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Study Objectives: The STOP-Bang questionnaire is a concise and easy screening tool for obstructive sleep apnea (OSA). Using modified body mass index
(BMI), we assessed the diagnostic performance of the STOP-Bang questionnaire in predicting OSA in ethnically different groups of patients undergoing surgery.
Methods: This was a multicenter prospective cohort study involving patients with cardiovascular risk factors who were undergoing major noncardiac surgery.
Patients underwent home sleep apnea testing. All patients completed the STOP-Bang questionnaire. The predictive parameters of STOP-Bang scores were
calculated against the apnea-hypopnea index.

Results: From 4 ethnic groups 1,205 patients (666 Chinese, 161 Indian, 195 Malay, and 183 Caucasian) were included in the study. The mean BMI ranged
from 25 +4 to 30 + 6 kg/m? and mean age ranged from 64 + 8 to 71 + 10 years. For the Chinese and Indian patients, diagnostic parameters are presented using BMI
threshold of 27.5 kg/m? with the area under curve to predict moderate-to-severe OSA being 0.709 (0.665-0.753) and 0.722 (0.635-0.808), respectively.

For the Malay and Caucasian, diagnostic parameters are presented using BMI threshold of 35 kg/m? with the area under curve for predicting moderate-to-severe
OSA being 0.645 (0.572-0.720) and 0.657 (0.578-0.736), respectively. Balancing the sensitivity and specificity, the optimal STOP-Bang thresholds for the
Chinese, Indian, Malay, and Caucasian groups were determined to be 4 or greater.

Conclusions: For predicting moderate-to-severe OSA, we recommend BMI threshold of 27.5 kg/m? for Chinese and Indian patients and 35 kg/m? for Malay and
Caucasian patients. The optimal STOP-Bang threshold for the Chinese, Indian, Malay and Caucasian groups is 4 or greater.

Clinical Trial Registration: Registry: ClinicalTrials.gov; Name: Postoperative Vascular Events in Unrecognized Obstructive Sleep Apnea; URL: https:/
clinicaltrials.gov/ct2/show/study/NCT01494181; Identifier: NCT01494181.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: This study examines the diagnostic performance of the STOP-Bang Questionnaire as a screening tool for
obstructive sleep apnea in different ethnic groups.

Study Impact: For predicting moderate-to-severe OSA, we recommend BMI thresholds of 27.5 kg/m?for Chinese and Indian patients and 35 kg/m?for Malay
and Caucasian patients. The optimal STOP-Bang threshold for the Chinese, Indian, Malay, and Caucasian groups is 4 or greater.

apnea, pressure, body mass index [BMI], age, neck circum-
ference, and gender), originally developed on a mostly Cau-
casian population, is an easy-to-administer validated tool
consisting of 8 items.>® Compared with other populations,

INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep-disordered
breathing characterized by repeated episodes of apnea and hypo-
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pnea. OSA is associated with hypertension, cardiovascular diseases,
neurocognitive conditions, and increased all-cause mortality.' In the
general population, the prevalence of moderate-to-severe OSA
was reported to be 6 to 17%.2 The gold standard for the diagnosis
of OSA is polysomnography, but it is costly and time-consuming,.
Using a simple questionnaire for screening of adults with OSA
provides a convenient tool to identify sleep-disordered breathing for
further diagnostic testing and treatment.

Many tools have been developed to screen patients for OSA.
The STOP-Bang questionnaire (snoring, tiredness, observed
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Asians, at lower BMI, have a high prevalence of OSA and have a
higher body fat percentage.”* Due to differences in morphology
of the Asian population, the World Health Organization rec-
ommended alternate BMI thresholds (BMIof23,27.5,32.5,and
37.5 kg/m?) as indicators of additional health risks for Asians.”
Therefore, a modified BMI for the Asian population needs to
be evaluated with the STOP-Bang questionnaire. A number of
studies reported the diagnostic performance of the STOP-Bang
questionnaire in different Asian ethnic groups using either the
standard BMI (35 kg/m?) or a lower BMI threshold.”*' These
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studies followed younger patients, most of whom had been
referred to sleep clinics. The diagnostic performance of the
STOP-Bang questionnaire in the older surgical patients of the
different Asian groups remained unknown. The objective of
this study was to determine the diagnostic performance of the
STOP-Bang questionnaire, using modified BMI threshold, as an
OSA screening tool for surgical patients in different ethnic
groups. We hypothesized that using a modified BMI threshold
in different Asian ethnic groups would improve the diagnostic
performance of the STOP-Bang questionnaire.

METHODS

Study design

The study was a planned, post-hoc analysis from a multicenter
prospective cohort study on postoperative vascular complica-
tions in patients with unrecognized OSA undergoing major
noncardiac surgery [Postoperative Vascular Complications in
Unrecognized Obstructive Sleep Apnea study (POSA)].*? Data
were collected in 5 countries at 8 hospitals from January, 2012,
to July, 2017. Approval was obtained from all participating
institutions and written informed consent was given by all the
patients. (ClinicalTrials.gov Identifier: NCT01494181)

Participants

The inclusion criteria of the study were: (1) age 45 years or older
undergoing major noncardiac surgery (intraperitoneal, major
orthopedic, or vascular) and (2) 1 or more risk factors for
postoperative cardiovascular events (ie, history of coronary
artery disease, heart failure, stroke, or transient ischemic attack,
diabetes requiring treatment, and renal impairment with pre-
operative plasma creatinine concentration > 175 umol/L). The
exclusion criteria were: (1) prior diagnosis or undergoing
corrective surgery for OSA and (2) patients requiring more than
2 days of mechanical lung ventilation after surgery.??

