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Abstract: (1) Background: Keratoconus (KC) is a progressive corneal disorder that begins in
adolescence and can lead to significant vision loss if undetected. Early identification of at -risk
individuals through efficient screening tools like Keratoconus Risk Investigative Survey (KRIS) is
critical, especially in large populations with limited access to comprehensive eyecare (2) Methods:
A stratified random sample of 2,042 children, aged 9 to 17, completed a modified 20-item KRIS.
Those identified with three or more risk factors underwent ophthalmic evaluations, including visual
acuity, auto-keratorefractometry, and topographical screening. The analysis was conducted using
SPSS version 25, focusing on sensitivity and specificity (3) Results: KRIS identified 36% (n=728) as
at risk for KC, with a mean age of 12.09 years. Most were female (73%) and Muslim (72%). Significant
correlations were found between demographic variables and clinical findings (p<0.001).
Consanguinity showed a weaker association (Spearman: -0.09). Logistic regression indicated a
strong likelihood of KC diagnosis in at-risk children (OR: 4.23, p<0.001). KRIS demonstrated
moderate sensitivity (69%), specificity (66%), and overall accuracy (66%). The kappa coefficient (0.1)
indicated slight agreement with clinical assessments, while the AUC of 0.57 suggested moderate
screening ability. (4) Conclusions: KRIS is an effective screening tool for identifying children at risk
of KC, aiding in targeted clinical assessments and reducing the need for mass screening.

Keywords: Keratoconus; KRIS; clinical assessment; sensitivity; specificity

1. Introduction

Keratoconus (KC) is defined as progressive thinning of the cornea, primarily in the central or
paracentral regions, with its onset typically occurring during adolescence and extending into the
third and fourth decades of life[1].KC often begins in one eye but may later involve the other, leading
to the development of myopia and irregular astigmatism[2]. This condition results in decreased
visual acuity (VA) and increased sensitivity to light, which can significantly affect an individual’s
quality of life[1].Globally, KC impacts approximately 138 individuals per 100,000, with prevalence
rates varying by race and geographic location[1].It is a significant cause of corneal visual impairment
and blindness, with higher prevalence observed in Asian and Middle Eastern countries compared to
Western and European regions[3]. Notably, the onset and progression of KC in populations such as
Indians, Pakistanis, Arabs, and Polynesians are approximately 4.4 times greater than those observed
in Caucasians[4].Research conducted in central and western India has indicated a frequency of KC
ranging from 2.3% to 3.9%[5,6]. KC is associated with several risk factors, including a family history
of the condition, chronic eye rubbing, and parental consanguinity|[7].

llergic conditions, such as vernal keratoconjunctivitis (VKC), are significant triggers for KC,
notably in regions like India, where approximately 10% of the population suffers from allergic eye
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diseases[8].Ultraviolet (UV) radiation exposure contributes to KC through oxidative stress and
corneal thinning[9].Genetic predisposition, particularly in cases of consanguineous marriages(CM),
further increases the risk [10], with a recent systematic review reporting that individuals with a family
history of KC have a 6.42-fold increased likelihood of developing the condition[11].Consanguinity
has been strongly linked to a higher prevalence of KC in regions such as North Africa and South
India [12]. Although systemic conditions like diabetes mellitus (DM) show weaker correlations[13,14],
strong associations exist between KC and systemic conditions such as Marfan syndrome (MFS),
osteogenesis imperfecta (OI), Leber congenital amaurosis(LCA), and Mitral valve prolapse(MVP), all
of which suggest a genetic predisposition[14,15].

KC is often diagnosed at an advanced stage due to its progressive nature, with symptoms
typically emerging in the later stages[16,17]. Early (subclinical) KC is often asymptomatic, making
identification challenging[18]; as it can only be accurately diagnosed through comprehensive testing
that includes topographic, tomographic, and auto-refractometric assessments[19]. Mumbai, with an
estimated population of 1.85 million children, is currently ranked as the second most polluted city
globally, characterized by consistently poor Air Quality Index (AQI) levels that exacerbate allergic
conditions[20,21].The escalating levels of pollution and hot, humid climate are conducive to KC
development and may contribute to the noted increasing prevalence within the city’s growing
population, making early detection crucial. Clinical evidence indicates that KC is a multifactorial
condition, with eye rubbing being the most significant risk factor, followed by atopy [7,22]. The
reported increase in KC cases[3], the high costs of curative treatments, and the emergence of early
intervention treatments such as corneal cross-linking warrants the development of tools to identify
children at risk. The KRIS, a 20-item questionnaire, was developed and utilized to identify
individuals at risk[23]. However, no studies have yet evaluated the efficacy of KRIS in predicting
clinical outcomes[22]. This study aimed to evaluate the effectiveness of KRIS in predicting clinical KC
among secondary school students in Mumbai.

