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High platelet to lymphocyte ratio as a risk factor for 
poor outcome in acute ischemic stroke patient 
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Abstract 

Background & Objective: Stroke is one of the leading causes of death and disability worldwide. The 
incidence of ischemic stroke in the anterior circulation is greater in the middle cerebral artery (MCA) 
distribution. A high level of platelet to lymphocyte ratio (PLR) has been widely studied as a predictor 
of poor outcomes in various conditions, such as cardiovascular disease and malignancy. However, the 
significance of PLR as a predictor of outcome in stroke patients, especially the ischemic type, are still 
uncertain. This study aimed to determine whether increased PLR was a risk factor for poor outcomes 
in acute ischemic stroke patients. Methods: This is a single-center case-control study. The data of 
acute ischemic stroke patients in MCA territory admitted from January 2019 to April 2020, who met 
the inclusion and exclusion criteria, were collected. The stroke outcome was defined by NIHSS upon 
discharge. The Control group was those with NIHSS <10 and Case group with NIHSS≥10 or death. 
The determinant of this study as a risk factor was PLR with a cut-off ratio of 148. Results: Ninety-
three subjects with 47 cases (mean age 65.51±11.73) and 46 controls (mean age 57.78±11.39) were 
collected. In adjusted multivariate analysis, independent risk factor was high PLR (p=0.008) and high 
CRP (p=0.008). Meanwhile, in bivariate analysis, significant risk factors for poor outcome of acute 
ischemic stroke were high PLR (odds ratio [OR], 4.88; 95% confidence interval [CI], 2.02-11.73, 
p<0.01), elderly (OR, 4.02; 95% CI, 1.48-10.87, p=0.05), embolic stroke type (OR, 2.85; 95% CI, 
1.21-6.76, p=0.01), and high CRP (OR, 5.13; 95% CI,2.09-12.57, p<0.01). Conclusions: High PLR 
is an independent risk factor for poor outcomes in acute MCA ischemic stroke. 

Keywords: Acute ischemic stroke, middle cerebral artery, platelet to lymphocyte ratio

Neurology Asia 2022; 27(2) : 231 – 237

Address correspondence to: Anak Agung Ayu Putri Laksmidewi, M.D., Ph.D. Department of Neurology, Faculty of Medicine, Udayana University/Sanglah 
Hospital, Bali, Indonesia. Phone: +628113888818. E-mail: putri_laksmidewi@unud.ac.id

Date of Submission: 10 February 2021; Date of Acceptance: 5 March 2022

https://doi.org/10.54029/2022mrs

ORIGINAL ARTICLES

INTRODUCTION

Stroke is one of the leading causes of death and 
disability worldwide. The incidence of thrombus 
or embolic etiology related to ischemic stroke is 
commonly found in the anterior circulation of 
middle cerebral artery (MCA) distributions.1,2 
The role of the platelets and lymphocytes in 
stroke is known.; When an endothelial injury 
occurs, the platelets will undergo adhesions to 
close the damaged blood vessels.3,4 Meanwhile, 
other studies have shown that the depletion of 
regulatory T lymphocytes (T-reg) will increase 
brain damage.5 
 High platelet to lymphocyte ratio (PLR) has 
been studied as a predictor of poor outcomes 

in various conditions, such as cardiovascular 
disease and malignancy.6,7 However, investigation 
on high PLR as a predictor in ischemic stroke 
patients is still conflicting in reports.8-11 Sha et 
al. identified three predictors of death within 6 
months of stroke in Chinese patients that included 
Barthel index, PLR, and serum albumin.8 This is 
consistent with report by Zhang et al. who found 
the PLR and neutrophil to lymphocyte ratio (NLR) 
being correlated with the NIHSS score of acute 
ischemic stroke patients.9 However, Cao et al. 
found the 90-day mortality of patients with acute 
ischemic stroke was associated with platelet-to-
neutrophil ration (PNR), platelet-to-white blood 
cell ratio (PWR), and neutrophil-to-lymphocyte 
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ratio (NLR), while PLR was not.10 Another study 
also found that PLR was significantly increased 
in patients with stroke compared to normal but 
PLR was negatively correlated with the Glasgow 
Outcome Scale (GOS).11 In this study, we aim 
to investigate the PLR in acute ischemic stroke 
patients and its correlation with the outcome.

