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Abstract
Purpose: This study aimed to compare the neutrophil-to-lymphocyte (NLR) and plateletto-lymphocyte (PLR) ratios in patients with retinal artery occlusion (RAO) with those from
a healthy control population and to identify the relationship between them.
Methods: Forty-six patients with RAO and fifty-one healthy control subjects were
included in this retrospective case-control study. RAO was diagnosed following an ophthalmic examination and fluorescein angiography (FA). Blood neutrophil, lymphocyte,
and platelet counts were recorded for each of the 97 subjects, from which NLR and PLR
values were calculated.
Results: There were 46 patients (28 male [M], 18 female [F]) in the RAO group and 51
patients (27 M, 24 F) in the control group. No significant differences were found between
patients with RAO and the control subjects in terms of gender and age (P > 0.05).
Patients with RAO had significantly increased NLR values (2.85 ± 1.70) than the control
subjects (1.63 ± 0.59, P < 0.001). The mean PLR in patients with RAO was 123.69 ± 64.98,
while that in control subjects was 103.08 ± 36.95; there was no significant difference
between the two groups (P = 0.055). A logistic regression analysis revealed that NLRs
were 3.8 times higher in patients with RAO than in control subjects (odds ratio = 3.880;
95% confidence interval = 1.94 to 7.74; P < 0.001).
Conclusion: NLRs were significantly increased in patients with RAO compared to the
control subjects.
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Retinal artery occlusion (RAO), generally seen
in older adults,[1] is a serious condition requiring
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emergency intervention. RAO is characterized by
sudden unilateral vision loss and/or visual field
defect.[2] There are three types of RAO: central retinal artery occlusion (CRAO), branch retinal artery
occlusion (BRAO), and cilioretinal artery occlusion
(CLRAO).[3] The distribution of the RAO sub-types
is as follows: CRAO, 57%; BRAO, 38%; and CLRAO
5%.[3]
RAOs are usually caused by embolisms, which
in turn are often caused by atherosclerotic plaques
associated with carotid artery disease.[4] Arruga
et al showed that emboli causing RAO are composed of cholesterol material (74%), calcific material
(10.5%), and/or fibrin material (15.5%).[5] Atherosclerosis is a chronic inflammatory condition,[6] and
thrombosis and inflammation have been shown to
be interconnected in a complex manner.[7]
Several previous studies have shown that a
patient’s neutrophil-to-lymphocyte ratio (NLR) and
platelet-to-lymphocyte ratio (PLR) are indicative of
systemic inflammation.[8–11] Mean platelet volume
(MPV) is also indicative of the status of platelets
and is also associated with inflammation.[12] In their
literature review, Şahin et al found that only one
study analyzed the relationship between MPV and
RAO showing that MPV values were significantly
higher in patients with RAO.[13] We could not find
any publication that examined the association
between NLR, PLR, and RAO. In this study, we
compared the NLR and PLR levels in patients
with RAO with those of healthy control subjects
and examined the relationship between these
values.

was the number of patients with systemic hypertension.

METHODS

Statistical Analysis

This retrospective study was performed in the
Sakarya Training and Research Hospital Eye Disease Polyclinic. The records of patients diagnosed
with CRAO, BRAO, and CLRAO between January
2016 and September 2018 were analyzed. The
study included 46 patients with RAO and 51 healthy
control subjects. The RAO patient group comprised
of individuals who experienced sudden, painless
loss of vision and were subsequently diagnosed
with RAO in an ophthalmology outpatient clinic.
The control group consisted of subjects who
presented with impaired vision and underwent
cataract surgery. A routine blood analysis was
performed before any cataract surgery in our clinic.
Age and sex were similar in the two groups, as

