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Background: Inflammation plays a role in
the pathogenesis of carotid atherosclerosis.
Although previous data demonstrated an
association between inflammatory biomark-
ers and stroke, there is no publication re-
porting the relation of neutrophil to lym-
phocyte (N/L) ratio with ischemic stroke.
We aimed to analyze the predictive abil-
ity of N/L ratio in acute ischemic cere-
brovascular disease. Methods: A total of
190 patients including 70 patients with
first-ever atherothrombotic acute ischemic
stroke (AAIS), 50 patients with transient
ischemic attack, and 70 healthy subjects
were enrolled in this study. We analyzed
the values of white blood cell (WBC),
N/L ratio, C-reactive protein (CRP), gamma-
glutamyltransferase (GGT), homocysteine
(HCY), mean platelet volume (MPV) in
patients with ischemic group and com-
pared those with control individuals.
Results: WBC, CRP, HCY, N/L ratio were

found to increase significantly in AAIS pa-
tients than the controls (P < 0.001). With
respect to mortality, there were no signifi-
cant differences between the values of CRP,
GGT, HCY, and MPV in patients with AAIS.
However, WBC and N/L ratio values were
found to increase significantly in dead pa-
tients (P = 0.024 and P = 0.029, respec-
tively). A comparison of receiver operat-
ing characteristic curves among WBC, CRP,
GGT, HCY, MPV, and N/L ratio variables
was made. No significant differences were
obtained between area under curve values
(P > 0.05). A cut-off value of 4.1 for N/L
ratio was detected in predicting mortality
with a sensitivity of 66.7% and a specificity
of 74.1% (κ = 0.299, P = 0.006). Conclu-
sions: These findings support the role of N/L
ratio as a simple inexpensive and readily
available marker of prognosis in acute is-
chemic stroke. J. Clin. Lab. Anal. 28:27–31,
2014. C© 2013 Wiley Periodicals, Inc.
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INTRODUCTION

An increasing body of evidence has linked inflamma-
tion with the pathogenesis of atherothrombotic stroke.
Ischemic brain injury secondary to an arterial occlusion,
which is characterized by acute local inflammation and
changes in levels of inflammatory cytokines in body flu-
ids of human patients, was demonstrated in the earlier
studies (1,2). To the present, only few prospective studies
examined the association between white blood cell (WBC)
count and incidence of stroke (3–6).

Blood neutrophil to lymphocyte (N/L) ratio is a simple
marker of subclinical inflammation that can be easily ob-
tained from the differential WBC count. The N/L ratio
has recently emerged as a prognostic marker in patients
with cancer and coronary artery disease (7,8). This marker
has not yet been studied in ischemic stroke patients. In the

present study, we aimed to analyze the predictive ability
of N/L ratio in acute ischemic cerebrovascular disease
against established risk factors.
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METHODS

Study Population

This study was performed between January 2010 and
December 2011 in the department of neurology in Kayseri
Training and Research Hospital. A total of 190 patients in-
cluding 70 patients with first-ever atherothrombotic acute
ischemic stroke (AAIS), 50 patients with transient is-
chemic attack (TIA), and 70 healthy subjects were enrolled
in this study. The inclusion criteria of AAIS were based on
the clinical evaluation (a focal neurological deficit of sud-
den onset that persisted beyond 24 hr) and magnetic reso-
nance imaging (MRI) indicating the presence of anterior
circulation infarction (9). TIA was defined as complete
disappearance of signs and symptoms within 24 hr with
negative finding on diffusion-weighted MRI. All patients
were screened according to a strict protocol consisting
of a complete medical history, neurological examination,
routine hematological and biochemical analysis on admis-
sion blood work, cerebral MRI and magnetic resonance
angiography (MRA) performed in all cases within 24 hr
from event, duplex scanning of the carotid arteries, and
a cardiac analysis that included standard 12-lead ECG
and transthoracic echocardiography and, if indicated, 24-
hr ECG monitoring in order to exclude possible cardiac
source of cerebral embolism. To avoid confounding fac-
tors, we excluded patients younger than 18 years, with his-
tory of recent clinical infection; concurrent major renal,
hepatic, cardiac, and cancerous disease; known immuno-
logic disease; surgery or major trauma in the previous
month; the use of anticonvulsants or anticoagulants; un-
controlled hypertension (elevated systolic blood pressure
of ≥140 mmHg and/or diastolic blood pressure of ≥90
mmHg, out of the acute phase, treated or not) (10) or
diabetes mellitus (level of glycosylated hemoglobin >8%)
(11), obvious signs and clinical evidence of acquired in-
hospital infection and pregnancy. For statistical analysis,
carotid ultrasound measurements were grouped into three
categories: absent, stenosis 0–50%, and 51% to occlusion
on the symptomatic side (12).

