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SUMMARY

Aim: To determine risk factors associated with keratoconus in Bucaramanga, Colombia.

Material and Methods: A paired case-control study was conducted at Bucaramanga, Colombia, between November 2022 and December 2023.
The controls were age- and sex-matched. Patients answered a questionnaire designed for this study regarding their family history of keratoconus,
eye rubbing, atopy, sun exposure, and sleeping habits. Information from medical records was also obtained. Univariate and multivariate conditional
analyses were used to test the significance of associations.

Results: One hundred fifty-six patients with a diagnosis of keratoconus and 312 controls were included. Univariate analyses revealed significant
differences between cases and controls in the following factors: very frequent eye rubbing (OR = 20.9, 95% Cl 6.2-70.1), a positive family history of
keratoconus (OR = 13.0, 95% Cl 5.5-30.8), a personal history of atopy (OR = 2.2), and nocturnal eye compression (OR = 1.7, 95% Cl 1.0-2.7). Multivariate
analysis showed a statistical significance for eye rubbing (OR = 6.9, 95% Cl 3.8-12.5), and family history of keratoconus (OR = 10.3, 95% Cl 2.3-44.9).
There was a significant mild interaction between both, since when the two coincided the OR increased up to 74.1 times.

Conclusion: Eye rubbing and family history of keratoconus were the most important risk factors for keratoconus in our population. Although it is
impossible to establish causal relationships, our results suggest that controlling eye rubbing could be a potentially useful preventive measure,
particularly in individuals with a family history of keratoconus. Other factors, such as sun exposure, sleeping position, and atopy, may play a role in the
pathophysiology of the disease.
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INTRODUCTION Floridablanca, Colombia [8]. Barraquer et al. reported that
2.8% of patients who consulted an ophthalmological in-

Keratoconus is the most common primary corneal stitute in Bogota, Colombia, had keratoconus or pellucid

ectasia [1]. Patients present irregular astigmatism and
poor vision, which affect their quality of life [2-4]. Its pre-
valence is variable in different parts of the world. Rates
have been reported as low as 0.3 per 100 000 population
(Russia) [5] and as high as 47.9 cases per 1 000 population
in children (Saudi Arabia) [6,7]. In our country, Galvis et
al. found a prevalence of keratoconus or suspected kera-
toconus of 3.9% in patients seeking refractive surgery in
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marginal degeneration [9]. Recently, Mejia-Salgado et al.,
analyzing the country’s diagnostic code reports, report-
ed an incidence of keratoconus of 10.4 (95% Cl 10.1-10.6)
per 100 000 habitants [10]. Considering these values, this
disease is relatively common in our region.

For a long time, keratoconus was considered a non-in-
flammatory disease. However, with the findings of in-
creased proinflammatory cytokines and collagenases in
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the tears and tissues of patients with keratoconus, it is
not possible to assert that inflammation does not play
aroleinthe disease [11]. Both genetic and environmental
factors have been considered to play a role in the etiolo-
gy of the disease [1]. Eye rubbing and a family history of
keratoconus are the most studied risk factors [12]. Other
keratoconus-related factors include genetic conditions
[13], atopy, sun exposure, and certain sleeping positions
[2,14-17]. Recently, researchers in France showed that
stopping the habit of eye rubbing was related to the sta-

bilization of the progression of the disease [18]. This sug-
gests that controlling this environmental risk factor could
become an effective preventive measure.

Based on our current understanding, no case-control
studies have yet conclusively established the associ-
ation of these or other potential factors with keratoco-
nus in Latin America. Given the ongoing uncertainties
surrounding the disease’s origins, there is a compelling
rationale for conducting such investigations within our
regional context.
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Figure. 1. Patients attending for keratoconus management (identified by ICD-10 in medical records)

ICD -10 - International Classification of Diseases

CIE - 10is in Spanish, ICD -10 is in English which refers to the 10th revision of the International Classification of Diseases (ICD), a medical classification list by

the World Health Organization (WHO)
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MATERIALS AND METHODS

Ethical approval. Verbal informed consent was ob-
tained from each patient following the Declaration of
Helsinki. The study was approved by the Research Eth-
ics Committee of the Universidad Industrial de Santand-
er (Minute no. 10 of 06/17/2022) and the Ethics Com-
mittee of the FOSCAL clinic (Minute no. 07047/2022 of
10/14/2022).

