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Abstract

Background: Certain markers of inflammatory response
are emerging in many studies as prognostic factors in
pathological processes with an inflammatory basis, such
as acute stroke. The objective of this paper is to analyze
the capacity of the neutrophil/lymphocyte ratio to
determine the prognostic value in this pathology by a
meta-analysis and systematic review of the literature.

Methods: An exhaustive bibliographical review of articles
that assessed the neutrophil-lymphocyte ratio was
performed for the period 1995-2018, with an evaluation
by meta-analysis with subgroups (ratio value, pathological
subtype and country of origin).

Results: Fifteen studies (3,857 patients from 7 countries)
were included in the study. Neutrophil/lymphocyte ratios
≥ 5 were significantly related to poor survival, regardless
of pathologic subtype (prediction is stronger in the
ischemic processes), and origin (oriental studies are more
predictive).

Conclusion: In this meta-analysis, elevated levels of NLR
obtained in the first 24 h are associated with a worse
short-term prognosis in patients with stroke (ischemic and
hemorrhagic). To corroborate these results will be
necessary to carry out prospective studies with large
cohorts of patients. The NLR is an index that is obtained
from the routine analysis in the emergency room and its
cost is economic, so it could be used routinely in the initial
evaluation of the prognosis of the acute stroke.

Keywords: Inflammatory response; Acute stroke;
Platelets; Immune system

Introduction
It is widely accepted that the systemic inflammatory

response is related to cardiovascular diseases [1]. Many
hematological parameters that are part of the inflammatory
response, such as the amount of neutrophils, monocytes and
platelets, as well as some inflammatory indices such as
neutrophil/lymphocyte or platelet/lymphocyte ratio have been
considered indicators that may have prognostic implications
(morbidity and mortality) for peripheral vascular diseases [2].

The neutrophil/lymphocyte ratio [NLR], calculated from the
ratio between neutrophils and total lymphocytes, has a clinical
value derived from the information it provides on the state of
the patient's inflammatory activity, and in patients with an
acute stroke, the intensity of the inflammatory process in the
vascular bed where the lesion is located [3].

In recent years, numerous studies have indicated the
prognostic value of this index in a wide variety of pathological
processes [4-8], especially vascular and tumoral, but also
endocrine, nephrological and infectious pathologies. There
have also been recent reports relating an increase in this index
to a poor prognosis for the patient’s evolution in numerous
peripheral vascular diseases, in addition to stroke: acute limb
ischemia, venous thromboembolism, mesenteric ischemia,
vasculitis, acute coronary syndrome, cardiac rhythm disorders,
and coronary bypass surgery [9].

The predictive value of the NLR seems to be due to two
reasons [10].

1. It is the index that is least influenced by various
physiological conditions such as exercise and dehydration.

2. It is an index that represents two complementary
immunological pathways: neutrophils, which are responsible
for the nonspecific inflammatory response, and lymphocytes,
which are a marker of physiological stress.

After heart disease, stroke is the second most common
cause of death in the Western world and is the leading cause
of disability, especially among the senile population. Many
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efforts have been made at all levels, both pre-hospital and in
hospital and in primary care, for the prevention and early
treatment of this highly prevalent pathology.

Like other peripheral vascular diseases, it has been shown
that the inflammatory response in a stroke is involved in all
pathophysiological processes [11].

If small amounts of mediators of inflammation are found in
the brain under normal conditions, when stroke [ischemic and
hemorrhagic] is verified there is a significant release of
cytokines and the appearance of opsonization of cells of the
immune system, which are responsible for further increasing
the initially vascular brain injury. As a fundamental part of the
immune system, neutrophils and lymphocytes play an
important role in this inflammatory response.

Several studies relating the evolution and prognosis of
cerebrovascular diseases with high values of the neutrophil/
lymphocyte index have recently been published. However the
predictive value of this index needs more studies to be
acceptable as valid.

