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Abstract 
Background: Inflammation plays a role in the pathophysiology of cerebral ischemic and also an initial response 

to brain injury. Inflammation involving Blood and Brain Barrier disturbance, leukocyte infiltration, endothelial 

cells activation, oxidant and inflammatory mediator buildups which can develop rapidly within hours and can 

cause secondary injury to brain tissues 

Objectives: To determine the correlation between Neutrophil-to-Lymphocyte Ratio (NLR) and High Sensitivity 

C Reactive Protein (hsCRP) with severity and outcome in acute ischemic stroke patients 

Methods: This study used a cross-sectional design approach. Sampling was done at H. Adam Malik General 

Hospital Medan and taken as many as 38 subjects. NLR and hsCRP were examined on the first day of admission. 

Severity was assessed by using the National Institutes of Health Stroke Scale and the outcome was assessed by 

using the Modified Ranking Scale on the first and fourteenth day of admission. The data analysis used the 

contingency coefficient correlation test and gamma test. 

Results: Demographic characteristics of the subjects are; the average age is 62 years old, the highest educational 

level is high school graduate, and the most occupation is unemployed. There is a positive, moderate, and 

significant correlation between NLR and severity of acute ischemic stroke (r=0.511; p=0.001). There is a positive, 

moderate, and significant correlation between NLR and the outcome of acute ischemic stroke (r=0.463; p=0.001). 

There is a positive, very strong, and significant correlation between hsCRP and severity of acute ischemic stroke 

(r=0.896; p=0.001). There is a positive, strong, and significant correlation between hsCRP and outcome of acute 

ischemic stroke (r=0.624; p=0.001) 

Conclusions: There is a positive and significant correlation between NLR and hsCRP with severity and outcome 

in acute ischemic stroke patients. 
 

 

Introduction 

Many factors play a role and involved in stroke occurrence, one of those factors is the inflammatory process. 

Inflammation plays a role in the pathophysiology of cerebral ischemic and also an initial response to brain injury.1 

The inflammatory process involving Blood and Brain Barrier disturbance, leukocyte infiltration, endothelial cells 

activation, oxidant and inflammatory mediator buildups which can develop rapidly within hours and can cause 

secondary injury to brain tissues.2 Ischemic tissues will release chemokines and cytokines and then take leukocytes 

from the peripheral circulation. Among leukocyte cells, neutrophils are found to be an important mediator and 

trigger ischemic injury in the brain. Neutrophils are identified that it is associated with the extension of infarct 

volume and increasing stroke severity. It was also mentioned that lymphocytes infiltrate ischemic tissues and 

mediate inflammatory responses.3 

 

At present, Neutrophil-to-Lymphocytes Ratio (NLR) is often used as a marker to predict outcome in ischemic 

stroke patients, NLR is considered as a marker that can be evaluated together with negative effects which arising 

from increased neutrophils as an indicator of acute inflammation and also decreased lymphocytes from 

physiological stress signal.4  Xue et al (2017) mentioned the increase of white blood cells on the early phase of 

acute ischemic stroke especially neutrophils shows that it correlates with severity in stroke cases.5 

 

In brain ischemia, acute local inflammatory processes and changes in inflammation cytokines have occurred, one 

of which is C Reactive Protein (CRP). C Reactive Protein (CRP) is a blood protein that synthesized in the liver 

and increased due to inflammatory response which also a biomarker of inflammation in cardiovascular and 
ischemic stroke cases.6 Pandev et al (2018) mentioned the inflammation of blood vessels is related to CRP, 
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increasing of CRP levels can cause injury of brain tissue to become more severe and widespread, so it can cause 

the outcome in patients to worsen.7 High Sensitivity C Reactive Protein (hsCRP) can measure a very low CRP 

level in the blood, so it is more sensitive in the measurement range 0.1-20mg/L and can be used to detect a low-

grade inflammation and it is also a sensitive marker of inflammation occurrence and blood vessel wall injuries.8,9 

 

Method 
  

Study samples 

The study samples were taken from patients with acute ischemic stroke in Adam Malik General Hospital with a 

consecutive sampling technique. The study subjects consisted of 38 first ever stroke patients and were willing to 

participate in this study by signing a research-informed consent sheet. 

 

Study design 

This study used a cross-sectional design approach without treatment interventions. Patients who have been 

diagnosed with first ever ischemic stroke were examined for NLR and hsCRP on the first day of the admission. 

