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Assessing the role of systemic inflammation in the etiopathogenesis of

advanced stage keratoconus

Ali H Reyhan, Ayse Sevgi Karadag', Serife Sule Cinar’

Purpose: It was aimed to compare the levels of inflammation-related parameters, such as neutrophil/
lymphocyte ratio (NLR) and platelet/lymphocyte ratio (PLR), in patients with advanced keratoconus (KC)
and healthy controls. Also, we evaluated the relationships between these parameters and several corneal
topography values used in the KC diagnostic index. Methods: Forty patients with advanced and 40 healthy
volunteers were included in this study. In the KC group, 20 patients were nonprogressive KC and 20 patients
were progressive KC. In all participating individuals, we evaluated detailed ophthalmologic examination
findings and complete blood count data, while corneal topographic measurements were also recorded in
patients with KC. Results: The mean NLR value was 2.3 + 1.19 in the progressive KC group; nonprogressive
KC values were 1.99 + 1.69 and 1.81 + 0.72 in the control group. Mean PLR value was 113.24 + 48.44 in the
progressive KC group, nonprogressive KC values were 96.47 + 31.04 and 104.09 + 35.14 in the control group.
No statistically significant difference was found between patients with progressive KC, nonprogressive
KC, and healthy volunteers in terms of mean NLR and PLR values (P > 0.05). NLR values were found to
demonstrate significant positive correlations with the corneal topography parameters, Symmetry Index
front (r=0.278, P = 0.025), KC Vertex front (r = 0.247, P = 0.048), and Baiocchi Calossi Versaci front (r = 0.273,
P =0.028); there was no significant relationship between corneal topography parameters and PLR values.
Conclusion: Although there was no significant difference between the progressive KC, nonprogressive
KC, and control groups in inflammation parameters such as NLR and PLR, a positive correlation was
observed between the NLR value and some corneal topography findings used in the diagnosis of KC. The
role of inflammation in the etiology of KC can be better understood by clinical studies and laboratory tests
conducted with prospective studies involving a higher number of patients.
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Keratoconus (KC) is a bilateral, asymmetric, noninflammatory,
progressive corneal ectasia that causes high myopia, astigmatism,
and vision loss."? It typically begins at puberty, progresses
and generally stabilizes between 30 and 40 years of age.”! The
prevalence of KC has been reported to be 1/2000; however, it is
known to vary according to diagnostic methods and between
different studies. The main environmental and demographic
factors in the progression of KC include rubbing the eyes,
atopy history (hay fever, asthma, urticarial, and eczema),
contact lens use, and ultraviolet exposure. Corneal topography
systems based on index-based classification principles are
used in diagnosis, severity grading, and corneal thickness
measurements.”>*! One of these topography devices, the Sirius
system (Costruzione Strumenti Ophthalmici, Florence, Italy),
has an anterior segment analysis that combines a 360° rotating
Scheimpflug camera and a 22-ring placido-disc approximately
60000 points are examined on both posterior and anterior surface
of the cornea with 475 nm blue LED light. The treatment in KC
depends on the severity of the disease. Traditionally, glasses
in the early stage of the disease, contact lenses in nonsevere
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cases, and keratoplasty in severe cases are preferred in the
treatment. Corneal cross-linking and intracorneal ring segments
are alternative surgical methods that can be performed in the
treatment of KC.! Around 10-20% of cases with KC progress
to the final stage necessitating keratoplasty.”*!

Although many genetic, biomechanical, and physical
causes have been reported, the etiology of KC has not been
fully explained. The generally accepted definition of KC is
that it is a noninflammatory corneal ectasia; however, recent
studies report that proinflammatory factors may play a role
in the pathogenesis.'” In the inflammation observed in the
cornea, increased levels of lysosomal proteinases such as
cathepsin B-G and other catabolic enzymes, cytokines such as
interleukin-1 (IL-1) and interleukin-6 (IL-6), factors associated
with oxidative stress, and eight decreased proteinase inhibitors
such as a2-macroglbulin and a/1-antiprotease act in a concerted
manner leading to proteolytic activity which disrupts the
corneal stroma.l'"® In studies conducted with the tear fluid
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samples of patients with KC, it was observed that IL-6, matrix
metalloproteinase-9 (MMP-9), and tumor necrosis factor-o
levels were significantly elevated, while immunoglobulin-A
and lactoferrin levels were found to be decreased.'**'*! The
relationship between KC and inflammatory molecules in
tear fluid has been extensively studied, but studies exploring
relationships between KC and systemic inflammation are rare. In
recent years, indices such as neutrophil/lymphocyte ratio (NLR)
and platelet/lymphocyte ratio (PLR), erythrocyte distribution
width (RDW), and hemoglobin (Hb) have been shown to have
been utilized as prognostic markers of systemic inflammation in
many systemic diseases, like diabetes mellitus (DM), myocardial
infarction, hypertension, cancer, and psoriasis.!'*%