Procedure

Before surgery, the baseline characteristics and comorbidities
of the patients were recorded by the research staff. Patients
reported their ethnicity as Arab, Black, Chinese, Indian, Malay,
and Caucasian. All patients underwent a preoperative overnight
sleep study at home or in the hospital using a type 3 portable
sleep monitoring device (ApneaLink Plus; ResMed, San Diego,
CA). The sleep-associated apnea and hypopnea events were
scored according to American Academy of Sleep Medicine
criteria.”® Apnea was defined as airflow reduction of > 90%
for > 10 seconds from baseline. Hypopnea was defined as re-
duction in airflow for > 30% for > 10 seconds from baseline.
Patients with an apnea-hypopnea index (AHI) > 15 events/h were
considered to have moderate-to-severe OSA, and those with
AHI > 30 events/h were considered to have severe OSA.>~*

The STOP-Bang Questionnaire

Research staff assessed all patients for risk of OSA before
surgery using the STOP-Bang questionnaire. The STOP-Bang
questionnaire consists of § questions requiring eithera “Yes’’ or
“No’’ response. The questions are as follows: (1) Do you snore
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loudly (louder than talking or loud enough to be heard through
closed doors)? (2) Do you often feel tired, fatigued, or sleepy
during daytime? (3) Has anyone observed you stop breathing or
choking during your sleep? (4) Do you have or are you being
treated for high blood pressure? (5) BMI is more than 35 kg/m?.
(6) Age is over 50 years old. (7) Neck circumference is greater
than 40 cm. (8) Sex is male. Scores ranged from 0 to 8. A score
of 3 or greater indicates an increased risk for OSA,* and a score of
5 or greater indicates a high risk for OSA.** The English version of
the STOP-Bang questionnaire was used mostly. The question-
naire was translated using a forward and backward translation for
Chinese, Indian, and Malay patients who did not speak English.

Patients, health care, and research personnel were blinded to
the results of the sleep studies and the STOP-Bang scores. After
surgery, patients with abnormal sleep study findings were re-
ferred to their local sleep clinic for further care.

Statistical analysis
The analysis was performed using Stata/SE 14.2 (StataCorp,
College Station, TX). Patient characteristics were summarized
using descriptive statistics. The mean (+ standard deviation) or
median (interquartile range) was used for continuous variables,
and frequency (percentage) was used for categorical variables.
Characteristics were compared across ethnic groups and between
patients with or without moderate-to-severe OSA. Continuous
variables were analyzed using one-way analysis of variance or
Kruskal-Wallis test and independent sample ¢ test or Wilcoxon
rank-sum test. The categorical variables were analyzed using
chi-square test or Fisher’s exact test, as appropriate. Normality
of variables were tested by the Kolmogorov-Smirnov test.
The predictive performance of the STOP-Bang questionnaire
for moderate-to-severe (AHI > 15 events/h) and severe (> 30
events’h) OSA was assessed using sensitivity, specificity,
positive predictive values, negative predictive values, and area
under receiver operating characteristics curve (AUROC). All
parameters were reported with 95% confidence interval (CI). To
compare the parameters, the McNemar’s test was used. DeLong’s
test was used to compare the AUROC of BMI thresholds.”
Using logistic regression, predictive probabilities were calculated
for different cut-offs of AHI at each score of the STOP-Bang.
P <.05 was considered statistically significant. The sample size
was estimated based on the primary outcome of the original study,
which involved examining the association between unrecognized
OSA and 30-day postoperative complications after the surgery.*

RESULTS

InPOSA, atotal of 1,364 patients were recruited, 1,218 patients were
included for analysis, and 146 patients were excluded because of
cancelled surgery, failure of sleep study, or study duration less than 4
hours. In the current study, 1,205 patients belonging to 4 ethnic
groups were included. Thirteen patients (Arab or Black) were ex-
cluded due to the small number (Figure S1 in the supplemental
material). The ethnic distribution of 1,205 patients was as fol-
lows: 666 Chinese, 161 Indian, 195 Malay, and 183 Caucasian.

The mean ages of Chinese, Indian, Malay, and Caucasian were
68+9,66+10,64+8,and 71 + 10 years, respectively (P<.001).
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Table 1—Characteristics of patients in each ethnic group (n = 1,205).

Characteristics Chinese Indian Malay Caucasian P Value
n (%) 666 (55) 161 (13) 195 (16) 183 (15) -
BMI, kg/m? 249 +4.1 274 +£5.1 279+6.2 30155 <.001
BMI > 35, n (%) 12 (1.8) 14 (8.7) 23 (11.8) 32 (17.5) <.001
BMI > 30, n (%) 68 (10.2) 46 (28.6) 63 (32.3) 79 (43.2) <.001
BMI > 27.5, n (%) 155 (23.3) 81 (50.3) 86 (44.1) 115 (62.8) <.001
Age, years 67.5+88 65997 64.0+8.3 70.7 £10.3 <.001
Age > 50 years, n (%) 649 (97.5) 151 (93.8) 180 (92.3) 181 (98.9) <.001
Male sex, n (%) 441 (66.2) 76 (47.2) 101 (51.8) 103 (56.3) <.001
Neck circumference, cm 384 +3.2 37837 38.8+4.1 39.3+34 .001
Neck > 40 cm, n (%) 161 (24.2) 38 (23.6) 59 (30.3) 54 (29.5) .200
Waist circumference, cm 89.6 £+ 11.4 955+ 11.8 96.8 £ 13.9 95.7+9.8 <.001
STOP 1.8 £0.98 1.7+1.0 15109 198+ 1.0 <.001
STOP-Bang 37+13 34+14 34+13 4+14 <.001
STOP-Bang = 3, n (%) 545 (81) 17 (72.7) 146 (74.5) 150 (81.9) 015
STOP-Bang = 4, n (%) 359 (53.9) 73 (45.3) 79 (40.5) 114 (62.3) <.001
STOP-Bang = 5, n (%) 165 (24.8) 39 (24.2) 34 (17.4) 74 (40.4) <.001
STOP-Bang = 6, n (%) 52 (7.8) 10 (6.2) 13 (6.7) 27 (14.8) .009
Comorbidities, n (%)
Smoking 81(12.2) 9 (5.6) 17 (8.7) 28 (15.3) .018
Hypertension 579 (86.9) 136 (84.5) 169 (86.7) 144 (78.7) .042
History of stroke 11 (9.2) 17 (1.4) 16 (1.3) 32 (2.7) .007
COPD 28 (4.2) 4 (2.5) 7(3.6) 21 (11.5) <.001
Asthma 38 (5.7) 13(8.1) 10 (5.1) 10 (5.5) 639
Diabetes 543 (81.5) 128 (79.5) 143 (73.3) 115 (62.8) <.001
Type of surgery, n (%) <.001
Intraperitoneal 307 (46.1) 38 (23.6) 53 (27.2) 24 (13.1) -
Orthopedic 111 (16.7) 81 (50.3) 51 (26.2) 115 (62.8) -
Vascular 65 (9.8) 18 (11.2) 54 (27.7) 29 (15.8) -
Other 183 (27.5) 24 (14.9) 37 (19) 15 (8.2) -
Sleep study parameters
AHI, events/h 7 (3-15) 8 (4-16) 11 (3-22) 9 (4-19) .002
0D, events/h 8.1 (4-16) 8.7 (5.0-17.4) 11.7 (5.8-23) 9.6 (5.2-16.8) .002
Average Sp0O,, % 951 +17 946 +22 947+22 92.7 + 2.1 <.001
Lowest SpO,, % 78 +10.3 735+ 13 76 +11.2 776 £10.9 <.001
AHI 2 5, n (%) 430 (64.6) 116 (72.1) 133 (68.2) 137 (74.9) .033
AHI =15, n (%) 176 (26.4) 46 (28.6) 82 (42.1) 63 (34.4) <.001
AHI = 30, n (%) 72 (10.8) 17 (10.6) 28 (14.4) 25 (13.7) 440

