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Abstract

Objectives: The purpose of this study was to assess the levels of red cell distribution width (RDW) in patients with
pseudoexfoliation syndrome (PEX) and to compare the RDW values of patients with PEX, PEX glaucoma (PXG), and
healthy controls.

Methods: In total, 45 patients with PEX, 14 patients with PXG, and 43 age- and sex-matched healthy control subjects
were enrolled in this retrospective study. Complete ophthalmologic examination and complete blood count measure-
ments were performed of all subjects. Complete blood counts were performed within | h of blood collection.

Results: RDWV levels were significantly higher in patients with PEX and PXG than in those with controls (p=0.037 and
p<0.001, respectively). Furthermore, a significant difference was found in RDW values between PXG and PEX groups
(p=0.028). RDWV levels were gradually increased from control group to PXG group (p<0.001 for one-way ANOVA). Multi-
variate logistic regression analysis revealed that RDW was independently associated with the presence of PEX/PXG (odds
ratio 1.698, 95% confidence interval 1.077-2.677, p=0.023).

Conclusion: The present study for the first time provides evidence that RDW may be an useful marker for predicting
the presence of PEX and progression to PXG.
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not yet been clarified, it has been presumed to be associated
with multifactorial systemic biochemical and pathological
processes induced by several growth factors and molecules
that play roles in inflammation and oxidative stress (3-8).
Red cell distribution width (RDW) is a laboratory mea-
sure of the variability in the size of circulating erythrocytes
and is a readily available component of the routine complete
blood count parameters. Several studies reported that in-
creased RDW levels are significantly associated with ad-

Introduction

Pseudoexfoliation syndrome (PEX), characterized with pro-
gressive accumulation of an abnormal extracellular fibrillar
material on anterior structures of the eye and extraocular
tissues, including periphery of blood vessels, skin, and vis-
ceral organs, is an age-related disorder of extracellular ma-
trix and considered as the most common identifiable cause
of secondary open-angle glaucoma (I). It is also linked to

a broad range of ocular complications including glaucoma
and perioperative problems during cataract surgery (2).
Although the exact pathophysiologic mechanism of PEX has

verse events and poor prognosis in various cardiovascular
and cerebrovascular diseases (9—17). Given the association
of PEX with various diseases, particularly cardiovascular or
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cerebrovascular diseases, and the role of inflammation and
oxidative stress in the pathogenesis of PEX (3, 4, 18-22), we
hypothesized that RDW may be related with the presence
of PEX or PEX glaucoma (PXG). In a previous study, RDW
was significantly associated with the presence of retinopathy
(23). Recently, we have shown the increased RDW level in
children with seasonal allergic conjunctivitis (24). However,
whether RDWV level is associated with PEX/PXG has not
been explored yet. Accordingly, the aim of this study was
to evaluate serum levels of RDWV in patients with PEX/PXG
in comparison with those of age- and sex-matched healthy
subjects.

Methods

The clinical and laboratory data of 45 patients with PEX,
|4 patients with PXG, and 43 age- and sex-matched healthy
subjects were retrospectively assessed at our hospital in the
study. The diagnosis of PEX was based on the presence of
typical exfoliation material on the anterior lens capsule or
pupillary margin after the pupillary dilatation by pharmaco-
logical agents in one or both eyes, with a normal optic disc
and visual field findings in patients with an intraocular pres-
sure (IOP) <21 mmHg. Control subjects had no history of
ocular disease (except for refractive error, strabismus, and
cataract) and elevated IOP (more than 21 mmHg) and no
evidence of exfoliation material on the anterior lens capsule
or pupillary margin. They had normal optic disc and visual
fields. All PXG patients had a glaucomatous optic neuropa-
thy and visual field damage, PEX material on the anterior
lens capsule or at the pupillary border, transillumination
defects near the pupil, increased pigmentation or PEX ma-
terial at the angle or both, and an IOP of more than 21
mmHg without treatment. Patients who experienced any of
the following conditions were excluded: Systemic infectious,
inflammatory, oncological, hematological, or rheumatologic
diseases; renal failure; liver or thyroid dysfunction; chronic
obstructive pulmonary disease; anemia (a hemoglobin level
<13.0 g/dL in men and <12 g/dL in women, according to the
World Health Organization recommendations); chronic or
recurrent inflammatory eye disease; ocular trauma; ocular
infection; and missing laboratory data. This submission has
received the Institutional Review Board/Ethics Committee
approval. A described research adhered to the tenets of the
Declaration of Helsinki.

Laboratory Parameters

Blood samples were collected in all patients after fasting at
least 8h. Complete blood count parameters were analyzed
immediately after collection using a Beckman-Coulter LH
780 Analyzer (Beckman Coulter Inc., Miami, FL, USA).