2. Materials and Methods

This study employed a quantitative methodology using a cross-sectional, descriptive design. A
total of 2 042 secondary school children from two of the six zones in Mumbai City were selected via
a stratified cluster random sampling technique. Participants completed a modified KRIS and
provided additional demographic information. The survey was translated into Hindi, the local
language, with the assistance of a Hindi PhD scholar and subsequently back-translated into English
to achieve semantic equivalence. After obtaining the necessary gatekeepers’ permissions, school
screenings were conducted across multiple schools in Mumbai city. The survey was administered
using Google Forms. Students who responded positively to three or more risk factors were classified
as being at risk for KC. Subsequently, KC screening was performed, comprising of VA testing,
pinhole acuity assessment, automated keratorefractometry (GRAND SEIKO 3500K, Japan), corneal
profiling with Placido-based topography (EyeSys Vista Videokeratoscope v2.6), retinoscopy for the
detection of a scissors reflex, and anterior segment evaluation with an ophthalmoscope. Topography
measurements were performed with the eye aligned to the visual axis, with three successive
measurements taken per eye. The clearest image, as autodetected by the software, was selected for
subsequent analysis. Subjects who failed at least two diagnostic tests (Table 1) were classified as KC-

positive.
Table 1. Clinical cut-off criteria applied in the identification of KC.
KC criteria Objective parameter Cut off value Description
Mean of flat and steep meridians
Mean K >47.2 D (Modified Rabinowitz/McDonnell
Topography index) (18)
LS value 514D Power difference between the

superior and inferior cornea.
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(Modified Rabinowitz/McDonnell
index) (18)
Average corneal power derived
from 128 corneal meridians (19).

SAI value 1.25

T hi in K
Asymmetric bow tie opographic pattern in KC and

Present subclinical KC. (Huseynli and
pattern .
Abdulaliyeva) (20).
Keratometry (K) Mean K >47 Rabinowitz criteria (16)
A scissori ti flex;
Retinoscopy Scissor Reflex Present S(CIASIS_ ?\f[l:}i- ;?1;?2?(;?3}2;;). &
>-5D Myopia
) ; Refractive error and/or [Amsler’s Krumeich criteria (22).
Refractive profile . .
Astigmatism
Irregular Astigmatism  >1.5 dioptres(D) (Huseyin et al.) (23).

3. Results

A total of 2 042 children completed the KRIS and subsequently underwent KC clinical screening.
Table 2 presents the participants” demographic characteristics, including age, gender, and religious
affiliation. The mean age was 12.46 + 1.7 years, with participants distributed into two age groups: 9-
12 years and 13-17 years. The sample consisted predominantly of females (66%) and individuals of

Muslim faith (51%).
Table 2. Demographic profile of the study sample.
Demographic profile Predictor N %
9-12 1038 (11.08 +0.88) 51
Age 13-17 1004 (13.81 +0.9) 49
Total 2042 (12.46+1.7) 100
Sex Female 1348 66
Male 694 34
Muslim 1043 51
Hindu 982 48
Religion Christian 3 0.15
Buddhist 6 0.3
Jain 7 0.34
Unknown 1 0.05

