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Abstract
Background: A cross-sectional study was undertaken in Australia to explore a wide range of risk factors
associated with keratoconus. A questionnaire addressing age, gender, educational background, ocular
and medical history, smoking and alcohol consumption, and physical examination comprising
anthropometric measurements was collected; eye examination was undertaken. The associations
between a range of risk factors and keratoconus was determined using univariate and multivariable
linear regression analyses.

Main Text: A total of 260 keratoconus subjects were included in this study. Mean age of subject was 35.5
(SD= 14.8) years and the majority of the subjects were European 171 (68.2%). Initial univariate regression
analysis identi�ed the following risk factors at the p<0.1 level with keratoconus: higher body mass index,
smoking cigarettes, diabetes, rheumatoid arthritis and asthma were associated with increased severity of
keratoconus, whereas eczema was associated with less severe keratoconus. Following multivariable
regression analysis, only asthma remained as a signi�cant risk factor associated with 2.2 diopters (D)
steeper average mean keratometry compared to keratoconus subjects having no asthma [p = 0.03; β=
2.18; 95% con�dence intervals: 1.22, 4.14].

Conclusion: Our study describes the comprehensive assessment of all the known risk factors in a large
keratoconus cohort recruited in Australia. Our study has reported asthma as the only risk factor found to
be signi�cantly associated with keratoconus. The results of this study allow us to better understand the
aetiology of keratoconus and such a knowledge could be useful in instigate systemic management of
patients to slow or prevent keratoconus.

Background
Keratoconus (KC) typically presents as a bilateral, asymmetric condition characterised by progressive
corneal thinning resulting in corneal protrusion, irregular astigmatism and decreased vision. The
prevalence of KC ranges from 1:2000 cases (reported in 1986)[36] to 1:375 (reported in 2016 [16].
Glasses and contact lenses are the main treatment options for the mild and moderate stages of KC. In
severe KC cases, the central cornea becomes extremely thin and irregular and corneal transplantation
surgery may be required to restore vision. KC is the commonest indication for corneal transplantation in
Australia, accounting for 31% of grafts[21]. The aetiology of KC is likely multifactorial re�ecting the
interplay of a range of genetic and environmental factors[12] but may also be in�uenced by mechanical
trauma such as eye rubbing[4, 15].

There is no medical treatment to halt the progression of KC apart from stiffening of the cornea by corneal
collagen crosslinking (CXL)[10]. While diagnosing the end stage of KC for corneal transplantation is
relatively straightforward, diagnosing and detecting the earlier stages when most vision can be retained
still presents challenges. Despite KC being a relatively common corneal disease, there is a lack of large,
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prospective clinical studies of the disease. Indeed the USA-based Collaborative Longitudinal Evaluation
of Keratoconus (CLEK) [5, 46, 49, 53, 54, 55]study and the UK based Dundee University Scottish
Keratoconus Study (DUSKS)[50] are the only two longitudinal prospective studies evaluating KC. These
two studies looked into the characteristics and clinical data that might in�uence KC progression, but they
did not include all the assessment of known environmental risk factors. Other studies investigating risk
factors in KC had methodological limitations including: retrospective study design [1, 51], small sample
size[19, 23, 33, 51], postal questionnaires[34], the absence of ocular biometric measures[6, 7, 8, 28, 30,
45], found a relatively weak association [33] and lack of a comprehensive environmental risk factor
questionnaire[6, 7, 8, 28, 30]. There is an growing need to better understand the aetiology of the condition
not only due to the recent increase in rates of case but also due to the costs associated with the
diagnosis and management of keratoconus that represent a signi�cant economic burden to the patient
as well as the society [9].

Methods
This current prospective study recruited patients of both genders over a wide age range together with
corneal tomography and a detailed questionnaire (including all currently known major risk factors) in
order to assess the association of these factors with KC. The results will allow us to better understand the
etiology of KC and also assist in early diagnosis of KC so as to provide early disease management and
ultimately arrest progression of this disease without the need for corneal transplantation.

The subjects for this study were recruited from public clinics at the Royal Victorian Eye and Ear Hospital
(RVEEH), private ophthalmologists’ rooms, optometry clinics or consenting general public with KC. The
study protocol was approved by the RVEEH Human Research and Ethics Committee (Project # 10/954H).
This protocol followed the tenets of the Declaration of Helsinki and all privacy requirements were met. A
patient information sheet, consent form, privacy statement and patient rights were provided to all
individuals participating in the study.

