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Background: Obstructive sleep apnea (OSA) is a serious disease with a high

prevalence in the general population. The purpose of this study is to explore

the effectiveness of the GOAL questionnaire in the clinical screening of OSA

and compare it with other existing screening tools.

Materials and methods: Outpatients and inpatients who underwent

polysomnography (PSG) examination at the Sleep Medicine Center of the

First Affiliated Hospital of Guangzhou Medical University from January

2013 to November 2016 were analyzed retrospectively. The basic data

such as demographic, medical history, etc., and PSG data of the patients

were collected, and the sensitivity, specificity, positive predictive value,

negative predictive value and area under the curve (AUC) of GOAL

and five other screening scales (the NoSAS score, Epworth Sleepiness

Scale, the Berlin questionnaire, STOP, and STOP-Bang questionnaire)

were calculated.

Results: Data from 2,171 participants (1,644 male; 78%) were analyzed there

were 1,507 OSA patients [Apnea Hypopnea Index (AHI) ≥ 5 events/h] among

them, accounting for about 69.415%. No matter which cut-off point (AHI ≥ 5,

15 and 30 events/h), the AUC score reveals that GOAL questionnaire had

comparable screening ability to the NoSAS and STOP-BANG, and performed

better than the ESS, and the AUC scores of the STOP questionnaire and

Epworth Sleepiness Scale (ESS) were both lower than 0.7. When the cut-

off point of the AHI was 5 events/h, the AUC of GOAL was the highest

at 0.799 (0.781–0.816), and its sensitivity was the highest at 89.1%. The
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sensitivity levels of the NoSAS score and STOP-Bang questionnaire were

67.4 and 78.8% respectively, while ESS and the Berlin questionnaire have

higher specificity (70.2 and 72.3% respectively) but lower sensitivity (49.3 and

60.0% respectively).

Conclusion: GOAL is a free, efficient and easy to manage tool with a screening

ability comparable to NoSAS and STOP-Bang, and better than that of ESS.

KEYWORDS

GOAL questionnaire, NoSAS score, STOP-Bang, ESS score, diagnosis, sleep apnea
syndrome

Introduction

Obstructive sleep apnea (OSA) is a common frequently-
occurring disease. Due to obesity, changes in the muscle
function of the upper respiratory tract, pharyngeal neuropathy
and other factors, the throat will repeatedly narrow or collapse
during sleep, resulting in intermittent hypoxia and carbon
dioxide increase, these conditions will occur repeatedly and
increased breathing during sleep (Lévy et al., 2015). A growing
number of studies have shown that OSA can increase the
occurrence and development of coronary heart disease, heart
failure, stroke and atrial fibrillation (Drager et al., 2017); increase
the risk of cognitive impairment, dementia, and Alzheimer’s
disease (AD) (Leng et al., 2017; Bubu et al., 2020); and increase
the risk of diabetes (Huang et al., 2018). According to Benjafield
AV et al., China has the largest number of OSA patients,
followed by the United States, Brazil, and India; globally, 936
million adults aged between 30 and 69 have OSA, of which 425
million have moderate or severe OSA (Benjafield et al., 2019).
Therefore, it is very important to diagnose and treat OSA in a
timely and effective manner so as to minimize its negative effects
on health and improve quality of life to the maximum extent.

The diagnosis of OSA depends on the matching of clinical
manifestations and the objective results of sleep monitoring.
The main clinical manifestations are snoring during sleep,
daytime drowsiness, fatigue, increased nocturia, and headache.
The gold standard for diagnosis is in-lab polysomnography
(PSG), but it requires sleep laboratories and trained technicians
to monitor sleep throughout the night, making it expensive,
technically demanding and time-consuming, so it cannot be
widely used for a large number of patients who need to be
tested for suspected OSA, especially in hospitals in small and
medium-sized cities (Lévy et al., 2015). As such, several simple,
effective and easy-to-use screening scales have been developed
to identify individuals at risk of OSA, such as the NoSAS
score, (Marti-Soler et al., 2016; Hong et al., 2018) STOP-
Bang questionnaire, (Chung et al., 2016) GOAL questionnaire,
(Duarte R. L. et al., 2020) Berlin questionnaire (Tan et al.,

2017), and Epworth Sleepiness Scale (ESS) score (Johns, 1991).
GOAL is a recently developed tool for screening OSA hypopnea
syndrome. Its sensitivity and specificity in screening OSA
in the Brazilian population are similar to those of other
screening scales, but no studies have shown that GOAL has been
similarly verified in screening OSA in the Asian population.
Therefore, in this study, the data of GOAL, STOP-Bang, NoSAS,
Berlin, STOP, and ESS is collected and statistically analyzed
in order to verify the screening value of GOAL for OSA and
compare its predictive ability with those of the other five OSA
screening scales.

