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Total Exclusion
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Final analysis set
(n = 14,939)
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X4

Xz

X3

Input layer
(21 variables)

hidden layer 1 hidden layer 3
(64 nodes (16 nodes)

Output layer
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2o gt oS oF o & HEEHE FAsIth. &5 dlolE e AA Yy B E
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5 o] &3 FH2E TtEAE A AEESSlt. o &

Agkel AdHez ¢ & 7FAE B

11, compute_class_weight <
= &
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AA 2 e}k mastel 0sA

dS+% (Accuracy) ] A x= AZFssiolt. B3, U= (Sensitivity) <}

R
K3
|\
]
o

N

Eo] %= (Specificity)e] #dLS Z=gFHo=z 1#Hs7] Y& ROC curve(Receiver

Operating Characteristic curve)< ZA3tal, = W& (AUC, Area Under the Curve)

S A=6le] o= 2elo BEH P (discriminative ability)S AR ow #7139},
=

a AlgrE o5 wale] AW A% WS, 1 FEAS dEHA
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1 A7 AaAe 9ud 54

2 AFE F A didAF 14,9399 S A4 F 355 (0SA) Rt ofFo ujz}
Adubdel EAS nuskAYt (% 1), AA A T 0SA At 11094 (0.7%), H]

™
L
8y
rlo

4,829 (99.3%) o] A t}.

re
ot
rlo

0SA zlebato] 56.34 £ 1.03A41, v]xekte] 57.38 + 0.164=, TAAS=E

g Afol= AT (p = 0.3076). ¥ Ex= 0SA At o Fo] wel SAHoR
frojek ZfolE Hlth(p < 0.0001). 0SA F kol A= dAadel 80.0%, Aol 20.0%%

ow, vIGT A= Aol 43.04%, JAdo] 56.96%= 0SA Xlekrol Al HFAde 4
H & o] v zlgkrel s fFostAl wdrh. 57 S 05A FeareA] 122.89 +
1. 46mmHg=, ¥ HTE T A et oy SAAH R fFolahA] edgkon (p =
0.2143), o]¢t7] &t 78.32 £ 0.80muHg®E P A TR FolstA =4 el
(p = 0.0122).

ADZFAFBM)E 0SA Aekato] 26.45 +  0.60kg/m* & M ZAT(24.25 +
0.03kg/m? )H T} 2384 =9kom(p = 0.0003), EE¢(38.27 £ 0.41lcm vs. 35.21
+ 0.03cm) 2 3= (93.07 £ 1.50cm vs. 85.27 £ 0.10cm)%= 0SA A ekatol A
oJstAl &= 3kth(p < 0.0001).

g3 94 Ad AxAAE= A5 Fog zol7b FlEdY. FEEAT

9
104.89 + 2.16mg/dL= ThA Eqtov} §olat%] &ekil(p = 0.5868), HbAlew: 2t

Mo

A kato]

of & xlolE= FoetA ZUthp = 0.6646). ¥HH | HDL-ZF#H ~HE F£32+&= H
Akt (54.04  +  0.16mg/dL)ol  Hl8] Hetold  FoaA Ekoem(51.18 +

—

Bdmg/dL, p = 0.0144), FZFHA=EHS(179.45 £ 5.01 vs. 191.93 £ 0.42, p =

-20 -



0.0132)2 v ekro] AR TE £& FXE HolH o]l FAHoR {F23519tt.
LDL-Z# 2~ 8 2 (107.61 + 4.66 vs. 115.83 + 0.38, p = 0.0784) 3} 44 A "H(137.8
8.48 vs. 138.30 £ 1.18, p=0.9603)2 FAIH o= fogt o7} It M S
A= 0SA ZHekaro] 14.84 £+ 0.17g/dLZ w]HS2(13.90 = 0.01g/dL) Rt} F-2]sHA)
ThHp < 0.0001).