All KC patients were required to complete a study questionnaire, and clinical and physical examination,
which included the anthropometric measurements of height and weight. Inclusion and exclusion criteria
have been described elsewhere[39, 40, 41]. In brief, KC was diagnosed on the basis of the presence of one
or more of the following: an irregular cornea (as determined by distortion of keratometric mires and/or
corneal topography/tomography imaging), scissoring of the retinoscopic re�ex, and demonstration of at
least one biomicroscopic sign, including Vogt’s striae, Fleischer’s ring, or corneal thinning and/or scarring
typical of KC. To assess the association of risk factors on disease, we obtained corneal curvature data
from the four-map selectable display of the Pentacam tomography system (Oculus, Wetzlar, Germany).

The study questionnaire collected the following information: age, gender, educational background, birth
history, childhood infections, time spent undertaking near work, intermediate work and outdoors, duration
of keratoconus, ocular and medical history and smoking and alcohol consumption habits, information on
the subject’s general health status and current medication and eye rubbing. Questions on a number of
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disorders and diseases related to common medical conditions including clinically diagnosed asthma,
eczema, diabetes, hypertension, rheumatoid arthritis, migraine, allergy, connective tissue disorders and
sleep disorders were recorded. The speci�c type, date of onset and medications and/or other treatments
were recorded.

Biometric Measurements
All individuals had their height (H) measured using a wall-mounted measuring scale (Livingstone
International, Rosebery, Australia) and their weight measured using calibrated electronic scales
(Livingstone International, Rosebery, Australia).The two variables (height and weight) were then placed in
the universally recognised formula (W[kg] / H[m]2), that allowed determination of the participant’s body
mass index (BMI).

Statistical Analysis
All statistical analyses were conducted using Stata version 14.0 (Stata Corp, College Station, TX).
Normality of the variables was examined using boxplots, Kolmogorov-Smirnov and Shapiro-Wilks tests.
Continuous variables (age and BMI) are presented as median (interquartile range [IQR]) for skewed
distribution and mean (standard deviation [SD]) for normal distribution, whereas categorical variables are
presented as absolute (n) and relative frequencies (%). Mean corneal curvature of each eye was
calculated automatically by Pentacam imaging as the mean value of central radial curvatures (Avg Km).
Univariate regression analysis was performed to explore the association of a number of risk factors with
KC. As all the subjects had asymmetric, bilateral KC, the steepest Avg Km of either the right or left eye
was used to identify risk factor association. In the second step, multivariable linear regression analysis
was performed on all parameters which showed a p < 0.1 signi�cance with KC in the univariate analysis.
All continuous variables were examined for correlations and multi-collinearity using Pearson Product-
Moment Correlation. A two-tailed p-value < 0.05 was considered statistically signi�cant.

Results
General Characteristics

The study included a total of 260 KC subjects, of whom 159 subjects (61.2%) were male. Of the 260
subjects, 251 (96.5%) completed the general and medical questionnaire. The mean age of the recruited
subjects who completed all aspects of the study was 35.5 (SD = 14.8) years. The majority of the subjects,
171 (68.2%) were European, while 37 (14.6%) were Asians (primarily South, South-East Asians) and the
remaining 43 (17.2%) were of other ethnicity (including Middle Eastern, Africans and Mixed) (Table 1).
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Table 1
Demographic features of the Keratoconus

study subjects

Variables  

  N (%)

Gender (male) 152 (61.2)

Ethnicity  

European 171 (68.2)

Asians 37 (14.6)

Others 43 (17.2)

Repeated infections as a child 67 (26.7)

Cigarette smoking 34 (13.5)

Alcohol consumption 130 (51.8)

Eye rubbing 175 (69.7)

Diabetes 10 (4.0)

Hypertension 24 (9.6)

Sleep disorder 8 (3.2)

Connective tissue disorder 2 (0.79)

Rheumatoid Arthritis 12 (4.8)

Migraine 7 (2.8)

Allergy (excluding hay fever) 62 (24.7)

Hay fever 38 (15.1)

Asthma 12 (4.8)

Eczema 6 (2.4)