Informed consent was obtained from all patients in-
cluded. Our institutional ethical committee approved the
study. We were able to receive current information on all
included patients. Particular effort was made to assess the
presence of a 30-day mortality as measure of prognosis in
ischemic stroke group.

Statistical Analysis

Shapiro–Wilk’s test was used, histograms, q-q plots
were examined to check the data normality, and Lev-
ene’s test was used to test the variance homogeneity.
One-way analysis of variance and Kruskal–Wallis anal-
ysis followed by Tukey and Dunn’s post hoc tests were

used for the comparison of continuous variables and χ2

analysis for the comparison of categorical variables. Val-
ues are expressed as frequencies and percentages, mean ±
standard deviation or median and 25th–75th percentiles.
Receiver operating characteristic (ROC) curves were
drawn for the WBC, C-reactive protein (CRP), gamma-
glutamyltransferase (GGT), homocysteine (HCY), mean
platelet volume (MPV), and N/L variables. Area under
curve (AUC) was calculated with 95% CI for these vari-
ables and compared with each other. Cut-off values were
determined for each variable, statistical diagnostic mea-
sures were calculated with 95% CI, and Kappa test was
performed. P < 0.05 was considered statistically signif-
icant. MedCalc (Version 9.2.0.1) and SPSS 15.0 (SPSS
Inc., Chicago, IL, USA) softwares were used for statisti-
cal analysis.

RESULTS

Baseline characteristics of participants are summarized
in Table 1. The mean age in control subjects and TIA
group was 60 and 64 years, respectively, with no signif-
icant differences between the two groups. But in AAIS
patients, the mean age was 69 years, which was signifi-
cantly different from control group (P < 0.001). Men and
women were distributed equally in the TIA and AAIS
groups, but most patients were women in control group.
As shown in Table 1, carotid stenosis >50% was signifi-
cantly high in AAIS patients than control and TIA groups
(P < 0.001).

Baseline parameters of WBC, CRP, GGT, HCY, MPV,
N/L ratio, and lipids among the three groups are also
listed in Table 1. WBC, CRP, HCY, N/L were found to
increase significantly in AAIS patients than the controls
whereas the values were similar between TIA group and
control subjects except for N/L ratio (P < 0.001). No
significant differences in GGT, MPV, and lipid param-
eters were found between the study groups except that
high-density lipoprotein cholesterol level was detected to
decrease significantly in ischemic group (AAIS/TIA) as
compared to controls (P = 0.002).

The correlation between serum parameters and mor-
tality in AAIS group are presented in Table 2. There
were 12 deaths among the 70 cases of AAIS. Five pa-
tients died within 30 days (early mortality) whereas seven
of the deaths occurred after one month (late mortality).
There were no significant differences between the values of
CRP, GGT, HCY, and MPV in terms of mortality. How-
ever, WBC and N/L ratio values were found to increase
significantly in dead patients (P = 0.024 and P = 0.029,
respectively). The results were similar for early and late
mortality.

A plot for comparison of ROC curves among WBC,
CRP, GGT, HCY, MPV, and N/L ratio variables is shown
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TABLE 1. Baseline Characteristics and Parameters of Participants

Feature Controls (n = 70) TIA (n = 50) AAIS (n = 70) P

Age (years) 60.33 ± 10.23a 64.82 ± 15.93ab 69.53 ± 13.42b <0.001
Sex (male/female) 20/50 24/26 33/37 0.037
Carotid stenosis

Absent (n, %) 48 (53.9) 20 (22.5) 21 (23.6) <0.001
≤50% (n, %) 19 (23.2) 28 (34.1) 35 (42.7)
>50% (n, %) 3 (15.8) 2 (10.5) 14 (73.7)

