respectively), while the
GOAL and NoSAS presented lower AUCs. As the OSA severity increased, the sensitivity of CNCQ-OSA gradually
improved, ranging from 0.813 to 0.915, and the specificity dropped from 0.568 to 0.407. The results of AUCs and
predictive value of various questionnaires are shown in Figure 3, Table 4 and Table 5.

Table 2 The Scores of CNCQ-

OSA
Parameters Points
Yes No
Loud snoring 5.0 |
BMI = 25 kg/m* | 2.3 |
Male 22 I
Apnea 2.1 |
Sleepiness 1.9 |
Hypertension 1.6 |
Age 2 30 years 1.6 |

Note: The points for each variable are
listed, the total score ranges from 7 to
16.7 points.

Abbreviation: BMI, body mass index.
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Table 3 The Final Version of Chinese Community Questionnaire for OSA, CNCQ-OSA

Questions Options (Points)

Height (m): Weight (kg): BMI (kg/m?): BMI = 25 kg/m* | 23 | BMI <25 kg/m? | |
Gender Male 22 Female |
Age: Is your age 2 30 years old? Yes 1.6 No |
Do you feel tiered or sleepiness in daytime? Yes 1.9 No |
If some one reports that you have observed apnea Yes 2.1 No |

during sleep?

Do you have hypertension? Yes 1.6 No |

Do you have loud snoring during sleep? (louder than Yes 5 No |
speech or heard through the door)

Total scores

Note: BMI = weight/(height*height), CNCQ-OSA 2 13.5 points indicating high risk of OSA, = 4.5 points indicating extremely high risk.
Abbreviation: BMI, body mass index.

Validation Cohort

The ROC curve was used to analyse the CNCQ-OSA, GOAL, SBQ and NoSAS (validation cohort, Figure 3) for
AHI > 5/h, and the AUCs were 0.767 (95% CI: 0.701-0.832), 0.727 (95% CI: 0.659-0.795), 0.637 (95% CI: 0.562—
0.711) and 0.687 (95% CI: 0.615-0.760), respectively. Table 4 compares the AUCs for AHI > 15/h and AHI > 30/h
in all questionnaires. As shown in Table 6, compared with a GOAL score of 2 for AHI > 5/h, the sensitivity of
a CNCQ-OSA score of 13.5 was slightly lower (0.821 vs 0.926), but the specificity and Youden index value were
significantly higher than those of the GOAL questionnaire (0.559 vs 0.339, 0.380 vs 0.267). When a CNCQ-OSA
score of 14.5 was used as the second screening cut-off point, the specificity of the CNCQ-OSA for AHI > 5/h was
slightly lower than that of a GOAL score of 3 (0.881 vs 0.911), but the sensitivity and Youden index were higher

Derivation cohort AHI = 5 events/h Validation cohort AHI = 5 events/h
100 100
— CNCQ-O — CNCQ-OSA
— GOAL — GOAL
80 — SBQ 80 — SBQ
NoSAS NoSAS
o o
< 60+ S 60+
= =
o 40+ o 40+
%) %)
CNCQ-OSA: 0.761(0.739-0.783) CNCQ-OSA: 0.767(0.701-0.832)
20 GOAL: 0.655(0.629-0.681) 20 GOAL: 0.727(0.659-0.795)
SBQ: 0.736(0.713-0.759) SBQ: 0.637(0.562-0.711)
NoSAS: 0.680(0.660-0.705) NoSAS: 0.688(0.616-0.760)
0 T T T 0 T T T
0 25 50 75 100 0 25 50 75 100
100% - Specificity% 100% - Specificity%

Figure 3 The predictive value for AHI 2 5 events/h was evaluated by the area under the ROC curve of the CNCQ-OSA, GOAL, STOP-Bang and NoSAS in derivation and
validation cohorts.

