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Abstract

Objective: To explore the changes in plasma sphingosine 1-phosphate (S1P) levels of Ischemic
stroke patients and to construct a risk nomogram model for ischemic stroke patients. Methods:
113 IS patients admitted to the Department of Neurology of Mudanjiang Red Flag Hospital from
September 2022 to September 2023 were selected as the case group. A total of 146 healthy sub-
jects were selected as the control group. The plasma S1P level of the two groups was detected by
liquid chromatography combined with mass spectrometry and an ROC curve was drawn, Logistic
regression analysis was performed, and the risk model of the nomogram was constructed. H-L
goodness of fit test and calibration curve were used to evaluate the prediction efficiency of the
nomogram. Results: Plasma S1P level in the IS group was significantly lower than that in the
healthy control group (120.02 (97.90, 153.40) ng/mL vs. 193.2 (158.77, 281.31) ng/mL, P < 0.001).
ROC curve showed that the cutoff value of plasma S1P level for the diagnosis of IS was 150.82
ng/mL, the area under the curve was 0.8441, the sensitivity was 78.8%, and the specificity was
74.3%. Multivariate Logistic regression analysis showed that gender, BMI, blood glucose, and
hypertension were risk factors for the development of IS (P < 0.05). The area under the ROC curve
predicted by the model was 0.974, and the 95%CI was 0.959~0.989. H-L goodness of fit test 2 =
4.529, P = 0.873; the overall trend of the correction curve predicted by the model was consistent
with the ideal curve, indicating that the model had good goodness of fit and good prediction effi-
ciency. Conclusion: Plasma S1P levels are significantly decreased in patients with IS. S1P may be
used as a potential biomarker for the diagnosis of IS, providing a new strategy for the diagnosis
and treatment of stroke. The results of the constructed nomogram on the risk of IS development
indicate that the model can better predict the risk of IS development, and can be used to guide
clinical practice.
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B N DB 281, A RGO (1 5 H0 ETE SO A BRVE R Il 8, T 28 R LT 3. AR
I 2019 A fii 2 o AR AT R, AR T AR A BRVE R AR5 RSB T R R, adh R R 1 B AL
BRI —, 7 SO [ 5 B 7 A 2 FH 1) 3% 48 7% [1] [2]. Herb i i 4 i 25 7 (ischemic stroke, IS)E & H
L) ZE 2R, BT SR W] 2019 AEGRILPEZS 5 By 26 th i A (1) 62.4% [3] [4], AR S HER™E, Br
DA R A6 el B B SR I P i 2 o S AR e RIS W SR B AL AL, R TR T I IR A
BOAR BRI BRI DA S, — L8 GORE 1] B [5], 28 Hh IR TS SR 22, 5 2 50 s B R 3% ) 25 4 AR A A i TR LA
PIAR I T 1S B R IR B2 I K TS 48 5

1-Te§ 2 4% 2 I (Sphingosine 1-phosphate, S1P)j&—Ff B A A4 Wpif M i) 2 JCi B iE[6] . SRR, S1P
S AR T AR AN G AR FBERT 1-BEEREH S B2 (A (SIPL-5) 45 &, VR 2 AU VE BN A2 %2 H 4 Wb
NS5 W TIVER TS, ndnf g . RS AR R MU BRI AR [ 7155 . WFALRYT, S1P1
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SRS TR E SRR R AL A G R, IF (et N I AIIERS L I R RO R T BE8] - Nitzsche 5
[V FE R AL GR I A R v, SIP A5 = AR - Rk I - 1 [X W v AN i L 8 3 0 0 1 R 4 R AR T, R
ML 05 5 o 232 1 S1P s AT CAAE Dy — R R AP 22 (K036 7 S, AT M S I A A Pl 4R i 5 e 1k
et MR HEE BRI Y, (R H L R BRIy MK SIP RIFT M an kIR, 5 NG
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T[], mE AR R ARV R IR RERE T S1P XN B SIP S2AARIME Al 25 S it i 15
S1P S AASrFHIMEFIZRY], IR Il T e i 1 I 35 4 2 vk L A B SR ) P A e 2 RS HIE RS, IR EL
FAE TR0 0[12] o Zhu [13]55 2R FH K BRI SR IR (F 7 A B, 55 s ] DL 25 B AR s afi K SR A
HAETAR, (et ek, BRI be aimaE v, i ) B 40 M R R AE AL, AT b 2RE S
LA . H AT A BT FURM, 3T SRR AT IE A P ZE MR A R R, SR AR T AT AR T R
72 N Z AR, B DRI E EE N, AR DD RERRRS . A BT R TR [14]. BEAERT
EERW], RSN KER £ [ SIP KRS, $278 S1P Wl Be 5 3 kR REREAL R (1 A L A 5K [15] -
KRBT B AEAR TS SIP 7E 1S Wi HH TN, 4 1S IS WiHR HEE a7 Bk, IR ZR AR 1S (A G
JERIEER, MR T RS A 2R AT D2 v s 3 R VP Al SRS HEAL IR YT AT R S