Materials and methods

Study population

The data of 2,171 outpatients and inpatients who underwent
PSG (Alice 5, Philips, Amsterdam, USA) examination at the
Sleep Medicine Center of the First Affiliated Hospital of
Guangzhou Medical University from January 2013 to November
2016 was collected. All patients voluntarily participated in
this study and signed informed consent forms. Inclusion
criteria: (1) patients who first went to the center to receive
PSG monitoring because of sleep breathing disorders; (2)
patients aged between 18 and 80 years old; (3) patients
who completed the NoSAS score, Epworth Sleepiness Scale,
GOAL, the Berlin questionnaire, STOP and STOP-Bang
questionnaire in the sleep laboratory; and (4) patients whose
total sleep time was more than 4 h. Exclusion criteria:
(1) patients with a history of brain tumor or epilepsy; (2)
patients treated with sedative or hypnotic drugs for various
psychiatric diseases; (3) patients with severe organ failure;
(4) OSA patients who received treatment; (5) patients who
did not fully complete the scales; and (6) patients with
sleep apnea hypopnea syndrome dominated by central or
mixed events. This study was approved by the Medical Ethics
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Committee of the First Affiliated Hospital of Guangzhou
Medical University.

Questionnaire

Before receiving PSG monitoring, the subjects were assessed
as follows: (1) GOAL (Duarte R. L. et al., 2020) includes
four questions: male, body mass index (BMI) ≥ 30 kg/m2,
age ≥ 50 years old and loud snoring, answered with “yes” or
“no”; “yes” is 1, “no” is 0 and a total score of ≥ 2 indicates a
patient at high risk of OSA. (2) NoSAS (Marti-Soler et al., 2016;
Hong et al., 2018) includes five questions: neck circumference,
BMI, snoring history, age and gender. The total score is 17,
of which neck circumference > 40 cm is 4, 25 < BMI < 30
is 3, BMI ≥ 30 is 5, snoring is 2, age ≥ 55 years old is
4 and male is 2, and a score of ≥ 8 indicates a patient
at high risk of OSA. (3) STOP-Bang (Chung et al., 2016)
includes eight questions: snoring, tiredness, observed apnea,
hypertension, BMI > 35 kg/m2, age > 50 years old, neck
circumference > 40 cm and male, answered with “yes” or “no”;
“yes” is 1, “no” is 0 and a total score of ≥ 3 is positive, indicating
a patient at high risk of OSA. (4) STOP (Chiu et al., 2017)
includes four questions: snoring, tiredness, observed apnea and
hypertension, answered with “yes” or “no”; “yes” is 1, “no” is
0 and a total score of ≥ 2 indicates a patient at high risk of
OSA. (5) Berlin (Tan et al., 2017) includes 11 questions in three
groups: (1) severity of snoring; (2) drowsiness within 2 days;
(3) hypertension or obesity. After calculating the score, each
group is evaluated as negative or positive. If the positive value
of the three groups is greater than or equal to that of the two
groups, it indicates a patient at high risk of OSA. (6) ESS (Johns,
1991) includes eight questions: subjects are asked to assess their
degree of dozing off in specific scenarios during the day, with
0 as no dozing and 1, 2, and 3 as mild, moderate and severe
dozing respectively. The total score is 24, and a score of ≥ 9
is positive. At the beginning, the main purpose of establishing
ESS was to evaluate daytime sleepiness, but in recent years, it
has been explored as a potential OSA screening tool.

Apnea Hypopnea Index (AHI) refers to the number of
apneas or hypopneas per hour of sleep. The diagnosis of OSA
was based on the third edition of the International Classification
of Sleep Disorders issued by the American Sleep Medical
Association, and was graded according to AHI: normal group
(AHI < 5 events/h), mild OSA group (5 ≤ AHI < 15 events/h),
moderate OSA group (15 ≤ AHI < 30 events/h), and severe
OSA group (≥ 30 events/h) (Berry et al., 2012).

Statistical processing

SPSS23.0 statistical software was used for analysis.
Continuous variables were expressed as mean ± standard

deviation or median and interquartile range according to
variable distribution. and the categorical data was expressed by
frequency. Continuous variables were tested by single factor
analysis of variance, and the categorical data was tested by the
X2 test. The subjects’ working characteristic (ROC) curves were
analyzed and evaluated by MedCalc 11.5.1 (MedCalc Software,
Ostend, Belgium) software. The sensitivity, specificity, positive
predictive value and negative predictive value of the five scales
were calculated in the form of a four-grid table and reported
with a 95% confidence interval (CI). The diagnostic value for
correctly identifying individuals with OSA of GOAL and the
other five screening scales was evaluated by comprehensively
comparing the area under the curve, sensitivity and specificity
of each scale. P < 0.05 was defined as statistically significant.

