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The differences in metabolic indicators among patients with intracranial atherosclero-
sis of different severity levels and their predictive value for cerebral artery stenosis

and occlusion
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[ ABSTRACT ] Aim  To explore the differences in metabolic indicators among patients with intracranial
atherosclerosis of different severity levels and their predictive value for cerebral artery stenosis and occlusion. Methods
A total of 310 patients with suspected intracranial atherosclerosis who were treated in our hospital from February 2022 to
February 2024 were selected, and they were divided into the normal group (n=155) and the occlusion group (n=155)

based on whether cerebral artery stenosis and occlusion occurred.  Patients in the occlusion group were divided into grade
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1 group (n=40), grade 2 group (n=78) and grade 3 group (n=37) according to the grade of intracranial atherosclerosis.
The clinical data and serum calcium and phosphorus metabolism indicator levels of patients with different grades of athero-
sclerosis were compared. The generalized additive model ( GAM) was used to analyze the relationship between the levels
of serum calcium and phosphorus metabolism indicators and the grade of atherosclerosis.  The clinical data of the occlusion
group and the normal group were compared.  Multivariate Logistic regression analysis was conducted to analyze the factors
affecting cerebral artery stenosis and occlusion.  The dose-response relationship between the levels of serum calcium and
phosphorus metabolism indicators and cerebral artery stenosis and occlusion was analyzed. The differences in cerebral ar-
tery stenosis and occlusion under different grades of atherosclerosis and different levels of serum calcium and phosphorus
metabolism indicators were compared.  The generalized linear model was used to analyze the influence of the severity of in-
tracranial atherosclerosis on the association between cerebral artery stenosis and occlusion and the levels of serum calcium
and phosphorus metabolism indicators. Results With the increase of atherosclerosis grading level, the levels of fasting
blood glucose (FBG), high sensitivity C-reactive protein (hs-CRP) , apolipoprotein B ( ApoB) , total cholesterol (TC),
triglyceride (TG ), low density lipoprotein cholesterol ( LDLC), blood phosphorus, calcium-phosphorus product, and
intact parathyroid hormone (iPTH) gradually increased, while the levels of apolipoprotein A ( ApoA) and high density lip-
oprotein cholesterol (HDLC) gradually decreased ( P<0.05). The results of GAM analysis showed that blood phosphor-
us, calcium-phosphorus product and iPTH had a positive effect on atherosclerosis grading.  Compared with normal group,
the levels of FBG, hs-CRP, ApoB, TC, TG, LDLC, blood phosphorus, calcium-phosphorus product and iPTH were signif-
icantly higher in occlusion group, and the levels of ApoA and HDLC were significantly lower ( P<0.05). Compared with
the normal group, there were significantly fewer patients with atherosclerosis grade 0 in the occlusion group ( P<0.05).

ApoA<1.02 g/L, ApoB>1.09 g/L, TC>5.31 mmol/L, TG>2. 53 mmol/L, LDLC>3. 12 mmol/L, HDLC=<1. 26 mmol/L,
blood phosphorus>2. 17 mmol/L, calcium-phosphorus product>4. 53 (mmol/L)?>, iPTH>327.49 ng/L and atherosclerosis
grade=1 were the risk factors for cerebral artery stenosis and occlusion (P<0.05). The correlation intensity of blood

phosphorus, calcium-phosphorus product, iPTH and cerebral artery stenosis and occlusion showed a non-linear dose-re-

sponse relationship (P<0.001).

artery stenosis and blood phosphorus, calcium-phosphorus product and iPTH gradually increased.

With the increase of atherosclerosis grading, the positive correlation between cerebral

Conclusion There

were significant differences in the levels of metabolic indicators among patients with intracranial atherosclerosis of different

severity levels, and they had predictive value for cerebral artery stenosis and occlusion.
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Table 1. Comparison of clinical data between the

occlusion group and the normal group

i e

/T BI(% ) ] 1.368 0.242
% 91(58.71)  101(65.16)

ks 64(41.29)  54(34.84)