In the light of these data, the present study investigated
the role of systemic inflammation in the etiology of KC by
comparing inflammation-sensitive blood marker levels such as
PLR and NLR in cases with advanced KC and the control group.
In addition, we compared serum PLR and NLR levels in cases
with unilateral and bilateral KC. We also sought to determine

Table 1: Comparison of hemogram results in KC and
control groups

KC group (n=40) Control group P
Mean+SD (n=40) Mean+SD
WBC 8.41£2.76 8.37+2.5 0.912
RBC 5.05+0.63 4.85+0.55 0.085
Hgb 14.11x+1.89 13.38+2.04 0.101
RDW 12.69+1.93 14.24+1.25 0.001*
PLT 253.37+71.58 277.3+83.98 0.402
LYM 2.6+0.87 2.82+0.86 0.245
LYM% 32.04+9.61 33.91+10.87 0.825
MONO 0.62+0.33 0.69+0.31 0.289
MONO% 7.12+2.29 8.08+3.47 0.204
NEU 4.97+2.27 4.79+1.7 0.700
NEU% 57.47£10.5 57.09+10.12 0.870
NLR 2.15+1.46 1.81+0.72 0.658
PLR 104.86+41.05 104.09+35.14 0.893

WBC: White blood cell count, RBC: Red blood cell count, Hgb: Hemoglobin,
RDW: Red cell distribution width, PLT: Platelet count, LYM: Lymphocyte,
MONO: Monocyte, NEU: Neutrophil, NLR: Neutrophil-to-lymphocyte ratio,
and PLR: Platelet-to-lymphocyte ratio.

whether these parameters demonstrated any relationships with
corneal topography parameters used in the KC diagnosticindex.

Methods

This study was approved by the Adiyaman University clinical
research ethics committee (Date: 07/21/2020 Project No:
2020/7-23), and the study adhered to the research principles
in the Declaration of Helsinki. Informed consent was obtained
from all participants. Forty patients with advanced KC and 40
healthy volunteers were included in the study. In the KC group,
20 patients were nonprogressive KC (group 1) and 20 patients
were progressive KC (group 2). Those who had a habit of
smoking and alcohol use, individuals using gas-permeable
hard contact lenses, those with a history of ocular disease
or surgery, patients who had been diagnosed with atopy
or allergic diseases, pregnant subjects, those with any
systemic inflammatory disease, and those currently receiving
anti-inflammatory treatment were excluded from the study.

Ophthalmological examination of all participants were
performed. In the examination, best-corrected visual acuity with
Snellen chart, intraocular pressure measurement with Goldmann
applanation tonometer, slit-lamp examination, and fundus
examination were performed. Additionally, a new-generation
noncontact corneal topography (Sirius Costruzione Strumenti
Ophthalmic, Florence, Italy) device with placido disc and mobile
Scheimpflug camera system was utilized in patients with KC.
All corneal topography evaluations were performed by the same
qualified technician under scotopic vision without dilating the
pupil. The following parameters were recorded in the corneal
topography analysis of patients with KC: CCT (central corneal
thickness), SimK1 (Simulate K index 1), SimK2 (Simulate
K index 2), Thk (thinnest corneal thickness), SIf (Symmetry
index front), KVf (KC vertex front), BCVf (Baiocchi Calossi
Versaci front), Slb (Symmetry index back), KVb (KC Vertex
back), and BCVb (Baiocchi Calossi Versaci back). Advanced
stage KC (stage 3—4) diagnoses were made in accordance with
the Amsler-Krumeich classification system. According to this
classification, patients with the following characteristics are
defined to have advanced stage KC: astigmatism value greater
than 8 diopters (D) and/or myopia, corneal thickness less than
400 um, and central keratometry value greater than 53 D.

