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Abstract

Objectives: We aimed to evaluate the diagnostic value of the combination of the monocyte-to-

high-density lipoprotein cholesterol ratio (MHR) with the monocyte-to-lymphocyte ratio (MLR)

in ischemic stroke patients.

Methods: There were 253 patients who were diagnosed with ischemic stroke and 211 healthy

subjects enrolled into this retrospective study.

Result: MHR and MLR were significantly higher in ischemic stroke patients compared with

controls. MHR and MLR remained as independent variables for the presence of ischemic

stroke. In receiver operating characteristic analyses, the optimal cut-off values for MHR and

MLR were 0.28 and 0.19, respectively. The area under the curve for MHR was 0.777 (sensitivity,

66.01%; specificity, 77.25%), and that for MLR was 0.742 (sensitivity, 70.36%; specificity, 67.77%) in

ischemic stroke patients. Moreover, the combination MHR and MLR increased the sensitivity

compared with MHR or MLR alone.

Conclusion: The present study shows that a high MHR and MLR are each predictive for the risk

of ischemic stroke, and together, they exhibit a better diagnostic value compared with each ratio

alone.
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Introduction

Ischemic stroke is a leading cause of death

and disability worldwide,1 and the burden

of stroke appears to be increasing in

China.2 Inflammatory mechanisms that

are triggered by inflammatory cells play a

critical role in the pathology processes of

ischemic stroke and its subtypes.3,4

Several studies have shown an indepen-

dent association between the total white

blood cell count and the stroke risk,

stroke severity, and mortality.5–8

Monocytes/macrophages and T-lympho-

cytes are essential in stroke pathogenesis,

which increases the production of inflam-

matory cytokines, infiltration, and lipid

core formation, and this results in exacer-

bation of brain damage9,10 and the forma-

tion of atherosclerotic plaque.11

Conversely, high-density lipoprotein cho-

lesterol (HDL-C) has anti-inflammatory,

anti-oxidant, and antithrombotic effects

by reversing cholesterol transport and pre-

venting endothelial dysfunction.12 Thus, the

monocyte-to-high-density lipoprotein cho-

lesterol ratio (MHR) is likely a systematic

inflammatory marker that is related to

atherosclerosis.
The MHR was recently shown to be a

novel prognostic biomarker in cardiovascu-

lar diseases,13 ischemic stroke,14 and acute

intracerebral hemorrhage (ICH).15 Clinical

studies found that a low lymphocyte-to-

monocyte ratio (LMR) in the peripheral

blood is a useful prognosis biomarker in

patients with acute ischemic stroke.16

Additionally, the monocyte-to-lymphocyte

ratio (MLR) could represent an inflamma-

tory marker that is related to an increased

risk of cardiovascular diseases.17 Recently,

MLR has been reported to be an indepen-

dent risk factor for carotid stenosis.18

However, the association between MHR,

MLR, and ischemic stroke has not been

evaluated.

The aim of this study was to investigate
whether an elevated MHR or MLR can
increase the risk of ischemic stroke, and to
investigate whether there is a correlation
between baseline MHR or MLR and ische-
mic stroke. Therefore, we evaluated the
diagnostic value of MHR or MLR alone
and the combination MHR and MHR for
ischemic stroke.

Materials and methods

Study subjects

In this retrospective study, 253 ischemic
stroke patients were screened and enrolled
into the study from January 2017 to
December 2018 at Changzhou Cancer
Hospital of Soochow University, China.
Ischemic stroke was confirmed based on
the World Health Organization (WHO)’s
definition of stroke,19 which is “rapidly
developing signs of focal (or global) distur-
bance of cerebral function lasting >24
hours (excluding trauma or death).”
Computed tomography (CT) and magnetic
resonance imaging (MRI) scans were used
to diagnose all patients on admission.
Neurological severity on admission was
identified using of the National Institutes
of Health Stroke Scale (NIHSS) score.
Two hundred eleven age and sex-matched
healthy individuals were selected as the con-
trols. We excluded patients with hemor-
rhage stroke, transient ischemic attacks,
malignant tumor, brain trauma, central ner-
vous system infection, recent surgery,
patients who presented with severe systemic
disease, dementia, psychiatric disease, renal
or hepatic dysfunction, heart failure, chron-
ic inflammatory diseases or chronic infec-
tion, or immunologic disorders before
stroke. The study was approved by the
medical Ethics Committee of Changzhou
Tumor Hospital of Soochow University,
China. Informed consent was not obtained
because this was a retrospective study.
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Data collection