Results

Basic data

Among the 2,171 subjects included in this study, 1,696
were male, accounting for 78.1%, and the gender difference was
statistically significant (P < 0.001) (see Table 1 for details).
Among the 2,171 subjects, their average scores for GOAL,
NoSAS, STOP-Bang, STOP, ESS, and Berlin were 2.2 ± 1.0,
8.6 ± 3.9, 3.5 ± 1.5, 1.9 ± 1.0, 7.9 ± 5.7, and 1.5 ± 0.9.
There were 1,507 OSA patients, accounting for about 69.4%.
Among them, there were 458 patients (21.1%) with mild OSA,
349 (16.1%) with moderate OSA and 700 (32.2%) with severe
OSA. Moderate to severe OSA patients accounted for 48.3%.
The lowest nocturnal oxygen saturation was 77.6 ± 14.9%.
The average AHI, neck circumference and waist circumference
were 24.5 ± 25.6 events/h, 38.4 ± 3.9 cm and 95.3 ± 13.5 cm
respectively. The lowest nocturnal oxygen saturation, neck
circumference, AHI and waist circumference increased with the
severity of OSA. In this study, there was no significant difference
in age between the normal group and severe OSA group, and
there was no significant difference in average nocturnal oxygen
saturation between the normal group and mild OSA group.

Predictive value of six scales

Taking the cut-off point as AHI of 5, 15 and 30 events/h
respectively, the ROC under the curve (AUC) of GOAL and
the other five scales were compared (Figures 1–3). It is found
that GOAL questionnaire had comparable screening ability to
the NoSAS and STOP-BANG, and performed better than the
ESS (the AUC scores of STOP and ESS were less than 70%).
When the cut-off point of AHI was 5 events/h, the AUC of
GOAL was the highest at 0.799 (0.781–0.816). The AUC scores
of NoSAS, STOP-Bang and Berlin were 0.720 (0.701–0.739),
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TABLE 1 Basic data of patients in each group and scores of six scales.

Project All Normal group Mild OSA Moderate OSA Severe OSA P-value

Number of cases 2,171 664 458 349 700 -

GOALb 2.2 ± 1.0 1.4 ± 1.0 2.4 ± 0.7 2.5 ± 0.7 2.7 ± 0.8 < 0.001

NoSASb 8.6 ± 3.9 6.5 ± 3.8 8.4 ± 3.4 9.2 ± 3.3 10.5 ± 3.3 < 0.001

STOP-Bangb 3.5 ± 1.5 2.7 ± 1.3 3.4 ± 1.3 3.8 ± 1.4 4.2 ± 1.4 < 0.001

STOPb 1.9 ± 1.0 1.4 ± 0.9 1.8 ± 0.9 2.0 ± 1.0 2.3 ± 1.1 < 0.001

ESSb 7.9 ± 5.7 6.2 ± 5.1 7.2 ± 5.2 7.3 ± 5.2 10.2 ± 6.0 < 0.001

Berlinb 1.5 ± 0.9 1.0 ± 0.8 1.5 ± 0.8 1.7 ± 0.8 2.0 ± 0.8 < 0.001

AHI (events/h)b 24.5 ± 25.6 1.87 ± 1.4 9.4 ± 2.7 21.3 ± 4.1 57.4 ± 17.3 < 0.001

BMI (kg/m2)b 26.5 ± 4.1 24.8 ± 4.0 26 ± 3.5 26.6 ± 3.7 28.3 ± 4.1 < 0.001

Waistline (cm)b 95.3 ± 13.5 89.7 ± 11 93.7 ± 10.9 96 ± 10.2 101.2 ± 16 < 0.001

Age (years)b 47.6 ± 13.9 47.1 ± 14.7 49.7 ± 13.1 49.8 ± 14.1 45.6 ± 13.1 < 0.001

Average night blood oxygen saturation (%)b 94.2 ± 3.6 95.7 ± 2.2 95.5 ± 2.0 95.0 ± 2.1 91.6 ± 4.6 < 0.001

Minimum night blood oxygen saturation (%)b 78.1 ± 13.8 88.2 ± 6.1 82.3 ± 9.2 78.0 ± 8.7 65.8 ± 14.2 < 0.001

Neck circumference (cm)b 38.4 ± 3.9 36.4 ± 3.9 37.9 ± 3.6 38.6 ± 3.3 40.4 ± 3.4 < 0.001

Male (%)a 1,696 (78.1) 436 (65.7) 342 (74.6) 279 (79.9) 639 (91.3) < 0.001

afrequency and chi-square test; bmean and variance, and one-way analysis of variance.

