Clinical research

STOP-Bang questionnaire screening for obstructive
sleep apnea among Chinese patients with type 2

diabetes mellitus

Yunjie Teng!, Shuxia Wang!, Ning Wang!, Muhuyati?

ICenter of Health Management, The First Affiliated Hospital, Xinjiang Medical
University, Urumgi, China

’Department of No. 1 Cadre Ward Medicine, The First Affiliated Hospital, Xinjiang
Medical University, Urumgi, China

Submitted: 6 January 2018
Accepted: 4 February 2018

Arch Med Sci 2018; 14, 5: 971-978
DOI: https://doi.org/10.5114/a0ms.2018.73984
Copyright © 2018 Termedia & Banach

Abstract

Introduction: The aim of the current study was to evaluate the efficiency of
the STOP-Bang questionnaire for obstructive sleep apnea (OSA) screening
among Chinese patients with type 2 diabetes mellitus (T2DM).

Material and methods: A total of 262 patients with T2DM were enrolled
for STOP-Bang questionnaire evaluation and polysomnography (PSG) moni-
toring between May 2015 and September 2016. Patients were divided into
non-OSA and different OSA severity groups (mild, moderate, and severe)
according to the apnea-hypopnea index (AHI). The value of the STOP-Bang
questionnaire for OSA screening was evaluated.

Results: Efficiency of the STOP-Bang questionnaire for OSA screening among
Chinese patients with T2DM was as follows: when AHI > 5/h, the areaunder the
curve (AUC) was 0.825 (95% confidence interval (Cl): 0.763-0.887, p < 0.05),
sensitivity was 85.6% (95% Cl: 85.55-85.65%, p < 0.05) and specificity was
60% (95% Cl: 59.85-60.15%, p < 0.05); when AHI > 15/h, the AUC was 0.856
(95% Cl: 0.799-0.913, p < 0.05), sensitivity was 88.6% (95% Cl: 88.55—
88.65%, p < 0.05) and specificity was 38.4% (95% Cl: 38.30-38.49%,
p < 0.05); when AHI > 30/h, the AUC was 0.891 (95% Cl: 0.836-0.946,
p < 0.05), sensitivity was 90.5% (95% Cl: 90.44-90.56%, p < 0.05), and spec-
ificity was 27% (95% Cl: 26.94-27.07%, p < 0.05).

Conclusions: The STOP-Bang questionnaire is an effective tool for OSA
screening among Chinese patients with T2DM. A cut-off score of 3 distin-
guishes OSA from non-OSA with high sensitivity.

Key words: STOP-Bang questionnaire, obstructive sleep apnea, type 2
diabetes mellitus.

Introduction

Obstructive sleep apnea (OSA), characterized by apnea and hypopnea
due to repeated partial or complete upper airway obstruction during
sleep, is the most common chronic sleep-related breathing disorder [1, 2].
Numerous studies have revealed that OSA is independently associated
with hypertension [3, 4], coronary heart diseases [5-8], arrhythmias [9],
diabetes mellitus [10-13], metabolic syndrome [12, 13], stroke [14], and
chronic kidney disease [15-17]. Only 4% of middle-aged men and 2% of
middle-aged women with OSA have clinical symptoms [18]. The awareness
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of OSA is gradually increasing; however, the rate of
missed diagnosis is still high. For example, West
et al. reported that about 23% of patients with type
2 diabetes mellitus (T2DM) had OSA and most of
these patients were not diagnosed [19].

Numerous studies have reported that OSA is
a major risk factor for insulin resistance. Indeed,
OSA severity is positively correlated with the de-
gree of insulin resistance [10]. A prior study also
reported that the prevalence of OSA in Chinese
T2DM patients was 17.5%, which was signifi-
cantly higher than the general population [20].
Furthermore, continuous positive airway pressure
(CPAP) treatment, an effective therapeutic method
for OSA, was beneficial for insulin sensitivity im-
provement, blood glucose control and hemoglobin
A,. (HbA,) reduction [21-24]. Therefore, it is clin-
ically relevant to screen OSA in diabetic patients.

Timely diagnosis and treatment of OSA among
patients with T2DM is an integral part of diabetes
management. However, the gold standard, in terms
of overnight polysomnography (PSG), for OSA diag-
nosis is complex, expensive and time-consuming.
Moreover, it is impossible to conduct PSG for every
diabetic patient, especially those with critically ill
diseases. Thus, it is necessary to design a sensi-
tive and accurate tool for OSA screening in diabetic
patients.

