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Abstract 

Keratoconus is a progressive corneal ectasia that results in substantial visual impairment 
and imposes a significant functional and psychosocial burden on affected individuals. De-
spite evidence suggesting earlier onset and a potentially more aggressive disease course 
of keratoconus in Saudi populations, there is a significant lack of region-specific data eval-
uating vision-related quality of life (VRQoL) in Riyadh. This cross-sectional study con-
ducted in Riyadh, Saudi Arabia, evaluated VRQoL in individuals with keratoconus using 
the 25-item National Eye Institute Visual Function Questionnaire (NEI-VFQ-25). Data 
were obtained from January to March 2025 through an online, structured, self-adminis-
tered questionnaire. A total of 1007 participants were included, of whom 299 (29.7%) re-
ported a diagnosis of keratoconus. The mean composite NEI-VFQ-25 score among partic-
ipants with keratoconus was 61.0 ± 15.8, reflecting moderate impairment in VRQoL. Re-
duced VRQoL was significantly associated with eye-rubbing behavior, including both fre-
quency (p = 0.027) and method (p = 0.026). The results highlight the importance of early 
detection and the relevance of eye-rubbing behavior in relation to reduced VRQoL, while 
supporting the need for longitudinal research to further clarify these associations. 

Keywords: keratoconus; vision-related quality of life; NEI-VFQ-25; Saudi Arabia; corneal 
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1. Introduction 
Keratoconus is a progressive, non-inflammatory corneal disorder characterized by 

cone-like protrusion of the cornea, irregular stromal thinning, and significant visual loss. 
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While the etiology of keratoconus remains unclear, it is known to be associated with cer-
tain systemic conditions such as Down syndrome, Leber congenital amaurosis, and mitral 
valve prolapse [1]. Keratoconus typically manifests in the second to third decade of life 
and usually affects both eyes. It is clinically classified as mild, moderate, or severe, with 
progressive stages presenting with symptoms such as blurred or distorted vision and in-
creased corneal steepening [2]. 

Several studies have investigated vision-related quality of life (VRQoL) in patients 
diagnosed with keratoconus. A study conducted in Saudi Arabia involving 429 patients 
found that individuals aged 30 years or younger, females, and those not using visual aids 
scored lower on the National Eye Institute Visual Function Questionnaire-25 (NEI-VFQ-
25), indicating poorer quality of life [3]. Similarly, a Belgian study analyzing 77 kerato-
conic eye pairs reported that both high and low optical aberrations were significantly as-
sociated with VRQoL, surpassing even high-contrast visual acuity in predictive strength 
[4]. 

As with many ocular disorders, keratoconus significantly impacts VRQoL [5]. Its as-
sessment relies on patient-reported outcomes and encompasses multiple domains, includ-
ing visual functioning, symptoms, emotional well-being, social relationships, concerns, 
and convenience [6]. This makes VRQoL a comprehensive and patient-centered indicator. 
Although general VRQoL instruments may not fully capture all disease-specific visual 
disturbances related to irregular astigmatism and higher-order optical aberrations, prior 
evidence has shown that both higher- and lower-order optical aberrations are significantly 
associated with VRQoL in keratoconus and may predict VRQoL more strongly than high-
contrast visual acuity [4]. Nevertheless, the NEI-VFQ-25 remains a validated and widely 
used tool for assessing broad patient-reported visual functioning across ophthalmic con-
ditions, allowing comparison with previous keratoconus VRQoL studies [7]. 

Eye rubbing is a clinically relevant behavioral factor in keratoconus. A large system-
atic review and meta-analysis of keratoconus prevalence and risk factors identified eye 
rubbing among the most important risk factors for the disease. In a study of patients with 
keratoconus or ocular surface disease, higher eye-rubbing behavioral scores were associ-
ated with more frequent and intense ocular symptoms. These findings support the rele-
vance of eye rubbing as a risk factor for keratoconus and a behavior linked to symptom 
burden and patient-reported outcomes [8,9]. 