FIGURE 1

ROC curve with apnea hypopnea index (AHI) 5 as cut-off point.

0.719 (0.700–0.738), and 0.734 (0.715–0.752) respectively (see
Figures 1–3).

Prediction indexes of six scales

With the aggravation of OSA, the sensitivity and negative
predictive value of the six screening scales increased, while
their specificity and positive predictive value decreased. The
sensitivity, negative predictive value, specificity, and positive
predictive value of GOAL ranged from 0.891 to 0.905, 0.716 to

FIGURE 2

ROC curve with apnea hypopnea index (AHI) 15 as cut-off point.

0.886, 0.422 to 0.349, and 0.843 to 0.398 respectively in three
cut-off points. When the cut-off point of AHI was 5 events/h,
the sensitivity of GOAL was the highest, while ESS and Berlin
had higher specificity but lower sensitivity (see Tables 2–4).

Discussion

In our study, there were 1,507 OSA patients among 2,171
subjects, accounting for about 69.4%. This high prevalence is
because the patients who came for PSG monitoring were mainly
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FIGURE 3

ROC curve with apnea hypopnea index (AHI) 30 as cut-off point.

patients with suspected OSA. Among them, there were 458
patients (21.1%) with mild OSA, 349 (16.1%) with moderate

OSA and 700 (32.2%) with severe OSA. Regardless of the cut-
off point, the AUC score reveals that GOAL questionnaire
had comparable screening ability to the NoSAS and STOP-
BANG, and performed better than the ESS. Taking AHI ≥ 5
events/h as the diagnostic standard, the sensitivity of GOAL
was the highest, while ESS and Berlin had higher specificity but
lower sensitivity. These findings suggest that GOAL has high
screening value for OSA. OSA is a respiratory sleep disorder
characterized by recurrent episodes of the partial or complete
obstruction of the upper respiratory tract at night, resulting in
intermittent hypoxia and hypercapnia (Maniaci et al., 2021).
Metabolic syndrome is a group of potential risk factors for
cardiovascular and metabolic diseases, including abdominal
obesity, dyslipidemia, hypertension, insulin resistance, elevated
blood sugar and so on (Borel, 2019). Several studies have
reported that OSA is closely related to metabolic syndrome,
obesity, BMI, large waistline and cardiovascular disease
(Mazzuca et al., 2014; Borel, 2019; Yeghiazarians et al., 2021). In
this study, the proportion of males was much higher than that
of females, and the neck circumference and waistline of OSA
patients were higher than those of the subjects in the normal
group. This is consistent with the current research results.

TABLE 2 Taking apnea hypopnea index (AHI) 5 as cut-off point for diagnosis of obstructive sleep apnea (OSA).

Questionnaire ROC Sensitivity Specificity PPV NPV

GOAL 0.799 (0.781∼0.816) 0.891 (0.875∼0.906) 0.625 (0.588∼0.661) 0.843 (0.826∼0.861) 0.716 (0.679∼0.752)

NoSAS 0.720 (0.701∼0.739) 0.674 (0.651∼0.699) 0.637 (0.600∼0.673) 0.808 (0.787∼0.830) 0.463 (0.431∼0.496)

STOP-Bang 0.719 (0.700∼0.738) 0.788 (0.767∼0.808) 0.452 (0.414∼0.490) 0.765 (0.744∼0.786) 0.484 (0.445∼0.523)

STOP 0.671 (0.651∼0.691) 0.708 (0.685∼0.731) 0.536 (0.498∼0.574) 0.776 (0.754∼0.798) 0.447 (0.413∼0.482)

ESS 0.622 (0.601∼0.643) 0.493 (0.468∼0.518) 0.702 (0.667∼0.737) 0.790 (0.764∼0.816) 0.379 (0.352∼0.406)

Berlin 0.734 (0.715∼0.752) 0.600 (0.575∼0.625) 0.723 (0.689∼0.757) 0.831 (0.809∼0.853) 0.443 (0.414∼0.473)

TABLE 3 Taking apnea hypopnea index (AHI) 15 as cut-off point for diagnosis of obstructive sleep apnea (OSA).