Various predictive models and scales have been
designed for screening OSA. However, these mod-
els have not been validated in diabetic patients.
For example, Zou et al. used the Epworth Sleep-
iness Scale (ESS) to screen OSA among general
subjects with suspected OSA, but the prevalence
of diabetes in the study was not reported [25].
Karakoc et al. applied the Berlin questionnaire
to screen OSA in subjects who were referred to
the Department of Otolaryngology, and the prev-
alence of diabetes was also not addressed [26].
The STOP-Bang questionnaire is a simple, feasi-
ble and efficient questionnaire for OSA screen-
ing [27], which is also increasingly applicable for
OSA screening among patients with myocardial
infarction [28] and obesity [29]. Prior studies also
showed that the STOP-Bang questionnaire was
a more accurate tool for detecting mild, moder-
ate, and severe OSA [30]. Therefore, in the current
study, we used a prospective design to evaluate
the value of the STOP-Bang questionnaire for OSA
screening among Chinese patients with T2DM.

Material and methods

Study patients

In-patients with T2DM were recruited at the
First Affiliated Hospital of Xinjiang Medical Univer-
sity. From May 2015 to September 2016, all in-pa-
tients were screened for eligibility and approached

for overnight PSG. The inclusion criteria were as
follows: age > 18 years old, and having a docu-
mented diagnosis of T2DM in terms of treatment
with anti-diabetic medications or insulin. All par-
ticipants gave their informed consent before being
included in the study. Patients who were previously
diagnosed with OSA or other sleep-related breath-
ing disorders, currently under CPAP treatment, un-
able to complete overnight PSG, or pregnant, were
excluded. The study was approved by the institu-
tional ethics review board of the First Affiliated
Hospital of Xinjiang Medical University.

Demographic and biochemical
measurements

Before PSG monitoring, histories of T2DM,
hypertension, respiratory system diseases, and
nervous system diseases as well as relevant
treatment were recorded. Blood pressure, height,
weight, and neck circumference were measured
by trained investigators, and body mass index
(BMI) was calculated using weight in kilograms di-
vided by height in meters squared. In detail, blood
pressure was measured when patients had been
sitting quietly for 10 min before measurement.
A suitable cuff which covered at least 80% of the
circumference was placed on the non-dominant
arm and two measurements with a 1-minute in-
terval were obtained and averaged. Neck girth was
measured above the thyroid cartilage with partic-
ipants keeping the head up and looking straight
forward, and waist circumference was measured
at the midpoint between the lower margin of the
last palpable rib and the top of the iliac crest.

Patients fasted for 12 h before blood sampling
and all samples were drawn between 7 am to
8 am. Plasma glucose was measured by the glu-
cose oxidase method using a Roche ¢8000 auto-
analyzer. HbA was measured in whole blood
using ion-exchange high-performance liquid chro-
matography with the Bio-Rad D10 Variant Hemo-
globin Testing System.

STOP-Bang questionnaire

The Chinese STOP-Bang scale was translated
by Yu et al. [31] and authorized by Frances Chung,
the author of the original STOP-Bang question-
naire. All eligible patients were asked to complete
the STOP-Bang questionnaire independently and
underwent in-hospital overnight PSG monitoring.
Affirmative answers (‘Yes’) on items were marked
as 1 and negatives (‘No’) as 0 based on the scoring
method for the original English scale.

Polysomnography

A portable PSG (Embletta X100) with approved
liability [32] was applied. The recording configu-
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ration included two-lead electroencephalograph
(EEG), two-lead electro-oculogram (EOG), jaw
muscle electromyography (EMG), electrocardio-
gram (EKG), oral and nasal airflow, thoracic and
abdominal breathing movements, oxygen satura-
tion, body position, snoring and other PSG param-
eters. Patients were prohibited from drinking al-
cohol or taking sedative drugs on the night of PSG
monitoring. The duration of monitoring was > 7 h.
The PSG data were manually analyzed by senior
PSG physicians, who were blinded to the results
of the STOP-Bang questionnaire and other clini-
cal information about these patients. The clinical
diagnosis of OSA was defined as AHI > 5/h with
fragmented sleep and daytime sleepiness. Accord-
ing to the American Academy of Sleep Medicine
practice guidelines [33], the severity of OSA is
determined by the AHI: AHI < 5/h, none; 5-15/h,
mild; 15-30/h, moderate; > 30/h, severe. The re-
sults of PSG were used to evaluate the validity of
the STOP-Bang questionnaire.