We collected the baseline demographic

information and vascular risk factors,

including age; gender; risk factors such as

hypertension, diabetes mellitus, hyperlipid-

emia, coronary heart disease (CHD), atrial

fibrillation; and medication history. The

systolic blood pressure (SBP) and diastolic

blood pressure (DBP) were measured

during physical examination. The biochem-

ical index, including serum glucose and

lipid profiles were obtained within 24

hours of admission using Advia 2400 auto-

matic chemistry analyzer (Siemens

Healthcare Diagnostics Inc., Dublin,

Ireland). Then, the blood counts from all

subjects were obtained within 3 hours of

admission using a Siemens Advia 2120

automated hematology analyzer (Siemens

Healthcare Diagnostics Inc.). MLR or

MHR was calculated by dividing the abso-

lute monocyte count by the lymphocyte

count or the HDL-C level, respectively.

Statistical analysis

The Kolmogorov–Smirnov test was used to

determine whether the data had a normal

distribution. Categorical variables were

expressed as number and percentage, and

we compared the frequency counts between

the groups using the Chi-square test. The

continuous variables are presented as the

mean and standard deviation (SD) in nor-

mally distributed data, whereas the median

and interquartile range (IQR) were used in

non-normally distributed variables.

Pairwise comparisons were performed

using a t-test and the Mann–Whitney

U-test, respectively. Correlation analysis

was performed using the Spearman test.

Independent variables were determined

using logistic regression analysis. All clini-

cal variables with P<0.15 in the univariate

analysis were included in the multivariable

logistic regression model. Results were

expressed as odds ratio (OR) with the cor-

responding 95% confidence interval (CI).

Receiver operating characteristic (ROC)

curves were constructed to define the opti-

mum cut-off value of MLR or MHR for

predicting the sensitivity and specificity

when diagnosing ischemic stroke. The area

under the curve (AUC) was determined as a

criterion for the accuracy of the test, and

the statistically significance differences in

the AUC were determined using the

MedCalc software version 15.2.2

(MedCalc Software Ltd., Ostend, Belgium,

https://www.medcalc.org; 2020). Statistical

analysis was performed using SPSS version

19.0 (IBM Corp., Armonk, NY, USA).

Statistical significance was set at P< 0.05.

Results

Baseline characteristics and laboratory

parameters of study subjects

The stroke group comprised 161 men and

92 women with an average age of 67 years

(IQR, 59–74 years), while the control group

comprised 141 men and 70 women with an

average age of 66 years (IQR, 63–70 years)

(Table 1). Comparison of the baseline

demographic characteristics between the

two groups revealed that there were no sig-

nificant differences in terms of age, gender,

hypertension, diabetes, hyperlipidemia, car-

diac disease, or medications (Table 1).

There were no significant differences

between the two groups in terms of blood

glucose, cholesterol (CHOL), and low-

density lipoprotein cholesterol (LDL-C)

levels. However, the triglycerides (TGs)

level and the monocyte and lymphocyte

counts were significantly higher (p<0.001,

p<0.001, p¼ 0.04, respectively), whereas

HDL-C level was significantly lower

(p<0.001) in the patient group compared

with the control group. MHR and MLR

levels were also higher in the patient
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Table 1. Characteristics of control subjects and stroke patients.

Characteristic

Patient

group n (%)

Control

group n (%)

Statistical

quantity p

Numbers 253 211

Age, median (IQR) 67 (59–74) 66 (63–70) Z¼�0.780 0.435

Sex n, (%)

Male 161 (63.64) 141 (66.82) v2¼ 0.515 0.495

Female 92 (36.37) 70 (33.18)

