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Abstract

Introduction: The purpose of this study was to examine the relationship
between monocyte-to-high-density lipoprotein-cholesterol ratio (MHR) and
poor short-term 3-month and long-term 6-month prognosis after intrave-
nous thrombolysis in patients with acute ischaemic stroke.

Material and methods: By retrospective analysis, 763 eligible patients with
acute ischaemic stroke with intravenous thrombolysis were included in the
study, and the general data and clinical laboratory examination results of
the patients were collected. The relationship between MHR and poor prog-
nosis at 3 and 6 months in patients with intravenous thrombolysis was de-
rived by stepwise regression using the R language, followed by 1:1 propen-
sity score matching to determine the MHR threshold and to investigate the
relationship between high and low MHR values and poor prognosis.
Results: MHR level was found to predict the prognosis of intravenous throm-
bolysis patients with acute ischaemic stroke, and it was an effective pre-
dictor of poor prognosis at 3 and 6 months after intravenous thrombolysis.
MHR has a threshold of 0.584. High MHR levels were strongly associated
with a poor 3-month prognosis of intravenous thrombolysis in patients with
acute ischaemic stroke (OR = 5.657; 95% Cl: 4.124-7.762; p < 0.001). High
MHR level was closely associated with poor prognosis of acute ischaemic
stroke patients with intravenous thrombolysis at 6 months (OR = 4.923;
95% Cl: 3.603-6.726; p < 0.001).

Conclusions: MHR level is a valid predictor for poor prognosis at 3-6 months
after intravenous thrombolysis in patients in acute ischaemic stroke.

Key words: prognosis, stroke, intravenous thrombolysis, monocyte-to-high-
density lipoprotein-cholesterol ratio.

Introduction

Acute ischaemic stroke (AIS) represents the most prevalent subtype of
strokes, characterised by high rates of relapse, disability, and mortality [1,
2]. Global therapeutic expenses for AIS have consistently escalated over
the years. While intravenous thrombolysis stands as an internationally rec-
ognised early treatment [3, 4], its efficacy is limited because many patients
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experience unfavourable outcomes or further exac-
erbation of symptoms, including thrombolytic hae-
morrhage [5], ultimately leading to fatality.

Hence, investigating the risk factors associated
with poor prognosis following intravenous throm-
bolytic therapy is crucial for AIS patients. There is
growing recognition of the pivotal role of inflam-
matory response in AlS development, progression,
and prognostic outcomes [6]. Dyslipidaemia and
inflammatory responses are known to foster the
occurrence of atherosclerosis [7].

Monocyte-to-high-density lipoprotein-cholester-
ol ratio (MHR) is a combination of inflammatory re-
sponse and lipid metabolism. Approximately 5% of
strokes are caused by carotid atherosclerosis, and
the inflammatory response plays an important role
in the development, progression, and clinical prog-
nosis of AIS due to carotid atherosclerosis. Mono-
cytes [8] can produce reactive oxygen species and
differentiate into foamy macrophages, releasing
pro-inflammatory cytokines; high-density lipopro-
tein cholesterol (HDL-C) [9] can inhibit monocyte ac-
tivation and macrophage migration via apoA-I-me-
diated CD11b, inhibit p38 activation and inositol
phosphokinase activity, and promote reverse cho-
lesterol transport, which possesses anti-inflam-
matory, antioxidant, anti-atherosclerotic, and an-
tithrombotic effects. The MHR [10], a convergence
point of dyslipidaemia and inflammatory pathways,
has recently garnered attention as an indicator of
inflammatory response and is closely associated
with various chronic inflammatory disorders.

MHR strongly correlates with the occurrence
and progression of atherosclerosis, making it
a potential serum prognostic marker for ischaemic
cerebrovascular disease [11]. Some studies have
underscored the significance of MHR in predict-
ing early clinical prognostic outcomes in AlS pa-
tients [12, 13]. However, there remains a gap in re-
search concerning the relationship between MHR
and prognostic outcomes following intravenous
thrombolysis. This study aimed to investigate the
significance of MHR in predicting the prognostic
outcomes of AlS patients who have undergone in-
travenous thrombolysis. There is an independent
correlation between MHR and poor prognosis at
3 and 6 months in AIS patients receiving intrave-
nous thrombolysis treatment.

Material and methods
Study population

The present retrospective observational study
spanned from January 2017 to July 2022. AIS pa-
tients who received intravenous thrombolysis us-
ing recombinant tissue plasminogen activator (rt-
PA) at our national advanced stroke centre were
included. Approval for this study was obtained

from the Research Ethics Committee of our hos-
pital (ethics approval number: 2022-063). Written
informed consent was acquired from each patient
or their respective guardian before participation.

