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INTRODUCTION

Stroke is the second most common cause of mortality 
and morbidity in terms of disability-adjusted life years 
(DALY).1 In the United States, annual burden of stroke 
is around 800,000 with mortality of around 140,000.2 
Similarly, it has a significant impact on health care 
economics and overall economy.2,3 Ischemic strokes 
account for around 87% of all strokes.4 The common 
treatment in Acute ischemic stroke (AIS) are thrombolysis 
and mechanical thrombectomy.5, 6 Inflammation plays a 
major role in development and progression of ischemic 
stroke.7, 8 Neutrophils tend to exacerbate ischemic brain 
injury. Research showed that neutrophilia increases 
infarct size and volume.9-13 Decreased lymphocyte 
count is associated with lesser improvement within 
the first week and poorer prognosis within next three 

months.14 Increased Neutrophil Lymphocyte ratio (NLR) 
is associated with poorer prognosis and vice-versa.15,16 

This study aims to show the NLR is an independent and 
early prognostic marker in AIS.

Methods

International guidelines that were laid down for the 
study of meta-analysis and systematic review were 
used.17,18 Pubmed and Embase, database were searched 
for relevant studies and literature (Last searched 
on April 2020). Searches included “Neutrophil” and 
“Lymphocyte”; with the addition of a “prognostic 
marker in stroke” and “prognostic marker in acute 
ischemic stroke”. The search strategy can be found in 
the supplementary file Table 1. We also performed a 
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manual search of the reference list of relevant articles 
and included them in our study. Free full-text articles in 
the English language were included in our study. Google 
Scholar was used as a source to find out research article 
which was added from reference.

The selection of studies was done independently by 
SSP and BT and overall study data was prepared.  Any 
disagreements were discussed with RL and rectified on 
consensus. The following inclusion criteria were laid 
down:  

1) The patients were diagnosed as a case of ischemic 
stroke 2) Hemogram panel was sent after admission. 3) 
NLR was calculated. 4) Patients were followed-up for 
inquiry of their functional status. 5) A significant number 
of patients diagnosed with ischemic stroke were present. 
All other studies including case series and case reports, 
review articles, commentaries, letters to the editor, and 
conference papers were excluded. 

SSP and BT were involved in retrieving the data from 
the eligible studies. The primary data retrieved were 
odds ratio (OR) with 95% Confidence interval (CI). First 
author, year of publication, a country in which study 
was conducted, the total number of patients (male and 
female), age of patients, hemogram sample time, cut 
off value of NLR, outcome measures were derived from 
eligible studies.

Modified Rankin Scale (mRs) ≥ 3 was considered to be a 
poor functional outcome. Pooled odds ratio and variance 
(I2 variance to measure consistency) were calculated 
from the odds ratio and 95% Confidence Interval. A Forest 
plot was used to access the prognostic value of NLR in 
AIS. Pooled OR was considered significant if P<0.05. As 
the studies included in our study were conducted in 
different years, populations, and countries, significant 
heterogeneity is present. Thus, the fixed-effects model 
became implausible. So, a random-effects model with 
between-study variance was considered to incorporate 
heterogeneity. Joanna Bricks Institute (JBI) analytical 
cross-sectional study checklist was used to assess bias 
in studies included for meta-analysis. A funnel plot was 
used to study the publication bias. If an inverted funnel-
shaped plot from the data set is found, it will make 
the publication bias less likely. All necessary statistical 
evaluation and plots (funnel and forest plot) were done 
with Medcalc Statistical software (Free version) and 
Comprehensive meta-analysis toolkit- Version 3.

RESULTS

Literature search

In our study, a four-stage study selection process was 
done, namely, Identification, Eligibility, Screening, and 
Inclusion. Altogether 518 studies were identified. Manual 
screening of studies and literature was performed 
to look for duplicate studies. After the removal of 
duplicate studies, the remaining 321 research studies 
were screened. These studies were screened based on 
contents in the English language, availability of full free 
text, and exclusion of review studies. Only one of the 
studies with a language other than English was included 
as the full text was available and was converted to 
English language using Google translator. Following 
the screening, 15 studies were selected for further 
review, out of which 10 were excluded due to lack of 
complete data or being non-related. References for 
the final 5 studies were studied thoroughly. Additional 
3 new relevant research studies were included in our 
study based on our inclusion criteria. Thus, 8 studies 
were included in our meta-analysis. The study selection 
process is shown in figure 1.

Figure 1. Flowchart of systematic literature search 
and selection.
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FINDINGS OF THE STUDY

Table 1. Key characteristics of the included studies.

Author Year 
(AD)

Country Number

(M/F)

Age 
(yrs)

Sample 
time

Optimal 
cut-off 
NLR

Outcome measure 
(mRs)

Adjusted 
odds ratio

Park et 
al19

2010 Korea 371(220/151) 68 At adm N/R mRs at 3months Yes(2.28)

Brooks et 
al20

2013 USA 116(53/63) 67 At adm >5.9 mRs at 3months and 
death at 3 month

Yes (6.70)

Celikbilek 
et al21

2013 Turkey 120 66 Within 
24 hrs

4.1 mRs at >3 months N/R

Gokhan et 
al22

2013 Turkey 868(448/420) 68 At adm 3.97

9.92

mRs at discharge

death at discharge

Yes(2.49)

Maestrini 
et al23

2015 Lille 
(France) 
and 
Helsinki 
(Finland)

846(430/416) 71 At adm N/R

N/R

4.80

mRs at discharge

mRs at 3months

sICH

Yes(3.71)

Lattanzi 
et al24

2016 Italy 177(63/114) 67 At adm 4.58 mRS at 3months Yes(1.16)

Xue et 
al 25

2017 China 280(173/107) 61.8 Within 
24 hours

2.39 mRs at 3months Yes(1.45)

Goyal et 
al26

2018 USA 293(147/122)

sICH-21

62 At adm 4.4

3.7

5.4

8.5

mRs≥4 at 3 months

mRs(0-3) at 3 month

death at 3 months

sICH

Yes

1.08 for 
3months

1.11 for 
sICH

At adm: at admission, sICH: symptomatic Intracranial Hemorrhage, mRs: modified Rankin scale, NLR: Neutrophil 
Lymphocyte ratio, N/R: Not reported.