Data were analyzed using SPSS software version
18.0 (SPSS Inc., Chicago, IL, USA). The results of
numerical data analysis were given as mean and
standard deviation. The independent groups were
compared using a parametric Student’s t-test. The
cut-off point for NLR and PLR between patients with
RAO and control subjects was determined using a
receiver operating characteristic (ROC) curve analysis. Sensitivity and specificity were determined
according to cut-off values. A univariate logistic
regression analysis was used to determine the
association between RAO and NLR, PLR, age,
and sex data. The results were evaluated at a
95% confidence interval (CI) and P < 0.05 was
considered significant.
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All subjects underwent a complete ophthalmic
evaluation in both eyes, including a test of visual
acuity using a Snellen chart, inspection of the
anterior and posterior segments with a slit-lamp
biomicroscope, and applanation tonometry. Fluorescein angiography (FA) was performed in all
patients, and the diagnosis of RAO was defined
accordingly.
The exclusion criteria for this study were as follows: cardiovascular diseases (such as congestive
heart failure and heart valve disease treated with an
anticoagulant), diabetes, history of stroke, history
of smoking, blood disorders, anemia, renal failure,
hepatic disorders, malignancies, and vasculitis.
Patients with a history of eye surgery, glaucoma, or
eye trauma were also excluded.
Blood samples were taken from each RAO
patient within 2 h of diagnosis. The hemogram
parameters of each subject were measured using
a Cell-DYN 3700 automated hematology analyzer
(Abbott Diagnostics, Abbott Park, IL, USA). The
hemogram (neutrophil, lymphocyte, and platelet)
results were entered in an Excel (Microsoft Corp.,
Redmond, WA, USA) spreadsheet to calculate their
NLRs and PLRs.
This study was conducted according to the
principles of the Declaration of Helsinki and the
approval was obtained from the institutional ethics
committee. Ethical approval was obtained from the
local Ethics Committee.
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RESULTS
This study consisted of 97 patients: 46 patients
with RAO and 51 healthy control subjects. The RAO
group consisted of 28 men and 18 women and the
control group included 27 men and 24 women. The
mean age of patients with RAO was 63.02 ± 14.80
years and that of the control subjects was 61.33
± 7.91 years. No significant difference was found
between the RAO and control subjects in terms of
the gender (P = 0.437) or age (P = 0.479) (all data
are summarized in Table 1).
The mean white blood cell count was 7.90 ± 2.16
10 /L in the RAO group and 7.48 ± 2.34 109 /L in the
control group; no significant difference was found
between the two groups (P = 0.366). The mean
neutrophil count of the RAO group was 5.05 ±
1.88 109 /L, which was significantly higher than that
of the control group (4.00 ± 1.51 109 /L) (P = 0.003).
The mean lymphocyte count was 2.05 ± 0.75 109 /L
for the RAO group and 2.64 ± 1.12 109 /L for the
control group, indicating a significantly lower value
in patients with RAO (P = 0.003). The mean platelet
count was 222.96 ± 67.72 109 /L in the RAO group
and 242.60 ± 52.91 109 /L in the control group,
showing no significant difference between the two
groups (P = 0.113).
9

The mean NLR of patients with RAO was 2.85
± 1.70, while that of the control subjects was 1.63
± 0.59, revealing that NLR levels were significantly
higher in the RAO group (P < 0.001). The mean
PLR was 123.69 ± 64.98 in patients with RAO
and 103.08 ± 36.95 in control subjects, indicating
that there was a borderline level of statistical
significance between the two groups (P = 0.055)
[Table 1]. Finally, the mean MPV values were 8.27 ±
1.04 fL for the RAO group and 8.49 ± 1.88 fL for the
control group; no significant difference was found
between the two groups (P = 0.652).
A ROC curve is a graphical plot that illustrates
the diagnostic ability. ROC analysis was performed
for the NLR values, and the area under the curve,
cut-off value, sensitivity, and specificity were 0.780,
1.82, 72%, and 69%, respectively (95% CI: 0.690–
0.871). For the PLR values, the area under the
curve, cut-off value, sensitivity, and specificity were
0.582, 92.35, 67%, and 57%, respectively (95% CI:
0.468–0.696) [Figure 1]. According to the logistic
regression analysis we performed, NLR was in fact
an indicator for RAO (Odds ratio (OR) = 3.880;
95% CI = 1.94–7.74; P < 0.001). But PLR was not an

independent indicator of RAO. (OR = 1.036; 95% CI
= 0.999-1.012; p = 0.126).