Statistical analysis

SPSS 17.0 statistical software was used for all
statistical analyses. All data were normally distrib-
uted with the exception of AHI and lowest blood
oxygen saturation (LSa0,). Normally distributed
continuous variables, which were tested by the
Kolmogorov-Smirnov test, were expressed as
mean *+ SD, while continuous data with skewed
distributions were expressed as median and in-
terquartile range. Categorical variables were
expressed as number and percentage of cases.
Paired sample means were compared by the in-
dependent sample t test or Mann-Whitney U test.
Rates were compared by the y? test or correction
for continuity y? test. Four-fold tables were con-
structed according to STOP-Bang questionnaire
results and PSG results, and sensitivity, specificity,
positive predictive value (PPV) and negative pre-
dictive value (NPV) were calculated using receiver
operating characteristic (ROC) curve analysis of
area under the curve (AUC). A logistic regression
analysis model of ordinal categorical data was
constructed to assess the corresponding proba-
bilities of different OSA degrees (no, mild, mod-
erate, or severe) for specific STOP-Bang scores.
A two-sided p-value < 0.05 was considered as sta-
tistically significant.

Results
General characteristics

A total of 739 diabetic patients (112 were
newly diagnosed) were approached for partici-
pation in this study, 185 were excluded and 156
declined to participate. Seventeen patients did
not complete the STOP-Bang questionnaire and

113 did not complete PSG monitoring. In total,
268 patients completed the questionnaire and
portable PSG, among whom 5 were excluded
because the overall sleep time was too short
(< 240 min). After analysis of PSG data, 1 patient
was found to have central sleep apnea and was
excluded (Figure 1).

The remaining 262 patients were included in
the final analysis. Among them, 191 (72.9%) were
male and 71 (27.1%) were female, with the aver-
age age of 49.2 £10.6 years. The mean BMI was
28.3 +3.88 kg/m?, the mean fasting blood glucose
was 6.03 +1.95 mmol/l, and the average dura-
tion of T2DM was 8.5 years. Of the 262 patients,
40 patients did not have OSA and 222 had OSA;
55 had mild, 83 moderate and 84 severe OSA.

Comparisons between non-OSA and OSA
patients

As shown in Table |, compared to non-OSA pa-
tients, those with OSA were older, more likely to
be male, and had significantly higher BMI, neck
girth and waist circumference (p < 0.05 for all
comparisons). In addition, patients with OSA had
higher systolic and diastolic blood pressure and
fasting blood glucose, while no significant differ-
ence in HbA, was observed. As expected, OSA pa-
tients had significantly higher median AHI (24.5/h

739 T2DM patients (112 newly diagnosed)

185 didn’t fulfill inclusion
¢ 156 declined to participate

Y

398 screened with STOP-Bang questionnaire

¢ 17 questionnaires incomplete
¢ 113 defaulted PSG appointment

\d

268 underwent portable PSG

¢ 5 PSG incomplete

1 central sleep apnea
Y

222 OSA, 40 normal

Figure 1. Study flow chart. A total of 739 patients
were approached for participation in this study, of
whom 112 were newly diagnosed with T2DM, 185
were excluded, and 156 declined to participate.
Seventeen patients did not complete the question-
naire and 113 did not complete PSG. In total, 268
patients completed the questionnaire and portable
PSG, among whom 5 were excluded because the
overall sleep time was too short. After the manual
analysis of PSG data, 1 patient was found to have
central sleep apnea and excluded. The remaining
262 patients were included in the analysis. Of the
262 patients, 40 did not have OSA and 222 pa-
tients had OSA

T2DM — type 2 diabetes mellitus, PSG — polysomnography,
OSA — obstructive sleep apnea.
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Table I. Comparisons between non-OSA and OSA patients

