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[ Abstract] Objective To explore the changes in serum insulin-like growth factor-1 (IGF-1) and
cyclic glycine proline (cGP) levels in patients with acute ischemic stroke (AIS), and their value in assessing the
prognosis of neurological function in patients with AIS within three months. Methods A total of 132 patients
with AIS admitted to the Department of Neurology of the First Affiliated Hospital of Xinxiang Medical University
from June 2022 to March 2023 were selected for the study. Modified Rankin Scale (mRS), National Institute of
Health Stroke Scale (NITHSS), and Barthel Index (BI) were used to assess the severity of the patient’s condition
and prognosis. Patients were categorized into 80 cases in good prognosis group (mRS < 2) and 52 cases in poor
prognosis group (mRS = 3) based on the mRS score at three months after the onset of the disease. Serum IGF-1
and c¢GP levels were measured using enzyme-linked immunosorbent assay (ELISA) at the time of admission and

7 days after admission in both groups. Spearman correlation was used to analyze the correlation of serum IGF-1,
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¢GP levels and ¢GP/IGF-1 molar ratio with clinical outcomes (NTHSS score, mRS score and BI score). Factors
influencing poor prognosis were analyzed by binomial Logistic regression with 3-month poor prognosis (yes/
no=1/0) as the dependent variable and serum levels of IGF-1 and ¢GP as the independent variables, and the
strength of correlation of the 3-month prognostic factors in patients with AIS was determined using the receiver
operating characteristic (ROC) curve. Results At the time of admission and at 7 days of admission, the cGP
levels in poor prognosis group were 9.49 (6.48, 10.91) ng/ml, 8.10 (6.93, 12.00) ng/ml, and the ¢cGP/IGF-1
molar ratios were 1.67 (0.94, 2.40) and 1.50 (1.11, 2.26), which were higher than those in good prognosis group
of 4.45(2.78, 6.42) ng/ml, 4.62(3.66, 5.20) ng/ml and 1.03(0.31, 1.76), 0.72(0.51, 0.79), and the differences
were statistically significant (Z=-3.189, -3.777, -3.023, -3.952; all P < 0.01). Serum cGP levels and ¢GP/
IGF-1 molar ratios were positively correlated with mRS scores after three months, with statistically significant
differences (r=0.400, P=0.005; r=0.597, P < 0.001; r=0.348, P=0.015; r=0.603, P < 0.001). Binomial
Logistic regression analysis showed elevated serum c¢GP levels at admission [ adjusted OR=1.467, 95%CI
(1.099, 1.957), P=0.009 ] and c¢GP levels at 7 days of admission [ adjusted OR=1.723, 95%CI (1.194, 2.485),
P=0.004 ], and increased ¢cGP/IGF-1 molar ratio at admission [ adjusted OR=4.198, 95%CI (1.392, 12.655),
P=0.011 ] and ¢GP/IGF-1 molar ratio at 7 days of admission [ adjusted OR=15.892, 95%CI (2.536, 99.576),
P=0.003 ] were all risk factors for 3-month poor prognosis of AIS patients. The area under the ROC (AUC) for
serum c¢GP and cGP/IGF-1 molar ratio at 7 days of admission was 0.818 and 0.833, respectively. The ¢cGP/IGF-1
molar ratio AUC was maximal with a critical value of 0.829. Conclusions Elevated serum c¢GP levels and cGP/

IGF-1 molar ratios in AIS patients are independently associated with poor functional outcomes. Serum c¢GP levels
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and ¢GP/IGF-1 molar ratios can be used as important biomarkers to assess AIS prognosis.
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LDL-C (mmol/L, x £ 5) 2.39+0.78 2.61+0.83 -1.093 0.279
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HbAlcl %, M(Pys, P;s) ] 6.15(5.66, 7.36) 6.36(5.47, 7.46) -0.007 0.995
Ser(pmol/L, X + 5) 63.82+19.17 60.26 + 14.31 0.811 0.421
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1 : BMUKE S S TC BIHEEE ; TG Hh =88 ; LDL-C K% BENIE 8 (1 IR BE ; HDL-C =% BENR B U I [T ; eGFR B /NERJERL %5 FBG 25
J 0% ; HbA1e S¥AEINZTER 5 Ser MILET; UA JRIR ; Hey [FIZLE SRR ; NTHSS 32 [ [E 37 TA T BE R H 522 5 BI Barthel #6545 ; * R H Fisher