We propose to design a meta-analysis of the published
studies that relate the prognosis of stroke with NLR based on
the following objectives:

1. Perform a systematic review to determine the prognostic
value of NLR in acute stroke

2. Evaluate the impact of CNL on the various sub-
pathologies of stroke

3. Evaluate the determination of a valid cut-off value of NLR
as a predictor of survival

Methodology

Search strategy, inclusion and exclusion criteria
and final selection of articles

The meta-analysis was designed following the PRISMA
guidelines [12]. The search for articles covered the following
electronic databases: the ISI web of knowledge, MEDLINE,
EMBASE, the Cochrane Library, Google Scholar and Scopus.

Only RCT articles and controlled clinical trials published in
English during the period between 1995 and 2018 were
included in the study.

The search strategy used the following keywords and
phrases: "NLR" or "neutrophil/lymphocyte ratio and "stroke"
or "acute intracerebral hemorrhage" or "acute ischemic
stroke" and "survival" or "prediction." The selection process
was performed as follows:

1. All the titles and abstracts of the initially selected papers
that were related to the objectives of the work were identified
and read by two reviewers. Disagreements were resolved by
consensus.

2. Once the abstracts were identified and read by
consensus, the two authors selected those that met the
following inclusion criteria:

a. Studies comparing survival in stroke patients with high
NLR and low NLR, and indicating an NLR cut-off value

b. Availability of a hazard ratio [HR] and 95% confidence
interval [CI] or a p value for overall survival; and

c. When the same author had published more than one
paper, the most recent and the one with the highest quality
were selected

3. The exclusion criteria were as follows:

a. Trials that were not RCT or were comparative

b. Studies repeated in different journals

c. Non-clinical studies (communications to congresses,
review articles, letters to the editor, editorials) and clinical
cases

d. Articles without availability of the full text

4. Once the final works had been selected, those without
sufficient standardized data for inclusion in a meta-analysis
study were discarded.

Data collection and quality assessment
The Newcastle-Ottawa scale [NOS] [13] was used to assess

study quality. This scale comprises three quality parameters
(selection from 0 to 4 points, comparability from 0 to 2 points,
evaluation of results from 0 to 3 points).

A score higher than 6 represents a high quality of the study
methodology.

The data selected for each study were authorship, year of
publication, country of origin, number of patients recruited for
the study, clinical presentation of stroke [ischemic or
hemorrhagic], cut-off points in the peripheral blood of the NLR
and hazard ratios, and 95% associated CIs for overall survival.
The RH was obtained from multivariate analysis, and failing
that, from univariate analysis.

Written informed consent was not necessary because no
patient data has been included in the manuscript.

Clinicopathological and prognostic definitions
According to the WHO [14], cerebrovascular disease is the

rapid development of clinical signs of disturbances of brain or
global function, with symptoms persisting for 24 hours or
longer, or leading to death with no other obvious cause than
vascular origin. While this includes sub arachnoid hemorrhage,
it excludes transient ischemic attacks, subdural hematomas
and ischemic myocardial with other etiologies [septic or
neoplastic emboli].

Cerebrovascular disease can occur in two ways:

• A hemorrhagic form, which depending on the size and
location may be an intracerebral hematoma [ICH], lobar
hematoma or subarachnoid hemorrhage [SAH].

• An ischemic form, with etiologies as follows: arteriosclerosis,
cardiac embolism, penetrating, cryptogenic and unusual
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arteries (prothrombotic states, dissections, arteritis and
drugs) disease.

The cut-off point is the threshold value of INL from which a
poor prognosis of survival in patients affected by stroke is
objectively observed. Blood samples to obtain the CNL value
must be obtained within the first 24 hours after the diagnosis
of stroke. The period evaluated in the forecast was defined and
stated in each selected article.

Statistical analysis
The data obtained from the selected papers were analyzed

in meta-analysis using RevMan5.3 software. We used the
logarithm of the risk ratio [HR] primarily with the 95%
confidence interval (CI) [24]. The HR data and 95% CI were
obtained directly from each selected article or were calculated
from indirect data [24]. The meta-analysis of the data was
performed using the random effects model and the fixed
effects model.

First a statistical analysis of the heterogeneity was made
applying the statistical test of Higgins and Thomson (I²) and the

test of χ2; The results were classified as low (I²<25%), moderate
(I²=25 to 75%) or high (I²>75%) consistency considering
significant values when p<0.05.