Statistical Analysis

All statistical analyses were performed with SPSS 18.0 soft-
ware (SPSS Inc., Chicago, IL). Distribution of data was deter-
mined by Kolmogorov—-Smirnov test. Continuous variables
were expressed as meantSD and categorical variables as
frequency and percentage. Continuous variables were com-
pared with the student’s t-test or Mann—Whitney U-test,
as appropriate and categorical variables were compared
using Pearson’s Chi-square test for three groups. One-way
ANOVA and Kruskal-Wallis variance analyses were used
for multigroup comparison of continuous variables. If the
differences were significant, pair-wise comparisons would
be based on the Mann—Whitney U-test or student’s t-test,
with Bonferroni correction to establish which subgroups
were different. Receiver operating characteristic (ROC)
analysis was also performed to determine the cutoff thresh-
old and quantify the accuracy of RDWV to predict PEX and
PXG. Sensitivity, specificity, and the area under the ROC
(AUROC) curve were used for an overall estimation of the
accuracy of the classifier. All of the reported P values were
two-tailed, and those <0.05 were considered to be statisti-
cally significant.

Results

Baseline demographic and blood sampling characteristics on
the participants are shown in Table |. No statistically sig-
nificant difference was observed in terms of the age, sex
distribution, diabetes mellitus, hypertension, and lipid pa-
rameters. Lymphocyte counts were gradually decreased,
while neutrophil-to-lymphocyte ratio (NLR) values were
gradually increased from control to PXG groups (p=0.007
and p<0.001, respectively). There was a significant difference
in RDW levels between PEX and control groups (p=0.037)
and PXG and control groups (p<0.001). Furthermore, a sig-
nificant difference was found in RDW values between PXG
and PEX groups (p=0.028). RDW levels were gradually in-
creased from control group to PXG group (p<0.001) (Fig.
I). According to the ROC analysis, the AUROC value of the
RDW to distinguish PEX patients and controls was found to
be 0.619. The best cutoff value was 12.85, with a sensitiv-
ity of 73.3% and a specificity of 41.9% (Fig. 2a). In addition,
AUROC value of RDW to distinguish patients with PXG
and controls was found to be 0.798. The cutoff value was
13.45, with a sensitivity of 78.6% and a specificity of 55.8%
(Fig. 2b). Multivariate logistic regression analysis comparing
PEX and PXG patients with controls indicated that elevated
RDW level was a significant risk factor for PEX/PXG status
(odds ratio =1.698; 95% confidence interval =1.077-2.677,
p=0.023) (Table 2).
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Table |. Baseline clinical and laboratory characteristics of patients among three groups

Study groups
Characteristic Control PEX PXG P
(n=43) (n=45) (n=14)

Age (years) 65.2+4.9 67.4+7.9 69.3+5.76 0.172
Women, n (%) 26 (60.5) 27 (60.0) 6 (42.9) 0.473
Neutrophil count (x109/L) 3.32+0.94 3.68+1.09 3.69+0.89 0.195
Lymphocyte count (x109/L) 2.19+0.61 1.84+0.54 1.78+0.43 0.007
NLR 1.56+0.58 2.08+0.64 2.19+0.78 <0.001
Hypertension, n (%) 20 (46.5) 25 (55.6) Il (78.6) 0.111
Diabetes mellitus, n (%) 8 (18.6) 13 (28.9) 5(35.7) 0.347
Total cholesterol (mg/dL) 207+42 22041 217144 0.340
HDL cholesterol (mg/dL) 47+13 4511 4148 0.199
LDL cholesterol (mg/dL) 13137 135+34 152+39 0.156
Triglyceride (mg/dL) 140+63 15071 14145 0.745
RDW (%) 13.18+0.83 13.89+1.46 14.95+1.88 <0.001

PEX: Pseudoexfoliation syndrome; PXG: Pseudoexfoliation glaucoma; NLR: Neutrophil-to-lymphocyte ratio; HDL: High-density lipoprotein; LDL: Low-density

lipoprotein; RDWV: Red blood cell distribution width.
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Figure I. RDW levels in controls, PEX group, and PXG group. RDW-
red cell distribution width, PEX-pseudoexfoliation syndrome, PXG-
pseudoexfoliation glaucoma.

Discussion

To the best of our knowledge, this is the first published
study on the RDW as an inflammation and oxidative stress
marker in patients with ocular PEX. The present study was
shown increased RDWYV levels in PEX/PXG groups than the
control group. Furthermore, RDW was independently asso-
ciated with the presence of PEX/PXG.

The pathophysiology of PEX involves both genetic and
non-genetic factors. Single-nucleotide polymorphisms in the

coding region of the lysyl-oxidase-like | gene, which is re-
sponsible for cross-linking of elastin, have been identified as
strong genetic risk factors for PEX and PXG (25). Moreover,
non-genetic factors including ultraviolet light exposure, di-
etary factors, infectious agents and trauma, as well as, oxida-
tive stress, hypoxia, and inflammation have been suggested
to act as comodulating external factors (4). Stress-induced,
temporally restricted subclinical inflammation in anterior
segment tissues is detected during the early stages of the
fibrotic PEX process (26). According to numerous studies
performed previously, inflammatory markers (e.g., alpha-I
antitrypsin, interleukin-6, high-sensitivity C-reactive protein
[hs-CRP], and tumor necrosis factor-alpha) and growth fac-
tors (e.g., basic fibroblast growth factor, hepatocyte growth
factor, connective tissue growth factor, transforming growth
factor beta |, and tumor necrosis factor-gl) were reported
to be increased in PEX patients (18-20).