Design. Case-control study matched by age and sex,
with a maximum difference of two years. The case-to-
control ratio was 1:2. The research was carried out at the
Virgilio Galvis Ophthalmological Center of the FOSCAL
Clinic, in Bucaramanga, Colombia, between November
2022 and December 2023.

Study population. Patients aged 18 years or older who
met the definitions of cases or controls were included.

Case definition: Patients diagnosed with unilateral or
bilateral keratoconus confirmed by corneal topography
based on specific parameters according to the device
used. (19):

- Galilei (Ziemer Ophthalmic Systems, Port, Switzerland):

Keratoconus Probability Index > 18.6% and Keratoco-

nus Probability > 25.6%

- Sirius (CSO, Florence, Italy): the result of the artificial in-
telligence neural network included in the device, indi-
cating “Keratoconus”

- MS-39 (CSO, Florence, Italy): the result of the artificial
intelligence neural network included in the device, indi-
cating “Keratoconus”

Control definition: Patients seeking refractive surgery
in whom keratoconus was ruled out by corneal tomog-
raphy (Galilei, Sirius, or MS-39) considering the same pa-
rameters.

Exclusion criteria were common to both cases and
controls: posterior keratoconus (congenital or acquired),
inability to accurately recall events related to the study
questionnaire, presence of severe ocular surface disease
that could interfere with the accurate diagnosis of kera-
toconus, and history of corneal surgery before the diag-
nosis of keratoconus.

The questionnaire designed for this research was based
on the surveys conducted by various authors [16,20,21].
Initially, subjects with keratoconus were contacted by
telephone, and those who agreed to participate an-
swered the questionnaire. The data were filled out in
REDCap [22] in real-time. The controls were identified in
the database of patients undergoing refractive surgery,

Table 1. Demographic Characteristics of the population, topographic findings, and Amsler-Krumeich
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in whom the same process was performed. Subsequent-
ly, one of the authors completed the remaining informa-
tion from the medical record.

The variables analyzed were diagnosis of keratoconus,
eye rubbing, family history of keratoconus, type of rela-
tionship with the family member diagnosed with kerato-
conus, consanguinity of parents, type of consanguinity
relationship between parents, sleeping position, ocular
compression when sleeping, atopy, socioeconomic sta-
tus, sun exposure, patient age, sex, eye diagnosed with
keratoconus, topographic classification (Amsler-Krume-
ich scale), hand dominance, and preferred eye for rub-
bing.

Statistical analysis. Sample size calculation was per-
formed for two main outcomes of interest, to estimate
the likelihood ratio (odds ratio - OR -) considering a of
0.05, B of 0.2, and a case-control ratio of 1:2. It was as-
sumed that the expected prevalence of family history of
keratoconus among controls would be 1%. At the same
time, that of eye rubbing would be 28%, as estimated
by the studies by Bawazeer [23] and Gordon-Shaag [20],
with a potential OR for the first factor of 6.3 and 3.4 for
the second. The estimated sample size was 124 cases and
248 controls for family history, and 28 cases and 56 con-
trols for eye rubbing. Finally, the sample size calculated
for family history was chosen, as it ensured the necessary
power for all primary outcomes.

The analysis was performed with Stata/IC 16.1
(StataCorp LLC, College Station, Texas, United States of
America), beginning with the descriptive univariate ana-
lysis of each group separately (cases and controls). The
normality of the quantitative variables was evaluated
using the Shapiro-Francia test. If they had a normal dis-
tribution, they were described as mean and standard de-
viation, and if not, median and interquartile range (IQR)
were used. Subsequently, to establish differences be-
tween cases and controls, conditional logistic regression
was performed for each variable, and the raw OR of each
was estimated. Finally, conditional multivariate model-

ing was conducted to calculate the adjusted OR for the
two main variables of interest, while accounting for other
potential confounding factors.