In the general medical conditions, 24.7% (64) of the subjects reported having an allergic disorder (15.1%
hay fever, 4.8% asthma and 2.4% eczema), 9.6% high blood pressure, 8% connective tissue disorder, 4.8%
arthritis, 4% diabetes, 3.2% sleep disorders and 2.8% migraine. 26.7% (67) subjects reported that they
suffered from repeated systemic infections during childhood. 175 subjects (69.7%) reported that they
rubbed their eyes frequently. The average time since diagnosis of keratoconus for the subjects was 13.31 
± 12.80 years.
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A signi�cant number of subjects 196 (78.1%) had completed at least secondary education of whom 153
(61%) had also either attended or completed further study at a tertiary higher education institute,
technical and further education or a university degree.

Risk factor assessment

As a �rst step, univariate regression analysis was undertaken to identify associations at p < 0.1.
Associations with increased risk of KC were identi�ed with higher BMI (p = 0.075), subjects belonging to
other ethnic group (p = 0.09), smoking cigarettes (p = 0.078), having arthritis and asthma (p = 0.05, p = 
0.03 respectively). Diabetes was associated with a protective effect for KC (p = 0.08) as was eczema (p = 
0.05). There was no association between KC and age, gender, education level, eye rubbing, alcohol
consumption, having repeated infections as a child or having other systemic condition like hypertension,
migraine, connective tissue disorder, sleep apnoea, allergies and hay fever, or time spent on
outdoor/intermediate/near activities. All risk factors with a p < 0.1 were included in the multivariate
regression analysis and signi�cant association was considered as being p < 0.05. Only asthma presented
with a signi�cant association of increased risk of severe KC (p = 0.03) whereas BMI, smoking and having
any other systemic condition were not associated with increased risk of KC (p > 0.05).

KC subjects having asthma presented with a signi�cant increase (p = 0.03) of 2.2 Diopters (D) steeper
Avg Km (β = 2.18, 95% CI: 1.22, 4.14) compared to those subjects with no asthma (Table 2). Interestingly,
eczema was negatively associated [β: -5.28 (95% CI: -11.02, 0.47)] with the KC, whereas rheumatoid
arthritis, was positively associated [β: 1.92 (95% CI: -6.97, 0.64)]. Eczema and rheumatoid arthritis had a
possible effect on KC (p = 0.07 and p = 0.09 respectively).
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Table 2
Association between assessed risk factors and keratoconus in uni- and multi-variate regression analysis

Variables Univariate regression
model

Multivariable regression model

Continuous variables β (95 CI ) p β (95 CI ) p

Age (years) -0.03(-0.07, 0.03) 0.35 -0.04 (-0.10, 0.03) 0.25

BMI 0.06 (-0.01,0.12) 0.08 0.05 (-0.01, 0.12) 0.10

Categorical variables        

Gender (male) 0.79 (-0.79, 2.37) 0.33 1.29 (-0.43, 3.02) 0.14

Education        

Secondary school 1.14 (-3.31, 0.4) 0.22    

TAFE and university -0.62 (-2.89, 1.65) 0.59    

Eye Rubbing 1.26 (-0.64, 3.16) 0.19    

Ethnicity        

Asian 1.14 (-1.41, 3.69) 0.38 1.25 ( -1.49, 4.00) 0.37

Other 2.0 (-0.30, 4.40) 0.09 1.45 (-0.71, 3.60) 0.19

Repeated infections as a child -0.39 (-3.76, 2.86) 0.67    

Cigarette Smoking 1.43 (-0.16, 3.02) 0.08 1.27 (-0.39, 2.94) 0.13

Alcohol consumption 0.96 (-0.69,2.62) 0.25    

Diabetes -3.16 (-6.75, 0.42) 0.08 -3.16 (-6.97, 0.64) 0.10

Hypertension -0.16(-3.22, 2.90) 0.92    

Sleep disorder 0.90 (-2.50,4.30) 0.60    

Connective tissue disorder -0.96 (-8.9,6.9) 0.81    

Rheumatoid Arthritis 1.68(-0.02, 3.38) 0.05 1.92 (-6.97, 0.64) 0.09

β - Regression Coe�cient

CI-Con�dence Interval

* Adjusted for confounders from univariate analysis

TAFE- Technical and Further Education

Bolding of text indicates p at either 0.1 (univariate analysis) or 0.05 (multivariate analysis)
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Variables Univariate regression
model