Questionnaire ROC Sensitivity Specificity PPV NPV

GOAL 0.711 (0.691∼0.730) 0.898 (0.880∼0.916) 0.422 (0.393∼0.450) 0.592 (0.568∼0.616) 0.816 (0.784∼0.847)

NoSAS 0.707 (0.688∼0.726) 0.730 (0.703∼0.757) 0.561 (0.532∼0.591) 0.609 (0.582∼0.636) 0.690 (0.660∼0.720)

STOP-Bang 0.704 (0.684∼0.723) 0.813 (0.790∼0.837) 0.378 (0.350∼0.406) 0.550 (0.525∼0.574) 0.684 (0.647∼0.720)

STOP 0.656 (0.636∼0.676) 0.844 (0.817∼0.871) 0.347 (0.323∼0.372) 0.381 (0.357∼0.405) 0.824 (0.794∼0.854)

ESS 0.629 (0.609∼0.650) 0.535 (0.505∼0.565) 0.661 (0.634∼0.689) 0.596 (0.565∼0.628) 0.603 (0.576∼0.631)

Berlin 0.703 (0.683∼0.722) 0.640 (0.611∼0.669) 0.628 (0.600∼0.657) 0.617 (0.588∼0.646) 0.651 (0.623∼0.679)

TABLE 4 Taking apnea hypopnea index (AHI) 30 as cut-off point for diagnosis of obstructive sleep apnea (OSA).

Questionnaire ROC Sensitivity Specificity PPV NPV

GOAL 0.708 (0.688∼0.727) 0.905 (0.884∼0.927) 0.349 (0.325∼0.374) 0.398 (0.374∼0.423) 0.886 (0.860∼0.912)

NoSAS 0.706 (0.686∼0.725) 0.766 (0.734∼0.797) 0.509 (0.484∼0.535) 0.426 (0.399∼0.453) 0.820 (0.795∼0.845)

STOP-Bang 0.701 (0.681∼0.720) 0.844 (0.817∼0.871) 0.347 (0.323∼0.372) 0.381 (0.357∼0.405) 0.824 (0.794∼0.854)

STOP 0.653 (0.632∼0.673) 0.780 (0.749∼0.810) 0.436 (0.411∼0.462) 0.397 (0.371∼0.423) 0.807 (0.779∼0.834)

ESS 0.666 (0.645∼0.685) 0.601 (0.565∼0.638) 0.647 (0.622∼0.671) 0.447 (0.416∼0.479) 0.773 (0.750∼0.797)

Berlin 0.699 (0.679∼0.718) 0.693 (0.659∼0.727) 0.590 (0.565∼0.615) 0.446 (0.416∼0.475) 0.801 (0.777∼0.825)
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STOP-Bang was originally developed for OSA screening in
patients undergoing preoperative surgery. It has been reported
that STOP-Bang is more suitable for OSA screening than
Berlin, STOP or ESS (Chiu et al., 2017). NoSAS is a new
tool that was developed in a Swiss cohort and subsequently
verified by a Brazilian team, and studies have shown that it
demonstrates higher screening ability than Berlin and STOP-
Bang (Herschmann et al., 2021). Berlin was developed by a
group of respiratory and primary care doctors to screen for
high-risk OSA. It is commonly used in epidemiological and
clinical studies, and has variable results in terms of sensitivity
and specificity (Ng et al., 2019). An ideal screening tool
should have high sensitivity and specificity, and large AUC
(Duarte et al., 2021). This study found that no matter which
cut-off point was used, the AUC score of GOAL reveals
that GOAL questionnaire had comparable screening ability
to the NoSAS and STOP-BANG, and performed better than
the ESS. The results of this study show that the screening
effects of GOAL, NoSAS, and STOP-Bang in the Chinese
population are better, while those of STOP and ESS are
inferior.

Duarte RLM et al. pointed out that no matter which cohort,
with the increase in the severity of OSA, sensitivity of GOAL
questionnaire increased up to 94.5% and specificity decreased
(Duarte et al., 2021). GOAL had higher sensitivity than STOP-
Bang and NoSAS in screening OSA. The sensitivity of GOAL
was the higher, and the scores of STOP-Bang and NoSAS also
had higher sensitivity. When AHI ≥ 30 events/h, the sensitivity
of GOAL was the highest, reaching 90.5%. The lowest score
of GOAL was 90.5%. The more serious the disease, the higher
the sensitivity of ESS and the lower its specificity, which is
consistent with the current study (Duarte R. L. M. et al., 2020).
The Youden index is the sum of sensitivity and specificity minus
1. The larger the index, the better the effect of the screening
experiment and the greater the authenticity. Obviously, the
Youden index of GOAL questionnaire is not different from
NoSAS and STOP-Bang. For patients suspected of OSA coming
to the hospital for examination, it is better not to miss diagnosis,
so a highly sensitive screening questionnaire is required. From
this perspective, GOAL questionnaire, the NoSAS and STOP-
BANG questionnaire are more appropriate. Although the
specificity of GOAL questionaire is low, the sensitivity of GOAL
questionnaire is high, so GOAL questionnaire’s Youden index is
not lower than other questionnaires, which also indicates that
GOAL questionaire has good diagnostic efficacy.