RESULTS

Characteristics of the population. As shown in Fig-
ure 1, we included 156 patients with a diagnosis of kera-
toconus and 312 controls matched by age and sex; 59.0%
of both groups were men. Table 1 shows the general
characteristics of the population studied.

In neither of the two groups (cases and controls) were
significant differences detected in keratometry between
the right eye (OD) and the left eye (OS). On the oth-
er hand, there were statistically significant differences
between cases and controls in the values of minimum,
maximum, and average keratometry (K). The minimum
K in the OD was 1.9 (95% Cl 1.3-2.5) diopters and in the
0OS 2.1 (95% Cl 1.3-2.8) diopters, steeper in cases than
in controls. The maximum K in the OD was 4.8 (95% Cl
4.0-5.5) diopters and in the OS 5.2 (95% Cl 4.3-6.2) diop-
ters, steeper in cases than in controls. The average K in
the OD was 3.4 diopters (95% Cl 2.4-4.3) and in the OS
was 4.8 diopters (95% Cl 4.0-5.5), steeper in cases than in
controls. (Table 1).

Characteristics of patients with keratoconus. The
median age of diagnosis of keratoconus was 18 (IQR
15-23) years. According to the Amsler-Krumeich scale,
the keratoconus severity of the OD (111 eyes, 71.1%) in
stages 1 and 2, was similar to the distribution of the OS
(74 eyes, 73.2%) (Table 1).

The 42.6% of subjects with a dominant right hand
and the 50% with a dominant left hand, in the kera-
toconus group, reported having rubbed both eyes
equally. Among those who reported a preference for
rubbing one eye, 21.3% of individuals diagnosed with
keratoconus and with a dominant right hand reported

Table 2. Relationship between preferred eye for eye rubbing, dominant hand, and asymmetry assessed by the Amsler-Krumeich

classification in cases with keratoconus

Dominant hand

Preferred eye for rubbing
Right (n = 136) m Ambidextrous (n = 2)

58 (42.6%)
g [
P >
ore [
.

Right (n = 37)
15 403%)
g [
3 61%
[Notsue 5 (135%)

—_

32

9 (50.0%) 0 (0%)

2 (11.1%) 2 (100.0%)
7 (38.9%) 0 (0.0%)
0 (0.0%) 0 (0.0%)

Most affected eye (Amsler-Krumeich classification)

Left (n =32) No asymmetry (n = 87)
17 (53.1%) 35 (40.2%)
0 (0.0%) 19 (21.8%)
11 (34.4%) 15 (17.2%)
4 (12.5%) 18 (20.7%)
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a preference for rubbing the OD, only 16.2% reported
a preference for rubbing the OS. In the group of sub-
jects with keratoconus, with the left hand dominant,
38.9% reported having rubbed the OS more versus
11.1% who reported rubbing the OD more (p = 0.004)
(Table 2).

In patients with asymmetric keratoconus (Amsler-Kru-
meich classification), with greater involvement in the OD,
the highest percentage (40.5%) reported having rubbed
both eyes equally. Conversely, 37.8% reported having
rubbed the OD more, while 8.1% reported rubbing the
OS more. Among patients with more severe involve-
ment in the OS, 53.1% reported having rubbed both eyes

Table 3. Univariate analysis of studied risk factors for keratoconus

Controls (n) Crude OR (95% CI)

Parameters

equally, none (0.0%) reported having rubbed the OD
more, and 34.4% reported having rubbed the OS more
(p <0.001). (Table 2).

Risk factors. In the univariate analysis, it was found
that the OR was statistically significant for the frequent
(2 to 9 times/day) or very frequent (> 10 times/day)
eye-rubbing groups and a gradient effect was evident
(the OR was much higher for the very frequently eye-rub-
bing group than for the frequently eye-rubbing group).
Combining these two groups (frequent or very frequent
eye rubbing), they were 7.9 times (95% Cl 4.7-13.1) more
likely to present keratoconus than the controls (Table 3).