Stroke risk factors

Hypertension 218 (86.17) 176 (83.41) v2¼ 0.681 0.436

Diabetes 71 (28.06) 50 (23.70) v2¼ 1.138 0.291

Hyperlipidemia 63 (24.90) 58 (27.49) v2¼ 0.399 0.596

Cardiac disease

Atrial fibrillation 20 (7.91) 14 (6.64) v2¼ 0.273 0.601

Atrial flutter 2 (0.8) 1 (0.47) v2¼ 0.180 0.672

CAHD 5 (1.97) 3 (1.42) v2¼ 0.209 0.648

Revascularization 1 (0.4) 1 (0.47) v2¼ 0.017 0.898

Medications

Antihypertensive 152 (60.08) 112 (53.08) v2¼ 2.298 0.130

Lipid-lowering 5 (1.98) 3 (1.42) v2¼ 0.209 0.648

Statins 6 (2.37) 3 (1.42) v2¼ 0.546 0.460

Hypoglycemic agent 47 (18.58) 31 (14.69) v2¼ 1.242 0.265

Insulin 3 (1.19) 2 (0.95) v2¼ 0.061 0.805

Aspirin 23 (9.09) 18 (8.53) v2¼ 0.045 0.832

Warfarin 8 (3.16) 3 (1.42) v2¼ 1.505 0.220

b-blocker 3 (1.19) 2 (0.95) v2¼ 0.061 0.805

BP, mmHg

Systolic 152.43�22.998 149.91�15.069 t¼ 1.371 0.171

Diastolic 87.60�11.814 85.79�9.741 t¼ 1.778 0.076

Lipids, mM/L

Cholesterol-total 4.69 (4.245–5.31) 4.85 (4.29–5.26) Z¼�0.788 0.431

Triglycerides 1.41 (1.02–2.1) 1.2 (0.88–1.67) Z¼�3.713 <0.001**

LDL-Cholesterol 2.93 (2.52–3.39) 2.96 (2.53–3.24) Z¼�0.566 0.571

HDL-Cholesterol 1.14 (0.98–1.33) 1.36 (1.2–1.58) Z¼�8.050 <0.001**

Fasting GLU, mM/L 5.58 (5.015–6.635) 5.46 (5.1–6.44) Z¼�0.165 0.869

Monocytes, �109/L 0.37 (0.30� 0.47) 0.29 (0.24–0.36) Z¼�7.875 <0.001
Lymphocytes, �109/L 1.56 (1.21–1.995) 1.69 (1.4–2.1) Z¼�2.916 0.04*

MHR 0.327 (0.249–0.426) 0.216 (0.161–0.279) Z¼�10.271 <0.001**

MLR 0.239 (0.184–0.312) 0.174 (0.133–0.218) Z¼�8.973 <0.001**

NIHSS 3 (2.7) – – –

Data are presented as the median (IQR, 25–75%) or mean� standard deviation, number (percentage).

p value was assessed using the Mann–Whitney U test, t-test, or the Chi-Square test; *p< 0.05, **p < 0.001.

CAHD, coronary atherosclerotic heart disease; HDL, high-density lipoproteins; LDL, low-density lipoproteins; GLU,

glucose; MHA, monocyte to high density lipoprotein cholesterol ratio; MLR, monocyte to lymphocyte ratio; IQR,

interquartile range; BP, blood pressure; MHR, monocyte to high-density lipoprotein cholesterol ratio; NIHSS, National

Institutes of Health Stroke Scale.
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group compared with the control group
(p<0.001 for both) (Table 1, Figure 1).

Independent risk predictors in ischemic
stroke

To confirm the independent variables for
ischemic stroke, univariate and multivariate
logistic regression analysis were performed
(Table 2). In univariate logistic regression
analysis showed that TG, HDL-C, glucose,
monocytes, lymphocyte, MHR, and MLR
were possible potential risk factors for
ischemic stroke. The results showed that
MHR or MLR was an independent predic-
tor for the presence of ischemic stroke with
an adjusted OR of 1.043 (95% CI, 1.011–
1.076; p¼ 0.007) and 1.093 (95% CI, 1.057–
1.130; p< 0.001), respectively. In addition,
TC and HDL were independent predictors
of ischemic stroke (Table 2).

Correlation between MHR, MLR, and
NIHSS SCORE

To confirm the association between stroke
severity and the MHR and MLR levels, the
NIHSS score was recorded at admission to

evaluate the neurological injury severity.

There was a weak positive correlation

between the NIHSS score and the MHR

(r¼ 0.159, p¼ 0.012, Figure 2a) and the

MLR (r¼ 0.147, p¼ 0.019, Figure 2b) in

stroke patients.