KRIS identified 36% (n=728) of the total study participants as suspected KC cases, with 7% (n=51)
of these being clinically confirmed as KC through further clinical assessment within the same cohort.
The overall prevalence of KC among all participants was 3.6% (n=74). Chi-square analysis and
Spearman correlation tests were conducted. Table 3 highlights significant correlations between the
prevalence of KC suspects and various demographic variables in both the KRIS and clinically at-risk
groups. The mean age of KC suspects identified via KRIS was 12.09 + 1.52 years. Significant
associations were found for age and gender (p<0.001) and risk factors such as eye rubbing, atopy, and
sun exposure. Weaker associations were noted for consanguinity (Spearman coefficient: -0.09) and
family history (Spearman coefficient: 0). Among the 22 Muslims and 28 Hindus clinically diagnosed
with KC, 54% (n=12) of Muslims and 14% (n=4) of Hindus had a positive history of consanguinity.
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Table 3. Demographic and risk factor correlation between KRIS and clinically identified KC
suspects.
KRIS Prevalence Clinical Prevalence
Risk Fact Variabl -
isk Factors ariable (n=728) %) (n=51) %) p-value Spearman
9-12 415 57 26 51 .
Age 13-17 313 43 25 g9 <0001 1
Male 199 27 15 29 .
Gender Female 509 7 36 - <0.001 0.92
. Hindu 192 26 28 55
Religion Muslim 531 7 ” 43 0.06 0.36
Socio-- <1 lac 402 55.2 16 31.3
economic 1-3 lac 265 36.4 27 53 0.5 0.1
Status > 3lac 61 8.38 8 16
.. Yes 514 70.6 21 41 .
Consanguinity No 214 29.4 30 59 00017 009
. Yes 688 94.5 51 .
Eye rubbing No 40 55 0 100 0.04 0.24
Yes 715 98.2 51 .
Atopy No 13 18 0 100 <0.001 0.49
> 8 hours of
Yes 251 34.5 5
ligh . .002* 11
suniight No 477 65.5 46 98 000 0
exposure
Diabetes and
Yes 51 7 1 2
h ical .001* .14
other medica No 677 93 50 og 000 0
conditions
No formal schooling 102 14 3 6
Parental Formal schoolin <0.001* 016
education & 626 86 48 94 ‘
Yes 33 5 1 2
Lasi 001* 017
asik No 695 95 50 og 000" 0
. . Yes 27 4 0 0
Family history No 701 96.28 51 100 L 0

*Denotes statistical significance.

A logistic regression analysis was conducted to evaluate the effect of KRIS in diagnosing KC and
found that KRIS significantly increased the odds of detecting KC (OR= 4.23; p < 0.001). The model
explained only a small portion of the variance (R? between 0.02 and 0.06) and had a reasonable fit
with a -2 log-likelihood of 601.19.

Assessment of the ability of the KRIS to detect KC suspects, as presented in Table 4,
demonstrates moderate sensitivity and specificity. A positive likelihood ratio (PLR) of 2.00 indicates
that a positive result is twice as likely to occur in KC cases compared to non-KC cases. However, the
Kappa coefficient of 0.1 indicates a minimum agreement beyond chance.

Table 4. Diagnostic accuracy of the KRIS for KC suspect detection according to performance metrics
and kappa coefficient.

KRIS KC Non-KC Sensitivity Specificity = PLR NLR Accuracy Ka[.)p.a-
coefficient
Positive 51 677 69 66 2 0.47 66
Negative 23 1291 (95% CI:  (95% CI: 63.5 (95% CI:  (95% CI:  (95% CI: 01

57.1-79.7) -67.7) 1.7-23) 0.34-0.67) 63.6-67.7)
Positive Likelihood Ratio [PLR], Negative Likelihood Ratio [NLR].

d0i:10.20944/preprints202411.0969.v1
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Figure 1 illustrates the ROC curve for the KRIS binary classification model in detecting KC
suspects. The model demonstrates an area under the curve (AUC) of 0.57. The curve’s proximity to
the diagonal line indicates a limited balance between sensitivity and specificity.

ROC Curve (AUC: 0.571)
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Figure 1. ROC analysis of KRIS for KC suspect detection.

A detailed analysis of the false positive cases (n=677), as shown in Figure 2, revealed that the
predominant risk factors amongst the participants were eye rubbing and atopy, followed by

consanguinity.
800
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Figure 2. Proportion of responses for each risk factor amongst false positive cases.