Abbreviations: OSA, obstructive sleep apnea; AHI, apnea hypopnea index.
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Table 4 The AUCs of Various Questionnaires in Different OSA Severity

CNCQ-OSA GOAL SBQ NoSAS

Derivation cohort

AHI = 5/h 0.761 (0.739-0.787) | 0.656 (0.630-0.681) | 0.735 (0.713-0.758) | 0.680 (0.656—0.705)
AHI 2 I5/h 0.745 (0.725-0.766) | 0.637 (0.614-0.661) | 0.721 (0.700-0.742) | 0.674 (0.652-0.691)
AHI = 30/h 0.746 (0.725-0.768) | 0.626 (0.601-0.650) | 0.717 (0.695-0.739) | 0.679 (0.655-0.703)
Validation cohort

AHI = 5/h 0.767 (0.701-0.832) | 0.727 (0.659-0.795) | 0.637 (0.562-0.711) | 0.687 (0.615-0.760)
AHI 2 I5/h 0.760 (0.713-0.807) | 0.668 (0.615-0.712) | 0.637 (0.581-0.691) | 0.665 (0.610-0.721)
AHI = 30/h 0.737 (0.689-0.786) | 0.649 (0.595-0.702) | 0.621 (0.565-0.676) | 0.636 (0.583-0.690)

Note: Data presented as value (95% ClI).
Abbreviations: AUC, area under the curve; OSA, obstructive sleep apnea; AHI, apnea hypopnea index; SBQ, STOP-Bang questionnaire.

than those of GOAL questionnaire (0.494 vs 0.393, 0.375 vs 0.304). The AUCs of the CNCQ-OSA, GOAL and
NoSAS presented stable results in derivation and validation cohort for different OSA severity, while the AUC of the
SBQ dramatically declined with decreasing specificity in validation cohort (Table 4). In both cohorts, the CNCQ-

Table 5 The Comparison of Predictive Value Between CNCQ-OSA and the Other Questionnaires for AHI 2 5/h, AHI >

I5/h and AHI > 30/h (Derivation Cohort)

Sensitivity Specificity Youden Index PPV NPV

AHI = 5/h
CNCQ-OSsA

= 3.5 points | 0.813 (0.793-0.833) | 0.568 (0.531-0.606) | 0.381 (0.324-0.439) | 0.810 (0.791-0.830) | 0.573 (0.535-0.610)

2 14.5 points | 0.544 (0.519-0.569) | 0.802 (0.772-0.832) | 0.346 (0.291-0.401) | 0.862 (0.840-0.884) | 0.437 (0.409-0.465)
GOAL

= 2 points 0.953 (0.942-0.964) | 0.265 (0.232-0.300) | 0.218 (0.174-0.264) | 0.746 (0.727-0.766) | 0.714 (0.657-0.770)

2 3 points 0.462 (0.437-0.487) | 0.736 (0.703-0.770) | 0.198 (0.140-0.257) | 0.799 (0.772-0.825) | 0.376 (0.350-0.403)
SBQ 0.852 (0.834-0.870) | 0.486 (0.448-0.524) | 0.338 (0.282-0.394) | 0.790 (0.770-0.810) | 0.591 (0.550-0.632)
NoSAS 0.528 (0.503-0.553) | 0.724 (0.690-0.758) | 0.252 (0.193-0.311) | 0.812 (0.788-0.837) | 0.404 (0.376-0.431)
AHI > 15/h
CNCQ-OSA

2 13.5 points | 0.871 (0.851-0.892) | 0.466 (0.437-0.495) | 0.337 (0.288-0.387) | 0.602 (0.577-0.627) | 0.796 (0.765-0.827)

2 |4.5 points | 0.619 (0.589-0.648) | 0.729 (0.704-0.755) | 0.348 (0.293-0.403) | 0.680 (0.650-0.709) | 0.673 (0.647-0.700)
GOAL

2 2 points 0.968 (0.957-0.978) | 0.189 (0.167-0.212) | 0.157 (0.124-0.190) | 0.526 (0.504-0.548) | 0.863 (0.820-0.906)