The inclusion criteria were as follows: (1) age
> 18 years; (2) meeting indications for intravenous
thrombolysis; and (3) obtaining informed consent
from patients or guardians (including re-stroke
patients and patients under antiplatelet thera-
py). The exclusion criteria were as follows: (1) in-
dividuals with a stroke history having a modified
Rankin scale (mRS) score > 2 before the current
episode; (2) recipients of endovascular therapy;
(3) diagnosed with stroke-like illness post-admis-
sion; (4) currently not taking any medication that
affects blood lipids; (5) lacking essential test data
required for analysis; and (6) patients who were
lost to follow-up.

Patients diagnosed with stroke were divided
into anterior or posterior circulation groups based
on the varied sites of lesion infarction. The aetio-
logical diagnosis was categorised according to the
classic 1993 TOAST typology proposed by Adams
et al. from the United States [14]. This typology
includes the atherosclerotic type of large arteries,
small artery occlusion, cardiogenic embolic race,
stroke of unclear cause, or stroke of additional
known aetiology.

Intravenous thrombolysis using rt-PA

AlS patients were primarily admitted to our in-
stitution to undergo cranial CT scans to rule out ce-
rebral haemorrhage. Subsequently, patients were
treated with intravenous thrombolysis using rt-PA
at the standard dose of 0.9 mg/kg (Boehringer
Ingelheim, Germany, in 20- and 50-mg sizes) with-
in 4.5 h post onset [15]; 10% of the total dose was
administered intravenously over 1 min, while the
remaining dose was administered through intra-
venous pumping using a continuous micropump
over a 60-minute period. The maximum adminis-
tered rt-PA dose was less than 90 mg.

Clinical and laboratory test results

We gathered various patient data, including
basic characteristics, vascular risk factors, medi-
cation history, severity of the current stroke, base-
line clinical examination and laboratory findings,
details about the ongoing treatment, and fol-
low-up information for each patient.

The general baseline data included age, sex,
body mass index (BMI), diastolic blood pressure
(DBP), systolic blood pressure (SBP) at admission,
and vascular risk factors (diabetes mellitus, hyper-
tension, atrial fibrillation, coronary artery disease,
history of previous stroke, hyperlipidaemia, smok-
ing, or alcohol consumption). Smoking history
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was defined as consuming more than one ciga-
rette per day for over 6 consecutive months, while
alcohol consumption was defined as more than
50 g/d for over one year. Laboratory tests included
baseline blood glucose, haemoglobin (Hb) count,
white blood cell count, platelet count, neutrophil
(N) count, neutrophil percentage, lymphocyte (L)
count, monocyte (M) count, eosinophil (E) count,
and various ratios, including neutrophil-to-lym-
phocyte ratio (NLR), platelet-to-neutrophil ratio
(PNR), neutrophil-to-eosinophil ratio (NER), and
eosinophil-to-monocyte ratio (EMR). Other labora-
tory data encompassed international normalised
ratio, prothrombin time (PT), prothrombin time
activity (PTA), partially activated prothrombin
time (APT), and activated partial thromboplastin
time (APTT). Other laboratory information includ-
ed blood homocysteine (HCY) levels, heart failure
measurement, brain natriuretic peptide, lactate
dehydrogenase, creatinine, uric acid, total choles-
terol, triglycerides, HDL-C, LDL-C, blood glucose
levels, HDL-C/LDL-C ratio, monocyte-to-HDL-C ra-
tio (MHR), and neutrophil-to-HDL-C ratio (NHR).
These measurements were collected in the morn-
ing on the second day following patient admission
on an empty stomach.

Clinical information collected included baseline
National Institute of Health stroke scale (NIHSS)
score (before thrombolytic therapy), post-throm-
bolytic NIHSS score, basic SBP and DBR on-
set-to-treatment time (OTT), neutrophil-to-HDL-C
ratio (NHR), granulocyte-to-HDL-C ratio, OTT, and
door-to-needle time, indicating the time from hos-
pitalisation to drug administration.

Prognostic assessment

AllAIS patients were clinically assessed at 3 and
6 months after intravenous thrombolysis treat-
ment using a mRS [16]. These patients were
categorised into groups with either a favourable
(MRS score < 2) or unfavourable (mRS score > 2)
prognosis. Clinical prognostic data were obtained
through telephone follow-ups and face-to-face
visits at 3 and 6 months [17] and were evaluated
by 2 qualified senior neurologists unaware of the
patient’s details. A third senior physician was con-
sulted in the case of disagreement.