Never 5(3.2%) 34 (10.9%) Reference
Rarely (NOT every day) 10 (6.4%) 61 (10.6%) 1.20 (0.3-4.2)
Moderately (once/day) 15 (9.6%) 110 (35.3%) 1.02 (0.3-3.0)
Frequently (2 to 9 times/day) 87 (55.8%) 95 (30.5%) 6.67 (2.3-19.3)
Very frequently (> 10 times/day) 39 (25.0%) 12 (3.9%) 20.91 (6.2-70.1)

Preferred eye for rubbing

Both eyes equally 67(43.0%) 183 (58.7%) Reference

Right 33(21.2%) 34 (10.9%) 2.60 (1.5-4.6)
Left 29 (18.6%) 15 (4.8%) 4.95 (2.5-9.9)
Not sure 27 (17.3%) 80 (25.6%) 0.87 (0.5-1.5)

Family history of keratoconus

Negative

Positive

Relationship with family member diagnosed

with keratoconus

114 (73.1%)
42 (26.9%)

Reference
13.04 (5.5-30.8)

302 (97.8%)
10 (3.2%)

No family history

114 (73.1%)

302 (97.8%) Reference

First grade 8 (5.1%) 3(0.9%) 8.94 (2.0-40.4)
Second grade 16 (10.3%) 6 (1.9%) 8.18 (2.7-24.4)
More distant than second-degree 18 (11.5%) 1(0.3%) 48.63 (6.2-381.9)

Parental consanguinity
Negative
Positive

Sleeping position

155 (99.4%)
1 (0.6%)

Reference
2.00 (0.1-32.0)

311 (99.7%)
1(0.3%)

Supine position 27 (17.3%) 62 (19.9%) Reference
Lateral decubitus 62 (39.7%) 142 (45.5%) 1.04 (0.6-1.8)
Prone position 31 (19.9%) 51 (16.4%) 1.45 (0.8-2.8)
Not sure 36 (23.1%) 57 (18.3%) 1.50 (0.8-2.9)
Nocturnal eye compression

No 104 (66.7%) 239 (76.6%) Reference
Yes 39 (25.0%) 55 (17.6%) 1.65 (1.0 -2.7)
Not sure 13 (8.3%) 18 (5.8%) 1.64 (0.4-2.4)
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Table 3. Univariate analysis of studied risk factors for keratoconus — continuation

Same position when getting up

Yes 43 (27.6%) 108 (34.6%) Reference
No 78 (50.0%) 139 (44.6%) 1.37 (0.9-2.1)
Not sure 35 (22.4%) 65 (20.8%) 1.33(0.8-2.3)

Personal history of atopy

Negative 76 (48.7%) 212 (68.0%) Reference
Positive 80 (51.3%) 99 (31.7%) 2.19(1.5-3.2)
Not sure 1(0.3%) 0.0

Hours outdoors in childhood and early adolescence

Less than an hour 4 (2.6%) 2 (0.6%) Reference
1-4 hours 56 (35.9%) 135 (43.3%) 0.21 (0.0-1.2)
4 or more hours 96 (61.4%) 175 (56.1%) 0.27 (0.5-1.5)

Dominant hand

Right 136 (87.2%) 292 (93.6%) Reference
Left 18 (11.5%) 17 (5.4%) 224 (1.1-4.4)
Ambidextrous 2 (1.3%) 3(1.0%) 1.77 (0.3-11.0)

Socioeconomic stratum

1 16 (10.3%) 69 (22.1%) Reference

2 55 (35.3%) 114 (36.5%) 2.09(1.1-4.0)
3 38 (24.4%) 64 (20.5%) 2.56 (1.3-5.1)
4 38 (24.4%) 53 (17.0%) 3.08 (1.5-6.2)
5 9 (5.6%) 12 (3.9%) 3.18(1.1-9.0)

OR - Od(ds ratio, Cl - Confidence interval

Reference: In a table from a case-control study where the Odds Ratio (OR) is calculated, the term “reference” refers to the group used as the point of comparison
to interpret the results. This reference group has an OR equal to 1 because it represents the baseline category against which the other categories are compared.