2 3 points 0.505 (0.475-0.535) | 0.695 (0.669-0.722) | 0.200 (0.144-0.257) | 0.606 (0.573-0.638) | 0.602 (0.575-0.628)
SBQ 0.897 (0.879-0.915) | 0.389 (0.361-0.417) | 0.286 (0.24-0.332) | 0.577 (0.553-0.601) | 0.803 (0.770-0.836)
NoSAS 0.592 (0.562-0.622) | 0.680 (0.653-0.707) | 0.272 (0.215-0.329) | 0.632 (0.602-0.662) | 0.642 (0.615-0.670)
AHI > 30/h
CNCQ-OSA

2 13.5 points | 0.915 (0.894-0.935) | 0.407 (0.382-0.432) | 0.322 (0.276-0.367) | 0.423 (0.398-0.448) | 0.909 (0.888-0.931)

2 4.5 points | 0.682 (0.648-0.717) | 0.678 (0.654-0.702) | 0.360 (0.302-0.419) | 0.502 (0.470-0.533) | 0.818 (0.796-0.840)
GOAL

2 2 points 0.977 (0.966-0.988) | 0.157 (0.139-0.176) | 0.134 (0.105-0.164) | 0.356 (0.334-0.377) | 0.935 (0.905-0.966)

2 3 points 0.525 (0.488-0.561) | 0.657 (0.633-0.681) | 0.182 (0.121-0.242) | 0.422 (0.389-0.454) | 0.744 (0.720-0.768)
SBQ 0.932 (0.913-0.950) | 0.338 (0.314-0.362) | 0.270 (0.227-0.312) | 0.401 (0.377-0.425) | 0.912 (0.889-0.936)
NoSAS 0.635 (0.600-0.671) | 0.637 (0.612-0.661) | 0.272 (0.212-0.332) | 0.454 (0.423-0.485) | 0.786 (0.763—0.809)

Note: Data presented as value (95% ClI).
Abbreviations: OSA, obstructive sleep apnea; AHI, apnea hypopnea index; PPV, positive predictive value; NPV, negative predictive value.
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Table 6 The Comparison of Predictive Value Between CNCQ-OSA and the Other Questionnaires for AHI = 5/h, AHI >
I5/h and AHI > 30/h (Validation Cohort)

Sensitivity Specificity Youden Index PPV NPV

AHI 2 5/h
CNCQ-OSA

= [3.5 points | 0.821 (0.780-0.861) | 0.559 (0.433-0.686) | 0.380 (0.214-0.547) | 0.916 (0.885-0.947) | 0.347 (0.252-0.443)

2 14.5 points | 0.494 (0.442-0.547) | 0.881 (0.799-0.964) | 0.375 (0.241-0.505) | 0.961 (0.932-0.989) | 0.229 (0.174-0.284)
GOAL

2 2 points 0.928 (0.900-0.955) | 0.339 (0.218-0.460) | 0.267 (0.118-0.421) | 0.892 (0.860-0.924) | 0.444 (0.299-0.590)

2 3 points 0.393 (0.342-0.445) | 0.915 (0.844-0.986) | 0.308 (0.186—-0.431) | 0.965 (0.934-0.995) | 0.205 (0.156-0.253)
SBQ 0.893 (0.861-0.926) | 0.237 (0.129-0.346) | 0.130 (—0.01-0.272) | 0.873 (0.838-0.908) | 0.275 (0.152-0.397)
NoSAS 0.514 (0.462-0.567) | 0.678 (0.559-0.797) | 0.192 (0.021-0.364) | 0.904 (0.862—0.945) | 0.192 (0.139-0.246)
AHI > 15/h
CNCQ-OSA

2 13.5 points | 0.884 (0.843-0.924) | 0.409 (0.333-0.484) | 0.293 (0.176-0.408) | 0.687 (0.635-0.739) | 0.705 (0.614-0.797)

2 14.5 points | 0.589 (0.527-0.651) | 0.780 (0.717-0.844) | 0.369 (0.244-0.495) | 0.798 (0.739-0.857) | 0.564 (0.499-0.628)
GOAL

2 2 points 0.963 (0.939-0.987) | 0.220 (0.156—0.283) | 0.183 (0.095-0.270) | 0.644 (0.595-0.694) | 0.800 (0.683-0.917)