Diagnostic efficacy of MHR or/and MLR

in ischemic stroke

Based on the ROC curve analysis, the opti-

mal cut-off value of the MHR and MLR

levels for diagnosing ischemic stroke was

0.2816 and 0.1958, respectively. The AUC

of MHR was calculated as 0.777 (95% CI,

0.736–0.814, p< 0.001), with a sensitivity of

66.01% and a specificity of 77.25%. The

AUC of MLR was also calculated as

0.742 (95%CI, 0.699–0.781, P< 0.001),

with a sensitivity of 70.36% and a specific-

ity of 67.77% (Table 3, Figure 3). Figure 3

shows that MHR in combination with

MLR (AUC, 0.802; 95% CI, 0.763–0.837),

with a sensitivity of 73.91% and a specific-

ity of 74.41%, which showed a better per-

formance in predicting ischemic stroke

compared with MHR (p¼0.0155) and

Figure 1. MHR or MLR levels in different groups. MHR level (a) and MLR level (b) in ischemic stroke
patients and healthy controls. Statistical comparisons were made using the Mann–Whitney U-test
(**p< 0.001).
MLR, monocyte to lymphocyte ratio; MHR, monocyte to high-density lipoprotein cholesterol ratio.

Liu et al. 5



MLR (P< 0.001) alone. A significant

increase in sensitivity was observed based

on the combination of MHR and MLR

compared with the MHR (Z¼ 2.420,

P¼ 0.0155) or MLR (Z¼ 4.030, P< 0.001)

index alone (Table 3, Figure 3).

Discussion

In the present study, we found that MHR
andMLR were significantly increased in the
stroke group compared with the healthy
control group. The MHR value (above

Table 2. Univariate logistic regression analysis for outcome.

Variables

Unadjusted OR (95% CI) Adjusted OR (95% CI)

OR 95% CI P-value OR 95% CI P-value

Age 0.999 0.981–1.017 0.922 – –

Sex 0.869 0.592–1.276 0.473 – – –

Systolic (mmHg) 1.007 0.997–1.016 0.922 – – –

Diastolic (mmHg) 1.015 0.998–1.033 0.171 – – –

CHOL (mM/L) 0.940 0.766–1.153 0.552 –

LDL (mM/L) 1.137 0.881–1.468 0.324 – – –

TG (mM/L) 1.573 1.266–1.953 <0.001 1.323 1.039–1.686 0.023

HDL (mM/L) 0.057 0.027–0.12 <0.001 0.232 0.078–0.688 0.008

Glucose (mM/L) 1.114 1.007–1.232 0.035 – – –

Monocyte, 109/L 1.081 1.059–1.105 <0.001 – – –

Lymphocyte, 109/L 0.698 0.509–0.95 0.025 – – –

MHR 1.107 1.082–1.133 <0.001 1.043 1.011–1.076 0.007

MLR 1.119 1.088–1.152 <0.001 1.093 1.057–1.130 <0.001

OR, odds ratio; CI, confidence interval; CHOL, cholesterol; LDL, low-density lipoprotein; TG, triglyceride; HDL, high-

density lipoprotein; MLR, monocyte to lymphocyte ratio; MHR, monocyte to high-density lipoprotein cholesterol ratio.

Figure 2. Correlations between MHR or MLR and NIHSS score.
MLR, monocyte to lymphocyte ratio; MHR, monocyte to high-density lipoprotein cholesterol ratio; NIHSS,
NIHSS, National Institutes of Health Stroke Scale.
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0.28) and MLR value (above 0.1958) were

defined as independent risk factors for the

incidence of ischemic stroke events. The

combination of MHR and MLR showed a

higher sensitivity for diagnosis of ischemic
stroke. These results indicate that elevated
MHR and MLR levels may be associated
with ongoing inflammation in the patho-
physiology of ischemic stroke. To the best
of our knowledge, this is the first study to
determine the relationship between these
parameters in ischemic stroke.

MHR is a prognostic marker of cardio-
vascular diseases13 and other inflammatory
diseases for that reason. Many studies have
evaluated MHR as a prognostic marker
indicating inflammation and oxidative
stress in systemic diseases.20,21 However,
to date, only a few studies have attempted
to investigate the relationship between
MHR and cerebrovascular disease. In our
study, the MHR level was high, and it was
suggested as an independent risk factor for
ischemic stroke patients. A similar study by
Bolayir et al.14 demonstrated a high level
value of MHR for IS patient. You et al.15

showed that an increased MHR level was
associated with the 3-month outcome in
patients with ICH.

