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Abstract

Background: Acute ischemic stroke is a sudden disruption in blood flow to the brain, leading to neuronal damage that occurs
secondary to inflammation. The outcome depends on the type of stroke, the duration of treatment, and the patient's physical status.
Lymphocyte-to-monocyte ratio (LMR) is an emerging biomarker that can predict stroke severity and functional outcome in AlS patients.
Methods: This was a prospective, observational study including cases of ischemic stroke presenting to a tertiary care center in Kerala.
Patients with neurological symptoms were evaluated according to the NIHSS score, and blood samples were sent for analysis. Patients
who presented to the emergency department from July 2024 to December 2024 were included in the study, and a total of 126 patients
were observed

Results: This study shows that the NIHSS score used to grade stroke severity at admission was negatively associated with LMR values.
This shows that lower LMR values are associated with greater stroke severity. A cutoff value of 2.9 was used for this study, and it
showed high accuracy. The result of the Spearman correlation showed that there wasa very high, negative correlation
between LMR and NIHSS Score. The results showed that this correlation between LMR and NIHSS Scorewasa statistically
significant negative correlation, r(124) = -0.71, p = <.001.

Conclusion: LMR can be used as an important and effective biomarker in evaluating the severity of the disease and in predicting the
outcome in patients with acute ischemic stroke.
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Introduction

Acute ischemic stroke is a sudden disruption in the blood
flow to the brain, leading to neuronal damage secondary
to inflammation. Common causes of this condition

flow to the brain as quickly as possible to reduce damage.
Treatment options may include thrombolytic therapy,
endovascular therapy, antiplatelet and anticoagulant drugs,
along with rehabilitation.

include atherosclerosis and thrombus formation.! A
person is at a higher risk of developing ischemic stroke
under the following conditions: 2 Old age, Increased
blood pressure, Hyperlipidemia, Diabetes, Smoking,
Obesity, Arrhythmia, Family history of stroke.

The symptoms of this situation may vary depending on
the artery or branch involved in the pathology. The most
common symptom of acute ischemic stroke is
weakness/numbness, commonly affecting one side of the
body. The patient may have difficulty standing, talking,
or even smiling. Some may have dizziness or a headache,
with or without the aforementioned neurological
symptoms. ! Diagnosis of a case of acute ischemic stroke
is done after careful and thorough physical and
neurological examination—additional tests, such as CT
or MR, further support it.

Treatment for ischemic stroke aims to restore blood

The outcome of ischemic stroke depends on the type of
stroke, the duration of treatment, and the patient's physical
status. Recovery can take months or years and include
physical, mental, and emotional recovery. 3 The first step of
diagnosis occurs at the emergency department by evaluation
of the symptoms and assessment of the neurological functions.
The NIHSS score is allotted to each patient to grade the
severity of neurological impairment.

NIHSS Score: National Institutes of Health Stroke Scale
The National Institutes of Health Stroke Scale (NTHSS) is used
for assessing the severity of acute ischemic stroke. It provides
a functional measure of patients' neurological status and
guides treatment decisions.

The NIHSS consists of the following points: Level of
Consciousness (LOC) (3 points), Gaze (3 points), Visual
Fields, (3 points), Facial Palsy (3 points), Motor Strength (6
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points), Sensory (6 points), Language (3 points),
Dysarthria (2 points), Extinction and Inattention (2
points), Each parameter is scored on a 0-4 scale,
where 0 indicates normal function and 4 indicates
severe impairment. The total score ranges from 0 to
42, higher scores indicating greater severity. NIHSS
score of 0-4 indicates no significant neurological
deficit, score 5-15 indicates mild stroke,16-20
indicates moderate stroke and 21-42 indicates severe
stroke.*

A major drawback of the NIHSS scoring system is
that it relies on subjective judgment and may show
inter-observer variability. One notable, emerging
biomarker is the lymphocyte-to-monocyte ratio
(LMR). A low LMR ratio is associated with
cardiovascular disease® and indicates a poor
prognosis in malignant diseases® Studies have shown
that LMR can predict stroke severity, functional
outcome, and mortality in AIS patients. ’

Monocytes are involved in the inflammatory
response, and an increase in monocyte count
indicates heightened inflammation.® Lymphocytes
are also important mediators and reflect the
resolution of inflammation.’ A lower LMR shows an
inflammatory imbalance with a relative increase in
monocytes, which further indicates endothelial
damage and an increase in reactive oxygen species
(ROS). A lower LMR indicates oxidative stress and
a weakened antioxidant defense, as well as a decrease
in lymphocyte count.!°

Prompt diagnosis and treatment are critical for a
better prognosis and minimal neurological deficits.
This article aims to analyze the importance of LMR
in grading the severity of ischemic stroke and in
predicting its outcome. We use a cutoff of 2.9 to
predict patient outcomes, and we aim to evaluate the
accuracy of this cutoff in our study population.

