
Background: Non-arteritic anterior ischemic optic 
neuropathy (NAION) is the most common acute optic 
neuropathy in patients over the age of 50 and is the 
second most common cause of permanent optic nerve-
related visual loss in adults after glaucoma. Although 
the precise cause of NAION remains elusive, the etiol-
ogy of NAION is believed to be multifactorial.
Aims: To evaluate the utility of neutrophil-to-lym-
phocyte ratio (NLR) as a simple and readily available 
prognostic factor for clinical disease activity in patients 
with NAION.
Study Design: Case-control study.
Methods: Forty-five patients with the diagnosis of 
NAION and 50 age- and sex-matched controls with/
without any systemic or ocular diseases except cataract 
were retrospectively enrolled in the study. Demograph-
ic characteristics and laboratory findings including 
complete blood count of all patients and control sub-
jects were obtained from the electronic medical record. 

The neutrophil and lymphocyte counts were recorded 
and the NLR was calculated. 
Results: White blood cell, neutrophil, NLR and platelet 
values of the NAION patients were significantly higher 
than those of the controls (p<0.001, p<0.001, p=0.004, 
p=0.037, respectively). Initial NLR values were nega-
tively correlated with initial and the third month best 
corrected visual acuity levels in the study group. The 
optimum NLR cut-off point for NAION was 1.94.
Conclusion: NLR could be considered as a new inflam-
matory marker for assessment of the severity of inflam-
mation in NAION patients with its quick, cheap, easily 
measurable property with routine complete blood count 
analysis.
Keywords: Disease severity, marker, neutrophil-to-
lymphocyte ratio, non-arteritic anterior ischemic optic 
neuropathy
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Non-arteritic anterior ischemic optic neuropathy (NAION) is 
one of the most common causes of sudden, painless and perma-
nent vision loss in the middle-aged and elderly population. The 
pathogenesis of this condition is unknown but acute ischemia 
of the optic nerve head is generally accepted in the pathogen-
esis of NAION (1,2). Systemic diseases such as diabetes mel-
litus (DM), hypertension, nocturnal arterial hypotension, isch-
emic heart disease, cerebrovascular events and atherosclerosis 
constitute the main risk factors for circulatory insufficiency. 
Also, some mechanical and genetic factors such as the small 

size of the optic nerve head may predispose the development 
of NAION. Therefore, NAION is a multifactorial disease and 
many risk factors play roles in its development (3-5).

White blood cells (WBC) and its subtypes are used as in-
flammatory markers in a variety of inflammatory conditions, 
in particular cardiovascular disorders. It has been shown that 
increased neutrophil count is related to areas of ischemic in-
jury (6-8). Furthermore, there are studies showing that there 
is a chronic low grade inflammation in DM (9), hypertension 
(10), metabolic syndrome (11), and obesity (12).



The neutrophil-to-lymphocyte ratio (NLR) was found to be 
a useful inflammatory marker with other inflammatory mark-
ers in various diseases (13-15). Neutrophil-mediated cellular 
inflammation has been shown to play a role in the early period 
of NAION (16,17). 

To the best of our knowledge, NLR values have not been 
previously investigated in NAION. This retrospective study 
was conducted to assess the relationship between NAION and 
inflammation by using NLR and to investigate whether NLR 
can be used as a prognostic factor in NAION.

MATERIALS AND METHODS

The current study included 45 patients diagnosed with 
NAION between April 2008 and October 2013 and 50 age- 
and gender-matched patients in the control group with/without 
any systemic disease and from whom a complete blood count 
(CBC) was obtained during routine preoperative laboratory 
examination for cataract surgery. Subjects with NAION were 
subdivided into two groups: 1. subjects without any systemic 
disease, and 2. subjects with DM and/or hypertension. The 
control group was similarly subdivided into two groups: 1. 
subjects without any systemic disease, and 2. subjects with 
DM and/or hypertension without any finding of retinopathy. 
Baseline characteristics of all patients obtained from the elec-
tronic medical record included age, gender, ocular findings, 
systemic diseases and drug history and laboratory findings. 
The institutional review board approved the study.

