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Abstract

Objective: Obstructive sleep apnea syndrome (OSAS) is a significant public health issue that in-
creases patients’ risk of developing metabolic and cardiovascular diseases. This study aims to clar-
ify the association between OSAS incidence and severity with serum sphingosine-1-phosphate (S1P)
concentrations. Methods: A total of 111 obese subjects were enrolled and underwent overnight pol-
ysomnography (PSG) to assess eligibility for bariatric surgery. Among them, 86 were diagnosed with
0SAS, while 25 served as the control group. Serum S1P levels were measured using enzyme-linked
immunosorbent assay (ELISA), and demographic and clinically relevant information was collected
and analyzed. Results: Compared with the control group, serum S1P levels were significantly re-
duced in OSAS patients. Further analysis revealed that within the OSAS patient cohort, serum S1P
levels exhibited a progressive decline with increasing disease severity. Linear regression analysis
confirmed a significantly strong negative correlation between serum S1P levels and the apnea-hy-
popnea index (AHI), while a marked positive correlation was observed with the lowest arterial ox-
ygen saturation (LSa0:z). Receiver operating characteristic (ROC) curve analysis indicated that serum
S1P demonstrated superior predictive efficacy for OSAS screening compared to the Epworth Sleep-
iness Scale (ESS) and STOP score. Conclusion: Compared with the control group, serum S1P levels
were significantly downregulated in OSAS patients, and their levels showed a negative correlation
with disease severity. Simultaneously, serum S1P demonstrated good specificity, sensitivity, and
positive predictive value in OSAS diagnosis, suggesting its potential as a diagnostic biomarker for
OSAS.
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1. 5|8

BH ZE 4 I IR IV T8 87 457 43 45 fiE (OS AS) A2 — Tl 4= 2R 21 K 1 /A St Eﬁz%ﬁjz, M) 4% N\ B A
30%~50% [P AL EANFE[1][2]. OSAS [RIARFAEAE T+ [A] 81 SR R k2D, 3% T~ R 4 A) |03 S &2 PH
FEFTEL[3] [4]. OSAS FIZ Al ™ 5 A% FE 43 S i 1 () 22 5 B HIR ¥ (P S G )l 22 1) I 38 452 1K I8 A< H R (A HD)
*D%ﬁﬂﬂl’j’E@*ﬂ}#(LSaOz)iﬂ‘ﬁgﬁiﬁ[S]o KEIEPER, OSAS B KA mIME A BEIRp A4S
CEAE AR RO ML 73 TR R BE K, H OSAS 1™ HFE -5 1 By 07 (1) R T3 SR BB T 3R AH K[ 6] [ 7]
B - 1-BRER(SIP) & — PP Z AR TS 5 0 1[8], BB EE— At 5 A G & FHBIBSZ AR R ) & e
KRIFEH AN F INEE(SIPRI~S1PRS) [8] [9]. @i SARMIZA T AL S, SIP S5 1 UM A BT T
T2, AHEJORE8]s SR BB 101 RN N B ZhAE[11][12], "EAHE OSAS HI R RHLH] 5 2 5 1)
ER . JEF Ik, FRATBEHIMEN, SIP nREE&1EN OSAS W5 M SR A HWAEVIbs EMIITE 1. AT
FLL OSAS BF AN R, W HMIFH S1P /K, RO ZIE s 5000 ™ B LRI M, FFYEE T

HAE OSAS 2 B R H M -
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2. EMEFE
2.1. MEMR

AT TN T HE Pk GORHSCEE B BB 2 A A 7T, SR 111 B8, g9 NI 0 2018 4 9 H % 2022
F 6 AEZRERIRZES RS AMRRESLIGA I B . Iy BB AB e B8 Bt R E, IR
R MR MAEREE . BTN DGt 2215 B I RAFIE A, SRR T BB 7 1 R G RIRER
Mo AW OTAF L BRI — MR B FU e B R Rt  HEHESTS 08 YX2021-099(F1).