Patients with keratoconus more frequently had a fami-
ly history of keratoconus (OR 13.0, 95% Cl 5.5-30.8), were
more likely to have been diagnosed with atopy (OR 2.2,
95 % Cl 1.5-3.2), slept in such a way that they could cause
ocular compression (OR 1.7, 95% Cl 1.0-2.7), and coming
from the highest socioeconomic stratum (Table 3). How-
ever, no relationship was found between having kerato-
conus and the other variables.

Finally, the conditional multivariate analysis showed
that eye rubbing and family history of keratoconus were
the two most relevant risk factors associated with ker-
atoconus, after adjusting for socioeconomic stratum,
sleeping position, nocturnal ocular compression, and
history of atopy, which were statistically significant only
in the univariate analysis. Thus, it can be stated that in
the population studied, patients with keratoconus were
10.3 (95% Cl 2.3-44.9) times more likely to have a family
history of keratoconus and 6.9 (OR 3.8-12.5) times more
likely to have a history of eye rubbing more than once
a day, with a significant interaction between both fac-
tors, since when the two coincided the OR increased up
to 74.1 times (95% ClI 19.7-278.1).

134

DISCUSSION

The objective of this study was to determine the risk fac-
tors associated with keratoconus in the population of Bu-
caramanga, Colombia, using a case-control study matched
by age and sex. To the best of our knowledge, this is the
first study of its kind conducted in Latin America.

The eye-rubbing habit during childhood and early
adolescence, as well as a family history of keratoconus,
were significant factors in the univariate and multivariate
analyses. Socioeconomic stratum, sleeping position, noc-
turnal ocular compression, and atopy were statistically
significant only in the univariate analysis. The lack of sig-
nificant association in the multivariate analysis indicates
that these dependent variables do not appear to be in-
dependently associated with the outcome variable (the
presence of keratoconus). The association detected in
the univariate analysis could be due to the effect of other
variables that are correlated with both, and which could
serve as confounding variables.

In most case-control studies of keratoconus, the most
analyzed risk factors include the factors related to heredity
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as family history, and risk factors related to environment,
as eye rubbing, atopy, and sun exposure; all considered in
this research. Despite the available literature in this area,
the contribution of each risk factor is still imprecise, and
there are some contradictory results in the literature [1].

Repetitive mechanical trauma caused by eye rubbing
has been one of the most studied risk factors and is ac-
cepted as influential in the pathophysiology of kerato-
conus. It has even been stated that it is a sine qua non
condition for the appearance of the disease and that it is
possibly its only cause [24].

In the multivariate analysis, we found that individuals
who reported frequent or very frequent eye rubbing had
6.9 (95% Cl 3.8-12.5) times higher odds of presenting ker-
atoconus than the controls. Other authors, such as Gor-
don-Shaag et al. [20], Hashemi et al. [25], and Bawazeer et
al. [23], also found a high relationship between eye rub-
bing and the presence of keratoconus, with OR values rel-
atively similar: 10.2 (95% Cl 4.4-23.5), 6.3 (95% Cl 1.6-24.3)
and 5.4 (95% Cl 2.1-14.1), respectively. Mazharian et al.
described a strong association of eye rubbing during the
day with the presence of highly asymmetric keratoconus
(OR of 135.0,95% Cl 6.44-2868.2) [16]. On the other hand,
a systematic review and meta-analysis that evaluated the
relationship between eye rubbing with keratoconus re-
ported a consolidated OR of 3.1 (95% ClI 2.2-4.0) [12]. In
our study, we also observed a gradient in the frequency
of eye rubbing and the diagnosis of keratoconus. The OR
was not significant for eye rubbing frequencies of once
a day or less. However, patients who reported rubbing
their eyes frequently (2 to 9 times a day) or very frequent-
ly (10 or more times a day) showed a significant OR, which
was higher for the latter group (Table 3). The finding of
the increase of the OR in direct relation to the higher fre-
quency of eye rubbing reinforces the existence of an asso-
ciation between this factor and the disease. Nevertheless,
the identification of eye rubbing as a predictive factor for
keratoconus has not been universal: in the publications by
Millodot et al. [12,26] and Shneor et al. [3], no statistically

