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INTRODUCTION 

Keratoconus (KC), an eye disorder, characterized by 

thinning and outward bulging of cornea into a cone shape.1 

If not treated in time, it can lead to blindness if irregular 

astigmatic continues to progress.2 According to the 

statistics, the prevalence of KC ranges from 1 in 500000 to 

20 in 100000 in different populations.3 The prevalence 

rates and factors differ depending on the location and race.4 

For example, Asian populations have higher prevalence 

compared to the White.5 KCwas first reported in last half 

of the 19th century by John Nottingham.6 

ABSTRACT 

 

Keratoconus (KN), is an eye disorder, characterized by progressive thinning and protrusion of central cornea. A number 

of conditions such as such as allergy, asthma, eczema, and eye rubbing has been shown to be associated with the 

development of KN. However, there is a disagreement regarding some of risk factors and their strength so we conducted 

systematic review and meta-analysis to determine how strongly risk factors such as eye rubbing, and atopic triad 

associate with KN development and progression. We systematically searched the literature for related studies using 

specific keywords and key phrases. The studies were scrutinized based on inclusion and exclusion criteria. Finally, we 

extracted relevant qualitative and quantitate information from studies. For meta-analysis we used odds ratio (OR) and 

their 95% CI were used to draw forest plots. 35 studies were selected in final meta-analysis. Our meta-analysis yielded 

the combined effect of risk factors with OR of 2.20 and a 95% CI of 1.84–2.64. Furthermore, we found that eye rubbing-

related studies had effect size of OR 2.09 with a 95% CI of 1.76–2.49 and a p value of 0.00001. For atopic triad (allergic 

rhinits, asthma and eczema) related studies, the meta-analysis yielded overall effect size of OR 2.34 with 95% CI of 

2.06-2.66. Eye rubbing and atopic triad (allergic rhinitis, eczema, and asthma) are important risk factors for KC 

development with statistically strong association.  
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There are a number of factors involved in development and 

progression of disease including genetic and 

environmental factors. At genetic level, more than one 

gene is involved and it tends to run in families.7 

Environmental factors play crucial role in disease 

development even the individuals have genetic 

susceptibility. Epidemiological studies have shown that 

both genders are affected equally with men having slightly 

higher tendency.8 The symptoms can appear in any age but 

in most cases in second decade of life. The symptoms 

range from reduced fluctuating vision to astigmatism and 

higher aberrations.9 In some of the severe cases corneal 

scarring occurs and patients require corneal 

transplantation.10 KC can be diagnosed during normal eye 

checkup even the subject has no symptoms and is unaware 

of the disease.11 

Regarding risk factors, both genetic and environmental are 

present. Environmental factors act as trigger in genetically 

predisposed individuals. Common environmental factors 

involved are atopy, eye rubbing, ultraviolet (UV) exposure 

and contact lens use.12,13 At the molecular level, there is a 

lack of enzymes required for the processing of reactive 

oxygen species (ROS) in these environmental conditions 

which worsen the condition leading to vision loss.14 Eye 

rubbing, most common risk factor, has been shown to be 

associated with KC development in a number of studies 

across the globe.15 Furthermore, studies have shown that 

eye rubbing associated with KC is of long duration 

compared to the eye rubbing of infection or common 

allergy.16 Chronic eye rubbing leads to mechanical damage 

and history of compelling eye rubbing habit is strongly 

associated with KC.17 The mechanical trauma generates 

high level of matrix mettaloproteins-1 (MMP1) and matrix 

metalloproteins-13 (MMP13), interlukin-6 and tumor 

necrosis factor alpha from epithelial and stromal cells.18 

The release of these cytokines initiate process which cause 

appearance of many symptoms related to KC. Atopy, 

consisting of asthma, eczema and allergy, is a 

hypersensitivity reaction shown to be associated with KC 

development and progression. 

A number of studies have been conducted across the globe 

to report the risk factors for KC. Some of the studies have 

found strong association for above risk factors with KC 

while some studies did not find any association so there is 

not a consensus in research community. The present will 

systematically review all the studies which have shown 

positive association of above risk factors and KC. We will 

also do the meta-analysis to determine the effect size of the 

association. 

METHODS 

The study was a systematic review and meta-analysis of 

the related past studies. We used preferred reporting items 

for systematic reviews and meta-analyses (PRISMA) 

guidelines for conducting and reporting our systematic 

review (SR) and meta-analysis (MA). 

Duration and setting 

The total time in conducting SR and performing MA took 

120 hours of two independent investigators. The study was 

conducted from 15 February 2021 to 15 March 2021. 

Literature search  

First, we devised a comprehensive literature search 

strategy. The keywords used in different combinations for 

search purposes were “keratoconus,” “risk factors”, 

“association”, “atopic triad”, ”asthma”, “allergy”, 

“ecmeza” and “eye rubbing”. We searched in the following 

electronic databases: Google scholar, Pubmed, Embase 

and science direct.  