4. Discussion

The prevalence of KC suspects identified using the KRIS was 36% (n=728), of which 7% (n=51)
were clinically confirmed as KC-positive. This finding is comparable to a study conducted in the West
Cameroon region, which reported a 34.46% prevalence of KC risk among school children aged 8-18
years [23]. The prevalence of KC among the total study population, as determined by the KRIS
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screening combined with the clinical assessment, was 3.6% (n=74), similar to an Indian study that
reported a KC prevalence of 3.9%[24]. Similarly, a study in Saudi Arabia reported a prevalence of
4.79% among individuals aged 6-21 years[25]. Although the literature indicates that KC prevalence
in children is higher than in adults[17], most previous studies have focused on adults, with very few
reporting on pediatric populations[5,26]. A large-scale hospital-based, cross-sectional study in India
reported a higher prevalence of KC in children (1.04%) compared to adults (0.55%)[22]. It has been
noted that there are studies that report a lower prevalence of KC than our findings; however, most
have been conducted in hospital or clinical settings[3]. In such environments, patients typically
present with symptoms, leading to a possible under-representation of asymptomatic or early-stage
cases[3]. Although cross-sectional studies could be limited by the potential introduction of a selection
bias, as they rely on voluntary participation[22], the strength of population-based studies is that they
encompass a broader demographic and, in this instance, may provide a more accurate estimate of
true KC prevalence than a clinic-based study/[3].

The study identified a significant association between the KRIS and clinical KC groups regarding
age and gender (Table 3). The mean ages for at-risk and clinical KC groups were 12.09 + 1.52 and
12.46 + 1.46 years, respectively, consistent with a West Cameroon study that reported a mean age of
13.18 years and supporting the reported association of KC and puberty[23]. However, Tharini et al.
highlight that KC can also manifest in younger children, as evidenced by their findings of a mean age
of 9.3 + 1.8 years in their study of pre-teen Indian children [6]. Early onset of KC is associated with
rapid progression and more advanced stages at diagnosis. Leoni-Mespile et al. found that 27.8% of
patients under 15 had stage 4 KC, while Chatzi et al. reported that 88% of children experienced
progression within a year of diagnosis, likely due to age-related corneal stiffening[27,28]. Given these
findings of an early onset of KC in young children, early screening during childhood is essential to
administer treatment and mitigate complications associated with KC. Further, health authorities
should plan and conduct regular school screenings to ensure early detection within the Mumbai
pediatric population. Our study found a significant correlation between KRIS results and clinical KC,
with more females identified as at-risk than males (Table 3). However, previous studies have shown
mixed results regarding gender prevalence. For example, an Indian study on pre-teens reported a
higher prevalence in males (70%), whereas a study from western India indicated a higher prevalence
among females (63.83%) [6,23], consistent with our findings. Girls are 25 times more likely than boys
to experience early puberty, with Indian schoolgirls showing onset as early as 10.8 years and a median
age of 12.4 [29,30]. Increased estrogen levels in females are associated with corneal thinning and the
progression of KC[31], which aligns with our findings (Table 3). Conversely, Das et al. (2024), in a
study including subjects from birth to 80years, found that males in India are eight times more likely
to develop KC[22]. This discrepancy may stem from our study’s inclusion of many pre-pubescent
children, lower age cut-off, and possible later onset of puberty in male participants. Cross-sectional
studies conducted in the U.S. and Europe have demonstrated an increasing trend in the incidence of
early puberty in both sexes[32]. The higher prevalence of KC during puberty may also be influenced
by sex hormones, as androgens and estrogens are known to induce anatomical changes in the
cornea[33]. The lack of empirical clarity in relation to gender prevalence may indicate the possible
influence of other confounding variables. Further research across a broader age range, eliminating
other variables, is needed to inform gender-related KC profiles in India.

