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Objective. We aimed to investigate the mean platelet volume (MPV) of the patients with nonarteritic anterior ischemic optic
neuropathy (NAION). Methods. The medical records of 46 patients with the diagnosis of NAION and 90 control subjects
were retrospectively evaluated. All participants underwent complete ocular examination including intraocular pressure (IOP)
measurement. Hematocrit, MPV, hemoglobin, and platelet levels of the patients with NAION were compared with those of
control subjects. Results. There was no significant difference between the groups in platelet counts (𝑝 = 0.76). NAION group
had significantly higher MPV values (8.25 ± 1.26 fL) than that of control subjects (7.64 ± 1.01 fL) (𝑝 < 0.001). Multivariate logistic
regression analysis showed that MPV is an independent predictor of NAION (odds ratio = 1.61; 95% confidence interval (CI) =
1.13–2.28; 𝑝 = 0.007). The mean IOP was significantly higher in NAION group (𝑝 < 0.001). IOP was also found as an independent
predictor of NAION according to the regression analysis (OR = 1.27; 95% CI = 1.08–1.48; 𝑝 = 0.003). Conclusion. Our results
demonstrated that the MPV values were significantly higher in NAION patients, suggesting that larger platelets may contribute to
the pathogenesis of the NAION.

1. Introduction

Anterior ischemic optic neuropathy (AION) is a condition
with unilateral, painless, and sudden visual loss caused by
acute ischemic damage of the anterior region of the optic
nerve in elderly patients. AION results in a vascular insuf-
ficiency in the short posterior ciliary arteries (SPCA). There
are two types of AION: arteritic (AAION) and nonarteritic
(NAION) [1–3]. As its most common form, NAION is a
multifactorial disease. Although the pathogenesis of NAION
is somewhat known, it is still highly complex to understand
completely and several potential risk factors such as diabetes
mellitus (DM), arteriosclerosis, crowded disc, hypertension
(HT), ischemic heart disease, prothrombotic states, carotid
disease including occlusion and dissection, emboli, and noc-
turnal hypercoagulability in sleep apnea syndrome have been
demonstrated [2, 4–9]. Moreover, thrombophilia, increased

fibrinogen or cholesterol levels, and von Willebrand factor
antigen have been shown to be of significant importance in
the development of NAION [2, 10]. On the other hand, it
has been reported that glucose-6-phosphate dehydrogenase
(G6PDH) deficiency has a protective effect against the devel-
opment of NAION and retinal vein occlusion (RVO) [11, 12].
Pinna et al. [12] explained this protection with the reduced
ability of esterification and accumulation of cholesterol in the
arteries G6PDH deficient subjects.

Platelets have great importance in the pathogenesis of
vasoocclusive diseases. Large platelets are more reactive than
small platelets and produce more thromboxane A

2
and

express more glycoprotein Ib and glycoprotein IIb/IIIa recep-
tors on their surfaces resulting in an increased propensity
to aggregate. Mean platelet volume (MPV) is an indicator of
platelet size, function, and activation [13, 14].Multiple reports
have investigated MPV values in patients with Behçet’s
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Table 1: The demographic and clinical features of the NAION and control groups.

NAION Control 𝑝 Power estimated (%)
Age (year) 57.3 ± 9.1 55.7 ± 13.2 0.2c

Gender (M/F) 23/23 39/51 0.1a

HT 6/46 8/90 0.5a

DM 6/46 16/90 0.5a

HT and DM 7/46 15/90 0.5a

Hb (g/dL) 14.1 ± 1.4 13.8 ± 1.3 0.2c 33.2
Hct (%) 42.4 ± 4 41.3 ± 3 0.2c

Plt (103/𝜇L) 263.7 ± 67.5 264.3 ± 57.8 0.76c 5.6
MPV (fL) 8.25 ± 1.26 7.64 ± 1.01 <0.001b 88.6
IOP (mmHg) 15.8 ± 3.4 14.1 ± 2.0 <0.001b 93.1
VA (LogMAR) 1.19 ± 0.94 0.09 ± 0.2 <0.001b

CRP (mg/L) 0.46 ± 0.4 0.50 ± 0.3 0.78c

ESR (mm/hour) 11.8 ± 7.7 12.0 ± 8.8 0.88b

NAION: nonarteritic anterior ischemic optic neuropathy, HT: hypertension, DM: diabetes mellitus, Hb: hemoglobin, Hct: hematocrit, Plt: platelet count, MPV:
mean platelet volume, IOP: intraocular pressure, VA: visual acuity, CRP: c-reactive protein, and ESR: erythrocyte sedimentation rate.
aChi-square test
bMann-Whitney 𝑈 test
c
𝑡-test.

disease, rheumatoid arthritis, myocardial infarction, DM,
HT, pseudoexfoliation syndrome, and RVO [15–19].

