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HE : BY HithF=FE-N-244 (TMAO). Apelin—137K-F 15 Helsinki CT #4845 14 R i 45
% (TBD) B Peik ik 5RMGRENX A, FAEXLEAYREY S TBLESTSOHEMEL. ik RR20225
3 A—20244F 3 A AT A S AT 2 B IR E SRR B 240N ERMGE 091206 TBI B FEA R £, HIEEE
B3 TAMRESET SR (NIHSS) a5 AEEm (324]), PEM G14]), ZEHE (464]), STRELLA o
A TMAO. Apelin—137K-F & Helsinki CT#E#ATHER 4T, FHRA LS RRT ERE G AN, @i ZXA T
EHIE (ROC) W& 345 TMAO, Apelin—13, Helsinki CT #4937 F4& & F AR TR AP L ANEL, ER
TEME PR A TMAO, Helsinki CT#H43¥ & TH/E4 (P<0.05), £E407#F TMAO, Helsinki CT 34
BTFPAELA (P<0.05), FELALS P ELENfE Apelin—13 K-FHIK T2 AL (P<0.05), FHELm#E Apelin—13
KFALT P EL (P<0.05), Spearman AR MR LT, HIFTEREL o TMAOKRF . Helsinki CT#
S RZEME (r,=0.612, 0.707, ¥ P<0.05), 5o Apelin—13K-F 2 fi% (r,=—0.844, P<0.05), ROCw
BOMERE®, fiF TMAO. Apelin—13 7K-F & Helsinki CT #F 4 Fa-TM 69w & F @A A4 0.987 (95% CI:
0.974, 1.000), #BWEH95.2% (95% CI: 0.792, 0.992), #FH493.5% (95% CI: 0.870, 0.977). F/E R4
% TMAO. Helsinki CT #2534 & T8 R4 (P <0.05), fiF Apelin—13 KP4 FF6 R4Fa (P <
0.05), &t  £FTMAO, Apelin—137KF . Helsinki CT #F 45 TBI & # ¢ Rt 2 E Ao TG T 540K, THEA
IRAEBA S EAR AT R R AEMARED

KEIE . AR ; = THE-N-24L4 ; Apelin—13 ; Helsinki CT##% ; S ERE ; E#E

FESES . R651.1 XEAFRIRAD . A

Associations of serum TMAO and Apelin-13 levels and Helsinki CT
scores with the disease severity in patients with
traumatic brain injury*

Jia Pan-pan, Yu De-shun, Kong Hao-nan
[Emergency Department, Shulan (Hangzhou) Hospital, Shulan International Medical College, Zhejiang
Shuren University, Hangzhou, Zhejiang 311300, China]

Abstract: Objective To explore the serum trimethylamine-N-oxide (TMAQO) and Apelin-13 levels and
Helsinki CT scores in patients with traumatic brain injury (TBI) and their associations with disease severity, and to
assess the potential value of these biomarkers for the prognosis of TBI patients. Methods A total of 129 TBI
patients treated at our Hospital from March 2022 to March 2024 were selected for this study. Based on the National
Institutes of Health Stroke Scale (NIHSS) scores, patients were divided into severe (n = 32), moderate (n = 51), and

mild (n = 46) groups. Serum levels of TMAO and Apelin-13, as well as Helsinki CT scores, were compared among
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the groups, and their correlations with the severity of the disease were investigated. The value of TMAO, Apelin-13,
and Helsinki CT scores in assessing the severity of the disease was evaluated using the receiver operating
characteristic (ROC) curve analysis. Results Serum TMAO levels and Helsinki CT scores in the severe and
moderate groups were higher than those in the mild group (P < 0.05), and were higher in the severe group than in the
moderate group (P < 0.05). Serum Apelin-13 levels in the severe and moderate groups were lower than those in the
mild group (P < 0.05), and were lower in the severe group than in the moderate group (P < 0.05). Spearman
correlation analysis showed that disease severity was positively correlated with serum TMAO levels (», = 0.612, P =
0.000) and Helsinki CT scores (», = 0.707, P = 0.000), and negatively correlated with serum Apelin-13 levels (r, =
-0.844, P = 0.000). The ROC curve analysis revealed that combination of serum TMAO and Apelin-13 levels and
Helsinki CT scores yielded the largest area under the curve of 0.987 (95% CI: 0.974, 1.000), with a sensitivity of
95.2% (95% CI: 0.792, 0.992) and a specificity of 93.5% (95% CI: 0.870, 0.977). Serum TMAO levels and Helsinki
CT scores in the poor-prognosis group were higher than those in the good-prognosis group (P <0.05), whereas serum
Apelin-13 levels were lower in the poor-prognosis group (P < 0.05). Conclusion The serum levels of TMAO and