Continuous variables are expressed as mean + standard deviation or median (interquartile) as appropriate and categorical variables were presented
as frequency (percentage). One-way analysis of variance or Kruskal-Wallis test and chi-square or Fisher’s exact tests were conducted to examine differences
in the characteristics of patients for ethnic groups. AHI = apnea-hypopnea index, BMI = body mass index, COPD = chronic obstructive pulmonary disease,
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ODI = oxygen desaturation index, SpO, = oxygen saturation.

The mean BMI of Chinese, Indian, Malay, and Caucasian were
25+4,27+5,28+6,and 30 + 6 kg/m?, respectively (P <.001).
Table 1 shows the total demographic characteristics for each
ethnic group.

Among Chinese and Indian patients, compared to patients with
AHI < 15, those with AHI > 15 had significantly higher mean
BMI[(24.3+3.9vs26.3+4.3kg/m?* P<.001)and (26.7+4.8 vs
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29.4 +£5.5 kg/m?, P=0.002)] and neck circumference [(37.8 +
3.0vs40.0+3.2cm, P<.001)and (37.3+£3.5vs39.0£3.7cm,
P =.007)], respectively (Table 2). For Malay and Caucasian
patients, mean BMI was not significantly different for patients
with or without moderate-to-severe apnea (Table 3).

The prevalence of hypertension was 85% or greater in the
Chinese, Indian, and Malay population, and the history of stroke was
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Table 2—Characteristics of Chinese and Indian patients with moderate-to-severe sleep apnea (n = 1,205).

sreserved.

Characteristics Chinese AHI < 15 Chinese AHI 2 15 P Value Indian AHI < 15 Indian AHI 2 15 P Value
n (%) 490 (40.1) 176 (14.6) - 115 (9.5) 46 (3.8) -
BMI, kg/m? 243+39 263143 <.001 26.7+48 29455 .002
BMI > 35, n (%) 4 (0.8) 8 (4.5) .001 6 (5.2) 8 (17.4) 013
BMI > 30, n (%) 37 (7.6) 31 (17.6) <.001 26 (22.6) 20 (43.5) .008
BMI > 27.5, n (%) 94 (19.2) 61 (34.7) <.001 49 (42.6) 32 (69.6) .002
Age, years 67286 68.3 + 9.1 132 659+99 65993 984
Age > 50 years, n (%) 478 (97.6) 171 (97.2) J77 107 (93.0) 44 (95.7) 536
Male sex, n (%) 305 (62.2) 136 (77.3) <.001 50 (43.5) 26 (56.5) 134
Neck circumference, cm 378+3.0 40.0£3.2 <.001 373+35 39.0+3.7 .007
Neck > 40 cm, n (%) 75 (15.3) 86 (48.9) <.001 23 (20) 15 (32.6) .089
Waist circumference, cm 88.3 £ 111 928 +£12.2 <.001 952+ 1.7 96.2 +12.3 636
STOP 1.7+ 0.96 21 +0.94 <.001 1509 21+141 .0002
STOP-Bang 34+12 44+14 <.001 31+13 42+14 <.001
STOP-Bang = 3, n (%) 385 (78.6) 160 (90.9) <.001 77 (67.0) 40 (87.0) 010
STOP-Bang = 4, n (%) 226 (46.1) 133 (75.6) <.001 42 (36.5) 31 (67.4) <.001
STOP-Bang = 5, n (%) 85 (17.3) 80 (45.5) <.001 15 (13.0) 24 (52.2) <.001
STOP-Bang 2 6, n (%) 15 (3.1) 37 (21) <.001 5(4.3) 5(10.9) A21
Comorbidities, n (%)
Smoking 58 (11.8) 23 (13.1) 687 7(6.1) 2 (4.3) 1.000
History of stroke 78 (15.9) 33 (18.8) .387 13 (11.3) 4 (8.7) .780
Hypertension 414 (84.5) 165 (93.8) .002 94 (81.7) 42 (91.3) 130
COPD 19 (3.9) 9(5.1) 483 2(1.7) 2 (4.3) 322
Asthma 29 (5.9) 9(5.1) 693 9(7.8) 4 (8.7) 1.000
Diabetes 398 (81.2) 145 (82.4) 733 90 (78.3) 38 (82.6) 537
Type of surgery, n (%) 021 325
Intraperitoneal 238 (48.6) 69 (39.2) - 30 (26.1) 8 (17.4) -
Orthopedic 77 (15.7) 34 (19.3) - 57 (49.6) 24 (52.2) -
Vascular 39 (8.0) 26 (14.8) - 14 (12.2) 4(8.7) -
Other 136 (27.8) 47 (26.7) - 14 (12.2) 10 (21.7) -
Sleep study parameters
AHI, events/h 5 (2-8) 25 (19-37) <.001 6 (2-9) 26 (18-43) <.001
0D, events/h 6 (3-9.1) 25.2 (18.9-35.9) <.001 6.5 (3.8-9.5) 24.7 (19-34) <.001
Average SpO,, % 954+ 16 943+19 <.001 95.1+18 932+26 <.001
Lowest SpO,, % 80.0+89 726 £ 11.9 <.001 76.7 £ 10.4 65.4 +15.1 <.001
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Continuous variables are expressed as mean + standard deviation or median (interquartile) as appropriate and categorical variables were presented
as frequency (percentage). t test or Wilcoxon rank-sum test and Chi-square or Fisher’s exact tests were conducted to examine differences in the patients with
or without moderate-to-severe OSA for ethnic groups. AHI = apnea-hypopnea index, BMI = body mass index, COPD = chronic obstructive pulmonary disease,

ODI = oxygen desaturation index, SpO, = oxygen saturation.

higher in the Chinese population at 9%. The prevalence of smoking
was highest in the Caucasian (15%) and the Chinese (12%) pop-
ulations, but the diagnosis of COPD was highest in the Caucasian
population at 12%. The commonly performed surgical procedures
were intraperitoneal or major orthopedic. Other variables for dif-
ferent ethnic groups are shown in Table 1, Table 2, and Table 3.

