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Abstract
·AIM: To demonstrate the effects of two different types
of allergic conjunctivitis on severity of keratoconus (KC).

·METHODS: We retrospectively reviewed the medical
records of 171 KC patients referred between June 2010
and June 2011. The KC patients were divided into 3
groups as KC (group A), KC with vernal
keratoconjunctivitis (VKC) (group B) and KC with allergic
conjunctivitis (AC) (group C). Main outcome measures
were demographic and ocular clinical features including
age at presentation, gender, spherical equivalent (SE),
best spectacle corrected visual acuity (BCVA), mean
keratometric measurement (Km), central corneal
thickness (CCT), and intraocular pressure (IOP). Groups
were compared in term of study variables.

· RESULTS: The median age at presentation was
significantly lower in group B ( <0.001). According to
the median SE ( =0.003), BCVA( =0.022), Km( <0.001),
CCT ( =0.015) and Amsler-Krumeich classification ( <
0.001), KC was more severe in group B. There was no
significant difference in terms of IOP and corrected IOP
among the groups ( =0.44), however there were 4
patients who had increased corrected IOP developed
after topical corticosteroid use in group B. The
differences among the groups persisted even after
controlling for age and gender.

· CONCLUSION: Our findings demonstrated a more
severe KC in VKC patients despite their younger age
which suggests evaluation of VKC patients as a separate
group in keratoconus disease.

· KEYWORDS: keratoconus; vernal keratoconjunctivitis;
allergic conjunctivitis; intraocular pressure
DOI:10.3980/j.issn.2222-3959.2013.03.21

Cingu AK, Cinar Y, Turkcu FM, Sahin A, Ari S, Yuksel H, Sahin M,

Caca I. Effects of vernal and allergic conjunctivitis on severity of
keratoconus. 2013;6(3):370-374

INTRODUCTION

A llergic conjunctivitis (AC) which comprises a
heterogeneous group of clinicopathologic conditions