Table 3. Diagnostic value of the presence in ischemic stroke.

MHR – MHRþMLR

Difference between areas 0.0251

Standard Errora 0.0104

95%CI 0.00477–0.0454

Z statistic 2.420

P value P¼ 0.0155

MLR – MHRþMLR

Difference between areas 0.0601

Standard Errora 0.0149

95% confidence interval 0.0309–0.0893

Z statistic 4.030

P value P¼ 0.0001

AUC (95%CI) SEN (%) SPE (%) Yden Cut-off þLR �LR þPV �NPV

MHR 0.777 (0.736–0.814) 66.01 77.25 0.4326 0.2816 2.9 0.44 77.77 65.5

MLR 0.742 (0.699–0.781) 70.36 67.77 0.3813 0.1958 2.18 0.44 72.4 65.6

MHRþMLR 0.802 (0.763–0.837) 73.91 74.41 0.4832 0.49978 2.89 0.35 77.6 70.4

aDeLong et al., 198843

MHR or/and MLR ROC analysis of the between stroke and control group.

AUC, Area under the curve; SEN, sensitivity; SPE, specificity; Yden, Youden index; þLR, positive likelihood ratio; �LR,

negative likelihood ratio; þPV, positive predictive value; �PV, negative predictive value; MLR, monocyte to lymphocyte

ratio; MHR, monocyte to high-density lipoprotein cholesterol ratio; CI, confidence interval.

Figure 3. MHR or/and MLR ROC analysis of the
between stroke and control group.
MLR, monocyte to lymphocyte ratio; MHR,
monocyte to high-density lipoprotein cholesterol
ratio; ROC, receiver operating characteristics.
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An increasing amount of evidence sug-
gests that inflammatory and oxidative
stress mechanisms are involved at all
stages of ischemic stroke progression devel-
opment. Monocytes and activated macro-
phages can infiltrate and adhere to the
inside of the arterial wall by producing var-
ious types of pro-inflammatory and pro-
oxidant mediators (including inflammatory
cell, pro-inflammatory cytokines/adhesion
molecules, chemokines, and growth factors)
and these inflammatory mediators interact
with endothelial cells and thereby cause in
an inflammatory cascade and foam cell for-
mation by taking up oxidized low-density
lipoproteins (LDLs) and other lipids.3,11

An animal study showed that the circulat-
ing Ly6C(hi) monocyte levels were increased
in a chemokine (C-C motif) receptor 2
(CCR2)-dependent manner after permanent
cerebral ischemia.22 Circulating monocytes
and macrophage foam cells express high
levels of tissue factor protein in inflamma-
tion or in atherosclerotic plaque states, and
thereby contribute to the pro-coagulant
activity.23 When tissue factors come into
contact with circulating blood, thrombosis
results in occlusion of the related artery.24

Additionally, a variety of cytokines trigger
the inflammatory response to ischemic
brain injury. The production of pro-
inflammatory cytokines (such as tumor
necrosis factor [TNF]-a, interleukin [IL]-1,
and IL-6) was detected within the brain and
in the blood in the early phase after stroke
onset. IL-1 activates astrocytes and metal-
loproteinase (MMP)-9 and causes the
release of vascular cell adhesion molecule
(VCAM)-1 and intercellular adhesion mol-
ecule (ICAM)-1.25 Chemokines also play a
crucial role in leukocyte recruitment and
arrest, which is a critical step in atheroscle-
rosis development. Macrophage migration
inhibitory factor (MIF) has been shown to
be a more pro-inflammatory, and thus, pro-
atherogenic chemokine, while CXCL12
seems to have a more protective function.26

Overexpression of monocyte chemoattrac-
tant protein-1 (MCP-1) (also known as
CCL-2) leads to exacerbated brain injury
via the recruitment of inflammatory cells
including IL-6, IL-1b, TNF-a, and
granulocyte-colony stimulating factor
(G-CSF), reactive astrogliosis, and the
post ischemic migration of neutrophil gran-
ulocytes and T-cells.27,28 Reactive oxygen
species (ROS) are generated as metabolic
by-products by a variety of enzyme systems
such as nitric oxide (NO) synthase (NOS),
xanthine oxidases, the cyclooxygenases,
nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase isoforms, and
metal-catalyzed reactions.29,30 When ROS-
induced oxidized LDLs crossed the
damaged endothelium into the intima,
monocytes can differentiate into macro-
phages, which then take up oxidized LDL
and subsequently become foam cells. These
lipid-containing foam cells in the arterial
wall can evolve into atherosclerotic plaques
or atheromas. Oxidative stress is defined the
key factor that mediates stroke-related
damage.29

