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Abstract

Objective: To evaluate the application value and accuracy of enhanced wearable cardiopulmonary
coupling monitoring equipment (SF-C20-M) in early screening and clinical auxiliary diagnosis of
obstructive sleep apnea (0OSA). Methods: In this study, a prospective self-control design was adopted,
and 90 patients with suspected sleep-disordered breathing were included, and the whole night
sleep was monitored by wearable devices (SF-C20-M) and standard polysomnography system (SF-
A30S) respectively. The consistency of core clinical indicators such as apnea hypopnea index (AHI),
sleep event staging and blood oxygen parameters between the two devices was evaluated, and the
diagnostic grading efficiency was evaluated by Bland-Altman analysis, intra-group correlation co-
efficient (ICC) and Kappa test. Results: The wearable device and the control system showed a very
high clinical consistency in AHI measurement (ICC = 0.9998), and the average deviation was only
0.10 times/h by Bland-Altman analysis. In terms of diagnosis classification of OSA (normal, mild,
moderate and severe), the coincidence rate between them was 98.9% (Kappa = 0.984). Taking AHI
2 5 times/h as the screening threshold, the diagnostic sensitivity of wearable devices is as high as
100.0%, and the specificity is 92.3%. In the identification of moderate and severe OSA (AHI = 15
times/h), the sensitivity and specificity both reached 100.0%. Conclusion: The enhanced wearable
sleep monitoring device has a highly consistent diagnostic efficiency with the standard system in
clinical screening and severity grading of OSA. It can effectively improve the convenience of home
monitoring and patient compliance while ensuring high sensitivity and can be used as a reliable
clinical tool for early screening, graded diagnosis and treatment and chronic disease management
of OSA.
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1. 5|15

BHL 25 M e AR PR BT 45 (O S A) i — v R PRI REEREG PR PR B s, AR SO 7] s 52Kk AE G BRI N RHE, 7T
S B B AR EUIUE FIBERR G5 AR 1] [2]. OSA A HHiH B ARG &, 562 5] R 14 & i
JE O A AR SR AR S o LA B A BT S R R R [3]-[5]0 SRTT, HI TN & KR B TT B2 R 40 AT
Ay, OSA TENBEH IR 2 R W . £ SR I(PSG) B NS W &brd, (IR ZI0. XHEITIRBK
5 P vy FLER AR MR 22, M DA A2 D K B4R 07 2 B s K AP B 75 SR [6] [ 7]

WAER, BEA& 7 HA2yT HEDE, (E45% R MR 5 &% D R . & B R RIS, £ OSA
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SR AR U 1Al PO H S BB AR RI[8] [9]o ANHIE 7T 51 A7 AL 1 o 7R 2 s oo i 5 ML 00 5t %
(SF-C20-M), Z&&EM LB AAERE SV BRI DIRe, BRI, I IRkEASTE
B2 AR AL R = 5 IR0 1 VP AN 4 5 DA s AR 22 7 (138 S R SR BR[10] [11] AT, HAE R ARG K 5 R Hie W
HERAPEAT 77 8 30 E[ 12] [13].

AL, AR FHATIEYE B S oot Rvt, DURSCGARIbREREIR IS I RGNS IR, RGP AL 7 X
VA& AE BRI R AR I AU I A2 e PRAZ2 T 20 G b IR BCSER B, DU OSA MR X0y 73 RizyT
FRA AR At = ) I U & 22 UE 4R [ 14] [15]

2. EREF*E
2.1. FARIIR

AATHETERT AN 2022 4F 1 H 22 2023 4 2 H H1R] PR SE AL RERR PP IR i 12 1) J8 . NAHFRHE: (1)
U > 18 %5 (2) IIREEAL OSA, FATHEHRME AT E; (3) AeBsEflie H i, BRSNS mEF
A HEBRARAE: (1) S ARG RS BAE AR TR IE IET 3 N H R HA: ) THRIMZ . IR
W FLI Lotk s (3) A7 AE ™ HO il P 95 AS BB 52 MR IS I

BRI 90 BI52 ik F#, B 73 1(81.1%), Lt 17 #11(18.9%); F#(48.5+13.2)%; 1AFiESR
$(BMI) (26.8 + 4.2) kg/m?; #i[#(38.2 £ 3.5) cm.