s 787 62.30+9.42 63.50+10.00 1.087 0.278
BMLI/ (kg/m?) 23.51+3.24 24.02+2.78 1.487 0.138
WA/ [ (% ) ] 14(9.03)  24(15.48) 2.999 0.083
RIS/ [ (%) ] 18(11.61)  22(14.19) 0.459 0.498
I ES/[FI(%)] 102(65.81) 114(73.55) 2.199 0.138
EORILAE S/ [B(%)]  9(5.81) 4(2.58)  2.007 0.157
TEORL/[(Fl(%)]  24(15.48)  27(17.42) 0.211 0.646
Wi/ [B(%)]  17(10.97)  26(16.77) 2.187 0.139
Wi FE/ ( mmHg) 135.17£20.70138.91£18.72 1.668 0.096
& KT/ (mmHg) 79.36+12.32 81.84£14.59 1.617 0.107
FBG/ ( mmol/L) 5.29+1.04  5.90+2.25 3.064 0.002
JRER/ (mmol/L) 272.60+83.89287.74x90.33 1.529 0.127
CysC/(mg/L) 0.95+0.19  0.92+0.25 1.189 0.235
hs-CRP/ (mg/L) 2.3320.87  4.06x1.52 12.298 <0.001
iﬁfﬁ@ﬁ%? 5.35¢1.51  5.53x1.66 0.999 0.319
E'jifr"iﬁ_i]ﬂ?ﬁﬁ/ 3.2121.27  3.45¢1.44 1.556 0.121
?i?oimff;rﬁ/ 1.64+0.54  1.68+0.60 0.617 0.538
NLR 2.20+1.38  2.321.82 0.654 0.514
ApoA/(g/L) 1.36£0.25  0.93x0.21 16.397 <0.001
ApoB/ (g/L) 0.80+0.26  1.46+0.24 23.222 <0.001
TC/ ( mmol/L) 4.26+1.08  5.94£1.23 12.778 <0.001
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TG/ ( mmol/L) 1.4420.49  2.47+0.55 17.409 <0.001
LDLC/ ( mmol/L) 2.38+0.36  3.08x0.41 15.973 <0.001
HDLC/ ( mmol/L) 1.58+0.34  1.2320.36 8.800 <0.001
1145/ (mmol/L) 2.02+0.49  2.11x0.53 1.552 0.122
M/ (mmol /L) 1.75+0.36  2.36+0.48 12.657 <0.001
FERSRRARY/ [ (mmol/L)?]  3.49+0.24  4.95+0.27 50.317 <0.001
iPTH/ (ng/L) 258.52+70.06 395.77+80.61 15.999 <0.001

hs-CRP ,ApoB . TC . TG .LDLC 7K ¥ 7+ 5, ApoA |
HDLC /K FZ Wi AL, 25 A S IH#E L (P<

0.05;%2),
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AN ) B ik 8 A 0 £k 23 2 HR 3 A LA K S ) T
(W22 A BAGETH2E T L(P>0. 05) s FiE S kil
WS> 9K T, IR S8R B iPTH 7K 3%
e, Z R A G E L (P<0.05;33)
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Table 2. Comparison of clinical data of patients with different grades of atherosclerosis

WiH 0 %4 (n=155) 14 (n=40) 2 KM (n=78) 3Y%M(n=37) HitH P
PR/ (1% ) ] 7.279  0.064
5 91(58.71) 22(55.00) 49(62.82) 30(81.80)
7 64(41.29) 18(45.00) 29(37.18) 7(18.92)