Statistical analysis

For data analysis, R software (version 4.0.2;
R Foundation for Statistical Computing, Vienna,
Austria) was used. The Kolmogorov-Smirnov test
assessed the normal distribution of continuous
variables. Continuous data were presented as the
median and interquartile range (IQR), while cate-
gorical data were represented by frequency and
percentage (%). The y? test compared categorical

for acute ischaemic stroke

data among different groups, and the Mann-Whit-
ney U test compared continuous data. Binary lo-
gistic regression was performed to evaluate odds
ratios (ORs) with 95% confidence intervals (Cls)
for stroke outcomes, using different temporal
outcome metrics (3-month poor prognosis and
6-month poor prognosis) as dependent variables.
Variables with p < 0.1 in univariable regression
were included in subsequent multivariable logis-
tic regression, screened by the stepwise method.
Variables with p < 0.05 after multivariable logistic
regression were considered statistically significant.
Receiver operating characteristic (ROC) curves
were used to determine the critical significance
of variables, and their maximum Youden exponent
values were used for dichotomising the target vari-
ables. Propensity score matching (PSM) at a 0.05
calliper using the nearest neighbour method was
performed for 1 : 1 matched adjustment to ac-
count for confounders based on baseline factors
with a standardised mean difference of > 0.10.

Results

A total of 826 AIS patients were admitted for
this study. Among them, 28 received endovascular
bridging, 18 lacked sufficient clinical information,
11 had pre-morbid mRS scores > 2, 3 were lost to
follow-up, and 3 had stroke-like disease.

Finally, 763 patients were available for statis-
tical analyses (Table I). Their median age was 65
years (IQR: 55-72 years), with a body mass index
(BMI) of 24.80 kg/m? (IQR: 22.22-27.04), of whom
508 (66.58%) were male patients. Concerning
stroke aetiology, 76.5% of patients had large-ar-
tery atherosclerotic strokes, 14.2% had small-ar-
tery occlusive strokes, 7.9% had a cardiac cerebral
embolism, and the remaining 1.5% had strokes of
other well-defined and unknown aetiologies. The
median baseline NIHSS score was 5 (IQR: 2-11),
median OTT was 128 min (IQR: 92-176 min), and
median outpatient-to-drug-administration time
was 50 min (IQR: 35-73 min) for enrolled patients.
At the 3-month mark, 329 (43.1%) patients exhib-
ited a dismal prognostic outcome, while 355 pa-
tients (46.5%) did so at 6 months. The distribution
of MHR, M, and HDL-C in the study population is
illustrated in Figure 1.

Table Il presents a comparison of MHR, M, and
HDL-C metrics between patients with good and
poor prognoses at 3 and 6 months.

Analysis from Table Il reveals that patients ex-
hibiting poor prognostic outcomes at 3 months
had higher MHR and M levels (0.74, p < 0.001;
0.56, p < 0.001, respectively) and lower HDL-C lev-
els (0.85, p < 0.001) than those with good progno-
ses. Similarly, those with dismal prognostic out-
comes at 6 months displayed increased MHR and
M levels (0.68, p < 0.001; 0.55, p < 0.001, respec-
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Table I. Baseline characteristics (n = 763)

Variables Results
Age [years] 65 (55-72)
Male/female 508/255
Stroke aetiology:
Unknown cause 6 (0.8%)
Large-artery atherosclerosis 584 (76.5%)
Other causes 5 (0.7%)
Small-artery occlusion, n 108 (14.2%)
Cardioembolism, n 60 (7.9%)

Smoking, n

356 (46.7%)

Drinking, n

247 (32.4%)

Diabetes mellitus, n

171 (22.4%)

Past stroke history, n

103 (13.5%)

Atrial fibrillation, n

97 (12.7%)

Coronary heart disease, n

173 (22.7%)

Hypercholesterolaemia, n

9 (1.2%)

Hypertension, n

474 (62.1%)

Homocysteinaemia, n

259 (33.9%)

[points]

BMI [kg/m?] 24.80 (22.22-27.04)
OTT [min] 128 (92-176)
DNT [min] 50 (35-73)
Post thrombolysis NIHSS 5(2-11)
[points]

After thrombolysis NIHSS 3 (2-10)

SBP at admission [mm Hg]

146 (135-159)

DBP at admission [mm Hg] 82 (76-89)

WBC counts [x 10%/1] 7.39 (6.01-9.00)
HGB [g/l] 144 (133-155)
PLT counts [x 10'%/1] 217 (179-256)

N counts [x 10%/1]

4.49 (3.43-5.90)

PNR, ratio 47.49 (35.23-65.01)
L counts [x 10%/1] 1.86 (1.36-2.50)
NLR, ratio 2.25 (1.50-3.86)

E counts [x 10%/1] 0.10 (0.05-0.17)
NER, ratio 45.85 (23.88-103.79)
EMR, ratio 0.20 (0.10-0.33)
PT [s] 10.80 (10.25-11.50)
APTT 26.40 (24.60-28.85)
Serum glucose [mmol/] 6.85 (5.81-8.90)
BNP [pg/ml] 30.60 (10.85-119.75)
LDH [U/1] 396.47 (228.50-489.22)