DISCUSSION
In this study, we found that NLR levels were significantly increased in patients with RAO, demonstrating that it is in fact an independent indicator of
RAO. Patients with high NLR levels are 3.8 times
more likely to have RAO than patients with low
NLR levels. This study is the first to examine the
association between NLR and RAO.
Previous studies have shown that embolisms are
the most common cause of RAO, and that the
main cause of embolisms is carotid artery disease
caused by atherosclerosis.[4] Atherosclerosis is
associated with chronic inflammation,[6, 14] so it is
possible that inflammatory biomarkers may play a
significant role in predicting which patients may
develop RAO.
NLR, which is calculated based on dividing
a patient’s number of neutrophils by the lymphocyte count, is a simple and cheap indicator
of systemic inflammation. Systemic inflammation
typically involves lymphopenia and neutrophilia.[15]
In their retrospective study, Gokhan et al reported
that NLR was found to be an independent marker
in cases of symptomatic carotid artery disease; it
was also found to be higher in symptomatic than
asymptomatic patients suffering from a stroke or
a transient ischemic attack (P < 0.001).[16] In a
different study, Tokgoz et al showed that NLR is
an important indicator of prognosis and mortality
in stroke patients.[17] A meta-analysis showed that
NLR may play a major role in the diagnosis and
prognosis of peripheral vascular diseases.[18] In the
current study, NLR was revealed to be significantly
increased in patients with RAO compared to control subjects, which may be further evidence that
chronic inflammation may lead to the development
of RAO. Logistic regression analysis indicated that
NLR is an independent indicator of RAO.
Dursun et al compared 40 patients with retinal
vein occlusion with a control group and found
that the NLR levels of patients with retinal vein
occlusion were significantly higher than those in
control patients.[19] The sensitivity and specificity
of NLR reported by Dursun et al were found to
be 72% and 100%, respectively (cut-off value: 1.89),
whereas in our study, these figures were 72% and
69%, respectively (cut-off value: 1.82).[19]
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Table 1. Demographic features and laboratory findings in the RAO and control groups

Age (y)
Sex (M/F)

RAO (n = 46)

CONTROL (n = 51)

P-value

63.02 ± 14.80

61.33 ± 7.91

0.479

28/18

27/24

0.437

7.90 ± 2.16

7.48 ± 2.34

0.366

Neutrophil (109 /L)

5.05 ± 1.88

4.00 ± 1.51

0.003

Lymphocyte (109 /L)

2.05 ± 0.75

2.64 ± 1.12

0.003

222.96 ± 67.72

242.60 ± 52.91

0.113

WBC (109 /L)

9

Platelet (10 /L)
NLR

2.85 ± 1.70

1.63 ± 0.59

<0.001

PLR

123.69 ± 64.98

103.08 ± 36.95

0.055

8.27 ± 1.04

8.49 ± 1.88

0.652

MPV (fL)

Bold values are statistically significant measurements (Independent samples t-test) F, female; M, male; MPV, mean platelet
volume; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; RAO, retinal artery occlusion; WBC, white blood
cell

Figure 1. ROC curve analysis of NLR and PLR in RAO patients. NLR was determined to be more sensitive and had higher rate as
a predictor of inflammation compared to PLR. AUC for NLR: 0.780, cut-off value: 1.82, sensitivity: 72%, specificity: 69%. (95% CI:
0.690–0.871). AUC for PLR: 0.582, cut-off value: 92.35, sensitivity: 67%, specificity: 57%. (95% CI: 0.468–0.696). AUC, area under
the ROC curve; NLR: neutrophil-to-lymphocyte ratio; PLR platelet-to-lymphocyte ratio; RAO: retinal artery occlusion.