WRUIMESR
xR2 PR AR MRS R I IGF-1 . cGP Al cGP/AGE-1 BE /R I AB AT 1 A [ M(Pys, Pys) ]
N ABEIGF-1 ABE eGP ABE cGP/IGF-1 7 d IGF-1 7 d cGP 7 d ¢GP/IGF-1
L5 7 i s e i
(ng/ml) (ng/ml) JEE IR A (ng/ml) (ng/ml) BEIR U AH

PG RIFA 80 296.26(217.23,348.94) 4.45(2.78, 6.42)

1.03(0.31, 1.76)  351.51(301.08, 419.94) 4.62(3.66, 5.20)

0.72(0.51, 0.79)

WA AKRZ 52 248.07(221.72,285.01) 9.49(6.48,10.91) 1.67(0.94,2.40) 284.05(245.18, 356.65) 8.10(6.93,12.00) 1.50(1.11,2.26)

Z1H -0.866 -3.189 -3.023 -1.818 -3.777 -3.952
P1H 0.387 0.001 0.004 0.069 < 0.001 < 0.001

H IGF-1 B BRI F -1; oGP S H RN

A5 B AR 2 T B IR cGP A 3 in 2
XFIILYE 1GF-1 A= 40 FH B2 5 hn e AR S s, JFA Bl
TR A R I AEVK A o IGF IR [ 3 ¢ 3k o5 Ok it 5%
R F ], RIS IGF-1 25 14 25 i i i, HL 5
FEFE BRI 2T s B A 2, oGP AT L i
P IGF-1 T g e A4 R BR A e 32 it i 4 454 3 o
AT EE R IA L — ik . ABFoE 4R
R, TG A BRI cGP K cGP/IGF-1 EE/R
HUAE DL e NTHSS P43 24 T s B 448, 1 BIIT
SHETHUG R4 B eGP /KAF-EX cGP/IGE-1

JEE 7R H A5 v 1 A AR i 2 b S I e T 2
FLR SR B 0 i 2 T Re et B8 O P, D RE Ik ST P
W2, TEIRIT 7 AN, LI cGP K- H1 cGP/IGF-1 &
IR HAE PR R, & T IS R Ardl. A CE
FELE T, A S5 IS A A 28 S IR S B
i R B TR 12 AT U LA ke = A S
IGF IR 2 75 5 i i % P H8 A1 L 0 B )
IGF-138/0, TR GP ZEMRZH 2R R 9VE T . B IfL
1 cGP (30 cGPIGF-1 EE /R L AE T i 5 448 22 1) T
JE B RARG, BARKRIL 34 H J5 ALS 235 mRS P



- 406 - 2 SRS AT DA 20254F 6 H 20 H A 25 555 6 ] Journal of Neuroscience and Mental Health, June 20, 2025, Vol.25, No.6
R3 AEE ARG T R LIS IGF-1 . oGP Fl cGP/IGF-1 BE /R U AB K5 1 B2 A S AT ()
i H ABEIGF-1 ABEcGP A% cGP/IGF-1FE /K Hu A 7 dIGF-1 7dcGP 7 d ¢cGP/IGF-1 BE /R He A
NIHSS PE4> -0.202 0.447" 0.456" -0.438" 0.615" 0.658"
BLIT4y 0.144 -0.390" -0.370" 0.402° -0.582" -0.622"
mRS 4 -0.073 0.400° 0.348" -0.340" 0.597" 0.603"

TE: "P<0.05; "P < 0.001; IGF-1 & A4 KB T —1; GP M HZMRIH %R ; NIHSS 5 [ 7 AT B it 2 ; BI Barthel FR%;

mRS I K Rankin 3%

R4 2MEEMEIR A R 3 H USRS B2 K2 B 0 Logistic [710H 43047
i E N WSS

OR1H 95%CI P{E ORTH 95%CI P{E
ABEIGF-1 0.762 0.422 ~ 1.375 0.367 0.687 0.329 ~ 1.438 0.319
ABE cGP 1.308 1.078 ~ 1.587 0.007 1.467 1.099 ~ 1.957 0.009
AWz cGPIGF-1 FE/R A 2.576 1.274 ~ 5.208 0.008 4.198 1.392 ~ 12.655 0.011
7 dIGF-1 0.806 0.441 ~ 1.472 0.482 0.676 0.317 ~ 1.443 0311
7d cGP 1.416 1.129 ~ 1.775 0.003 1.723 1.194 ~ 2.485 0.004
7 d ¢cGP/IGF-1 B /R HUAH 5.037 1.895 ~ 13.386 0.001 15.892 2.536 ~99.576 0.003