Materials and Methods

This was a prospective, observational study including
all cases of clinically confirmed ischemic stroke
presenting to the Emergency Medicine Department
of a Tertiary Care Center in Kerala, India.

Patients who presented to the emergency
department from July 2024 to December 2024 were
included in the study, and a total of 126 patients were
included by convenience sampling. Patients with
neurological symptoms were evaluated using the
NIHSS score, and blood samples were sent for
analysis. Blood samples were collected within 4
hours of symptom onset and within 1 hour of hospital
admission. Patients on immunosuppressants, patients
with severe sepsis, hepatic or renal dysfunction, and
known cases of malignancies were excluded from the
study. Blood cell indices were obtained from the

ABX Penta XL hematology analyser. Total leukocyte
count, absolute lymphocyte count, and absolute monocyte
count were obtained from the analyzer. The
lymphocyte/monocyte ratio was calculated by dividing
the absolute lymphocyte count by the absolute monocyte
count.

The treatment of all patients followed the same
protocol. All patients received dual antiplatelet therapy
and later single antiplatelet therapy, along with
physiotherapy. Thrombolysis was initiated if indicated
(NIHSS score >5) and started within 4 hours of symptom
onset. Other comorbidities were managed and kept under
control.

Follow-up of the patients was done at 1-month post-
admission by phone to enquire about any persisting
complaints or loss of function, and to evaluate the patient's
general condition. The majority of patients were unable to
attend the hospital for re-evaluation due to personal
reasons, and thus, a clinical evaluation of progress could
not be obtained. The improvement in symptoms, quality
of'life, and the ability to carry out daily and basic activities
were enquired into and noted. Data were entered in
Microsoft Excel, and analysis was performed using SPSS
software version 22.0. Spearman rank correlation was
calculated to evaluate the relationship between LMR and
NIHSS score. An ANCOVA was performed to assess
LMR's ability to predict the outcome.

Results
A total of 126 patients were included in the study. The
study showed a slight male predominance with 62 female
patients and 64 male patients. The age distribution of the
study population is depicted in Figure 1.

The age of the patients ranged from 41 to 93 years, with
a mean age of 68.43 and a standard deviation of 13.04.
The 95% confidence interval for the mean was 66.12-
70.13. Age distribution of the study population is depicted
in Figure 2.

Gender distribution

49.20%

= Female = Male

Figure 1. Gender distribution of the study population.
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Table 1. Total WBC count and Absolute lymphocyte and monocyte counts of the study population.

Total leukocyte count

Absolute lymphocyte count Absolute monocyte count (cells/mm?)

(cells/mm®) (cells/mm®)
Mean 9063.49 2033.73 617.22
Std. Deviation 3362.56 923.45 505.38
Minimum 4500 640 100
Maximum 21300 5410 3200
95% confidence interval for the mean 8469.35-9657.64 1870.56-2196.9 527.93-706.52
Mean + Std. Deviation 9063.49+ 362.56 2033.73 £ 923.45 617.22 +£505.38

The absolute counts of the study population are
depicted in Table 1. The absolute Lymphocyte counts
of the study population ranged from 640 cells/mm? to
5410 cells/mm?, while the absolute monocyte counts
ranged from 100 cells/mm3 to 3200 cells/mm3.

Table 2 shows the mean NIHSS and LMR scores,
along with their standard deviations and 95%
confidence intervals. LMR was calculated by
dividing the absolute lymphocyte count by the
absolute monocyte count, and the values ranged from
0.25 to 22.2, with a mean of 5.57.

The result of the Spearman correlation showed
that there was a high, negative correlation between
LMR and NIHSS Score. The results showed that this
correlation between LMR and NIHSS score was a
statistically ~ significant negative  correlation,
1(124)=0.71, p<.001. As the NIHSS Score increases,
the LMR tends to decrease. Figure 3 shows a scatter
diagram depicting the negative relationship between
LMR and NIHSS score.

Out of 126 patients, 66 patients were better at the
1-month follow-up,46 patients were worse, and 14
patients had passed away. Figure 4 summarizes the
follow-up outcome.

Table 2. Mean values of NIHSS score and LMR of the
study population.

Neore MR
Mean 14.56 5.57
Std. Deviation 11.58 4.93
Minimum 1 0.25
Maximum 41 22.2
95% confidence interval 12.52-16.61 47644

for the mean
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Figure 3. Scatter diagram showing the relationship between
LMR and NIHSS score.

11.10% (14 patients)

52.4%
(66 patients)

= Better = Worse = Passed away

Figure 4. General outcome of the patients at one-month follow-up.

Figure 5 shows an analysis of LMR with the clinical outcome
at 1-month follow-up. It is seen that the majority of cases with
LMR more than 2.9 were better at follow-up, and the majority
of patients with LMR less than 2.9 were worse or had passed
away.