Parameters
WBC (103/μl) 6.50 (5.70–7.70)a 6.75 (5.60–8.70)ab 7.60 (6.40–10.50)b 0.006
CRP (mg/l) 3.30 (3.30–4.90)a 3.60 (3.50–10.00)a 5.00 (3.40–10.30)b <0.001
GGT (IU/l) 22.00 (17.00–29.00) 20.00 (16.00–30.00) 22.50 (15.00–36.00) 0.688
HCY (μmol/l) 13.70 (11.40–17.20)a 16.20 (13.20–19.80)ab 18.00 (13.40–24.00)b <0.001
MPV (fL) 10.21 ± 1.12a 9.31 ± 1.30b 9.77 ± 1.16ab <0.001
TG (mg/dl) 135.00 (112.00–205.00) 144.50 (109.00–198.00) 137.50 (107.00–200.00) 0.913
TC (mg/dl) 208.50 (185.00–231.00)a 195.00 (173.00–217.00)ab 189.50 (169.00–210.00)b 0.010
HDL-C (mg/dl) 46.00 (41.00–51.00)a 41.50 (36.00–48.00)b 40.00 (36.00–49.00)b 0.002
LDL-C (mg/dl) 128.50 (109.00–157.00) 119.50 (103.00–142.00) 117.00 (102.00–142.00) 0.103
N/L 1.85 (1.50–2.30)a 2.30 (1.60–3.10)b 3.30 (2.30–4.80)c <0.001

Values are expressed as n (%), mean ± SD, or median (25th and 75th percentiles). Different subscripts in a row indicate statistically significance
difference. WBC, white blood cells; CRP, C-reactive protein; GGT, gamma-glutamyltransferase; HCY, homocysteine; MPV, mean platelet volume;
N/L, neutrophil to lymphocyte ratio; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol.

in Figure 1A. AUC values were found as 0.73 (0.61–0.83),
0.65 (0.53–0.76), 0.56 (0.43–0.68), 0.73 (0.61–0.83), 0.62
(0.50–0.74), 0.74 (0.62–0.84), respectively, and there was
not any significant difference between any two AUC val-
ues (P > 0.05). However, an additional analysis was made
to determine the optimal cut-off value for N/L ratio in
Figure 1b. A cut-off value of 4.1 for N/L ratio was ob-
tained to predict mortality with a sensitivity of 66.7% and
a specificity of 74.1% as shown in Table 3 (κ = 0.299, P =
0.006).

DISCUSSION

The main finding of our study relates to the identifi-
cation of N/L ratio as a novel noninvasive marker of
prognosis in patients with AAIS. Our results demonstrate
that: (a) N/L ratio is higher in patients with AAIS com-
pared with TIA and control subjects, (b) a cut-off value

of 4.1 for this ratio can be used to predict mortality in
patients with AAIS.

Unlike many other noninvasive markers of AAIS, N/L
ratio can be easily calculated from the differential WBC
count, which is routinely performed on admission and is
universally available. The Asian study has newly reported
that N/L ratio is an indicator of the overall inflammatory
status of the body (13). Inflammation plays a fundamental
role in the development and progression of atherosclerosis
(14). Previous data have suggested a role for leukocytes
in chronic atherosclerosis (15). It has been reported that
leukocytes participate in the formation of atheromas, even
in the earliest stage of the disease process (16). There is
evidence that leukocytosis may also participate in plaque
destabilization, thereby inducing acute thrombotic events
(17, 18). Thus, leukocytosis has been suggested as a risk
factor for stroke and its subtypes (6). However, there is no
publication studying the relation of N/L ratio with acute
ischemic cerebrovascular disease.

TABLE 2. Correlation Between Serum Parameters and Mortality in AAIS Group

Parameters Absent (n = 58) Early mortality (n = 5) Late mortality (n = 7) P

WBC (103/μl) 7.15 (6.10–9.70)a 7.80 (7.50–9.10)ab 11.50 (7.70–15.10)b 0.024
CRP (mg/l) 4.75 (3.40–9.80) 10.30 (8.60–14.50) 4.70 (4.30–9.50) 0.095
GGT (IU/l) 23.00 (15.00–36.00) 13.00 (11.00–32.00) 20.00 (15.00–50.00) 0.569
HCY (μmol/l) 17.05 (13.10–23.40)a 25.10 (18.80–32.30)b 22.30 (20.40–27.10)ab 0.041
MPV (fL) 9.70 (9.00–10.50) 10.10 (8.50–10.10) 10.40 (9.90–10.90) 0.171
N/L 3.15 (2.20–4.10)a 5.30 (4.20–5.60)b 5.90 (2.70–10.00)b 0.029

Values are expressed as n (%), mean ± SD, or median (25th and 75th percentiles). Different subscripts in a row indicate statistically significance
difference.
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Fig. 1. (A) A plot for comparison of ROC curves among WBC, CRP, GGT, HCY, MPV, and N/L variables. AUC values were 0.73 (0.61–0.83),
0.65 (0.53–0.76), 0.56 (0.43–0.68), 0.73 (0.61–0.83), 0.62 (0.50–0.74), 0.74 (0.62–0.84), respectively, and there were not any significant difference
between any two AUC values (P > 0.05). (B) A plot to show the determination of the optimal cut-off value for N/L.