PLR, which is calculated via dividing a patient’s
platelet count by the number of lymphocytes, is
a cheap and easy test that reveals the condition of platelets and white blood cells. Thrombocytes play a significant role in coronary artery
198

disease and cardiovascular disorders.[20] Research
has also shown that platelets play a significant
role in the development of atherosclerosis and
embolisms.[21] Azab et al identified a relationship
between increased PLR and long-term mortality in
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patients with myocardial infarction,[11] while Ferroni
et al reported a relationship between increased
PLR and the risk of venous thromboembolism.[22]
In their review, Balta et al demonstrated that
a high PLR level is associated with inflammation, atherosclerosis, and activated platelets.[23]
Our study showed that patients with RAO had
higher PLRs than control subjects; however, logistic
regression analysis showed that PLR cannot be
used as an indicator of RAO.
Şahin et al reported that MPV values were
significantly higher in patients with RAO than in
control subjects,[13] but we were unable to replicate
this finding. We found no significant difference
between the two groups in the current study.
We believe that this discrepancy may be due to
the difference in the number of patients in the
respective studies.
Many cardiovascular disorders decrease the
lymphocyte counts. Bian et al reported that
decreased lymphocyte levels can be used as a
marker of acute coronary syndrome,[24] and several other studies have shown that a reduced
percentage of lymphocytes in patients with acute
heart failure is associated with morbidity and
mortality.[25, 26] However, Cooper et al reported
that an increased neutrophil count could also be
a marker of mortality in cases with left ventricular dysfunction.[27] Similar to these studies, we
found that blood neutrophil levels were significantly increased and lymphocyte counts were
significantly decreased in patients with RAO than
in control subjects.
This study had a few limitations. We examined
a small number of patients using a retrospective
design and did not assess body mass index and
associated atherosclerosis. Further studies including a larger number of patients are necessary to
better investigate the role of serum NLR and PLR in
RAO disease.
In conclusion, we found that NLRs were significantly higher and lymphocyte counts were
significantly lower in patients with RAO than in
control subjects. Larger studies are needed to
better understand the relationship between RAO
and NLR.

REFERENCES
1.

Pokhrel PK, Loftus SA. Ocular emergencies. Am Fam
Physician 2007;76:829–836.

2.

Kapoor KG, Barkmeier AJ, Bakri SJ. Optical coherence
tomography in retinal arterial occlusions: case series and
review of the literature. Semin Ophthalmol 2015;30:74–79.

3.

Brown GC, Magargal LE, Shields JS, Goldberg RE, Walsh
PN. Retinal arterial obstruction in children and young
adults. Ophthalmology 1981;88:18–25.

4.

Varma DD, Cugati S, Lee AW, Chen CS. A review of
central retinal artery occlusion: clinical presentation and
management. Eye 2013;27:688–697.

5.

Arruga J, Sanders M. Ophthalmologic findings in 70
patients with evidence of retinal embolism. Ophthalmology 1982;89:1336–1347.

6.

Ross R. Atherosclerosis: an inflammatory disease. N Engl
J Med 1999;340:115–126.

7.

Wagner DD, Burger PC. Platelets in inflammation and
thrombosis. Arterioscler Thromb Vasc Biol 2003;23:2131–
2137.

8.

Tamhane UU, Aneja S, Montgomery D, Rogers EK, Eagle
KA, Gurm HS. Association between admission neutrophil
to lymphocyte ratio and outcomes in patients with acute
coronary syndrome. Am J Cardiol 2008;102:653–657.

9.

Akdag S, Akyol A, Asker M, Duz R, Gumrukcuoglu HA.
Platelet-to-lymphocyte ratio may predict the severity of
calcific aortic stenosis. Med Sci Monit 2015;21:3395–3400.

10.

Tsiara S, Elisaf M, Jagroop IA, Mikhailidis DP. Platelets
as predictor of vascular risk, is there a practical index of
platelet activity? Clin Appl Thromb Hemost 2003;9:177–
190.

11.

Azab B, Shah N, Akerman M, McGinn Jr JT. Value
of platelet/lymphocyte ratio as a predictor of all-cause
mortality after non-ST elevation myocardial infarction. J
Thromb Thrombolysis 2012;34:326–334.

12.

Ryu HJ, Lee MK, Lee KH, Seo MR, Choi HJ, Baek HJ.
Mean platelet volume is associated with Behcet’s disease
activity. Ann Rheum Dis 2014;73:996–997.

