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ABSTRACT

Background: Globally, acute ischaemic stroke (AIS) is a leading cause of death
and chronic disability. Lipid metabolism and inflammation are crucial to the
development and progression of AIS. A new inflammatory biomarker that reflects
the equilibrium between pro-inflammatory monocytes and the beneficial anti-
inflammatory effects of HDL cholesterol is the Monocyte-to-High-Density
Lipoprotein Cholesterol Ratio (MHR). The purpose of this study was to assess the
importance of MHR in predicting in-hospital outcomes and stroke severity in
patients with AlS.Methods: A prospective observational study was conducted in
the Department of General Medicine, K.R. Hospital, Mysore Medical College and
Research Institute, Mysuru, from April 2024 to September 2025. Sixty-three
patients aged 18—80 years with clinically and radiologically confirmed acute
ischemic stroke were included. Clinical details, risk factors, laboratory
investigations, and neuroimaging findings were recorded. MHR was calculated
using admission monocyte count and HDL cholesterol levels. The National
Institutes of Health Stroke Scale (NIHSS) was used to measure the severity of the
stroke, and complications, length of hospital stay, and clinical outcomes were used
to evaluate in-hospital outcomes. SPSS was used for statistical analysis, and p
<0.05 was deemed significant. Results: The majority of patients were aged 40—50
years (34.9%), with a slight male predominance (53.9%). Diabetes mellitus
(61.9%) and hypertension (46.0%) were common comorbidities. Higher MHR
values were significantly associated with aspiration pneumonia and sepsis
(p<0.0001). Patients with mortality and residual neurological deficits
demonstrated significantly higher MHR values compared to those who improved
clinically (p<0.0001). MHR showed a strong positive correlation with hospital
stay duration (=0.820, p<0.0001) and NIHSS score on day 7 (r=0.717, p<0.0001),
indicating greater neurological severity and poorer prognosis.ConclusionMHR is
a simple, inexpensive, and readily available biomarker that correlates significantly
with stroke severity, in-hospital complications, prolonged hospitalization, and
adverse clinical outcomes in acute ischemic stroke. Incorporation of MHR into
routine clinical assessment may facilitate early risk stratification and improve
patient management.

Keywords: Acute Ischemic Stroke, Monocyte-to-HDL Cholesterol Ratio, MHR,
Inflammation, NIHSS, Stroke Severity, Prognostic Biomarker, In-Hospital
Outcome.
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INTRODUCTION

Despite considerable advancements in neuroimaging,
reperfusion treatments, and organised stroke care, acute
ischaemic stroke (AIS) continues to be a leading cause
of death and long-term disability globally. Clinical
outcomes after AIS vary considerably, ranging from
complete recovery to severe neurological impairment or
death. This variability is influenced not only by the
extent of cerebral ischemia and timeliness of treatment
but also by the patient’s underlying inflammatory and
metabolic status. Increasing evidence suggests that
stroke is not merely a focal vascular event but a systemic
inflammatory disorder in which immune and lipid-
related factors significantly affect disease progression
and recovery.[l?!

The two main causes of ischaemic stroke, atherosclerosis
and thromboembolism, are both significantly influenced
by inflammation. Monocytes are key inflammatory cells
that contribute to endothelial dysfunction, plaque
instability, thrombus formation, and blood-brain barrier
disruption through the release of cytokines and reactive
oxygen species. Larger infarct sizes, early neurological
decline, and worse functional outcomes after stroke have
all been linked to elevated monocyte numbers. >3]
High-density lipoprotein cholesterol (HDL-C), on the
other hand, has anti-inflammatory, antioxidant,
antithrombotic, and endothelial-protective properties. In
addition to its function in reverse cholesterol transport,
HDL-C contributes to vascular homeostasis by
preventing monocyte activation. A higher risk of
atherosclerotic disease and poor outcomes following
cerebrovascular episodes have been associated with
lower HDL-C levels.34

A new biomarker that combines these contrasting
biological processes is the monocyte-to-high-density
lipoprotein cholesterol ratio (MHR). MHR offers a
thorough representation of the inflammatory—
atherogenic balance by fusing the pro-inflammatory
activities of monocytes with the protective properties of
HDL-C. A higher MHR indicates increased
inflammatory burden and reduced vascular protection,
conditions that may predispose patients to more severe
stroke and unfavorable outcomes.!