In the present study, we aimed to investigate if the
platelets were involved in the development of NAION
through increased MPV. To the best of our knowledge, it is
the first report evaluating the MPV levels in patients with
NAION.

2. Methods

The study protocol was approved by the local ethic com-
mittee and the study was conducted in accordance with
the Declaration of Helsinki. The patients who were diag-
nosed as NAION between January 2011 and April 2015 were
reviewed retrospectively. All subjects underwent a full ocular
examination including measurement of visual acuity (VA)
with Snellen chart and intraocular pressure (IOP), slit lamp
biomicroscopic anterior segment, and fundus examination.
Snellen VAwere converted to logarithm of theminimal angle
of resolution (logMAR) for statistical analysis.

Age, gender, ocular pathology, systemic disease, and com-
plete blood count (CBC) parameters (i.e., MPV, hemoglobin
(Hb), hematocrit (Hct), and platelet count) were recorded.
NAION was diagnosed with presence of the following:
impaired vision, relative afferent pupillary defect, visual-field
defects consistent with optic neuropathy, and characteristic
fundus changes (swollen and pale peripapillary flame-shaped
hemorrhage). The participants who had any systemic disease
other than HT and DM were excluded from the study.
Patients with anemia (Hct below 38.0%), any cardiovascular
disease, chronic renal failure, history of statin use, atrial
fibrillation, inflammatory diseases such as rheumatoid arthri-
tis, history of smoking or alcohol consumption, glaucoma,
and/or a history of any ocular surgery or trauma were
also excluded [20]. Age and gender matched subjects in

the control group were recruited from outpatient clinic of
ophthalmology with minor refractive errors (±1.0 diopter).

Blood samples were taken at the time of diagnosis of
NAION. CBC samples, which were drawn into vacutainer
tubes containing 0.04mL of the 7.5% K3 salt of EDTA, were
analyzed within an hour after sampling using a commercially
available analyzer (CELL-DYN 3700, Abbott Diagnostics,
Abbott Park, IL, USA). Platelet count, MPV, Hb, erythrocyte
sedimentation rate, c-reactive protein, and Hct parameters
of the subjects were recorded. Normal MPV values ranged
between 7.0 and 10.4 fL.

2.1. Statistical Analysis. All values were given as mean ± SD.
Statistics was performed using SPSS versus 11.5 statistical
package program. Categorical variables were compared with
the chi-square test. The Kolmogorov-Smirnov test was applied
to test the distribution pattern of each data between two
groups.The Student’s t-test was used for normally distributed
data and the Mann-Whitney U test was used for not nor-
mally distributed data in group comparisons. A 𝑝 value less
than 0.05 was considered significant. Multivariate logistic
regression analysis was used to assess the associations among
MPV, Hct and Hb levels, IOP, HT, DM, age, and gender with
NAION.

3. Results

Patients with NAION were consecutively recruited at the
Dicle University, School of Medicine, Department of Oph-
thalmology. A total of 46 patients with NAION were eligible
for the study. Control group consisted of 90 subjects. The
mean age of the NAION patients and the control subjects
was 57.3 ± 9.1 and 55.7 ± 13.2 years, respectively. Male-to-
female ratio was 23/23 in the NAION group and 39/51 in the
control group.There were no statistical differences in age and
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sex between groups (𝑝 = 0.2, 𝑝 = 0.1, resp.) (Table 1). There
was no significant difference between control and NAION
groups with respect to presence of HT and DM (𝑝 = 0.5).
There was no difference between groups regarding anti-HT
and antidiabetic drug use.

