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Abstract

Our study aimed to determine the effect of the neutrophil–lymphocyte ratio on the prognosis of adult patients
with acute stroke. We searched the Web of Science, PubMed, Embase, Cochrane Library, and China National
Knowledge Infrastructure databases and selected all of the potentially eligible studies. From the included studies,
we extracted characteristics such as the stroke type and acquisition time until routine blood collection and the
odds ratios across studies. The 95% confidence intervals and odds ratios were pooled to calculate the effect size for
the neutrophil–lymphocyte ratio in acute stroke patients. We defined poor function outcomes according to the
modified Rankin Scale ≥ 3 or Glasgow Outcome Scale< 3.Thirteen studies with 4443 patients were included in our
analysis, including 7 ischemic and 6 hemorrhagic stroke studies. The pooled odds ratios for poor functional
outcome at 3 months with a higher neutrophil–lymphocyte ratio in acute ischemic and hemorrhagic patients were
1.689 (95% CI = 1.184–2.409, p < 0.001) and 1.125 (95% CI = 1.022–1.239, p < 0.001), respectively, and the overall
pooled odds ratio for poor functional outcome following stroke was 1.257 (95% CI = 1.146–1.379, p < 0.001). At the
same time, the overall combined odds ratio for death at 3 months was 1.632 (95% CI = 1.155–2.306, p < 0.001).The
neutrophil–lymphocyte ratio, an easily calculated marker, plays a predictive role in the short-term outcomes of adult
patients (mean age ≥ 50 years) following acute ischemic and hemorrhagic stroke.
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Background
Stroke is a medical event in which the brain loses its
function because of abnormal blood supply [1]. In gen-
eral, we divide stroke into two categories: ischemic and
hemorrhagic strokes, based on the distribution of brain
blood. It has been reported that ischemic stroke

accounts for approximately 85% of strokes [2], and it is
characterized by a disruption in cerebral blood flow [3],
while hemorrhagic stroke is characterized by bleeding
within the intracranial space [4]. In addition to the char-
acteristics of the haematoma, such as volume and loca-
tion [5, 6], other factors, such as blood pressure
variability [7] and cholesterol and ferritin levels [8, 9],
and brain imaging parameters [10] have been reported
to be related to the prognosis of hemorrhagic stroke pa-
tients. In ischemic stroke, infarct volume and location
influence the severity of prognosis. Recently, several
studies have reported that the neutrophil–lymphocyte
ratio (NLR) may be a good marker of prognosis acute
stroke (AS) patients at 3 months [11–14].
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In the epidemiological statistics of the Global Burden
of Disease, stroke is the second leading cause of mortal-
ity and physical disability in the world [2], and the over-
all burden of stroke has dramatically increased [15],
especially in developing countries with low and middle
incomes [16]. The neutrophil–lymphocyte ratio, a con-
ventional marker, may be regarded as a prognostic factor
in the short-term outcome of adult patients who suffer
from acute stroke [11–14, 17]. Therefore, we systematic-
ally performed a meta-analysis to assess the prognostic
role of the NLR in adult patients with AS.

Literature search and data extraction
We carried out a systematic literature search in the
PubMed, Web of Science, Cochrane Library, Embase,
and China National Knowledge Infrastructure databases
(search period: from the establishment of the database
to April 16, 2019). The English keywords were as fol-
lows: “#1: NLR; #2: Neutrophil–lymphocyte Ratio; #3:
Stroke[MeSH]; #4 :Ischemic[MeSH]; #5: Haemorrhagic[-
MeSH]; #6:[#1or#2]and[#3or#4or#5].” The Chinese key-
words were as follows: “#1: NLR; #2: Neutrophil–
lymphocyte Ratio; #3:Stroke; #4[(#1or#2)and#3].” The
following inclusion criteria were used: (1) the diagnoses