Then the stroke severity was assessed by calculating the National Institutes of Health Stroke Scale (NIHSS) score 

and the outcome was assessed by calculating the Modified Ranking Scale (mRS) score on the first and fourteenth 

day of admission. 

  

Statistical analysis 

Data from the study were analyzed statistically using the SPSS Windows computer program (Statistical Product 

and Science Service) version 25.0 to analyze the correlation between study variables, in this case, to determine 

the correlation between NLR and hsCRP with severity and outcome in ischemic stroke patients by using 

contingency coefficient correlation test and gamma test. 

 

Results 
Acute ischemic stroke patient who received treatment at H. Adam Malik General Hospital Medan in January until 

June 2020, there were 38 subjects with acute ischemic stroke who participated in this study. 

 

Based on the characteristics of 38 study subjects, the mean age of the study subjects is 62 years old ± 12.43 divided 

into 3 age range. The age range 36-<51 years old as many as 6 subjects (11.28%), age range 51-<66 years old as 

many as 18 subjects (35.3%), age range 66-<81 years old as many as 9 subjects (17.6%) and the oldest is ≥81 
years old as many as 5 subjects (9.8%). The most gender of the subjects is a woman as many as 21 subjects 

(55.3%). The most educational level of the subjects is high school graduates as many as 12 subjects, and the fewest 

is unschooled as many as 3 subjects (7.9%). The most occupation of the subjects is unemployed as many as 12 

subjects (31.6%) and the fewest is an entrepreneur as many as 3 subjects (7.9%). For complete data about the 

characteristics of the study, subjects are shown in table 1 below. 

 
Table 1. Demographic Characteristics of Study Subjects (n = 38) 

Characteristics Frequency 

 n=38 

Percentage 

(%) 

Age, average ± SD (years) 

- 36-<51 years old     

- 51-<66 years old   

- 66-<81 years old 

- ≥ 81 years old 

62 ± 12.43 

6 

18 

9 

5 

11.8 

35.3 

17.6 

9.8 

Sex 

-  Male 

-  Female 

  

17 

21  

  

44.7 

55.3 

Educational Level 

- Unschooled         
- Elementary school 

- Middle School 

- High School 

- University        

 
3 

5 

8 

12 

10 

 
7.9 

13.2 

21.1 

12.5 

26.3 
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Occupation 

- Unemployed 

- Civil servant 

- Entrepreneur 

- Private employee 

- Farmer 

- Retired          

 

12 

4 

5 

3 

4 

10 

 

31.6 

10.5 

13.2 

7.9 

10.5 

26.3 

 

 

In the subject group with NLR > 5, there is 1 subject who has a mild level of severity (9.1%), 9 subjects have a 

moderate level of severity (81.8%) and 1 subject has a severe level of severity (9.1%). While in the subject group 

with NLR ≤ 5, 20 subjects have a mild level of severity (74.1%), 6 subjects have a moderate level of severity 

(22.2%), and 1 subject has a severe level of severity (3.7%). A contingency coefficient test was performed on 38 

study subjects, a significant correlation was found between the Neutrophil-to-Lymphocyte Ratio and severity of 

acute ischemic stroke with p-value 0.001 (p <0.05), Those have a positive and moderate correlation, with r value 

= 0.511. This can be seen in Table 2 below. 

  
Table 2. Correlation Between NLR and Stroke Severity 

NLR 
Severity Levels   

R p-value 
Severe % Moderate % Mild % 

>5 1 9.1 9 81.8 1 9.1 
0.511 0.001 

≤ 5 1 3.7 6 22.2 20 74.1 

  

In the subject group with NLR > 5, there is 1 subject who has a good outcome (9.1%) and 10 subjects have poor 

outcomes (90.9%). While in the subject group with NLR <5, 18 subjects have good outcomes (66.7%) and 9 

subjects have poor outcomes (33.3%). A correlation test was performed with the contingency coefficient test on 

38 study subjects, a significant correlation was found between Neutrophil-to-Lymphocyte Ratio and the outcome 

of acute ischemic stroke with p-value 0.001 (p <0.05). Those have a positive and moderate correlation, with r 

value = 0.463. This can be seen in Table 3 below. 

 

 

 
Table 3. Correlation Between NLR and Stroke Outcome 

NLR 
Outcomes 

R p-value 
Poor % Good % 

>5 10 90.9 1 9.1 
0.463 0.001 

≤ 5 9 33.3 18 66.7 

 

In the subject group with a high hsCRP level, 7 subjects have a moderate level of severity (100%) and no subject 

has a mild and severe level of severity (0%). While in the subject group with a moderate hsCRP level, 2 subjects 

have a severe level of severity (16,7%), 7 subjects have a moderate level of severity (58,3%), and 3 subjects have 

a mild level of severity (25%). In the subject group with low hsCRP level, no subject has a severe level of severity 

(0%), 1 subject has a moderate level of severity (5.3%), and 18 subjects have a mild level of severity (94.7%). 