dae AHFS e ool wmE {7k Aolzh 12 (0.13 £ 0.014 vs. 0.12
+ 0.001, p = 0.6840), & el E BAHoRE Fodt Ho]7F #AHAG(p <

e
32

i}

0.0001). OSA Aette] & SAA} v &L 18.18%, A SAAE 52.73%, H]SAAF
= 29.00%9 0 vHlAGTNAE 22 15.07%, 25.03%, 59.90%= FEFRTE. 0SA 2

i

T2 v vlE] A FAAF v]Ee] =i, H
o},
SHF Ht ¢hol = AIZE2 0SA Febaro]l 9.71 £ 0.34A1%F, v waro] 8.42 +

’

oo

H

P
rlo

7

otk
o

A e

32

0.04A17Fo 2 Hekgroll A 2ol 8kA =%kal(p < 0.0001), T3 H
A (47.73 £ 0.75A17H) 0] B AT (47.15 + 0.08A1ZH) Bt} §-938tA A A e
WYok(p = 0.4471).
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Qg 54y

0SA Diagnosis

Total N v
Variables (N=14,939) (N=14(,)829) (N=ii0) P-value
Mean + S.E Mean £ S.E Mean + S.E
Age 57.37 + 0.17  57.38 + 0.16  56.34 + 1.03  0.3076
Sex (N, %) <.0001
Male 6470 (43.31%) 6382 (43.04%) 88 (80.00%)
Female 8469 (56.69%) 8447 (56.96%) 22 (20.00%)
ii’zz‘s’llliz blood 121.09 + 0.20  121.07 + 0.20  122.89 + 1.46  0.2143
gi:;ﬁi;c blood 76.31 + 0.11  76.31 + 0.11  78.32 £ 0.80  0.0122
BMI (kg/n?) 24.27 + 0.04 24.25 + 0.03 26.45+ 0.60 0.0003
Neck circumstance 35.24 £ 0.03 35.21 £ 0.03 38.27 £ 0.41 <.0001
Waist measurement 85.34 = 0.10 85.27 £ 0.10 93.07 £ 1.50 <.0001
E;;fﬂn‘)g blood sugar 103.73 + 0.25  103.72 + 0.25  104.89 + 2.16  0.5868
HbAlc 5.81 £ 0.01 5.81 + 0.009 5.79 £ 0.06  0.6646
Total cholesterol 191.82 £ 0.42 191.93 £ 0.42 179.45 £ 5.01 0.0132
HDL-cholesterol 54.01 + 0.16  54.04 + 0.16  51.18 + 1.64  0.0144
Triglyceride 138.30 + 1.17  138.30 + 1.18  137.88+ 8.48  0.9603
LDL-cholestrerol 115.76 £ 0.38 115.83 £ 0.38 107.61 £ 4.66 0.0784
Hemoglobin 13.91 + 0.01 13.90 + 0.01 14.84% 0.17  <.0001
Alcohol consumption 0.12 + 0.001 0.12 £ 0.001 0.13 £ 0.014 0.6840
Smoking (N, %) <.0001
Current smoker 2254 (15.09%) 2234 (15.07%) 20 (18.18%)
Previous smoker 3770 (25.24%) 3712 (25.03%) 58 (52.73%)
Non-smoker 8915 (59.68%) 8883 (59.90%) 32 (29.09%)
gz:aéa;itﬁélrf_sgime 8.43 £ 0.04 8.42  0.04 9.71 + 0.34  0.0001
Total sleeping time 47.16 + 0.08  47.15 £ 0.08  47.73 £ 0.75  0.4471

per week (hours)
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2% AFddAte] ST0P-Bang A% 5ol sk §5 A5 0SA ek of Fof mp
g} wlwg Afoltt, IFo|(Snoring)E HA bS] 19.10%(2,854% el A B2
Ao, 0SA Aektol i 64,5562, HIAGF(18.77%) et Fo8tA & v&S B
AH(p < 0.0001). ¥ ZZF(Tiredness)< 0SA Aekatol A 49.09%=, H] ko A+=

29.76%% Aol A FostA =dth(p < 0.0001). =H F ¥3& =74 (Observer)

ol

B= Aol A 74.55%, B)AEkatol A 8.13%%, kol A uf
ZE o EAHoZ Fosdtt(p < 0.0001).
e WE ofF = 0SA kol Al 42.73%, Bl Eto| A 33.74%% §-2]8 xpo]l =