2.2. AREE

PRGBSI 195 ) 78 R RS 2 I 5 % SF-C20-M . 234 8% B 4 KSR (AT 4: TAE 15 /NEFLL L)
KENE RS RAER ), SCREmE, % WIS 2 S8R RIS 5SG munBdi3c I, 8T IR A
FREH o fETAEEEITH, SF-C20-M FEAER 1 =itk ae b s AR (PPG) S . L0 HI(ECG)
F A DA R o R U = S sk P AR %, I CATE B JE SR A8 O OBk . 0 R AR T E(HR V) I 484
FOPE ARSI IESE T o HAZOFARIE T Oiti# A (Cardiopulmonary Coupling, CPC)EE 18, @4 #1 H
28 2 G AE AR A (RO LS FORF IR R GE TR AR, SRE00 BRI (S 5 A DG VEARRAE . 7EIX A A2
R P AR, B8 1 53538 A 2 AR T It R VRN T A R S R e 0 AR RE I T T 1 i TR A S
SRR P I T4 AT A S s [RURNE, J@ I S5 o BT kA A 3 (R (PTT) AN A B 22 5K 0 (1 5 A5 48
1, Bl AT B A SN A, ST BEL 2 P S 1 O 5 I B S P 58 SR 6 2 7 R 6 i BRARFAE ) 5 HR AR
NEAERARIRID %00

XPHE AR BEARZ T ML SF-A30S, 1EARMGAMIGIRIE I RS, FIFER &SN 2 FEAAER
DUTHEE . R A 35 R LA T I A Rl R A 00 R 2B R
2.3. ARt

KA HTHETE B S BTt A7 32 2 I EEAS R 4 F SF-C20-M AT SF-A30S 34T AR i il
PR U A 0 TR R AN AR 7 K o M I 2 B L - IR B 45 R < i A0 (ATHID) B 2 P RE AR P T 45 -2 (OS A)
HRORR A A PP 15 S B (CS A TR A PR BRI PP T 157 B AFEU(MS A RIE S BEAHE WPICER R A K
IR Ky KPR BT I e MR SRR A R B P i SRR L SRR
. AR ORI BN PRk .

2.4. OSA SHF Y RATfE

4R AHI 2% OSA " EFEE /> N 4 44 IEH (AHI<S5 X/h). BFE(5<AHI<15 /h). (15 <AHI
<30 /h). FEJE(AHI>30 K/Mh)[16].
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2.5. GitER®

K H Python 3.9 AT 41T/, ERBIRILAIE + FREZ (X £ )8 A8 o 7 3R ER ) Rk . PR
VA M AR 1 LLBCR FH X ¢ A5 38 80 Wilcoxon £ 5 FRAT I (4B IEAS MR 0 45 Ik ) . — SN R
PLR J7v%: (1) Pearson B¢ Spearman AH 343 BT P4 P 1 2 I A AUAE S M (2) A AR R BLACC) A il
B[ EEME, 1CC<0.50 NZ, 0.50~0.75 AF2E, 0.75~0.90 N RELF, >0.90 NEF5[5]: (3)Bland-Altman 4
M vPAl — 20 FR B2 (LoA)s T FIm 2 & 95% —EU PR IE; (4) Cohen’s Kappa RELVFAl OSA 215 2%
—FPE, Kappa < 0.40 A%, 0.40~0.60 A%, 0.60~0.80 NRLEF, >0.80 Nft7. LA SF-A30S NS Hix
#E, T4 SF-C20-M 2 OSA MBS . FrRE . BHMETIIE A AMBIME. P < 0.05 AZEFH S

3. &%
3.1. FINEEKXIFES OSA FERESH

AWFRILGIN 90 B2 E, 58 PRl ¥ 4% O BERR A . HR4 SF-A30S 75/ AHI {347 OSA ™
HREE DD EWA 13 61(14.4%), B E OSA 41 24 §(26.7%), HE OSA 41 16 $1(17.8%), FEJF OSA 41
37 Hl(41.1%). 3Zi0E AHI JE[FEN 0.3~101.2 /M, HAECR 22.0 R/, SRR AR RS T A IEF 2|
HIE OSA Mse BB, BA RIFMARME.