Our research included studies from 3 continents and 7 
different countries. Two studies were from Turkey21,22 
and the United States of America (USA)20,26 and one 
from each of  Italy,24 France and Finland,23 Korea19 and 
China.25 The publication date ranges from 201019 to 
2018.26  In the included studies, venous blood was the 
source for hemogram analysis. Table 1 lists the details 
of the study characteristics.19-26 The following legends 
are tabulated here: the last name of the first author, 
year of first publication of the study, country or region of 
publication, number of patients included in their study 
(with male and female), age of the patient (either mean 
or median age), time at which hemogram was done, an 
optimal cut-off measure of NLR, a measure of functional 
outcome or disability (modified Rankin Scale-mRs) and 
the adjusted odds ratio. In one of the studies, the odds 
ratio was derived after the study of the research paper 
and in two of them, the odds ratio was not reported.

Similarly, values of 95% Confidence Interval used to 
calculate pooled OR are tabulated in Table 2.

Table 2. Confidence Interval of studies.

Author
Lower 

limit of 
95% CI

Upper 
limit of 
95% CI

Adjusted 
OR

Park et al,2010 1.13 4.60 2.28

Brooks et al,2013 1.27 35.73 6.73

Maestrini et al,2015 1.01 1.11 1.06

Lattarnzi et al,2016 1.02 1.33 1.16

Xue et al,2017 1.10 1.69 1.36

Goyal et al, 2018 1.01 1.16 1.08

META-ANALYSIS

In our study, we have considered the presence of 
significant heterogeneity. So, we applied a random-
effects model to estimate the pooled odds ratio (OR) 
and 95% Confidence Intervals (CIs). Five studies used 
the outcome measure of poor functional outcome at 3 
months. The pooled OR of the 6 studies was 1.47(P<0.02, 
95%CI: 1.40-2.31). Meta-analysis established a significant 
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association between NLR and ischemic stroke. Between 
study heterogeneity was observed with I2=78.3%, 
P<0.002. Forest plot of the studies with the functional 
outcome as mRs at 3 months is demonstrated in figure 2. 
Similarly, one study used functional outcome as mRs at 
discharge21 with OR=2.49, 95% CI, and another used mRs 
at 3-6 months.22 

Figure 2. Forest plot of studies with pooled odds 
ratio with high NLR in patients with poor functional 
outcome diagnosed as a case of ischemic stroke.

Sensitivity analysis was done by exclusion of one of the 
studies24 included in determining pooled odds ratio. 
After the exclusion, pooled OR was found to be 1.31. 
Despite the exclusion of one of the studies, we found 
that increased NLR has a poorer prognosis in stroke 
patients as compared to patients with normal NLR. 

Determination of Bias in included studies

We assessed bias in our study by using the Joanna Briggs 
Institute (JBI) checklist for observational studies.27 The 
checklist used and the assessment performed in our 
study can be found in supplementary file section Table 
2 and Table 3 respectively. The assessment showed that 
the included studies are of fair to good quality. 

Publication bias

The study distribution of funnel plot in figure 3 with 
Eggers test value of 0.48 shows that the six studies 
(which accounts for mRs ≥3 as a predictor of the poor 
functional outcome by three months)  included in our 
study are symmetrically distributed and no significant 
publication bias exists in our study.

Figure 3. Funnel plot for the detection of publication 
bias in included studies.

DISCUSSION

There is growing evidence that blood cells, especially 
neutrophils and lymphocytes, play a vital role in 
estimating short-term prognosis and functional outcome 
in patients of acute ischemic stroke. This random effect 
meta-analysis study was performed to assess the role of 
NLR in estimating the short-term prognosis of patients 
suffering from AIS. Our study indicates that NLR can be 
used to predict the early prognosis of patients suffering 
from AIS. It has been found that in patients with poor 
functional outcomes and a higher risk of developing sICH, 
increased NLR is present. These cells play a pivotal role in 
developing ischemic stroke and its progression. Several 
studies have shown an independent association between 
increased NLR and number of other diseases such as 
hypertension,28-31 atherosclerosis,32 obstructive sleep 
apnea,33,34 obesity,35-37 heart failure,38-41 renal failure,42,43 
diabetes,44 pulmonary arterial hypertension,45,46 
treatment variations,47,48 functional recovery,49 and 
immunosuppression.50,51  Therefore, increased NLR can 
be considered as one of the significant risk factors of 
cerebrovascular and cardiovascular diseases. Our meta-
analysis study shows that increased NLR is associated 
with poor functional outcome at 3 months in a patient 
with acute ischemic stroke. The finding of our study is 
consistent with most of the included studies and some 
meta-analyses conducted.

In our study, we used a pooled odds ratio to examine this 
relationship between prognosis and functional outcome 
in patients of AIS and NLR. The pooled odds ratio is 1.47. 
This is consistent with the odds ratio of the included 
studies. The cutoff limit of NLR being based on mRs>4 
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ethnicities should be performed to reproduce a more 
reliable conclusion. 
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