Assessing keratoconus-related VRQoL in Saudi Arabia is particularly important, as 
the disease in this population tends to present earlier and progress more severely than in 
other ethnic groups [10,11]. This variation highlights the importance of regional research, 
as findings from other populations may not be applicable. Regional variation may also be 
relevant because low humidity has been reported to have a significant and biologically 
plausible association with increased keratoconus prevalence, with prevalence increasing 
by approximately 3% for every 1% decrease in relative humidity [12]. In Saudi Arabia, 
inland regions, including Riyadh, experience arid conditions with relative humidity be-
low 25%, while the driest central regions reach relative humidity levels below 10–15% [13]. 
Preliminary studies, including one by Al-Dairi et al., reported a mean NEI-VFQ-25 score 
of 58.6 among Saudi patients, with color vision scoring highest (82.5) and mental health 
scoring lowest (44.7) [3]. However, no study to date has specifically evaluated VRQoL 
among keratoconus patients in Riyadh or examined, within a Saudi population, the asso-
ciation between eye-rubbing behavior and VRQoL. Therefore, this cross-sectional study 
aims to evaluate keratoconus-related VRQoL in Riyadh, Saudi Arabia and examine its 
association with sociodemographic factors and eye-rubbing behavior. 
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2. Materials and Methods 
This cross-sectional study was conducted in the Riyadh region of Saudi Arabia. Data 

were obtained from January to March 2025 using an online, structured, self-administered 
questionnaire created using Google Forms (Google LLC, Mountain View, California, 
USA) and distributed to the general population. Duplicate responses were prevented by 
enabling the Google Forms setting that limits responses to one submission per respondent. 
A non-probability convenience sampling approach was used, whereby participants were 
recruited based on accessibility through online distribution of the questionnaire, includ-
ing targeted outreach to relevant communities and support groups. The survey link was 
disseminated through social media platforms, and participation was voluntary. As the 
questionnaire was distributed through open online channels, a formal response rate could 
not be calculated. The required sample size was estimated using the Epitools online cal-
culator (https://epitools.ausvet.com.au/; accessed on 14 February 2024) assuming a 50% 
proportion, 5% precision, and a 95% confidence level. Eligible participants were adults 
aged ≥18 years of either sex who completed the questionnaire. Participants were included 
irrespective of keratoconus status, and subgroup analyses were subsequently performed 
among those with a self-reported diagnosis of keratoconus by an ophthalmologist. No 
exclusion criteria were applied, and all individuals meeting the inclusion criteria were 
enrolled. 

The first component of the questionnaire captured sociodemographic variables in-
cluding age, gender, marital status, educational attainment, employment status, and in-
come level. Behavioral factors related to eye rubbing, including frequency and technique, 
were also assessed. Eye-rubbing technique was evaluated using textual descriptions of 
commonly reported rubbing patterns, complemented by an illustrative visual aid to en-
hance participant understanding (Figure 1). The visual aid was generated using Gemini 
(Google), a generative artificial intelligence model, and was informed by eye-rubbing 
techniques previously described in the literature [14,15]. Figure 1 includes five distinct 
techniques: (1) two-finger rotation/fingertips; (2) knuckle; (3) back of the hand horizontal 
movement; (4) palm; and (5) finger pad on the corner of the eye. 

 

Figure 1. Visual representations of common eye-rubbing techniques used in the questionnaire to 
assess eye-rubbing behavior. 
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The second component consisted of the National Eye Institute Visual Function Ques-
tionnaire-25 (NEI-VFQ-25), administered in its validated Arabic version [10]. The NEI-
VFQ-25 is a widely utilized instrument that evaluates patient-reported vision-related 
quality of life across 12 domains: general health, general vision, ocular pain, near activi-
ties, distance activities, social functioning, mental health, role difficulties, dependency, 
driving, color vision, and peripheral vision. Items are scored on a 0–100 scale, where 
higher scores reflect better visual function. Difficulty-based items are scored from 100 (“no 
difficulty”) to 0 (“stopped due to eyesight”), while frequency-based items range from 100 
(“none of the time”) to 0 (“all of the time”). Responses marked as “not applicable” were 
excluded from scoring. The questionnaire was distributed and completed online to ensure 
accessibility and consistency in data collection. The primary outcome was the composite 
NEI-VFQ-25 score, which reflects the overall vision-related quality of life. Secondary out-
comes included individual subscale scores and their relationships with sociodemo-
graphic, behavioral, and clinical variables [16]. 