3.2. MIREFLMSHRR ST SR LS

90 {5 52435 {8 FH PR AR AL 25 MR ) 16 TS s WA 1. fERZ D2 Wi s 77T, SF-A30S M43 1) AHI
H(29.08 +25.44)7%/h, SF-C20 AR AHI 9(29.17 +£25.36)%/h, W& ZEMEALN0.10+£0.52)k/Mh, 5
SR Wilcoxon 5 FIG56 i n 22 T A3 it 247 (P = 0.003), (HiZ%Z MK XA IR, @/ T 1K
Th BRI R P 45252 72 7 R

FEVPI S0 20T, PR ARAE — € 255 . SF-C20 M5 OSA FHAEHE & = T SF-A30S (257.48
+151.20 vs 186.62 + 186.03, P < 0.001), i CSA FF44(0.01 +0.11 vs 0.30 + 1.60, P = 0.034)F1 MSA Hff
#(0.00 + 0.00 vs 2.43 + 6.96, P < 0.001) )| & X T SF-A30S. KiE S FAE BN B4 17 2 B LS i % 2 (P
=0.534) 0 IXFPRPIR A 3 R 00 22 S AT e 5 0 08 R FH AR EE AN [FA 56, (IR AR AHL SUE Y
—EE,

EMAE NS HOT T, B ML58(98.99% + 0.11% vs 98.97% = 0.18%, P = 0.317). HAK M4 (73.70% +
12.33% vs 72.52% + 13.07%, P = 0.498) Fll 5 /)M ik #4(48.80 + 7.42 ¥X/min vs 49.84 + 8.62 {X/min, P =0.569)
W R ZERB TR E L. TR SF-C20 B 5T SF-A30S (95.79% + 1.78% vs 94.48% + 3.02%, P <
0.001), ZURIEL SF-C20 ik T SF-A30S (105.64 + 143.74 X vs 139.21 £ 149.05 ¥k, P <0.001).

Table 1. Comparison of monitoring parameters between the two devices (n = 90)

= 1. AR NS HEEE (0 =90)

=g SF-A30S SF-C20 ZE P&
AHI (/h) 29.08 + 25.44 29.17 +25.36 0.10 +0.52 0.003
OSA H{H4 186.62 + 186.03 257.48 +151.20 70.86 +93.22 <0.001
CSA FHH% 0.30 + 1.60 0.01 £0.11 -0.29 + 1.60 0.034
MSA FH4H5 243 +6.96 0.00 £ 0.00 —2.43+6.96 <0.001
I H 2 8.01 +9.95 730 +9.93 -0.71 + 13.90 0.534
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WP 24 i K (min) 90.80 + 83.40 105.12 + 67.26 14.32 + 44.41 0.003
IR A~ S5 I (s) 29.41+7.29 23.39 £ 3.09 —6.03 +7.24 <0.001
I AT B4 I K (s) 84.50 +22.80 65.73 +5.83 —18.76 £22.92 <0.001
I 1 1ML (%) 98.97 +0.18 98.99 +0.11 0.02 +0.21 0.317
AL 5E(%) 72.52 +13.07 73.70 £ 12.33 1.18 + 16.41 0.498
L5 (%) 94.48 + 3.02 95.79 + 1.78 1.32+£2.56 <0.001
EIRIR L 139.21 £ 149.05 105.64 + 143.74 —33.57 +84.98 <0.001
S I K (min) 82.26 +79.26 60.32 £ 76.36 —21.94 +44.45 <0.001
B K KA (K /min) 102.97 +23.38 113.62 + 23.65 10.66 + 26.69 <0.001
/MK (IR /min) 49.84 + 8.62 48.80 + 7.42 —1.04 + 8.86 0.569
ST Bk 4 (V% /min) 66.51 £10.22 67.56 + 9.96 1.04£2.17 <0.001

3.3. XM TS 1CC 9%

P25 5 WIS B A S ME B TCC M R W36 2 FIEE 1. P 20 ABFRS 16 BRI bR 3T T &
G — BV, A5 R R OR SRR AR — B K AR I B 2 R

TE—HEL TS IR FR(ICC > 0.90)H, AHI I AR H, Pearson HHK RE=IL 0.9998 (P <0.001),
ICC 4 0.9998 (95%CI: 0.9997~0.9999), iX—&5 LRI Z1EMZ 2 Wifebr L BA JLF 5361 — 8.
SERI BRI ICC 2N 0.9718 (95%Cl: 0.9649~0.9846), [FIFFIAZIPLT /KT, HIR I T £ 75 0o 35 i il 75 T 4 2L
A e BT S