GOAL consists of four items which are easily available and
recognized as predictors of OSA: gender, BMI, age, and snoring.
It has fewer items compared with ESS. Compared with NoSAS
and STOP-Bang, which are currently more effective in screening
OSA, they have similar AUC, sensitivity, specificity, positive
predictive value and negative predictive value, with some even
better. GOAL lacks only the neck circumference item compared
with NoSAS and is easier to implement, so GOAL is more

sensitive, but its specificity is lower than that of NoSAS. From
this study, we can see that both GOAL and NoSAS can be
used as simple questionnaire tools for screening OSA, which
is worth popularizing, especially in areas where resources are
scarce and sleep apnea detection equipment such as PSG is not
available (Roche et al., 2021; Zeng et al., 2021). Early diagnosis
and treatment is very important for the prognosis of OSA
patients because it can reduce various cardio-cerebrovascular
complications and medical burdens caused by long-term
nocturnal hypoxia-induced oxidative stress (Zheng et al., 2021).

Limitations of this study

As a retrospective study of patients from a single center, this
study is mainly based on the population of Guangdong Province
and cannot represent the broad population of China. However,
as the National Respiratory Medicine Center, its patients come
from all over the country, which can somewhat make up for
the above deficiency. The contents of the questionnaires used
in this study should be recorded in accordance with a strict
process before a sleep test is carried out in our sleep center, but
the questionnaires were completed by the patients with their
families. In the future, a national multi-center large-scale study
and Shenzhen-based international multi-center joint research
should be further promoted to explore the clinical effectiveness
of these screening tools.

To sum up, in the screening of OSA, GOAL is a free, efficient
and easy to manage tool with a screening ability not lower than
those of NoSAS and STOP-Bang, and better than that of ESS.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by Medical Ethics Committee of the First
Affiliated Hospital of Guangzhou Medical University. Written
informed consent for participation was not required for
this study in accordance with the national legislation and
the institutional requirements. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

WL, JZ, HL, and MC were the guarantor of the manuscript
and took responsibility for the content of this manuscript.

Frontiers in Neuroscience 06 frontiersin.org

https://doi.org/10.3389/fnins.2022.1046603
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/


fnins-16-1046603 November 5, 2022 Time: 10:56 # 7

Zheng et al. 10.3389/fnins.2022.1046603

ZZ, MC, RC, and CW contributed to the design and data
analysis. CL, HL, and RC contributed to the acquisition of
primary data. ZZ, JZ, and HL wrote the initial draft of the
manuscript. KW, RC, and WL contributed significantly to the
revision of the manuscript. All authors read and approved
the final manuscript.

Funding

This work was supported by the Natural Science Foundation
of Guangdong Province (No. 2021A1515011373) and 2020
Zhanjiang non funded science and technology research
project (No. 2020B01436). This study was also funded by
the 2021 Guangdong Medical University “Chong Bu Qiang”
Construction Level II Project (4SG21231G) in Funding.

Acknowledgments

We would like to thank Junfen Cheng from the
Department of Respiration of The Second Affiliated Hospital

of Guangdong Medical University for correcting the grammar
in the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References

Benjafield, A. V., Ayas, N. T., Eastwood, P. R., Heinzer, R., Ip, M. S. M., Morrell,
M. J., et al. (2019). Estimation of the global prevalence and burden of obstructive
sleep apnoea: A literature-based analysis. Lancet Respir. Med. 7, 687–698. doi:
10.1016/s2213-2600(19)30198-5

Berry, R. B., Budhiraja, R., Gottlieb, D. J., Gozal, D., Iber, C., Kapur, V. K., et al.
(2012). Rules for scoring respiratory events in sleep: Update of the 2007 AASM
manual for the scoring of sleep and associated events. deliberations of the sleep
apnea definitions task force of the american academy of sleep medicine. J. Clin.
Sleep Med. 8, 597–619. doi: 10.5664/jcsm.2172

Borel, A. L. (2019). Sleep apnea and sleep habits: Relationships with metabolic
syndrome. Nutrients 11:2628. doi: 10.3390/nu11112628

Bubu, O. M., Andrade, A. G., Umasabor-Bubu, O. Q., Hogan, M. M.,
Turner, A. D., de Leon, M. J., et al. (2020). Obstructive sleep apnea, cognition
and Alzheimer’s disease: A systematic review integrating three decades of
multidisciplinary research. Sleep Med. Rev. 50:101250. doi: 10.1016/j.smrv.2019.
101250