2. iRE7HZE
21 RMR. FRMELRE

PR P 2 2 Bt B 8 20 B 2 B A P BHISIA 1 2022 4F 9 H % 2023 4E 9 19 113 41l 1S 3% il
HAS 4). MAFRHEDT: O Fi¢ > 18 %, @ MEIATE CT 5l MRI A2 N 1S, T Bl 1)1k ARAE
RAVRAE 7575 6 € Sk e i P o 25 v 12 16 6 7 2018) [16]0 SRFHAERS « 1 73 595 B 4L AR DT B 7 2K,
e BRI ATE A B s O HEAT AR 1) 146 B RE AR 0T IR AH . HERRpRdE QI T O ARG R 7 RIM
B @ BIRANEIIRMEZREF . @ IEIRTRIR I o YSCER P A B8 1 — R DA PR AE AL FE AR
KRN R IR A BEANE B BRI 5 mL 28250 10 438 1000xg A3 5 B 15 I B T—80 CHB K IR
UKFELRAE FH TR

2.2. I3 S1P #&:

SR FHRORE €03 B BBE R 1 v se NI 3R e S1P A& &, RIACER A FEEE HUTERE, T Avanti Polar
Lipids 24 &) M40 &% SIP AP br C17-S1P FIARAEM, ZEREEIX 99%0LL [ T Fisher 2 &) % 0 ik 4l 1%
N T LR T AR B A IR A 5] SE — H FEF A (DMSO).

2.3. GirES IR

SPSS26.0 XA T AT EHE . FFE ESOAAREERELLX s T, [FHAMSIFEA t 46563
TP LS AT & IES A E BT REERH M(QR)ZE R, ] Mann-Whitney U #8565 3E47 34T .
SEMEREER (N, %R, 1 2R Rt @it ROC #iZkit 5 S1P 21 IS [k, R
FHPAIR 2 Logistic 47 H7 1S AR 3, @57 70 Logistic [B1 947 . J#id Rstudio 4.2.1 3R {422 512k
IR PR TG 2k, 1SR REE 55 N 03 & B 38 i — Tl
3. &R
3.1. —RCRREE

BT FE I N 113 B IS FEFI 146 B IEE . Wk 1 fron, PARBRE A, RIHEEBEKE. |
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MW= ACE S ISR AR /K BRI O TR OB AR H A, ZE R gt = 3
PRALIAPER . R BMIL BEAKTE. AEA. M. s EREAKE. Sk, A5 8SEm
S1P /K-F-EEAR, ZHIA) 2 5 A it 5 = (P < 0.05).

Table 1. Comparison of baseline data between the ischemic stroke group and healthy control group

= 1. BRINMEAXZE Fh 4B FOfE FR X BR 4B B4k FEREL AR

Item IS group (n=113)  Control group (n = 146) t value P value
Sex/n (%) 22.305 <0.001
Male 76 (67.3) 55 (37.7)
Female 37 (32.7) 91 (62.3)
Agelyear 64 (16) 48 (41,57) 8.91 <0.001
BMI/(kg/m?) 2445 +1.35 22.45 +2.20 -8.501 <0.001
TP (g/L) 68.80 +5.43 75.88 +4.59 11.356 <0.001
ALB (g/L) 38.32 +354 4448 +3.12 14.865 <0.001
GLOB (g/L) 30.39 £ 4.65 31.38+3.74 1.899 0.059
GLU (mmol-L™) 5.92 (2.81) 5.28 (0.78) 4.96 <0.001
CHOL (mmol-L™) 454 +1.24 472+0.63 1.465 0.144
TG (mmol-L ™) 1.20 (0.81) 1.12 (0.74) 1.32 0.186
HDL-C (mmol-L™) 0.95 (0.33) 1.24 (0.25) -7.315 <0.001
LDL-C (mmoI-L’l) 4.02 £16.82 2.52 +0.45 —-1.075 0.283
Hypertension/n (%) 70 (61.9) 56 (38.4) 14.19 <0.001
Diabetes/n (%) 46 (40.7) 64 (43.2) 0.156 0.693
CHD/n (%) 61 (54) 66 (45.2) 1.963 0.161
Smoke/n (%) 54 (47.8) 57 (39) 1.990 0.158
Drink/n (%) 47 (41.6) 59 (40.4) 0.037 0.848
Drink tea/n (%) 53 (46.9) 68 (46.6) 0.003 0.958
Exercise/n (%) 52 (46) 90 (61.6) 6.280 0.012
NIHSS score 3(2,5) / 15.248 /
S1P (ng/mL) 120.02 (55.5) 193.2 (122.54) -9.495 <0.001