Descriptive statistics were used to summarize participant characteristics. Subscale 
scores were calculated as the mean of all valid responses within each domain. The overall 
composite score was calculated as the average of all vision-related subscales, excluding 
the general health domain, while the driving subscale was included only for participants 
who reported driving. Associations between categorical variables were examined using 
the Chi-square test or Fisher’s exact test, as appropriate. Comparisons between continu-
ous variables were conducted using the independent sample t-test and one-way analysis 
of variance (ANOVA). All analyses were performed using IBM SPSS Statistics for Win-
dows, Version 29.0.0 (IBM Corp., Armonk, NY, USA). A two-tailed p value of <0.05 was 
considered statistically significant. 

3. Results 
3.1. Sociodemographic Characteristics 

Of the 1007 participants initially enrolled, 299 reported a physician diagnosis of ker-
atoconus and were included in the VRQoL analysis. Table 1 summarizes the sociodemo-
graphic characteristics of the full study cohort (N = 1007). The sample included partici-
pants from several sociodemographic categories, with a predominance of young adults 
and university-educated individuals. Additional demographic and clinical characteristics 
are summarized in Table 1. 

Table 1. Sociodemographic Characteristics of Participants (N = 1007). 
 

Frequency 
N (%) 

Gender Female 488 (48.5%) 
Male 519 (51.5%) 

Age (Years) <20 Years 327 (32.5%) 
21–40 Years 527 (52.3%) 
41–60 Years 139 (13.8%) 
>60 Years 14 (1.4%) 
Mean (SD) 28.4 (10.9) 

Marital Status Single 658 (65.3%) 
Married 312 (31.0%) 
Widow/Divorced 37 (3.7%) 

Educational Level High School Level or Less 267 (26.5%) 
University Level or More 740 (73.5%) 

Employment Status Unemployed/Student 635 (63.1%) 
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Employed 372 (36.9%) 
Family Income <5K SAR 231 (22.9%) 

5–10K SAR 267 (26.5%) 
10–20K SAR 303 (30.1%) 
>20K SAR 206 (20.5%) 

Chronic Disease No 787 (78.1%) 
Yes 220 (21.9%) 

Allergic Disorders No 757 (75.2%) 
Yes 250 (24.8%) 

Family History of Allergy No 536 (53.2%) 
Yes 471 (46.8%) 

Parental Consanguinity No 553 (54.9%) 
Yes (1st Cousin) 268 (26.6%) 
Yes (2nd Cousin) 186 (18.5%) 

Abbreviations: SD: Standard deviation; SAR: Saudi Arabian riyal. 

3.2. Eye Rubbing and Keratoconus Profile 

Eye rubbing behavior was common among participants, with most individuals 
(46.8%; n = 471) reporting at least occasional rubbing. The most frequently reported 
method involved using the finger pad at the corner of the eye, followed by fingertip or 
rotational techniques. Among the 299 participants with self-reported physician-diagnosed 
keratoconus, 38.79% (n = 116) had lived with the diagnosis for more than 10 years, while 
47.16% (n = 141) reported a family history of keratoconus. Detailed distributions of eye 
rubbing behaviors and keratoconus-related characteristics are presented in Table 2. 

Table 2. Eye-Rubbing Behaviors and Keratoconus Diagnosis Among Participants (N = 1007). 
 