with a wide variety of signs and symptoms, ranging from
simple intermittent tearing, itching, or hyperemia to severe
sight-threatening corneal complications affects approximately
25% of the world population [1-3]. Vernal keratoconjunctivitis
(VKC) which is seasonally exacerbated, allergic inflammation
of the ocular surface involving tarsal and/or bulbar
conjunctiva especially seen in children and young adults
living in the regions with hot and dry climate such as Middle
East, North Africa and some parts of South America and it is
rare in North America and Europe [4].
Keratoconus (KC) is a bilateral, non-inflammatory,
progressive condition associated with corneal ectasia, that
thinning and protrusion of the cornea causing progressive
myopia and irregular astigmatism especially after puberty.
Previously its associations with VKC, atopy and eye rubbing
were reported [5, 6]. Chronic ocular trauma could be one of the
important environmental factors that lead to development of
KC in genetically predisposed individuals. In atopic
individuals, faster progression of KC, early need for surgery
and more often surgical and immunologic complications
were previously reported [7]. The tissue damage could be
caused by chronic corneal epithelial trauma resulting in
prolonged, slow release of small amounts of degradative
enzymes called matrix metalloproteinases (MMP) [8-10].
The southeast part of Turkey, with hot-dry climate, poor
socioeconomic conditions and widespread marriage between
relatives, is different in many ways from developed regions
of Turkey. We evaluated keratoconic patients living in
southeast part of Turkey with or without ocular allergic
disease (AC and VKC), where both the allergic ocular
disease and KC were seen frequently, to demonstrate the
effects of two different types of allergic conjunctivitis on the
severity of KC.
SUBJECTS AND METHODS
Three-hundred-fifteen eyes of 171 consecutive patients with
KC were included in this retrospective study. The KC
patients were divided into 3 groups; 92 patients only with KC
as group A including 166 eyes, 35 patients with KC plus
VKC as group B including 68 eyes and 44 patients with KC
plus AC as group C including 81 eyes. After history taking,
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demographic characteristics of patients were noted, and
detailed ophthalmological examination was performed
containing best corrected visual acuity on a Snellen scale, slit
lamp biomicroscopy, refraction, retinoscopy, intraocular
pressure measurement with applanation tonometry, indirect
ophthalmoscope, central corneal thickness (CCT) with
ultrasonic pachymetry (US-4000, Echostar, Nidek, Japan),
and placido disc based videokeratography (Magellan mapper;
Nidek technologies, Vigonza, Italy). The patients' refractive
errors were recorded and spherical equivalents were
calculated. The patients with history of previous ocular
surgery, ocular trauma, and recent use of contact lenses were
excluded.
All patients were examined by the same two doctors
(KC&YC). Diagnosis of AC and VKC were based on history
and biomicroscopic signs. AC was diagnosed according to
presence of itching at presentation or history of itching
especially during spring and summer, and presence of serous
conjunctival discharge, conjunctival hyperemia and mild
papillae on the upper tarsal conjunctiva in biomicroscopic
examination. Diagnosis of VKC was made according to
presence of severe and intractable itching, giant papillae on
the upper eyelid, Horner-Tranta's dots, ropy discharge and
infiltration in the limbus. Presence of punctuate epithelial
erosion, shield ulcer and pseudogerontoxon were also noted.
According to Cameron classification VKC was typed as
limbal, palpebral or mixed [11]. KC diagnosis was made by
evaluation of scissor reflex on retinoscopy, central or
paracentral steepening on corneal topography, and presence
of central or paracenral thinning, protrusion of cornea,
Fleischer's ring, Vogt's stria, Descements breaks, apical scars
in biomicroscopic examination.
The keratoconus clinical stage was defined using the
Amsler-Krumeich classification system [12]. In case of corneal
scarring due to corneal hydrops with conic cornea in which
corneal topography could not be applied; KC diagnosis was
made by clinical examination and these corneas were
assumed to have severe KC. When there was difficulty in
performing videokeratography to the eyes with corneal scars
due to hydrops sequelae central 3mm corneal readings were
achieved by use of manual keratograph if possible.
We noted best spectacle corrected visual acuities (BSCVA)
of all patients for comparison in the groups. Visual acuities
were converted to a logarithm of the minimal angle
resolution (logMAR) equivalents for statistical evaluation.
Measured intraocular pressures (IOP) adjusted according to
the reference CCT of 545滋m and calculated with following
formula:
Corrected IOP =Measured IOP-(CCT-545)/50伊2.5mmHg [13].
Statistical Analysis SPSS statistical software, version 11.5
(SPSS Inc., Chicago, Illinois, USA), was used for the
statistical analysis. Kolmogorov-Smirnov test was used to

investigate distribution pattern of data. Since the data did not
follow Gaussians' distribution the Kruskal-Wallis test was
used to test differences in the continuous variables among the
groups. Mann-Whitney U test was used to make a pairwise
comparison, when a significant difference found among three
groups. Categorical data were analyzed with the chi-square or
the Fisher exact tests. To test the influence of age and sex on
independent variables multivariate analysis of covariance
(MANCOVA) was performed. SE, cylindrical value, VA,
BCVA, Km, CCT, KC grading according to Amsler-
Krumeich classification, IOP, and corrected IOP were used
as independent variables and age and sex were selected as
covariates in MANCOVA. value less than 0.05 accepted as
significant.
RESULTS
Of the 315 affected eyes, 166 were in group A, 68 were in
group B, and 81 were in group C. Vernal keratoconjonctivitis
patients complained about intractable itching and different
degrees of eye rubbing all around the year. However, itching
was described to be present especially during the spring and
summer by the patients with AC.
Comparisons of the presenting demographic and
ophthalmologic features of patients are shown in Tables 1
and 2. While there was no significant difference among the
groups in gender and laterality; the median age at
presentation was significantly lower in group B compared
with other two groups( <0.001). There was also a significant
difference between the group A and C in age ( =0.014)
(Table 1).
Although the median spherical equivalent was significantly
higher in group B than that of the other two groups( =0.003,