TE: TRARAE S M) | A5 IR | TR B D 2R | e L A AR [ AR BE N A OB B L AT O B s IGF-1 [ A
AR ETF -1; cGP FH &I =R

K5 AP PERR A T LIS oGP 1 cGP/IGEF-1 BE /K HUABE X AS KL 155 A TR s e
A S NTYA 95%CI I AE G FHE HURFE (%) FEREE (%) PP FREL
ABE eGP 0.769 0.622 ~0.916 6.425ng/ml 80.00 78.26 0.583
AB% cGPAIGF-1BE /K Al 0.734 0.590 ~ 0.879 1.444 68.00 78.26 0.463
7dcGP 0.818 0.683 ~ 0.954 5.599ng/ml 88.00 86.96 0.750
7 d cGP/IGF-1 B /R At 0.833 0.709 ~ 0.957 0.829 84.00 82.61 0.666
1 oGP B HEMRIHERR ; IGF-1 RS R KK T -1
A B
1.0 1.0
7 — Rt
* e
o’ *
0.84 R 0.8 x.
0" "
* *
" 0.6
- 0.6 R s O
= .
= 041 = 0.4 R
K o ABECGP/IGF-1EE /R [
Rt R (AUC=0.734)
0.21 R ABECGP (AUC=0.769) 0.2 o' __ 7dCGPAGF-TE/RIL
RS —7d CGP (AUC=0.818) R (AUC=0.833)
EELE = 757 - LR =54
T T T T 0 T T T T
0 0.2 04 06 0.8 1.0 0.2 04 06 0.8 1.0
1R 5B 1-F55

e AFRABE N7 d AL cGPKSEHINA K US89 ROC #12% ; B 278 ABEH AN 7 dist cGP/IGF-1 58 /R FLAEL/KSEHA RLTUS (9 ROC 4k
1 2B s o B T oGP Hl cGPGE-1 FE R FLE T K US4 ROC i<k

. BEAL, W IGE-1{5 S & it — L B
e i AR &= & ek RSN [
IR P 2 285 4 1 e Lk 25 > 2 T ok o A
SRR (L LT Al 0>, A, Snarski %57
TE B V5 20 4 S IGF IR 4 33k Apoe—/— /)N BB
ROk B, U 2 AT A 5 TGF-1 AT A il 4k R+

e A 12 B 38 , U0 5 I 40 A 1) BB () 54, et
YA PR R T . X RBAEARFEMFE T 5T,
IGF-1 " R R AR VE T

AL BN , ABERNGITIE 7 d ) cGPIGE-1
JEE IR FLAE RS A R R R 22— X — &
K eGP AE R IGF-1 DI REVA T K 7 1V F$ 43t T &5 41



25 SR A2 2025 4F 6 H 20 H 55 25555 6 ] Journal of Neuroscience and Mental Health, June 20, 2025, Vol.25, No.6 - 407 -

AR o (EA7E B A S, BV e 2 T RE IR o | Al
JE45E AT BESIA IGF-1 IRERY N 5 1, X R e
588 0 2, X HE— 2588 T cGP/IGF-1 BE/R LU B 7E
AR A SRR P A L . R4S oGP AT cGP/IGE-1
JEEJR FUME S5 R TR AT 2 3 Rk, (HARIF ST R it 2
NIGF-1 A B 5 A K1) 8 A M, nl R &
IGF-1 KSR ANRE T ATS A8 A A= XU, T 4wk
S AR, I3 IGF-1 K- 122 5 1GF-1 THRETE K,
M5 cGP/IGF-1 B /R HLAE AT G .

