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W E HK: XK EER GO HSE T LA (central pain after spinal cord injury, CPSI)
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Correlation between serum inflammatory cytokines and pain severity in patients with central
pain after spinal cord injury *
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Abstract Objective: The study systematically analyze the expression profiles of serum inflammatoryfactors
in patients with central pain after spinal cord injury (CPSI) and their correlation with pain severity. Methods:
A total of 120 patients with CPSI (CPSI group), 60 patients with spinal cord injury (SCI) but without central pain
(SCI pain-free group), and 120 healthy volunteers undergoing routine physical examination (healthy control group)
were enrolled at the Sixth Medical Center of the PLA General Hospital between January 2024 and January 2025.
Serum levels of tumor necrosis factor-o (TNF-a), interleukin-6 (IL-6), interleukin-1f (IL-1p), interleukin-8 (IL-8),
monocyte chemoattractant protein-1 (MCP-1), high mobility group box 1 (HMGB1) and interleukin-10 (IL-10)
were measured by enzyme-linked immunosorbent assay (ELISA). Data were analyzed using nonparametric tests,
Spearman rank correlation and stepwise multiple linear regression. Results: The levels of all pro-inflammatory
factors in the CPSI group were significantly higher than those in the pain-free SCI control group and the healthy
control group, whereas the level of IL-10 was significantly lower than that in the two control groups (all P <
0.001). Spearman rank correlation analysis showed that pro-inflammatory factors were positively correlated with
VAS scores (rs = 0.341-0.512), while IL-10 was negatively correlated with VAS scores (rs = -0.387). Multiple
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linear regression analysis demonstrated that IL-6 (8' = 0.312), TNF-a (' = 0.241), and IL-10 (8' = -0.187)
were independent correlated with pain severity (R° = 0.387, P < 0.001). Conclusion: Compared with pain-free SCI

patients, patients with CPSI exhibit a more pronounced imbalance in serum inflammatory factors. IL-6, TNF-a,

and IL-10 independently correlated with pain severity and may serve as candidate indicators for the auxiliary

assessment of pain severity in CPSI.

Keywords spinal cord injury; central pain; inflammatory cytokines; pain severity; neuroinflammation
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Table 1 Comparison of baseline characteristics among three groups

fa FREXT I 2H SCI ToJiZE CPSI A -
i) - . GiitE P1H
HE{iF Characteristic Healthy control group  SCI pain-free group CPSI group Statistic Povalue
(72=120) (72 =60) (72=120)
J 1% Male [72 (%)] 70 (58.3) 34 (56.7) 72 (60.0) 1’=0.207 0.902
Ry (F) Age (years) 40.89+9.15 41.12+8.63 41.36+8.72 F=0.082 0.921
PR E Fa 4 BMI (kg/m’ 23.45+2.76 23.62+2.84 23.51+2.69 F=0.065 0.937
g
AT 201/ 2
Injury level: Cervical/Thoracic/Lumbar 2026714 38/5230 #7=0.358 0-836
5 E A REB G 2 B0 77 2% (A/B/C/D)
American Spinal Injury Association 20/15/14/11 36/34/28/22 7°=0.306 0.959
impairment scale (A/B/C/D)
JiFE (4 Disease duration (years 2.08+0.98 2.15+1.03 t=0.421 0.674
Y

C B -
C-reactive protein (CRP) [mg/L, M (Q1, 03)] 1.1 (0.8, 1.6) 3.2(1.8,5.4) 3.6(2.1,6.2) H=145.8 <0.001
FERS 2R 0.02 (0.01, 0.03) 0.04 (0.02, 0.07) 0.05 (0.02, 0.08) H=109.9 <0.001

Procalcitonin (PCT) [ug/L, M (Q1, Q3)]

e -FORANEH: CRP. PCT #§ SCI 4L 7S5 X (Bonferroni #1E P>0.05) , S4UEINTEIER S5T0EN, HEBRE MRS
Note: -indicates not applicable. CRP and PCT did not differ significantly between the two SCI groups after Bonferroni correction (P > 0.05). All

values were within the normal reference ranges, excluding active infection.
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Fig. 1 Comparison of serum inflammatory cytokine levels among the three groups (median with interquartile range), Kruskal-Wallis H

test with Bonferroni pairwise correction
AL

[OJModerate pain, VAS 4-6 (72 = 68)

W Severe pain, VAS 7-10 (72 = 52)

P <0.001, compared with the healthy control; ***P < 0.001, compared with the SCI pain-free (Bonferroni-corrected).