Based on the correlation test with the gamma test on 38 study subjects, it was found that there is a significant 

correlation between hsCRP and severity of acute ischemic stroke with p-value 0.001 (p <0.05). Those have a 

positive and very strong correlation, with r value= 0.896. This can be seen in Table 4 below. 

 
Table 4. Correlation Between hsCRP and Stroke Severity 

hsCRP 
Severity Levels   

R p-value 
Severe % Moderate % Mild % 

High 0 0 7 100 0 0 

0.896 0.001 Moderate 2 16.7 7 58.3 3 25 

Low 0 0 1 5.3 18 94.7 
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In the subject group with a high hsCRP level, 7 subjects have poor outcomes (100%) and no subject has a good 

outcome (0%). While in the subject group with a moderate hsCRP level, 10 subjects have poor outcomes (83.3%) 

dan 2 subjects have good outcomes (16.7). In the subject group with low hsCRP level, 2 subjects have poor 

outcomes (10.5%) and 17 subjects have good outcomes (89.5%). Based on the contingency coefficient test 

conducted on 38 study subjects, the results showed that there is a significant correlation between hsCRP and 

outcome of acute ischemic stroke with p-value 0.001 (p <0.05). Those have a positive and moderate correlation, 

with r value = 0.624. This can be seen in Table 5 below. 

 
Table 5. Correlation Between hsCRP and Stroke Outcome 

hsCRP 
Outcomes 

R p-value 
Poor % Good % 

High 7 100 0 0 

0.624 0.001 Moderate 10 83.3 2 16.7 

Low 2 10.5 17 89.5 

 

Discussions 
The average age characteristics of acute ischemic stroke patients in this study are relevant to the previous study 

which conducted by Rambe et al (2013), it mentioned that the average age of acute ischemic stroke patients is 59 

years old (age range 20-95 years old).10 In general, stroke is a disease in the elderly, the prevalence of stroke is 

found increases with age. The risk of stroke has doubled every decade after the age of 55.11 Reilly and McCullough 

(2018) mentioned that older stroke patients have a higher mortality rate compared to younger ages.12 The most 

sex characteristics of acute ischemic stroke patients in this study are women, as many as 21 subjects (55.3%), this 
is relevant to the previous study by Rambe et al (2013) which found that there were more woman stroke patients 

(52.7%) than men (47.3%).10 Women have several different biological factors than men, including coagulation 

factors, hormonal reproductive factors, pregnancy and childbirth, and social factors that can influence the stroke 

risk and the outcome of stroke.13 The most occupational characteristics of acute ischemic stroke patients in this 

study are unemployed as many as 12 subjects (31.6%) and the least are private employees as many as 3 subjects 

(7.9%). The prevalence of stroke is higher in unemployed people based on the diagnosis of health services or 

symptoms by 18%.14 The most educational level characteristics of the study subjects are high school graduates, 

as many as 12 subjects (12.5%). The prevalence of stroke tends to be higher in people with low educational level 

based on the diagnosis of health services or symptoms by 32.8%.14 

 

In this study, there is a significant correlation between NLR and severity of acute ischemic stroke (r= 0.511; p= 

0.001). It is relevant to a previous study conducted by Switonska et al (2019), that an increased NLR can indicate 

increased severity of acute ischemic stroke (r= 0.5; p= 0.00001).15 A study conducted by Hunaifi and Cahyawati 

(2019) in 52 acute ischemic stroke patients also stated that NLR is associated with increased severity of acute 

ischemic stroke. The higher the level of NLR can cause the extent of cerebral infarction and increasing severity 

level (r= 0.351; p= 0.023).16 In this study, there is a significant correlation between RNL and the outcome of acute 
ischemic stroke (r= 0.463; p= 0.001). There have been several previous studies that also studied the correlation 

between NLR and outcome of acute ischemic stroke, those studies found that increased RNL is associated with 

worsening outcome in patients with acute ischemic stroke.4 Yu et al (2018) also got a similar result, an increased 

RNL is associated with poor outcome in patients with acute ischemic stroke (p= 0.0002).17 

 