Serum uric acid [umol/l]

323.40 (263.50-394.41)

TC [mmol/]

4.55 (3.88-5.29)

Cr [umol/1] 67.15 (57.46-79.08)
TG [mmol/l] 1.27 (0.91-1.78)
LDL-C [mmol/l] 2.67 (2.10-3.26)
HDL-C/LDL-C, ratio 0.37 (0.29-0.49)
M counts [x 10%/1] 0.52 (0.40-0.64)
HDL-C [mmol/(] 1.02 (0.79-1.23)
MHR, ratio 0.52 (0.36-0.76)
NHR, ratio 4,54 (3.17-6.52)

tively) relative to the group with good prognoses,
along with lower HDL-C levels (0.87, p < 0.001).
MHR, M, and HDL-C significantly differed between
the 2 groups. Figure 2 depicts the distribution of
MHR, M, and HDL-C indexes in the 3-month and
6-month good and poor prognosis groups.

Association of MHR, M, and HDL-C levels
with poor prognosis

Table Il displays univariable and multivariable
regression outcomes concerning a 3-month poor
prognosis. Upon univariable regression, M, HDL-C,
and MHR levels exhibited associations with a poor
3-month prognostic outcome (M: OR = 5.308;
95% Cl: 2.449-11.504; p < 0.001; HDL-C:
OR = 0.0943; 95% Cl: 0.056-0.158; p < 0.001;
MHR: OR = 14.013; 95% Cl: 7.944-24.721; p <
0.001). Variables underwent screening via the
stepwise method. Following multifactorial logis-
tic regression analysis, it was determined that
M and HDL-C levels did not correlate with a dis-
mal 3-month prognosis. However, MHR levels re-
mained associated with a dismal 3-month progno-
sis (OR = 6.484; 95% Cl: 2.919-14.406; p < 0.001).

Table IV displays univariable and multivariable
regression outcomes concerning the 6-month ad-
verse prognosis. As per the one-way logistic re-
gression, the levels of M, HDL-C, and MHR showed
associations with a poor 6-month prognosis (M:
OR = 4.888; 95% Cl: 2.263-10.558; p < 0.001;
HDL-C: OR = 0.124; 95% Cl: 0.076-0.203; p <
0.001; MHR: OR = 10.922; 95% Cl: 6.294-18.954;
p < 0.001). The stepwise method was utilised for
variable screening. Following multifactorial logis-
tic regression analysis, M and HDL-C levels did not
exhibit a relationship with a dismal 6-month prog-
nosis. However, the MHR level showed a signifi-
cant association with a dismal 6-month prognosis
(OR =4.948; 95% Cl: 2.325-10.532; p < 0.001).

Figure 3 displays the relationship between MHR,
M, and HDL-C levels and patients’ 3-month adverse
prognosis and 6-month adverse prognosis.

Predictive value of MHR levels
(dichotomised) for 3-month adverse
prognosis and 6-month adverse prognosis

ROC curves were plotted to establish the crit-
ical value of MHR levels, which was determined
to be 0.584 based on the maximum Youden’s in-
dex. Patients were categorised as having high or
low MHR groups (MHR > 0.584 or < 0.584) using
this threshold. According to binary logistic regres-
sion, high MHR levels significantly correlated with
a dismal 3-month prognosis following intravenous
thrombolysis among AIS patients (OR = 5.657,
95% Cl: 4.124-7.762; p < 0.001). PSM was em-
ployed to assess the relationship between MHR
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Table Il. Bivariate comparison of MHR, M, and HDL-C profiles between patients with favourable outcome and un-
favourable outcome at 3 and 6 months
Parameter 3-month 6-month
Favourable Unfavourable P-value Favourable Unfavourable P-value
outcome (n = 434) outcome (n = 329) outcome (n = 408) outcome (n = 355)
MHR 0.44 (0.33-0.58)  0.74 (0.45-1.04) < 0.001 0.43(0.33-0.58)  0.68 (0.44-1.00) < 0.001
M 0.49 (0.38-0.61)  0.56 (0.43-0.72) < 0.001 0.49 (0.38-0.61)  0.55(0.43-0.71) < 0.001
HDL-C 1.09 (0.94-1.28)  0.85(0.63-1.10) < 0.001  1.09 (0.94-1.28) 0.87 (0.65-1.13) < 0.001

levels and patient prognosis, matching baseline
factors between patients in the high and low MHR
groups (Table V). Following PSM, a higher propor-
tion of patients with high MHR had a 3-month ad-
verse prognosis than that of those with low MHR
(68.4% vs. 36.8%, p < 0.001), which showed a sta-
tistically significant difference (Figures 4 A, C).
Additionally, a greater percentage exhibited
a 6-month adverse prognosis (69.7% vs. 43.2%,
p < 0.001), also showing a statistically significant
difference (Figures 4 B, D).