80 50 25+ 100
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—~ 60+ - —
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B2 CPSIHA PR R AL ROAE 17K 1 EL AR

#55P < 0.001, HEEAHIEAMLLL (Mann-Whitney U f85)
Fig. 2 Comparison of serum inflammatory cytokine levels between pain-severity subgroups in the CPSI group
*#%kP <(0.001, compared with the moderate pain subgroup (Mann-Whitney U test).

IL-10 (OR = 0.72, 95% CI: 0.56-0.93, P = 0.011) /14
PSTARAZER, Y Hosmer-Lemeshow &L & P =
0.624, R FEELEILHAREN.

6. I35 KAEK 7% 5] CPSI 55 SCI T IR 4 1
ROC ¥t

A VR B — KR 2 0E R T 25 ) CPST 5
SCI IR HIRE S, X CPSI 41 (72 = 120) 5 SCI &

S (72 = 60) 4T ROC MiZkr#r. 4R ER, #H—
RIER T+ IL-6 (AUC = 0.872, 95% CT: 0.821-0.923)-
TNF-0 (AUC = 0.851, 95% CI: 0.797-0.905) }% IL-1PB
(AUC = 0.834, 95% CT: 0.778-0.890) {1 % Jill %% HE B¢
i, LY FREON NI S A BT 23 A 10.5 pg/mL
(HUBE 78.3%, HF5H1E 81.7%) « 21.4 pg/mL (f
& 75.0%, K5 80.0%) K 5.8 pg/mL ( H K
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F2 MG RIEHF5 VAS ¥F4 1 Spearman FiAHIG AT (72 = 120)

Table 2 Spearman rank correlation between serum cytokines and VAS scores (72 = 120)

RIEH T s {8 P 1A 95% CI T 95% CI LI} PR
Inflammatory factor rs-value P-value Lower limit of 95% CI  Upper limit of 95% CI Correlation strength
1L-6 0.512 <0.001 0.367 0.633 rhrg
TNF-a 0.468 <0.001 0.315 0.598 T
IL-1B 0.443 <0.001 0.289 0.578 Ex
IL-8 0.398 <0.001 0.238 0.540 Ex
MCP-1 0.362 <0.001 0.196 0.507 EE
HMGB1 0.341 <0.001 0.172 0.487 ESEE
IL-10 -0.387 <0.001 -0.530 -0.223 Ex

VE: 95% CI KM Fisher Z BHIL U5, SE,=1// 73 =0.0924

Note: The 95% CI was calculated using Fisher Z transformation, SE, = 1//7-3 = 0.0924 .

Fz 3 2 VAS W12 oudk kB A g5 5 (72 = 120)

Table 3 Stepwise multiple linear regression analysis for VAS scores (72 = 120)

Az & EVEFY (§:] FrifEiR brtEfl B i PE  TTEKET
Independent variable ~ Regression coefficient B Standard error (SE)  Standardized ' coefficient t-value P-value VIF
IL-6 (pg/mL) 0.183 0.062 0.312 2.95 0.004 2.84
TNF-a (pg/mL) 0.124 0.051 0.241 243 0.016 3.12
IL-10 (pg/mL) -0.098 0.043 -0.187 -2.28 0.024 1.92

: R7=0387, AR =0.371, F(3,116)=24.4, P<0.001; HUBZEMWEALIRE. 4. WA, IL-1B. IL-8. MCP-1. HMGBI ¥4

HEN AR

Note: R*=0.387, adjusted R*=0371,F (3, 116) = 24.4, P < 0.001; Analgesic use status, age, disease duration, IL-1p, IL-8, MCP-1, and HMGB1

were not retained in the final model.