Optimal BMI threshold
AUROC across BMI values from > 23 to > 35 kg/m? was de-
termined for different ethnic groups. In Chinese and Indian

Journal of Clinical Sleep Medicine, Vol. 17, No. 3

patients, a BMI threshold of > 27.5 kg/m? achieved a better
predictive performance for moderate-to-severe and severe
OSA. For predicting moderate-to-severe OSA, the AUROC
values at BMI > 27.5 kg/m? for Chinese and Indian were
0.709 [95% CI, 0.665-0.753] and 0.722 (95% CI, 0.635—
0.808), respectively (Table S1 in the supplemental material).
The AUROC for predicting severe OSA for Chinese and
Indian were 0.756 (95% CI, 0.697-0.816) and 0.849 (95% CI,
0.765-0.932), respectively (Table S1). There was no significant
difference in the AUROC vs other BMI thresholds. Despite no
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Table 3—Characteristics of Malay and Caucasian patients with moderate-to-severe sleep apnea (n = 1,205).

sreserved.

Characteristics Malaysian AHI <15 | Malaysian AHI 215 | P Value | Caucasian AHI <15 | Caucasian AHI =215 | P Value
n (%) 113 (9.4) 82 (6.8) - 120 (9.6) 63 (5.2) -
BMI, kg/m? 2719+57 28067 .956 296 5.1 31.0+6.2 104
BMI > 35, n (%) 11(9.7) 12 (14.6) 295 18 (15) 14 (22.2) 222
BMI > 30, n (%) 38 (33.6) 25 (30.4) 643 438 (40) 31(49.2) 232
BMI > 27.5, n (%) 55 (48.6) 31(37.8) 131 73 (60.8) 42 (66.7) 438
Age, years 62.6 + 8.4 659+79 .007 703+ 104 71.7 £ 101 .383
Age > 50 years, n (%) 101 (89.3) 79 (96.3) 072 119 (99.2) 62 (98.4) 641
Male sex, n (%) 47 (41.6) 54 (65.9) .001 60 (50) 43 (68.3) 018
Neck circumference, cm 385+ 4.1 39.2 + 441 255 38.7+34 403+3.2 .004
Neck > 40 cm, n (%) 34 (30.1) 25 (30.5) .952 31(25.8) 23 (36.5) 132
Waist circumference, cm 95.4 £ 12.6 98.8 £ 155 .095 95.2+93 96.6 + 10.9 343
STOP 14+08 16+1.0 .055 18+£1.0 2310 .004
STOP-Bang 3112 37+12 .0007 37114 45+13 .0002
STOP-Bang = 3, n (%) 76 (67.3) 70 (85.4) .004 91 (75.8) 59 (93.7) .003
STOP-Bang = 4, n (%) 35 (31.0) 44 (53.7) .001 65 (54.2) 49 (77.8) .002
STOP-Bang = 5, n (%) 14 (12.4) 20 (24.4) .029 40 (33.3) 34 (54.0) .007
STOP-Bang = 6, n (%) 5(4.4) 7(8.5) 238 13 (10.8) 14 (22.2) .039
Comorbidities, n (%)
Smoking 7(6.2) 10 (12.2) 198 17 (14.2) 11 (17.5) .666
History of stroke 8(7.1) 8(9.8) .501 16 (13.3) 16 (25.4) .041
Hypertension 96 (84.9) 73 (89) 409 90 (75) 54 (85.7) .093
COPD 3(2.7) 4(4.9) 457 12 (10) 9 (14.3) 387
Asthma 8(7.1) 2(24 196 9(7.5) 1(1.6) .168
Diabetes 85 (75.2) 58 (70.7) 484 76 (63.3) 39 (61.9) .849
Type of surgery, n (%) .002 .796
Intraperitoneal 38 (33.6) 15 (18.3) - 14 (11.7) 10 (15.9) -
Orthopedic 33 (29.2) 18 (22.0) - 78 (65.0) 37 (58.7) -
Vascular 20 (17.7) 34 (41.5) - 19 (15.8) 10 (15.9) -
Other 22 (19.5) 15 (18.3) - 9 (7.5) 6 (9.5) -
Sleep study parameters
AHI, events/h 4 (2-8) 25 (18-32) <.001 6 (3-9) 24 (19-36) <.001
0D, events/h 6 (3.9-8.6) 25.1 (17.8-32.1) <.001 6.4 (3.9-9.6) 22(15.8-29.6) <.001
Average Sp0O,, % 95.1+1.9 942+26 .005 93.0+19 920+22 .0023
Lowest SpO,, % 80.1+95 703+ 11.0 <.001 80.1+8.0 728 £ 13.7 <.001
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Continuous variables are expressed as mean + standard deviation or median (interquartile) as appropriate, and categorical variables were presented
as frequency (percentage). t test or Wilcoxon rank-sum test and Chi-square or Fisher’s exact tests were conducted to examine differences in the patients with
or without moderate-to-severe OSA for ethnic groups. AHI = apnea-hypopnea index, BMI = body mass index, COPD = chronic obstructive pulmonary disease,

ODI = oxygen desaturation index, SpO, = oxygen saturation.

significant improvement, we chose 27.5 kg/m? for Chinese
and Indian patients since the mean BMI for patients with
moderate-to-severe OSA was lower (Table 2). Additionally,
there were only 12 Chinese and 14 Indian patients with
BMI > 35 kg/m? (Table 1).