2 3 points 0.444 (0.381-0.507) | 0.793 (0.731-0.855) | 0.237 (0.112-0.362) | 0.759 (0.688-0.829) | 0.492 (0.432-0.553)
SBQ 0.913 (0.877-0.948) | 0.183 (0.124-0.242) | 0.096 (0.001-0.190) | 0.621 (0.571-0.672) | 0.588 (0.453-0.723)
NoSAS 0.556 (0.493-0.619) | 0.622 (0.548-0.696) | 0.182 (0.046-0.319) | 0.684 (0.619-0.749) | 0.488 (0.420-0.556)
AHI > 30/h
CNCQ-OSA

2 13.5 points | 0.904 (0.859-0.949) | 0.331 (0.271-0.390) | 0.235 (0.130-0.339) | 0.484 (0.428-0.540) | 0.832 (0.756—0.907)

2 4.5 points | 0.633 (0.559-0.706) | 0.695 (0.636—0.753) | 0.328 (0.195-0.459) | 0.590 (0.518-0.662) | 0.731 (0.674-0.789)
GOAL

2 2 points 0.976 (0.953-0.999) | 0.172 (0.124-0.219) | 0.148 (0.077-0.218) | 0.450 (0.400-0.501) | 0.911 (0.828-0.994)

2 3 points 0.476 (0.400-0.552) | 0.741 (0.685-0.796) | 0.217 (0.085-0.348) | 0.560 (0.478-0.642) | 0.670 (0.614-0.727)
SBQ 0.910 (0.866-0.953) | 0.151 (0.105-0.196) | 0.061 (—0.029-0.149) | 0.427 (0.375-0.478) | 0.706 (0.581-0.831)
NoSAS 0.572 (0.497-0.648) | 0.573 (0.511-0.636) | 0.145 (0.008-0.284) | 0.482 (0.412-0.552) | 0.659 (0.594-0.723)

Note: Data presented as value (95% ClI).
Abbreviations: OSA, obstructive sleep apnea; AHI, apnea hypopnea index; PPV, positive predictive value; NPV, negative predictive value.

OSA had a better predictive value for AHI > 5/h, AHI > 15/h and AHI > 30/h, with the highest Youden index. The
GOAL questionnaire always showed a highest sensitivity, and the NoSAS score showed a highest specificity.

Discussion

In this study, the screening model (CNCQ-OSA) was established using self-reported OSA-related parameters from
patients, and scores were assigned based on the weight of each indicator (including age >30 years, BMI > 25 kg/m?, male
gender, loud snoring, sleepiness, apnea and hypertension) by rigorous scientific and statistical methods. Our study
revealed that the predictive value of the CNCQ-OSA was superior to that of the previous validated questionnaires:
GOAL, STOP-Bang, and NoSAS, effectively identifying the high risk of OSA.

BMI is closely related to height and weight. People in China frequently visit primary hospitals for check-ups and
follow-ups every two weeks or once a month. The majority of drugstores offer free devices to measure height and weight.
Therefore, members in Chinese community can easily acquire their standard height and weight to evaluate the BMI as
a self-reported demographic characteristic. According to the reports, the mean BMI of Chinese population and patients
with OSA was 24.4 kg/m* and 25.4-28.4 kg/m?, respectively, which is considerably lower than that of Caucasians.'®'®*
Obesity is a main cause of OSA, with Chinese being particularly sensitive to increases in weight.”> In OSA screening

questionnaires, it has been shown that the cutoff of BMI, age and the total scores do not entirely apply to Chinese
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population.?** Compared to Caucasians, Chinese patients with OSA appear to be younger, predominant in male and
have a lower BML. It is recommended that the threshold of BMI in SBQ should be lowered to 25-30 kg/m? for an
improving predictive accuracy.’®*’ At the primary cutoff in NoSAS score, consistent with our research, the predictive
value showed a low sensitivity and high specificity, which is not applicable for screening a large amount of
population.?”*®