AW 5T 45 T W, A BER Y I3 cGP 7K SF
cGP/IGF-1 /R FL A 190 f5 N R EL A S5 4 1 0 i
$1(0.7 <AUC < 0.8), BLAM, IGITIG 7 d LG cGP /K
SEFeGPAGE-1 FE /R FAE A s O TS A BB 5K
EHITNEE S (AUC > 0.8) o X IE—501H TGP K&
H 5 cGPNGEF-1 B /R HUABAE R T8 U A= Wb s
M EZME, HE, 5GP B AR L8 R IGF-1
Ui bR, (HX 625 A AR R i 2 A
1o XA cGPAHICHY S AT B 5 IGF-1 -3 1) )
BB AT 5%, AR BRF A<, RE, X F
A bR BT BEXT HA 5 TGF-1 Bl = A0 5C Bt
EAWAEMIE RN A . XN, KRBT
B — S BRRIGF-1 ZEAS [R50 Hh (Ve AL, IF
IE AR A A b 2 0 ) SR R S

AHFFEAFAE—BE SR BRI (1) ARBFGAEA A BR
ABESZ I T &5 SRR e R AT SR, (R, Rk AT
G e B AE S RSS2 T BRI SR — I 5
LRI, ) AT EZRE T cGPAGF-1 /R L
H5 AR E B R (BRIRAGET AR A 152
Wil PR 2 B AL . (3) R4S UL ¢GP Al cGP/IGF-1 BE /R
LA AE A IS PPl AR AL T — e TR, (R REAR
MG o Ak B A b s A I T
KA B AR FE B RN, 2R A AL
HORF IGF-1 R Il 20, DL R B8 2 A
R R RO . L, ASRAIFFE W] LAAE
B O e 2 70 2 1 1B O D W o T L
HPRE A AR 2 E i BRI R R 2R

gk Lk, RAFIGF-1#EiF 2 A Y ad i by
WEEMA O, 5 AN IGE-1 K FEH L, cGP I
cGP/IGF-1 B /R LA 1T BB 2 B AU A= A B
ATl AIS 8 A IS . ZEAFFTIGE-1 )¢
HARAE YRG5 I ORI, ZIRIMAS
e AL — [ S) [oa] g 0] £ ] BB E
FUZERZE LR (A AT SCRE T S 26 h e
EERGAR  FICRIE ST A, BRI YOk
o DUSE XTI, ¥ SCEE S h2 i WRIRAR . 3, AR

(1]

[2]

[4]

(6]

[7]

[10]

[11]

[12]

& % X W

Katan M, Luft A. Global burden of stroke[ J ]. Semin Neurol,
2018, 38(2): 208-211. DOI: 10.1055/s-0038-1649503.

Wang YJ, Li ZX, Gu HQ, et al. China Stroke Statistics: an
update on the 2019 report from the National Center for Healthcare
Quality Management in Neurological Diseases, China National
Clinical Research Center for Neurological Diseases, the Chinese
Stroke Association, National Center for Chronic and Non-
communicable Disease Control and Prevention, Chinese Center
for Disease Control and Prevention and Institute for Global
Neuroscience and Stroke Collaborations| J ]. Stroke Vase Neurol,
2022, 7(5): 415-450. DOI: 10.1136/svn-2021-001374.

Bailes J, Soloviev M. Insulin-like growth factor-1 (IGF-1) and its
monitoring in medical diagnostic and in spnrls[ T 1. Biomolecules,
2021, 11(2): 217. DOI: 10.3390/biom11020217.

Baxter RC. Signaling pathways of the insulin-like growth factor
binding pmleins[ 1 1. Endocr Rev, 2023, 44(5): 753-778. DOI:
10.1210/endrev/bnad008.

Fang J, Zhang X, Chen X, et al. The role of insulin-like growth
factor-1 in bone remodeling: a review[ J ]. Int J Biol Macromol,
2023, 238: 124125. DOI: 10.1016/j.ijbiomac.2023.124125.

Woo HG, Kim HG, Lee KM, et al. Wall shear stress associated
with stroke occurrence and mechanisms in middle cerebral
artery atherosclerosis[ J ]. J Stroke, 2023, 25(1): 132-140. DOI:
10.5853/j0s.2022.02754.