Subsequently the publication bias was explored analyzing
the funnel plots and from the tests of Egger and Begg; When
p<0.05, was considered significantly biased. Subgroup analyzes
were performed according to cutoff points for NLR,
cerebrovascular disease type and region; A p-value<0.05 was
considered statistically significant, unless otherwise specified.

Results
Fifteen studies [15-29] with a total of 3,857 patients were

included in the meta-analysis (Figure 1).

Six studies were from Turkey, 4 from China, and 5 countries
[Italy, Australia, the United States and Israel] produced 1 each.
By pathology, 12 studies evaluated patients with ischemic
stroke, and 5 with hemorrhagic stroke (Table 1).

Figure 1: Flow chart of the selection process for articles included in the meta-analysis.

The study of the quality of the papers included in this
systematic review obtained high scores on the Newcastle-
Ottawa scale [NOS], indicating that the methodologies applied
were adequate.

About eight of the studies calculated the cut-off value, with
a mean + SD of (5.04 ± 0.90), a lowest cut-off of 2.39 and
highest cut-off of 7.35. All studies evaluated survival.

The total value of the hazard ratios, which was 4.2
(3.25-5.43) indicates that NLR could be used as a prognostic
factor in the evaluation of stroke patients with an affected
clinical status. The NLR values are inversely proportional to the
favorable evolution of the patients. Of all the studies included
in the study, Xue J [2016] has the highest proportional weight
(82.8%) compared to the other studies included, with a hazard
ratio of 2.26 (1.71-3) (Figure 2).
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Reference year Country Design (period) N(M-F) Type of stroke NLR
cut offs

Prognostic
value analysis

Survival
outcomes

Brooks 2014 USA

Retrospective

116(53-63) AIS 5.9 NLR OS

Celikbilek 2013 Turkey 190(77-113) AIS 4.1 NLR OS

Erdogan E 2013 Turkey 126(52-74) AIS NR NLR OS

Farah R 2017 Israel 200(118-82) AIS NR NLR OS

Gokhan 2013 Turkey 868(450-418) AIS-AHS-TIA NR NLR OS

Lattanzi 2016 Italy 117(63-114) AHS 4.58 NLR OS

Lok U 2016 Turkey 164(85-79) AIS NR NLR OS

Luo P 2016 China 429(187-242) AHS 2.579 NLR OS

Pagram 2016 Australia 142( NR ) AIS NR NLR OS

Qun S 2017 China 143(80-63) AIS 2.99 NLR OS

Sun Y 2016 China 352(234-118) AHS NR NLR OS

Tokgoz 2013 Turkey 255(125-130) AIS NR NLR OS

Tokgoz 2014 Turkey 151(81-70) AIS 4.81 NLR OS

Wang 2015 China 224(141-83) AHS 7.35 NLR OS

Xue J 2016 China 280(173-107) AIS 2.39 NLR OS

Figure 2: Forest plot of high INL vs. low INL of all patients in all selected studies.

When the data selected by subgroups were analyzed by
meta-analysis, the results obtained were as follows (Table 2
and Figures 3-6):

1. NLR values:

With values of 2, a total value of hazard ratios of 0.45
(0.27-0.76) was observed, while for values of 3-4 the total
value of hazard ratios was 0.71 (0.41-1.22), indicative of a
better prognosis (low heterogeneity).

NLR values above 5 indicate an evolution of the clinical
course with a poor prognosis, with hazard ratios of 14.14
(8.06-24.81). These values are statistically significant in the
analysis of the subgroups.

2. Clinical form of stroke:

With both clinical forms of stroke [ischemic and
hemorrhagic], a high NLR might be indicative of a worse
prognosis, with greater predictive strength in the ischemic
variant (total hazard ratio value of 3.37 (2.58-4.39)
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(p<0.00001)) than in the hemorrhagic form (108.25
(40.14-291.95)).

3. By country:

Both Western and Eastern countries show a relationship
between the predictive value of stroke and high NLR values.

However, the predictive value is reinforced in Eastern
countries: the total value of hazard ratios is 93.70
(36.99-237.34) (p<0.00001).