Discussion

MHR independently predicted clinical prog-
nostic outcomes in AIS patients treated with

intravenous thrombolysis. Elevated MHR levels
were a valid factor strongly correlating with
dismal prognostic outcomes at both 3 and
6 months after intravenous thrombolysis. An
MHR threshold of 0.584 was identified, where
higher MHR levels were significantly associated
with poorer3-month (OR=5.657;95%Cl:4.124~
7.762; p < 0.001) and 6-month (OR = 4.923;
95% Cl: 3.603-6.726; p < 0.001) prognostic
outcomes among AIS patients. These findings
underscore the correlation between high MHR
and adverse prognostic outcomes.
Atherosclerosis, as highlighted in studies [18],
stands as the primary cause of AlS. It represents
a chronic inflammatory vascular disorder triggered
by various risk factors [19, 20]. Notably, athero-
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Figure 2. Distribution of MHR, M and HDL-C profiles of patients with favourable outcome and unfavourable out-
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sclerosis independently predicts the risk of isch-
aemic cerebrovascular disease, laying the critical
pathological groundwork for the occurrence and
progression of cardio-cerebral and cerebrovascular
events. At its core, atherosclerosis manifests as an
inflammatory lesion. The progressive worsening of
atherosclerosis can lead to elastic fibre degrada-
tion, reduced vascular elasticity, and subsequent
hardening of the blood vessel wall. This diminished
compliance increases susceptibility to thrombus
formation and plaque rupture, ultimately culmi-
nating in cerebrovascular disease. Monocytes [21,
22], recognised as common markers of systemic
inflammatory response, play a pivotal role in all
stages of atherosclerosis and are closely associat-
ed with the progression of atherosclerotic plaques.
These cells generate reactive oxygen species and
subsequently transform into foamy macrophages,

producing pro-inflammatory factors. This process
drives circulating monocytes toward the lesion
site, contributing to the vulnerability of atheroscle-
rotic plaques and leading to thrombosis or adverse
outcomes. HDL-C [23] plays a crucial role in inhib-
iting monocyte activation and macrophage migra-
tion, while also safeguarding vascular endothe-
lial cells from inflammation and oxidative stress.
HDL-C actively mitigates and reverses monocyte
activation through apoA-I-induced suppression of
CD11b, facilitating intracellular efflux of excess
cholesterol during disease onset and retarding the
formation of atherosclerotic plagues. Moreover,
HDL-C [24] regulates endothelial function by exert-
ing anti-oxidative and anti-inflammatory activities.
It also influences monocyte activation, adhesion,
and invasion. Some studies [25] have indicated
that impairment of HDL-C-induced cholesterol ef-
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Table Ill. Univariable and multivariable logistic regression analyses depicting the association of lipid profile and
other baseline characteristics with 3-month unfavourable outcome after intravenous thrombolysis

Variables Univariable logistic Multivariable logistic
Regression analysis Regression analysis
Odds ratio (95% Cl) P-value Odds ratio (95% Cl) P-value
Age 1.016 (1.004-1.028) 0.009
Male/female 1.184 (0.874-1.603) 0.275
Smoking 0.764 (0.573-1.019) 0.067
Drinking 0.648 (0.474-0.885) 0.006
Diabetes mellitus 1.799 (1.276-2.534) 0.001 1.986 (1.168-3.376) 0.011
Past stroke history 1.177 (0.776-1.786) 0.443
Atrial fibrillation 3.093 (1.971-4.855) < 0.001
Coronary heart disease 1.692 (1.203-2.379) 0.003
Hypercholesterolaemia 0.373 (0.077-1.808) 0.221 0.015 (0-0.759) 0.036
Hypertension 0.991 (0.738-1.332) 0.954
Homocysteinaemia 6.074 (4.364-8.454) <0.001 7.418 (4.654-11.824) < 0.001
BMI 0.975 (0.940-1.011) 0.174
oTT 1.001 (0.998-1.003) 0.611
DNT 1.014 (1.009-1.019) < 0.001 1.014 (1.008-1.021) < 0.001
Post thrombolysis NIHSS [points] 1.270 (1.223-1.319) < 0.001
After thrombolysis NIHSS [points] 1.289 (1.239-1.341) < 0.001 1.257 (1.202-1.314) < 0.001

