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Monocyte to high density lipoprotein ratio and stability of intracranial artery plaque in acute cerebral infarction
patients: correlation analysis

LIN Huang-bin”, WANG Nuo”, WU Tao"
Neurovascular Center, The First Affiliated Hospital of Naval Medical University (Second Military Medical University), Shanghai
200433, China

[ Abstract | Objective To examine the monocyte to high density lipoprotein ratio (MHR) in patients with acute
cerebral infarction, analyze the plaque characteristics of culprit arteries, and explore the correlation between MHR and plaque
stability. Methods A total of 147 consecutive patients with acute cerebral infarction who were hospitalized in Neurovascular
Center of The First Affiliated Hospital of Naval Medical University (Second Military Medical University) from Jan. 2019 to
Jul. 2020 and underwent intracranial high resolution magnetic resonance (HRMR) vessel wall imaging were retrospectively
enrolled, with 27 cases in non-plaque group, 72 cases in mono-diseased artery group, and 48 cases in multi-diseased artery
group. The intracranial artery stenosis and plaque stability were evaluated by intracranial HMHR vessel wall imaging. The

correlation between MHR and plaque enhancement was explored by Spearman correlation analysis. With plaque enhancement
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grade used for reflecting plaque stability (grade 0 enhancement was stable, and grade 1 and 2 enhancement was unstable),
the influencing factors of intracranial arterial plaque stability were evaluated by binary logistic regression analysis. The
evaluation value of MHR on plaque stability was analyzed by receiver operating characteristic (ROC) curve, and the optimal
cut-off value and corresponding sensitivity and specificity were calculated according to Youden index. The patients with
plaques were divided into high MHR group and low MHR group according to the optimal cut-off value of MHR. The data
change of plaque enhancement was obtained during 12.00-month (median) follow-up, and Cox regression equation was
constructed to explore the role of MHR in predicting the stability of intracranial arterial plaques. Results The MHR was
significantly higher in the mono-diseased artery group and multi-diseased artery group than that in the non-plaque group
(P=0.003, P<<0.001), and was significantly higher in the multi-diseased artery group than that in the mono-diseased artery
group (P=0.003). Spearman correlation analysis showed that MHR was positively correlated with the plaque enhancement
(r=0.469, P=0.001). Binary logistic regression analysis showed that after adjustment for age, hypertension, stenosis degree
of culprit artery, vascular remodeling, and plaque burden, MHR was an influencing factor of intracranial arterial plaque
stability in patients with acute cerebral infarction (odds ratio=2.13, 95% confidence interval [CI] 1.45-3.14, P<<0.001).
ROC curve analysis showed that the area under curve (AUC) value of MHR in evaluating the stability of intracranial arterial
plaques of patients with acute cerebral infarction was 0.821 (95% CI 0.726-0.915, P<<0.001), with an optimal cut-off value
of 0.52X 10°/mmol, a sensitivity of 0.75, and a specificity of 0.80. There were 44 patients in the high MHR (MHR =0.52 X
10°/mmol) group and 76 patients in the low MHR (MHR<<0.52 X 10°/mmol) group. The plaque enhancement in the high
MHR group was significantly higher than that in the low MHR group (P=0.009). Cox regression analysis showed that
low MHR was associated with the stability of culprit artery plaques (hazard ratio=3.21, 95% CI 1.92-5.36, P<<0.001).
Conclusion MHR is correlated with the stability of intracranial arterial plaques of patients with acute cerebral infarction, and
it has a predictive value for the plaque stability, and probably is a marker of the stability of intracranial arterial plaques.
[ Key words | acute cerebral infarction; monocyte to high density lipoprotein ratio; stability of intracranial plaque;
intracranial artery; high resolution vessel wall magnetic resonance imaging
[ Acad J Naval Med Univ, 2022, 43(5): 497-505 ]
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Tab 1 General characteristics of acute cerebral infarction patients in each group