Wennberg AMV, Hagen CE, Machulda MM, et al. The
association between peripheral total IGF-1, IGFBP-3, and IGF-
1/IGFBP-3 and functional and cognitive outcomes in the Mayo
Clinic Study of Aging[ J ]. Neurobiol Aging, 2018, 66: 68-74.
DOI: 10.1016/j.neurobiolaging.2017.11.017.

Kang D, Waldvogel HJ, Wang A, et al. The autocrine regulation
of insulin-like growth factor-1 in human brain of Alzheimer's
disease[ J ]. Psychoneuroendocrinology, 2021, 127: 105191.
DOI: 10.1016/j.psyneuen.2021.105191.

Guan J, Li F, Kang D, et al. Cyclic glycine-proline (¢GP)
normalises insulin-like growth factor-1 (IGF-1) function: clinical
significance in the ageing brain and in age-related neurological
conditions] J ]. Molecules (Basel, Switzerland), 2023, 28(3).
DOI: 10.3390/molecules28031021.

Hou L, Feng X, Zhu Z, et al. IGFBPLLI inhibits macrophage lipid
accumulation by enhancing the activation of IGRIR/LXR o/
ABCG1 pathway[ J ]. Aging, 2023, 15(24): 14791-14802. DOI:
10.18632/aging.205301.

Sha Y, Chen L, Xu C, et al. The roles of IGF-1 and MGF on
nerve regeneration under hypoxia- ischemia, inflammation,
oxidative stress, and physical traumal J ]. Curr Protein Pept Sci,
2023, 24(2): 143-155. DOI: 10.2174/1389203724666221208145549.
Pan Y, Elm JJ, Li H, et al. Outcomes associated with clopidogrel-
aspirin use in minor stroke or transient ischemic attack: a
pooled analysis of clopidogrel in high-risk patients with acute
non-disabling cerebrovascular events (chance) and platelet-
oriented inhibition in new tia and minor ischemic stroke (POINT)
trials[ J ]. JAMA Neurol, 2019, 76(12): 1466-1473. DOI:
10.1001/jamaneurol.2019.2531.



- 408 -

[20]

[21]

[22]

(23]

2 SRS AT DA 20254F 6 H 20 H A 25 555 6 ] Journal of Neuroscience and Mental Health, June 20, 2025, Vol.25, No.6

XUWGPE, JA 225, Braag, 4. o A i 809 I R4S #H 4
200 CI53E) ——2f5 4 TE B (P e . AP s PRy B A 2
LY ] A E A A, 2023, 18(8): 910-933. DOI: 10.3969/
j-issn.1673-5765.2023.08.0009.

Liu LP, Zhou HY, Duan WY, et al. Chinese stroke association

guidelines for clinical management of cerebrovascular diseases

(second edition) (excerpt) chapter four clinical management

of ischaemic cerebrovascular diseases| J ]. Chin J Stroke, 2023,
18(8): 910-933.

Hong KS, Bang OY, Kang DW, et al. Stroke statistics in Korea:
part I. Epidemiology and risk factors: a report from the korean
stroke society and clinical research center for stroke[ J]. T
Stroke, 2013, 15(1): 2-20. DOI: 10.5853/j0s.2013.15.1.2.

Fan D, Krishnamurthi R, Harris P, et al. Plasma cyclic glycine
proline/IGF-1 ratio predicts clinical outcome and recovery in
stroke patients[] 1. Ann Clin Transl Neurol, 2019, 6(4): 669-
677.DOI: 10.1002/acn3.743.

Ye Q, Zhai I, Chao B, et al. Rates of intravenous thrombolysis
and endovascular therapy for acute ischaemic stroke in China
between 2019 and 2020 [ J ]. Lancet Reg Health West Pac,
2022, 21: 100406. DOI: 10.1016/j.1anwpc.2022.100406.

Tu WJ, Zhao Z, Yin P, et al. Estimated Burden of Stroke in
China in 2020 [ J ]. JAMA Netw Open, 2023, 6(3): 231455.
DOI: 10.1001/jamanetworkopen.2023.1455.

Fan D, Alamri Y, Liu K, et al. Supplementation of blackcurrant
anthocyanins increased cyclic glycine-proline in the cerebrospinal
fluid of parkinson patients: potential treatment to improve
insulin-like growth factor-1 function] J |. Nutrients, 2018, 10(6).
DOI: 10.3390/nu10060714.