With regard to complete blood counts (CBC), we only
included patients with results that had been obtained within

Table 2: Comparison of hemogram results in nonprogressive kc, progressive kc, and control groups

Control group (Grup 0) Nonprogressive KC (Grup 1) Progressive KC (Grup 2) P (0-1) P (0-2) P(1-2)
WBC 8.37+2.5 8.40+2.6 8.43+2.9 >0.05 >0.05 >0.05
RBC 4.85+0.55 5.07+0.77 2.02+0.46 >0.05 >0.05 >0.05
Hgb 13.38+2.04 13.90+1.98 14.32+1.81 >0.05 >0.05 >0.05
RDW 14.24+1.25 12.71£1.78 12.66+2.11 >0.05 >0.05 >0.05
PLT 277.3+83.98 254,6+76.24 252+68.54 >0.05 >0.05 >0.05
LYM 2.82+0.86 2.79+0.95 2.40+0.74 >0.05 >0.05 >0.05
LYM% 33.91+10.87 34.23+10.04 29.81+8.84 >0.05 >0.05 >0.05
MONO 0.69+0.31 0.58+0.21 0.65+0.42 >0.05 >0.05 >0.05
MONO% 8.08+3.47 6.85+2.26 7.40+2.34 >0.05 >0.05 >0.05
NEU 4.79+1.7 4.85+2.37 5.08+2.20 >0.05 >0.05 >0.05
NEU% 57.09+10.12 55.76x11.64 59.17+9.19 >0.05 >0.05 >0.05
NLR 1.81+£0.72 1.99+1.69 2.3+1.19 >0.05 >0.05 >0.05
PLR 104.09+35.14 96.47+31.04 113.24+48.44 >0.05 >0.05 >0.05

WBC: White blood cell count, RBC: Red blood cell count, Hgb: Hemoglobin, RDW: Red cell distribution width, PLT: Platelet count, LYM: lymphocyte,
MONO: Monocyte, NEU: Neutrophil, NLR: Neutrophil-to-lymphocyte ratio, and PLR: Platelet-to-lymphocyte ratio
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Table 3: Comparison of hemogram results in bilateral and
unilateral KC patients

Bilateral KC Unilateral KC P
(n=25) Mean+SD (n=15) Mean+SD
Age (years) 27.72+10.29 23.4+5.67 0.552
WBC 8.34+2.93 8.53+2.54 0.908
RBC 5.04+0.56 5.07+0.76 0.227
Hgb 14.06+1.86 14.2+1.99 0.193
Hct 42.74+4.96 42.71+5.15 0.096
MCV 84.84+5.36 85.01+9.65 0.534
MCH 27.95+2.65 28.3+4.01 0.143
RDW 12.45+1.35 13.09+2.64 0.650
PLT 261.49+69.68 239.83+75.06 0.441
MPV 8.48+1.39 8.69+2.04 0.651
LYM% 31.13+10.5 33.55+8.03 0.625
LYM 2.48+0.86 2.79+0.88 0.299
MONO% 7.06+2.48 7.24+2.03 0.391
NEU 5.04+2.54 4.84+1.81 0.920
NEU% 58.44+11.82 55.84+7.93 0.734
MONO 0.61+0.38 0.63+0.25 0.345
NLR 2.3+1.63 1.89+1.1 0.584
PLR 114.34+46.76 89.06+22.76 0.208

KC: Keratoconus, WBC: White blood cell count, RBC: Red blood cell

count, Hgb: Hemoglobin, Hct: Hematocrit, RDW: Red cell distribution width,
PLT: Platelet count, LYM: Lymphocyte, MONO: Monocyte, NEU: Neutrophil,
NLR: Neutrophil-to-lymphocyte ratio, and PLR: Platelet-to-lymphocyte ratio.

Table 4: Correlations between corneal topographical
parameters and the NLR and PLR values

Corneal topography Correlation NLR PLR
parameters coefficient
CCT R 0.095 0.018
P 0.453 0.887
SimK1 R 0.118 0.049
P 0.351 0.701
SimK2 R 0.162 0.041
P 0.196 0.743
Thk R 0.021 -0.012
P 0.865 0.925
SIf R 0.278* 0.157
P 0.025 0.210
KVf R 0.247* 0.149
P 0.048 0.237
BCVf R 0.273* 0.124
P 0.028 0.324
Slb R 0.166 0.085
P 0.187 0.501
KVb R 0.219 0.209
P 0.079 0.096
BCVb R 0.227 0.189
P 0.069 0.131

r. Spearman rank correlation coefficient, *Significant at 0.05 level

the last month. We ensured that the CBC measurements were
taken for routine screening purposes (preoperative preparation,

check-up examination, etc.) and the patients did not have any
pathology that would affect the results from the moment the
blood was given. CBC measurements were performed with an
automated analyzer (Beckman Coulter Inc., Miami, FL). NLR
and PLR values were calculated based on CBC measurements.