Variables Non-OSA (n = 40) OSA (n = 222) t/y¥z P-value
Age [years] 42.53 £11.80 50.39 +9.97 -4.46 < 0.001
Gender (F/M) 25/15 46/176 29.95 < 0.001
BMI [kg/m?] 27.25 £3.54 28.63 +3.97 -2.06 0.04
BMI > 28 kg/m?, n (%) 14 (35) 106 (47.7) 2.13 0.136
BMI > 30 kg/m?, n (%) 9 (22.5) 69 (31.1) 1.19 0.275
BMI > 35 kg/m?, n (%) 1(2.5) 14 (6.3) 0.34 0.559
Neck circumference [cm] 37.28 £2.85 39.16 +2.77 -3.93 < 0.001
Waist circumference [cm] 97.15 +£10.12 101.6 £9.69 -2.66 0.008
Mean SBP [mm Hg] 129.35 £15.71 146.81 £16.24 -6.29 < 0.001
Mean DBP [mm Hg] 76.56 +7.12 92.15 £10.36 -9.13 < 0.001
Fasting glucose [mmol/[] 5.52 +2.06 6.48 £2.06 -2.71 0.01
HbA, (%) 8.06 £1.7 8.3 £1.52 -0.50 0.368
AHI median (25-75%) 4.45 (3.55-4.70) 24.5 (15.3-36.9) -7.13 < 0.001
LSpO, (%) 86.5 (86.88) 81.0 (76.75) 3.26 < 0.001
STOP score 1.50 £+0.93 2.33 +1.06 -4.64 < 0.001
STOP-Bang score 2.23 £1.00 3.91 £1.41 -7.21 < 0.001

OSA — obstructive sleep apnea, F/M — female/male, BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood pressure,
HbA, — hemoglobin A, , AHI — apnea hypopnea index, LSpO, - lowest saturated arterial oxygen pressure (pO,).

vs. 4.45/h) and lower saturated arterial oxygen
pressure (LSpO,) (81% vs. 86.5%). The STOP score
(2.33 £1.06 vs. 1.50 +0.93) and STOP-Bang score
(3.91 £1.41 vs. 2.23 +1.00) were also significantly
higher in OSA patients versus non-OSA patients
(p < 0.001 for all comparisons).

Table Il. Questionnaire characteristics

Questionnaire No. (%) of patients
answering yes
S: Snore loudly? 180 (68.7)
T: Tired or sleepy during 113 (43.1)
daytime?
O: Observed apnea? 107 (40.8)
P: High blood pressure? 179 (68.3)
B: BMI > 35 kg/m?? 15 (5.7)
A: Age > 50 years? 105 (40.1)
N: Neck circumference > 40 cm? 67 (25.6)
G: Gender male? 191 (72.9)
STOP-Bang score 3.65 +1.48
No. of patients classified as high risk:
STOP-Bang 206 (78.6)

BMI — body mass index.

Score distribution of the STOP-Bang scale

Of the 262 diabetic patients screened for OSA
by the STOP-Bang questionnaire, 206 (78.6%)
were classified as at high risk of OSA as defined
by the STOP-Bang score > 3. The positive rate for
each individual item is shown in Table Il and the
distribution of STOP-Bang questionnaire scores is
presented in Figure 2.

40

30

20 4

Percentage

15.3

10 4

5.7 6.1

4.6

0 1 2 3 4 5 6 7
STOP-Bang score

Figure 2. Distribution of STOP-Bang score in 262
T2DM patients. There was 1 person with a score
of 0, 15 people with a score of 1, 40 people with
a score of 2, 77 people with a score of 3, 55 people
with a score of 4, 46 people with a score of 5, 16
people with a score of 6, and 12 people with a score
of 7. 206 (78.6%) were at high risk of OSA as de-
fined by scores > 3
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Table IlI. Diagnostic parameters of STOP-Bang scale

PPV

NPV

92.2 (92.16-92.24)

42.9 (42.77-43.03)

96.9 (96.87-96.93)

27.1 (27.02-27.18)

100 (100-100)

21.3 (21.24-21.36)

100 (100-100)

17.1 (17.05-17.15)

71.8 (71.74-71.86)

66.1 (65.98-66.22)

83.7 (83.64-83.76)

55.6 (55.52-5.68)

86.5 (86.42-86.58)

45.2 (45.13-45.27)

89.3 (89.19-89.42)

39.3 (39.24-39.36)

36.9 (36.83-36.97)

85.7 (85.61-85.79)

49.6 (49.51-49.69)

85 (84.94-85.06)

59.5 (59.39-59.61)

78.7 (78.64-78.76)

AHI Score Sensitivity Specificity

>5 >3 85.6 (85.55-85.65) 60 (59.85-60.15)
>4 56.3 (56.24-56.37) 90 (89.91-90.09)
>5 33.3 (33.24-33.36) 100 (100-100)
26 12.6 (12.56-12.64) 100 (100-100)

> 15 >3 88.6 (88.55-88.65) 38.4 (38.30-38.49)
>4 64.7 (64.63-64.77) 77.9 (77.82-77.98)
25 38.3 (38.23-38.37) 89.5 (89.44-89.56)
>6 15 (14.95-15.05) 96.8 (96.77-96.84)

> 30 >3 90.5 (90.44-90.56) 27 (26.94-27.07)
>4 76.2 (76.11-76.29) 63.5 (63.43-63.57)
25 52.4 (52.29-52.51) 83.1 (83.05-83.16)
26 21.4 (21.31-21.49) 94.4 (94.37-94.43)

64.3 (64.12-64.48)

71.8 (71.74-71.86)

AHI — apnea-hypopnea index, PPV — positive predictive value, NPV — negative predictive value.