were clinically confirmed as cerebral hemorrhage or
cerebral ischemic stroke; (2) patients were admitted to
the hospital after the onset of the disease and were dis-
charged smoothly (discharged smoothly means that the
patient is still alive at the time of discharge). The exclu-
sion criteria included the following: (1) age less than 18;
(2) no modified Rankin Scale (mRS) or Glasgow Out-
come Scale (GOS) scores at 3 months; (3) lack of rele-
vant data, such as odds ratios (ORs), neutrophil–
lymphocyte ratio at admission, or functional outcome at
3 months; (4) routine blood examination was not col-
lected within 24 h after admission; and (5) stroke of a
brain tumor. Two reviewers individually extracted the
data from these included studies. If there was disagree-
ment about the results of a study, the results would be
judged by another reviewer in a discussion. A total of
684 eligible studies were retrieved (up to April 2019).
Among them, 312 studies were confirmed to be dupli-
cates and excluded. Then, following a prudent search of
the title, abstract, and full text, 243 studies were ex-
cluded due to NLR values not reported, not cerebral
stroke, no clinical data, or not in English/Chinese. Fi-
nally, we included 13 studies in this analysis. The study
selection flowchart is shown in Fig. 1.

Fig. 1 The flowchart of the searching strategy and study selection in the meta-analysis
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Risk of bias assessment
Two researchers assessed bias risk. Publication bias was
evaluated by a funnel plot and a significant Egger’s linear
regression test at P < 0.05.

Statistical analysis
We used the Stata software version 13.0 (STATA Cor-
poration, USA) for all analyses, using the ORs and the
corresponding 95% confidence intervals to estimate the
correlation between NLR values and prognosis of adult
patients with AS. We preferred to use the adjusted ORs.
When the adjusted ORs were absent, we extracted the
unadjusted ORs. The quality assessment of all articles
included in our study was based on the Newcastle
Ottawa scale (NOS) [18]. According to the NOS (0–9
point system), a study with more than 6 points is consid-
ered a high-quality study. We used Cochran’s Q test and
Higgins I-squared statistics (p < 0.1 and I2 > 50%) to test
for heterogeneity across the pooled ORs. If I2 was more
than 50%, it was preferable to use a random effects
model; if not, the fixed effects model was used instead
[19]. Publication bias was determined using filled funnel
plots. All of the above data were analyzed by the com-
prehensive meta-analysis software (Stata 13 MP) with
statistical significance indicated at p < 0.05.

Search results and characteristics of the patients
A total of 13 eligible studies with 4443 patients were re-
trieved (up to April 2019). We make prudent judgements
on the eligible data and double-checked the existing re-
search based on the inclusion and exclusion criteria. For
each study, the following information was carefully ex-
tracted: the first author, country, number of patients

(male/female), mean age (years), sampling time of the
blood, NLR threshold, outcome measure, adjusted odds
ratio (OR), and subtype (Table 1). Among the selected
studies, there were 6 hemorrhagic stroke studies [13, 14,
20–23] and 7 ischemia stroke studies [11, 12, 24–28]. The
characteristics of the 13 available studies are listed in
Table 1. Among the included studies, there were 7
Chinese studies and 6 European and American studies
(France, Italy, Greece, Turkey, Germany, and Amer-
ica). Among the 13 studies, 12 studies had poor func-
tional outcome (mRS > 2) at 3 months as the
outcome measure [11–14, 17, 20–22, 24, 25, 27, 28],
and 7 studies had the outcome measure of death at 3
months [17, 20, 24, 25, 27–29].

Correlations between NLR levels and prognosis in adult
patients with acute stroke
The pooled ORs of patients for poor outcomes at 3months
were higher in acute ischemic and hemorrhagic patients
relative to controls, with values of 1.689 (95% CI = 1.184–
2.409, p < 0.001) and 1.125 (95% CI = 1.022–1.239, p <
0.001), respectively, and the overall pooled OR for acute
stroke was 1.257 (95% CI = 1.146–1.379, p < 0.001) (Fig.
2a). Meanwhile, the pooled ORs for AS mortality in acute
ischemic and hemorrhagic patients at 3months were 3.142
(95% CI, 0.683–14.455, p < 0.001) and 1.282 (95% CI,
0.955–1.720, p < 0.014), respectively, and the overall pooled
OR following acute stroke was 1.632 (95% CI, 1.155–2.306,
p < 0.001) (Fig. 2b). This suggests that at 3months, poor
functional outcome in patients with AS is associated with a
higher NLR. However, the 3-month mortality in patients
with ischemic or hemorrhagic stroke has an uncertain rela-
tionship with the NLR. Regarding the results of the 3-

Table 1 The main characteristics of studies for the prognostic role of the NLR in stroke meta-analysis

Characteristics of the included studies

Author years Country N (F/M) Age,
year

Sample time Optimal cutoff
value

Outcome
measure

etiology
of stroke

treatment
modality

Maestrini et al. 2015 France 846 (430/416) Mean 71 onset< 4.5 h 4.8 mRS at 3 mo CI IT