Diagnosis of NAION was made in patients who presented 
with sudden vision loss after ocular, fundoscopic and labo-
ratory examination. Best corrected visual acuity (BCVA) 
measured by Snellen chart at the initial examination was re-
corded. The patients were classified into four groups accord-
ing to initial BCVA levels. Patients with BCVA less than 0.03 
composed Group 1, between 0.05 and 0.1 formed Group 2, 
between 0.2 and 0.4 composed Group 3 and ≥0.5 composed 
Group 4. Normal ocular examination had been performed. Vi-
sual field testing was performed by Humphrey field analyzer 
with a full-threshold strategy of 30-2, and optic disc scanning 
using the optical coherence tomography and laboratory testing 
were carried out to support the diagnosis. Diagnostic criteria 
for NAION were the presence of sudden and painless visual 
loss, complete or incomplete optic disk edema, altitudinal de-
fect in visual field test and normal serum erythrocyte sedimen-
tation rate (ESR) and C-reactive protein (CRP) levels. Differ-
entiation from giant cell arteritis was achieved due to normal 
levels of ESR and CRP, and the absence of complaints such as 
weight loss, temporal artery tenderness, and jaw claudication. 
Biopsy of the temporal artery was only performed if giant cell 

arteritis was suspected (18). Visual acuity at the third month 
was also recorded. 

Patients were excluded from the study in the presence of 
chronic heart or liver disease, coronary artery disease, or a his-
tory of malignancy. Subjects using anticoagulant or antiplate-
let agents, subjects in whom initial laboratory testing had not 
been performed within the 10 days following visual loss were 
excluded from the study. Additionally, patients with ocular pa-
thologies like corneal scarring, retinal diseases, cataract or am-
blyopia that could affect BCVA were not included in the study.

Biochemical and hematological analyses
In our clinic, CBC, ESR, CRP, level of fasting glucose, liver 

and renal function tests and lipid profile are routinely evalu-
ated in subjects with the suspect of NAION. Blood samples 
were taken at the time of NAION diagnosis and drawn into 
vacutainer tubes containing dipotassium ethylenediaminetet-
raacetic acid (EDTA). The hematological measurements were 
obtained by using an automated blood cell counter (Beckman-
Coulter LH 780 Analyzer, Miami, Florida, USA). WBC, neu-
trophil, lymphocyte, monocyte, hemoglobin, platelet, and 
NLR levels were recorded. The following reference values 
were determined: for WBC: 4-10x103/mm3, neutrophil: 1.5-
7x103/mm3, lymphocyte: 1-3.7x103/mm3, monocyte: 0-0.7 
x103/mm3, hemoglobin: 12-17 g/dL, and platelet: 160-450x 
103/mm3.

Statistical analysis
SPSS (Statistical Package for Social Sciences Inc., Chica-

go, IL, USA) 18.0 program was used for statistical analysis. 
Continuous variables were presented as mean±SD values and 
categorical variables were expressed as percentage. Data com-
parison was performed with independent sample t test and the 
Mann-Whitney U test. Categorical variables were analyzed 
using the chi-square test. Spearman correlation analysis was 
performed to evaluate the correlation between NLR values 
and BCVA. Definition of the diagnostic value of NLR in the 
prediction of NAION was obtained by receiver operating 
characteristic (ROC) analysis. p<0.05 was accepted as statisti-
cally significant.

RESULTS

Mean age was 60.1±11.8 years in subjects with NAION and 
62.7±12.1 years in the control group (p=0.29). There was no 
significant difference in gender distribution (p=0.54). Demo-
graphic data are shown in Table 1. In the control group, 9 sub-
jects had DM, 6 subjects had hypertension, and 10 subjects 
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had both DM and hypertension. In subjects with NAION, 8 
subjects had DM, 7 subjects had hypertension, and 10 subjects 
had both DM and hypertension. The distribution of systemic 
diseases did not show a significant change between control 
group and subjects with NAION (p=0.136).