¥ 742%, FF 53 ¥ 78.3%) 5 IL-10 1 A HT K N F
(AUC = 0.815, 95% CT: 0.756-0.874), HAK/AKF (&
Wit < 3.8 pg/mL) X CPSI B A $#RmE X (HUKE
73.3%, HERIE 76.7%) o 3T % 0B 5k H
IL-6. TNF-o. IL-10 ) & B & 1 4 B (Logistic
FJ9) , AUC #2712 0.927 (95% CI: 0.890-0.964),
MU E 85.0%- F5 57 % 88.3%, RBEZHTE
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it
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TX — R I 18 1 e 22 98 0 R /0 I 4 o A 48 R X
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1y Hh A e i R TE LA R 1,
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TSt B 2 A 0 B S A 18 PR R IR B ML
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Table 4 ROC analysis of serum cytokines for discriminating CPSI from SCI without pain

* 523 -

2 I = = 2 1 % E (O 4 L E (o
17 Inflammatory factor HMZE(;E " 9%l Optiﬂjzliiht%)ﬁff{%alue seﬁrjfﬁgt;&) S;FZ:;E@(I?‘;))
IL-6 (pg/mL) 0.872 0.821-0.923 =105 783 81.7
TNF-a (pg/mL) 0.851 0.797-0.905 =214 75.0 80.0
IL-1B (pg/mL) 0.834 0.778-0.890 =58 742 78.3
HMGBI (ng/mL) 0.829 0.772-0.886 =182 7.5 76.7
IL-8 (pg/mL) 0.821 0.762-0.880 =224 71.7 75.0
MCP-1 (pg/mL) 0.811 0.751-0.871 = 110.6 70.8 733
IL-10 (pg/mL) 0.815 0.756-0.874 <38 733 76.7
AR (IL-6 + TNF-a + IL-10) 0.927 0.890-0.964 85.0 88.3

W DA BRAYEETF Z 0 Logistic |1 (CPSI =1, SCI L =0) ,
1B 298 55 (Youden index) i i

HAS AL IL-6. TNF-a. IL-10 3t 3 MGG 75 S akibiE

Note: The combined model was based on binary Logistic regression (CPSI = 1, SCI without pain = 0) including IL-6, TNF-a, and IL-10. Optimal

cut-off values were determined by the Youden index.

IL-6 5 TNF-o 7KF 0] 5 302 il P AR VE RS, 5 AT
A5 E— .

IL-10 /KP4 VAS {F 5 2R & fAoe, H oM
SEAHSRIRI R o IL-10 FZd@ i ] NF«xB 5 55 5.
AR FE /N 2 J57 4 B AR 6 ML B B A1 8 M2 R AL A
T LG FR JRE P s LA T B S SUAOE I B 2R
2, PRI TL-10 PYRPERIE R E T TR .

Z e AR R = 0387, FHIRAMAN 3
b 98 R IR T 3L MR 20 39% 1) VAS WA 57, X —
A AE AN I bR 25470 0000 =5 W04 R 1 I R A
FPATABEX (], BT CPSI £ K & &AL
IS S 2 e, [ B AR 33 B 28 RE PR it E S e
— UK R 2R . BB 2 BT G Logistic [A] )5 45
RE T —8, W 7SR, 118,
IL-8. MCP-1. HMGBI1 B 5 VAS {43 f7 £ & &
e, (HIEEH] IL-6 5 TNF-a J5 A< R I H 307 57
Bk, PN AN AT BRI E AT, A LT
FLiE

T BRI 29 WA XS 2 0E R T I e e, AT
FORF B HERAY” R RPANEIH
N, AR ARBENENE TR, HIX ATy
RAFTE WA AN [RS8 4898 259 B VE AL A7
RS BT/ By EMR e A T
T8 028 WIHERIFEVER, XFAME J0E 17K PR
/Ny NSAIDs 38 o #1 il 34 %8 & g 38 2% T 8 TNF-o.
IL-6 S5 42 98 R F-7K~Fs Bl 2R 25 ) mT Ridod p 32
RN UEAS 5 E B R N R A R AR AS . kA,
AT FLBA T R AEAEBCE F 25 N 17 ], L 98 O
TN T BEAEAE BN SAE PL. IX PP i1k 2 S mT BEAE
— SRR b 5 AN [ 25 Wt JORE IR T 0 2 AT
Wal, o AT 9 45 SR AR B 52 BV A TR YT B 25 VR T

) CPSI i A\ W] e B B AR M. AR R 70 M aE it 24
W5y J2 040 5 AT AT BE M S B R — D R <2
Y- JRE-RIH” = H I EAEA .

A HE T BT 8 1 ROC 4 #T 45 3 5 s, IL-6.
TNF-a. IL-1B % IL-10 504 %5 51 CPSI 5 SCI & 9
IRAH) AUC 4F 0.81-0.87 X [A], BT “RiF” %
MR A =AY AUC WL 0.927, ddF
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[X 4> CPSI 5 SCI J& ¥ R 250 A2 I IR S Bk (1) 4] 28
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