Multivariable regression model

Migraine 0.18(-2.5, 2.87) 0.89    

Allergy (excluding hay fever) -0.51(-2.24, 1.22) 0.56    

Hay fever -0.08(-2.16, 1.99) 0.94    

Asthma 2.20 (1.16, 4.24) 0.03 2.18(1.22,4.14) 0.03

Eczema -5.31 (-10.55, -0.07) 0.05 -5.28 (-11.02, 0.47) 0.07

Duration of KC -0.02(-0.12,0.09) 0.74    

Time spent on outdoor activities 0.04 (-3.69, 3.03) 0.31    

Time spent on intermediate
activities

0.02 ( -3.80, 2.59) 0.32    

Time spent on near activities 0.02 (-3.83, 2.43) 0.37    

β - Regression Coe�cient

CI-Con�dence Interval

* Adjusted for confounders from univariate analysis

TAFE- Technical and Further Education

Bolding of text indicates p at either 0.1 (univariate analysis) or 0.05 (multivariate analysis)

Discussion
We identi�ed a statistically signi�cant positive association between asthma and increased severity of KC
for the �rst time. Subjects presenting with asthma had a 2.2D steeper corneal curvature compared to
subjects having no asthma.

Sabiston in 1966, �rst described a positive association between asthma and an increased risk of KC[37]
and multiple other studies have strengthened the argument for a role of asthma in KC. In a New Zealand
study, it was noted that 38% out of 673 KC individuals presented with asthma compared to 18% in the
general population[34] and in the Collaborative Longitudinal Evaluation of Keratoconus (CLEK) study,
asthma was reported at 14.9% [53]. In the Dundee University Scottish Keratoconus (DUSK) study in
Dundee, KC patients with asthma were diagnosed up to 3.1 years earlier than those without asthma[50].
In addition, in an Israeli study of 662,644 adolescents, an increased risk of asthma in 807 KC patients
(OR1.5, 95%CI 1.3–1.6) was reported[31]. Similarly, an association was reported in a Danish nationwide
registry study (OR2.21, 95%CI 1.91–2.55)[3] as well as in a United States Nationwide Heath Care Claims
Database analysis (OR 1.31, 95% CI, 1.17–1.47)[51]. However, no studies have assessed asthma with
effect on severity of KC.
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Our �nding adds to the growing evidence that asthma not only appears to be associated with KC but also
appears to increase severity of the condition. This in an important �nding as currently it is estimated that
approximately 300 million people in the world have asthma and prevalence in Australia is reported as the
highest in the world at 21% for clinical asthma[47].

Asthma & KC in children

Asthma is an in�ammatory disease of the small airways of the lung and has been reported to be caused
by a combination of genetic predisposition with environmental factors[11]. These environment factors
likely include indoor and outdoor allergens, tobacco smoke, chemical irritants as well as air pollution and
likely prompt an allergic reaction or airway irritation. Asthma is a common chronic disease that affects
people of all ages in all parts of the world. The International Study of Asthma and Allergies in Childhood
reported that globally the age distribution of the burden of asthma peaks at age 10–14 years and that
asthma is a cause of substantial burden of disease, including both premature death and reduced quality
of life in people of all ages[13].

The onset of the KC is usually in the teens to early adulthood, but there are reports of increasing
prevalence in children as young as at the age of 4 years[38]. Paediatric KC has also been shown to be
more aggressive than adult KC[22]. Our current �nding showing asthma has an association with
increased severity of KC, is thus important in the examination and systemic management of paediatric
KC subjects. While KC in adults has been studied extensively, the disease in the paediatric population has
not. Visual impairment in paediatric patients may affect social and educational development, thus
negatively impact on their quality of life. Our recent �ndings show that the quality of life in KC patients is
lower than that in patients with later-onset eye diseases such as age-related macular degeneration or
diabetic retinopathy,[39] highlighting the signi�cant long-term morbidity associated with KC. It is therefore
necessary to consider asthma as a major contributing risk factor in paediatric KC cases, which may lead
to a paediatric-speci�c therapeutic algorithm.