METHODS

This is a retrospective case-control study design 
to examine the risk factors for poor outcomes in 
the clinical course of stroke. The Case group is the 
acute ischemic stroke patient with poor outcomes 
(NIHSS on discharge ≥10 or died) whereas the 
Control group was patients with better outcomes 
(NIHSS on discharge <10). The risk factor’s 
determinant of this study is the PLR.
 We collected the data from all acute ischemic 
stroke patients who were registered in admitted 
to the Sanglah General Hospital from January 
2019 - April 2020 who met the inclusion and 
exclusion criteria. The inclusion criteria were: 
Stroke onset ≤ 24 hours, age of 40-80 years, 
MCA territory of ischemic stroke patients who 
have been confirmed by neurological clinical 
examination and CT scan of the head with NIHSS 
score at discharge (NIHSS score ≥10 or death for 
case group and NIHSS score <10 for the control 
group). The exclusion criteria were: a). patients 
with a previous history of stroke, confirmed by 
history and head CT scan; b). patient with a history 
of infection, using anti-inflammatory drugs, acute 
coronary heart disease, malignancy, autoimmune 
disease, history of surgery, or history of trauma; 
c). patient with chronic illness of other organs 
such as lungs, liver, or kidney; d).  patient who 
received recombinant tissue plasminogen activator 
(r-TPA). Non-modified (age, gender, ethnicity) and 
modifiable (hypertension, dyslipidemia, diabetes 
mellitus, smoking status, alcohol consumption) 
risk factors, and subgroups analysis of ischemic 
stroke etiology i.e. thrombus and embolic, were 
assessed based on history, physical examination, 
and investigations.
 The laboratory and imaging records were 
performed and relevant information collected. 
This study was approved by the Coordinating 
Ethics Committee of Universitas Udayana/
Sanglah Hospital with ethical clearance number:  
1185/UN14.2.2.VII.14/LT/2020.
 We used descriptive analysis to describe the 
basic characteristics of study subjects in each 
group. Bivariate analysis was performed for 
unpaired categorical comparative testing using 

the Chi-Square test with statistical significance 
determined based on the p-value. It is considered 
significant if p <0.05, and the degree of association 
are by the Odds Ratio (OR) value. We analyzed 
the multivariate category using logistic regression, 
the variables included in the multivariate analysis 
are the same variable in the bivariate analysis 
which had a p-value <0.25. 

RESULTS

This study involved 93 acute ischemic stroke 
patients. Subjects were divided into two groups, 
47 acute ischemic stroke patients with NIHSS 
on discharge ≥10 or death (Cases) and 46 acute 
ischemic stroke patients with NIHSS at discharge 
<10 (Control).  The mean age of Cases was 
65.51±11.73 years, men accounted for 57.4 % 
while the mean age of Controls was 57.78±11.39 
years, men accounted for 52.2%. The basic 
characteristics of study subjects based on the 
NIHSS upon discharged are shown in Table 1.
 We investigated the association of PLR as 
the poor outcome predictor of acute ischemic 
stroke using NIHSS score, Receiver Operating 
Characteristic (ROC) value, and Area Under the 
Curve (AUC) value. The ROC curve in Figure 1 
shows that the value of the PLR is above 50% of 
the line which is reliable for diagnosis. The AUC 
value obtained from the ROC method was 86.4% 
(95% CI 0.79 - 0.94, p = 0.001). The AUC value 
of 86.4% indicated sufficient diagnostic power 
statistically.   
 From the analysis of the ROC curve, a list of 
specificity and sensitivity figures was obtained 
using the optimal cut-off point. The results of the 
intersection showed 148 with 80.9% sensitivity 
and 79.6% specificity. (Figure 2) The patients 
was divided into a high-PLR group (≥ 148) and 
low PLR (<148) group.

Relationship between PLR and other acute 
ischemic stroke risk factors

There was a significant relationship between 
increased PLR with increased CRP (OR 4.54; 
95% CI 1.87-10.97; p = 0.001) and dyslipidemia 
(OR = 2.71; 95% CI = 1, 14-6.49; p = 0.023).

The platelet to lymphocyte ratio and other factors 
related to acute ischemic stroke outcomes (Table 1)

The PLR as the independent variable and the 
acute ischemic stroke outcome as the dependent 
variable were assessed using bivariate analysis. 
The statistical test we used was Chi-Square 
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Figure 1: ROC - PLR results on treatment outcome for acute ischemic stroke

Figure 2: Optimal cut-off from PLR variable

with continuity correction to obtain the value 
of odds ratio (OR) with a 95% CI. The level of 
significance of this study was determined with 
a probability value (p) <0.05. The Case group 
was dominated with high PLR whereas Controls 
group with low PLR. We also found other factors 
that was associated with the outcomes of acute 
ischemic stroke patients, i.e., high level of serum 

C-Reactive Protein (CRP), embolic stroke, and 
being elderly.

