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Background: Neutrophil/lymphocyte ratio (NLR) has been associated with poor outcomes in patients with
cardiovascular diseases. However, little is known about the role of NLR in patients with thromboembolic
stroke due to atrial fibrillation (AF). We aimed to compare the NLR ratios between non-valvular AF patients
with or without thromboembolic stroke.
Methods: A total of 126 non-valvular AF patients with or without stroke were included in the study; 126 con-
secutive patients (52 males and 74 females), mean age, 70±10.2 years old. No patient had a recent history of
an acute infection or an inflammatory disease. Baseline NLR was measured by dividing neutrophil count to
lymphocyte count. WBC count>12.000 cells per μL or b4.000 cells per μL and high body temperature>38 º
are excluded from the study.
Results: Mean NLR was significantly higher among persons with stroke compared to individuals without a

stroke (5.6±3.4 vs. 3.1±2.1, p=0.001). There were no significant differences in RDW levels between the
two groups (p>0.05). HAS-BLED and CHADS2 scores were significantly higher in the stroke group.
Conclusion: Higher NLR, an emerging marker of inflammation, is associated with thromboembolic stroke in
non-valvular AF patients.
© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia
and increases the risk of stroke and death. The prevalence of AF
increases due to the ageing of the population. CHADS2 (Congestive
heart failure, Hypertension, Age≥75 years, Diabetes mellitus,
Stroke) and CHA2DS2-VASc (Congestive heart failure, Hypertension,
Age≥75 years, Diabetes mellitus, Stroke, Vascular disease, Age
65–74 years, Sex category) scores have been developed to optimize
stroke risk stratification and antithrombotic treatment. Warfarin is
the first-line treatment for stroke prevention in patients with AF
[1,2].

Biomarkers have been investigated for improving stroke prediction
in AF beyond clinical scores. Mean platelet volume (MPV) has been
reported as a predictive marker for stroke in patients with AF [3]. Also,
troponin I and NT-proBNP have been showed independently related
to increased risks of stroke in patients with AF [4]. However, some
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studies have revealed a relationship between inflammatory biomarker
blood levels and thromboembolic stroke [5]. However, little is known
about the role of NLR in patients with thromboembolic stroke due to
non-valvular AF. The aim of this studywas to determine the association
between neutrophil/lymphocyte ratio (NLR) and thromboembolic
stroke in patients with non-valvular AF.

2. Methods

2.1. Patient selection

We retrospectively analyzed 126 consecutive non-valvular AF
patients (mean age, 70±10.2 years; 52 male and 74 female) with or
without thromboembolic stroke. A normal sinus rhythm group was
taken in order to serve as a reference point for the comparison with AF
group (24 patients, mean age, 38±7 years; 14 male and 10 female)
with AF. Patients were classified for stroke risk by using CHADS2 score
and for bleeding risk by using HAS-BLED score [6,7]. No patient had a
recent history of an acute infection or an inflammatory disease. Patients
with renal failure, concomitant valvular disease, cardiomyopathy,
previous thromboembolismandprevious cardiac surgerywere excluded.
Baseline characteristics of patients are presented in Table 1.
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Table 1
Baseline characteristics of patients.

Group-1
Control
Sinus rhythm
n: 24

Group-2
AF (+)
Stroke (−)
n: 87

Group-3
AF (+)
Stroke (+)
n: 39

p

Age, years 38±7 69±11 71±9.5 0.001⁎

0.394⁎⁎

Gender (%/%—male/female) 58/42 44/56 36/63 0.183⁎

Diabetes mellitus
n (%)

– 15 (17) 8 (20) 0.66

Hypertension
n (%)

– 56 (65) 36 (94) 0.001

Coronary artery disease
n (%)

– 64 (74) 22 (56) 0.056

Current smoker
n (%)

– 4 (4) 4 (10) 0.29

Hyperlipidemia
n (%)

– 17 (19) 26 (66) b0.001

Systolic blood pressure
(mm Hg)

120±5 127±9 145±27 0.01⁎⁎

Diastolic blood pressure
(mm Hg)

80±5 77±11 82±10 0.167⁎⁎

CHADS2 – 1.46±0.7 3.56±0.7 b0.001
HAS-BLED – 1.35±0.7 3.36±1.1 b0.001
Warfarin
n (%)

– 50 (58) 29(74) 0.108

Aspirin
n (%)

– 50 (58) 19 (51) 0.462

Betablocker
n (%)

– 52 (60) 13(33) 0.008

Clopidogrel
n (%)

– 6 (7) 4(12) 0.420

Digoxin
n (%)

– 20 (23) 7 (17) 0.484

ACE-I
n (%)

– 35 (34) 18 (48) 0.167

LVEF (%) 58±4 53±11 57±9 0.134⁎

Left atrium dimension (mm) 35±4 47±6 46±6 0.001⁎⁎

0.586⁎

Data are presented as numbers (%) or mean±SD and percentage. AF: Atrial fibrillation,
ACE-I: Angiotensin converting enzyme inhibitors, LVEF: Left ventricular ejection
fraction.
⁎ P-value among the groups, Anova.