significant relationship was found between eye rubbing
and keratoconus, with OR of 1.8 (95% Cl 0.7-4.7) and 2.2
(0.6-7.8), respectively. Additionally, it is noteworthy that,
as observed in other studies, some individuals with kera-
toconus (3.2% of cases in the present study) reported nev-
er having had the habit of rubbing their eyes. Conversely,
34.4% of the controls reported having had the habit of
eye rubbing, either frequently or very frequently, without
developing the disease [27].

Genetically determined susceptibility to keratoconus
has been strongly debated in recent decades [1,28]. The
family history of keratoconus has been analyzed in mul-
tiple investigations and by various authors. However, not
all show results similar to those found in our study [OR
in the multivariate analysis of 10.3 (95% Cl 2.3-44.9)].
The meta-analysis published in 2020 by Hashemi et al.
analyzed this predictive factor and the consolidated
calculation was that patients with keratoconus were 6.4
(95% Cl 2.6-10.2) times more likely to have relatives with
a diagnosis of keratoconus [12]. Some studies included
in this meta-analysis that support this association were:
Millodot et al. with an OR of 17.1 (95% Cl 5.0-57.8) [26],
Gordon-Shaag et al. with an OR of 9.7 (95% Cl of 2.8-33.1)
[17]1and Naderan et al. with an OR of 7.1 (95% Cl 3.7-13.6)
[2]. The above findings align with the registry of famil-
ial keratoconus cases and the identification of both au-
tosomal dominant and recessive inheritance patterns in
genetic linkage studies [1]. Nevertheless, other authors
such as Moran et al.,, Mazharian et al., and Bawazeer et
al. have reported that a family history of keratoconus did
not show a statistically significant relationship with its
appearance [15,16,23].

When analyzing the combined effect of these two fac-
tors, the most significant ones identified in this study, the
habit of eye rubbing and the family history of keratoco-
nus, an interaction between them was found, as the com-
bined effect of both is slightly higher than the product
of the two independent OR (OR 74.1, 95% Cl 19.7-278.1).
These notable values of increased risk seem to support

Table 4. Studies with OR calculation for eye rubbing and family history of keratoconus

Eye rub - OR (95% CI) Family history of keratoconus - OR (95% Cl)

Bawazeer et al., 2000% Canada 5.4 (2.1-14.1) 6.31 (0.6-66.0)
Gordon-Shaag et al., 2013% Israel 10.2 (4.4-23.5) 1.93 (0.6-6.5)**
Gordon-Shaag et al.,, 2015" Israel 3.4 (1.7-6.8) 9.68 (2.8-33.1)
Hashemi et al., 2014% Iran 6.3 (1.6-24.3) 11.40 (2.5-51.3)
Millodot et al., 2011'%2¢ Israel 1.8 (0.65-4.7)* 17.1 (5.0-57.8)
Naderan et al., 20152 Iran 3.4 (2.4-4.8) 7.09 (3.7-13.6)
Shneor et al., 20143 Israel 2.2 (0.6-7.8) Not calculated
Moran et al.,” France 8.3(3.9-18.3) 1.88(0.3-15.7)
Mazharian et al., 2020 France 135.0 (6.4-2868.2) 1.97 (0.1-32.5)**
Almusawi et al., 20212 Iraq 49 (1.8-13.3) 25.52 (2.6-254.4)

OR - Odds ratio, Cl - Confidence interval
*Reported in the meta-analysis published by Hashemi et al.
**Univariate analysis
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the theory that, in a person with a specific genetic sub-
strate, the environmental trigger (eye rubbing) can pre-
cipitate the onset of the disease. Table 4 shows studies
with OR calculation for eye rubbing and family history of
keratoconus.