=0.002), no significant difference was found in cylindrical
value among the groups. Median BSCVA value was
significantly worse ( =0.013, =0.013), mean K value was
significantly greater ( <0.001, =0.001), and median CCT
reading was significantly thinner ( =0.008, =0.013) in
group B compared with group A and C. There was no
significant difference in corrected IOP among the groups ( =
0.44, Table 2) but there were 4 patients (11.4% ) having
corrected IOP level more than 21mmHg in VKC group.
The percentage of eyes classified as grade 4 KC according to
the Amsler-Krumeich classification in group A, B and C was
22%, 58.5%, and 28.4%, respectively ( <0.001) (Table 3).
Twenty-one of 35 patients were palpebral type, 4 patients
were limbal type, and 10 patients were mixed type in VKC
group. All of the VKC and most of the AC patients had the
history of topical corticosteroid eye drops use in different
types and doses before referral.
The statistical differences observed between groups in terms
of SE, cylindrical value, VA, BCVA, mean K value, CCT,
IOP, corrected IOP and grade of KC have persisted even
after controlling for age and gender by multivariate analysis
of the data.
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The important signs noted in slit-lamp biomicroscopy and

indirect ophthalmoscopy was shown in Table 4. The rates of
Vogt's striae ( =0.003) and punctuate epithelial erosion ( <
0.001) were significantly higher in group B than those of

Table 2 Comparison of the presenting features of the keratoconic eyes in group A, B, and C                                 
Group A 

n= 166 eyes 
Group B 

n= 68 eyes 
Group C 

n=81 eyes P 

Features Mean (SD) 
Median (SEM) 

range 

Kruskal-Wallis 
(3 groups) 

Mann Whitney U 
(2 groups) 

Spherical equivalent (D) -6.62 (4.61) -10.5 (7.61) -5.84 (3.95) 0.003 10.003 
 -5.62 (0.37) -9.68 (0.99) -5.00 (0.47)  20.002 
 -25.5/-0.88 -27.0/-0.25 -16.7/-0.38  30.32 
Cylindrical value (D) -4.48 (2.23) -4.63 (2.43) -4.91 (2.59)   
 -4.25 (0.18) -4.62 (0.31) -5.00 (0.30) 0.34  
 -9.75-0.25 -10.5-0.80 -9.75-0.25   
Visual acuity (logMAR) 0.89 (0.39) 0.96 (0.43) 0.80 (0.45)  10.1 
 1.0 (0.03) 1.0 (0.05) 1.0 (0.05) 0.031 20.012 
 0-1.9 0-1.9 0-2.0  30.12 

0.40 (0.33) 0.58 (0.44) 0.40 (0.41)  10.013 
0.30 (0.02) 0.50 (0.06) 0.30 (0.04) 0.022 20.013 

Best spectacle corrected visual 
acuity (logMAR) 

0-1.9 0-1.6 0-2.0  30.57 
51.9 (6.57) 57.2 (8.40) 52.9 (7.34)  1<0.001 
50.5 (0.51) 57.9 (1.04)  51.1 (0.81) <0.001 20.001 

Mean keratometry (D) 

42.1-80.7 41.5-75.3 41.2-78.7  30.33 

477.9 (49.4) 454.2 (64.4) 482.9 
(60.6)  10.008 

480.0 (3.86) 451.0 (7.93)  486.0 
(6.82) 0.015 20.013 

Central corneal thickness (µm) 

367-592 274-567 365-642  30.56 
15.1 (2.67) 15.4 (3.10) 14.6 (3.22)   
14.7 (0.20) 15.3 (0.38) 14.8 (0.36) 0.44  

Corrected IOP (mmHg) 

9.5-23.3 9.3-24.3 6.15-25.0   
Group A: Eyes with keratoconus, Group B: Eyes with keratoconus plus vernal keratoconjunctivitis, Group C: Eyes with 
keratoconus plus allergic conjunctivitis, SD: standard deviation, SEM: standard error of mean, IOP: intraocular pressure. 
1 Group A versus group B; 2 Group B and group C; 3 Group A versus group C. Mann-Whitney U test. 

Table 3 Grading of the keratoconic eyes according to 
Amsler-Krumeich classification in the group A, B and C  n (%) 

Grading Group A  
(n=166) 

Group B 
(n=68) 

Group C 
(n=81) 

1P 

Grade 1 46 (27.7) 10 (14.7) 25 (30.9) 
Grade 2 66 (39.7) 15 (22) 25 (30.9) 
Grade 3 18 (10.8) 4 (5.8) 8 (9.9) 
Grade 4 36 (21.6) 39 (57.3) 23 (28.4) 

0.0001 

Group A: Eyes with keratoconus, Group B: Eyes with keratoconus 
plus vernal keratoconjunctivitis, Group C: Eyes with keratoconus 
plus allergic conjunctivitis. 1P value of Fisher exact test between 
group A, B, and C. 
 