The mean MPV was significantly higher in patients with
NAION than that of control group (8.25 ± 1.26 fL versus
7.64±1.01 fL,𝑝 < 0.001).Themean platelet count was similar
in the control and NAION groups, 264.3 ± 57.8 × 103/𝜇L and
263.7 ± 67.5 × 10

3
/𝜇L, respectively (𝑝 = 0.76). Multivariate

logistic regression analysis showed that MPV was also an
independent predictor of NAION (odds ratio (OR) = 1.61;
95% confidence interval (CI) = 1.13–2.28; 𝑝 = 0.007). The
mean IOPwas significantly higher inNAIONgroup than that
of control group (𝑝 < 0.001). Multivariate logistic regression
analysis showed that IOP was also an independent predictor
of NAION (OR = 1.27; 95% CI = 1.08–1.48; 𝑝 = 0.003).

4. Discussion

Thepresent study showed increased levels ofMPV in patients
with NAION. To the best of our knowledge, this is the first
paper that shows the relationship between increased MPV
values in patients with NAION.

Nonarteritic anterior ischemic optic neuropathy is the
second most common optic neuropathy in elderly patients
after glaucomatous optic nerve damage, which is the typ-
ical NAION [21]. The etiology of NAION is multifactorial
with systemic hemodynamic disorders and local anatomical
factors, both playing a role [8, 9, 22, 23]. In NAION, the
perfusion of the SPCA is damaged and infarction of the optic
nerve head develops. Macro and micro vascular disorders
play key role in the pathogenesis of reduced perfusion [4]. At
the same time, atherosclerosis accompanying HT, DM, and
ischemic heart disease also plays an important role in the
pathogenesis of NAION.

Several large series have reported that 10.5% to 15% of
NAION patients are younger than 45 years [22, 24, 25]. Vas-
cular rheological microcirculatory impairment is the basis of
the pathogenesis in young NAION (yNAION). According to
the previous studies, HT and DM were associated strongly
with the development of yNAION [22, 24, 25]. Moreover,
hypercholesterolemia may be the first manifestation of ele-
vated serum lipids in yNAION [26]. Recently, Pinna et al. [12]
reported the protective effect of the G6PDHdeficiency on the
progression of the atherosclerotic process. As a result they
suggested that the reduced ability to esterify and accumulate
cholesterol in the arteries may account for a lower risk for
atherosclerotic disease, aswell asNAION inG6PDHdeficient
subjects.

The haemostatic balance is maintained by complex inter-
actions between the platelets, vessel wall, the coagulation
system, physiological anticoagulants, and the fibrinolytic
system. Platelet hyperactivity may also contribute to hyper-
coagulability in patients with NAION. Salomon et al. [4]
investigated the pathogenic role of different risk factors
of thrombophilia but found no significant differences in
NAION patients. In addition, Talks et al. [27] suggested that
hypercholesterolemia and high fibrinogen levels may have

a role in the development of NAION. Besides, Nagy et al.
[10] suggested that thrombophilia due to factor V Leiden
mutation seems to play an important role in the development
of microthrombi in NAION.

The platelets have also an important role in the patho-
genesis of thromboocclusive diseases. Since larger platelets
store and release larger amounts of serotonin and 𝛽-
thromboglobulin and produce more thromboxane A

2
, they

are more reactive and prone to aggregation [28, 29]. MPV is
the indicator of the activity and the size of platelets. Increased
values of MPV have been reported to be a risk factor for deep
venous thrombosis, stroke, acute ischemic cerebrovascular
events, and acute myocardial infarction [28–33].

The platelet functions in NAION have been studied.
Hayreh suggested that serotonin released by platelet aggre-
gation in atherosclerotic plaques may play an important
role in the pathogenesis of NAION, by producing transient
nonperfusion or hypoperfusion of the optic nerve head [34].
Nagy et al. [26] reported that the platelet P-selectin level
was increased in patients with NAION. They suggested that
enlarged platelet activity may be related to NAION. Levels of
P-selectin may increase in different diseases with enhanced
platelet reactivity and accompanied vessel occlusion, such as
DM, arteriosclerosis, stroke, and peripheral artery disease
[26]. Besides, Salomon et al. [5] examined the role of
platelet glycoprotein polymorphism in NAION. This study
demonstrated that increased platelet aggregation owing to
the presence of the polymorphism can have a predisposing
influence in the pathophysiology of NAION.