Laboratory data of the groups are summarized in Table 1. 
Mean numbers of WBC, neutrophil, NLR and platelet count 
were significantly higher in subjects with NAION compared 
to the control group (p<0.001, p<0.001, p=0.004, p=0.037, 
respectively). Numbers of monocytes and lymphocytes were 
also higher in subjects with NAION compared to the control 
group, but the difference was not significant (p=0.067, p=0.41, 

respectively). Hemoglobin value did not show a significant 
change between groups (p=0.15). Laboratory findings in sub-
groups are given in Table 2. Numbers of WBC and neutrophils 
and NLR were significantly different between control group 
1 (without any systemic disease) and subjects with NAION 
without any systemic disease (p=0.001, p=0.001, p=0.028, 
respectively). The difference between control group 2 and 
subjects with NAION with DM and/or hypertension was not 
significant (p>0.05 for all parameters).

NAION was bilateral in 4 subjects (8.8%). The number 
of WBC was 8.17.±2.2 x 103/mm3, the number of lympho-
cytes was 2.27±0.7 x 103/mm3, the number of neutrophils was 
5.07±1.6 x 103/mm3, NLR was 2.42±1.1, the number of mono-
cytes was 0.62±0.3 x 103/mm3 and the number of platelets was 
264.7±55.7 x 103/mm3 in unilateral NAION cases, where-
as these figures were 9.96.±1.8 x 103/mm3, 2.50±0.4 x 103/
mm3, 6.27±1.7 x 103/mm3, 2.60±0.9, 1.01±0.6 x 103/mm3 and 
221.00±16.8 x 103/mm3, respectively, in bilateral cases. Mean 
WBC, lymphocyte, neutrophil, NLR, monocyte and platelet 
values did not show any significant difference between unilat-
eral and bilateral cases (p>0.05 for all parameters). 

Mean BCVA value of subjects with NAION was 0.21±0.26 
at the time of diagnosis. Mean NLR values were outlined in 
Table 3. NLR levels were found to be the highest in group 
1. There was a negative correlation between initial NLR and 
initial BCVA in subjects with NAION (r=-0.406, p=0.008). 
Mean BCVA value was 0.38±0.35 in the third month in sub-
jects with NAION. A negative correlation between initial NLR 
and BCVA in the third month was observed (r=-408, p=0.028).
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 NAION Control 
 mean±SD mean±SD

 n=45 n=50 p

Age (years) 60.1±11.8 62.7±12.1 0.29*

Gender (M/F) 23/22 25/25 0.54**

WBC (103/mm3) 8.33±2.2 6.81±1.5 <0.001*

Neutrophil (103/mm3) 5.18±1.6 3.91±1.1 <0.001*

NLR 2.44±1.0 1.85±0.5 0.004***

Platelet(103/mm3) 260.84±54.7 236.54±54.5 0.037*

Monocyte(103/mm3) 0.65±0.3 0.51±0.2 0.067***

Hemoglobin(g/dL) 13.76±1.9 14.25±1.3 0.15*

Lymphocyte(103/mm3) 2.29±0.7 2.18±0.6 0.41*
NAION: Non-arteritic anterior ischemic optic neuropathy; WBC: white blood cell; 
NLR: neutrophil-to-lymphocyte ratio; SD: standard deviation; p: *independent 
samples t-test, **Chi-Square  test, ***Mann-Whitney U test