7E— 2 R IR ARICC 0.75~0.90)4, OSA FA-E(ICC = 0.7818, 95%CI: 0.7790~0.8978). FFI =
B BH(ICC = 0.8152, 95%CI: 0.7502~0.8835) EUHIKEL(ICC = 0.8118, 95%CI: 0.7548~0.8859)F1 A I3 =
I (ICC = 0.8063, 95%CI: 0.7622~0.8895)1i5 B R /K. IXLLFRHR BARAAAE —E MM EZE R, HR
BRI GRS HNE.

E—SMERZE IR FR(ICC <0.50)H, CSA FH/EH(ICC =-0.0026). MSA FHAF(ICC =0.0000). {Hif
REMF(ICC =0.0224) M FHAEFEI K (ICC =0.1037) He KM R K (ICC = 0.0318).  #ix I 4A
(ICC =-0.0171). HAKIMAE(ICC = 0.1668). T M4 (CC = 0.4130). & KIKIH(ICC = 0.3246)F 5 /)M K #
(ICC = 0.3915) 1) — B8 7 . IXEGHRFR K — BRI 8 5 B & AR ISR RRPE . SR A B0 22 S
AKX

L4 ICC AT, 16 TiFabrH 2 Ti(12.5%)iL MR TE KT, 4 Ti(25.0%)I5 H) R 47K, 0 BUAH|
KPS 10 TH(62.5%) 2% . EAFHRIENZ, kKR ELERZETEF AHL LS 7 IF5 1) — B

Table 2. Correlation and ICC analysis of monitoring parameters between the two devices

R 2. MIEFRMENSHHERMER ICC 9

=L Pearson r ICC 95%ClI —EE AN
AHI 0.9998 0.9998 0.9997~0.9999 75
OSA 44 0.8671 0.7818 0.7790~0.8978 R4
CSA H4L -0.0200 -0.0026 —0.2086~0.2036 7%
MSA FH4E% — 0.0000 -0.2061~0.2061 %
fRIB 4 0.0223 0.0224 —0.1847~0.2273 %=
RIE SEUSVNRS 0.8474 0.8152 0.7502~0.8835 R4
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I AP35 B G 0.2265 0.1037 —0.0448~0.3569 =
SN SR EINES 0.1076 0.0318 -0.1561~0.2550 =
I e ML -0.0197 -0.0171 —-0.2225~0.1896 %=
AR 4 0.1662 0.1668 -0.0416~0.3597 =
PR 0.5353 0.4130 0.2905~0.6152 %=
EIRIREL 0.8321 0.8118 0.7548~0.8859 R
U 0.8374 0.8063 0.7622~0.8895 R4
YN 0.3556 0.3246 0.1614~0.5234 =
N 0.3966 0.3915 0.2024~0.5535 #=
P35 ke 0.9771 0.9718 0.9649~0.9846 R
A B
P<0.001
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Figure 1. Scatter plots and regression analysis of key indicators
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Figure 2. ICC heatmap of monitoring indicators. Colors from red to green indicate ICC values from low to high
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3.4. Bland-Altman —H($ 947

Bland-Altman 7} 47 A& WAL B A & 5 72— SO & vk, AR S FE PR HEAT T VR4 Bland-
Altman 7381, 253 W% 3 KK 3.