Table 2: Sensitivity analysis by sub-groups [FE: Fixed-Effect Model; HR: Hazard Ratio; RE: Random-Effect Model; NSCLC: Non-
Small Cell Lung Cancer; N: Number; NLR: Neutrophil-To-Lymphocyte Ratio; SCLC: Small Cell Lung Cancer].

Subgroup N HR (95% CI) P/RE FE I2 (%) P P for subgroup difference/RE
FE

Cut-offs for NLR 0.96 0.05

<3 7 1.23 (1.19,1.28) <0.00001 1.23 (1.19,1.28) <0.00001 0% 0.65

 

3-4 6 1.22(1.13,1.32) <0.00001 1.22 (1.13,1.32) <0.00001 6% 0.38

NLR>5 5 1.21 (1.03,1.42) 0.02 1.13 (1.06,1.20) 0.0003
80
% <0.00001

Type of treatment 0.07 0.07

Chemotherapy 5 1.20 (1.12,1.29) <0.00001 1.10 (1.04,1.17) 0.002 0% 0.88

 surgery 5 1.31 (1.23,1.41) <0.00001 1.31 (1.23,1.41) <0.00001 0% 0.50

Pathological type 0.11 0.03

NSCLC
1
4 1.24 (1.20,1.28) <0.00001 1.24 (1.20,1.28) <0.00001 2% 0.43

 SCLC 4 1.15 (1.06,1.25) 0.001 1.14 (1.07,1.22) <0.0001
35
% 0.20

Region 0.53 0.50

Eastern countries
1
5 1.22 (1.17,1.27) <0.00001 1.21 (1.18,1.25) <0.00001

23
% 0.20

 Western countries 3 1.28 (1.11,1.48) 0.0006 1.25 (1.15,1.37) <0.00001
49
% 0.14

Figure 3 explains the data analyzed of the Neutrophil-
Lymphocyte Ratio (NLR) of the studies with ≤ 4 of the patients

in all the conducted studies.

Figure 3: Forest plot of NLR ≤ 4 of all patients in all selected studies.
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Figure 4 explains the data with a forest plot for Neutrophil-Lymphocyte Ratio (NLR) ≥ 5 of all patients in all selected
studies.

Figure 4: Forest plot of NLR ≥ 5 of all patients in all selected studies.

Figure 5 explains the forest plot of high NLR vs. low NLR of all patients in all selected studies with ischemic stroke.

Figure 5: Forest plot of high NLR vs. low NLR of all patients in all selected studies with ischemic stroke.

Figure 6 explains the forest plot of high NLR vs. low NLR of
all patients in all selected studies with hemorrhagic stroke. All

the data used have been thoroughly scrutinized and final
conclusions have been drawn respectively.
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Figure 6: Forest plot of high NLR vs. low NLR of all patients in all selected studies with hemorrhagic stroke.

Finally, in the analysis of publication bias, in both the Begg
test where we obtained a value of Z=1.0445(p=0.2963>0.05)
and in the Egger test where we obtained a value of
t=-3.7580(p=0.1656>0.05), there was no apparent publication
bias.

Discussion
In vascular pathophysiology, it is widely known that an

inflammatory response occurs after a vascular [ischemic or
hemorrhagic] process, which can in turn lead to an aggravation
of the tissue injury. As in any other organ, in the brain, after an
acute stroke, the reactive inflammatory process has two
distinct periods: first, after 6-12 hours, when a PNL infiltrate
releases large amounts of inflammatory mediators which are
also able to further injure brain tissue; and a second period
after 3-6 days, when large amounts of lymphocytes are known
to play a prominent role in the neutralization of the leukocyte
cytokines in the injured area, promoting the repair of the
destroyed tissue [30].