TABLE 1. Demographic data and laboratory findings

  NAION Control 
  mean±SD mean±SD p

WBC (103/mm3) DM and/or HT(+) 8.21±2.3 7.59±1.5 0.304*

 DM and/or HT(-) 8.49±1.8 6.57±1.5 0.001*

Neutrophil (103/mm3) DM and/or HT(+) 5.14±1.5 4.46±0.8 0.078*

 DM and/or HT(-) 5.27±1.4 3.82±1.1 0.001*

NLR DM and/or HT(+) 2.56±1.1 2.07±0.6 0.205**

 DM and/or HT(-) 2.37±0.8 1.84±0.5 0.028**

Platelet (103/mm3) DM and/or HT(+) 262.59±58.4 255.76±65.1 0.701**

 DM and/or HT(-) 252.39±52.2 233.40±39.4 0.182*

Monocyte (103/mm3) DM and/or HT(+) 0.65±0.3 0.57±0.2 0.330*

 DM and/or HT(-) 0.66±0.3 0.49±0.1 0.257**

Hemoglobin (g/dL) DM and/or HT(+) 13.41±2.0 13.51±1.4 0.838*

 DM and/or HT(-) 14.42±1.6 14.15±1.4 0.569*

Lymphocyte (103/mm3) DM and/or HT(+) 2.22±0.8 2.31±0.7 0.700*

 DM and/or HT(-) 2.33±0.5 2.11±0.5 0.175*
NAION: non-arteritic anterior ischemic optic neuropathy; WBC: white blood cell; NLR: neutrophil-to-lymphocyte ratio; DM: diabetes mellitus; HT: hypertension; SD: standard 
deviation; p: *independent samples t-test; **Mann-Whitney U test

TABLE 2. Laboratory findings in patients with and without associated systemic diseases



ROC curve analyses suggested that the optimum NLR cut-
off point for NAION was 1.94 with a sensitivity of 60% and a 
specificity of 63%.

DISCUSSION

White blood cell count and its subtypes have been shown 
to be inflammatory markers which play an important role in 
predicting cardiovascular diseases (19). In patients with ST-el-
evation myocardial infarction, an increase in neutrophil count 
is associated with short-term prognosis and impaired micro-
vascular perfusion. Neutrophils are mediators in the inflam-
matory response after acute myocardial infarction (20). Woo 
et al. (21) reported that an elevated neutrophil count was as-
sociated with the presence and severity of diabetic retinopathy 
as well as diabetes and concluded that neutrophil-mediated 
inflammation could play an important role in the pathogenesis 
of diabetic retinopathy. 

The neutrophil-to-lymphocyte ratio can simply be calcu-
lated by dividing the peripheral neutrophil count by the lym-
phocyte count. As NLR combines two independent inflamma-
tory markers, it is more useful than other leukocyte parameters 
because of its stability compared with other parameters that 
may be affected by different pathological, physiological and 
physical factors. Therefore, NLR is a more stable and reliable 
parameter compared to WBC and lymphocytes (22,23). NLR 
is evaluated and considered an important inflammatory mark-
er in a number of cardiac and non-cardiac diseases (15,22).
Gibson et al. (23) showed that NLR was a powerful predictor 
of mortality after coronary artery by-pass grafting. Recently, 
Ulu et al. (24) evaluated NLR in subjects with diabetic reti-
nopathy and reported that NLR was higher in these subjects 
compared to normal subjects. They also concluded that NLR 
was correlated with the stage of diabetic retinopathy, so the 
severity of diabetic retinopathy was related with the level of 
inflammation. 

In our study, we found that NLR was significantly higher 
in subjects with NAION compared to the control group and 
that it was negatively correlated with BCVA at the initial and 