Characteristic NO]I\‘;—E];;]U(S Mono-djlvsia;;d artery Multl-dljs\;:iszg arteries Statistic P value
Age/year, X+ 55.67+12.06 61.43+11.02° 61.75+9.18" F=332 0.039
Male, 7 (%) 20 (74.1) 56 (77.8) 32 (66.7) 7=183  0.400
BMI/(kgem ), x*s 25.99+2.92 25.31+3.49 25.96+3.92 F=0.64 0.529
Smoking, 7 (%) 11 (40.7) 31(43.1) 16 (33.3) =116  0.559
Hypertension, 7 (%) 12 (44.4) 50 (69.4) 30 (62.5) =524 0.073
Diabetes mellitus, 7 (%) 15 (55.6) 45 (62.5) 28 (58.3) £=046  0.793
Coronary heart disease, 7 (%) 3(11.1) 6(8.3) 1(2.1) 1=292 0239
Stroke history, 7 (%) 3(11.1) 7(9.7) 8 (16.7) =129 0.526
NIHSS score, M (Q,, Oy) 2(1,6) 3(2,5) 4(2,8) H=3.14  0.208
Monocyte/(L ™', X 10%), x+s 0.44+0.13 0.56+0.14" 0.6340.20"4 F=12.77 0.001
LDL/(mmol*L "), x+s 2.92+1.16 3.13+0.99 3.26+0.91 F=097 0.383
HDL/(mmol*L™"), x*s 1.234+0.33 1.25+0.26 1.1940.24 F=0.79  0.459
MHR/(mmol ', X 10%), x+s 0.37£0.11 0.4640.13" 0.544+0.1574*  F=13.58 0.001

CRP/(mg*L "), M (O, Op) 3.83(2.41,6.61) 3.36(1.82,6.13)

Homocysteine/(umol*L "), M (Q,, O,) 10.70 (9.68, 13.90) 10.85(8.15,12.75)  11.05 (8.10, 12.30) H=120 0.548

Uric acid/(mmol*L "), M (Q,, Oy) 0.31(0.30,0.36)  0.32(0.27,0.39) 0.33 (0.28, 0.42) H=0.46 0.759
"P<<0.05, "P<<0.01 vs non-plaque group; “P<<0.05, ““P<<0.01 vs mono-diseased artery group. BMI: Body mass index;

NIHSS: National Institutes of Health stroke scale; LDL: Low density lipoprotein; HDL: High density lipoprotein; MHR: Monocyte to

3.13(1.98,5.22) H=0.39 0.824

high density lipoprotein ratio; CRP: C reactive protein; M (Q,, Op): Median (lower quartile, upper quartile).

®2 BYXE5ZXMERTHAIERMEILBENREMEIRE 2 EFBIREHE

Tab 2 Stenosis and plaque features of acute cerebral infarction patients in mono- and multi-diseased artery groups

Characteristic Mono-diseased artery N=72 Multi-diseased arteries N=48 Statistic P value
Vascular stenosis, 7 (%) 21 =12.70 0.013
No stenosis 16 (22.2) 2(4.2)
Mild stenosis 36 (50.0) 20 (41.7)
Moderate stenosis 7(9.7) 10 (20.8)
Severe stenosis 10 (13.9) 10 (20.8)
Occlusion 3(4.2) 6(12.5)
Plaque enhancement grade, 7 (%) 7=047 0.494
0 0 0
1 45 (62.5) 27 (56.2)
2 27 (37.5) 21 (43.8)
Plaque burden, x*s 0.46+0.20 0.62+0.20 t=4.24 0.001
Vascular remodeling, 7 (%) 1=5.04 0.025
Positive 39 (54.2) 16 (33.3)
Negative 33 (45.8) 32 (66.7)
Plaque distribution, 7 (%) =943 0.217
Basilar artery
Anterior 9 (12.5) 10 (20.8)
Left lateral 2(2.8) 5(10.4)
Posterior 9(12.5) 7 (14.6)
Right lateral 8 (11.1) 4(8.3)
Middle cerebral artery
Superior 14 (19.4) 3(6.2)
Posterior 11 (15.3) 6(12.5)
Inferior 14 (19.4) 7 (14.6)
Anterior 5(6.9) 6 (12.5)
Plaque morphology, # (%) £=0.00 0.949
Eccentric 66 (91.7) 43 (89.6)
Annular 6(8.3) 5(10.4)
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Tab 3 General characteristics of acute cerebral infarction patients in low and high MHR groups