Based on these findings, many studies have linked the
variations of these two cell populations in the prognosis of
severity and extent of brain injury during stroke [31,32]. More
recently, and in the light of the two roles that PNL and
lymphocytes represent, numerous articles based on the
predictive effect of the NLR in cardiovascular pathologies have
been published [33]. The many articles that point to a positive
predictive effect of low numbers of this cellular quotient
nevertheless require meta-analytical studies to make these
results consistent with an acceptable scientific rigor if they are
to be taken into account in daily clinical practice. In this paper,
the prognostic value of NLR in stroke patients has been
evaluated through a meta-analysis, based on a systematic
review of the literature. The results show that high levels of

CNL are associated with a poorer prognosis for patients, an
increase in leukocyte activity (cell membrane damage by
proteolytic enzymes, arachidonic acid, elastase, and oxygen-
free radicals), and reduced lymphocyte activity (mechanisms
regulating the immune response) could be responsible for a
poorer clinical evolution. These cellular and micro vascular
findings have already been reported [34-40].

In order to select patients more homogeneously in the
meta-analysis, the papers selected had to meet inclusion and
exclusion criteria. The former included a clinical-radiological
diagnosis, and the blood samples being obtained within 24
hours of the beginning of the pathological process. The
exclusion criteria included patients with traumatic brain injury,
neoplasms, active infectious process, and previous treatment
with immunomodulators, haemopathies, inflammatory
diseases, renal or hepatic pathology, acute metabolic disease
and intoxication. These criteria are necessary to be able to
better evaluate the cut-off value to be taken into account as a
predictive value [41].

To further investigate the predictive factor of NLR, the data
obtained from the selected studies were divided into three
variables.

These variables were: value of NL ratio, pathophysiological
subtype of stroke (ischemic or hemorrhagic), and country of
origin of patients (Eastern and Western). The subgroup
sensitivity study indicated that a cut-off NLR below 4 provided
a good prognosis for survival in all patients included in the
meta-analysis, and a value above 5 provided a poor prognosis,
which all suggested that the prognosis is worse when the
inflammatory process in the injured area is intense. These
results corroborate previous findings at the cellular level.
Meanwhile, a high NLR index is predictive of a worse prognosis
for the two clinical forms considered for stroke, although the

Journal of Preventive Medicine

ISSN 2572-5483 Vol.5 No.1:2

2020

© Copyright iMedPub 7



prediction is stronger in the ischemic processes, although the
NLR values are lower in the latter, possibly due to the
hemorrhagic phenomenon developing a more extensive
inflammatory process [19]. The origin of the patients makes no
difference in the predictive value of the NLR, and although the
Eastern studies have more statistical strength, this cannot in
principle be associated to any specific justification.

Conclusion
Based on the results of this meta-analysis, the prognosis of

NLR survival in a patient with stroke could have some
limitations. First, it is limited in time, since published articles
examine periods shorter than three months after the stroke
diagnosis. Having a more extensive follow up in the future will
ensure the predictive value of the NLR sometime after the
event. Second, although the studies were selected based on
the inclusion and exclusion criteria and although the
heterogeneity observed in the meta-analysis is low and the
Newcastle-Ottawa score is high, there is some heterogeneity
in the specific characteristics of the researchers in terms of
their approach to their research. This heterogeneity is
apparent in the relationship between NLR and survival, and is
due to the non-uniform cut-off value of NLR [Range:
2.39-7.35]. On the other hand, there is clinical heterogeneity
because the studies differ in the treatment applied. Third,
because only English language publications were included,
language bias should also be considered in the selection of the
papers selected.

What is the practical application of the NLR value? This
meta-analysis reveals that high NLR values, and particularly
values higher than 5, are associated with poor prognosis of
short-term survival. However, as it is a non-uniform cutoff
value - according to the various papers published and included
in this study, it would be difficult to apply for clinical use.
These results therefore warrant confirmation in cohort studies
of large samples with a final NLR cutoff value. The NLR is a
parameter that can be calculated from routine data used in
emergencies and is not expensive, and its application could be
systematic. In conclusion, in this meta-analysis, elevated levels
of NLR obtained in the first 24 hours are associated with a
worse short-term prognosis in patients with stroke (ischemic
and hemorrhagic). It will be necessary to carry out prospective
studies with large cohorts of patients to corroborate these
results. The NLR is an index that is obtained from routine
analysis in the emergency room, and its cost is economical, so
it could be used routinely in the initial evaluation of the
prognosis of acute strokes.
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