third month examination. The sensitivity was 60% and the 
specificity of NLR in the diagnosis of NAION was 63% with 
a cut-off value of 1.94. Since the sensitivity and specificity 
of the cut-off value of NLR in the diagnosis of NAION was 
determined somewhat lower in this study, the detected cut-
off value may not be helpful in the diagnosis of NAION in 
clinical practice. The sensitivity and specificity of NLR in the 
diagnosis of NAION with optimum cut-off values should be 
evaluated in larger series. The difference in NLR was signifi-
cant between the control group without any systemic disease 
and NAION patients without any systemic disease. Although 
NLR was higher in NAION patients with DM and/or hyper-
tension compared to the control group with DM and/or hy-
pertension, the difference was not significant. It is known that 
low grade inflammation plays a role in the pathogenesis of 
DM and hypertension which might have affected NLR. Im-
tiaz et al. (25) showed that NLR was significantly higher in 
subjects with DM and hypertension compared to the normal 
population. It has been reported that NLR can be affected in 
subjects with systemic diseases other than DM or hyperten-
sion, like pulmonary hypertension or obstructive sleep apnea 
syndrome and psoriasis (26-28). One drawback of our study 
is that we could not evaluate the existence of other systemic 
diseases as our study was retrospective. Another drawback is 
the limited number of patients included in our study. It is pos-
sible that other systemic diseases which can affect NLR but 
were not recorded in our subjects may play a role in the etio-
pathogenesis of NAION. In our opinion, all systemic diseases 
that are known to affect NLR should be evaluated in patients 
diagnosed as NAION.

The pathogenesis of NAION is not well known. It is be-
lieved to be a multifactorial disease where different combina-
tions of some local and systemic risk factors play a role in the 
development of NAION (3). As NAION is not lethal, obtain-
ing fresh newly affected tissue for histopathological evalua-
tion is very difficult (16). Bernstein et al. (16) evaluated optic 
nerve changes in primate NAION models where capillary vas-
cular thrombosis was induced by laser light and showed that 
early post-infarct events revealed inflammatory response and 
suggested that modulation of inflammation might be useful in 
the treatment of NAION. Early cellular inflammation plays 
an important role in NAION (17). Histopathological examina-
tion of the optic nerve from a 70 year-old man diagnosed with 
NAION 20 days before death because of renal failure, pan-
creatitis and hypercalcemia at 12 hours postmortem revealed 
infarct with surrounding inflammation (29). 

To the best of our knowledge, there has been no study 
evaluating the relationship between NAION and NLR or 
WBC in the literature. Our study is the first to show that neu-
trophil-mediated inflammation WBC indices are important 
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   NLR
Group (BCVA) n=45 mean±SD  Min-Max

Group 1 (≤0.03) 12 3.13±1.04  1.65 - 5.18

Group 2 (0.05-0.1) 14 2.30±0.97  1.32 - 4.39

Group 3 (0.2-0.4) 9 2.02±0.56  1.54 - 3.03

Group 4 (≥0.5) 10 2.11±0.56  1.34 - 2.75

NLR: neutrophil-to-lymphocyte ratio; BCVA: best corrected visual acuity;  
SD: standard deviation

TABLE 3. NLR in groups according to initial BCVA
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in the etiopathogenesis of NAION. In our study, NLR, WBC 
and neutrophil count was significantly higher compared to 
the control group, which supports a neutrophil-mediated in-
flammatory reaction in NAION. Besides, we have found that 
BCVA at the time of diagnosis and in the third month was 
significantly and negatively correlated with NLR. NLR was 
higher in subjects with lower BCVA at the time of diagno-
sis. Although this result did make us think that NLR might 
be correlated with the severity of inflammatory reaction, as 
our study was retrospective and we do not routinely perform 
laboratory evaluation at month 3 in our clinic, we could not 
evaluate NLR at month 3 of follow-up. Therefore, we can-
not say that NLR can be used as a predictive factor, but we 
can say that NLR can be used as a marker in the diagnosis 
of NAION. 

As a result, inflammatory reaction beside ischemic changes 
may play a role in the etiopathogenesis of NAION. Inflamma-
tory mediators such as white cells, neutrophils and NLR may 
be used as a marker of NAION. Further prospective studies 
are needed to evaluate NLR as a predictor for the assessment 
of visual acuity and prognosis in NAION. If NLR can be used 
as a predictive factor in NAION, the diagnosis of atypical 
cases of NAION can be achieved more easily and the visual 
prognosis of these subjects can be predicted.
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