In recent years, N/L ratio has been validated as a
predictor of outcome in multiple studies in patients with
colorectal cancer and coronary artery disease (7, 8).
Walsh et al. examined 230 patients diagnosed with
colorectal cancer over a two-year period and found a
positive correlation of preoperative N/L ratio with poor
prognosis in these patients (7). Likewise, Azab et al. men-
tioned that N/L ratio is the strongest WBC predictor of
adverse outcomes in stable and unstable coronary artery
syndromes (19). They also concluded that N/L ratio is an
independent predictor of short- and long-term mortalities
in patients with non-ST-segment elevation myocardial
infarction. In another study, Tamhane et al. studied
2,833 patients admitted with diagnosis of acute coronary
syndrome and found that admission N/L ratio was an
independent predictor of in-hospital and six-month mor-
tality (8). We similarly found this ratio higher in patients
with AAIS as compared to TIA and control subjects
maybe due to the similar pathogenetic mechanisms of
vascular ischemic origin with coronary syndromes. In our
study, there were 12 deaths among 70 stroke patients in

which the causes were found to be related to the type of
central lesions such as stroke volume and/or localization.
We observed that only WBC and N/L ratio were found
to increase significantly in dead subjects, having similar
results in both early and late mortality group, among the
other popular biomarkers of inflammation such as CRP,
GGT, HCY, and MPV. The possible mechanism is that,
these biomarkers—particularly WBC and N/L ratio—
may be involved in the pathogenesis of atherothrombotic
stroke resulting in a greater inflammatory response. An
additional analysis was made to determine a cut-off
value of 4.1 for N/L ratio, which might be used as a
predictive biomarker for worse outcome after AAIS
beyond conventional clinical parameters.

This study has some potential limitations. First, the
sample size is relatively small mainly due to the fact
that the participants were selected from single institute
only via strict exclusion criteria. Second, we used a single
WBC measurement to predict mortality; multiple mea-
surements over time and changes in those measurements
may provide a more accurate mechanism for predicting

TABLE 3. Statistical Diagnostic Measures for the Determined Cut-Off Values of Serum Parameters in the Detection of Mortality

Diagnosing measures Kappa test

Variables SEN (95% CI) SPE (95% CI) PPR (95% CI) NPR (95% CI) AR (95% CI) κ P

WBC (>7.4 × 103/μl) 83.3 (51.6–97.9) 55.2 (41.6–68.3) 27.8 (14.2–45.2) 94.1 (80.3–99.3) 60.0 (47.6–71.5) 0.215 0.015
CRP (>4.2 mg/l) 91.7 (61.5–99.8) 46.6 (33.3–60.1) 26.2 (13.9–42.0) 96.4 (81.7–99.9) 54.3 (41.9–66.3) 0.192 0.014
GGT (>13 IU/l) 66.7 (34.9–90.1) 13.8 (0.06–25.4) 13.8 (0.06–0.25) 66.7 (34.9–90.1) 22.9 (13.7–34.5) –0.078 0.102
HCY (18.7 μmol/l) 83.3 (51.6–97.9) 62.1 (48.4–74.5) 31.3 (16.1–50.0) 94.7 (82.3–99.4) 65.7 (53.4–76.7) 0.273 0.004
MPV (10 fL) 66.7 (34.9–90.1) 63.8 (50.1–76.0) 27.6 (12.7–47.2) 90.2 (76.9–97.3) 64.3 (51.9–75.4) 0.195 0.051
N/L (>4.1) 66.7 (34.9–90.1) 74.1 (61.0–84.7) 34.8 (16.4–57.3) 91.5 (79.6–97.6) 72.9 (60.9–82.8) 0.299 0.006

SEN, sensitivity; SPE, specifity; PPR, positive predictive rate; NPR, negative predictive rate; AR, accuracy rate.
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mortality. Third, the data were obtained in an elderly
group, and this may limit the applicability of the results
to younger men and women. Fourth, we were not able to
use clinical scales due to patient incompliance associated
with the sociocultural level.

In conclusion, despite the methodological limitations,
the present study is the first to show, in a prospective
design, a positive association of N/L ratio with clinical
outcome in first-ever acute ischemic stroke. Further stud-
ies in larger cohorts are needed for the verification of these
findings to better define the role of N/L ratio in evaluat-
ing risk stratification as well as recurrence in patients with
acute ischemic cerebrovascular disease.
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