=2 HEE

o

o (p =0.0472), BMI = 30kg/m?® = W] &S ekato] 16.36%, B]Zehato] 5.36%
2 Ao A o8 A =UTHp < 0.0001). A8 504 23 o F = Ao 74.05%
gom 0SA et 70.0%, H AT 74.08%% FA 7+ Fold xpol=

im

A %

i
8

m
4w

CHp = 0.3310). 55 > 40cmi= et 23.64%, Bl eha* 7.18%2, Wekatol
oJ3tAl oM (p < 0.0001), A 4L 0SA Feho] 80.0%7F HA o=, M
T(43.04%) Bk frol et e HES Bth(p < 0.0001).

STOP-Bang A5 WE 9da EXAE, YT L(54 olAh)d &

>

o
TR

e

o g2}
AL 6.04%(9028)F o™ | 0SA Aektol A= 42.73%7F 9@ atol] s, v
2] 5.77%0 W& FolsHA E E¥XE HAtH(p < 0.0001).

rr

o
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¥ 2. 0SA At o Ho] u}2 STOP-Bang

o -
A

i
kel

STOP-Bang
variables

0SA Diagnosis

Total No Y

N (SN
(N=14,939) (N=14,829) (N=110)

N (%) N ® N @

P-value

Snoring

No

Yes
Tiredness

No

Yes
Observer

No

Yes
Hypertension

No

Yes
BMI > 30kg/m”

No

Yes
Age > 50

No

Yes

Neck circumstance >
40cm

No
Yes
Gender - male
No
Yes
STOP-Bang risk
Low risk
Intermediate risk
High risk

12,085 (80.90%)
2,854 (19.10%)

10,472 (70.10%)
4,467 (29.90%)

13,652 (91.38%)
1,287 (8.62%)

9,888 (66.19%)
5,051(33.81%)

14,126 (94.56%)
813 (5.44%)

3,877 (25.95%)
11,062 (74.05%)

13,848 (92.70%)
1,091 (7.30%)

8,469 (56.69%)
6,470 (43.31%)

9,344 (65.55%)
4,693 (31.41%)
902 (6.04%)

12,046 (81.23%)
2,783 (18.77%)

10,416 (70.24%)
4,413(29.76%)

13,624 (91.87%)
1,205 (8.13%)

9,825 (66.26%)
5,004 (33.74%)

14,034 (94.64%)
795 (5.36%)

3,844 (25.92%)
10,985 (74.08%)

13,764 (92.82%)
1,065 (7.18%)

8,447 (56.96%)
6,382 (43.04%)

9,237 (62.90%)
4,647 (31.33%)
855 (5.77%)

39 (35.45%)
71 (64.55%)

56(50.91%)
54(49.09%)

28 (25.45%)
82 (74.55%)

63 (57.27%)
47 (42.73%)

92 (83.64%)
18 (16.36%)

33 (30.00%)
77 (70.00%)

84 (76.36%)
26 (23.64%)

22 (20.00%)
88 (80.00%)

17 (15.45%)
46 (41.82%)
47 (42.73%)

<.0001

<.0001

<.0001

0.0472

<.0001

0.3310

<.0001

<.0001

<.0001
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2. STOP-Bang A<} 0SA & £

==

H AFAE STOP-Bang A 4o whE 0SA ¢k A&

i
m
Ll
i)
©

atazp, A
712 AYga(Low risk), =@ (Intermediate risk), I (High risk)>
2 RS 7 0 AEES BASATHE 3).