In Malay patients, the best predictive performance was at
BMI > 35 kg/m?. The AUROC values at BMI > 35 kg/m? for
predicting moderate-to-severe and severe OSA were 0.645
(95% CI, 0.572-0.720) and 0.695 (95% CI 0.600-0.789), re-
spectively. There was a significant difference in the AUROC
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compared with other BMI thresholds (Table S1). The receiver
operating curve analysis showed the AUC using optimal BMI
thresholds for 4 different ethnic groups for predicting moderate-
to-severe or severe OSA (Figure 1).

Chinese population

Based on an equipoise decision that privileged neither
sensitivity nor specificity, using the > 27.5 kg/m* BMI
threshold, the best discrimination score of the STOP-Bang for
moderate-to-severe or severe OSA was 4 (Table 4). Comparing
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Figure 1—Receiver operating curve for the STOP-Bang questionnaire using optimal BMI of 27.5 kg/m? for Chinese and
Indian patients, and optimal BMI of 35 kg/m? for Malay and Caucasian patients for predicting moderate-to-severe and

severe OSA.
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Moderate-to-severe OSA defined as AHI = 15 events/h and severe OSA defined as AHI = 30 events/h. AH = apnea-hypopnea index, AUC, area under curve.

BMI > 27.5 kg/m? with > 35 kg/m?, using a STOP-Bang score
4 or greater for predicting moderate-to-severe OSA increased
the sensitivity significantly from 75.6% (95% CI, 69.3-81.1)
to 79.5% (95% CI, 73.5-84.7) (P = .008), and the specificity
decreased significantly from 53.9% (95% CI, 51.6-55.9) to
48.6% (95% CI, 46.4-50.4) (P = .001) (Table 4). This
showed that the lower BMI threshold of > 27.5 kg/m? increased
sensitivity but decreased specificity. The number of true
positives increased from 133 to 140, although there was no
significant improvement in AUROC when BMI threshold
was > 27.5 kg/m?.
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Indian population

Based on the balance between optimal sensitivity and specificity
with > 27.5 kg/m? BMI threshold, the STOP-Bang score 4 or
greater was chosen as the best discrimination score to predict
moderate-to-severe and severe OSA (Table 5). Comparing
BMI > 27.5 kg/m? with > 35 kg/m? using the STOP-Bang score
4 or greater for predicting moderate-to-severe OSA, the sen-
sitivity increased significantly from 67.4% (95% CI, 54.2-78.8)
to 73.9% (95% CI, 60.8-84.5), P =.086, and the specificity
decreased significantly from 63.5% (95% CI, 58.2-68.0) to
52.2% (95% CI, 46.9-56.4), P = .0003 (Table 5). Similarly,
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Table 4—Diagnostic parameters of the STOP-Bang questionnaire using BMI > 27.5 kg/m? and 35 kg/m? for Chinese patients
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(n = 666).
23 24 25 26
BMI > 27.5 kg/m?

AHI = 15 (moderate-to—severe sleep apnea)

AUC: 0.709 AHI (0.665-0.753)
n (%) 165 (24.8) 140 (21) 95 (14.3) 51 (7.7)
Sensitivity (%) 93.8 (89.4-96.6) 79.5 (73.5-84.7) 54 (47.6-60.1) 29 (24-33.5)
Specificity (%) 19.8 (18.2-20.8) 48.6 (46.4-50.4) 76.5 (74.2-78.7) 93.3 (91.5-94.9)
PPV (%) 29.6 (28.2-30.5) 35.7 (33.0-38.0) 45.2 (39.9-50.4) 60.7 (50.4-70.3)
NPV (%) 89.8 (82.7-94.5) 86.9 (83.0-90.2) 82.2 (79.8-84.6) 78.5 (77.0-79.9)

AHI = 30 (severe sleep apnea)

AUC: 0.756 AHI (0.697-0.816)
n (%) 69 (10.3) 63 (9.6) 49 (74) 29 (4.4)
Sensitivity (%) 95.8 (87.9-98.9) 87.5 (77.6-93.7) 68.1 (56.7-77.9) 40.3 (30.2-50.7)
Specificity (%) 17.7 (16.7-18.1) 44.6 (43.4-45.4) 72.9 (71.5-74.1) 90.7 (89.5-92)
PPV (%) 1249 (11.3-12.8) 16.1 (14.2-17.2) 23.3 (19.4-26.7) 34.5 (25.9-43.4)
NPV (%) 97.2 (92-99.3) 96.7 (94.1-98.3) 95.0 (93.2-96.5) 92.6 (91.4-93.9)

BMI > 35 kg/m?

AHI = 15 (moderate-to-severe sleep apnea)

AUC: 0.701 AHI (0.656-0.746)
n (%) 160 (24) 133 (20) 80 (12) 37 (5.6)
Sensitivity (%) 90.9 (86.1-94.4) 75.6 (69.3-81.1) 455 (39.4-51.4) 21.0 (17.0-24.3)
Specificity (%) 21.4 (19.7-22.7) 53.9 (51.6-55.9) 82.7 (80.5-84.8) 96.9 (95.5-98.1)
PPV (%) 29.4 (27.8-30.5) 37.0 (34-39.8) 48.5 (42-54.8) 71.2 (57.5-82.2)
NPV (%) 86.8 (79.8-91.9) 86.0 (82.4-89.2) 80.8 (78.7-82.9) 77.4 (76.2-78.3)

AHI = 30 (severe sleep apnea)

AUC: 0.751 AHI (0.691-0.811)
n (%) 68 (10.2) 61(92) 44 (6.6) 19 (2.9)
Sensitivity (%) 94.4 (86.1-98.2) 84.7 (74.4-91.7) 61.1 (49.8-71.5) 26.4 (17.9-35.7)
Specificity (%) 19.7 (18.7-20.2) 49.8 (48.6-50.7) 79.6 (78.3-80.9) 94.4 (93.4-95.6)
PPV (%) 12.5 (11.4-13) 17.0 (14.9-18.4) 26.7 (21.7-31.2) 36.5 (24.8-49.4)
NPV (%) 96.7 (91.7-98.9) 96.4 (94-98) 94.4 (92.8-95.9) 91.4 (90.4-92.5)

AHI =apnea-hypopneaindex, AUC = area under curve, BMI =body mass index, NPV = negative predictive value, PPV = positive predictive value, STOP-Bang =
snoring, tiredness, observed apnea, pressure, BMI, age, neck circumference, and gender.

lowering BMI threshold in the Indian group increased the
sensitivity and maximized the number of true positives, al-
though there was no significant improvement in the AUC.