Shared genetic path for Asthma and KC

A large number of genetic loci have been implicated in asthma through the use of linkage, genome wide
association studies (GWAS) and animal studies. There is some evidence to support a possible shared
genetic contribution between asthma and KC. A previous Genome Wide Association Study (GWAS)
conducted on asthma in an Australian population identi�ed signi�cant association with the single
nucleotide polymorphism (SNP) rs4129267 (odds ratio 1·09, p = 2·4 × 10− 8) in the interlukin-6 receptor
(IL6R) gene [14]. The ligand for this receptor is the interleukin 6 (IL6) gene. IL6 is known to be a potent
pleiotropic cytokine that regulates cell growth and differentiation and plays an important role in immune
response[20]. Shetty et al recently reported up-regulation of IL6 mRNA in tears of KC patients[44]. Thus, it
could be postulated that increased IL6 levels lead to enhanced up-regulation of the immune response
through binding with its receptor (IL6R), followed by subsequent activation of the JAK-STAT pathway.
While increased IL6 mRNA expression has been detected in tears of KC patients, this does not necessarily
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con�rm IL6 as a causative agent in KC. Interestingly, the cornea is one of the tissues of the eye exhibiting
the highest expression of IL6R whereas IL6 has a low expression in this tissue (Ocular Tissue Database,
University of Iowa). Ultimately, a direct comparison of gene expression or protein levels will be required in
KC compared to non-KC corneal tissue to substantiate these �ndings. Interestingly, the convergence of
immune genes and pathways from different diseases has recently been demonstrated in a meta-analysis
of GWAS in ten paediatric autoimmune diseases where such signalling pathways are a common
denominator[29].

Other risk factors

In addition to asthma we also assessed several other commonly reported risk factors which haven’t been
assessed in KC including age, gender, educational background, birth history, childhood infections, time
spent undertaking near work, intermediate work and outdoors, duration of keratoconus, ocular and
medical history, smoking and alcohol consumption habits; systemic conditions and eye rubbing. Several
of these were signi�cant at the univariate level (BMI, ethnicity, cigarette smoking, arthritis, diabetes and
eczema) and suggestive at the multivariate level (eczema, arthritis and diabetes with p values of 0.07,
0.09 0.1 respectively). Interestingly, arthritis showed a positive association with KC whereas diabetes and
eczema were associated with a protective effect for KC. The signi�cant “protective effect” of diabetes
against KC[2, 24, 25, 26, 27, 32, 35, 42] has been previously described in the literature and researchers
have investigated the biochemical properties of cornea to explain this effect[17, 43, 48]. We report
�ndings on time spent on near work, intermediate work and outdoor activities for the �rst time. As KC
typically affects teens to early adults, we were expecting a positive association with near work-related
activities as seen in myopia[18]. However, no such trend was evident suggesting that KC is more patho-
physiologically driven than by these environmental conditions.

Strengths & Limitations

The main strength of the current study is that it included a wide range of risk factors that could be
assessed with their association with KC. To the best of our knowledge, there are no previous studies
which looked at the association of hypertension or migraine with KC and there are very few studies that
assess potential risk factors such as cigarette smoking and alcohol consumption. The design of this
study has addressed several methodological issues found in previous studies on KC, such as small
sample size[23], postal questionnaires[34], data from medical record[52] the absence of ocular biometric
measures[6, 7, 8, 28, 30, 45] and the lack of a comprehensive environmental risk factor questionnaire[6, 7,
8, 28, 30]. Findings from this study are therefore envisaged to lead to substantial progress in our
understanding of the aetiology of KC and classifying it as quasi-in�ammatory condition.

The limitation of the study is the lack of a clinically quanti�ed severity risk factor questionnaire for some
of the collected measures. Data collected on eczema and asthma did not record severity, number of
episodes and length of time presenting with these indicators. It would have been interesting to �nd out
more details about these two conditions including severity of asthma and current treatments as our
results and the literature suggest an association of these with KC and with severity of KC.
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Conclusions
In conclusion, this study describes the assessment of a range of risk factors in a large KC cohort recruited
in Australia. Our study has reported asthma as the only risk factor found to be signi�cantly associated
with KC following multivariate analysis. In addition, as multifactorial disorders, keratoconus and asthma
may share some overlapping risk factors such as shared genes or common environmental factors. Future
studies are needed to be undertaken to con�rm our �ndings as well as undertake GWAS to uncover some
of the genetic associations with KC in an unbiased manner and will help in elucidating potential gene
pathways involved in KC.