Frequency 
N (%) 

Eye Rubbing Frequency Never 57 (5.7%) 
Rarely 215 (21.4%) 
Sometimes 471 (46.8%) 
Often 185 (18.4%) 
Always 79 (7.8%) 

Eye Rubbing Method Finger Pad on Corner of Eye 278 (27.6%) 
Two-Finger Rotation/Fingertips 240 (23.8%) 
Knuckle 216 (21.4%) 
Palm 187 (18.6%) 
Back of the Hand Horizontal Movement 61 (6.1%) 
All Above 25 (2.5%) 

Keratoconus Diagnosis by an Ophthalmologist No 708 (70.3%) 
Yes 299 (29.7%) 

Duration Since Keratoconus Diagnosis (n = 299) <1 Years 36 (12.04%) 
2–4 Years 87 (29.10%) 
5–9 Years 60 (20.07%) 
>10 Years 116 (38.79%) 

Family History of Keratoconus (n = 299) Yes 141 (47.16%) 

3.3. Vision-Related Quality of Life Scores 

Across the keratoconus group, the mean NEI-VFQ-25 composite score was 61.0 ± 
15.8, indicating moderate impairment in vision-related quality of life. The most severely 
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affected subdomains included ocular pain, role difficulties, and dependency, reflecting a 
substantial psychosocial and functional burden, with mental health also notably im-
pacted. In contrast, higher scores were observed in color vision, peripheral vision, and 
general health, suggesting that certain visual functions remain relatively preserved (Table 
3). 

Table 3. Descriptive Statistics of NEI-VFQ-25 Subscales Among Participants with Keratoconus (n = 
299). 

VFQ Subscale Mean 
(SD) 

General Health 72.6 (25.0) 
General Vision 65.2 (26.5) 
Ocular Pain 38.3 (15.1) 
Near Activities 68.5 (24.2) 
Distance Activities 65.2 (26.1) 
Vision Specific 
Social Functioning 64.4 (26.9) 
Mental Health 48.4 (22.4) 
Role Difficulties 41.1 (23.8) 
Dependency 47.4 (31.6) 
Driving 69.7 (28.7) 
Color Vision 77.3 (26.8) 
Peripheral Vision 74.1 (28.5) 
Overall Score 61.0 (15.8) 

Abbreviations: NEI-VFQ-25: National Eye Institute Visual Functioning Questionnaire-25; VFQ: Vis-
ual Functioning Questionnaire; SD: Standard deviation. 

3.4. Quality of Life by Participant Characteristics 

When comparing NEI-VFQ-25 scores across demographic and clinical variables, age 
was significantly associated with VRQoL (p = 0.022), with the highest mean score in the 
21–40 years group (62.11 ± 15.35) and the lowest in those aged >60 years (44.24 ± 19.06). 
Significant associations were identified between VRQoL and both the frequency and 
method of eye rubbing. Participants who never rubbed their eyes reported the highest 
VRQoL scores (65.03 ± 14.83), while those who always rubbed their eyes reported the low-
est (57.17 ± 16.58). Individuals using knuckle or palm techniques for rubbing had lower 
scores compared to other methods. No statistically significant differences were observed 
in relation to gender, educational level, employment status, chronic illness, allergic his-
tory, or consanguinity (Table 4). 

Table 4. Stratified Analysis of Vision-Related Quality of Life by Sociodemographic and Clinical Fac-
tors in Patients with Keratoconus (n = 299). 

 
VRQoL 
Mean (SD) 

Sig. 
Value 

Gender Female 60.24 (15.47) 0.452 a 
Male 61.62 (16.14) 

Age <20 Years 61.02 (9.33) 0.022 b 
21–40 Years 62.11 (15.35) 
41–60 Years 57.01 (19.25) 
>60 Years 44.24 (19.06) 

Marital status Single 61.64 (14.27) 0.666 b 



Vision 2026, 10, 41 7 of 11 
 

https://doi.org/10.3390/vision10030041 

Married 60.62 (17.67) 
Widow/Divorced 58.02 (16.67) 

Educational level High School Level or Less 57.43 (14.65) 0.052 a 
University Level or More 61.86 (16.00) 

Employment status Unemployed/Student 60.56 (15.49) 0.633 a 
Employed 61.44 (16.23) 

Family Income <5K SAR 61.50 (15.26) 0.587 b 
5–10K SAR 59.90 (15.73) 
10–20K SAR 59.94 (17.07) 
>20K SAR 63.61 (15.24) 