Two investigator independently screened abstracts and 

title for relevant studies. In this first round of article 

selection, investigators selected large number of articles 

only by reviewing titles and reading abstracts. For final 

selection of articles, we passed each article from our 

already prepared inclusion and exclusion criteria   

Inclusion criteria 

All articles showing association of our studied risk factors 

with KC development; articles were either case-control, 

cohorts, and cross-sectional studies; the language of 

articles published was English; and there was availability 

of quantitative data to determine risk factors association 

were included. 

Exclusion criteria 

Single case reports; articles in languages other than 

English language; and articles did not provide any 

quantitative data as measure of risk factors association 

were excluded. 

Data extraction 

Once all articles have been finalized, two investigators 

independently reviewed full texts of articles and extracted 

the relevant information. The data extracted was study 

characteristics such as ID, date of publication, authors’ 

information, country where study was conducted and type 

of study. Patient related data extracted was: number of 

patients, mean age, gender distribution, and race if 

mentioned. The data extracted for conduction meta-

analysis was odds ratio (OR) and their 95% confidence 

interval (CI). If odds ratio was not mentioned directly other 

quantitative information about association was extracted 

and later OR and their 95% CIs were calculated indirectly. 

Assessment of quality and grading 

The quality of articles is also very important in meta-

analysis. We assessed quality of each article using The 

Newcastle-Ottawa scale (NOS). According to this scale, 

score of >7 was considered as high quality study, score in 
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between 5-7 was medium quality and <5 score was 

considered low quality study. Two investigators separately 

assessed the quality of each article. Any discrepancy was 

resolved with discussion. 

Statistical analysis 

The statistical analysis performed was meta-analysis using 

forest plots. We used OR and their respective 95% CIs of 

each study to draw forest plot. Furthermore, we also 

determined the heterogeneity in studies using X2 and I2 

tests. The value of X2>50% was considered as the presence 

of heterogeneity. In such case random effect model was 

applied to determine the final effect size. Finally, 

publication was determined using funnel plot analysis. All 

the statistical analysis was performed in Rev Man 

software. 

RESULTS 

The online databases literature search from keywords 

resulted in 1690 articles. Further screening based on titles 

and abstracts reading excluded 1430 articles and yielded 

260 articles. After reviewing full text articles and applying 

exclusion and inclusion criteria we were left with 35 

articles which were included in qualitative synthesis in the 

form of tables and quantitative synthesis in the form of 

meta-analysis.19-53 The steps of search results and literature 

selection are summarized in a PRISMA diagram (Figure 

1). 

Study and patient characteristics 

Our study included 35 studies related to risk factors 

association with KC. Most of the studies (22) were about 

atopic triad as risk factor for KC while the remaining 13 

were related to eye rubbing as risk factor for KC. The 

majority of atopic triad related studies were about allergy 

(9 studies). 7 of them were about asthma and the remaining 

6 were eczema as risk factor for KC. Furthermore, studies 

had diverse designs; 21 were case control, 9 were cross 

sectional, and 5 had retrospective study design. 

Regarding the country where studies were conducted, we 

found 7 studies were conducted in the US, 5 in India, 5 in 

Japan, 4 in Middle East, and 2 each in China, Brazil, 

Indonesia, Hongkong, France, and Italy. The number of 

subjects in all studies combined was 1786. Out of these, 

872 were eye rubbing subjects, 372 allergic rhinitis, 223 

eczema, and the remaining 319 subjects were related to 

asthma. 

There were 13 studies related to eye rubbing as risk factor. 

The total number of patients 932, among which 42% were 

women, and 58% were men. Most of the patients were 

Asians. The mean age of the patients was 36.29 years. 

Table 1 summarizes the study and patient-related 

information. 

There were 6 studies related to eczema as risk factor and 

total numbers of patients were 672. Of these, 61% were 

men, and 39% were women. The mean age of the patients 

was 32.31 years. The characteristics of these studies and 

the patients are summarized in Table 2. There were 7 

studies related to asthma as risk facts. The total number of 

patients was 632. The mean age of the patients was 29.36 

years. There were 9 studies related to allergy as risk factor 

for KC and 1396 patients. Of these, 37% were women and 

63% men. The mean age was 36.21 years. The 

characteristics of the patients and these studies are 

summarized in Table 2. 

Meta-analysis 

First we performed the meta-analysis of all the risk factors 

combined and the results in the form of forest plot are 

shown in Figure 2. From all the studies, 31 were 

statistically significant for KC group and 14 were 

statistically significant for non KC ground but the overall 

effect size was found to be OR 2.20 with a 95% CI of 1.84-

2.64 with the p value of 0.0001.  