As both monocyte count and HDL-C are routinely
measured, inexpensive laboratory parameters, MHR
represents a practical and readily available marker for
risk stratification in AIS. Emerging evidence suggests
that elevated MHR is associated with greater
neurological severity, increased risk of complications,
prolonged hospitalization, and higher in-hospital
mortality. Therefore, MHR may serve as a valuable
adjunct to existing clinical and radiological assessments
in predicting disease severity and in-hospital outcomes
among patients with acute ischemic stroke.[6®!

AIMS AND OBJECTIVES
The goal of the current study was to assess the
Monocyte-to-High-Density ~Lipoprotein  Cholesterol

Ratio (MHR) in acute ischaemic stroke patients and
ascertain its usefulness as a predictive biomarker. The
study specifically sought to correlate MHR values with
in-hospital outcomes, such as clinical progression,
complications, and death, as well as to evaluate the
relationship between MHR and the severity of acute
ischaemic stroke upon presentation. By examining this
relationship, the study sought to establish whether MHR
could serve as a simple, cost-effective, and readily
available marker for predicting disease severity and
short-term prognosis in patients with acute ischemic
stroke.

MATERIALS AND METHODS

Study Design

The study was conducted in the Department of General
Medicine at K.R. Hospital, a tertiary care teaching
hospital affiliated with Mysore Medical College and
Research Institute (MMCRI), Mysuru, Karnataka. The
hospital caters to a large number of acute stroke patients
and is equipped with advanced diagnostic facilities,
including neuroimaging services (NCCT/MRI Brain)
and well-established laboratory support. Its high patient
inflow and comprehensive stroke care services made it
an appropriate setting for the recruitment and evaluation
of patients with acute ischemic stroke.

Inclusion and Exclusion Criteria

The study included patients aged 18—80 years who were
clinically and radiologically diagnosed with acute
ischemic stroke using NCCT Brain or MRI Brain and
were admitted within the appropriate time frame from
symptom onset. Patients with hemorrhagic stroke or
transient ischemic attack (TIA), recent major brain
injury, neurosurgery, central nervous system infections,
or known malignant tumors were excluded. Additional
exclusions comprised patients with severe uncontrolled
systemic diseases, dementia, significant psychiatric
illness, pre-existing renal or hepatic dysfunction,
congestive heart failure (NYHA Class III/IV), chronic
inflammatory disorders, chronic infections such as
tuberculosis or HIV, known immunological disorders,
and those receiving long-term medications that could
significantly alter inflammatory markers or lipid profiles,
including systemic corticosteroids and antineoplastic
agents.

Sample Size Calculation

The sample size was calculated using the formula for
estimating a single proportion. The calculated sample
size was rounded off to 63 for the purpose of the study.

7?PQ/D?

Where:

S = Required sample size

Z = Standard normal variate at 5% type 1 error (1.96).

_ = Anticipated proportion of the characteristic of
interest (prevalence of a relevant stroke outcome marker
was estimated at 4% or 0.04 based on prior literature).
Q=1-P(0.96)
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D = Absolute precision or margin of error (5% or 0.05).
The calculation yielded: S = (1.96 *0.04 * 0.96)/(0.05%)
= 59. The sample size was rounded up to 60 participants
to account for potential attrition or incomplete date. This
was deemed adequate to provide statistically meaningful
results for the primary objective of correlation.