Malay population

Based on the optimal sensitivity and specificity with > 35 kg/m?
BMI threshold, the STOP-Bang score 4 or greater can be chosen as the
best discrimination score to predict moderate-to-severe and severe OSA
(Table 6). For the Malay patients, when BMI threshold > 35 kg/m?
was used, the sensitivity and specificity of the STOP-Bang score >4
for predicting moderate-to-severe OSA was 53.7% (95% C1,45.0—
61.9) and 69.0% (95% CI, 62.7-75.0), respectively (Table 6).

Caucasian population
Based on the optimal sensitivity and specificity with >
35 kg/m*> BMI threshold, a STOP-Bang score 4 or greater

Journal of Clinical Sleep Medicine, Vol. 17, No. 3

can be chosen as the best discrimination score to predict
moderate-to-severe and severe OSA in Caucasian patients
(Table 6). Using BMI of > 35 kg/m? for the STOP-Bang
questionnaire, the sensitivity and specificity at a score 4
or greater for predicting moderate-to-severe OSA was
77.7% (95%CI, 67.5-86.2) and 45.8% (95% CI, 40.4-50.3),
respectively (Table 6).

Probabilities of moderate-to-severe and severe OSA

The predicted probabilities of moderate-to-severe and severe
OSA increased with a higher STOP-Bang score. The trend was
similar across each ethnic group. For Chinese, Indian, Malay,
and Caucasian, at a STOP-Bang score of 4, the probability of
moderate-to-severe OSA was 25%, 28%, 48%, and 33%, re-
spectively. For severe OSA, the probabilities were 8%, 6%,
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Table 5—Diagnostic parameters of the STOP-Bang questionnaire using BMI > 27.5 kg/m? and > 35 kg/m? for Indian patients (n = 161).
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Score
23 24 25 26
BMI > 27.5 kg/m?

AHI = 15 (moderate—to—severe sleep apnea)

AUC: 0.722 AHI (0.635-0.808)
n (%) 44 (27.3) 34 (21.1) 27 (16.8) 16 (9.9)
Sensitivity (%) 95.7 (85.7-99.2) 73.9 (60.8-84.5) 58.7 (45.8-70.3) 34.8 (24.2-43.6)
Specificity (%) 23.5 (19.5-24.9) 52.2 (46.9-56.4) 77.4 (72.2-82.0) 92 2 (87.9-95.7)
PPV (%) 33.3 (29.9-34.6) 38.2 (31.4-43.7) 50.9 (39.8-61.0) 64 (44.5-80.3)
NPV (%) 93.1 (77.4-98.8) 83.3 (75.0-90.1) 82.4 (76.9-87.4) 77.9 (74.4-80.9)

AHI = 30 (severe sleep apnea)

AUC: 0.849 AHI (0.765-0.932)
n (%) 17.(10.5) 16 (9.9) 15(9.3) 10(6.2)
Sensitivity (%) 100 (78.8-100) 94.1 (70.5-99.7) 88.2 (63.8-97.9) 58.8 (35.4-79)
Specificity (%) 20.1 (17.6-20.1) 49.3 (46.5-50.0) 73.6 (70.7-74.8) 89 6 (86.8-92)
PPV (%) 12.9 (10.2-12.9) 18.0 (13.5-19.0) 28.3 (20.5-31.4) 40 (24.1-53.7)
NPV (%) 100 (87.6-100) 98.6 (93-99.9) 98.1 (94.3-99.7) 94.9 (91.9-97.4)

BMI > 35 kg/m?

AHI = 15 (moderate—to—severe sleep apnea)

AUC 0.714 AHI (0.624-0.804)
n (%) 40 (24.8) 31(19.3) 24 (14.9) 5(3.1)
Sensitivity (%) 87.0 (75.2-94.4) 67.4 (54.2-78.8) 52.2 (40.1-62.8) 10.9 (4.5-17.3)
Specificity (%) 33.0 (28.3-36.0) 63.5 (58.2-68.0) 87.0 (82.1-91.2) 95.7 (93.1-98.2)
PPV (%) 34.2 (29.6-37.1) 425 (34.149.7) 61.5 (47.3-74.0) 50.0 (20.6-79.4)
NPV (%) 86.4 (74.1-94.1) 83.0 (76.0-88.9) 82.0 (77.4-86.0) 72.8 (70.9-74.8)

AHI = 30 (severe sleep apnea)

AUC: 0.833 AHI (0.757-0.909)
n (%) 17 (10.6) 16 (9.9) 12 (7.4) 3(1.9
Sensitivity (%) 100 (78.4-100) 94.1 (70.5-99.7) 70.6 (45.8-88.2) 17.6 (4.9-36.5)
Specificity (%) 30.6 (28.0-30.6) 60.4 (57.6-61.1) 81.3 (78.3-83.3) 95.1 (93.6-97.4)
PPV (%) 14.5 (11.4-14.5) 21.9 (16.4-23.2) 30.8 (20.0-38.5) 30.0 (8.3-62.1)
NPV (%) 100 (91.7-100) 98.9 (93.9-99.9) 95.9 (92.4-98.4) 90.7 (89.3-92.9)

AHI =apnea-hypopnea index, AUC = area under curve, BMI =body mass index, NPV = negative predictive value, PPV = positive predictive value, STOP-Bang =
snoring, tiredness, observed apnea, pressure, BMI, age, neck circumference, and gender.

17%, and 11%, respectively (Figure 2). Ata STOP-Bang score
of 5, the probability of moderate-to-severe OSA for Chinese,
Indian, Malay, and Caucasian, was 38%, 40%, 58%, and 43%,
respectively. For severe OSA, the probabilities were 16%, 15%,
25%, and 18%, respectively (Figure 2). Using the STOP-Bang
scores, Malay had the highest probability for predicting moderate-
to-severe and severe OSA.