RS % 62.30£9.42 65.11+8.76 62.54+10.27 61.65+9.96 1.076  0.360
BML/ ( kg/m?) 23.51+3.24 24.18+2.63 24.34%2.79 24.87+2.71 1.811 0.145
AR s/ [ (% ) ] 14(9.03) 4(10.00) 13(16.67) 8(21.62) 6.775 0.079
P/ [ (% ) ] 18(11.61) 4(10.00) 11(14.10) 7(18.92) 1.821 0.610
LT S/ [ (% ) ] 102(65.81) 24(60.00) 60(76.92) 30(81.08) 7.088 0.069
1 IR ILAE S/ [ 1) (% ) ] 9(5.81) 1(2.50) 2(2.56) 3(8.11) 2,252 0.522
TR/ [B(% ) ] 24(15.48) 2(5.00) 16(20.51) 9(24.32) 6.526  0.089
BEIRIR /[ (% ) ] 17(10.97) 4(10.00) 14(17.95) 9(24.32) 6.605 0.086
W45 S/ mmHg 135.17£20.70 140.00+14. 94 142.77%20. 60 138.06+18.84  2.333 0.074
#7k E/mmHg 79.36+12.32 80.78+16. 86 85.83+13.27 83.12+13.44  2.235 0.084
FBG/mmol/L 5.29+1.04 4.94+1.36" 5.89+1.62" 6.97+1.83%  51.020 <0.001
PR/ (mmol/L) 272.60+83. 89 278.67+77.13 305.94+93. 31 301.06+98.97  1.655 0.177
CysC/(mg/L) 0.95+0. 19 0.97+0. 16 0.96+0. 40 0.91x0.19 0.419 0.739
hs-CRP/( mg/L) 2.33+0. 87 2.48+0. 83" 3.08+0.97* 3.82£1.18"%  57.687 <0.001
4% (x10° L) 5.35+1.51 5.41+1.31 5.57+1.44 6.11+2.22 2.425  0.066
rppk A i 5 (x10° L) 3.21+1.27 3.49+0. 89 3.34+1.13 3.87+2.21 2.546  0.056
WA (x10° L) 1.64+0.54 1.55+0.57 1.71+0.64 1.75+0.56 1.057 0.368
NLR 2.20=1.38 2.00£0.75 2.39£2.11 2.52+2.01 0.899 0.442
ApoA/ (g/1) 1.36+0.25 1.25+0.19° 1.09+0. 16™ 0.94+0. 14"  54.122 <0.001
ApoB/(g/L) 0.800.26 1.13+0.25" 1.3420.23" 1.45£0.26"  64.559 <0.001
TC/ ( mmol/L) 4.26+1.08 4.98=+1.23" 5.86x1.21" 6.99+1.27"  71.514 <0.001
TG/ (mmol/L) 1.44+0. 49 2.19+0. 52° 2.45+0.56™ 2.79+0.54%  43.734 <0.001
LDLC/ ( mmol/L) 2.38+0.36 2.81+0. 34" 3.05+0. 42 3.27+0.39%  49.783 <0.001
HDLC/ ( mmol/L) 1.58+0.34 1.36=0. 39" 1.1220.31" 0.83+0.27"  67.471 <0.001

H:a N P<0.05,5 0 P HE ;b N P<0.05,5 1 P HH ;¢ b P<0.05,5 2 A A,
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Table 3. Comparison of serum calcium and phosphorus metabolism indicator levels in patients with

different grades of atherosclerosis

i 5 0 P4 (n=155) 1 %4 (n=40) 2 %4 (n=78) 3%MH(n=37) SilHE P

145/ ( mmol/L.) 2.02+0. 49 2.15+0. 56" 2.06=0. 44" 2.13+0. 48" 1.061  0.366
1L/ ( mmol/L) 1.75+0.36 2.03+0.41° 2.26+0.49" 2.47+0.46™  44.913  <0.001
FEREFEL/[ (mmol/L)> ] 3.49+0.24 4.32+0.27" 4.62+0.33" 5.16+0.35"  508.406 <0.001
iPTH/ (ng/L) 258.52+70. 06 304.49+72.36"  349.76+79.46™  407.84+82.69™ 53.183  <0.001

H:a N P<0.05,5 0 2L LE ;b o P<0.05,5 1 2L IbH ;¢ 9 P<0.05, 5 2 R4 L,

2.4 MESBREHEIRK T SRR EEN DR 4. EETESHREELS RSB

B GAM & #f Table 4. Parameter effects of continuous variables and
i S-pREICW 1L AR i AT A3 TR A 73 B 3 atherosclerosis grading

Pk FERE AL 2 P 28 . S5 BRIk 5 e Al ARAME ¥m B F P

FURNIPTH 2 HA G242 0 i % 728 & (P<0.05; i 4 3 4.694 14.082 7.086 <0.001

F4), XA RN ARG 25T S-REUE T, 45 R 3 5.057 15.172 7.613 <0.001

R M8 5B AUR iPTH X S kAR REIL 7 oy 3 372 11161 5.843  0.008

RSN SRR R, H =38 X gl Dk ot A A Ak o
PR B N IE A A (18 1)
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Figure 1. GAM analysis of serum calcium and phosphorus metabolism indicators levels and atherosclerosis grading
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EWEE w5 | 5 8% e BRI iPTH 5 10 2h ik B 75 i P 2 Y 56
W EARWABRH LR EAGIT 2R LR R R R AR -5 &R (P<0. 001514 2)