As larger platelets are hemostatically more active, they
produce more prothrombotic factors [35]. Bath and But-
terworth reported that the platelet hyperactivity results in
an increase in MPV [36]. Larger platelets aggregate easier
than smaller ones [29]. In our study, the MPV values were
significantly higher compared to control group which may
contribute to the pathogenesis of NAION. In our study,
multivariate logistic regression analysis revealed that MPV
is an independent predictor for NAION. The presence of
high MPV in these patients may increase the risk of NAION.
The mean MPV value is controversial. In a recently pub-
lished MPV study from Turkey the mean MPV of healthy
individuals was 8.9 ± 1.4 fL [37]. They have evaluated the
MPV measurement within the first 6 hours. However, MPV
increases over time as platelets swell in EDTA; therefore
optimal MPV measurement should be within 2 hours of
venipuncture [38]. Contrary in a study from Italy the mean
MPV of outpatients was found to be 7.7 fL (6.4–9.8 fL)
[39].

In the present study, the mean IOP was significantly
higher in NAION patients compared to control subjects.
Although our results demonstrated that the IOP is an inde-
pendent predictor in NAION, its effect on NAION is still
controversial. Rothová and Boguszaková [40] reported an
increase of IOP in 4 of 17 NAION patients. Contrary Kalenak
et al. [41] did not report association between NAION and
IOP (16.3 versus 16.1mmHg). Although the mean IOP values
in our study were significantly higher in NAION patients, it
has no clinical importance because the measurements were
within the normal range (15.8 versus 14.1mmHg). Moreover
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lack of central corneal thickness (CCT) and cup/disc (c/d)
ratio was the limitations of such a comparison with respect
to IOP in the present study.

Mean platelet volume has been studied in a few ocular
vascular disorders. Our team reported an increase of the
MPV in patients with RVO and ocular Behçet’s disease [3, 6].
Ateş et al. [42] found a significant increase of the MPV
in patients with diabetic retinopathy (DR). They reported a
correlation between the severity of DR and MPV values.

Our study has some limitations: it was a retrospective
analysis with a relatively small number of patients, which
is inherent to investigations of multifactorial diseases. With
a lack of body mass index, lipid profile of the patients and
history of metabolic syndrome [43], CCT, c/d ratio, and the
results demonstrate only the hematologic status at the acute
stage of NAION. Thus, these results may not reflect the
status of these patients over long periods. Because of the low
incidence of NAION, an adequately controlled prospective
study would be difficult but worthy of further workup.

5. Conclusion

Mean platelet volume was significantly higher in patients
with NAION. Despite the retrospective nature of our study,
we suggest that MPV may be used as a predictive tool for
identifying risk of NAION in the future. However, increased
MPV alone is not responsible for NAION as its pathogenesis
is more complex and multifactorial. Further studies are
needed to confirm the predictive value of MPV for NAION
risk.
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[18] A. Şahin, M. Şahin, H. Yüksel et al., “The mean platelet
volume in patients with retinal vein occlusion,” Journal of
Ophthalmology, vol. 2013, Article ID 236371, 4 pages, 2013.

[19] B. Kisacik, A. Tufan, U. Kalyoncu et al., “Mean Platelet Volume
(MPV) as an inflammatory marker in ankylosing spondylitis
and rheumatoid arthritis,” Joint Bone Spine, vol. 75, no. 3, pp.
291–294, 2008.



Journal of Ophthalmology 5

[20] E. Varol, “Mean platelet volume can be affected by many con-
founding factors in chronic periodontitis,” Kardiologia Polska,
vol. 71, no. 9, p. 1004, 2013.

[21] N. R. Miller and A. C. Arnold, “Current concepts in the diag-
nosis, pathogenesis and management of nonarteritic anterior
ischaemic optic neuropathy,” Eye, vol. 29, no. 1, pp. 65–79, 2015.

[22] S. S. Hayreh, K. M. Joos, P. A. Podhajsky, and C. R. Long, “Sys-
temic diseases associated with nonarteritic anterior ischemic
optic neuropathy,” American Journal of Ophthalmology, vol. 118,
no. 6, pp. 766–780, 1994.

[23] K. Dickersin, D. Everett, S. Feldon et al., “Optic nerve decom-
pression surgery for nonarteritic anterior ischemic optic neu-
ropathy (NAION) is not effective and may be harmful,” Journal
of the AmericanMedical Association, vol. 273, no. 8, pp. 625–632,
1995.