No significant association was found between religion and KC prevalence in the KRIS or clinical
groups. However, there was a higher prevalence of Muslim at-risk subjects (73%; n=531), of which
4% (n=22) were clinically diagnosed with KC, and 14.5%(n=28) of at-risk Hindus were confirmed as
KC cases (Table 3). The increased risk among Muslims may be linked to consanguinity, reported by
36% (n=745) of all subjects, of whom 84% were Muslim. In the clinical KC group, 54% of Muslims had
a positive consanguinity history, compared to 14% of Hindus. Supporting these findings,
Mohammad-Rabie et al. in their Iranian study, found that 34.2% of KC patients had a history of CM
[34]. In regions such as North Africa, the Middle East, and South India, the prevalence of CM ranges
from 20% to 50% and is associated with an elevated risk of recessive genetic disorders such as KC
[35]. According to the National Family Health Survey-5, 11% of marriages in India are

d0i:10.20944/preprints202411.0969.v1
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consanguineous, with this figure rising to 15% among Muslims[36]. These findings highlight the
importance of targeted screening in this high-risk population to enable early detection and
intervention. Family history showed a weak correlation between the KRIS and clinical KC groups,
with only 4% of the KRIS-positive group reporting a positive family history (Table 3). In contrast,
Bykhovskaya et al. found that a family history of KC increases the risk of developing the condition
by 6.42 times, and Ayukotang et al. identified it as a significant risk factor[23,37]. Genetic evidence
supports familial inheritance, with around 90% of KC cases showing autosomal dominant inheritance
with reduced penetrance, though recessive patterns are also noted[38]. Specific loci, such as 16q22.3-
g23.1 (autosomal dominant) and 17ql3 (autosomal recessive), have been identified(38). KC
prevalence in first-degree relatives is 3.34%, significantly higher than in the general population[39].
The poor correlation found between family history and KC in this study may result from a lack of
awareness by this young study cohort about the specific vision condition afflicting their respective
family members. Advocacy and public education programs could improve understanding of the
disease and its risk factors. Given the genetic link, screening relatives of KC patients is essential for
early detection.

Eye rubbing is a well-established risk factor for KC[40]. In this study, 100% of clinically positive
cases were positive for eye rubbing (Table 3). Chronic eye rubbing, often due to psychogenic factors
or conditions like itching and dryness, plays a key role in KC development[40]. The cornea’s
viscoelastic properties render it susceptible to changes from the force and frequency of rubbing,
reducing corneal stiffness and altering biomechanical properties such as hysteresis and resistance[40—
42]. Both vigorous and mild rubbing has been implicated in the development of KC through
mechanisms including keratocyte apoptosis, decreased epithelial thickness, and reduced keratocyte
density[43]. Raising awareness about the harmful effects of eye rubbing, particularly in children, is
essential, and recording the frequency of eye rubbing during ocular examinations is recommended.

In this study, 7.13% of KRIS-positive cases had a documented history of atopy (Table 3). Atopy,
which includes allergies, asthma, and eczema, affects approximately 40% of children[44]. The direct
association between atopy and KC remains contentious. While certain studies suggest an association
between the two conditions[45,46], others do not[47,48]. For instance, Bawazeer et al. [47] found no
direct association between atopy and KC, suggesting that atopy may indirectly contribute to KC
development through eye rubbing, which is often triggered by the itching associated with allergic
reactions. Kaya et al. [49] demonstrated that KC patients with atopy exhibit steeper and thinner
ectatic corneas compared to those without. Findings from the Collaborative Longitudinal Evaluation
of KC (CLEK) study reported that 52.9% of KC patients had a history of hayfever or allergies, 14.9%
had asthma, 8.4% had atopic dermatitis, and 27% had VKC[50]. In VKC, symptoms such as itching
and chronic eye rubbing can lead to corneal damage, with KC being a frequent complication [51].
Given these findings, early screening for atopy in children, increased awareness of the harmful effects
of eye rubbing, comprehensive allergy management, and regular corneal topography assessments
are recommended to reduce the risk and progression of KC.

The KRIS survey revealed that 12.2%(n=251/2042) of the total sample and 34.5%(n=251/728) of
the KRIS-positive participants were exposed to over 24 hours of sunlight per week, with a significant
correlation (Table 3). Similarly, Ayukotang et al. found that 11.4% of children reported frequent
sunlight exposure exceeding 24 hours per week, identifying sunlight exposure as a significant risk
factor (OR 2.7, p <0.001)(23). Together, these findings align with other studies from regions with high
sunlight exposure[52,53]. Prolonged exposure to sunlight and UV rays can induce oxidative stress
and corneal thinning, contributing to the development of KC due to the cytotoxic effects of reactive
oxygen species[54]. Aldehyde dehydrogenase 3 (ALDH3), a critical detoxifying enzyme involved in
the oxidation of alcohols to aldehydes, is reduced in the corneal tissue of individuals with KC[54]. To
mitigate the risk of KC, it is advisable to limit prolonged exposure to sunlight by promoting the use
of UV-blocking eyewear and educating high-risk populations about protective measures. Public eye
health education and regular eye screenings in regions with high sunlight exposure should also be
encouraged to detect early signs of corneal damage.