VER AR, USRS A I ZE(/F =0, 2=1)8 2.7 ARENBKBEBL SRR A E M iE55 R 5
HARa, 1T 2 AR Logistic M, R E/xR,  IEIRKFETHREZIBKIEEMAZEEREEE
ApoA<1.02 g/L ApoB>1.09 g/L TC>5.31 mmol/L, W 20 ik ok B R AL 43 G 3G, DL K il w5
TG>2.53 mmol/L, LDLC >3. 12 mmol/L, HDLC < WA BRI iPTH 7K P14 b T, B8 A ki 2 ik e 4
1.26 mmol/L. Ifil ¥ >2.17 mmol/L, %5 W 3 X > FPAIZE R HLAIIRBE =2 360, {HL 3 6 22 53 35 K 58 3 42
4.53 (mmol/L)’* iPTH>327. 49 ng/L VUK SIkEAE 1122 X (P>0.05;%6)

WAL =1 YE i sh Bk M ZE R R IR 2.8 MR BhBKEAERE 1L /™= 5 78 B X Ao 3h Bk 38 %= #0

(P<0.05;35) 128 5 I 75 $5 A e AR K T X BRI A S M
2.6 MiESSBEA R AR K T 5 fa 3 Bk 3k 5 0 6] 22 W Dok e B8 Ak 23 S Ty, 1 s kB 4
HFIE-RMX R VA 2E 55 108 B Wl ofe AL iPTH 1Y) 1E AH G 6 3R 34 7 3

JOLFHIBR i 4 57 75 e S A R A AT M 0 A AR SR(E3)
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Table 5. Multivariate logistic regression analysis of factors affecting cerebral artery stenosis and occlusion

Akt B SE Wald x* OR(95% CI) P
FBG>5.32 mmol/L 0.095 0.195 0.235 1.099(0.750 ~1.611) 0.628
hs-CRP>3.16 mg/L 0.035 0.187 0.035 1.036(0.718 ~1.494) 0.852
ApoA=<1.02 g/L 0.953 0.303 9.876 2.594(1.432 ~4.702) 0.002
ApoB>1.09 g/L 0.971 0.297 10. 655 2.639(1.474 ~4.727) 0.001
TC>5.31 mmol/L 0.980 0.303 10.432 2.665(1.470 ~4.830) 0.001
TG>2.53 mmol/L 0.761 0.269 7.991 2.141(1.263 ~3.630) 0.005
LDLC>3. 12 mmol/L 0.672 0.248 7.358 1.957(1.205 ~3.180) 0.007
HDLC<1.26 mmol/L 0.984 0.314 9.854 2.676(1.447 ~4.946) 0.002
1L #%>2. 17 mmol/L 0.692 0.238 8.434 1.998(1.252 ~3.188) 0.004
IR A>4. 53 (mmol/L)> 1.509 0.415 13.204 4.520(2.003 ~10.199) <0.001
iPTH>327.49 ng/L 0.948 0.284 11.152 2.580(1.479 ~4.500) 0.001
Sk L =1 H 0.848 0.261 10.535 2.336(1.399 ~3.899) 0.001
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Figure 2. Analysis of the dose-response relationship between serum calcium and phosphorus metabolism

indicators and cerebral artery stenosis and occlusion using restricted cubic spline model
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Table 6. Comparison of differences in cerebral artery stenosis and occlusion under different grades of atherosclerosis and

different levels of serum calcium and phosphorus metabolism indicators BRI (% )

WiH 1 9440 (n=40) 2 % (n=718) 3 94 (n=37)
1M <2.17 mmol/L 16(40.00) 33(42.31) 11(29.73)

>2. 17 mmol/L 24(60.00) 45(57.69) 26(70.27)

P 0.425
PRI <4.53 (mmol/L)> 18(45.00) 27(34.62) 15(40.54)

>4.53 (mmol/L)? 22(55.00) 51(65.38) 22(59.46)

P 0.530
iPTH <327.49 ng/L 13(32.50) 36(46. 15) 11(29.73)

>327.49 ng/L 27(67.50) 42(53.85) 26(70.27)

P 0. 155
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Figure 3. The interaction between the severity of intracranial atherosclerosis and cerebral artery stenosis

and occlusion on the levels of serum calcium and phosphorus metabolism indicators
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