VE: BMI NIEEIEE, TP NMEA; ALB NHEEA: GLOB NEKEH; GLU AXMEIMLEE, CHOL NEJHEE:; TG
N =g HDL-C Am % E IR A B ; LDL-C N3 % fis B A FHE B ; CHD Atk 3 Bk o AR A Ak 14 00 I 5
S1P N 1-T IR FE LT

3.2. 4R S1P 7KFEHE:

WA 1 AR, 1S AR S1P 7K-F B AR -Tg Fexf I 2H 2 120.02 (97.90, 153.40) ng/mL tt 193.2 (158.77,
281.31) ng/mL, P <0.001.

3.3. M3k S1P KFi2Hh IS By ROC Hh%k
PN 113 ] IS HidEr 55 146 51 fid BEXT I8 i ML SAP AK€ 2), B4k RifAR A 0.8441, H: 95%Cl
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4 0.7984~0.8898 (P < 0.001), #kWi{ii A 150.82 ng/mL, REUE N 78.8%, 457N 74.3%.
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Figure 1. Comparison of plasma S1P
levels between 2 groups
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Figure 2. Plasma S1P level predicted the ROC
curve of IS

& 2. m3% S1P 7K FFM IS #9 ROC phZk

3.4. EYISHT

DA R A SR L i 2 A S R A &, SRR R A 4 SR B it () RS, BMI &)
ENBEA &, #AT =70 Logistic BIEMT, LAAfE AT A AR R e . FAAIREIC R A 2. &
3G RN TP R AR L A b XU s T 2 PE(OR = 3.339, 95%Cl1 1.07~10.422, P = 0.038); BMI &
AR K R, 225 BT it L(OR = 1.713, 95%Cl 0.798~1.037, P = 0.001); % i i /K P 2>
N E A M AR R R AR RS, 2 5 HA G L(OR = 1.354, 95%CI 0.038~1.306, P = 0.024); =1l /%&
A R A 2 TR A A B XU E N, 2 R B Gt L(OR = 4.0781, 95%Cl 0.214~1.706, P = 0.013);

FIE FAT S1P AT I BEAR AT e 1S MIfER &

Table 2. Variable assignment table

Fz2 TEWMER

A TR AE
PEAI(L) 2 =0; B =1
FERS SEWIE
BMI SEWIE
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BEA SEE
HEA SE
I SEE
HDL-C SEIIME
e ML (L) ¥k =0; A =1
HE (L) k=0; fA =1
S1pP SEE

Table 3. Logistic regression analysis of influencing factors of IS incidence

% 3. IS X MmE FZ /I Logistic [EYA53#

B3 B1E PRt it Wald »2 P1{H OR 95%Cl

PEAI(L) 1.206 0.581 4.309 0.038 3.339 (1.07~10.422)

WS 0.025 0.021 1.386 0.239 1.026 (0.983~1.07)
BMI 0.538 0.155 12.109 0.001 1.713 (0.798~1.037)

HMEA —0.095 0.067 2.002 0.157 0.91 (0.58~0.894)

HEH -0.328 0.11 8.889 0.003 0.72 (1.041~1.76)
I 0.303 0.134 5.11 0.024 1.354 (0.038~1.306)
HDL-C -1.503 0.903 2.771 0.096 0.222 (1.344~12.372)
g I (1) 1.406 0.566 6.163 0.013 4.078 (0.214~1.706)
EBHRQ) -0.503 0.529 0.904 0.342 0.604 (0.969~0.991)
S1P -0.02 0.006 12.5 0.001 0.98 (1.265~2.319)

3.5. FIkEET FE R IEHE

WAL R R a5 R, AIES BMIL A& E . MU & ML S1P, [RIN 45 & i R 5 bR 5t HDL-C
IR N TIN5 7R g S 2 e A i 24 o IR TN 114 270 26 PR AR (L ] 3) o
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Figure 3. The histogram of the stroke risk prediction model
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C GEit B4l R IR, 2 2 RS Tt fofe o 14 i 2 XU 1y it 46 TR 2 0.974, (95%C1 0.959~0.989)
(L 4), ¥ 91.1%, BUKE AN 98.9%. 2 H-L Kiihst B Eox 4° = 4.529, P =0.873; 45 RE WA
TE TR 5t i e o 2 o £ 38 R A R, T THT B A 5t PR A o P (DL 5) o SR 190 T30 M 155 ST o MU A 2 i) ) —
OB, XTI RIS VR Ah B B .
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Figure 4. ROC curve of stroke risk prediction model
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Figure 5. Calibration curve of stroke risk prediction model