2.1.1. ANFRHE
1) it % SEEIR WIS, BB SR E(AHD > 5 IRIVEBFEWIZWN OSAS. 2) Tl BEER
¥>18 % . 3) BHEIGKTEREE,

2.1.2. HERRpARE
1) HERRZ WA Hofth 7 S M B (A 56 23, WA T BLE S AF . BEIRFEIS S, 2) 4FER/NT 18 &,
3) FROHX A R PR B AN & S BIRL . 4) RBERRESE]ZNF Shy 5) WRIAERIEE .

3. fiRG=E
3.1. PSG 55m

AW R 52 i 2 SHENR ] R S5 (Embla S4500, USA)JT & 22 S REAR FIRG I o R F8 55 [ A A 122
22 (AASM) 2007 FEARAETTVEN 2 FEEIR B SR EHAT 20T 51750 WEIRCEF IS Wikr e SR D 2
FE >90%, HEFFEEmSRIA BB 10 7 (RIBAFHLS M T >30%. #4107, FR-&IHIAE
FIEE TR > 4%IX =T4AF. AHI ZI2WIR10 20 OSAS Hei FHIERR, 58 A4/ IN BN Hh R 3875 A
WAEIF . AHL> 5 RF SN OSAS. HR4E AHI A, OSAS HFH /A=l ¥ OSAS
(AHI > 5 H<15). HE OSAS (AHI > 15 H<30)F1E & OSAS (AHI > 30). ¥ AHI <5 FJANFEIN NS HEAL.

3.2. EgEE G RN MTR IS (Enzyme-Linked Immunosorbent Assay, ELISA)
MEZRE AR EMIEREAR, 75 4°CEAF T UL 3000 £ /57 Bt 5 20040 #E . 1fyE S1P K% KA ELISA

25 Willgnch=sx el IR S el B3 Py & ST X1 LY IEE L (=5S/IW Sy

4. tERFZE

REFFGET 22 BT ) SPSS 18.0 BRAF5E M 43 KA & LMIIHE E 3 LU R B, 4 18] bL i 0 gk
FHR 7 K656 5% Fisher FERAR L0 . SR LA + SEM sl A (MU Sz e B o, 41 1) 2 5 Eh iR
MR R Z 508, B Tukey FER L0 A AP LLEL . K] Spearman BX Pearson #H2X40 4, ¥F
& IIE S1P K-V S51lm ARFFE A G s da R Zett B3 70 A, W IMIIE SIP 5 AHL. LSaO, FKIKREE .
LA P <0.05 N2 BAT Gt A L bniE.

5. &R
5.1. BEREMBEELER

AHEFILAN 86 1] OSAS & I 25 Bl FEXTHEE . PHAND G2 SImRIEL TR L 1. 45581
IR, OSAS HEXTMALEFERS. P, EIREBMI). Wede 5 & &7 K7 TH AR W% 75 . At
TE BT NBE B R AL, AT I R AR ARAR I . 73T AL, OSAS & 1 AR v . bl A JR
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AP B S TR . AR RE AL, MR AEA. BFEREA. BHEEE,
i =E. NRARZIEEEE. REARRBLEELE . JREBR SNBSS, YWREREST
S, AN, OSAS B 1 AHI W3 & FXHHRAL, 1 LSa0, & E KT X4 .

Table 1. Comparison of demographic and clinical characteristics of OSAS group and control group

Fz 1. OSAS AFNFFERLAR A OGH F IR IE25TEE

A OSAS (86) Control (25) p

() 33.22+0.82 30.00£1.5 0.06

B (%) 40 (46.51) 6 (24.0) 0.06
Bk = 1a % 40.71 (35.14, 44.88) 39.03 (35.80, 43.18) 0.49
Wi i (mmHg) 135.70 (122.00, 146.0) 129.80 (124.80, 134.0) 0.22
&5k I (mmHg) 81.21 (73.00, 90.25) 78.09 (69.75, 87.00) 0.31
H 2 (109L) 9.62 +0.33 8.2+0.35 0.009
£ 4H(10'2/L) 4.91+0.08 4.81+0.09 0.489
/MR (10'%/1) 288.0+9.11 284.7 4£20.12 0.867
H 8 H(mg/L) 40.75 £0.525 41.73+0.70 0.308
I 4 (mmol/L) 5.90 (5.19, 6.63) 4.94 (4.64, 5.62) 0.009
1% % Jig 8% A (mmol/L) 0.98 (0.83,1.17) 1.07 (0.90, 1.23) 0.22
S B B (mmol/L) 4.45 (3.92, 5.06) 4.29 (3.65, 4.83) 0.53
H il =& (mmol/L) 2.36 +0.36 1.75 + 0.45 0.35
B NEEEBF(U/L) 45.79 + 4.80 42.45 + 8.80 0.73
B B BF(U/L) 30.85 £2.99 27.60 + 3.82 0.55
JR & F (mmol/L) 5.05+0.19 5.12+0.35 0.86
JLEF (mmol/L) 54.10 +£1.34 52.75+2.69 0.62
SR (mmol/L) 4449 £11.20 391.4+21.39 0.02