d0i:10.20944/preprints202411.0969.v1
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The KRIS survey in this study reported a lower prevalence of diabetes and other medical
conditions among KC patients, suggesting that diabetes may not be associated with KC in this young
study population (Table 3). Chronic hyperglycemia in diabetes leads to increased advanced glycation
end products (AGEs), enhancing collagen cross-linking and reducing corneal thinning, potentially
protecting against KC[13,55]. A case-control study similarly reported a lower prevalence of KC in
patients with diabetes (0.8%) compared to the control group (2.2%), suggesting a significant
protective effect of diabetes against developing KC[56]. Systemic conditions, including Down
syndrome (DS), MFS, OI, LCA, and MVP, have been variably linked to KC(14). Although this study
did not find DS cases, it is known to show a high KC prevalence, possibly due to associated chronic
eye-rubbing[57], with other connective tissue disorders (MFS, OI, and MVP) predisposing patients to
KC due to collagen dysregulation affecting corneal stability[14,58-60].

The study found that 14% (n=102) of parents of KC suspects had no formal education, while the
majority had received some form of schooling, a factor significantly correlated with the clinical KC
group (Table 3). However, previous research has linked KC to lower parental education levels, likely
reflecting economic status[61]. An Iranian study also indicated that individuals with less than six
years of schooling and lower socioeconomic status were more prone to developing KC[34]. In
contrast, a recent retrospective study from India reported that upper-middle-class youth are five
times more likely to develop KC compared to their lower-class counterparts[22], attributing this to
better access to eye care and earlier detection. Our study found a lower prevalence of KC in high-
income groups and a higher prevalence in low- and moderate-income groups, suggesting a
correlation with socioeconomic disadvantage (Table 3). Despite most participants being from low-
income backgrounds, 86% of their parents had some level of schooling, indicating that education and
socioeconomic status may not be directly correlated. Further research across different socioeconomic
levels and educational backgrounds is needed to clarify and inform these previously reported
associations.

The clinical identification of KC typically involves commonly used tests such as VA, auto-
keratorefractometry, and detection of the scissors reflex during retinoscopy. Although these tests
assist in diagnosing KC, early and subclinical cases can only be reliably detected through
topographical evaluation[62]. Traditional topographers, however, are generally large and confined
to clinical settings. Given that this was a population-based study and conducted at various schools,
a portable handheld computer-assisted Placido-disc-based topographer (EyeSys Vista version 2.6)
was used [63]. Its portability and lightweight design made it well-suited for large-scale, on-site
screenings. Videokeratoscopes have been demonstrated to reliably identify KC, as reported in
previous studies[63,64]. The EyeSys Vista is comparable to the Orbscan[65], particularly when
evaluating indices such as Sim K (Simulated Keratometer), I-S (Inferior-Superior), and SAI (Surface
Asymmetry Index) [63]. In our study, 7% (n=51) of the at-risk participants identified through KRIS
screening exhibited KC-related topographical signs. A limitation of relying solely on corneal
topography is that it primarily assesses the anterior corneal surface, potentially missing early KC
cases where changes may initially occur in the posterior cornea [66]. Currently, no portable corneal
tomographer has been employed to detect these pre-clinical cases. Therefore, incorporating
additional clinical evaluations, such as retinoscopy, measurements of myopia and astigmatism, and
a detailed case history of risk factors, is essential for early detection.