Data Collection Procedure

A pre-designed semi-structured proforma was used to
gather pertinent demographic, clinical, laboratory, and
radiological data following permission from the
Institutional Ethics Committee and written informed
consent from the patients or their legally designated
representatives. The National Institutes of Health Stroke
Scale (NIHSS) was used to measure the stroke severity
upon admission after a thorough clinical history and
clinical examination. Hospital records were used to
collect data from routine laboratory testing, such as
random blood sugar, lipid profiles, liver and renal
function tests, serum electrolytes, and complete blood
counts (CBCs). The Monocyte-to-HDL Cholesterol
Ratio (MHR) was computed using the absolute
monocyte count and HDL cholesterol levels. The
diagnosis of acute ischemic stroke was confirmed by
neuroimaging (NCCT Brain or MRI Brain). Patients
were monitored during their hospital stay, and the
Modified Rankin Scale (mRS) and the occurrence of any
significant adverse events were used to evaluate in-
hospital outcomes upon discharge. All collected data
were assigned unique identification numbers to maintain
confidentiality and entered into a computerized database
for statistical analysis.

Statistical Analysis

Microsoft Excel was used to enter the data, and SPSS
software was used for analysis. The data were
summarised using descriptive  statistics, where
continuous variables were expressed as mean + standard
deviation or median (interquartile range) based on data
distribution, and categorical variables were expressed as
frequencies and percentages. Pearson's or Spearman's
correlation analysis was used to evaluate the relationship
between the Monocyte-to-HDL Cholesterol Ratio
(MHR) and stroke severity (NIHSS score). The Chi-
square test or Fisher's exact test were used to assess
connections between categorical variables, and the
independent samples t-test or Mann-Whitney U test were
used to compare outcome groups. The predictive value
and ideal cut-off of MHR for severe stroke and poor in-
hospital outcomes were found using Receiver Operating
Characteristic (ROC) curve analysis. Statistical
significance was defined as a p-value of less than 0.05.

RESULTS AND OBSERVATIONS

Variable |Category |[Frequency [Percentage (%)
Age 40-50 years 22 34.92

51-60 years |14 22.22

61-70 years |13 20.63

>70 years |14 22.22
Sex Male 34 53.97
Female 29 46.03

Table 1. Demographic Characteristics of Study
\Participants (n=63)

Table 1 illustrates the demographic profile of the study
population. Most patients belonged to the 40—50 years
age group (34.92%), and there was a slight male
predominance (53.97%), indicating that acute ischemic
stroke was more common among middle-aged and
elderly males.

Risk Factor Present n (%) |Absent n (%)
Hypertension 29 (46.03) 34 (53.97)
Diabetes Mellitus 39 (61.90) 24 (38.10)
Smoking 19 (30.16) 44 (69.84)
IAlcohol Consumption |18 (28.57) 45 (71.43)
Table 2. Distribution of Major Vascular Risk Factors

Table 2 shows the distribution of major vascular risk
factors among study participants. Diabetes mellitus was
the most common comorbidity (61.9%), followed by
hypertension (46.03%), emphasizing the important
contribution of metabolic and vascular risk factors in
acute ischemic stroke.

CT/MRI Finding fnr)eq“"“cy ?;:)ce“t“‘ge
|Anterior Circulation| 18 hg 57

Infarct

PCA Territory Infarct 16 25.40

Lacunar Infarct 15 23.81

MCA Territory Infarct |14 22.22

Total 63 100

Table 3. Neuroimaging Findings in Acute Ischemic|
Stroke

Table 3 demonstrates the neuroimaging distribution
among patients. Anterior circulation infarcts were the
most common imaging finding (28.57%), followed by
PCA territory infarcts (25.40%).

Variable Category fnr)equency:’oir)centage
INil 28 44.44
ComplicationsASplrauor.1 20 31.75
Pneumonia
Sepsis 15 23.81
Clinical Imp'roved : 25 39.68
Outcome Residual Deficit 20 31.75
Mortality 18 28.57
Table 4. In-Hospital Complications and Clinical
Outcomes

Table 4 summarizes the in-hospital complications and
outcomes. Nearly half of the patients had no
complications, while aspiration pneumonia was the most
common complication. Improvement was observed in
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39.68% of patients, whereas mortality occurred in
28.57%.