A (0-25) 0l A= 0SA FdEo] wfg W FFo R YEgth. FAHSR, 0
Aot 1389 A% Z+zF 17%4(0.08%) 3 378(0.08%)%He] HekEom 2o E A
4,510 ZF 189 (0.40%) 5] 0SA Fehs whe Aoz FRIHUATE. T AT (3-4%)9]
e e Bt 3HCAE kgl

0.59%(19/3,226), 4@ A= 1.84%(27/1,467)2 eEFTE, 298 (High risk)dlA]

Hn

AVES A Fh wet 2% 4%

ol
rir

= AdeR £ 05A AGES Hor 539 A% 601Y T 0SA FIeHs vk A}

dA7F 229 (3.66%), 689 AL 2289 F= 179H(7.46%), 7R AL 639 7w

of

(11.11%), "oz 8- AL 10 = 19 (10.00%)¢] &A%},
0SA Aekgo] FolE BHYS v, A7 245 2

A4 o2 STOP-Bang A4+ 0SA
7ol FlE ik, 53], ST0P-Bang A57F 0 - 18

Tgo] TR Frleke
o A= 0.1% Wiwke] Aeg S HolE Wi, 7 - 8HQ oAM= 10% ©)/de] zlghge]
UElE Aoz wol, ol g d47F 05A 19 FS et o glo] fomd
a8y AeEo] Frhskel = E-3kal STOP-Bang Ao 2= 7 ko] glojA
st = k. dE S0, AAJTLGA oA xAr IAdE
7t AA 2 A
A e AedE onett. Eo, AP delAE 0SA WG A7 th EAlEHE
p-

Bang g 7IWh EF @FAE Heoles Adolrt. o9k & FHolA,

rlo
w
o
=
L
—
=
S
MN
3
A
e
K
%0,
o
H
o
rlr
=
o
o
Sy
=
=
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3 3. STOP-Bang A5t'd 0SA &+ &2

STOP-Bang STOP-Bang . .
Risk Group Score 0SA No 0SA Yes Total Diagnosis Rate (%)
0 1,193 1 1,194 0.08%
Low risk 1 3,642 3 3,645 0.08%
2 4,492 18 4,510 0.40%
Intermediate 3 3,207 19 3,226 0.59%
risk 4 1,440 27 1,467 1.84%
5 579 22 601 3.66%
6 211 17 228 7.46%
High risk
7 56 7 63 11.11%
8 9 1 10 10.00%
Total 14,829 110 14,939 -

- 26 -



3. STOP-Bang <59} 0SA A te] v X AH 37 B4 Az

STOP-Bang A7t #AlAAAFTAFEES(0SA) Ak o] Fo] nx= s Hrlslr)
8 T A ~8 32X (Univariable Logistic Regression)S 3338ttt &
AMole F 14,9399 o7t 23EA oW, o] F 0SAR XdE A9+ 1107
(0.74%) ] AT}
A1 A3, STOP-Bang A+ 0SA X 7hsAd 3 F93k 49 AAAdS BAoH(p
< 0.0001), 57 18 7155 0SA et 7HsAdo] SAACRE fostA F7tshe
Ao VGEFSTHEL).
2ol d=8S HrFe ROC 42 AUCE 0.8268%, STOP-Bang H4= ©@+d W =qk
ORI HWA & dF5 ASEE BA(2E 3).
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¥ 4. STOP-Bang #5=¢} 0SA ko] v X ~¥ 3784 Az

Variables OR 95% CI P-value

STOP-Bang score 2.31 2.02 - 2.65 <.0001

- 28 -



ROC Curve for Model
Area Under the Curve = 0.8268

Sensitivity

0.00 0.I25 0.50 U.ITS 1.00
1 - Specificity
19 3. STOP-Bang <= 7IWF 0SA Zek o 52| ROC 41
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STOP-Bang 4= & <o 7149l 4 2 17 #d W45 £33 0SA vk
o R 3 =TS Hrtstr] Y& g 2228 3] AEA (Multivariable

Logistic Regression)& AAISFST. EA4A e Mg =ola HA3} 7HeAS

Hasgtelr] &l AA dolHAS 358 (70%) 4 HFE (3002 vyo] B¥ES T
ottt

58 dolEHANN = 10,565)& 7IWto® 3 s =AY 3784 23 (F
4), AR AFSEFST0SA) e oo FAH R Folgt e vA= HEe
FE5 524 of B (Observer), E=°](Snoring), = o4 (Alcohol consumption), 3}

T H ool Al 7H(Total sitting time)o]AT}.