Chronic Diseases No 61.93 (15.17) 0.115 a 
Yes 58.63 (17.04) 

Allergic Disorders No 61.85 (15.80) 0.151 a 
Yes 59.00 (15.75) 

Family Allergic History No 61.13 (15.43) 0.866 a 
Yes 60.82 (16.23) 

Parental Relation No 60.52 (15.85) 0.575 b 
Yes (1st Cousin) 62.36 (16.52) 
Yes (2nd Cousin) 59.87 (14.60) 

Eye Rubbing Frequency Never 65.03 (14.83) 0.027 b 
Rarely 62.24 (16.80) 
Sometimes 61.09 (15.39) 
Often 58.11 (15.64) 
Always 57.17 (16.58) 

Eye Rubbing Method Finger Pad on Corner of Eye 63.52 (16.73) 0.026 b 
Two-Finger Rotation/Fingertips 61.33 (14.70) 
Knuckle 56.45 (16.93) 
Palm 56.20 (12.99) 
Back of the Hand Horizontal Movement 62.16 (13.09) 
All Above 66.22 (12.74) 

Abbreviations: NEI-VFQ-25: National Eye Institute Visual Functioning Questionnaire-25; QoL: 
Quality of life; SD: Standard deviation; SAR: Saudi Arabian riyal. Statistical tests: a Independent 
samples t-test; b One-way ANOVA. 

4. Discussion 
Keratoconus is a corneal disorder characterized by cone-like protrusion and stromal 

thinning, leading to irregular astigmatism and visual impairment in the affected popula-
tion [1]. The etiology remains unclear, although multiple studies have reported associa-
tions with genetic syndromes [17]. The condition typically manifests in young adults and 
often affects both eyes with varying degrees of severity [2]. Assessing VRQoL in these 
patients is essential, as it encompasses not only functional vision but also emotional and 
social well-being. Given regional variations in disease burden and presentation, our study 
aimed to evaluate VRQoL in keratoconus patients in Riyadh, Saudi Arabia, using the NEI-
VFQ-25 instrument. 

Keratoconus prevalence varies widely across populations, with global estimates 
ranging up to 5% depending on geographic region and diagnostic method [18]. A recent 
systematic review by Mohaghegh et al. (2023) estimated the global prevalence of kerato-
conus to be approximately 1.40 per 1000 population [19]. In Riyadh, Almudhaiyan et al. 
(2020) reported a keratoconus prevalence of 9.89% among 400 Saudi adults aged 20–40 
years using Scheimpflug tomography and Amsler–Krumeich criteria [20]. Building on this 
regional evidence, the present study was designed to evaluate keratoconus-related 
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VRQoL rather than estimate disease prevalence; therefore, the proportion of keratoconus 
respondents reflects the study focus and should not be interpreted as a population-based 
prevalence estimate. Notably, 45.1% of participants reported parental consanguinity, con-
sistent with prior evidence suggesting an increased occurrence of keratoconus in consan-
guineous populations. Afzal et al. (2023) demonstrated a higher prevalence of keratoconus 
among offspring of consanguineous parents compared to those of unrelated parents [21]. 
In our cohort, nearly half of participants (47.16%) reported a family history of keratoconus, 
aligning with prior evidence that underscores the hereditary contribution to disease sus-
ceptibility [22]. 

Eye rubbing behaviors were significantly associated with VRQoL. Participants who 
never rubbed their eyes had the highest QoL scores, whereas those who reported “al-
ways” rubbing had the lowest. This is consistent with findings by Najmi et al. (2019), who 
identified habitual eye rubbing as a risk factor for both disease progression and ocular 
discomfort [23]. The method of eye rubbing was also associated with VRQoL as patients 
who used aggressive techniques such as knuckles or palms had worse scores. Previous 
studies similarly emphasized the role of mechanical trauma in corneal ectasia [24,25]; 
however, in the present study, eye rubbing may also represent a marker of ocular discom-
fort, allergy, worse visual quality, or greater disease burden, particularly because visual 
acuity, disease severity, and corneal tomography were not assessed. 