Value of STOP-Bang scale for OSA screening

Receiver operator curve analysis of the STOP-
Bang score was conducted to establish the cut-
off for OSA screening in patients with T2DM. As
presented in Table Ill, the AUC was 0.825 (0.763,
0.887) for AHI > 5/h, 0.856 (0.799, 0.913) for AHI
> 15/h, and 0.891 (0.836, 0.946) for AHI > 30/h.
The individual sensitivity, specificity, PPV, and NPV
of the STOP-Bang score for OSA screening within
each category of OSA are presented in Table IIl.

The OSA severity distribution according to
the STOP-Bang score is presented in Table IV.
The predicted probability of OSA is presented in
Table V and Figure 3. Overall, with increase of
the STOP-Bang score, the probability of having
no OSA decreased from 66.59% to 0.49% and

the probability of having severe OSA increased
from 2.45% to 91.08%. When the total score
was 1-2, the probability of having mild OSA was
30.5-33.19%, and the probability of having mild
OSA gradually decreased with increase of the to-
tal STOP-Bang score. When the total STOP-Bang
score was 3-4, the probability of having moder-
ate OSA was 35.17-38.09% and the probabili-
ty gradually decreased as the total STOP-Bang
score increased.

Discussion

Our current study shows that the sensitivity of
the STOP-Bang questionnaire for OSA screening
in diabetic patients was 85.6-90.5%, which was
consistent with a previous screening study in the

Table IV. OSA severity distribution according to STOP-Bang questionnaire score

STOP-Bang score No OSA Mild Moderate Severe
0 1 0 0 0
1 9 3 1 2
2 14 10 10 6
3 12 25 28 12
4 4 7 24 20
5 0 7 13 26
6 0 2 4 10
7 0 1 3 8
8 0 0 0 0
Total 40 55 83 84

OSA — obstructive sleep apnea.
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Table V. Probability of OSA severity distribution according to STOP-Bang questionnaire score (%)

STOP-Bang score No OSA (%) Mild (%) Moderate (%) Severe (%)
0 66.59 22.25 8.71 2.45
1 48.47 30.50 15.97 5.05
2 30.74 33.19 25.94 10.13
3 17.32 28.23 35.17 19.28
4 9.00 19.31 38.09 33.60
5 4.46 11.25 32.55 51.75
6 2.15 5.93 22.47 69.45
7 1.03 2.95 13.21 82.81
8 0.49 1.43 7.00 91.08

OSA — obstructive sleep apnea.

general Chinese population. In addition, compared
to the general Chinese population [34], the AUC
was also substantially higher in diabetic patients
(0.825-0.891 vs. 0.815-0.751), strongly indicating
that the STOP-Bang questionnaire is effective for
OSA screening in patients with T2DM.
Obstructive sleep apnea is a well-known risk
factor for cardiovascular and renal diseases. How-
ever, a substantial number of patients with OSA
have no clinical symptoms and have not been di-
agnosed yet. With increasing age and obesity, the
incidence and prevalence of OSA are increasing
dramatically; therefore, it is clinically important to
screen OSA so as to reduce the health and eco-

nomic burden of OSA. Polysomnography has been
used for OSA diagnosis and evaluation. How-
ever, PSG monitoring is complex, expensive and
time-consuming. In addition, it is not feasible for
population screening due to the paucity of PSG
facilities in rural areas. The STOP-Bang question-
naire has been designed and used for OSA screen-
ing in the general population with an acceptable
sensitivity and accuracy.

Notably, OSA is highly prevalent in patients
with diabetes, and OSA combined with diabe-
tes imposes greater cardiovascular risk than
that of each individual morbidity. Therefore, it
is clinically important to screen OSA in diabetic
patients. Most prior studies used PSG to screen
and diagnose OSA in patients with diabetes, and
whether the STOP-Bang questionnaire is also ap-
plicable for OSA screening in diabetic patients is
unknown. In our current study, we evaluated the
validity of the STOP-Bang questionnaire for OSA
screening, which was later confirmed using PSG
monitoring.