Yao Y, Zhu H, Zhu L, et al. A comprehensive contribution of
genetic variations of the insulin-like growth factor 1 signalling
pathway to stroke susceplibilily[ T 1. Atherosclerosis, 2020, 296:
59-65. DOI: 10.1016/].atherosclerosis.2020.01.009.

Huang KW, Wang IH, Fu P, et al. Insulin-like growth factor-1
directly affects cardiac cellular remodelling via distinct pathways[ J1
Int J Cardiol Heart Vasc,2021,36:100852. DOI:10.1016/j.ijcha.
2021.100852.

Al-Samerria S, Radovick S. The role of insulin-like growth
factor-1 (IGF-1) in the control of neuroendocrine regulation of
growth J ]. Cells, 2021, 10(10). DOI: 10.3390/cells10102664.
Kaneko H, Namihira M, Yamamoto S, et al. Oral administration
of cyclic glycyl-proline facilitates task learning in a rat stroke
model[ J |. Behav Brain Res, 2022, 417: 113561. DOI: 10.1016/
j.bbr.2021.113561.

Li F, Liu K, Wang A, et al. Cyclic glycine-proline administration

normalizes high-fat diet-induced synaptophysin expression in

[24]

[25]

[26]

[27]

[28]

[29]

[31]

[32]

obese ratg J . Neuropeptides, 2019, 76: 101935. DOI: 10.1016/
j-npep.2019.05.006.
Xu'Y, Kong GK, Menting JG, et al. How ligand binds to the type
1 insulin-like growth factor receptm{ J | Nat Commun,2018,9%(1):
821. DOI: 10.1038/s41467-018-03219-7.
Higashi Y, Sukhanov S, Shai SY, et al. Endothelial deficiency of
insulin-like growth factor-1 receptor reduces endothelial barrier
function and promotes atherosclerosis in Apoe-deficient micel J ].
Am ] Physiol Heart Circ Physiol, 2020, 319(4): H730-H743.
DOI: 10.1152/ajpheart.00064.2020.
Cirrik S, Schmid-Schénbein GW. IGF-1 receptor cleavage in
hyper[ensinn[ J1. Hypertension Research: Official Journal of the
Japanese Society of Hypertension, 2018, 41(6): 406-413. DOI:
10.1038/s41440-018-0023-7.
Wen HJ, Liu GF, Xiao LZ, et al. Involvement of endothelial
nitric oxide synthase pathway in IGF-1 protects endothelial
progenitor cells against injury from oxidized LDLs[ J ]. Mol Med
Rep, 2019, 19(1): 660-666. DOI: 10.3892/mmr.2018.9633.
Singh-Mallah G, Ardalan M, Kang D, et al. Administration of
cyclic glycine-proline during infancy improves adult spatial
memory, astrocyte plasticity, vascularization and GluR-1
expression in ratgd J |. Nutr Neurosci, 2022, 25(12): 2517-2527.
DOI: 10.1080/1028415x.2021.1980845.
Leng L, Xing Y, Liang Y, et al. Relationship between circulating
insulin-like growth factor-1 and blood pressure in adults: a
systematic review and meta-analysis of observational studies[ J .
Growth Horm IGF Res, 2021, 60-61: 101416. DOI: 10.1016/
j.ghir.2021.101416.
Yurdagul A, Jr. Crosstalk between macrophages and vascular
smooth muscle cells in atherosclerotic plaque stability[ J ].
Arterioscler Thromb Vasc Biol, 2022, 42(4): 372-380. DOI:
10.1161/atvhaha.121.316233.
Raggi P, Genest J, Giles JT, et al. Role of inflammation
in the pathogenesis of atherosclerosis and therapeutic
interventions[ J |. Atherosclerosis, 2018, 276: 98-108. DOI .
10.1016/j.atherosclerosis.2018.07.014.
Snarski P, Sukhanov S, Yoshida T, et al. Macrophage-specific
IGF-1 overexpression reduces CXCL12 chemokine levels and
suppresses atherosclerotic burden in apoe-deficient mice[ J J.
Arterioscler Thromb Vase Biol, 2022, 42(2): 113-126. DOI:
10.1161/atvhaha.121.316090.

(ks H 391 - 2024-07-08)

(AR £



	_Hlk180855434