Comparisons were performed based on the presence/
absence of KC (healthy controls vs. patients) and eye
involvement in patients with KC (unilateral vs. bilateral). In
the KC group, we also evaluated the relationships between
corneal topography parameters and the values of NLR and PLR.

Whether continuous variables were normally distributed was
analyzed using the Shapiro-Wilk test. Student’s t-test was used
for normally distributed data and Mann-Whitney U-test for
nonnormally distributed data to compare quantitative variables
between two independent groups. One way ANOVA test was
used for normally distributed data to compare quantitative
variables between three independent groups. The Chi-square
test was used to analyze the distribution of categorical variables
among groups. Spearman’s rank correlation coefficient was
used for correlation analysis between numerical variables.
Statistical Package for the Social Sciences (SPSS, version 24.0)
was used for all statistical analyzes. Any P value of <0.05 was
accepted as significant statistically.

Results

Forty patients with KC (25 bilateral, 15 unilateral) and 40
healthy volunteers were included in the study. Forty-six (57.5%)
of the participants were female and 34 (42.5%) were male. The
mean age was determined as 26.10 = 9.01 years in the KC
group and 25.75 + 9.13 years in the control group. There was
no statistical difference between the two groups in terms of age
and gender (P = 0.780 and P = 1.000, respectively). When the
hemogram results were compared, there was no statistically
significant difference in parameters such as white blood cell
count, red blood cell count, hemoglobin, platelet count, and
also white blood cell subgroups (neutrophil, lymphocyte,
monocyte counts). A significant difference was found in
mean RDW values (P = 0.001) between the two groups. No
statistically significant difference was found between the two
groups in the mean values of NLR and PLR (P = 0.658 and
P=0.893, respectively). The hemogram results of the two study
groups are given in Table 1: The mean NLR value was 2.3 +1.19
in the progressive KC group; nonprogressive keratoconus
values were 1.99 + 1.69 and 1.81 + 0.72 in the control group.
The mean PLR value was 113.24 + 48.44 in the progressive
keratoconus group; nonprogressive keratoconus values were
96.47 + 31.04 and 104.09 + 35.14 in the control group. At the
same time, when hemogram results were compared between
the progressive KC (grup 2), nonprogressive KC (grupl),
and the control group (grup 0), white blood cell count, red
blood cell count, hemoglobin, platelet count, and also white
blood cell subgroups (neutrophil, lymphocyte, monocyte
count), NLR, and PLR, there was no statistically significant
difference (P > 0.05) [Table 2]. When hemogram results
were compared in bilateral and unilateral KC patients, no
statistically significant difference was found in any of the
parameters [Table 3]. With regard to the relationships between
corneal topography parameters and white blood cell indices
in the KC group, we found that Slf, Kvf, and BcVF were
positively correlated with NLR values (r: 0.278, P: 0.025; r: 0.247,
P: 0.048, and r: 0.273, P: 0.028, respectively) [Table 3]. There
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was no significant relationship between corneal topography
parameters and PLR values [Table 4].

Discussion

The present study investigated NLR and PLR indices in
cases with advanced KC disease. We conclude that there is
no difference in these indices between normal and advanced
KC. Also, there is no difference in progressive KC and
nonprogressive KC than the control group. At the same
time, correlations between NLR values and some of the KC
markers measured by the Sirius corneal topography device
were observed. The etiopathogenesis in the emergence and
progression of KC is still not fully understood. It has been shown
that environmental factors, proteolytic enzymes, inflammatory
cytokines, oxidative stress, free radicals, along with genetic
predisposition, may play a role in etiopathogenesis.**!