Independent risk factors of poor outcome in 
acute ischemic stroke patients                                                                                                                                        

To determine the variables as the independent risk 
factors for poor outcomes in acute ischemic stroke 
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patients, a multivariate analysis was performed 
using logistic regression methods. The variables 
included in the multivariate analysis were those 
that were obtained in the bivariate analysis with 
a value of p<0.25.
 Based on the results of multivariate analysis, 
we found that the independent risk factors for 
the poor outcome of acute ischemic stroke 
patients were PLR (adjusted OR = 4.121; 95% 
CI = 1.42-11.90; p = 0.009) and high levels of 
CRP (adjusted OR = 4.5 ; CI 95% = 1.49-13.58; 
p = 0.008).

DISCUSSION

This case-control study showed that poor outcome 
after ischemic stroke was associated with high 
PLR. The results were consistent with other 
studies. Sung et al. suggested that PLR is increased 
in acute ischemic stroke patients with NIHSS 
≥6 compared to acute ischemic stroke patients 
with NIHSS ≤6 (PLR cut-off value 128) with 
a sensitivity of 50% and a specificity of 81%; 
PLR was said to be a good predictor of a poor 
outcome in an ischemic stroke patient.12 Altintas 
et al. showed that PLR value >145 increased the 
risk of death 4 to 5 times. The mortality rate was 
significantly higher in patients with PLR >145 
when compared with PLR <145 (24.6 vs. 5.3%, p 
= .023).13 Other studies also found that PLR was 
positively correlated with poor outcomes in acute 
ischemic stroke patients.8,9 These investigations 
show a similar result as our study, that showed 
high PLR (≥148) significantly increased the risk of  
a poor outcome in acute ischemic stroke patients 
when compared to patients with low PLR (OR = 
4.88; 95% CI = 2.02-11.73; p= 0.001).
 There were studies that showed a high levels 
of PLR are a predictor of mortality in patients 
with cardiovascular disease.14 Xu et al. showed 
that high PLR levels at admission can be used as 
a risk factor (95% CI 1.854-11.029, p= 0.001) for 
outcome of severity in ischemic stroke patients 
with OR 4.522.15 Soylu et al. concluded that 
high PLR levels are an independent variable for 
stroke with an adjusted OR of 1.012 (95% CI 
1.001-1.024, p= 0.031) so that it can be used as 
a simple and easily measured marker to predict 
the incidence of ischemic stroke.16

 Platelets have an important role in atherosclerotic 
formation, especially in plaque and fibrin web 
formation as a result of unstable unruptured 
plaque. Platelets also release inflammatory 
mediators such as chemokine and cytokines.15 
Lymphocytes have an important role from the 
subtype of the leukocyte family that plays a role 

in an inflammatory process. Previous studies have 
shown the presence of immune system dysfunction 
after cerebral ischemia. Cerebral ischemia 
can induce lymphocyte apoptosis. Secondary 
lymphatic organs such as the spleen and thymus 
also experience atrophy after cerebral ischemia. 
Thus, cerebral ischemia induces a large and rapid 
lymphocyte apoptosis process in lymphoid organs 
and peripheral blood.17 This appears 6-12 hours 
after cerebral ischemia which cause a decrease 
in blood lymphocytes.18 High PLR levels reflect 
micro-thrombus formation, which increases the 
risk of stroke and is associated with poor outcomes 
in ischemic stroke patients.19 
 The subjects of this study were acute ischemic 
stroke patients with MCA territory involvement 
based on the known epidemiological data.20-22 

Acute ischemic stroke patients in the Case group 
were dominated by the elderly (85.1%). This study 
showed that the elderly patients had a significantly 
worse outcomes with acute ischemic stroke (OR 
4.02; CI 95% 1.48-10.87; p = 0.005). This study 
used an elderly age limit> 55 years. In a 2015 
study, patients age> 75 years were at risk of poor 
outcome in acute ischemic stroke (OR = 2.29; 
95% CI 1.48-3.55; p = 0.001).23 Another study 
in 2014 also found that old age is an independent 
risk factor for stroke severity (adjusted OR 2.98, 
95% CI 1.75-5.06; p = 0.001).24