SBP at admission

1.014 (1.005-1.023) 0.002

DBP at admission

0.997 (0.982-1.013) 0.717

WBC

1.063 (1.006-1.123) 0.031

0.889 (0.81-0.975) 0.013

HGB

0.984 (0.975-0.992) < 0.001

0.98 (0.966-0.993) 0.003

PLT

0.999 (0.997-1.001) 0.346

N

1.112 (1.043-1.185) 0.001

PNR

0.991 (0.985-0.998) 0.006

N%

1.020 (1.009-1.032) 0.001

L

1.010 (0.985-1.036) 0.453

NLR

1.127 (1.062-1.196) < 0.001

E

0.922 (0.564-1.508) 0.747

NER

1.001 (1.000-1.002)  0.033

EMR

0.793 (0.531-1.185) 0.258

PTSec

1.305 (1.131-1.505) < 0.001

APTT

0.997 (0.956-1.040) 0.889

Serum glucose

1.064 (1.022-1.109) 0.003

BNP 1.001 (1.000-1.001) 0.006

LDH 1.002 (1.001-1.003) < 0.001

Serum uric acid 0.999 (0.998-1.001) 0.235

TC 1.029 (0.902-1.174) 0.67

Cr 1.005 (1.000-1.010) 0.071

TG 1.009 (0.950-1.073) 0.767

LDL-C 1.081 (0.951-1.230) 0.234

HDL-C/LDL-C 0.068 (0.029-0.163) < 0.001

M 5.308 (2.449-11.504) < 0.001

HDL-C 0.094 (0.056-0.158) < 0.001

MHR 14.013 (7.944-24.721) < 0.001 6.484 (2.919-14.406) < 0.001
NHR 1.261 (1.192-1.335) < 0.001 1.143 (1.057-1.236) 0.001
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Table IV. Univariable and multivariable logistic regression analyses depicting the association of lipid profile and
other baseline characteristics with 6-month unfavourable outcome after intravenous thrombolysis

Variables Univariable logistic Multivariable logistic
Regression analysis Regression analysis
Oddsratio(95% Cl) P-value Oddsratio(95% Cl) P-value

Age 1.019 (1.007-1.031) 0.002

Male/female 1.083 (0.801-1.463) 0.606

Smoking 0.946 (0.711-1.258) 0.701

Drinking 0.749 (0.552-1.018) 0.065

Diabetes mellitus 1.750 (1.241-2.468) 0.001

Past stroke history 1.257 (0.829-1.904) 0.282

Atrial fibrillation 2.499 (1.598-3.908) < 0.001

Coronary heart disease 1.546 (1.099-2.173) 0.012

Hypercholesterolaemia 0.571 (0.142-2.300) 0.431

Hypertension 0.988 (0.737-1.325) 0.936

Homocysteinaemia 5.343 (3.841-7.433) < 0.001 4.939 (3.241-7.525) < 0.001
BMI 0.980 (0.946-1.016) 0.283

oTT 1.000 (0.998-1.003) 0.831

DNT 1.013 (1.008-1.018) < 0.001 1.011 (1.005-1.017) 0.001
Post thrombolysis NIHSS [points] 1.234 (1.191-1.278) < 0.001

After thrombolysis NIHSS [points] 1.256 (1.209-1.304) < 0.001 1.209 (1.161-1.258) < 0.001
SBP at admission 1.014 (1.006-1.023) 0.001

DBP at admission 0.999 (0.983-1.015) 0.893

WBC 1.056 (0.999-1.115) 0.054 0.895 (0.821-0.977) 0.013
HGB 0.987 (0.979-0.996) 0.003 0.987 (0.975-0.999) 0.038
PLT 0.999 (0.996-1.001) 0.300

N 1.097 (1.030-1.169) 0.004

PNR 0.992 (0.985-0.998) 0.008

N% 1.020 (1.008-1.031) 0.001

L 1.010 (0.983-1.039) 0.470

NLR 1.116 (1.051-1.184) < 0.001

E 0.913 (0.562-1.484) 0.715

NER 1.001 (1.000-1.001) 0.095

EMR 0.791 (0.536-1.167) 0.238

PTSec 1.178 (1.030-1.348) 0.017

APTT 1.025 (0.982-1.069) 0.258

Serum glucose 1.071 (1.027-1.116) 0.001 1.082 (1.022-1.147) 0.007
BNP 1.000 (1.000-1.001) 0.020

LDH 1.002 (1.001-1.003) < 0.001 1.002 (1.000-1.003) 0.017
Serum uric acid 0.999 (0.997-1.000) 0.136

TC 1.030 (0.904-1.174) 0.659 1.292 (1.072-1.557) 0.007
Cr 1.003 (0.999-1.008) 0.166

TG 1.010 (0.949-1.074) 0.757

LDL-C 1.085 (0.951-1.237) 0.225

HDL-C/LDL-C 0.079 (0.034-0.184) < 0.001

M 4.888 (2.263-10.558) < 0.001

HDL-C 0.124 (0.076-0.203) < 0.001

MHR 10.922 (6.294-18.954) < 0.001 4,948 (2.325-10.532) < 0.001
NHR 1.240 (1.173-1.310) < 0.001 1.116 (1.038-1.201) 0.003
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Table V. Cont.