This is because the inflammatory response itself has an important role in brain tissue damage in ischemic stroke 

cases. The brain responds to ischemic processes through the activation of white blood cells accompanied by the 

production of proinflammatory mediators that cause infiltration of various inflammatory cells (neutrophils, 

lymphocytes) into the brain tissue. In the acute phase, the proinflammatory mediator is released by ischemic brain 

tissues, which stimulates the expression of adhesion molecules in endothelial blood vessels and leukocytes. This 

process causes adhesion of leukocytes to the endothelium, followed by the process of migrating leukocytes out of 
the blood vessels. In the subacute phase, the leukocytes release cytokines and chemokines that strengthen 

inflammatory reactions and cause disruption of the blood-brain barrier, edema, and neuronal death.18 The increase 

of neutrophil count after stroke is due to increased production, increased release of bone marrow and spleen, and 

decreased neutrophil apoptosis. While lymphocytes number decreased after ischemic stroke. In patients with 

ischemic stroke, the number of neutrophils circulating in the peripheral blood circulation will increase within a 

few hours after a stroke. This increase is related to stroke severity and infarct volume, which can increase the 

severity and cause a poor outcome in patients with acute ischemic stroke.19 The results of previous studies 
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mentioned that NLR has an 86% accuracy rate, 85% sensitivity and 86% specificity in predicting outcomes in 

acute ischemic stroke patients.22 

 

In this study, there is a significant correlation between hsCRP and severity of acute ischemic stroke (r = 0.896; p= 

0.001). Relevant results also obtained by Singh et al (2019), in 60 patients with acute ischemic stroke are found 

an increased CRP level in the first day of admission, this increase has a correlation to severity level in acute 

ischemic stroke patients with NIHSS score is 15-24 and> 25 (r= 0.4645, p= <0.05).20 Similar results also found 

in the study of Yu et al (2016) which stated that increased hsCRP levels are correlated to the severity in acute 

ischemic stroke patients.21 In this study, there is a significant correlation between hsCRP and acute ischemic stroke 

outcome (r= 0.624, p= 0.001). it is relevant to study that conducted by Putri et al (2017) which stated that there is 

a significant correlation between hsCRP levels and mRS scores for ischemic stroke outcomes (r= 0.585; p= 0.001). 
Specifically, this shows that increased hsCRP levels can predict poor outcomes in acute ischemic stroke patients 

with 88% accuracy, 95% sensitivity, and 81% specificity.22 In a recent study that conducted by Kumar et al (2020) 

in 54 patients with acute ischemic stroke, results showed that hsCRP has a significant correlation to mRS score 

for ischemic stroke outcomes after 90 days (p= 0.0003).24 

  

Increased CRP levels in acute stroke significantly indicate an inflammatory response to acute stroke. Increased 

CRP levels have been linked to the occurrence of extensive infarction and bleeding, severe neurological deficits, 

causing increased severity level in patients. The process of acute inflammation with tissue damage can stimulate 

the production of CRP. CRP itself is an acute glycoprotein produced by the liver. hsCRP has 88% accuracy rate, 

95% sensitivity, and 81% specificity in predicting outcomes in acute ischemic stroke patients.22 Increased CRP 

levels have a function to bind phosphocholine on the surface of dead cells as an opsonin and activate the 
complement.23 

 

Increased CRP levels can occur between 12-24 hours after onset of the first attack and can reach peak levels after 

36-72 hours. Some studies said that CRP contributes to secondary brain damage after ischemic stroke through the 

process of complement activations. CRP will have an excessive binding to ligands that are exposed to death and 

damaged cells so that it can stimulate the activation of the complement substance by releasing chemotactic factors 

and cell opsonization in surrounding lesions  which leads to an increased inflammatory cell infiltration as a result 

of damage to surrounding tissue that can cause worsening of patient outcomes.25 

 

This study has several limitations, assessment of hsCRP and RNL levels only performed once on the first day of 

admission. Assessment of hsCRP and RNL levels was performed in patients with different onset of ischemic 

stroke. And in this study, there was no reevaluation of outcomes in patients after 90 days post-treatment. 
 

Conclusion 
There is a significant correlation between NLR and hsCRP with severity and outcome in acute ischemic stroke 

patients. 

 

Suggestion 
Taking and examining samples of hsCRP serum and NLR more than once to be able to see changes in samples of 

hsCRP serum level and NLR. NLR and of hsCRP serum in every patient should be measured on the same onset 

of acute ischemic stroke. In the last one, it is necessary to monitor the outcome for 3 months so it can provide 

more representative results. 
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