AHI ] Bland-Altman 73 #7127, -~k % (Bias) N 0.10 #X/h (95%CL: —0.01~0.20 {X/h), ] SF-C20
FHXTT SF-A30S fFEMRERTUN RGP E i, HixmZ/EG IR Lol 2T . ZEMREZA 0.52 X/,
95% —FUPER E(LoA)N—0.92~1.11 K/h, Bl 95% & ZH IS L% u N . 5 &3] AHT 11l R 7 2% RME
N5 154 30 R/, 1% BB /N TAE AR AR 4> G2 (Rl A 220, SRR 72 AHL & EBA N ST
R —FE . B 1(A) IR, 90 MR S S S ATAESME L P, TC A S5 0 B A8 s 22 (R 2248 A o 0 2 {1
Kl RG AR, HICH] & A .
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Table 3. Results of Bland-Altman analysis

3% 3. Bland-Altman S #rZ5 R
Ei=7 D Bias 95%CI LoA TR LoA FR
AHI 0.10 -0.01~0.20 -0.92 1.11
R fiiE= 1.32 0.79~1.84 -3.70 6.33
SRR EL —33.57 -51.12~-16.01 -200.13 132.99
AR I 4, 1.18 -2.21~4.57 -30.98 33.34
A B
l ) I I I —I Mean=0.10I 10 I I .I I —_— IMean=1,32 : H
4F === +1.96SD=1.11 H [ ] === +1.96SD=6.33
-== -1.96SD=-0.92 —-== -1.96SD=-3.70
8F d
3 ]
r T b e e e e e L Y,
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Figure 3. Bland-Altman analysis plots of key indicators
3. X§E#E#RAY Bland-Altman 4} #7[E]

5o

P14 Bland-Altman 73047 278, Bias A 1.32% (95%CI: 0.79%~1.84%), SF-C20 5 {15 1 4
W& =+ SF-A30S. 95%LoA N—3.70%~6.33%, JuFEAXETE, Femm & AN & B — e %

1(B) o~ 73 H s

R ATBO G JEHAEAR 4 X
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FURIE Bland-Altman 23 H7 7R, Bias N—33.57 ¥ (95%CI: —51.12~16.01 ¥X), SF-C20 |75 (1) %
IEUE EART SF-A30S. 95%LoA 9—200.13~132.99 X, JEHEETE, [T W& 78 E 3R 5 b
Rk ESR.

I 4E Y Bland-Altman 73047875, Bias A 1.18% (95%CI: —2.21%~4.57%), ZRTG8245 L.
95%LoA H-30.98%~33.34%, i FEIHR B8 , 1575 FE B B I M 48 1 PR B S 6 27 T 1R ) ™ B AR A ML (<90%
5<85%), %7 A I PR PRSI 2 A B

3.5. OSA ZHF 5 R —H 14 o

GRS, OSA HIVZWIAATT 3K L EAKIE AHI s B AR TRIE AHI K2R E 5N
IEH (<5 IR/ BRFE(5~15 ¥k/h) HEE(15~30 YR/M)FIE FE(>30 /h)U N5, PPl 3812 W 0 i —
£ g8

PRV A5 IS W7 20 IRV SR R DL 32 4 RIS 4. 78 90 B 52038, 89 #11(98.9%) 12 Wi i 54— 8. A
TS B 13 B0 12 51 —58092.3%), BEL4 24 1435 —50(100%), FEELL 16 54— 3(100%),
HEU 37 B AH—E0(100%). A 1 F132F I BA—8, %855 SF-A30S WlIf3 AHI 2y 4.8 #X/h
(KI5 NIER), SF-C20 MIfF AHI A 5.2 /b GAlE AR, ZEAUN 0.4 Yh, IR 5 K/ 152
iR

Cohen’s Kappa R%N 0.984 (95%CI: 0.851~1.118), #R#% Landis Fl Koch [¥14> % FrifE[17], Kappa >
0.80 FK R~ —HPE 75 (almost perfect agreement). ASHF 7L Kappa {E#2IT 1.0, KPP BEALE OSA 2 W4
G FBA)LT RN —EE.

Kl 4 FRREHERERTEEMER TSl — S e . X5 M4 BRI 07 R —Zus i
B, AEXH AN B L4 0 (D), SUES - BEAZ AL 1 BIA—8. P BT TXF A 44y
AR R — DU SE T W1 & 2 Wi o AL 5 — Bk

E 12 1 0 0 %
30

x BE 0 2 0 0 =
p
by 20 &
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< 415
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Figure 4. Heatmap of confusion matrix for OSA diagnosis classification
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Table 4. Confusion matrix of OSA diagnosis classification (cases)
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Table 6. AHI consistency analysis in subgroups with different OSA severity
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Figure 5. Scatter plots comparing devices across different OSA severity subgroups
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