C L. Mean
Complication [N MHR SD |Range [p-value
. 0.01-
INil 28 10.01 0.00 0.02
|Aspiration 0.01-
Pneumonia 20 .02 0-01 0.03
Sepsis 15 {002 .00 292 ko.0001
P ' .03 '
Table 5. Association Between MHR and In-Hospital
Complications

Table 5 shows a statistically significant association
between MHR and in-hospital complications. Patients
who developed aspiration pneumonia or sepsis had
higher MHR values compared to those without
complications (p<<0.0001).

Outcome N ﬁg‘ﬁ SD |[Range [p-value
Improved 25 10.01 0.00 [0.01-0.02
Residual

Deficit 20 1[0.02 0.01 10.01-0.03
Mortality 18 10.02 0.00 |0.02-0.03<0.0001
Table 6. Association Between MHR and Clinical
Qutcome

Table 6 demonstrates that patients with mortality and
residual neurological deficits had significantly higher
MHR values than patients who improved clinically,
indicating the prognostic value of MHR in predicting
adverse outcomes.

Variable Pearson Correlation _value
Coefficient (r) P

MHR vs Hospitaly) ¢774 <0.0001

Stay Duration

MHR —vs NIHSS)) 71709 <0.0001

Day 7

Table 7. Correlation of MHR with Hospital Stay and

\Neurological Severity

Table 7 reveals a strong positive correlation between
MHR and both duration of hospital stay (r=0.82024) and
NIHSS score on Day 7 (r=0.71709). Higher MHR values
were associated with prolonged hospitalization and
greater neurological impairment.

Improved
Variable (Mean
SD)

6.12 +3.27 20.78 £ 3.10 |15.60 + 4.87

Mortality |Residual Deficit
(Mean + SD)(Mean = SD)

INIHSS at
IAdmission

T;IIHSS Dayh 24.+2.45 42.00 + 0.00 [14.05 = 5.31

Table 8. Comparison of NIHSS Scores Across Qutcome
Groups

Table 8 compares neurological severity across outcome
groups. Patients who improved had the lowest NIHSS
scores at admission and Day 7, whereas patients who
died had the highest scores, demonstrating a strong
relationship between stroke severity and clinical
outcome.

DISCUSSION

The current study assessed the predictive power of the
monocyte-to-high-density lipoprotein cholesterol ratio
(MHR) for acute ischaemic stroke patients' in-hospital
outcomes and stroke severity. The study population
showed a mild male predominance (53.97%), with most
patients belonging to the 4070 year age group. Diabetes
mellitus (61.9%) and hypertension (46.03%) were the
most common vascular risk factors, highlighting the
significant burden of metabolic comorbidities among
stroke patients. Similar observations were reported by
Sharma and Gandhi, who noted a predominance of
vascular risk factors among acute ischemic stroke
patients.””) Wang et al. also demonstrated that increasing
age and metabolic risk factors contribute significantly to
stroke occurrence.!%

The baseline laboratory profile in the present study
demonstrated elevated leukocyte counts (12.23 + 3.75
x10%/uL), increased monocyte counts (0.82 + 0.29
x10%/uL), and relatively low HDL levels (40.05 + 6.52
mg/dL), indicating a pro-inflammatory and atherogenic
state. These findings are consistent with the observations
of Bolayir et al., who reported higher monocyte counts
and lower HDL levels among acute ischemic stroke
patients, supporting the role of inflammation and lipid
dysregulation in stroke pathogenesis.!'!! Similarly, Liu et
al. demonstrated significantly elevated monocyte-related
inflammatory ratios in stroke patients compared with
healthy controls.[?]