Table 4  Biomicroscopic findings of the keratoconic eyes           n (%) 

Biomicroscopic findings Group A 
n=166 

Group B 
n=68 

Group C 
n=81 

1P 

Vogt’s striae 99 (59.6) 56 (82.4) 49 (62) 0.003 
Punctuate epithelial erosion 8 (4.8) 21 (30.9) 12 (14.8) <0.001 
Corneal hydrops/sequela 7 (4.2) 8 (11.8) 4 (4.9) 0.07 

Group A: Eyes with keratoconus, Group B: Eyes with keratoconus plus vernal 
keratoconjunctivitis, Group C: Eyes with keratoconus plus allergic conjunctivitis. 
1P value of chi-square test between group A, B, and C. 
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Table 1 Comparison of the presenting demographic features of the patients with KC in group A, B, and C    n (%) 
Group A 
(n=92) 

Group B 
(n=35)  

Group C 
(n=44) P 

Features Mean (SD) 
Median (SEM) 

range 

Kruskal-Wallis 
(3 groups) 

Mann Whitney U 
(2 groups) 

  Chi-squire 
Gender   

Male 48 (52.2) 19 (54.3) 15 (34.1) 
Female 44 (47.8) 16 (45.7) 29 (65.9) 0.10 

Laterality   
Unilateral 18 (19.6) 2 (5.7) 8 (18.2) 
Bilateral 74 (80.4) 33 (94.3) 36 (81.8) 

0.15 

Age at presentation (a) 22.2 (7.6) 
20 (0.8) 
11-56 

13.8 (3.8) 
13 (0.6) 

9-23 

19.0 (5.4) 
18 (0.8) 

8-36 
<0.001 

1<0.001 
2<0.001 
30.014 

Group A: Patients with keratoconus, Group B: Patients with keratoconus plus vernal keratoconjunctivitis, Group C: Patients 
with keratoconus plus allergic conjunctivitis, SD: standard deviation, SEM: standard error of mean. 1Group A vs group B;  
2Group B and group C; 3Group A vs group C. Mann-Whitney U test. 
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group A and C. Corneal hydrops or central corneal scarring
that indicate hydrops sequela were not different among three
groups ( =0.07).
DISCUSSION
Keratoconus is known as noninflammatory, progressive and
usually bilateral corneal ectasia with the incidence of
approximately 1/2 000 in the general population. Allergic
ocular disease and abnormal videokeratographic patterns and
KC association with VKC has previously been reported [14-16].
In our study all subjects were KC patients and 35 had
accompanying VKC and 44 had accompanying AC. We
compared three groups of KC patients with each other to
demonstrate whether severity of KC affected by presence of
these two different allergic conditions or not.
In the current study there was a slight female predominance
(F/M=1.07/1) in the whole cohort in agreement with some
previous studies [17,18]. However in VKC patients there was
male predominance of KC parallel to the results of some
other previous reports [11,14,19]. Totan [14] reported that the
mean age was 15.78 years in VKC subjects with KC. In the
present study the median presenting age of KC in our VKC
patients was 2 years earlier than that of Totans' group.
Furthermore our VKC associated KC patients have 7 years
and 5 years younger median presentation ages than that of the
patients only with KC and the KC patients with
accompanying AC respectively.
Barreto [20] reported that VKC patients had higher
elevation values, thinner corneas, and increased frequency of
KC patterns detected by keratometric maps compared to
normal subjects. In the present study the patients with VKC
had more severe KC than that of the patients in other groups
according to their median SE, keratometric values, BCVA
and CCT. Grade 4 KC were found to be significantly higher
in patients with VKC than that of the other two groups.
Although itching was usually seasonal in AC, it may affect
the severity and progression of KC. Hargrave [7] reported
that, patients with atopy showed rapid progression of KC and
they need keratoplasty earlier. They also reported that
refractive and immunological complications were more
frequently seen in KC patients with atopy. Corneal hydrops
may be the presenting sign of KC as a very common
complication in VKC [21]. Khan [19] reported 12.5% and
Cameron [11] reported 30% of acute hydrops in VKC
patients in their studies. They also reported eye rubbing as a
risk factor for the development of acute hydrops. In the
present study severe itching and eye rubbing were also
common in VKC patients. Additionally patients presented
with acute hydrops or central corneal scarring that mimic
previous hydrops history were significantly higher in group B
patients (11.8%) than that of group A (4.2%) and C patients
(4.9% ) in our study. Not only itching and eye rubbing,
complex interactions between hereditary and environmental