Apelin-13 and Helsinki CT scores are closely related to the disease severity and prognosis of TBI patients, and can

serve as effective biomarkers for assessing disease severity and prognosis.
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A 55 P fi B 45 45 (traumatic brain injury, TBI)
e —FlE WM & RG i, EEARE A AR
JH T S0 1 G 285 A8 5 405 R D RE R A o RPN A A
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T S 50 ) b DX B AR L T 6 A
(A, TBLAIZ W FLG TT HA W 2 Pk ARk
TBI AJ DL e S e, S A ag ks
FET-P. DL, B o A b T A TBI Y 7™ 2 R Xt
FHIIT A IRIT T E R S R R E R E G
W TR, EWAREY R &0 1912 KA
TRITRCRIEAN v R 1 EEZE A N S 7. 7E TBLIY
W, M = W R -N-E 4L (trimethylamine N—
oxide, TMAO) I Apelin—13 1 Sy #ft 25 4 S 1 1 25 {4
EIAN IR AT s SR E I N 0 B = I {2 o Tl R
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PEHL 2022 4F 3 H—2024 4F 3 A WL A 2F Bt
2 [ B 5 2 e B T A 22 B 2 e AL B4 129 {3 TBI
AR RS G, MG 36 E [E 7 T8 AR 52 e 47
iR (NIHSS) 1P4rsr E A (3241) . W
A o(51)) ., BZEH (466]) . WAbRHE: DR

1.1

traumatic brain injury; trimethylamine-N-oxide; Apelin-13; Helsinki CT score; severity;

BN B U B 4 ; @QTERI S 12 h WA
Bt QHA MG IR R BT IC R ; @BRH
MHFREEANE R E . HbRtadE: OGIFA
U EC R D RE R I I A @ 1A
N 422 52 A 5 S0 R T B8CH A AT BB R e 28 E RS 1Y
HYNRYT s O/ IEA BN ™ e R X
EE I T RE AT 3 DA 18 1 B Ik s A7 76 vh
BOIREAN 4 OAREEL A BT SR 22 . A DF
RABEREE AR ZE oAbl (KY2024118)

1.2 FHik

1.2.1  fF TMAO, Apelin—13 K -F 40 ABE Y
KRERGEFPKIM S mL, S7EILL3 000 r/min & L
15 min, 4345209 07 T-20 CORAE . fdf G IR
B P8 W BRI 22 Bt 2 M7 ML TMAO T Apelin-13., it
&5 3 DU 3 i R AR W) B A A R A
A AR A Y TR R T A RA R, ™%
Fie B0 B B4R AT

1.2.2  Helsinki CT# % A g 24 K 2% J Helsinki
CTIFAr R G, X3 3k i CT A A 45 R A7 0o
PEOR R FE . BT I (2 43) o Fi S 5 e
(243) WEREAM P (=3 43 ) L i AR FEE i 25 em?
(243) . WiEmN I (340) Kk BeiRE (IEH
04r. ZE 14, WRST), Bar-3~1441,
123 FERESAENL ABES KN HEEE
AL PN BEZe P (National Institute of Health
Stroke Scale, NIHSS) "% 32 32 & 1) Bl 2 Ty g i 47 0
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BRSO PE AR SR IS TMAO . Apelin—13 7K3F J Helsinki CTPF43 587582 1 A AR A 3 #r

fili o F3HE NIHSS PE4, 0~ 143 /n 2Nt E 4,
2 ~ VO FORNEREM L INRE B, 8 ~ 14 F R E
P DI RE B, =15 43 W KR 42 D) e R

1.
124  FEamn  BEIMIG)E 90 dff L

W AF M5 PE4> (Glasgow outcome scale, GOS) M4
WAl . GOSTRAFTE L ~3 M NS AR, 4~5%
MRS R4, BUEARA . WG R4 5 5A
44 854, BHEHTIICE K HEs — Bl
[ Ui 2647 BE 37 0 A o