Consanguinity is another factor that could be related to
keratoconus and that supports the genetic component
of this pathology. It has been found that patients who are
the product of a consanguinity relationship have approx-
imately three to four times greater probability of being
diagnosed with keratoconus [20,21]. This phenomenon
has been studied in Middle Eastern countries, where this
type of marital relationship is more frequent [3,20]. In the
present study, no relationship was found between kera-
toconus and parental consanguinity, a finding that coin-
cides with other publications of case-control studies [17].

Various studies proved a statistically significant relation-
ship between atopy, allergy, and asthma with keratoco-
nus. Hashemi et al. in their meta-analysis concluded that
eczema, asthma, and allergy increase the risk of keratoco-
nus by 3.0 (95% Cl 1.3-4.6), 1.9 (95% Cl 1.3-2.6), 1.4 (95%
Cl 1.1-1.8) times, respectively [12]. Another investigation
(Lin et al.) reported that individuals with asthma were 1.2
times more likely to develop keratoconus (95% Cl 1.1-1.3)
[29]. Likewise, other authors (Woodward et al.) found that
asthma increased the risk of suffering from keratoconus
(OR 1.3, 95% Cl 1.2-1.5) [30]. On the other hand, studies
such as those by Lee et al. did not find a statistically sig-
nificant association between asthma, atopy, and eczema
and the development of keratoconus [31]. In our study,
atopy was significant in the univariate analysis, but not in
the multivariate analysis. This could be due to the effect
of another concurrent factor, eye rubbing, which may be
a consequence of atopy and is part of its pathophysiol-
ogy. It is possible that, considering the influence of eye
rubbing, there is no direct relationship between atopy
and keratoconus. In this research, the definition of atopy
from the Nomenclature Review Committee of the World
Allergy Organization in 2003 was applied, which defines
atopy as “personal and/or familial tendency, usually in
childhood or adolescence, to become sensitized and pro-
duce IgE antibodies in response to ordinary exposures
to allergens, usually proteins. As a consequence, these
persons can develop typical symptoms of asthma, rhino-
conjunctivitis, or eczema” [32]. However, this concept has
not been standardized in all keratoconus studies, which
could also partly explain the disparity in results.

More recently it has been suggested that the contri-
bution of mechanical ocular compression due to sleep-
ing position could also play a role in the development
of keratoconus [1]. In the study by Moran et al,, it was
documented that lateral and prone decubitus sleeping
positions increased the risk of developing keratoconus
significantly by 10.2 (95% Cl 3.8-33.7) and 11.6 (95% Cl
3.9-38.2) times respectively [15]. Another investigation
found that sleeping in the lateral and prone sleeping
position was significantly associated with the develop-
ment of unilateral or highly asymmetric keratoconus (OR
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65.0, 95% Cl 5.1-573.9) [16]. In our study, nocturnal oc-
ular compression did not show statistical significance in
the multivariate analysis, unlike the univariate analysis. It
is important to note that when asked “Do you get up in
the same position in which you initially fell asleep?”, only
27.6% of the cases and 34.6% of the controls answered
“yes”, that is, most of the subjects either did not get up
in the same position or were unsure. This suggests that
self-reported information is unreliable on this issue, and
therefore real information is absent regarding sleeping
position for most of the night. Without a doubt, the lack
of instruments designed to objectively quantify sleeping
positions represents a weakness in the investigation.