factors against the cornea in vulnerable individuals may result
in acute hydrops [14]. The environmental factors may be dry,
hot and dusty climate. These complex factors may cause
rapid progression of KC disease in VKC patients.
MMP-2 and MMP-9 are known as gelatinases and they are
normally present in tear fluid [22]. Since they function in
normal epithelial turnover in physiologic amounts,
overexpression of them results in excessive extracellular
matrix degradation and tissue destruction. MMP-2 is mainly
originated from activated fibroblasts in the course of wound
healing and MMP-9 is expressed mainly by regenerating
epithelial cells and recruits inflammatory cells to the wound
area[23]. Kumagai [24] showed active forms of MMP-2 and
MMP-9 in tear fluids of nearly all of their patients with VKC
but minority of the patients with AC in their study. On the
other hand they did not found activated form of these
enzymes in the tear fluids of healthy voluntaries. These
proteinases may play role in the severity of KC in VKC
patients. T cells also express or regulates MMPs[25,26]. In active
disease infiltration of T lymphocytes was shown in the
conjunctiva of the VKC patients [27]. Besides, the efficacy of
topical cyclosporine which is a selective T cell inhibitor, has
been shown in VKC [28]. In the current study, percentage of
severe KC was very high in group B whereas percentage of
moderate KC was higher in group A and group C. Most of
the KC patients particularly with VKC have dry eye
symptoms, significant punctuate epithelial erosion, as well as
chronic eye rubbing which was previously described in
pathogenesis of KC [5, 6, 29, 30]. These may cause increase in the
rate of epithelial turnover and expression of MMP-9 which
may bear a part in the progression of the disease.
In the current study, the median IOP of all groups found to be
within normal ranges. However patients without VKC
showed greater measured IOP with Goldman applanation
tonometry and there were 4 patients (11.4% ) having
corrected IOP level more than 21mmHg in VKC group.
Ultrasonic pachymetry technique is most widely accepted
method to measure corneal thickness. Kaya [31] reported
that keratoconic eyes with atopy had lower CCT and steeper
cone than that of eyes without atopy. Consistent with their
results VKC patients in our study had thinner and steeper
corneas. In KC patients increment in IOP and chronic
glaucoma were reported[33] and also topical corticosteroid use
was previously reported to be associated with glaucoma [33,34].
Totan [14] suggested that none of their patients presented
with increased IOP even all of them received strong steroids
for long periods of time. In the present study, measured IOP
levels were within normal limits whereas there were some
eyes with corrected IOP more than 21mmHg in VKC group.
This may be related with use of strong steroids at different
times during their disease course before referral. Thus, even
incidental measurement of IOP could be normal in patients
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with VKC, they should be carefully examined for glaucoma.
Scheimpflug imaging system is superior to placido disc based
corneal topographic systems to detect the posterior elevation
and to determine early KC. Accurate measurement of the
thinnest corneal pachymetry is not possible by use of
ultrasonic method but ultrasonic pachymetry is gold standard
for CCT. In the current study we used ultrasonic pachymetry
in the measurement of CCT.
The present study has some limitations. A prospective design
would enable us to form a more clear cause and effect
relationship between the variables noted in the study.
However, by using multivariate statistical tests the impact of
confounding factors has been controlled in the present study.
In conclusion, KC patients with accompanying vernal
conjunctivitis were younger at age, had more severe KC and
higher frequency of increased IOP that suggest evaluation of
VKC patients as a separate group in keratoconus disease for a
better clinical care.
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