⁎⁎ P-value between groups 2–3, Student-t.
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2.2. Echocardiographic assessment

Transthoracic 2-dimensional and Doppler echocardiographic assess-
ment was performed by Philips HD11 XE with a 2.5 MHz phased-array
transducer (Philips Medical Systems, Andover, MA, USA). Measure-
ments of the left atrium, left ventricle and right ventricle were obtained
from parasternal long axis view according to standard criteria. Left
ventricular ejection fraction (LVEF) was calculated using the modified
Simpson's rule in the 2- and 4-chamber apical views [8].
Table 2
Comparison of laboratory parameters among patients with or without stroke.

Control group
Sinus rhythm
n: 24

AF(+)
Stroke(−)
n: 87

AF(+)
Stroke(+)
n: 39

p

Hemoglobin (gr/dL) 14±1.7 13±1.4 13±1.6 0.037
Platelets (103/mm3) 258±54 232±55 240±82 0.259
White blood cell count (×109/L) 7.0±1.4 7.8±1.8 8.6±2.8 0.014
NLR 2.05±0.9 3.1±2.1 5.6±3.4 0.001
RDW 13.2±0.9 14.3±1.8 14.1±1.7 0.027

Results are expressed as mean±SD. AF: Atrial fibrillation, NLR: Neutrophil/lymphocyte
ratio, RDW: Red blood cell distribution width.
2.3. Blood samples

The blood samples were taken at admission. Fasting blood samples
were drawn from a large antecubital vein of each patient for determina-
tion of biochemical and haemostatic parameters. The tubes with EDTA
were used for automatic blood count. The blood counts were measured
on a Sysmex XT-1800i Hematology Analyzer (Sysmex Corporation,
Kobe, Japan). Total cholesterol, low-density lipoprotein (LDL) cholester-
ol, albumin, creatinine levels and sedimentation rate was measured
conventional methods. Baseline NLRwas measured by dividing neutro-
phil count to lymphocyte count.White blood cell (WBC) count>12.000
cells per μL or b4.000 cells per μL and high body temperature>38 º are
excluded from the study.
2.4. Statistical analysis

The statistical analyses were performed using software (SPSS 15.0,
SPSS Inc., Chicago, IL). Parametric valueswere given asmean±standard
deviation and non-parametric values were given as percentage. To
compare parametric continuous variables, Student's t-test or analysis
of variance was used; to compare nonparametric continuous variables,
the Mann–Whitney U-test or the Kruskall–Wallis test was used.
Categorical data were compared by Chi-square distribution. Forward
stepwisemultivariate logistic regressionmodels were created to identi-
fy independent predictors of stroke. Two-tailed P-values of less than
0.05 were considered to indicate statistical significance.

2.5. Ethical considerations

The studywas conducted in accordancewith Declaration of Helsinki
and approved by institutional ethics committee. All patients and
controls gave informed consent prior to entry into this study.

3. Results

3.1. Sample characteristics

There were no significant differences among patients with or with-
out stroke in terms of gender, age, coronary artery disease, diabetes
mellitus, smoking. The mean age of the study population was 70±
10.2 years. LVEF and left atrium dimensions were similar between the
2 groups (Table 1). CHADS2 and HAS-BLED scores were significantly
higher in the stroke group (pb0.001).Warfarin usage rateswere similar
in AF patients with or without stroke (p=0.108).

3.2. The relationship between NLR and thromboembolic stroke

The patients with stroke showed significantly increased mean
values for white blood cell (WBC) counts and NLR values (8.6±2.8
vs. 7.8±1.8, p=0.014; 5.6±3.4 vs. 3.1±2.1, p=0.001, respectively).
There weren't any significant differences between stroke or without
stroke group in RDW levels (p>0.05), but RDW levels in the AF
group were significantly higher than in the control group (p=
0.027). Comparisons of laboratory parameters among patients with
or without stroke are shown in Table 2.

The study population was divided into tertiles based on admission
NLR values. A high NLR (n=42) was defined as a value third tertile
(>3.17), and as a low NLR (n=84) was defined as a value in lower
two tertiles (≤3.17). Stroke rate and CHADS2 scores were significantly
higher in the high NLR (>3.17) group than the low (≤3.17) group.
Baseline characteristics of NLR groups are presented in Table 3.

3.3. Univariable and multivariable predictors

Variables found to be statistically significant in univariate analyses
were entered into multivariate logistic regression analysis. In multivar-
iate analysis, hypertension, hyperlipidemia and NLR>3.17 were



Table 3
Baseline characteristics of NLR groups.