Exposure to ultraviolet rays leads to increased produc-
tion of free radicals and thus increased oxidative stress
on the corneal surface. Consequently, it has been sug-
gested that the high prevalence of keratoconus in sun-
ny countries versus North America and other European
countries could be explained by this risk factor [33]. It
has also been described that ultraviolet radiation could
induce corneal collagen cross-linking, which would pre-
vent the progression of the disease [21,33]. However,
it is a factor difficult to evaluate. In one of their studies,
Gordon-Shaag et al. found that wearing a hat in outdoor
environments increased the risk of keratoconus (OR 5.5
95% Cl 1.4-21.9) [17] and, in another study, the same au-
thors reported that wearing sunglasses was a protective
factor for keratoconus (OR 0.4, 95% Cl 0.2-0.8) [20]. In our
study, there was no relationship between sun exposure
in childhood and keratoconus, similarly to that reported
by other authors [2,21].

There are different results in the literature on the re-
lationship between socioeconomic status and keratoco-
nus. In our study, a gradient was found between stratum
and keratoconus (the higher the socioeconomic level, the
greater the probability of keratoconus), but only in the
univariate analysis. Similarly, in the publication by Almu-
sawi et al., no association was found between these two
variables [21]. Conversely, in another study, patients with
Medicare insurance (low-income people) had a higher
risk of presenting severe keratoconus with an OR of 1.9
(95% Cl 1.1-3.3), and of requiring a corneal transplant, OR
of 1.7 (95% Cl 1.1-2.8) [34]. However, in this study, the
eye rubbing and the family history of keratoconus were
not analyzed, which greatly limits its analysis [35].

This study has several limitations. A significant por-
tion of the data is based on subjects’ verbal responses to
a questionnaire, which involves the risk of recall bias. Ad-
ditionally, some variables are difficult to measure objec-
tively (sun exposure and sleeping position). Despite the
potential memory bias limitation of surveys, the present
study not only found a significant association between
a history of frequent or very frequent eye rubbing and
the presence of keratoconus, but also identified a gra-
dient effect related to the frequency of this habit. This
suggests that the survey instrument was performed ap-
propriately, as it is highly unlikely that random variation
alone could produce such results.
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Currently, there is an intense debate within the ophthal-
mological scientific community regarding the influence of
hereditary factors in keratoconus. A group of French re-
searchers, led by Gatinel, argues that hereditary factors are
not associated with the disease, proposing the “no rub, no
cone” theory. They cite cases of identical twins where only
one twin was affected by keratoconus [36]. Additionally,
two case-control studies conducted in Paris [15,16] found
no significant association between a family history of kera-
toconus and the disease in multivariate analysis.

However, our current research, conducted in a geo-
graphical area previously unstudied in this context, aligns
with findings from regions such as Israel: OR 17.1 [26], OR
9.7 [17] and Iran: OR 7.1 [2], OR 11.4 [25] which suggest
a familial association with keratoconus (Table 4). This
independent study supports the plausibility that hered-
itary factors play a role in the etiopathogenesis of kerato-
conus. It suggests that genetic predisposition may create
a conducive environment for the disease to develop, es-
pecially if an environmental trigger, such as eye rubbing,
is present, as proposed by Rabinowitz's hypothesis. This
hypothesis is further supported by findings in the pres-
ent study, indicating that the concurrence of genetic pre-
disposition and environmental triggers can significantly
increase the risk of developing keratoconus, with an OR
of 74.1, surpassing the combined OR of these factors
when considered independently. Ultimately, these find-
ings reinforce the notion that, at least in our region and
in some other areas of the world, a family history should
not be dismissed as an associated factor in keratoconus.

In conclusion, keratoconus is a complex disease, in
which environmental and heritable factors seem to inter-

vene. This research identified that both eye rubbing and
a family history of keratoconus are the most important
risk factors for this pathology in our population, confirm-
ing the findings of various studies in other countries. It
was also found that the coexistence of these two factors
increases the risk of suffering from keratoconus by up to
approximately 74 times. Therefore, controlling the habit
of rubbing the eyes could be an effective preventive mea-
sure for this condition, particularly in those with a family
history. Other factors such as sun exposure, sleeping po-
sition, and atopy could play a role in the pathophysiolo-
gy of the disease. However, additional studies with more
objective measurements are required.
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