Our study showed that the probability of hav-
ing OSA increased with an increasing STOP-Bang
score. The sensitivity was highest using a diag-
nostic cut-off value of 3 (85.6% for mild, 88.6%
for moderate and 90.5% of severe), with a speci-
ficity of 60%, 38.4%, and 27%, respectively. Posi-
tive rates for male gender, loud snoring and hav-
ing high blood pressure were 191 (72.9%), 180
(68.7%), and 179 (68.3%) respectively, indicating
that existence of these factors was justifiable to
conduct OSA screening in diabetic patients using
the STOP-Bang questionnaire.

It has been suggested that there were differ-
ences in prevalence of cardiovascular risk factors
including OSA between the general male and fe-
male populations [35]. Consistent with prior re-
ports [36, 37], we also observed that compared to
the female participants with OSA, the percentage
of male participants with OSA was also signifi-

1.0
0.9
0.8
2
< 0.7
]
v 0.6
G
8 0.5
£ 04
2
o 0.3
-9
0.2
0.1
0 = =
0 1 2 3 4 5 6 7 8
STOP-Bang score
No OSA = Mild * Moderate * Severe
Figure 3. Probability of different severities of OSA
according to STOP-Bang questionnaire score. With
increasing scores, the probability of no OSA de-
creased from 66.59% to 0.49% and the probability
of severe OSA increased from 2.45% to 91.08%.
When the total score was 1-2, the probability of
mild OSA was 30.5-33.19%. The probability of
mild OSA gradually decreased with increasing to-
tal STOP-Bang score. When the total STOP-Bang
score was 3-4, the probability of moderate OSA
was 35.17-38.09%, higher than the probabilities
of other severities. The probability gradually de-
creased as the total score increased
976
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cantly higher, indicating that male gender might
be a potential key risk factor.

Importantly, as recently reported by Westlake
et al. [38], we should be cautious that a false neg-
ative result from an OSA screening questionnaire
might have serious clinical and ethical implica-
tions for diabetic patients who are suffering from
moderate or severe OSA but who are deprived
of therapy if inappropriately classified as being
at low risk. In our current study, 39 and 20 pa-
tients with moderate or severe OSA, respectively,
had a STOP-Bang score of 3 or less. We found that
compared to the moderate or severe OSA patients
but whose STOP-bang score was > 3, these low-
er-score patients had a higher HbA, level, sug-
gesting that HbA, might be useful for including
in the STOP-bang questionnaire for OSA screening
in diabetic patients, which deserves further elu-
cidation in a future study. Collectively, the results
from our current study indicated that a BANG-
STOP score > 3 was significantly associated with
a high probability of OSA. However, when the
BANG-STOP is < 3, one should bear in mind that
OSA could not be completely excluded due to the
possibility of a false negative.

Finally, several studies have validated the use
of the STOP-BANG score. For example, Chung
et al. [39] enrolled 310 obese Canadian patients
and found that a STOP-Bang score of 4 had high
sensitivity (87.5%) and high negative predictive
value (90.5%) for identifying severe OSA. In anoth-
er study conducted in the Korean population, Kim
et al. [40] reported that the STOP-Bang question-
naire had high sensitivity (97% for AHI > 5/h and
98% for AHI > 15/h) for OSA screening in those
with suspected OSA. These findings combined
with our current results strongly support the no-
tion that the STOP-Bang questionnaire is a useful
tool for OSA screening in different populations.

There were some limitations of the current
study. First, the patients enrolled were Chinese,
and the findings could not be extrapolated to oth-
er ethnic groups. Second, the proportion of T2DM
patients in this study diagnosed with OSA by PSG
was substantially higher than in the general T2DM
population because all patients enrolled satisfied
the inclusion criteria for PSG. Last but not least,
most patients completing the STOP-Bang ques-
tionnaire and PSG monitoring had subjective clini-
cal symptoms and had multiple risk factors of OSA,
and therefore inclusion bias might be unavoidable.

In conclusion, the STOP-Bang questionnaire
has high sensitivity for OSA screening and sever-
ity assessment among Chinese diabetic patients.
In addition, the STOP-Bang questionnaire is par-
ticularly useful for male patients, and those who
have hypertension and snore loudly. Screening
OSA using the STOP-Bang questionnaire may be

a potential important screening tool for early iden-
tification of OSA in diabetic patients.
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