The overall effect size was significant for the KC group, 

implying that the studied risk factors have positive 

association with the development of KC (p=0.0001).

Table 1: Characteristics of eye rubbing studies and patients. 

First 

authors 

Publication 

year 

Sample 

size 
Study design Condition 

Patient characteristics (age 

in years and female: male) 
 OR (95% CI) 

Kaya 2007 120 Case control Eye rubbing 32.7, M 26 (53.1%)  1.99 (2.11, 4.32) 

Naderan  2015 322 Case control Eye rubbing 29.36±6.32, F 45.5: M 55.5 5.38 (2.06, 14.05) 

Shenor 2014 244 
Cross 

sectional 
Eye rubbing 25.65±6.32, F 67: M 33 3.09 (2.17, 4.00) 

Gordan 2013 365 Case control Eye rubbing 18.98±5.55, F 63: M 33 2.31 (4.25, 25.04) 

Milodot 2011 981 
Cross 

sectional 
Eye rubbing 23.15±3.22, F 55: M 45 2.15 (0.59, 7.82) 

Gordan  2015 217 Case control Eye rubbing 33.31±6.95, F 12.63: M 87.37 1.96 (1.68, 6.77) 

Hashemi 2014 200 
Cross 

sectional 
Eye rubbing 31.21±12.56, F 65: M 35 3.35 (2.35, 4.77) 

Virgilo 2017 93 Case control Eye rubbing 32.8±69.6, F 43: M 57 1.33 (1.60, 24.30) 

Otavia 2020 58 Case control Eye rubbing 23.54±2.32, F 32.65: M 67.35 3.35 (2.35, 4.77)  

Continued. 
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First 

authors 

Publication 

year 

Sample 

size 
Study design Condition 

Patient characteristics (age 

in years and female: male) 
 OR (95% CI) 

Zaki 2016 44 Retrospective Eye rubbing 36.54±9.65, F 32: M 68 2.52 (5.68, 18.69) 

Naderan 2017 922 Case control Eye rubbing 24.55±6.23, F 37.12: M 62.88 1.98 (0.13, 3.96) 

Jafri 2004 87 Case series Eye rubbing 25.56±6.32, F 66.5: M 33.5 2.36 (2.99, 11.65) 

Moon 2020 9322 Cohort Eye rubbing 33.69±5.68, F 12.6: M 87.4 1.72 (1.36, 7.99) 

 

Figure 1: Summary of the literature search process.  

Table 2: Characteristics of atopic triad studies and patients. 

First 

authors 

Publication 

year 

Sample 

size 
Study design Condition 

Patient characteristics 

(age in years and 

female: male) 

 OR (95% CI) 

Zaki 2008 44 Retrospective Eczema 22.12, F 72.31: M 27.69 3.33 (3.45, 12.55) 

Charles 2005 65 Cross sectional Eczema 
35.69±9.6, F 32.69: M 

67.31 
1.44 (1.21, 6.95) 

Owens 2003 87 Cross sectional Eczema 
29.98±6.65, F 65.5: M 

34.5 
0.89 (2.33, 1.52) 

Gordan  2015 45 Cross sectional Eczema 28.39, F 55.99: M 44.11 3.21 (1.11, 6.99) 

Naderan 2017 922 922 Eczema 
30.31±6.33, F 12.8: M 

88.2 
2.22 (4.55, 16.99) 

Naderan  2015  Case control Eczema 
23.15±4.36, F 63.98: M 

27.2 
2.33 (1.21, 6.56) 

Namet 2010 400 Case control Asthma 
18.69±6.32, F 33.66: M 

66.44 
3.33 (1.29, 6.29) 

Woodward 2015 66 Case control Asthma 
21.69±12.3, F 33.6: M 

67.3 
1.36 (2.33, 7.59) 

Srujana 2011 415 Case control Asthma 33.31±6.98, F 88: M 12 1.89 (3.68, 11.56) 

Waked 2012 1566 Cross sectional Asthma 19.89±6.33, F 63: M 37 3.21 (1.99, 5.32) 

Namet 2010 88 Cross sectional Asthma 33.68±6.32, F 71: M 29 2.33 (0.12, 4.33) 

Naderan  2015 215 Case control Asthma 
31.22±6.32, F 63.98: M 

36.02 
3.11 (1.11.6.39)  

Continued. 
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First 

authors 

Publication 

year 

Sample 

size 
Study design Condition 

Patient characteristics 

(age in years and 

female: male) 

 OR (95% CI) 

Francis 1989 512 Case control Asthma 26.65, F 48.9: M 51.1 0.58 (3.2, 9.89) 

Gordan 2013 230 Case control Allergy 
32.69±6.39, F 53.69: M 

46.31 
3.29 (1.32, 6.33) 

Namet 1989 188 Case control Allergy 21.33±3.21, F 64: M 36 2.33 (0.16, 4.15) 