Qun et al. 2017 China 143 (80/63) Mean 70 admission 2.995 mRS at 3 mo CI AP

Xue et al. 2017 China 289 (107/173) Mean 61.8 admission 2.39 mRS at 3 mo CI AG

Duan et al. 2018 China 616 (368/248) Mean 66 admission < 24 h 7 mRS at 3 mo LVOS ET and IT

Goyal et al. 2018 greece 293 (147/146) Mean 62 admission NR mRS at 3 mo LVOS MT

Kocaturk et al. 2018 Turkey 107 (57/50) Mean 67 admission 4.7 death at 3 mo CI IT or AP or MT

Malhotra et al. 2018 USA 657 (333/324) Mean 64.3 admission 2.2 mRS at 3 mo CI IT

Lattanzi et al. 2016 Italy 177 (63/114) Mean 67.1 admission 4.58 mRS at 3 mo ICH NR

Tao et al. 2017 China 336 (216/120) Mean 58.5 admission 4.58 to 7.3 (report) mRS at 3 mo sICH SE

Zhang et al. 2018 China 104 (80/24) Mean 50.4 admission < 24 h 6.46 mRS at 3 mo ICH SE

Sun et al. 2017 China 352 (234/118) Mean 64.2 admission < 24 h NR mRS at 3 mo ICH WSE

Qin et al. 2019 China 213 (155/58) Mean 50 admission < 24 h NR mRS at 3 mo sICH AG

Giede-Jeppe et al. 2019 Germany 319 (98/221) Mean 51 admission 7.05 mRS at 3 mo aSAH NR

NR not reported, ICH intracerebral hemorrhage, CI cerebral ischemia, mo month
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month death outcome, neither the ischemic stroke nor the
hemorrhagic stroke subgroup analysis was meaningful;
however, if the overall effect value following stroke is mean-
ingful, it is not a desirable outcome. All the above details
are shown in Table 2.

Heterogeneity
Statistical results showed that there was significant het-
erogeneity among the studies (I2 = 86.9%, p < 0.0001).
We performed a sensitivity analysis (Fig. 3) and found
that the studies by Giede-Jeppe et al. [22] and Goyal
et al. [25] were significant origins of heterogeneity. After
excluding these studies, the heterogeneity dropped by
54.4% (ischemia), 79.2% (hemorrhage), and 85.3% (over-
all). However, the ORs were still statistically significant
(OR 1.877, 95% CI, 1.459–2.415; OR 1.258, 95% CI,
1.047–1.511; and OR 1.574; 95% CI, 1.298–1.910,
respectively).

Publication bias
A significant bias was found in the meta-analysis when we
performed a funnel plot of these studies (Fig. 4) and found
that the funnel diagram was obviously asymmetric. There-
fore, we attempted to determine the reason why there was
bias through performing a sensitivity analysis (Fig. 3),
Egger’s funnel plot (p < 0.001 Fig. 5), and covariate ana-
lysis (Supplement Table 1). Egger’s funnel plot showed
that the number of studies on the two sides was asymmet-
ric, and the confidence interval did not cross zero. This
again indicated the existence of publication bias. A sensi-
tivity analysis showed that the results of Giede Jeppe et al.
and Goyal et al. had the greatest impact on the analysis.
The results of multiple regression analysis showed that
the stroke type (95% CI = 0.616–1.4, p = 0.683), study de-
sign (95% CI = 0.43–1.46, p = 0.409), and country (95% CI
= 0.67–2.16, p = 0.489), as well as a combined measure
(95% CI = 0.806–5.590, P = 0.111), were not sources of