52 A% A 94 2 ggl ) ose

=
5y
&
)

of
1
fols
2
i
F

=7} 20,688 &=, FAAOZ vl Fo]Eltk(p < 0.0001). FFo] B EF Q=H]
1.09-4.79, p = 0.0287)%2 EAH o= §olatgl oL}, vhde] w27k
(Tiredness)e 2=H] 1512 ¥& FAZ HAOU, p = 0.09930.2 FolFFd=
CaEkA Eath. A AgoE G oJdrT 9=7) 1.798 A YErge
L, p = 0.34742 FAARCR FoshA] ko).

e}
-
27 2 AL #AHd My F SF grolx BHuUlE AIZF2 e=H] 1.14(95% CI =

2.29(95% CI

!

0.0003)= EAA R Fosilon, &5 oF= 2=H| 0.16(95%
Cl =0.04-0.67, p = 0.0130) 2 EAH & F3 52 #H4S Yepdity, 54 W
T A, A FAAE vlFAAe] vl e=7F 0.70M = Wk on} FoJskA ¥2
A(p = 0.4276), A FAAeE Folgh afe]& HolA| 4Skth(p = 0.8934).

g g Agst A FoAE slEIEZN (R = 1.19, p = 0.1511)7} ¥4

1.06-1.22, p

E2 2=HE HOoY A folde E1HA fkon, HL-FHHE 9A
OR = 1.02, p = 0.3425% o|&}#] &sktt. I3td M A (HbAle), FHEY, T
HE, $AAY, LIL-Fd2HE 5% TA4922 o541 &),
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(test) dlo]Ed

w8 dolH=z +

[si3
of

1
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2ol A AUC(Area Under the Curve)
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£ 5 g dolgMolMel 0sA Awa wAR AF L dF 2919 thas
27228 3784 A3}

Variables OrR 95% CI P-value
Age 0.99 0.96 - 1.03 0.6278
Sex

Male 1.79 0.58 - 6.03 0.3474

Female 1 Reference
Snoring

No 1 Reference

Yes 2.29 1.09 - 4.79 0.0287
Tiredness

No 1 Reference

Yes 1.51 0.93 - 2.46 0.0993
Observer

No 1 Reference

Yes 20.68 9.69 - 44.14 <.0001
Systolic blood pressure 1.03 1.00 - 1.06 0.0944
Diastolic blood pressure 0.96 0.94 - 1.03 0.4097
BMI (kg/m”) 1.02 0.87 - 1.21 0.7852
Neck circumstance 0.95 0.78 - 1.15 0.6049
Waist measurement 1.03 0.96 - 1.10 0.4398
Fasting blood sugar (mg/dL) 1.00 0.98 - 1.02 0.7053
HbAlc 0.61 0.35 - 1.06 0.0784

(AI<)

=32 -



E 5. S48 dolHAlelAel 0sA dww #AR AP L QY 2o o
2228 AR A3 (AF)
Variables OrR 95% CI P-value
Total cholesterol 0.99 0.95 - 1.04 0.6691
HDL-cholesterol 1.02 0.98 - 1.07 0.3425
Triglyceride 1.00 0.99 - 1.01 0.8302
LDL-cholesterol 1.00 0.96 - 1.04 0.9457
Hemoglobin 1.19 0.94 - 1.51 0.1511
Alcohol consumption 0.16 0.04 - 0.67 0.0130
Smoking
Current smoker 0.70 0.28 - 1.71 0.4276
Previous smoker 1.06 0.45 - 2.50 0.8394
Non-smoker 1 Reference
Total sitting time per day (hours) 1.14 1.06 - 1.22 0.0003
Total sleeping time per week (hours) 1.02 0.99 - 1.04 0.1518
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1.00

0.50

Sensitivity

0.25 -

0.00

ROC Curve for Model
Area Under the Curve = 0.8660

0.00

0.25

0.50

1 - Specificity

a9 4. AFE dolg A AY % Ay

j=2e]
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ABSTRACT

Obstructive Sleep Apnea (0SA) Diagnostic Prediction Model Using STOP-Bang
and Clinical Indicators: A Deep Neural Network Approach Compared with