Naderan 2015 98 Case control Allergy 
35.69±9.68, F 56.6: M 

45.4 
4.33 (1.32, 6.99) 

Shenor 2014 844 Case control Allergy 22.32±3.22, F 66: M 44 1.33 (0.11, 3.69) 

Moran 2020 215 Case control Allergy 
34.69±9.28, F 53.99: M 

46.11 
4.32 (1.22, 6.88) 

Milodot 2011 89 Cross sectional Allergy 
17.69±3.65, F 22.56: M 

27.34 
1.34 (2.22, 9.65) 

Woodward 2015 2036 Cross sectional Allergy 
28.88±12.36, F 45.36: M 

54.64 
5.113.65, 11.11) 

Gordan 2015 65 Case control Allergy 
30.22±3.69, F 43.64: M 

52.36 
1.26 (0.07, 3.21) 

Hashemi 2014 632 Case control Allergy 
32.25±9.56, F 69.9: M 

31.1 
2.01 (1.99, 7.89) 

 

Figure 2: Meta-analysis of all conditions as risk factor for KC. 

 

Figure 3: Meta-analysis of eye rubbing studies as risk factor for KC.
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Eye rubbing as a risk factor for KC 

From 13 of eye rubbing related studies, 9 were significant 

for KC group and 4 were statistically significant for non 

KC group. When analyzed in meta-analysis we found the 

overall effect size of 2.09 with a 95% CI of 1.76-2.49. 

Overall, eye rubbing was a risk factor for KC with a p value 

of 0.00001 (Figure 3). 

Atopic triad as a risk factor for KC 

When all atopic triad (allergy, asthma, and eczema) related 

studies were analyzed in meta-analysis, an overall effect 

size of 2.34 was found with 95% CI of (2.06-2.66). 5 

studies were significant for non KC group and the 

remaining were significant for KC group. Overall, atopic 

triad was a risk factor for KC with a p value of (0.00001) 

(Figure 4).  

 

Figure 4: Meta-analysis of atopic triad conditions as risk factor for KC.

DISCUSSION 

The present study is a meta-analysis to determine how 

strongly risk factors eye rubbing and atopic triad are 

associated with the development of KC. This is the first 

systematic review and meta-analysis on the topic and we 

were able to identify 35 studies to be included in the meta-

analysis. The numbers of articles were enough with 

reasonable number of patients for a good meta-analysis. 

KC, a corneal disease, has been found to be associated with 

a number of genetic and environmental factors. Eye 

rubbing is considered as a strongest risk factor for KC. Our 

analysis has found strong association of eye rubbing with 

the development of KC with p value of 0.0001 and overall 

combined OR of 2.09. Our results are similar to the number 

of other studies. For example Bawazeer had found strong 

association with OR of 5.38.48 Similarly, 2 more important 

studies had also found strong association with OR of 10.31 

and 6.30.49,50 There were also some studies who did not 

find any association for eye rubbing as risk factor for KC. 

In our analysis, we found 4 studies showing non 

association of eye rubbing as risk factor for KC. There can 

be a number of reasons for the discrepancy. One of the 

most important reasons is the criteria for abnormal eye 

rubbing.51 

Atopic triad (AT), a combination of allergy, eczema, and 

asthma, is another important risk factor for KC. Our 

analysis found positive association for AT with KC 

development and progression with p value of 0.0001 and 

overall effect size of OR 2.34. These results are similar to 

other studies with OR ranging from 1.59 to 6.330.52,53 

Other studies did not find any association for AT as risk 

factor of KC. Atopy is another condition in which 

individuals have genetic tendency to develop allergy, 

asthma and eczema. There are controversial results 

regarding atopy and its association with KC. Some of the 

studies have shown strong association while other do not 

consider atopy as risk factor for KC. The reasons for varied 

results is a disagreement on the definition of atopy in 

literature. Some studies consider all three conditions, 

asthma, eczema and allergy in atopy while some consider 

only asthma or only allergy.53,54 

Like most of other studies our studies also have some 

limitations. First, there is a significant amount of cross 

sectional studies involved for conducting meta-analysis. 

The evidence presented by cross-sectional studies is of 

poorer quality compared to that presented by case-control 

studies. Besides, the studies were heterogeneous. Although 

the studies considered here had a number of confounding 

variables such as gender, age, and ethnicity, we did not 

perform a subgroup analysis based on these variables, 

which can affect the results. Finally, the studies had a 

publication bias as well.  
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CONCLUSION  

Based on this meta-analysis it can be concluded that eye 

rubbing, and atopic triad (allergic rhinitis, asthma, and 

eczema) are important risk factors for KC. Furthermore, 

male gender is more affected with the condition compared 

to the females. There is a need for more high quality 

controlled studies to determine association. 
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