Serum HDL-C levels in our study groups
were significantly lower compared with con-
trols. These findings are consistent with pre-
vious findings, which showed low baseline
HDL-C levels at admission in patients with
atherosclerotic stroke.31 Recent studies
indicate that the HDL-C molecules can
modulate monocyte activation, adhesion,
and macrophage migration, and control
the proliferation of progenitor cells that dif-
ferentiate to monocytes.32–34 HDL has anti-
inflammatory effects in macrophages or
adipocytes, which are regulated via choles-
terol transporters (such as ATP-binding
cassette A-1, ATP-binding cassette G-1,
scavenger receptor B-1 [SR-B1])35,36 and
the transcriptional regulator ATF3, against
the Toll-like receptor (TLR)-induced
inflammation response.37 HDLs also have
antioxidant activity via HDL-associated
antioxidant enzymes, such as paraoxonase
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1 (PON1) and platelet-activating factor ace-
tylhydrolase (PAF-AH), resulting in inhibi-
tion of LDL oxidation and intracellular
oxidative stress in endothelial cells as well
as removal of potentially cytotoxic lipid
hydroperoxides from the circulation.32

HDL also promotes endothelial repair and
antithrombotic properties via increasing
NO bioavailability in the vessel.

Therefore, monocytes have a pro-
inflammatory effect, but HDL-C functions
as a reverse factor during this process.
Elevated MHR, which is a composite
marker of the monocyte count and HDL-
C levels, may be a useful surrogate marker
for systemic inflammation and endothelial
dysfunction.

Recent studies have reported that
decreased LMR is associated with the
stroke-induced immunosuppression and a
poor prognosis for acute ischemic stroke
patients who are treated with thromboly-
sis.38,39 In this study, because of the
increased monocyte and lower lymphocyte
counts, an increased MLR was suggested to
be an independent risk factor, and it could
represent a peripheral marker for ischemic
stroke patients. LMR has been proposed to
be a surrogate marker for inflammation in
distinct populations, and it also has a prog-
nostic and predictive value.

Chen et al.40 showed that a decrease in
the percentage of peripheral CD4 naı̈ve T
cells is an independent risk factor for ische-
mic stroke in patients on hemodialysis. A
study reported stroke-induced lymphopenia
that is associated with a reduction in
HMGB1 release in the peripheral blood.41

In a LDLr�/� mouse atherosclerosis model,
CD8þ T-cells played a protective role in
advanced atherosclerosis by limiting accu-
mulation of Th1 (CD4þ) cells and macro-
phages in the lesions.42 Therefore, elevated
monocyte and decreased lymphocyte counts
may be a useful biomarker of ischemic
stroke. Based on these findings from our
study, the circulating MHR or/and MLR

ratio was defined as a surrogate marker of

both systemic inflammation and oxidative

stress because both systemic inflammation

and oxidative stress may be involved in

the pathophysiology of ischemic stroke.
Additionally, the combined usefulness of

MHR and MLR for predicting IS revealed

a significant increase in the sensitivity

(73.91%) compared with MHR or MLR

alone. These results indicate that MHR in

combination with MLR was superior to

either MHR or MLR alone for diagnosing

ischemic stroke.
Our study has several limitations. First,

this study has a relatively small sample size

and a retrospective study design. Second,

we did not show a correlation between

higher MHR, MLR, and the stroke sub-

type. Finally, only admission MHR and

MLR were calculated in the current study,

while the inflammatory reprocess are ongo-

ing process. Thus, more detailed prospec-

tive studies will be needed in the future.
In conclusion, MHR and/or MLR is a

simple, easy, convenient, cost-effective tool

in clinical practice. An increased MHR

and/or MLR was an independent predictor

of the presence of ischemic stroke.

Moreover, MHR in combination with

MLR increased the predictive value com-

pared with the individual markers in

patients with ischemic stroke. Our findings

provide a new perspective that MHR and

MLR levels may be novel biomarkers for

ischemic stroke diagnosis and a possible

therapeutic target for stroke.
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