Chiu, H. Y., Chen, P. Y., Chuang, L. P., Chen, N. H., Tu, Y. K., Hsieh, Y. J.,
et al. (2017). Diagnostic accuracy of the Berlin questionnaire, STOP-BANG, STOP,
and Epworth sleepiness scale in detecting obstructive sleep apnea: A bivariate
meta-analysis. Sleep Med. Rev. 36, 57–70. doi: 10.1016/j.smrv.2016.10.004

Chung, F., Abdullah, H. R., and Liao, P. (2016). STOP-Bang questionnaire:
A practical approach to screen for obstructive sleep apnea. Chest 149, 631–638.
doi: 10.1378/chest.15-0903

Drager, L. F., McEvoy, R. D., Barbe, F., Lorenzi-Filho, G., and Redline, S.
(2017). Sleep apnea and cardiovascular disease: Lessons from recent trials and need
for team science. Circulation 136, 1840–1850. doi: 10.1161/circulationaha.117.02
9400

Duarte, R. L., Magalhães-da-Silveira, F. J., Oliveira-E-Sá, T. S., Silva, J. A.,
Mello, F. C., and Gozal, D. (2020). Obstructive sleep apnea screening with a
4-item instrument, named GOAL questionnaire: Development, validation and
comparative study with No-Apnea, STOP-Bang, and NoSAS. Nat. Sci. Sleep 12,
57–67. doi: 10.2147/nss.S238255

Duarte, R. L. M., Magalhães-da-Silveira, F. J., and Gozal, D. (2020). Validation
of the GOAL questionnaire as an obstructive sleep apnea screening instrument
in bariatric surgery candidates: A brazilian single-center study. Obes. Surg. 30,
4802–4809. doi: 10.1007/s11695-020-04888-4

Duarte, R. L. M., Magalhães-da-Silveira, F. J., and Gozal, D. (2021). Prediction
of obstructive sleep apnea using GOAL questionnaire in adults with or without
excessive daytime sleepiness: A cross-sectional study. Sleep Health 7, 212–218.
doi: 10.1016/j.sleh.2021.01.003

Herschmann, S., Berger, M., Haba-Rubio, J., and Heinzer, R. (2021).
Comparison of NoSAS score with Berlin and STOP-BANG scores for sleep apnea
detection in a clinical sample. Sleep Med. 79, 113–116. doi: 10.1016/j.sleep.2021.
01.004

Hong, C., Chen, R., Qing, S., Kuang, A., Yang, H., Su, X., et al. (2018). Validation
of the NoSAS score for the screening of sleep-disordered breathing: A hospital-
based retrospective study in China. J. Clin. Sleep Med. 14, 191–197. doi: 10.5664/
jcsm.6930

Huang, T., Lin, B. M., Stampfer, M. J., Tworoger, S. S., Hu, F. B.,
and Redline, S. A. (2018). A population-based study of the bidirectional
association between obstructive sleep apnea and type 2 diabetes in three
prospective U.S. cohorts. Diabetes Care 41, 2111–2119. doi: 10.2337/dc18-
0675

Johns, M. W. (1991). A new method for measuring daytime sleepiness: The
epworth sleepiness scale. Sleep 14, 540–545. doi: 10.1093/sleep

Leng, Y., McEvoy, C. T., Allen, I. E., and Yaffe, K. (2017). Association of sleep-
disordered breathing with cognitive function and risk of cognitive impairment: A
systematic review and meta-analysis. JAMA Neurol. 74, 1237–1245. doi: 10.1001/
jamaneurol.2017.2180

Lévy, P., Kohler, M., McNicholas, W. T., Barbé, F., McEvoy, R. D., Somers, V. K.,
et al. (2015). Obstructive sleep apnoea syndrome. Nat. Rev. Dis. Primers 1:15015.
doi: 10.1038/nrdp.2015.15

Maniaci, A., Iannella, G., Cocuzza, S., Vicini, C., Magliulo, G., Ferlito,
S., et al. (2021). Oxidative Stress and inflammation biomarker expression in
obstructive sleep apnea patients. J. Clin. Med. 10:277. doi: 10.3390/jcm1002
0277

Marti-Soler, H., Hirotsu, C., Marques-Vidal, P., Vollenweider, P., Waeber, G.,
Preisig, M., et al. (2016). The NoSAS score for screening of sleep-disordered
breathing: A derivation and validation study. Lancet Respir. Med. 4, 742–748. doi:
10.1016/s2213-2600(16)30075-3

Mazzuca, E., Battaglia, S., Marrone, O., Marotta, A. M., Castrogiovanni,
A., Esquinas, C., et al. (2014). Gender-specific anthropometric markers of

