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Background and Objectives Obstructive sleep apnea (OSA) is associated with various
health risks, including hypertension, cerebrovascular disease, myocardial infarction, diabetes,
cognitive impairment, and all-cause mortality. While overnight polysomnography (PSG) is
the gold standard for diagnosing OSA, it is costly and time-consuming. The STOP-Bang ques-
tionnaire is a convenient tool for OSA screening, but its high sensitivity comes at the expense
of low specificity. The purpose of this study was to investigate the usefulness of combining
the STOP-Bang questionnaire and a smartwatch capable of measuring oxygen saturation in
screening for OSA.
Subjects and Method Of the patients scheduled for PSG due to OSA, 109 patients volun-
tarily participated in the study by filling out a STOP-Bang questionnaire during their first visit
and wearing a smartwatch during PSG.
Results There were 80 males and 29 females, with the patients’ mean age of 45+13.3 years.
Based on the apnea-hypopnea index (AHI), 19 patients (17.4%) were normal, 28 (25.7%) had
mild OSA, 23 (21.1%) had moderate OSA, and 39 (35.8%) had severe OSA. When using the
AHI threshold of AHI >15/h, the STOP-Bang alone showed sensitivity of 85.5% and specifici-
ty of 61.7%. Combining the STOP-Bang questionnaire with a smartwatch resulted in a slight
decrease in sensitivity and a significant increase in specificity, yielding the values of 80.5%
and 84.4%, respectively.
Conclusion A two-step approach using the STOP-Bang and a smartwatch was implemented
to enhance the diagnostic accuracy of screening OSA.
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Table 1. Patient demographics (n=109)
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Value

Age (years) 45.5+13.3
Sex

Male 80 (73.4)

Female 29 (26.6)
BMI (kg/m?) 28.2+4.6
Neck circumference (cm) 39.2+3.9
Waist to hip ratio 0.95+0.1
HTN 32 (29.4)
DM 22 (20.2)
CVD 11 (10.1)
PSQI score 11.8£5.5
ESS score 8.5+3.7
TST (min) 341.0+50.7
AHI (events/hour) 24.2+20.0
ODI (events/hour) 26.7+23.9
STOP-Bang score 41+1.5
SpO> nadir (%) 80.9+8.5
Diagnosis

Normal 19 (17.4)

Mild OSA 28 (25.7)

Moderate OSA 23 (21.1)

Severe OSA 39 (35.8)

Data are presented as mean + standard deviation or n (%).
BMI, body mass index; HTN, hypertension; DM, diabetes melli-
tus; CVD, cardiovascular disease; PSQI, Pittsburgh sleep quality
index; ESS, Epworth sleepiness scale, TST, total sleep time; AHI,
apnea-hypopnea index; ODI, oxygen desaturation index;
SpO:, oxygen saturation; OSA, obstructive sleep apnea

STOP-Bang and Smartwatch for OSA Screening I Kim MW, et al.
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Fig. 1. ROC curve for any OSA (AHI 25) and moderate to severe OSA (AHI 215). A: With STOP-Bang score. B: With smartwatch SpO,
nadir. ROC, receiver operating characteristics; OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; SpO,, oxygen saturation.
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Table 2. Diagnostic accuracy of STOP-Bang and when using an AHI threshold of AHI=Z15/h of smartwatch’s lowest SpO. for OSA

Cut-off (%) Sensitivity (%) Specificity (%)  Accuracy (%) AUC p-value
STOP-Bang
Any OSA (AHI>5) 3 93.3 47 .4 85.3 0.868 <0.001
Moderate to severe OSA (AHI=15) 4 85.5 61.7 75.2 0.776 <0.001
SW SpO2 nadir
Any OSA (AHI>5) 87 73.3 73.7 73.4 0.861 <0.001
Moderate to severe OSA (AHI>15) 86 72.6 63.8 68.8 0.755 <0.001

OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; SW, smartwatch; SpO,, oxygen saturation; AUC, area under curve

Table 3. Demographics and PSG results according to the STOP-Bang risk classification