Fig. 2 a Forest plot of the effects of NLR in the 3-month functional prognosis. b Forest plot of the prognostic effect of NLR on a death outcome
at 3 months
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bias. Finally, we found that publication bias was the pri-
mary source of heterogeneity in the meta-analysis.
The purpose of this study was to evaluate the prog-

nostic effect of the NLR in patients 3 months after
stroke. We conducted a meta-analysis based on 13
studies to summarize the existing evidence. To the
best of our knowledge, this is the first meta-analysis
to comprehensively evaluate this question. In our
study, 3 months after stroke, a higher NLR was asso-
ciated with poor functional outcomes, while the rela-
tionships between a high NLR and a higher risk of
death at 3 months were inconclusive.
We performed subgroup analyses to evaluate the value

of the NLR in predicting the functional outcome at 3

months under different conditions. In the poor func-
tional outcome group, the pooled OR of the six studies
of ischemic stroke and the pooled OR of the six studies
of hemorrhage stroke were both statistically significant,
which indicated the applicability of the NLR in these
subgroups. With regard to the death outcome, neither
the overall OR from the five studies of ischemic stroke
nor the OR from the two studies of hemorrhage stroke
was statistically significant, indicating that a high NLR
may not be related to the mortality of stroke patients at
3 months. Due to the small number of studies and sig-
nificant heterogeneity, we may need more investigations
to further determine the role of a high NLR in predicting
the mortality of stroke patients at 3 months.

Table 2 Subgroup and meta-regression analysis of ORs on prognostic role of NLR in stroke patients, 95% conf. intervals, and I-
squared values

Subgroup analysis No. of
studies

No. of
patients

95% conf. interval Meta-
regression
(p value)

Heterogeneity (random)

fixed random (p value) I2(%)

poor functional

Overall pooled OR 12 4336 1.023(1.011–1.036) 1.257 (1.146–1.379) < 0.001 < 0.001 86.90%

Hemorrhage 6 1501 1.096(1.041–1.152) 1.125(1.022–1.239) < 0.01 < 0.001 82.10%

cerebral ischemia 6 2835 1.019(1.006–1.032) 1.689(1.184–2.409) < 0.005 < 0.001 89.60%

mortality

Overall pooled OR 7 3207 1.131(1.065–1.202) 1.632 (1.155–2.306) 0.207 < 0.001 90.60%

Hemorrhage 2 688 1.11(1.045–1.180) 1.282 (0.955–1.720) – < 0.014 87.00%

cerebral ischemia 5 2519 4.473(2.646–7.564) 3.142(0.683–14.455) 0.491 < 0.001 83.40%

Fig. 3 Sensitivity analysis of the effects of NLR at a 3-month functional prognosis
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The inflammatory response plays a dramatic role in
stroke. High white blood counts have been related to
worse outcome in stroke patients [30]. It has been re-
ported that an increased neutrophil count was associated
with more severe stroke on admission [14, 20, 31]. After

a stroke, neutrophils rapidly gather around the lesion
[32, 33]. Studies have demonstrated that neutrophils can
gather at the site of the lesion and cause secondary brain
injury [34, 35]. Some researchers have demonstrated that
a higher neutrophil count may be due to the release of

Fig. 4 Funnel plot of the effect of NLR on the 3-month functional prognosis

Fig. 5 Egger’s funnel plot of the effect of NLR on the 3-month functional prognosis
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matrix metalloproteinase-9 by neutrophils [27]. Apop-
tosis and functional inactivation of lymphocytes is in-
duced by acute central nervous system injury [36], and
some studies have shown that lymphocytes can repair
inflammation-induced damage [37], which is a leading
cause of poor outcome in patients with stroke [31, 36].
The NLR reflects the balance in the relationship be-

tween neutrophils and lymphocytes [27, 38], and its as-
sessment could provide a service in clinical work. Of
course, there were many other factors associated with
the prognosis of stroke patients, such as blood pressure
and some biochemical parameters. Neutrophils and lym-
phocytes are known to reflect inflammatory responses
and factors that can be controlled, and therefore, may
represent potential therapeutic targets. All the included
studies suggested that a higher NLR value had a negative
impact on patient outcomes. In our meta-analysis, a
higher NLR was associated with poor functional out-
come at 3 months, but the relationship with death at 3
months remains unclear. More work will be needed to
determine the underlying molecular mechanisms. We
failed to prove the correlation between a higher NLR
and a high risk of death at 3 months; thus, more studies
are needed to clarify this relationship. The NLR is a
readily available and inexpensive test that could serve as
a predictor of outcome in stroke patients.
We carried out this meta-analysis to demonstrate the

implications of the NLR for prognosis in patients with
stroke. Our statistical results support the conclusion that
the NLR is significantly correlated with poor prognosis
in stroke patients. In our results, the pooled ORs of