Characteristic Low MHR N=176 High MHR N=44 Statistic P value
Agelyear, M (Q,, Op) 63.0 (53.0, 70.0) 62.0 (51.5, 69.0) Z=—0.19 0.847
Male, n (%) 52 (68.4) 36 (81.8) £=2.56 0.110
BMI/(kgem ), M (O, Op) 25.53 (23.67, 27.68) 25.39(22.32,28.71) Z=-—0.35 0.729
Smoking, 1 (%) 28 (36.8) 19 (43.2) 21 =0.47 0.493
Hypertension, 7 (%) 53 (69.7) 27 (61.4) £ =0.88 0.348
Diabetes mellitus, 7 (%) 50 (65.8) 23 (52.3) r=2.14 0.144
Coronary heart disease, 1 (%) 5(6.6) 2 (4.5) £ =0.00 0.957
Stroke history, (%) 13 (17.1) 2 (4.5) 7 =4.02 0.045
NIHSS score, M (O, Op) 4(2,8) 3(L,95) Z=-—243 0.015

CRP/(mg*L™"), M (Q;, Qv)
Uric acid/(mmol*L "), M (Q,, O,) 0.32 (0.28, 0.41) 0.33 (0.27, 0.38) 7Z=—058  0.565
Homocysteine/(umol*L "), M (0., O,) 11.10 (8.20, 12.05) 10.40 (8.05, 14.20) Z=—154  0.123

Low MHR group: MHR<C0.52 X 10°/mmol; High MHR group: MHR =0.52 X 10°/mmol. MHR: Monocyte to high density
lipoprotein ratio; BMI: Body mass index; NIHSS: National Institutes of Health stroke scale; CRP: C reactive protein; M (Q,, Oy):

3.18 (1.67,5.27) 3.54(2.15,7.75) Z=—156  0.120

Median (lower quartile, upper quartile).

262 FAAMAEERE BRI B MHR 4
BAE N THE M A e PR | BEHom {0 A2 B R M 45
bk A E )34 8 TR MHR 4 (P #4<<0.01)
BEHR 7 ff I T MHR 41 ( P=0.001) ; PHZH BTk
A ERMBEHOR IR 22 S 8 TG E L (P>
0.05) . WF*E4,

263 EFMFFEAKLTE 1204 5F kD 12.00
(1049, 13.51) ™ H, Kvi12 6 (10.0%) , H
s MHR 42605 7 6, $°8 ABESIC g &R 77 =X
PR AR MHR 4 5 9, 3 ) A Bg B i Bk & 05 2
KR, 2 BN R B2 ANME, BT AE, 89 {4
(74.2% ) BH P TEMAE BEHSRILARE R (F
Me=14¢) , HrhE MHR 4 33 1 (75.0% ) . 1%
MHR 41 56 4] ( 73.7% ) 5 WiZehi2 % 761 (5.8% ) ,
Yy oy 2oV e ol M i A b, rh s MHR 41 2 491
(4.5%) . IKMHR 4 51 (6.6% ) ; 94 5] (78.3% )
BEWGE RL (KRG 90 d mRSIE/<274y) , H

W MHR 41 31 % (70.5%) . ik MHR 21 63 1]
(82.9% ) . PILLIH BEHSRILARE TR IAs
i RF, G RIFREERYIGITEE L (P=
0.109. 0.492, 0.111) . = MHR 4 35 0y 7 A4E
A Bf A K K MHR 4 [15.00 (10.48, 19.52) 4~
Hvs9.00 (7.22, 10.78) 4~H, P<0.001] .

2.6.4 MHR T 5 4 30 ik 3t F 44 € M B Cox [ A
AT LA ST LA BB SR AL R B T N R R
AR, WAE 3. £ 4 PHEAEE (P<0.05)

FaE Cox [ R, 8l PR3 Al A< rpofps 52 . NIHSS
POy, TR MAE PR . A EAG I 0], BEHR
By A AR R R T M, 45 R SR G A A AR
B THT ML P2 FE B . NIHSS PF 20 i i, 54T
L5 BEHL s AL TR BE T [ 1 E R IK ( HR=0.76,

95% CI0.61~0.95, P=0.017; HR=0.89, 95% CI
0.82~0.97, P=0.005) , fIkt MHR ZH 2 Pk Kt ot 28
UM BEPR AR BE T R A 4402 5 MHR 41
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BE 321 4% (HR=3.21, 95% CI 1.92~5.36,
P<0.001) ., IGZerpi sl A B ), BEHL

far 5 i PN Bl K BES AR e oo (P #4>0.05)

&4 K. & MHR AJMERHEIE B E G REMEIRE T2 EFBEREFE

Tab 4 Stenosis and plaque features of acute cerebral infarction patients in low and high MHR groups