Predictive value of monocyte-to-high-density lipoprotein-cholesterol ratio (MHR) for poor prognosis after intravenous thrombolytic therapy

After PSM

Before PSM

Variables

P-value
0.561

Low MHR group (n = 155)

P-value High MHR group (n = 155)

0.782

Low MHR group (n = 438)

High MHR group (n = 317)

46.53 (24.30-102.16)

45.18 (22.65-106.70)

46.53 (24.30-102.16)

45.18 (22.65-106.70)

NER, ratio

0.207
0.974
0.266
0.375
0.415
0.671
0.487
0.972
0.424

0.21 (0.11-0.34)
10.8 (10.2-11.4)
26.2 (24.6-28.2)
6.74 (5.74-8.39)
24.40 (8.73-90.78)
391.10 (221.25-483.74)
64.10 (56.43-76.94)
322.00 (262.30-389.15)
4.65 (3.94-5.45)
1.23 (0.91-1.74)
1.15 (1.00-1.35)
2.69 (2.11-3.30)
0.42 (0.35-0.57)
0.53 (0.45-0.63)
3.77 (2.84-5.16)

0.18 (0.08-0.30)
11.0 (10.3-11.6)
26.6 (24.9-29.3)
7.14 (5.86-9.60)
45.80 (13.00-154.00)
405.38 (241.00-492.82)
70.30 (59.50-80.93)
328.10 (267.30-398.60)
4.43 (3.80-5.12)

0.007
0.105
0.007
0.036
0.001
0.189
0.001
0.238
0.008

0.21 (0.11-0.34)
10.8 (10.2-11.4)
26.2 (24.6-28.2)
6.74 (5.74-8.39)
24.40 (8.73-90.78)
391.10 (221.30-483.70)
64.10 (56.40-76.90)
322.00 (262.30-389.20)
4.65 (3.94-5.45)

0.18 (0.08-0.30)
11.0 (10.3-11.6)
26.6 (24.9-29.3)
7.14 (5.86-9.60)
45.80 (13.00-154.00)
405.40 (241.00-492.80)
70.30 (59.50-80.90)
328.10 (267.30-398.60)
4.43 (3.80-5.12)
1.32 (0.92-1.85)
0.75 (0.63-0.96)
2.66 (2.09-3.22)
0.30 (0.22-0.39)
0.65 (0.53-0.78)

Serum uric acid [pmol/l]

Serum glucose [mmol/]
TC [mmol/]

EMR, ratio
PT [s]

APTT

BNP [pg/ml]
LDH [U/1]
Cr [umol/1]

0.207
0.667
0.434

1.32 (0.92-1.85)
0.75 (0.63-0.96)
2.66 (2.09-3.22)
0.30 (0.22-0.39)
0.65 (0.53-0.78)

0.121

1.23 (0.91-1.74)
1.15 (1.00-1.35)
2.69 (2.11-3.30)
0.42 (0.35-0.57)
0.43 (0.35-0.53)

TG [mmol/l]

0.000
0.350

LDL-C [mmol/1]

HDL-C/LDL-C, ratio

0.839

< 0.001
< 0.001
< 0.001

M counts [x10%/1]
HDL-C [ mmol/l]

NHR, ratio

0.147
0.073

5.97 (4.17-9.22)

3.77 (2.84-5.16)

5.97 (4.17-9.22)

for acute ischaemic stroke

flux and monocytosis resulting from low HDL-C
levels contribute to the progression of atheroscle-
rosis. Overall, HDL exhibits anti-inflammatory, an-
tithrombotic, and antioxidant effects in patients.