Signi�cance

Our results show that asthmatic patients tend to have more severe KC and thus close monitoring for
disease progression would be advised, as treatments such as corneal cross linking can be performed
stabilise the disease, which may reduce the need for future corneal transplantation.

List Of Abbreviations
Keratoconus- KC

Crosslinking -CXL

Collaborative Longitudinal Evaluation of Keratoconus -CLEK

Dundee University Scottish Keratoconus Study – DUSKS

Royal Victorian Eye and Ear Hospital - RVEEH

Body mass index -BMI

Interquartile range- IQR

Standard deviation -SD

Mean value of central radial curvatures -Avg Km

Diopters -D

Regression Coe�cient- β

Con�dence Interval- CI

Technical and Further Education- TAFE

Odd’s Ratio - OR



Page 12/16

Genome wide association studies - GWAS

Single nucleotide polymorphism - SNP

Interlukin-6 receptor - IL6R

Messenger Ribonucleic acid - mRNA

JAK-STAT- Janus Kinase/Signal Transducer and Activator of Transcription

Declarations
Ethics approval and consent to participate

The study protocol was approved by the Royal Victorian Eye and Ear Hospital Human Research and
Ethics Committee (Project # 10/954H). This protocol followed the tenets of the Declaration of Helsinki
and all privacy requirements were met. A patient information sheet, consent form, privacy statement and
patient rights were provided to all individuals participating in the study.

Consent for publication

Not applicable

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

This study was supported by the Australian National Health and Medical Research Council (NHMRC)
project Ideas grant APP1187763 and Senior Research Fellowship (1138585 to PN Baird), Perpetual
Impact Philanthropy grant (SS) and a Lions Eye Foundation Fellowship (SS), Angior Family Foundation
(SS) and Lynne Quayle Charitable Trust.  The Centre for Eye Research Australia (CERA) receives
Operational Infrastructure Support from the Victorian Government. The sponsor or funding organizations
had no role in the design or conduct of this research.

Authors' contributions

PNB and SS were involved in the conception of the project. SS recruited all the subjects and was a major
contributor in writing the manuscript. EC, MD, GS assisted in recruiting the subjects. JX analyzed and



Page 13/16

interpreted the patient data.  All authors read and approved the �nal manuscript.

Acknowledgements

The authors wish to thank participants from the Keratoconus study who made this work possible. The
authors would also like to thank the Eye Surgery Associates, Lindsay and Associates and Keratoconus
Australia, Mr Tony Ngo for their assistance with recruitment.

A preliminary report on some of these data was presented at the Asia Cornea Society Meeting (ACS),
Taipei, Taiwan, Dec, 2014.

References
1. Agrawal VB (2011) Characteristics of keratoconus patients at a tertiary eye center in India. J

Ophthalmic Vis Res 6:87-91

2. An-Nakhli FR (2015) Association between diabetes and keratoconus: a case-control study. Cornea
34:e10

3. Bak-Nielsen S, Ramlau-Hansen CH, Ivarsen A et al. (2018) A nationwide population-based study of
social demographic factors, associated diseases and mortality of keratoconus patients in Denmark
from 1977 to 2015. Acta Ophthalmol

4. Balasubramanian SA, Pye DC, Willcox MD (2013) Effects of eye rubbing on the levels of protease,
protease activity and cytokines in tears: relevance in keratoconus. Clin Exp Optom 96:214-218

5. Barr JT, Wilson BS, Gordon MO et al. (2006) Estimation of the incidence and factors predictive of
corneal scarring in the Collaborative Longitudinal Evaluation of Keratoconus (CLEK) Study. Cornea
25:16-25

�. Burdon KP, Coster DJ, Charlesworth JC et al. (2008) Apparent autosomal dominant keratoconus in a
large Australian pedigree accounted for by digenic inheritance of two novel loci. Hum Genet 124:379-
386

7. Burdon KP, Macgregor S, Bykhovskaya Y et al. (2011) Association of polymorphisms in the
hepatocyte growth factor gene promoter with keratoconus. Investigative ophthalmology & visual
science 52:8514-8519

�. Bykhovskaya Y, Li X, Epifantseva I et al. (2012) Variation in the lysyl oxidase (LOX) gene is
associated with keratoconus in family-based and case-control studies. Investigative ophthalmology
& visual science 53:4152-4157