Characteristic Low MHR N=76 High MHR N=44 Statistic P value
Vascular stenosis, 7 (%) 1=13.57 0.009
No stenosis 14 (18.4) 4(9.1)
Mild stenosis 41 (53.9) 15 (34.1)
Moderate stenosis 10 (13.2) 7(15.9)
Severe stenosis 9(11.8) 11 (25.0)
Occlusion 2(2.6) 7 (15.9)
Plaque enhancement grade, n (%) =424 0.009
0 0 0
1 58 (76.3) 14 (31.8)
2 18 (23.7) 30 (68.2)
Plaque burden, xts 0.62+0.20 0.46+0.20 t=4.24 0.001
Vascular remodeling, 7 (%) F=742 0.006
Positive 42 (55.3) 13 (29.5)
Negative 34 (44.7) 31 (70.5)
Plaque distribution, 7 (%) 7 =10.57 0.159
Basilar artery
Anterior 8(10.5) 11 (25.0)
Left lateral 3339 4(9.1)
Posterior 11 (14.5) 5(11.4)
Right lateral 10 (13.2) 2 (4.5)
Middle cerebral artery
Superior 12 (15.8) 5(11.4)
Posterior 13 (17.1) 4(9.1)
Inferior 14 (18.4) 7 (15.9)
Anterior 5(6.6) 6 (13.6)
Plaque morphology, 7 (%) =093 0.336
Eccentric 71 (93.4) 38 (86.4)
Annular 5(6.6) 6 (13.6)

Low MHR group: MHR<0.52 X 10°/mmol; High MHR group: MHR=0.52 X 10°/mmol. MHR: Monocyte to high density

lipoprotein ratio.
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Bk 1 £ T AF 98 #6307 MHR 5 [ A 5T (14 4 56
P U T [ B S T 253 451 A BE R
211 24 it B X} B MHR ORI 9E 45 5 o, A AE iR
F ) MHR =5 FAEFEXT R, I H ROC #iZe s s
MHR #2751 IR AE AL (4 1 SR 2 0.28 X 10°/mmol >
{H MHR 5 IG5 5E 58 35 3 Ik ok Ao Bl A B R e 28 v
e DLARAE

KB KSR RE fb 2 B A AT ) LR R 22—, 3l
Jok oA R RE AL AN i B ML B A, A5 RE B ) AN
R AR A S B K A R sk R A ik
FEALFRERE N AR SR MBS A A TE . IR
TR DUBUIMER 18 RE SRSk Jr, DA TS B ik
S, 5 SRR YN I I AR P AR A T R, F

TERIN, A e B U AR LA D R T
TR, R ) S S A0 A W T T B vk 4
I, VLV AR I T SRS P S DA T FRE R
PO A A T, TTRERR AL A I 5 T B A T
BE R ST A BE R R B B AR e R R
TR SE B 2 A IR A 7 A I B R TR
%2 2~4 45" BEHN SRR B A I T R R
R, LR A (PR R S, 4R BB R
22157 HRMR f5 P4 20 [l B 1A% Sk 7 BRE B 3 £ )
ST SRR A A8 E s B AR LA T, 4R BEB T
HAFEBER,

AR L% 147 16 2P HIBE 6 2 1 Ve
HRMR 1 A 30 [Tk A7 BE 1A% S 7% B BRE A5 AF 3047 43
AT, 455 i MHR LA 41507 T B
0. PASTIMASRTASL . S AR 2 ] 24 et
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BIADE, DT I A8 e A e Rk v BRE B 1) 5 A 5 )
R, PRSP A RS I BEHE AN RS A, B
A ) e AR

REAEDF S IN R CRP ., 1L % B iR 2 11 A [] 280 2f
b SRS A AEAT DG, (H5 BEBLRR e T 1 e R AN
Wit CRP & 4HE R Ay R, AT HE By L i% br
EWY BRI R IR KR CRP A5 KRS 4 A
BTG A S o A Sl K R R A A BT B
BRI EEHER, MR RN H 5 6 N 3 kR
FERE AL IR A B VI M oG, — Xt 4 347 B R AN
H 4 SRR B i 2 R DI 9E R B, 580 A1
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FITFE AR 2T TR X 3 799 45 2 1 ki 45 AT £
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FERE AL VRIS SR 2, R AEEAR Y . WiAHE
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L P Bl PR BER ] B ANFRUE 19 o I XA REHRL)
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TR (BEPRE ) AIAER, {8 MHR 4855 57
AT LS BB AR T B AR 2 55 MHR 2428
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MHR AET 1y B e M i R AL S8 5 Ft N 3l Jpk SRE ke
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