Many studies have been conducted on the relationship
between KC and local inflammatory mediators.??! Lema
and Durén reported that the expression of IL-6, TNF-alpha,
and MMP-9 increased in the tear fluid of patients with KC.I"!
Abalain et al.®! indicated the presence of increased collagen
breakdown products in the tear fluid of cases with KC. Arnal
et al.”, and Wojcik et al.””! reported that free oxygen radicals
and reactive species were higher in the cornea of patients
with KC compared to the control group and argued that these
could cause stromal thinning of the cornea. In another study
using tear samples, Balasubramanian Balasubramanian et al.*!
suggested that collagenases, gelatinases, metalloproteinases
such as MMP-1, MMP-3, MMP-7, and MMP-13, and cytokines
such as TNF-o, TNF-f, IL-1, and IL-6 could contribute to the
progression of KC by causing collagen denaturation. All these
and similar findings suggest the role of inflammation in the
etiopathogenesis of KC contrary to traditional opinion.

It still remains unexplained whether the changes observed
in the cornea with KC disease are due to the effect of systemic
oxidative stress. Toprak et al.”! showed that serum levels of
oxidative stress markers were higher in cases with KC than
controls and reported that oxidative stress factors may play
a role in KC etiopathogenesis. On the other hand, Jun and
colleagues®! found no differences in serum cytokines and
chemokines such as IL-1, IL-4, IL-6, IL-10, IL-12, IL13, IL-17,
IFN-y, CC motif ligand 5, and TNF-o, between KC patients and
controls. Furthermore, in their large population-based study,
Xu et al.®! could not find a significant correlation between KC
disease and serum C-reactive protein levels, a commonly used
inflammatory marker.

The inflammatory process consists of a complex network
of interactions includes neutrophils, macrophages, and
lymphocytes involved in immunity. CBC is a simple and
cheap test that provides the numbers and percentages of WBC,
lymphocytes, platelets, and neutrophils. These parameters
could be considered as inflammatory markers. PLR and NLR
have prognostic value for many systemic diseases and are
among the most commonly used inflammatory markers.*
Recently, studies conducted with patients with DM, coronary
artery disease, Behget’s disease, and cancer reported that
high PLR and/or NLR values could be considered as systemic
inflammatory markers and could indicate poor prognosis.**!
Studies in ocular diseases such as dry eye disease, open-angle
glaucoma, degenerative myopia, acute anterior uveitis, diabetic

retinopathy, retinal vein occlusion, and macular degeneration
have reported that PLR and NLR could be prognostic factors
for these diseases.[**!

We observed higher but statistically insignificant PLR and
NLR values in cases with advanced stage KC than controls.
Karaca et al.’) reported significantly higher NLR values in
cases with progressive KC than cases with stable KC and
controls. In the study conducted by Katipoglu et al.*! in
patients with KC disease, it was reported that NLR values
were significantly higher compared to the control group. In
parallel with our study, Bozkurt et al.*!l found higher but
statistically insignificant PLR and NLR values in cases with
KC than controls.

A significant difference was observed only in RDW values
among CBC parameters between the KC and control groups.
RDW indicates the distribution of erythrocyte volume and
diameter. Erythropoietin (EPO) is the main physiological
determinant of RDW. The proinflammatory cytokines seen
in chronic inflammation can cause an increase in RDW value
by inhibiting EPO synthesis and activity, disrupting iron
metabolism, and shortening erythrocyte lifespan.i*! Bozkurt
and colleagues*! found no significant difference in RDW
values between cases with KC and controls, contrary to our
study. It was thought that this variation in the literature might
be caused by the differences in the study population and some
possible inflammatory diseases that could not be detected by
CBC measurements.

The Sirius corneal topography device utilizes KVf, KVDb, SIf,
SIb, BCVf, and BCVD values as reference in the diagnosis and
classification of KC. In the KC group, it was observed that there
was a positive correlation between several KC index values (SIf,
Kvf, BcVF) and NLR values. With this finding, it was thought
that NLR could be a useful biomarker that could show the
inflammation status and predict the prognosis of KC patients.

Study limitations

The present study is single-center and retrospective conducted
with a small study population. Some other systemic
inflammatory markers like complements, interleukins, and
TNF-o could not be evaluated. It was thought that possible
systemic inflammatory diseases that could not be detected by
these laboratory tests might have had an effect on the results.

Conclusion

Although no significant difference was found between
the cases with KC (progressive and nonprogressive) and
controls in inflammatory parameters such as NLR and PLR,
a positive correlation was observed between the NLR value
and some corneal topography findings used in the diagnosis
of KC. The relationship between inflammation and KC can
be better elucidated by further prospective clinical studies
and laboratory analyses with higher study populations that
include biochemical analysis of tear fluid in conjunction with
blood tests.
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