Logistic Regression Analysis

SeulKi Lee
Department of Health Informatics & Biostatistics
Graduate School of Public Health

Yonsei University, Seoul, Korea

Background and purpose

Obstructive Sleep Apnea (0SA) is a sleep-related breathing disorder
characterized by repeated upper airway obstruction during sleep. It is recognized
as a major public health concern due to its strong association with chronic
diseases such as hypertension, cardiovascular disease, and diabetes. The STOP-
Bang questionnaire is widely used as a screening tool for early detection of OSA,
offering the advantage of high sensitivity in identifying high-risk individuals.
However, its low specificity limits 1its precision in individual diagnosis,
raising concerns about its standalone predictive accuracy.

This study aims to address these limitations by developing an enhanced predictive
model that integrates the STOP-Bang score with additional clinical and behavioral
health indicators. Furthermore, the study seeks to compare the predictive

performance of a traditional statistical method-logistic regression—with that of

- 57 -



a machine learning-based Deep Neural Network (DNN), ultimately proposing a more

effective model for OSA risk prediction.

Methods

This study analyzed data from 14,939 adults aged 40 years and older, derived
from the 8th and 9th cycles (2019-2023) of the Korea National Health and Nutrition
Examination Survey (KNHANES). Obstructive Sleep Apnea (0SA) diagnosis was defined
based on self-reported physician diagnosis. In addition to the STOP-Bang score
and its individual components, the analysis incorporated various clinical and
behavioral health indicators, including blood pressure, blood glucose, lipid
levels, body mass index (BMI), alcohol consumption, smoking status, sleep
duration, and sedentary time.

Logistic regression analysis was conducted considering the complex sampling
design. Both wunivariate analysis, using only the STOP-Bang score, and
multivariate analysis, incorporating additional health indicators, were performed
to assess explanatory power. For model validation, the dataset was randomly split
into training and validation sets in a 7:3 ratios. A Deep Neural Network (DNN)-
based predictive model was also developed. Predictive performance and variable
contribution were evaluated using the area under the receiver operating

characteristic curve (ROC-AUC) and SHapley Additive exPlanations (SHAP) analysis.

Results

In the univariate logistic regression analysis, the STOP-Bang score was
significantly and positively associated with OSA diagnosis (OR = 2.31, 95% CI:
2.02-2.65, p < 0.0001), with an AUC of 0.8268. In the multivariable logistic

regression model, the AUC improved to 0.8660, with witnessed apnea during sleep
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emerging as the most significant predictor (OR = 20.68, 95% CI: 9.69-44.14, p <
0.0001). Other significant predictors included presence of snoring (OR = 2.29,
95% CI: 1.09-4.79, p = 0.0287), total sitting time per day (OR = 1.14, 95% CI:
1.06-1.22, p = 0.0003), and alcohol consumption (OR = 0.16, 95% CI: 0.04-0.67, p
= 0.0130).

The Deep Neural Network (DNN)-based prediction model achieved the highest
performance among the three models, with an AUC of 0.9020. SHAP analysis
demonstrated variable importance trends similar to those identified in the
logistic regression model, indicating both interpretability and clinical

relevance of the DNN model.

Conclusion
While the STOP-Bang questionnaire 1is an effective tool for identifying
individuals at high risk for OSA, its limited specificity at the individual
diagnostic level highlights the need for complementary approaches. This study
demonstrates that incorporating clinical and health indicators alongside the
STOP-Bang score can enhance predictive precision. Moreover, the Deep Neural
Network (DNN)-based machine learning model outperformed traditional statistical
models, suggesting the potential for developing more advanced and accurate

prediction tools for early OSA screening in the future.

Keywords: Obstructive Sleep Apnea (0SA), STOP-Bang, Logistic Regression, Deep
Neural Network, Predictive Model, ROC-AUC, Korea National Health and Nutrition

Examination Survey (KNHANES)
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