Low risk (0—2) Intermediate risk (3—4) High risk (5—8) p-value
n (%) 15(13.8) 51 (46.8) 43 (39.4) <0.001
Age (years) 36.4+13.2* 44.47+13.38 455+13.3 0.002
Sex (M:F) 5:10 (33.3:66.7)* 34:17 (66.7:33.3)" 41:2(95.3:4.7) <0.001
BMI (kg/m?) 26.5+4.4* 27.07 +3.631 30.1+5.1 0.002
Neck circumference (cm) 35.5£3.1% 38.11+£3.341 41.9+3.0 <0.001
Waist to hip ratio 0.71£0.11 0.93+0.06" 0.99+0.1 <0.001
HTN 0 (Ot 12 (23.5)" 20 (46.5) 0.001
DM 2(13.3) 8(15.7) 12 (27.9) 0.262
CVD 1(6.7) 5(9.8) 5(11.6) 0.921
PSQl score 10.3+4.7 12.35+5.45 11.6£5.8 0.441
ESS score 8.3t4.7 7.88+£3.34 9.3+3.7 0.175
Diagnosis <0.001
Normal 9 (60.0)t 10 (19.6) 0(0)
Mild OSA 6 (40.0) 13 (25.5) 9 (20.9)
Moderate OSA 0(0)® 17 (33.3) 6(14.0)
Severe OSA 0Of 11 (21.6)1 28 (65.1)
AHI (events/hour) 50+£3.11 18.9+£14.11 37.3£21.1 <0.001
ODI (events/hour) 5.5+4.11 20.0+16.71 42.3+25.7 <0.001
PSG SpO: nadir (%) 87.1£5.2f 83.0+7.01 76.4+8.8 <0.001
SW SpO. nadir (%) 87.1t6.11 85.4+6.51 81.1+6.6 <0.001

Data are presented as n (%) or mean +standard deviation. *p <0.05 between low risk group and high risk; 10 <0.01 between low
risk group and high risk; 0 <0.05 between low risk group and intermediate risk; $p<0.01 between low risk group and intermediate
risk; 'p <0.05 between intermediate risk group and high risk; o <0.01 between intermediate risk group and high risk. PSG, polysom-
nography; BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; CVD, cardiovascular disease; PSQI, Pittsburgh sleep
quality index; ESS, Epworth sleepiness scale; OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; ODI, oxygen desatura-

fion index; SpO., oxygen saturation; SW, smartwatch
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Total
(n=109)

v v v

Intermediate risk
(n=51)

True positive: 43 (100.0%)
False positive: 0 (0.0%)

True positive: 9 (60.0%)
False positive: 6 (40.0%)

Smartwatch
SpO, nadir <86
True positive: 19 (79.2%) True positive: 18 (66.7%)
False positive: 5 (20.8%) False positive: 9 (33.3%)

Fig. 2. Flow chart of two-phase diagnosis of obstructive sleep ap-
nea with STOP-Bang and smartwatch.

Table 4. Confusion matrix of STOP-Bang alone and of STOP-
Bang with smartwatch’s lowest SpO2 combined

Any OSA (AHI>5) Moderate to severe

OSA (AHI=15)
4 - A -

STOP-Bang

+ TP=84 FP=10 TP=53 FP=18

- FN=6 TN=9 FN=9 TN=29
STOP-Bang+SW SpO- nadir

+ TP=69 FP=1 TP=62 FP=5

- FN=21 TN=18 FN=15 TN=27

OSA, obstructive sleep apnea; AHI, apnea-hypopnea index;
SW, smartwatch; SpO,, oxygen saturation; TP, tfrue positive; FP,
false positive; FN, false negative; TN, tfrue negative

STOP-Bang and Smartwatch for OSA Screening I Kim MW, et al.
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Table 5. Diagnostic accuracy of STOP-Bang alone and of STOP-Bang with smartwatch combined for OSA

Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)
STOP-Bang
Any OSA (AHI>5) 93.3 47 .4 85.3 89.4 60.0
Moderate to severe OSA (AHI>15) 85.5 61.7 75.2 74.6 76.3
STOP-Bang+SW SpO2 nadir
Any OSA (AHI>5) 76.7 94.7 79.8 98.6 46.2
Moderate to severe OSA (AHI=15) 80.5 84.4 81.7 92.5 64.3

OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; SW, smartwatch; SpO,, oxygen saturation; PPV, positive predictive

value; NPV, negative predictive value
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