DISCUSSION

Our study examined the diagnostic performance of the STOP-
Bang questionnaire by comparing different BMI thresholds for
4 ethnic groups: Chinese, Indian, Malay, and Caucasian. Our
results showed that BMI > 27.5 kg/m? for Chinese and Indian
had one of the higher AUROC for predicting moderate-to-
severe and severe OSA. For the Malay, BMI > 35 kg/m? had the

Journal of Clinical Sleep Medicine, Vol. 17, No. 3

higher AUROC for predicting moderate-to-severe and severe
OSA. Additionally, we found that when comparing the diag-
nostic performance for predicting moderate-to-severe or severe
OSA, the Indian patients had the best diagnostic parameters
compared to Chinese and Malay patients.

Balancing the optimal sensitivity and specificity, the optimal
STOP-Bang threshold for the Chinese, Indian, Malay, and
Caucasian was 4. Previously in Caucasian obese surgical pa-
tients, we recommended using a STOP-Bang score of 4 as the
optimal threshold.?® For all the different ethnic groups, the
probabilities of moderate-to-severe and severe OSA increased
with a higher STOP-Bang score. At each STOP-Bang score, the
Malay patients had the highest probability for predicting moderate-
to-severe and severe OSA compared with other ethnic groups. In
the surgical population with a low prevalence of severe OSA, a
higher score of 4 may be useful to reduce false positive rate. This

March 1, 2021



R Waseem, MTV Chan, CY Wang, et al.

Diagnostic performance of the STOP-Bang

Table 6—Diagnostic parameters of the STOP-Bang questionnaire for Malay (n = 195) and Caucasian (n = 183) patients using

BMI > 35 kg/m?
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23 24 25 26
Malay patients

AHI = 15 (moderate-to—severe sleep apnea)

AUC: 0.645 (0.572-0.720)
n (%) 70 (35.9) 44 (22.5) 20 (10.2) 7(3.5)
Sensitivity (%) 85.4 (77.7-91.4) 53.7 (45.0-61.9) 24.4 (17.5-30.6) 5(4.3-12.2)
Specificity (%) 32.7 (27.2-37.1) 69.0 (62.7-75.0) 87.6 (82.6-92.1) 95 6 (92.5-98.2)
PPV (%) 47.9 (43.6-51.3) 55.7 (46.7-64.2) 58.8 (42.3-73.9) 8.3 (29.1-83.2)
NPV (%) 75.5 (62.7-85.6) 67.2 (61.1-73.0) 61.5 (580-64.7) 59 (57.1-60.6)

AHI = 30 (severe sleep apnea)

AUC: 0.695 (0.600-0.789)
n (%) 26 (13.3) 20 (10.2) 7(36) 5(2.9)
Sensitivity (%) 92.9 (76.5-98.7) 71.4 (52.6-85.6) 25.0 (11.9-42.5) 17.9 (7.3-30.0)
Specificity (%) 28.1 (25.4-29.1) 64.7 (61.5-67.1) 83.8 (81.6-86.8) 95.8 (94.0-97.8)
PPV (%) 17.8 (14.7-18.9) 25.3 (18.6-30.4) 20.6 (9.8-35.0) 41.7 (17.0-70.1)
NPV (%) 95.9 (86.6-99.3) 93.1 (88.6-96.5) 87.0 (84.7-90.0) 87.4 (85.8-89.3)

Caucasian patients

AHI = 15 (moderate-to-severe sleep apnea)

AUC: 0.657 (0.578-0.736)
n (%) 59 (32.2) 49 (26.8) 34 (18.6) 14.(7.7)
Sensitivity (%) 93.7 (85.5-97.9) 77.7 (67.5-86.2) 54.0 (43.0-64.0) 22.2 (14.4-29.9)
Specificity (%) 24.2 (19.9-26.4) 45.8 (40.4-50.3) 66.7 (61.1-72.0) 89.2 (85.0-93.2)
PPV (%) 39.3 (35.9-41.1) 43.0 (37.3-41.6) 45.9 (36.9-54.6) 51.9 (33.5-69.7)
NPV (%) 87.9 (72.4-96.0) 79.7 (70.3-87.4) 73.4 (67.2-79.3) 68.6 (65.4-71.7)

AHI = 30 (severe sleep apnea)

AUC: 0.707 (0.609- 0.805)
n (%) 25 (13.6) 21 (11.5) 17(9.3) 8 (4.4)
Sensitivity (%) 100 (84.8-100) 84.0 (64.5-94.7) 68.0 (47.9-83.8) 32.0 (16.6-50.1)
Specificity (%) 20.9 (18.5-20.9) 41.1 (38.1-42.8) 63.9 (60.7-66.4) 88.0 (85.5-90.8)
PPV (%) 16.7 (14.1-16.7) 18.4 (14.2-20.8) 23.0 (16.2-28.3) 29.6 (15.3-46.4)
NPV (%) 100 (88.5-100) 94.2 (87.2-98.1) 92.7 (88.0-96.3) 89.1 (86.6-92.0)

AHI=apnea-hypopneaindex, AUC = area under curve, BMI =body mass index, NPV = negative predictive value, PPV = positive predictive value, STOP-Bang =
snoring, tiredness, observed apnea, pressure, BMI, age, neck circumference, and gender.

enables identification of patients who are in urgent need of evalu-
ation and to mitigate possible harm due to unrecognized OSA.>’
In previous studies on the Asian population, most patients
were from sleep clinics, where they had been referred for
sleep-disordered breathing.'®'® Patients who were referred to
sleep clinics for sleep issues have a higher prevalence of OSA,
and the results are therefore prone to selection bias. In our study
on surgical populations with cardiovascular risk factors, we
found that the prevalence of moderate-to-severe OSA was 26%
to 42% and severe OSA was 11% to 14% in the 4 ethnic groups,
which is much lower than the prevalence of moderate-to-severe
(49% to 80%) and severe (32% to 64%) OSA in the studies
involving Asian sleep clinic patients.'°'* By including a sur-
gical population with lower prevalence of OSA, our findings
might be better representative of the general population and
allow the results to be generalized to the wider community.