1.3 SitEH*

HOHE 53 MR F SPSS 24.0 R R 3.4.3 48315k
TR AR« b2 (xxs) Rox, B
A6 56 5 F PR R 7 22 40 M, PRI EL 8T Bonferroni 1
1B MEYES M H Spearman % 5 224 323K T AE
HEHE  (receiver operating characteristic, ROC) [ ES
A4 T A (area under the curve, AUC) TFAl
FALRE . P <0.05 N 2Z&RA G L.

&R

21 A EERE™EREH TMAO, Apelin-13,
Helsinki CTiE4y bk
A RIS 4 TMAO K F- . Apelin—

2

13 7KV F1 HelsinkiCT P43 L8, 207 225700, 25
PIA G253 L (P<0.05); 45 b4 g
TMAO . Helsinki CT #4315 TR EH (P <0.05),
A 4] 1% TMAO . Helsinki CT 343 &5 T v i 41
(P<0.05), TEEAHSHEHNIMNTE Apelin—13 7K F-
PR TRES (P<0.05), BEHILE Apelin-13 7K
FRTHREH (P<0.05), WHE1,

*1 AEEFEEEELHTMAO, Apelin—13,Helsinki CT
WALk (x£s)
- . TMAO/ Apelin—13/ Helfinki CT
(pmol/L) (ng/mL) W5
HEEA 32 463+1.15 2086+2.15 7.64+2.36
T 51 404+072 2664+292 581£1.75
R 46 312055 3273+3.83  3.63+0.95
FAE 35.841 138.575 53.696
P 0.000 0.000 0.000

2.2 EKFEERELS TMAO, Apelin—13. Helsinki
CTiEs Bt K ES
Spearman FH PRSI 45 R s, P H AR
5 1fiL # TMAO /K - . Helsinki CT $F 43 ¥ & 1F A 5%
(r.=0.612, 0.707, ¥J P=0.000), 57 Apelin-13
KR GAME (r.=—0.844, P=0.000). WK1,

7F N 40 F 12.5 .
6r b 35t 10.0 . .
~ - & . .
= s £ = . .
H IR 5 : :
< s 2 he
s i - :
= 5 = . .
[l b= jun}
3t - - -
H ; 20 | ¢
2fs :
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1 EEEERES TMAO.Apelin-13.Helsinki CT iE4 A8 & 18 S B

2.3 TMAO.Apelin—13.Helsinki CT ¥4 X & % ™=
B2 E TN EE

ROC & o3 B4 S B, L7 TMAO . Apelin—
13 7KV K Helsinki CT 343 6 0N (19 AUC e K,
470987 (95% CI: 0.974, 1.000), kN 95.2%
(95% CI:0.792,0.992) , ¢ 5 1~ 93.5% (95% CI:

0.870, 0.977). WLzR2FIE 2,
2.4 ZA[E¥jE4E TMAO, Apelin-13. Helsinki CT
SRR

R R A 505 RAF4H B TMAO . Apelin—
13, Helsinki CT P43 lb#%, &k, ZRHH 5%
e L (P <0.05); TG AN R4 iE TMAO .,
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£2 TMAO.Apelin-13.Helsinki CT ¥4 %t 54 /™= & 72 B A T il st
» 95% CI 95% C1 95% C1
el BfE#wiE  AUC R % P %
TR FK LB LB
TMAO 3.76 pmol/L 0.861 0.798 0.924 72.3 0.533 0.863 89.1 0.806 0.942
Apelin-13 28.36 ng/mL 0.933 0.892 0.974 84.3 0.672 0.947 89.1 0.806 0.942
Helsinki CT#E43 4.50%> 0.902 0.851 0.954 81.9 0.636 0.928 84.8 0.758 0911
JiF s 0.987 0.974 1.000 95.2 0.792 0.992 93.5 0.870 0.977
merg Yy, HAETBIAEE By R85 T ae 5 w4 ™
R AR E TS BB ARG . TMAO il Apelin-13
08 [ 7K SF- 728 Ak ] BB S B T A28 S8 E 1) 3 BRFE BE RN A
R N A T ol Al N 1 S Sl = 0 o Tl 11 =
- TMAO ., Apelin-13 7K -5 Helsinki CT 343 75 il 5 £
L PR 005 H 2 R R S L K B A M o
04 - N N N Vi
—TMAO 1E 105 PEAL s AE A (B, DT R I DR B Ik B v
~Apelin=l3 B2 W RVAYT e S0, oo TBI B E TS .
02 - — Helsinki CT 4y
— s A WF 5% TBL & & o, Il W TMAO K °F 5
BHLp , L
o TR Helsinki CT 343 5 50 (7RI H B . 5 9 P
0002 04 06 08 10 FRBERCIE b o 3PP 3R 4 AT LU i TMAO 7 4 32F 5 5
o SIS 9 KR . TMAO 108
2 TMAO.Apelin-13.Helsinki CT 43 Flilll B4 /= E 12 e s . -
EHROC t A& = ] REIE L BT NF-wB {5 5 30 B, 590 4 0E 41 ik

Helsinki CT #4203/ TG R 440 (P <0.05), i
5 Apelin-13 /K P AL T #il J5 R 4F 40 (P <0.05) .
W23,

£ 3 AEFEHTMAO.Apelin-13,Helsinki CT 43t

B (xxs)
TMAO/ Apelin—13/ Helsinki CT
2157 \
(wmol/L) (ng/mL) W4y
BEARA 44 451+£091 2126+205 722£2.12
R RGH 85 352+0.72  3054+297 451=+128
i 6.752 18.548 9.040
P 0.000 0.000 0.000
3 iTig

£ TBL 12 Wi RITAl i, JAE Bl 28 52 A5 27 A
PRVEAS B 9 H T2 W, (H 3 28 7 i 7 5730992 Wi Fn
P I R VEAS AR BRI Bk, R IO
UM AR R AR A AR EY, X T oE TBL R &
() L2 W R S PP A B FE A . LT TMAO
H1 Apelin—13 15 g 4t 28 5 403 A& 52 3k 72 b 1) A P b

PR 19 77 A, DT o e A g oA 38 1 4 RE A B, 3
o 28 A0 M55 RIS Helsinki CT 343 52 B ()
SR T AR A5 A B s AR B, R A IS R W T
(14 i AL 2L 455 FK B, 35 TMAO 51/ 1) 98 i IR 25
i Uy AE U R, BE % TBL Y N,
TMAO 7K 3 Fil Helsinki CT $F43 #9 b T+ 0T GE 52 g 2
i B R RE 5 A 0 IR . Apelin-13 ¥ 21 45
P Fi i 461 £ 28 2 A R B 5 TMAO Al Helsinki CT 1
Oy W SR B, KT B e v R A fOAH
FP X Al BE 5 Apelin-13 78 94 3 1ML 45 I g AL 4
BB AE FHAG 56 . Apelin—13 © 201 AE % 12 #F 1 4
P RO I, VR D ot R AR AR N AR TR
YR FETBLE A T, KA Apelin-13 7K
AT HE B AR P BIL I AR L, 5 SO ™ A i A
ULk, Apelin-13 38 i3 Ho A4 2 7 H T 68 02D 4 P A
TR, WA M A U, B, Apelin-13
IRV 1 B AV AT i i ™ B AR RS bRk, TR
i 13 1 7 A A 28 O 47 R0 i 4 i 2 RE TR T A
PEH . FEVEAL TBI B 9 = AR B e, 3 3 il
R B A4 3 ROC B ZE 23 BT 1178 TMAO . Apelin—13
JKF B2 Helsinki CT P43 1) BN A4 BE & B, X 2L 46 b
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