AHI 24.15 (8.60, 33.73) 1.36 (0.15, 2.3) <0.0001

LSa0: (%) 71.16 (62.50, 81.25) 81.63 (74.00, 88.75) 0.0004

5.2. OSAS & 5@ R RAMTF S1P KERN LR S

RO RIS SIP /KPR & T OSAS B (K 1(a)). #—D kI, & OSAS E& W,
ML3E S1P KT BEF 5 7™ B2 B () i S IR AT P AR AIE » a0 P8l 1(b) BT, #2155 OSAS 2B (1 I3 S1P
IRV B R v TR B K R BE OSAS 4.

5.3. I3& S1P 7KF PSG SHEX R

I LM [ H A TR BT T OSAS B 1MLy S1P /KF5 AHI & LSaO, FREAME. e 2 iR, HArE
e PERNH M B, IiE S1P /KFE AHI 2 83 HiAH (8 = —0.58 6, 95% CI: —9.496, —5.112), 4 LSaO,
BEREIEFAK(B = 0.553, 95% CI: 0.377, 0.878). ZAELMERIHAHT /R, [ SIP /KF5 AHI 283
A (8 = —0.380, 95% CI: —7.395, —2.071), 5 LSa0, & 5.3 IEAH(8=0.272, 95% CI: 1.148, 9.733).
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Figure 1. SIP levels in OSAS patients and control group
1. OSAS B&E S RLA S1P K

Table 2. Correlation between serum S1P levels and PSG parameters

% 2. I3& S1P /K5 PSG B9 XM

Variables Univariable (#, 95% CI) P Multivariable (8, 95% CI)* P
AHI —0.586 (—9.496, —5.112) <0.001 —0.380 (=7.395, -2.071) 0.001
LSa0: (%) 0.553 (7.439, 14.664) <0.001 0.272 (1.148,9.733) 0.014

e BT FR. A, BERREREER.

5.4. I3& S1P K FiSHT I RERY ROC HiLk SBBT{E 17

NS S1P /K-FXF OSAS MiZWitE, AWt — B 52l TAERHMEROC) I 4, FFit 5
M2 N AAUC) LIPS FL iz &iae . anldl 2 Fior, IfjE S1P W OSAS 1 AUC A 0.808 (95% CI:
0.722~0.894), s feHEAIBIE N 1856.00 nmol/L, BLHZWI REE AN 73.08%, KN 77.91%. 1E NIk
PR I OSAS fifi 2 T, 322 3K g ik & R (ESS) 5 STOP 43 ) AUC 4324 0.697 (95% CT: 0.585~0.810)
H10.706 (95% CI: 0.599~0.811).
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Figure 2. Receiver Operating Characteristic (ROC) curves of different predictive indicators for OSAS diagnosis

2. TEIFUMIEFRTE OSAS 2 Y Zit & TIEHFEROC) L
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6. iTig

OSAS J&—Fh BRI A H 28 M2 1) A 3L DA R, R SR FPE T2 380, JUHAE AR e A
BN . SR, T2 FHEIR IS D(PSG)EEAME B S A IR, 250 OSAS B #EH KBEIRTG L2 Wi,
AW S OSAS BFEMIE S1P KA J 5 950 ™ AR B A SGPE R TR 40, I OSAS B g
SIP KPR T, HHEACPRE R 2R MBS X408 H, Mmif SIP A&{1ER OSAS i
TE T Y A b £ S T 5