Frontiers in Neuroscience 07 frontiersin.org

https://doi.org/10.3389/fnins.2022.1046603
https://doi.org/10.1016/s2213-2600(19)30198-5
https://doi.org/10.1016/s2213-2600(19)30198-5
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.3390/nu11112628
https://doi.org/10.1016/j.smrv.2019.101250
https://doi.org/10.1016/j.smrv.2019.101250
https://doi.org/10.1016/j.smrv.2016.10.004
https://doi.org/10.1378/chest.15-0903
https://doi.org/10.1161/circulationaha.117.029400
https://doi.org/10.1161/circulationaha.117.029400
https://doi.org/10.2147/nss.S238255
https://doi.org/10.1007/s11695-020-04888-4
https://doi.org/10.1016/j.sleh.2021.01.003
https://doi.org/10.1016/j.sleep.2021.01.004
https://doi.org/10.1016/j.sleep.2021.01.004
https://doi.org/10.5664/jcsm.6930
https://doi.org/10.5664/jcsm.6930
https://doi.org/10.2337/dc18-0675
https://doi.org/10.2337/dc18-0675
https://doi.org/10.1093/sleep
https://doi.org/10.1001/jamaneurol.2017.2180
https://doi.org/10.1001/jamaneurol.2017.2180
https://doi.org/10.1038/nrdp.2015.15
https://doi.org/10.3390/jcm10020277
https://doi.org/10.3390/jcm10020277
https://doi.org/10.1016/s2213-2600(16)30075-3
https://doi.org/10.1016/s2213-2600(16)30075-3
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/


fnins-16-1046603 November 5, 2022 Time: 10:56 # 8

Zheng et al. 10.3389/fnins.2022.1046603

adiposity, metabolic syndrome and visceral adiposity index (VAI) in patients
with obstructive sleep apnea. J. Sleep Res. 23, 13–21. doi: 10.1111/jsr.1
2088

Ng, S. S., Tam, W., Chan, T. O., To, K. W., Ngai, J., Chan, K. K. P., et al. (2019).
Use of Berlin questionnaire in comparison to polysomnography and home sleep
study in patients with obstructive sleep apnea. Respir. Res. 20:40. doi: 10.1186/
s12931-019-1009-y

Roche, J., Rae, D. E., Redman, K. N., Knutson, K. L., von Schantz,
M., Gómez-Olivé, F. X., et al. (2021). Impact of obstructive sleep apnea
on cardiometabolic health in a random sample of older adults in rural
South Africa: Building the case for the treatment of sleep disorders in
underresourced settings. J. Clin. Sleep Med. 17, 1423–1434. doi: 10.5664/jcsm.
9214

Tan, A., Yin, J. D., Tan, L. W., van Dam, R. M., Cheung, Y. Y., and Lee, C. H.
(2017). Using the Berlin questionnaire to predict obstructive sleep apnea in the
general population. J. Clin. Sleep Med. 13, 427–432. doi: 10.5664/jcsm.6496

Yeghiazarians, Y., Jneid, H., Tietjens, J. R., Redline, S., Brown, D. L., El-Sherif,
N., et al. (2021). Obstructive sleep apnea and cardiovascular disease: A scientific
statement from the american heart association. Circulation 144:e56–e67. doi:
10.1161/cir.0000000000000988

Zeng, L., Chen, R., Hu, L., Wang, D., Chen, M., Lai, Y., et al. (2021). Concern
about sleep disorders in underresourced settings is imminent. J. Clin. Sleep Med.
17, 2339–2340. doi: 10.5664/jcsm.9590

Zheng, Z., Sun, X., Chen, R., Lei, W., Peng, M., Li, X., et al. (2021). Comparison
of six assessment tools to screen for obstructive sleep apnea in patients with
hypertension. Clin. Cardiol. 44, 1526–1534. doi: 10.1002/clc.23714

Frontiers in Neuroscience 08 frontiersin.org

https://doi.org/10.3389/fnins.2022.1046603
https://doi.org/10.1111/jsr.12088
https://doi.org/10.1111/jsr.12088
https://doi.org/10.1186/s12931-019-1009-y
https://doi.org/10.1186/s12931-019-1009-y
https://doi.org/10.5664/jcsm.9214
https://doi.org/10.5664/jcsm.9214
https://doi.org/10.5664/jcsm.6496
https://doi.org/10.1161/cir.0000000000000988
https://doi.org/10.1161/cir.0000000000000988
https://doi.org/10.5664/jcsm.9590
https://doi.org/10.1002/clc.23714
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

	Validation of GOAL questionnaire as screening tool for clinical obstructive sleep apnea: A large sample study in China
	Introduction
	Materials and methods
	Study population
	Questionnaire
	Statistical processing

	Results
	Basic data
	Predictive value of six scales
	Prediction indexes of six scales

	Discussion
	Limitations of this study

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