A major finding of the present study was the significant
association between elevated MHR and stroke severity.
Patients with poor outcomes exhibited markedly higher
neurological impairment, with admission NIHSS scores
of 20.78 £ 3.10 in the mortality group and 15.60 = 4.87
among patients with residual deficits, compared with
6.12 + 3.27 among those who improved. An MHR cut-
off value of >0.018 was found to be associated with
severe stroke. These findings support the concept that
increased inflammatory burden contributes to greater
neurological injury. Sharma et al. reported a significant
positive correlation between MHR and NIHSS scores,
with mean MHR values of 14.12 £+ 2.95 among stroke
patients and even higher values (18.48 + 4.02) among
those with clinical deterioration.['3] Likewise, Liu et al.
reported that MHR was significantly elevated in
ischemic stroke patients and demonstrated good
diagnostic performance with an AUC of 0.777.0!2
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The present study also demonstrated a clear relationship
between elevated MHR and unfavorable in-hospital
outcomes. Patients with higher MHR values experienced
poorer neurological recovery and increased mortality.
These findings are in agreement with Bolayir et al., who
identified MHR as an independent predictor of 30-day
mortality and reported an optimal cut-off value of 17.52
for mortality prediction.'! Similarly, Xu et al., in a large
cohort of 13,865 patients from the Third China National
Stroke Registry, found that patients in the highest MHR
quartile had significantly increased risks of mortality
(HR 1.45) and poor functional outcomes (OR 1.47)
following ischemic stroke.['*!

These results have a well-established biological
foundation. By releasing pro-inflammatory cytokines
and reactive oxygen species, monocytes contribute to
endothelial dysfunction, plaque instability, thrombosis,
and neuroinflammation.l'>!8] HDL, on the other hand,
has endothelial-protective, anti-inflammatory, and
antioxidant properties.''>2! Therefore, MHR represents
the balance between inflammatory injury and vascular
protection. A higher MHR reflects predominance of
inflammatory activity, which may promote infarct
expansion, blood-brain barrier disruption, and poor
neurological recovery.

The results of the present study are further supported by
evidence from other inflammatory biomarkers. Giede-
Jeppe et al. demonstrated that elevated neutrophil-to-
lymphocyte ratio was associated with unfavourable
functional outcomes in acute ischemic stroke.[*!
Similarly, Sharma and Gandhi reported a significant
correlation between platelet-to-lymphocyte ratio and
NIHSS scores.[’! Together, these findings reinforce the
critical role of systemic inflammation in determining
stroke severity and prognosis.

The findings of the present study indicate that MHR is a
simple, inexpensive, and readily available biomarker that
can be used for early risk stratification in acute ischemic
stroke. The significant association of elevated MHR with
greater stroke severity and unfavourable in-hospital
outcomes suggests that MHR may serve as a valuable
prognostic tool in routine clinical practice.

LIMITATIONS

When evaluating the results, it is important to take into
account the many limitations of the current study. The
outcomes of this single-center study, which was carried
out at a tertiary care hospital, may not be entirely
applicable to other demographics or healthcare
environments. The statistical power to identify weaker
relationships may have been constrained by the very
small sample size. Moreover, a conclusive causal
association between the monocyte-to-high-density
lipoprotein cholesterol ratio (MHR) and stroke severity
or outcomes cannot be established due to the
observational cross-sectional methodology. Serial
measurements that could have offered more prognostic

information about the course of the disease were not
taken during hospitalisation; instead, only baseline MHR
values were evaluated. Furthermore, dietary practices,
the use of lipid-lowering drugs, and other inflammatory
comorbidities were not thoroughly examined as potential
confounding factors. Lastly, the evaluation of the
association between MHR and long-term functional
recovery, recurrence, or survival following acute
ischaemic stroke was limited by the lack of long-term
follow-up.

CONCLUSION

The current investigation showed that in patients with
acute ischaemic stroke, a higher monocyte-to-high-
density lipoprotein cholesterol ratio (MHR) is
substantially linked to worse in-hospital outcomes and a
more severe stroke. MHR is a straightforward,
economical, and clinically valuable biomarker for early
risk stratification and prognostic evaluation since it can
be easily computed from standard laboratory values.
Including MHR in the first assessment of stroke patients
may assist identifying those who are more likely to
experience unfavourable outcomes, allowing for prompt
intervention and optimal management. To confirm these
results and investigate the possible relevance of MHR in
directing treatment decision-making, further extensive
multicenter trials with extended follow-up are necessary.
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