A logistic regression analysis was conducted to assess the performance of the KRIS compared to
clinical assessments, combined with calculations of sensitivity, specificity, and the kappa coefficient,
as shown in Table 4. The sensitivity of the KRIS was observed to be 69%, indicating its ability to
accurately identify true KC cases. However, KRIS failed to detect 31% (n=23) of the 74 cases deemed
positive through clinical assessment, thus resulting in a considerable rate of false negatives. This
finding suggests that the KRIS may be appropriate as a preliminary screening tool but should ideally
be supplemented with a KC-specific clinical assessment, as a failure to identify KC cases could lead
to delays in diagnosis and treatment, ultimately allowing for further progression of the disease.The
specificity of the KRIS, quantified at 66%, indicates its ability to identify non-KC individuals correctly.
However, this level of specificity was accompanied by 677 misclassifications of non-KC individuals

d0i:10.20944/preprints202411.0969.v1
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as positive cases, indicating a substantial rate of false positives. A subsequent detailed analysis
revealed that every individual within this false positive cohort (100%) reported some form of allergy,
with 94% indicating eye-rubbing behavior (Figure 2). These findings emphasize the importance of
investigating alternative causes of eye rubbing and atopy that could influence the high false positive
rates independently of KC diagnosis. Further, eye rubbing was not delved into deeper to differentiate
the type, severity, and area of rubbing, relying solely on frequency responses reported by this young
student population. As this question contributed to the significant over-referral of non-KC
individuals, potentially skewing the data interpretation, it warrants consideration of the inclusion of
more descriptive follow-up questions on eye rubbing in future iterations of the KRIS.

Overall, the KRIS tool demonstrated a moderate diagnostic accuracy rate of 66%, indicating a
balanced performance in sensitivity and specificity measures. Logistic regression analysis further
supported the KRIS’s utility, showing that children flagged by the tool had a 4.23-fold likelihood of
testing positive for KC in clinical evaluations, a statistically significant outcome. Further, with a ROC
value of 0.57 (Figure 1), the analysis demonstrated moderate capacity of the KRIS to identify
individuals at risk for KC, performing only slightly better than random classification. Therefore,
although the tool shows potential in detecting certain cases of KC, the ROC value suggests limited
efficiency in accurately differentiating true positives from negatives, which poses a risk of both false
positive and false negative results. Further, refinement of the KRIS tool, by modifying certain
screening criteria or integrating additional diagnostic metrics, is recommended as it has considerable
potential as a large-scale screening tool for KC detection, particularly in resource-limited settings.
Such optimizations would enhance sensitivity and specificity, thereby improving the ROC value and
establishing the KRIS as a more effective and reliable tool for large-scale KC screening.

Mumbai, the fourth most populous city globally, currently has an estimated population of 20
million[67]. The city’s demographic composition is highly diverse, with approximately 1.85 million
children[68]. Situated at sea level, Mumbai’s climatic conditions are conducive to the development of
KC[69]. Over 9 million residents, constituting 41.3% of the city’s population, live in slum areas [67],
where low-income families are subjected to substandard living conditions[67]. Our study primarily
included students from government-aided schools, revealing that the majority of KC suspects were
from moderate to low-income backgrounds (Table 3). The prevalence of unhygienic environments
and exposure to dust in these areas may contribute to allergies and habitual eye rubbing, which could
ultimately lead to the development of KC [70].Given the high population density of the city [67],
conducting annual KC clinical screenings for all school children would be a resource-intensive and
costly undertaking, requiring substantial human resources. However, the implementation of tools
such as the KRIS questionnaire offers a feasible alternative. This tool can easily be administered to
schoolchildren or parents, allowing for the identification of at-risk children within the general
population. By facilitating targeted clinical screenings, KRIS enables timely interventions to prevent
the progression of undetected disease, which could otherwise negatively impact the child’s quality
of life.

5. Limitation

The limitation of this study is its reliance on self-reports, which may introduce recall bias and
other related issues.

6. Conclusions

The KRIS has demonstrated its effectiveness in identifying KC suspects within large
populations. The findings indicate that children identified as at risk by KRIS are likely to be
diagnosed with KC following further clinical assessment. Although KRIS exhibits moderate
sensitivity in identifying KC suspects, its positive likelihood ratio (PLR) suggests it is particularly
effective in identifying potential KC suspects. This characteristic makes KRIS a valuable screening
tool, enabling a more efficient and focused evaluation process. Incorporating KRIS into school-based
screening programs in Mumbai City could enhance the ability of school screening teams to perform
appropriate KC clinical tests on at-risk children during their visits to schools.
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