NLR≤3.17
n=84

NLR>3.17
N=42

p

Age, years 59.1±17 72.7±9 b0.001
Hypertension 44 (53) 32 (78) 0.006
Diabetes mellitus 11 (13) 8 (19) 0.379
Hyperlipidemia 22 (27) 15 (35) 0.3
Coronary artery disease 21 (25) 12 (28) 0.6
Stroke 20 (23) 19 (45) 0.014
CHADS2 1.5±1.3 2.4±1.3 0.001
Warfarin 43 (53) 21 (50) 0.7
Aspirin 30 (36) 25 (61) 0.008
LVEF (%) 56.7±9.6 53.3±11.4 0.153
Left atrium dimension (mm) 46.1±5.6 46.6±6.4 0.76

Results are expressed as mean±SD and percentage. LVEF: Left ventricular ejection
fraction, NLR: Neutrophil/lymphocyte ratio.
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independent correlates of the presence of stroke (Table 4). Using step-
wise multivariate Cox proportional hazards regression analyses, NLR
was a significant independent predictor of stroke (hazard ratio 3.0,
%95 CI 1.0–8.5, p=0.03).

4. Discussion

WBC count and its subtypes have been found as markers of inflam-
mation in cardiovascular disease [9]. Also, NLR has been shown as an in-
dicator of systemic inflammation [10]. In an acute setting, lymphopenia
is a common finding during a stress response second to increased levels
of corticosteroids [11]. Lymphopenia is observed in inflammatory states
due to increased lymphocytes apoptosis [12]. Lymphopenia has been
found to be related with mortality after ST-segment elevation myocar-
dial infarction [13]. In addition, the NLR has been associated with
long-term mortality in patients with ST-segment elevation myocardial
infarction and acute decompensated heart failure [14,15]. There is an
established relation between NLR and poor outcomes in patients with
cardiovascular diseases.

In another report, patients with cardioembolic strokes have showed
significantly higher immuno-inflammatory activation compared to
other subtypes of ischemic stroke [5]. Inflammation plays a key role at
multiple stages in AF. Inflammation is an important factor related to
the initiation and maintenance of AF [16–18]. The abnormal inflamma-
tory state may cause a prothrombotic state in AF which can lead to a
thromboembolism [19]. With the growing understanding of the role
of inflammation in the AF, studies have focused on C-reactive protein
and other inflammatory markers for the evaluation of risk of stroke in
patients with AF [20]. Lip et al. have revealed that CRP was positively
correlated to stroke risk in patientswith AF [20]. Pinto et al. investigated
the occurrence of stroke in patients with chronic non-valvular AF,
evaluating the relationship between plasma levels of inflammatory
markers. After 3 year follow up, baseline plasma levels of interleukin-6,
TNF-alpha (tumor necrosis factor-alpha), vWF (von Willebrand Factor)
Table 4
Independent predictors of stroke in multivariate logistic regression analysis.

Variables Univariate OR
(95% CI)

P-value Multivariate OR
(95% CI)

P-value

Age, years – 0.001 – 0.2
Coronary artery
disease

3.4 (1.4–7.8) 0.004 – 0.4

Hypertension 20.7 (4.7–91.5) b0.001 5.9 (1,2–29,5) 0.02
Hyperlipidemia 12.5 (5.0–30.8) b0.001 7.2 (2.5–20.2) b0.001
NLR>3.17 1.3 (1.0–1.5) 0.003 3.0 (1.0–8.5) 0.03
Warfarin 0.2 (0.1–0.5) 0.001 3.3 (1.1–9.7) 0.03
Statin 3.8 (1.5–9.8) 0.005 – 0.1

NLR: Neutrophil/lymphocyte ratio.
were predictors of new-onset ischaemic stroke in patients with chronic
non-valvuler AF [21]. Also, other cardiac biomarkers such as troponin I
and NT-proBNP have predicted stroke risk in patients with AF [4].

Little is known, however, about the association of NLR levels with
thromboembolic stroke in patients with non-valvular AF. We demon-
strated that the NLR is an independent predictor of thromboembolic
stroke in patients with non-valvular AF. To the best our knowledge,
this is the first report showing that NLR is associated with thromboem-
bolic stroke in patients with non-valvular AF.

Inflammatory markers might improve stroke prediction in AF
beyond clinical scores such as CHADS2 and CHA2DS2-VASc. In the pres-
ent study, CHADS2 scores were also significantly higher in the high NLR
group. In the light of our data, anticoagulation may be needed in
patients with high NLR levels. It is not well known at present whether
reductions of inflammatory markers would have a beneficial effect on
the clinical incidence of thromboembolic stroke in patients with AF. It
is reasonable that the prevention of thromboembolism in patients
with high NLR levels might be improved by the use of antiinflammatory
agents.

4.1. Limitations of the study

Number of patients who were included in the study was a limita-
tion of our study. Our analysis is cross-sectional observational in na-
ture and prospective data regarding the NLR and thromboembolic
stroke are awaited. And also we did not look leukocyte and lympho-
cyte subtypes.

5. Conclusion

In summary, NLR is an inexpensive inflammatory marker that is
associated with thromboembolic stroke in patients with non-valvular
AF. We hope this study will stimulate a prospective investigation
about the relationship between NLR and thromboembolic stroke in AF.
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