EVE R IGE Z PO R R ARG 516 S, T YERR IR AR BT AR R R AR R e B AR
[13]-[16]. VTAERTILED, ZRENGAE SPERIRG[17]. B4 [18] R BEMELT 44k 191255 b, B Ak
PRIGIT S S e Wi A i bs S EANE . Hoh SIP /BN — R EZE N AYE AR, 2S5 2 Ma
RS . BAIG RIS — AR, S1P 7 4 AH B R FE CEAE A, sy ifi & [20] BT /R
RHFERF(AD) [9] M BRFEMERFL[2115F . S e R B, S1P EL A& J0H 48 I S I e s P B 5 B 1) %2 5
B —WEEXS COVID-19 BE W TR, MHE TR, COVID-19 BEMINLIFE S1P /K-F
RERC, HHIKFE COVID-19 BFHE ™ HAEE B 7AHK[22]. Liv &5 EEE, M S1P AT IEA
ARE DX 3 BRI ZR L H PR A v G 2 S e AT, K b R i P 2 e R 1 77 B R P AR O [23 ] A
I, I S1P A RE AN 98 AE AH OGN0 B CE A AR B8, FE B TR B ™ E1 A2 FE I PR AR A

Vi) B S A 5 AR A LIS IR R AR B VAR FE 4 B A UE A2 OSAS JB 3 I B ZLHERFIEZ —[2] [24] [25]s
AT TR B, OSAS B HAEEIREE 2 5 RARE, #5257 OSAS AHIAREHEL I K O 1L
RAEMIRAE R JE[25] [26]. Z WU FRM, OSAS HBEMEIHRHIIENA, tinadifisfr%-6 (IL-6). H4
fi/r 3 18 (IL-18) SR IRFE R F--a (TNF-a) /KTy, HIXEE{R KA 5 OSAS i 7™ B AR 5 IEAH O
[27]-[29]. FHerpr, S1P {EN—FhdE B[ SRE AT, 75 MR A0 ) vE 4k 5 554 (30] [31] B 4HiiER (321 %
IR R RS ER T ANE (331 I A TR R FE R BEAE . S1P JKSF AR AT B85 B 75 5 1R 35 L B B2
e OSAS B & R B SR8 AT Sk B R 1/2 (SphK1/2)id M, /b SIP &k  [RI BRECIRES
N, FFHf A A ApoM KIE T, SFEEEAR SIP Bk, MEH TS SIP KT R,
BEAh, OSAS FEBE I RIR e IMBE 25 AR 57 ml et 48 Ak B 08 B30t — 2B 4] SphK v& 14, IRk S1P
CRERRIEIAMA . RRWE T AT TR I SphK1/2 351 &% ApoM. FIEE [A/KF, LABIRGERAIRSEE T S1IP A% -
BRI - BRI Eh A AT A4k 4 RTHE S A EE R S1P 5 AHI A, (B HHIES e nT fE@ T~
S1P # At A M E B A BOl B 3 B R, X —HUHA g — P 50E . 2T 7R, SIP1E
RAEAHRIIH H HARIVER, SR Re/E N — R B A PRSI s bR EX . B, Hsu A
PRI FE R B, #EDXRAF I il 28 3 13 S1P 7K 50 18 P AR B 2 A DG [34]. ATkl T OSAS &
Z SR IR LTS S1P /KF, 45 ER, OSAS HF M SIP KT BEMAL, HBEERN ™ RILE
INE M — 2 N RN MLE SIP 5 OSAS KRR, T KBLIE SIP /K F5 AHI 26K, 5
LSa0, £ IEAHE, @it ROC #hZkiFfh 75 ESS. STOP ¥4y Eb#k, I S1P Xt OSAS FHLH K 4F 1 il
WRE, $nHAE OSAS i AN A, PIYE AR B OSAS KA ™ B FE B ) T SE AR W)
&Y

K FAEEE TRRME. B0, HEREMANEDN, BrEZRESRA R BT RO, RRFESR
Z e HORHUBE I N BRI 58 LLIRAIE BT 45 5 . ik, BT N SRS E Y A e, DRk 2hie
A REANE F iz NBEZ AN LA R, LB IE R BMI AR Rk — B e i LABHIE . Bh b,
KT ESRILE ] OSAS A MG S1P KPRk, H I EARE FIALE] AR B, T 5 8k N 4k
S — D W
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