9. Chan E, Baird PN, Vogrin S et al. (2019) Economic impact of keratoconus using a health expenditure
questionnaire: a patient perspective. Clinical & Experimental Ophthalmology

10. Chan E, Yip H, Vogrin S et al. (2020) Factors affecting keratoconus progression and corneal collagen
cross-linking. Clin Exp Ophthalmol



Page 14/16

11. Cookson WO, Moffatt MF (2000) Genetics of asthma and allergic disease. Hum Mol Genet 9:2359-
2364

12. Davidson AE, Hayes S, Hardcastle AJ et al. (2014) The pathogenesis of keratoconus. Eye (Lond)
28:189-195

13. Ellwood P, Asher MI, Billo NE et al. (2017) The Global Asthma Network rationale and methods for
Phase I global surveillance: prevalence, severity, management and risk factors. Eur Respir J 49

14. Ferreira MA, Matheson MC, Duffy DL et al. (2011) Identi�cation of IL6R and chromosome 11q13.5 as
risk loci for asthma. Lancet 378:1006-1014

15. Galvis V, Tello A, Carreno NI et al. (2017) Risk Factors for Keratoconus: Atopy and Eye Rubbing.
Cornea 36:e1

1�. Godefrooij DA, Mangen MJ, Chan E et al. (2017) Cost-Effectiveness Analysis of Corneal Collagen
Crosslinking for Progressive Keratoconus. Ophthalmology 124:1485-1495

17. Goldich Y, Barkana Y, Gerber Y et al. (2009) Effect of diabetes mellitus on biomechanical parameters
of the cornea. J Cataract Refract Surg 35:715-719

1�. Greene PR, Medina A (2016) The Progression of Nearwork Myopia. Optom Open Access 1

19. Harrison RJ, Klouda PT, Easty DL et al. (1989) Association between keratoconus and atopy. Br J
Ophthalmol 73:816-822

20. Jensen LJ, Kuhn M, Stark M et al. (2009) STRING 8--a global view on proteins and their functional
interactions in 630 organisms. Nucleic Acids Res 37:D412-416

21. Ka Williams, Mc Keane, Ra Galettis et al. (2015) The Australian Corneal Graft Registry 2015 Report.

22. Kankariya VP, Kymionis GD, Diakonis VF et al. (2013) Management of pediatric keratoconus -
evolving role of corneal collagen cross-linking: an update. Indian J Ophthalmol 61:435-440

23. Khor WB, Wei RH, Lim L et al. (2011) Keratoconus in Asians: demographics, clinical characteristics
and visual function in a hospital-based population. Clin Experiment Ophthalmol 39:299-307

24. Knox Cartwright NE, Tole DM (2011) Diabetes and keratoconus. Ophthalmology 118:219; author
reply 219

25. Kosker M, Rapuano CJ (2015) Association between diabetes and keratoconus: a case-control study.
Cornea 34:e17

2�. Kosker M, Suri K, Hammersmith KM et al. (2014) Another look at the association between diabetes
and keratoconus. Cornea 33:774-779

27. Kuo IC, Broman A, Pirouzmanesh A et al. (2006) Is there an association between diabetes and
keratoconus? Ophthalmology 113:184-190

2�. Li X, Rabinowitz YS, Tang YG et al. (2006) Two-stage genome-wide linkage scan in keratoconus sib
pair families. Investigative ophthalmology & visual science 47:3791-3795

29. Li YR, Li J, Zhao SD et al. (2015) Meta-analysis of shared genetic architecture across ten pediatric
autoimmune diseases. Nature medicine 21:1018-1027



Page 15/16

30. Lu Y, Vitart V, Burdon KP et al. (2013) Genome-wide association analyses identify multiple loci
associated with central corneal thickness and keratoconus. Nat Genet 45:155-163

31. Merdler I, Hassidim A, Sorkin N et al. (2015) Keratoconus and allergic diseases among Israeli
adolescents between 2005 and 2013. Cornea 34:525-529

32. Naderan M, Naderan M, Rezagholizadeh F et al. (2014) Association between diabetes and
keratoconus: a case-control study. Cornea 33:1271-1273

33. Nemet AY, Vinker S, Bahar I et al. (2010) The association of keratoconus with immune disorders.
Cornea 29:1261-1264

34. Owens H, Gamble G (2003) A pro�le of keratoconus in New Zealand. Cornea 22:122-125

35. Prakash G, Sharma N, Titiyal JS (2007) Association between diabetes and keratoconus?
Ophthalmology 114:1034; author reply 1034-1035