The mean VRQoL score among keratoconus patients was 61.0 ± 15.8, suggesting mod-
erate impairment. Dairi et al. (2024) reported a comparable score of 58.6 ± 18.0 [3]. Sub-
scales with the lowest scores included ocular pain (38.3), role difficulties (41.1), and de-
pendency (47.4). These findings align with earlier literature indicating that keratoconus 
affects activities requiring fine visual acuity, such as reading and driving [26]. Zabadi et 
al. (2023) similarly demonstrated that keratoconus impairs near and distance vision, gen-
eral vision, mental health, and social functioning, although no significant differences were 
observed in ocular pain, role difficulties, or dependency [27]. 

Mental health scores were low (mean: 48.4), indicating reduced mental health-related 
VRQoL, as captured by the NEI-VFQ-25 mental health subscale. This finding is consistent 
with prior literature suggesting that keratoconus may be associated with emotional and 
psychological distress [28]. Significant impairments were also observed across multiple 
subscales, particularly in near activities, peripheral vision, and distance activities. Addi-
tionally, prior evidence suggests that irregular astigmatism and corneal thinning may dis-
tort visual perception, including color [29]. Age was also significantly associated with 
VRQoL, with the lowest mean NEI-VFQ-25 scores observed among participants older 
than 60 years. Although this finding was statistically significant, it should be interpreted 
cautiously because the >60 years subgroup included only 14 participants. Lower VRQoL 
in older participants may partly reflect unmeasured age-related ocular comorbidities, vis-
ual acuity differences, disease severity, or treatment history rather than keratoconus 
alone. 

This study has several limitations. First, its cross-sectional design restricts the ability 
to draw causal inferences between keratoconus and VRQoL; therefore, the observed asso-
ciations should be interpreted cautiously. Second, the analysis was limited to univariate 
comparisons, and subgroup analyses were not adjusted for multiple testing, which may 
increase the risk of residual confounding and Type I error. Third, keratoconus status was 
based on self-reported physician diagnosis without independent clinical or imaging con-
firmation, which may have introduced reporting or misclassification bias. In addition, the 
online convenience-based sampling strategy may have introduced selection bias, particu-
larly if individuals with greater visual symptoms or psychosocial burden were more likely 
to participate. Finally, clinical variables such as visual acuity, disease severity or staging, 
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corneal tomography, corrective modality, contact lens wear, and prior interventions were 
not captured and may represent unmeasured confounders influencing VRQoL. 

Despite these limitations, this study provides considerable insights into VRQoL in 
patients with keratoconus and, to the best of our knowledge, represents one of the largest 
questionnaire-based studies evaluating VRQoL in this population in Saudi Arabia. The 
findings highlight potential areas of importance for early screening, particularly among 
individuals at higher risk of keratoconus, and support the relevance of eye-rubbing be-
havior in relation to reduced VRQoL. Given the observed impact on functional and psy-
chosocial domains, routine assessment of VRQoL may help identify individuals who 
could benefit from additional support. 

Future research should employ longitudinal and multicenter designs to clarify the 
direction of the observed associations and improve generalizability. Objective diagnostic 
confirmation, disease severity measures, visual function data, corrective modalities, and 
treatment history should be incorporated to better characterize the clinical determinants 
of VRQoL. Multivariable analyses with appropriate adjustment for multiple comparisons 
would further help identify independent predictors and strengthen the reliability of sub-
group findings. 

5. Conclusions 
Keratoconus is associated with reduced VRQoL, particularly affecting visual func-

tion, mental health, and role performance. Lower VRQoL scores were observed in relation 
to both the frequency and method of eye rubbing. These findings highlight key associa-
tions and may inform future research and awareness efforts, while underscoring the need 
for longitudinal studies to further clarify these relationships. 