A one-way analysis of variance (ANOVA) showed a
significant difference between the categorical variable, Follow-
up, and the variable, LMR (F =21.48, p<.001), after adjusting
for the presence of comorbidities, including hypertension,
dyslipidemia, diabetes mellitus, and seizures.
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LMR by Follow up
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Figure 5. Box plot depicting the relationship between
LMR and the outcome of the patients.

Thus, with the available data, the null hypothesis
(i.e., there is no correlation) was rejected (Table 3).

The mean LMR values for patients who had passed
away and were symptomatically worse were 2.07 and
2.73, respectively, whereas patients who were
symptomatically better after 1 month showed a mean

Table 3. Results of ANCOVA analysis done to analyze the
predictive ability of LMR.

Sum of Mean

Squares daf Square F P
Follllrj)w 786.6 2 393.3 21.48 <0.001
Residual 2252.27 123 18.31 - -
Total 3038.88 125 - o -

LMR value of 7.84, which was significantly higher
than those of the other two groups (Figure 6). This
shows that a lower LMR value is linked to a worse
prognosis.

Mean LMR by Follow up

LMR
=

207

better worse passed away

Follow up

Figure 6. Mean LMR values of patients who were
symptomatically better, worse or had passed away.

Discussion
This study shows that the NIHSS score used to

grade stroke severity at admission was negatively
associated with LMR values. Lower LMR values were
observed in patients with higher NIHSS scores. This
shows that lower LMR values are associated with greater
stroke severity. This is in accordance with the study
conducted by Hao Ren et al. ” The study showed that a
lower LMR value was closely associated with stroke
severity and poor outcome, and that LMR values less than
2.9 were associated with increased stroke severity, with a
sensitivity of 69.3% and specificity of 86.6%.

A study conducted by Shifa Prabhu et al showed a
similar correlation between LMR and stroke severity.!!

The pathophysiology of acute ischemic stroke shows an
increase in the release of inflammatory mediators. This, in
turn, leads to neuronal damage secondary to ischemic
changes. Following a stroke, systemic stress activates the
renin-angiotensin system, which, in turn, leads to cortisol
release  and, thereby, lymphocyte apoptosis.’
Lymphocytes have a neuroprotective effect, while
peripheral monocytes are a source of MMP-9, which
aggravates the damage to neuronal tissue.'!? Therefore,
LMR, which combines lymphocyte count and monocyte
count, can be seen as a useful parameter in assessing
stroke severity.

A study conducted by Bonifacic et al. showed that a
higher monocyte count was associated with a poor
outcome.'?

This study also shows that LMR at admission can
predict the patient's clinical outcome. In this study, the
majority of patients with LMR more than 2.9 were
clinically better at the one-month follow-up as compared
to the patients with LMR less than 2.9 who were clinically
worse or had passed away. These findings are similar to
the study conducted by Zhang Y et al '3 and Park M G et
al "“which suggested that a low LMR value is related to
poor functional outcome in acute ischemic stroke patients.
In the study by Park M G et al., LMR was calculated on
days 1 and 7 of admission. The study concluded that lower
LMR values at day 1 were associated with increased risk
of infections, including pneumonia. In contrast, lower
LMR at day 7 was associated with a poorer functional
outcome at the 3-month evaluation.

A study conducted by Mao et al '* stated that LMR was an
independent predictor of progressive infarction in patients
with acute ischemic stroke. A study conducted by Danielle
Lux et al '® showed that lower LMR values were related to
poor functional outcome, but with a lower cutoff of 2.0

Other studies have shown the importance of LMR in
cardiovascular diseases, dementia, and malignancies.'”?°
Study conducted by Cai et al 2! showed that lower LMR
was associated with increased mortality and major
adverse events in patients with ST elevation Myocardial
Infarction. Studies conducted by Zhu JY et al.® and Song
W et al.?2 showed that LMR values were associated with
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poor outcomes in malignancies.

Sadeghi F et al 2* showed that a combination of
higher NLR and lower LMR values has a greater
predictive value in the functional outcome of patients
with acute ischemic stroke. A study conducted by
Song Q. **et al showed that lower LMR values were
related to increased risk of hemorrhagic
transformation in acute ischemic stroke patients.
Other studies by Li et al.  and Chen C et al.26
emphasize the importance of LMR as a biomarker.

This study showed no significant gender
predominance. The majority of patients were in the
60-70-year age group. This study is limited by its
small sample size, and further research is needed to
establish standardized reference ranges. It is
important to note that the prognostic value of LMR
may be affected by factors including the timing of
LMR measurement, the presence of comorbidities,
and other factors such as age, sex, and race. Further
studies are needed to determine the prognostic value
of LMR in a larger population and to evaluate the
exact underlying pathophysiology.

Conclusion

This study concludes that LMR can be used as an
important biomarker in evaluating the severity and
predicting the outcome in acute ischemic stroke
patients. A cutoff value of 2.9 showed high accuracy,
sensitivity, and specificity. As LMR gains wider
recognition, it is likely to become an important tool
in personalized medicine and precision health.
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