higher NLR for poor functional outcome in acute ische-
mic and hemorrhagic patients were 1.689 (95% CI =
1.184–2.409, p < 0.001) and 1.125 (95% CI = 1.022–
1.239, p < 0.001), respectively, and the overall pooled
OR after acute stroke was 1.257 (95% CI = 1.146–1.379,
p < 0.001). Moreover, significant D (pooled OR: I2 =
86.9%, p < 0.001; ischemia OR: I2 = 89.60%, p < 0.001;
hemorrhage OR: I2 = 82.10%, p < 0.001) due to few
studies.
Heterogeneity was found in our meta-analysis of poor

functional outcomes. This heterogeneity was probably
partially created by geographic area (divided by China or
not China), statistical methods, sample size, study de-
sign, and stroke type. To determine the source of het-
erogeneity in this meta-analysis, we used the methods
described above. The subgroup analysis results and co-
variate analysis (Table supplement 1) demonstrated that
the predictive value of NLR was not dependent on the
factors listed above. Moreover, in the sensitivity analysis
(Fig. 3), after omitting Giede-Jeppe et al. [22] or Goyal
et al. [25], our results were relatively stable according to
the funnel plot and Egger’s test (Fig. 5). The etiology of
stroke and treatment modality of Giede-Jeppe et al. and
Goyal et al. are part of the source of heterogeneity. The
etiology of stroke and treatment modality in other arti-
cles in the study are not completely consistent, and
some articles do not report treatment methods, which
the heterogeneity is also non-negligible. Of course, this
needs further study.
Although all blood samples were obtained within 24 h

of admission, 7 studies took blood samples within 24 h

Fig. 6 Filled funnel plot for detecting publication bias

Wan et al. Chinese Neurosurgical Journal            (2020) 6:22 Page 7 of 10



of stroke onset, and 3 of the studies were within 1 week
of stroke onset. Three studies did not mention this,
which may have been the source of heterogeneity be-
tween the studies. Because the inclusion criteria across
studies were different, 5 articles, including Maestrini
et al., Malhotra et al., Goyal et al., Lattanzi et al., and
Sun et al., did not involve the effects of leukaemia, in-
flammation, immunosuppression, etc., which may have
overestimated the prognostic value of the NLR for stroke
patients. In the course of stroke, after the death of brain
cells, inflammatory cells will accumulate in damaged
parts. The initial inflammatory cells will secrete cyto-
kines, which in turn promote the inflammatory response.
This cycle causes cytokine storm, causing brain cell sec-
ondary damage. Lymphocytes increased after a few days.
At this time, the ratio of neutrophil lymphocytes can
well reflect the trend of inflammation after stroke and
eliminate the heterogeneity caused by the number of im-
mune cells in some individuals. Therefore, the strong in-
flammatory response in the early stage after stroke will
have a negative impact on the prognosis of stroke.
We rated all articles according to the NOS standard,

and the result was that all the included articles were
high quality (NOS > 6 points). On the one hand, some
conference papers did not provide data; therefore, there
were fewer included documents, and positive results
were more likely to be published. These are the main
reasons for publication bias, so we need more well-
designed research to further clarify this issue. Overall,
this suggested that publication bias was the primary
source of heterogeneity.
Because publication bias was the main source of het-

erogeneity, the filled funnel plot (Fig. 6) was performed
in this study. The filled pooled OR was 0.093 (95% CI,
0.006–0.191, p = 0.064), and the original pooled OR was
1.257 (95% CI, 1.146–1.379, p < 0.001); the outcome was
reversed. Therefore, the result is not very stable. Finally,
due to the limitations in the details of each research de-
sign, these studies included in the meta-analysis may
have the risk of uncertainty bias.

Limitations
There were several limitations to our study. First, the
meta-analysis was based on a limited number of studies.
Although we included 13 studies, of these studies, seven
were ischemic stroke studies, and 6 were hemorrhagic
stroke studies, although cerebral hemorrhage studies
and cerebral ischemia studies were not statistically het-
erogeneous sources. Second, because of the lack of ad-
equate clinical data, we were unable to present a
subgroup analysis based on baseline characteristics. In
addition, most of the included studies were from Asia
(and most were from China), and the overall conclusions
should be treated with caution.

Conclusions
This meta-analysis demonstrates that, for patients with
stroke, a higher NLR was associated with poor functional
outcome at 3 months, but the relationship with death at
3 months cannot be concluded. This ready-made and
cheap marker may be a useful tool in clinical work,
which may be helpful for predicting poor functional out-
come at 3 months.
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