[ 5. BaZE A XU UM AR B R e R 2

R A B R A 3R, A BURE B R S AT AR 3, SRINAS P R AR BRI P R A ST e B A T
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ISR 4 e 3 LA LA R R 5L, AR R 01T (e b, i Rk S1P KT, 4
SRR, HIF R SHUE, AIHR bR 0 R KR TR R AR i

A KT IR SRR P BB, DFATRM), Ao i SR B 1 88 UK RO RS T . )
SIS T L 118 1 SR P L o 2 R (R — SRR S, B PR 4 e £ 1 R i
5 K MAS T 55 BUR A HEAISE[17] [18]. 16 15 15 0 T Bl S e T B2 RO EF R . 200 4
FRBPRAS, 0 PR A T BRI A T S 2 (S RITUR . Dzidizic 5 A [LO]X 759 1913 s 8% U 5
R, A o £ L 28 KT R B TR 7 BB PR ARG [20] 0375 11 28 1 AP 5 2 e e 2 L

SIP AR T T AT S A, 5B RTE [ B o PO AR AT T B U (2]
[22]. FERIAFSER, SIP IR ITH ORI S . S SR M, SIP ERN AR MM A
GRS TR . £ IR T, M5 SIP DRI 5 A AR D R (CAD) i o Al o 72
RERYINE, KSR B AL LS M SR (23], AT, S1P KA AT A 5 PR 4
RIES%. SIP BB IE AR, RERM. WATRPERGE, 25T WET0RmTE. Fit,
SIP AT (MG T A 2 M LA Y B2, ST Ao R A BUS . 13 S1P AT Y RS T
S P 4 B A R A, TR AR e T SRR 24]0 LT, TR TSR S B L
M e TR LR S 2, 355 T A A o T 8 0L R A T R 5 R B Y Ay R, ATk T i
AR AR IR . R ILTRAE LA R R S EUR N I, LR, K00 R 0L 2 S
RO FIREAL , AEARENRKAS RS, RO T AR TR AR . AR TS, T AE B0 AT L gE, T3 &
L PR [25). 6 T LI BN A o SR OB WA 5 B SRS T R B T,
e ARG L B K [26]. 4T, A0 A IR . o0 LA i L0 fe e R 2 E s 2 O R S, o
FEIA A b A 7E (27 AR R B R AR T M X 6 0 FOAA 92 0 A P B2 2 5, Sk
FALRAEIL A X BB (28], 3% —BLG T AE S A JLHLIX B Rt A S e ST A . e e [29] 3L 5+
BAKTH IR A RIS W B K T S 26 B b MR ERIE R . B W OISR
SRS R I A R A T R, Ao I R . 4 Baker A [30] UL
FESE T 2 b BRI M o 8 DA 9 P DA B U 096 5, 7E 150 22Kk B -, i FEA T 7 10 S5k kE,
S o LI 01T 4,206 0 ISR g A A A B 0 4 o ) fe R 2 A SR
T AT i 2 B 00 R B P A o S, LB A SO RS, A TR OF
B SOR I T Al 403 L R /B A 5 M A S AR R A B3] 3K 5 FATT RO A
BHMZ A, BMI IS R A 5B (0, T A 5 AL X 0 ST R s R A %,
AR BRI D2 AR RSN, R R, SRR AERER R A . T b KR
L AR RO, SRR R B R IR S B, DA T AR A RIS R B 2 A
IR T T . DLAL LR ], 2 WAT (R BRI P B, LS Sk . W BOR LA
S B 0 A TR MR S . SIS 2K % B A PR P A AR e, T At
i X T 2 28 R SR AR T 95 68 46 105 0 RS 4 A T M. AW TN, B fr ST 4,
IS | (R R T 3t

SIEJUAE, 26 L PR T O ER 0L B9 7 PO 4 4 o 8 10 R KU [32] . K
7T BT M A e TR s P i EOWML 4 B, ACSCRA TR 51 2 IR 1S %
A B R AT B AR, (BT S AE 2E R AL, AN E S IR e, EL TR g A B R
BRI IH 75 30— S IR A R LA T 3 s . 300K, AW IT R 2 — M EEBROREA, T FLHBIX b
BORIRML . X SMHEH R BT . RN, R UIE T 1 AN A SIP kI, Ao SIP HEhds
AMGHAFHRNI . A SIP 2637 7T s thit /1, 1B FCAR FIRLI RN 22 A b 0y 3 3 — AT AL
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