[24] P. Preechawat, B. B. Bruce, N. J. Newman, and V. Biousse,
“Anterior ischemic optic neuropathy in patients younger than
50 years,” American Journal of Ophthalmology, vol. 144, no. 6,
pp. 953–960, 2007.

[25] D. R. Guyer, N. R. Miller, C. L. Auer, and S. L. Fine, “The risk
of cerebrovascular and cardiovascular disease in patients with
anterior ischemic optic neuropathy,”Archives of Ophthalmology,
vol. 103, no. 8, pp. 1136–1142, 1985.

[26] V. Nagy, B. Kolozsvari, Z. Balogh et al., “Increased level
of platelet P-selectin in nonarteritic anterior ischemic optic
neuropathy,” Graefe’s Archive for Clinical and Experimental
Ophthalmology, vol. 251, no. 3, pp. 917–922, 2013.

[27] S. J. Talks, N. H. V. Chong, J. M. Gibson, and P. M. Dodson,
“Fibrinogen, cholesterol and smoking as risk factors for non-
arteritic anterior ischaemic optic neuropathy,” Eye, vol. 9, no. 1,
pp. 85–88, 1995.

[28] H. Giles, R. E. A. Smith, and J. F. Martin, “Platelet glycoprotein
IIb-IIIa and size are increased in acute myocardial infarction,”
European Journal of Clinical Investigation, vol. 24, no. 1, pp. 69–
72, 1994.

[29] V. M. Haver and A. R. L. Gear, “Functional fractionation of
platelets,” Journal of Laboratory and Clinical Medicine, vol. 97,
no. 2, pp. 187–204, 1981.

[30] H. Cil, C. Yavuz, Y. Islamoglu et al., “Platelet count and
mean platelet volume in patients with in-hospital deep venous
thrombosis,” Clinical and Applied Thrombosis/Hemostasis, vol.
18, no. 6, pp. 650–653, 2012.

[31] T. J. Hendra, G. A. Oswald, and J. S. Yudkin, “Increased mean
platelet volume after acute myocardial infarction relates to
diabetes and to cardiac failure,” Diabetes Research and Clinical
Practice, vol. 5, no. 1, pp. 63–69, 1988.

[32] S. Greisenegger, G. Endler, K. Hsieh, S. Tentschert, C.Mannhal-
ter, and W. Lalouschek, “Is elevated mean platelet volume
associatedwith aworse outcome in patients with acute ischemic
cerebrovascular events?” Stroke, vol. 35, no. 7, pp. 1688–1691,
2004.

[33] P. Bath, C. Algert, N. Chapman, B. Neal, and PROGRESS
Collaborative Group, “Association ofmean platelet volumewith
risk of stroke among 3134 individuals with history of cere-
brovascular disease,” Stroke: A Journal of Cerebral Circulation,
vol. 35, no. 3, pp. 622–626, 2004.

[34] S. S. Hayreh, “Retinal and optic nerve head ischemic disorders
and atherosclerosis: role of serotonin,” Progress in Retinal and
Eye Research, vol. 18, no. 2, pp. 191–221, 1999.

[35] J. A. Jakubowski, C. B. Thompson, R. Vaillancourt, C. R. Valeri,
and D. Deykin, “Arachidonic acid metabolism by platelets of

differing size,” British Journal of Haematology, vol. 53, no. 3, pp.
503–511, 1983.

[36] P.M.W. Bath andR. J. Butterworth, “Platelet size:measurement,
physiology and vascular disease,” Blood Coagulation and Fibri-
nolysis, vol. 7, no. 2, pp. 157–161, 1996.

[37] H. Demirin, H. Ozhan, T. Ucgun et al., “Normal range of
mean platelet volume in healthy subjects: insight from a large
epidemiologic study,” Thrombosis Research, vol. 128, no. 4, pp.
358–360, 2011.

[38] M. D. Lancé, R. van Oerle, Y. M. C. Henskens, and M. A.
E. Marcus, “Do we need time adjusted mean platelet volume
measurements?” Laboratory Hematology, vol. 16, no. 3, pp. 28–
31, 2010.

[39] G. Lippi, T. Meschi, and L. Borghi, “Mean platelet volume
increases with aging in a large population study,” Thrombosis
Research, vol. 129, no. 4, pp. e159–e160, 2012.
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