3�. Rabinowitz YS (1998) Keratoconus. Surv Ophthalmol 42:297-319

37. Sabiston DW (1966) The association of keratoconus, dermatitis and asthma. Transactions of the
Ophthalmological Society of New Zealand 18:66-71

3�. Sabti S, Tappeiner C, Frueh BE (2015) Corneal Cross-Linking in a 4-Year-Old Child With Keratoconus
and Down Syndrome. Cornea 34:1157-1160

39. Sahebjada S, Fenwick EK, Xie J et al. (2014) Impact of keratoconus in the better eye and the worse
eye on vision-related quality of life. Investigative ophthalmology & visual science 55:412-416

40. Sahebjada S, Schache M, Richardson AJ et al. (2014) Association of the hepatocyte growth factor
gene with keratoconus in an Australian population. PloS one 9:e84067

41. Sahebjada S, Schache M, Richardson AJ et al. (2013) Evaluating the association between
keratoconus and the corneal thickness genes in an independent Australian population. Investigative
ophthalmology & visual science 54:8224-8228

42. Seiler T, Huhle S, Spoerl E et al. (2000) Manifest diabetes and keratoconus: a retrospective case-
control study. Graefes Arch Clin Exp Ophthalmol 238:822-825

43. Shah S, Laiquzzaman M, Bhojwani R et al. (2007) Assessment of the biomechanical properties of
the cornea with the ocular response analyzer in normal and keratoconic eyes. Investigative
ophthalmology & visual science 48:3026-3031

44. Shetty R, Sharma A, Pahuja N et al. (2017) Oxidative stress induces dysregulated autophagy in
corneal epithelium of keratoconus patients. PloS one 12:e0184628

45. Shneor E, Millodot M, Blumberg S et al. (2013) Characteristics of 244 patients with keratoconus seen
in an optometric contact lens practice. Clin Exp Optom 96:219-224

4�. Szczotka LB, Barr JT, Zadnik K (2001) A summary of the �ndings from the Collaborative
Longitudinal Evaluation of Keratoconus (CLEK) Study. CLEK Study Group. Optometry 72:574-584

47. To T, Stanojevic S, Moores G et al. (2012) Global asthma prevalence in adults: �ndings from the
cross-sectional world health survey. BMC Public Health 12:204



Page 16/16

4�. Touboul D, Roberts C, Kerautret J et al. (2008) Correlations between corneal hysteresis, intraocular
pressure, and corneal central pachymetry. J Cataract Refract Surg 34:616-622

49. Wagner H, Barr JT, Zadnik K (2007) Collaborative Longitudinal Evaluation of Keratoconus (CLEK)
Study: methods and �ndings to date. Cont Lens Anterior Eye 30:223-232

50. Weed KH, Macewen CJ, Giles T et al. (2008) The Dundee University Scottish Keratoconus study:
demographics, corneal signs, associated diseases, and eye rubbing. Eye (Lond) 22:534-541

51. Woodward MA, Blachley TS, Stein JD (2016) The Association Between Sociodemographic Factors,
Common Systemic Diseases, and Keratoconus: An Analysis of a Nationwide Heath Care Claims
Database. Ophthalmology 123:457-465 e452

52. Woodward MA, Blachley TS, Stein JD (2016) The Association Between Sociodemographic Factors,
Common Systemic Diseases, and Keratoconus: An Analysis of a Nationwide Heath Care Claims
Database. Ophthalmology 123:457-465 e452

53. Zadnik K, Barr JT, Edrington TB et al. (1998) Baseline �ndings in the Collaborative Longitudinal
Evaluation of Keratoconus (CLEK) Study. Investigative ophthalmology & visual science 39:2537-
2546

54. Zadnik K, Barr JT, Edrington TB et al. (2000) Corneal scarring and vision in keratoconus: a baseline
report from the Collaborative Longitudinal Evaluation of Keratoconus (CLEK) Study. Cornea 19:804-
812

55. Zadnik K, Barr JT, Gordon MO et al. (1996) Biomicroscopic signs and disease severity in
keratoconus. Collaborative Longitudinal Evaluation of Keratoconus (CLEK) Study Group. Cornea
15:139-146