The underlying mechanisms between RDW and PEX/
PXG have not yet been clearly demonstrated. Some possible
mechanisms may be suggested for this association. One of
the possible mechanisms may be related with increased in-
flammatory activity. It is well known that PEX is related with
inflammatory reactions. Previous studies demonstrated that
PEX is associated with elevated inflammatory markers such
as hs-CRP, NLR, and YKL-40 (20-22). In the present study,
we have further found that RDWV levels were significantly
higher in PEX/PXG group than control group. It was shown
that elevated inflammatory cytokines suppress the matura-
tion of erythrocytes, allowing juvenile erythrocytes to enter
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Figure 2. (a) Receiver operating characteristics (ROC) curve analysis for discrimination between controls and PEX and (b) controls and PXG.

PEX-Pseudoexfoliation syndrome, PXG-Pseudoexfoliation glaucoma.

Table 2. Independent predictors of PEX/PXG status

Univariate Analysis

Mulivariate Analysis

Variable Odds Ratio, 95% CI

P Odds Ratio, 95% CI P

Neutrophil count 1.474 (0.963-2.255)

Lymphocyte count 0.311 (0.142-0.681)

NLR 4.492 (2.004-10.068)
Age 1.059 (0.992-1.130)
RDW 1.955 (1.279-2.988)

0.074 1.050 (0.328-3.355) 0.933
0.004 0.748 (0.105-5.360) 0.773
<0.001 3.329 (0.388-28.544) 0.273
0.088 1.055 (0.979-1.138) 0.160
0.002 1.698 (1.077-2.677) 0.023

PEX: Pseudoexfoliation syndrome; PXG: Pseudoexfoliation glaucoma; NLR: Neutrophil-to-lymphocyte ratio; RDW: Red blood cell distribution width;

Cl: Confidence interval.

into circulation and thereby leading to an increase in hetero-
geneity of the size, resulting in elevated RDWV levels (27).
The other mechanism is based on the relationship be-
tween elevated RDW and increased oxidative stress (28).
Elevated RDWV level may be related with increased oxidative
stress in the presence of PEX/PXG. An increase in oxidative
stress markers (e.g., 8-isoprostaglandin-F2a) and a decrease
in antioxidative protective factors (e.g., ascorbic acid) were
observed in patients with PEX (6-8). Increasing evidence
suggests that the oxidative-antioxidative balance is disturbed
in patients with PEX/PXG, both in the anterior segment and
throughout the body, and that the resulting oxidative stress
constitutes a major mechanism involved in the pathophysi-
ology of this fibrotic process. Significantly reduced levels of
antioxidants, such as ascorbic acid, glutathione, trace ele-

ments, antioxidative enzymes, and total antioxidative capac-
ity in aqueous humor and serum, suggest a faulty antiox-
idative defense system in PEX patients. In other words, the
oxidative-antioxidative balance is disturbed in patients with
PEX as supported by reduced levels of antioxidants such as
ascorbic acid, glutathione, trace elements, and antioxidative
enzymes in aqueous humor and serum and increased levels
of oxidants such as hydrogen peroxide or nitric oxide, as
well as, oxidative stress markers (5). Oxidative stress, there-
fore, appears to represent a modifiable risk factor in the
management of patients with PEX/PXG. It is well known that
oxidative stress directly damages erythrocytes and leads to
shortened erythrocyte survival, resulting in elevated RDW
levels (29). The variability in circulation red cell sizes may
increase with these mechanisms.
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Taken together, this study showed that RDWV levels were
higher in both patient groups with PEX and PXG than con-
trol group. A higher level of RDW (13.45 as a cutoff value)
was significantly predictive to distinguish PXG patients than
controls. Considering PEX as an early stage of PXG, de-
termining RDW as a significant marker to distinguish PEX
and control patients was another important finding of the
present study.

Study Limitations

This study has several limitations. The main limitation of our
study was the lack of data on pro-inflammatory cytokines,
inflammation (e.g., hs-CRP), and oxidative stress (oxidized
phospholipid, free oxygen radicals) markers, which possibly
plays a key role in the inflammation process in PEX. Another
limitation is the relatively small sample size.

Conclusions

This study demonstrated that the RDWY, the parameter re-
flecting inflammation, and oxidative stress were significantly
higher in patients with PEX/PXG. This study also may shed
light on future studies investigating the pathogenesis of
RDW in the development of PXG in patients with ocular
PEX. Further studies investigating mechanisms playing a role
in chronic low-grade inflammation and oxidative stress in pa-
tients with PEX are needed.
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