Considering the pro-inflammatory and oxidative
effects of monocytes on promoting inflammation
and oxidation of monocytes alongside the inhibito-
ry effect of HDL-C on monocyte recruitment, LDL ox-
idation, and cholesterol efflux enhancement, MHR
is considered a new marker for predicting acute ce-
rebral infarction development. First, at the onset of
AlS, monocytes bind to adhesion molecules on the
injured vascular endothelium, migrate to the sub-
endothelial space, mature into macrophages [26],
and are converted to foam cells after internalising
accumulated lipids. Foam cells release a variety of
proinflammatory and prooxidant cytokines that
attract T lymphocytes and more monocytes to ac-
cumulate [27]. Foam cells are further transformed
into key components of the atherosclerotic core
through necrosis. Increased production of cyto-
kines and chemokines, as well as activation of ma-
trix metalloproteinases, in turn leads to connexin
cleavage and disruption of blood-brain barrier in-
tegrity [28]. Second, HDL-C promotes reverse cho-
lesterol transport from the peripheral vasculature
to the liver and reduces lipid accumulation in the
peripheral vasculature [29], which undergoes per-
oxidation and forms oxidised phospholipids, which
are then further hydrolysed and derivatised to form
[30] lysophosphatidylcholine (LPC), which mediates
the major atherosclerotic activity of oxidised lipids.
Its elevated LPC levels promote the expression of
adhesion molecules and chemoattractants by en-
dothelial cells. In addition, decreased HDL-C leads
to reduced inhibition of pro-inflammatory and
pro-oxidant functions of monocytes. Finally, it can
lead to increased intracranial atherosclerosis and
ischaemic stroke. Accordingly, it is clear that MHR is
an atherosclerosis by assessing inflammation and
dyslipidaemia, which are the basic mechanisms of
ischaemic stroke.

Severe neurological injury in acute cerebral in-
farction patients reflects heightened inflammatory
responses in brain tissue, indicating poor recovery in
the ischaemic semidomedullary zone as well as the
compressed brain tissue and poorer prognostic out-
comes [31]. MHR proves more valuable in predicting
prognosis compared to monocyte counts or HDL-C
concentrations. Previous research by Kanbay et al.
[32] suggested MHR as a predictor of cardiovascular
events in chronic kidney disease patients. Moreover,
in a US cohort study [33], MHR showed significant
associations with cardiovascular and all-cause mor-
tality across the general population, irrespective of
identified risk factors. Insightful studies conducted
on a population-based Chinese cohort [34] revealed
an intriguing correlation: the level of MHR was ob-
served to exhibit a linear relationship with the risk
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Figure 4. The 3-month outcome (A, C) and 6-month outcome (B, D) evaluated using the mRS score of patients in
the high MHR (> 0.584 mmol/l) and low MHR (< 0.584 mmol/l) groups before (A, B) and after (C, D) propensity

score matching

of ischaemic stroke within a large community-based
population. Notably, MHR served as a significant indi-
cator of atherosclerosis burden, demonstrating supe-
rior predictive capabilities compared with traditional
clinical risk factors. This suggests its potential appli-
cation in stratifying the risk among ischaemic stroke
patients. These findings hold substantial importance
in devising strategies aimed at reducing MHR levels
to prevent adverse cardiovascular outcomes. Fur-
thermore, additional studies [35] have confirmed
that elevated MHR levels independently forecasted
an unfavourable prognosis and increased all-cause
mortality among patients with ischaemic stroke or
transient ischaemic attack (TIA). However, to date, to
the best of my knowledge, no relationship has been
found between MHR and outcomes in patients who
did not receive treatment or who received endovas-
cular therapy, pending the need for further research
findings to be explored.

The present study has certain strengths. First,
all MHR specimens were collected within the ini-
tial 24 h post stroke; thus, heterogeneity among
the blood samples was relatively small. Second,
PSM analyses were performed to balance baseline
factors between patients with high and low MHR
groups, confirming the effects of higher MHR lev-
els on poor stroke thrombolysis outcomes, inde-
pendent of other risk factors such as monocytes
and HDL-C. Finally, this study demonstrated the
significance of MHR in predicting poor 3-month
and 6-month prognostic outcomes in AIS patients
receiving intravenous thrombolytic therapy, and
higher MHR levels were associated with poorer
short-term versus long-term prognostic outcomes
among AIS patients.

However, limitations exist in this work. The
study had a small sample size, being a single-cen-

tre retrospective study, potentially introducing
bias. For example, the slightly higher fasting ve-
nous blood glucose in the patients included in the
study and analysed in this study may have slightly
affected the present results. Therefore, large-scale
multicentre studies are warranted. Moreover, we
only recorded baseline MHR and did not monitor
MHR values at discharge and follow-up, which
lacks dynamic monitoring of MHR changes and
requires further research and analysis in future
research. Finally, our inclusion criteria, although
we excluded patients currently taking statins, did
not take into account the application of other fac-
tors affecting lipids, such as cholesterol transfer
protein inhibitors, legumes, and fruits. Eliminating
these confounding factors is a major project.

In conclusion, the study affirms the indepen-
dent association between MHR and dismal 3- and
6-month prognoses in AIS patients undergoing
intravenous thrombolysis. MHR, with a threshold
of 0.584, serves as a strong predictor of adverse
prognostic outcomes in these patients, surpass-
ing the predictive value of monocytes and HDL-C.
Therefore, MHR has the potential to be used as
a tool for prognostic prediction in AlS patients un-
dergoing intravenous thrombolysis.
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