Journal of Clinical Sleep Medicine, Vol. 17, No. 3

In 2 previous studies, 3 Asian groups (Chinese, Indian, and
Malay) were assumed to have similar characteristics and
were treated as 1 group.”'® Our study found differences among
the 3 Asian ethnic groups. Post-hoc analysis showed that
Chinese patients had significantly lower mean BMI and waist
circumference compared with Indian and Malay patients. In
contrast to the Chinese and Indians, the Malays had a signifi-
cantly higher proportion of patients with BMI > 35 kg/m?. Also,
the Malays had a significantly higher proportion of patients with
moderate-to-severe OSA. These characteristics may account for
the higher BMI (> 35 kg/m?) as the optimal threshold for the
Malay group. Due to these differences in the characteristics of
the 3 Asian ethnic groups, we analyzed each ethnic group in-
dependently instead of grouping them as one. Our findings
showed different performance of the STOP-Bang questionnaire
among Chinese, Indian, and Malay, indicating that diagnostic
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Figure 2—The predicted probabilities for sleep apnea using the STOP-Bang score with the optimal BMI thresholds for Chinese,
Indian, Malay, and Caucasian patients for moderate-to-severe and severe OSA.
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Vertical bars represent standard errors of the mean. Moderate-to-severe OSA defined as AHI = 15 events/h and severe OSA defined as AHI = 30 events/h.
AHI = apnea-hypopnea index, BMI = body mass index, OSA = obstructive sleep apnea.

performance of the screening tool needs to be examined in each
ethnic population independently.

Sensitivity and specificity

An ideal screening tool should have both high sensitivity and
specificity at the same threshold value. However, this is a rare
situation. For most screening tools, there is a trade-off between
sensitivity and specificity.”® Among Chinese and Indian pa-
tients, a lower BMI threshold increased the sensitivity but
decreased the specificity of the STOP-Bang questionnaire with
small improvement in AUROC. High sensitivity is desirable for
a screening tool, as it will enable identification of most patients
with OSA. For instance, in the Indian population, when using
BMI > 35 kg/m? vs > 27.5 kg/m?, the sensitivity of the

Journal of Clinical Sleep Medicine, Vol. 17, No. 3

STOP-Bang score > 4 for predicting moderate-to-severe OSA
increased from 67.4% (95% CI, 54.2-78.8) to 73.9% (95%
CI, 60.8-84.5), enabling more people with moderate-to-severe
OSA to be identified. In addition to identifying moderate-to-
severe OSA, it is important that those stratified to be at low risk
do actually have alow risk of OSA. When using BMI >35 kg/m?
vs>27.5 kg/m? for Indian patients, at a score of >3, the negative
predictive value increased from 86.4% (95% CI, 74.1-94.1) to
93.1% (95% CI, 77.4-98.8) for moderate-to-severe OSA. A
high negative predictive value assures the physician that the
possibility of moderate-to-severe OSA may be safely excluded.

A screening tool should also have adequate specificity to
minimize the false positives. In our study, using a lower BMI
threshold in the Asian patients, the specificity decreased. In the

March 1, 2021



sreserved.

Downloaded from jesm.aasm.org by Kirsten T'\;/alyelgr on Fﬁtl)lruarxtzo, 2022. For personal use only. No other uses without permission.
icine. rigl

Copyright 2022 American Academy of Sleep

R Waseem, MTV Chan, CY Wang, et al.

Asian patients, the phenotypes of craniofacial features, such as
retrognathia, long soft palate, tongue position, are contributing
factors for OSA.**2° In the Asian population, the anthropo-
metric factors may play an important role beyond the contri-
bution of BMI in the underlying causation of OSA. Some
studies had recommended using additional criteria, for instance,
using the STOP questionnaire with male or BMI only, or adding
waist-to-height ratio or serum bicarbonate level to the STOP-
Bang questionnaire. These measures improve the specificity
and diagnostic performance of a screening tool.!'=%31-2

Probability

A concise and easy-to-use screening tool is useful in the pre-
operative assessment of patients with unrecognized OSA.
Correctly identifying patients at high risk of OSA is the first
step for the perioperative care of patients and prevention of
adverse events.**° Recent systematic reviews and reports
showed that patients with OSA had a higher risk of postoper-
ative complications, death, or near-death.’*~® A recent large
prospective cohort study showed that patients with a STOP-
Bang score 5 or greater was significantly associated with an
increased rate of postoperative vascular events. Patients with a
STOP-Bang score 3 and 4 was significantly associated with
intensive care readmission and wound infection.”> Health
professionals should use the probability of severe OSA and the
severity of surgery in each ethnic group as thresholds to de-
termine those most in need of further evaluation.

Limitation

Our study has potential limitations. Patients underwent type
3 portable sleep monitoring instead of in-laboratory poly-
somnography. The total sleep time may have been inaccurate,
leading to underestimation of the AHI. Also, there may be rather
high misclassification of obstructive sleep apnea by single-
night studies; repeat studies may improve these predictive
analytics. However, there is a good agreement between poly-
somnography and home sleep apnea testing in estimating AHI
when predicting severe OSA.***° The prevalence of obstructive
sleep apnea in our surgical population was higher than reported
in the general population.? Since the data were collected in
surgical patients with cardiovascular risk factors, the results
may not be applicable to other populations.

CONCLUSIONS

Our study showed that lowering BMI thresholds in the Chinese
and Indian populations increased the sensitivity and maximized
the number of true positives with no significant change in the
AUC. In clinical situations when there is a high risk associated
with an undiagnosed condition, a tool with high sensitivity
should be strongly considered. For predicting moderate-to-severe and
severe OSA in patients above the age of 45, we recommend the BMI
threshold of 27.5 kg/m* for the Chinese and Indian populations,
and 35 kg/m? for Malay and Caucasian patients. Balancing the
optimal sensitivity and specificity, the optimal STOP-Bang
threshold for the Chinese, Indian, Malay, and Caucasian sur-
gical patients was determined to be 4 or greater. The Malay had
the highest probabilities of moderate-to-severe and severe OSA
compared to the other ethnic groups at each STOP-Bang score.
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ABBREVIATIONS

AHI, apnea-hypopnea index

AUC, area under curve

AUROC, area under the receiver operating characteristic curve

BMI, body mass index

CI, confidence interval

OSA, obstructive sleep apnea

POSA, Postoperative Vascular Complications in Unrecognized
Obstructive Sleep Apnea study

STOP-Bang, snoring, tiredness, observed apnea, pressure,
BM]I, age, neck circumference, and gender
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