The GOAL questionnaire, which was recently developed by Duarte et al, is a simple OSA screening tool ranging
from 0 to 4 points.® Since the GOAL includes only self-reported characteristics, it is more comparable to CNCQ-OSA. In
their study, the sensitivity, specificity and AUC of the GOAL for screening AHI > 5/h were 0.837, 0.634 and 0.794,
respectively. The predictive efficiency of the GOAL was similar to that of the SBQ, NoSAS, and other questionnaires.
Nevertheless, the sensitivity, specificity, and Youden index of a GOAL score >2 in our study (derivation cohort and
validation cohort) were 0.953, 0.265, and 0.218, respectively. Despite the high sensitivity, the low specificity is likely to
result in misdiagnoses and waste of resources. One of the main reasons might be that middle-aged and older males were
almost directly identified as being at a high risk for OSA in this questionnaire. Additionally, the GOAL questionnaire
simply converted the four indicators into dichotomous variables without taking into account the weight of different
variables and common comorbidities, such as hypertension, which eventually led to limited specificity.

Many questionnaires require physical examinations, such as measurements of neck circumference and waist circumfer-
ence, which make it challenging for people to complete the questionnaires at home. To increase the follow-up rate and
questionnaire response rate, a simple and effective screening tool suitable for primary care must be created. The community
population was the target for CNCQ-OSA, and the corresponding score for each parameter was objectively assigned based
on their correlation with OSA. After examining the sensitivity and specificity, the best screening cut-off point was
determined. The seven indicators ultimately included in the questionnaire were comparable to those of the SBQ, but we
employed age >30 years and BMI >25 kg/m? for the cut-off point after analysing the data given the characteristics of the
Chinese population. BMI and neck circumference are measures of obesity and share a similar association with the high risk
of OSA.* In the validation cohort, the cut-off point of a CNCQ-OSA score of 13.5 had a higher specificity than the SBQ and
GOAL while maintaining a high sensitivity. With a CNCQ-OSA score of 14.5 points as the cut-off, the sensitivity was 0.494
(0.442-0.547), and its specificity increased to 0.881 (0.799-0.964). Although the score increased by only 1 point, the
predictive ability dramatically improved. The Youden index derived at the two cut-off points exhibited superior predictive
performance to that of the GOAL questionnaire (score of 2 or 3 points). Compared to the GOAL, which ranges from 0 to 4
points, the CNCQ-OSA is more accurate in score distribution. In the future, the cut-off point can be dynamically changed in
response to validation research in a community population, potentially improving the screening accuracy. Since our study
have showed that the CNCQ-OSA had a better predictive value compared to the SBQ and NoSAS, we believe that the
predictive value for OSA would be significantly promoted when adding physical examination to our screening model.

The research has some limitations that should be emphasized. (1) Due to the prevalence of COVID-19, the number of
people coming to the sleep medicine center for check-up was significantly lower than before. Thus, the sample size of the
validation cohort was insufficient, accounting for some significant differences at baseline between the derivation cohort
and validation cohort. Nevertheless, the AUC did not significantly change between the two cohorts (0.761 vs 0.767,
P<0.05), displaying reasonable stability. (2) The individuals included in this study were inpatients or outpatients come
from sleep medicine center for variable reasons, such as suspected sleep disordered breathing by clinicians and check-up,
which may lead to selection bias. The parameter of age >30 years in questionnaire might have limited value in practice
since the mean age of all subjects was 46.9 years. The predictive value in the community population will be evaluated
and verified in the next phase of research. (3) The CNCQ-OSA consists of 7 variables with different scores, resulting in
probable trouble in self-evaluation and a loss of practicality. According to the CNCQ-OSA, we are designing a electronic
screening system established on the platform of WeChat Mini Program to promote the practical performance and utility.

In conclusion, the screening questionnaire called CNCQ-OSA, which consists of seven self-report indicators, has
considerable predictive value for OSA. Future work will focus on improving the questionnaire mainly for physicians by
attempting to expand the screening system with physical measurements, such as the waist-hip ratio, body fat rate, and

pharyngeal cavity evaluation.*'*? Considering the characteristics of a large population and high prevalence of OSA in
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China, a simple, effective and accurate screening procedure and the corresponding electronic screening instruments
should be further developed.
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