13.

Şahin M, Şahin A, Yüksel H, Türkcü FM, Y𝚤ld𝚤r𝚤m A. Mean
platelet volume in patients with retinal artery occlusion.
Arq Bras Oftalmol 2016;79:12–14.

14.

Libby P, Ridker PM, Hansson GK, Leducq Transatlantic
Network on Atherothrombosis. Inflammation in atherosclerosis: from pathophysiology to practice. J Am Coll Cardiol
2009;54:2129–2138.

15.

Zahorec R. Ratio of neutrophil to lymphocyte counts rapid
and simple parameter of systemic inflammation and stress
in critically ill. Bratisl Lek Listy 2001;102:5–14.

16.

Gokhan S, Ozhasenekler A, Mansur Durgun H, Akil E,
Ustündag M, Orak M. Neutrophil lymphocyte ratios in
stroke subtypes and transient ischemic attack. Eur Rev
Med Pharmacol Sci 2013;17:653–657.

17.

Tokgoz S, Kayrak M, Akpinar Z, Seyithanoğlu A, Güney F,
Yürüten B. Neutrophil lymphocyte ratio as a predictor of
stroke. J Stroke Cerebrovasc Dis 2013;22:1169–1174.

18.

Bhat TM, Afari ME, Garcia LA. Neutrophil lymphocyte
ratio in peripheral vascular disease: a review. Expert Rev
Cardiovasc Ther 2016;14:871–875.

19.

Dursun A, Ozturk S, Yucel H, Ozec AV, Dursun FG, Toker
MI, et al. Association of neutrophil/lymphocyte ratio and
retinal vein occlusion. Eur J Ophthalmol 2015;25:343–
346.

JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 15, ISSUE 2, APRIL-JUNE 2020

199

Blood Cell Ratios in Patients with RAO; Atum and Alagöz
20.

21.

22.

23.

Kurtul A, Yarlioglues M, Murat SN, Ergun G, Duran 24.
M, Kasapkara HA, et al. Usefulness of the platelet-tolymphocyte ratio in predicting angiographic reflow after
primary percutaneous coronary intervention in patients
25.
with acute ST segment elevation myocardial infarction. Am
J Cardiol 2014;114:342–347.
Kaplan ZS, Jackson SP. The role of platelets in
atherothrombosis. Hematology Am Soc Hematol Educ
26.
Program 2011;2011:51–61.
Ferroni P, Riondino S, Formica V, Cereda V, Tosetto L, La
Farina F, et al. Venous thromboembolism risk prediction
in ambulatory cancer patients: clinical significance of
neutrophil/lymphocyte ratio and platelet/lymphocyte ratio. 27.
Int J Cancer 2015;136:1234–1240.
Balta S, Ozturk C. The platelet-lymphocyte ratio: a simple,
inexpensive and rapid prognostic marker for cardiovascular events. Platelets 2015;26:680–681.

200

Bian C, Wu Y, Shi Y, Xu G, Wang J, Xiang M, et al. Predictive
value of the relative lymphocyte count in coronary heart
disease. Heart Vessels 2010;25:469–473.
Nunez J, Nunez E, Minana G, Sanchis J, Bodí V, Rumiz
E, et al. Effectiveness of the relative lymphocyte count
to predict one-year mortality in patients with acute heart
failure. Am J Cardiol 2011;107:1034–1039.
Ali S, Shahbaz AU, Nelson MD, Shirwany A, Munir A, D’cruz
IC, et al. Reduced relative lymphocyte count in AfricanAmericans with decompensated heart failure. Am J Med
Sci 2009;337:156–160.
Cooper HA, Exner DV, Waclawiw MA, Domanski MJ. White
blood cell count and mortality in patients with ischemic
and nonischemic left ventricular systolic dysfunction (an
analysis of the Studies Of Left Ventricular Dysfunction
[SOLVD]) Am J Cardiol 1999;84:252–257.

JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 15, ISSUE 2, APRIL-JUNE 2020