 The embolic type of ischemic stroke also 
dominated the Case group (72.3%) and the rest 
were thrombus type (27.7%). Bivariate analysis 
with Chi-Square test showed that patients with 
acute ischemic stroke with an embolic type had 
a 2.85 times increased risk of experiencing a bad 
outcome compared to patients with acute ischemic 
stroke with a thrombus type (OR = 2.85; 95% 
CI = 1.21 -6.76; p = 0.016). Results on 1,915 
stroke patients in the ASTRAL study showed 
that the proportion of severity strokes was greater 
in the cardioembolic type 49.3%, compared to 
the thrombus type 12.5%.25 In the study, Bill 
et al. found by a multivariate analysis that 
cardioembolic stroke were significantly associated 
with the severity of stroke (OR = 1.74; p<0.01). 
This may be related to a wider distribution of 
cerebral vascular occlusion in embolic-type 
strokes, leading to more severe neurological 
deficits and worse treatment outcomes.25,26 
 Acute embolic strokes are often associated 
with a larger brain infarction and lymphopenia, 
whilst lymphopenia is a marker of decreased 
immune response and can lead to more severe 
brain damage and a higher risk of stroke-related 
infections. A high level of PLR is associated with 
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thrombus formation in the endothelium of blood 
vessels.18 A high level of PLR is commonly found 
in acute ischemic stroke patients with carotid 
artery stenosis which is a large blood vessel and is 
also a frequent source of embolism to intracranial 
blood vessels.16

 We also found that the median CRP level was 
higher in the Case group at 10 mg / L compared 
to the Control group at 3 mg / L. There are more 
cases of acute ischemic stroke with high CRP in 
the case group of 61.7%. Bivariate analysis with 
Chi-Square test showed that acute ischemic stroke 
patients with high CRP has significantly increased 
the risk of having a poor outcome of 5.13 times 
more compared to acute ischemic stroke patients 
with normal CRP (OR = 5.13; 95% CI = 2.09 
- 12.57; p = 0.001). A study conducted by den 
Hertog et al. in 2009 evaluated the CRP levels 
in the first 12 hours since the stroke onset, they 
found that CRP levels value ≥ 7 increased the 
risk of poor outcome in patients with ischemic 
stroke (OR 1.6; 95% CI 1.1-2.4) or even death 
(OR 1.7; 95% CI 1.0-2.9).27 Darmawan’s study 
showed that high CRP levels in patients with 
acute ischemic stroke with onset ≤72 hours has 
significantly increased the risk of 3.65 times to 
experience a poor outcome compared to patients 
with acute ischemic stroke with normal CRP 
(RR = 3.65; CI 95% = 1, 65-8.07; p = 0.005).28

 In stroke patients, there is an increase of pro-
inflammatory cytokines, including CRP in both 
peripheral blood and cerebrospinal fluid, the 
increase in CRP correlates with clinical symptoms 
of a stroke. It has been reported that a higher CRP 
titer is found in stroke patients with more severe 
neurological deficits.29

 Based on our results of multivariate analysis, 
the independent risk factors of the poor outcome 
for acute ischemic stroke patients were a high 
level of PLR and CRP. Acute ischemic stroke 
patients with high PLR had a 4.12 times greater 
risk of experiencing poor outcomes compared 
to the patients with low PLR (adjusted OR = 
4.12; 95% CI = 1.42-11.90; p = 0.009). Acute 
ischemic stroke patients with high CRP had a 4.5 
times greater risk of experiencing a poor outcome 
compared to patients with normal CRP (adjusted 
OR = 4.5; 95% CI = 1.49-13.58; p = 0.008).
 In this study, it was found that patients 
with high PLR had a 4.54 times greater risk of 
increasing CRP (OR 4.54; 95% CI 1.87-10.97; p 
= 0.001). This was also found in the study of Idil 
Soylu et al, which stated that the results of PLR 
correlated with the CRP. Patients with high PLR 
also have an elevated serum CRP. Platelets play 

an important role in atherosclerotic formations; 
by contributing to plaque formation and fibrin 
net formation as a result of unstable unruptured 
plaque. In addition, platelets will also release 
inflammatory mediators such as chemokines and 
cytokines.15 Lymphocytes have an important role 
from the subtypes of the leukocyte family that 
play a role in an inflammatory process.16 Likewise, 
CRP is a marker of increased pro-inflammatory 
cytokines.29

 Patients with ischemic stroke with high PLR 
had a 2.71 times risk of having dyslipidemia as 
the risk factors (OR = 2.71; 95% CI = 1.14-6.49; 
p = 0.023), this may have a relationship with 
PLR levels. which is highly correlated with the 
formation of micro-thrombus and atherosclerotic 
plaque both intra-cranial and extra-cranial.19,29

 The limitations of the study were first, several 
risks (infarct volume and uric acid levels) of this 
study could not be rated because of limited funding 
and investigatory facilities. As a consequence of 
the retrospective study, some data was incomplete, 
and hard to get specific definitions (example: 
uncontrolled or controlled hypertension) that 
might lead to misinterpretation. Aside from that, 
we only evaluated a single PLR measurement 
after the first stroke incidence, so the prior high 
PLR could not be excluded. 
 In conclusion, high PLR and CRP are 
independent risk factors for adverse outcomes 
during treatment in acute ischemic stroke patients 
with MCA territory. 
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