Author Contributions: Conceptualization, S.A.; methodology, S.A., Y.A., G.A., L.M., M.S., T.A. and 
M.T.; validation, S.A., Y.A., G.A., L.M., M.S., T.A. and M.T.; formal analysis, S.A., Y.A., G.A. and 
L.M.; investigation, S.A., Y.A., G.A. and L.M.; resources, S.A., Y.A., G.A. and L.M.; data curation, 
S.A., Y.A., G.A. and L.M.; writing—original draft preparation, S.A., Y.A., G.A. and L.M.; writing—
review and editing, M.S., T.A. and M.T.; supervision, S.A.; project administration, S.A. All authors 
have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board of King Abdullah International 
Medical Research Center (KAIMRC), Ministry of National Guard Health Affairs (MNGHA) (proto-
col code NRC24R/108/02, date: 13 march 2024). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author. The data are not publicly available due to privacy and ethical restrictions. 

Acknowledgments: The authors extend their gratitude to the King Abdullah International Medical 
Research Center (KAIMRC) for their support and ethical oversight of this study. Appreciation is 
also extended to the participants whose contributions made this research possible. 

Conflicts of Interest: The authors declare no conflicts of interest. 

Abbreviations 
The following abbreviations are used in this manuscript: 

IRB Institutional Review Board 



Vision 2026, 10, 41 10 of 11 
 

https://doi.org/10.3390/vision10030041 

KAIMRC King Abdullah International Medical Research Center 
MNGHA Ministry of National Guard Health Affairs 
NEI-VFQ-25 National Eye Institute Visual Function Questionnaire-25 
QoL Quality of life 
SAR Saudi Arabian riyal 
SD Standard deviation 
VFQ Visual Function Questionnaire 
VRQoL Vision-related quality of life 

References 
1. Asimellis, G.; Kaufman, E.J. Keratoconus. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2023. Availa-

ble online: https://www.ncbi.nlm.nih.gov/books/ NBK470435/ (accessed on 15 June 2025). 
2. Santodomingo-Rubido, J.; Carracedo, G.; Suzaki, A.; Villa-Collar, C.; Vincent, S.J.; Wolffsohn, J.S. Keratoconus: An updated 

review. Contact Lens Anterior Eye 2022, 45, 101559. https://doi.org/10.1016/j.clae.2021.101559. 
3. Al-Dairi, W.; Al Dehailan, A.M.; Alhammadi, Y.; Aljohar, H.I.; Alhadi, F.A.; Alhaboob, Z.A.; Zakaria, O.M. Vision-related qual-

ity of life in patients with keratoconus: A nationwide study in Saudi Arabia. Cureus 2023, 15, e35178. 
4. Schümmer, L.; Kreps, E.O.; Pesudovs, K.; Berwouts, J.; Estramil, N.; Mathysen, D.G.P.; Rozema, J.J. Investigating the link be-

tween visual quality and vision-related quality of life in patients with keratoconus. Cornea 2023, 42, 1280–1285. 
5. Lamoureux, E.; Pesudovs, K. Vision-specific quality-of-life research: A need to improve the quality. Am. J. Ophthalmol. 2011, 151, 

195–197.e2. https://doi.org/10.1016/j.ajo.2010.09.020. 
6. World Health Organization (WHO). WHOQOL: Measuring Quality of Life; WHO: Geneva, Switzerland, 1997. 
7. Aydin Kurna, S.; Altun, A.; Gencaga, T.; Akkaya, S.; Sengor, T. Vision related quality of life in patients with keratoconus. J. 

Ophthalmol. 2014, 2014, 694542. https://doi.org/10.1155/2014/694542. 
8. Hashemi, H.; Heydarian, S.; Hooshmand, E.; Saatchi, M.; Yekta, A.; Aghamirsalim, M.; Valadkhan, M.; Mortazavi, M.; Hashemi, 

A.; Khabazkhoob, M. The Prevalence and Risk Factors for Keratoconus: A Systematic Review and Meta-Analysis. Cornea 2020, 
39, 263–270. https://doi.org/10.1097/ICO.0000000000002150. 

9. Hage, A.; Knoeri, J.; Leveziel, L.; Majoulet, A.; Blanc, J.V.; Buffault, J.; Labbé, A.; Baudouin, C. EYERUBBICS: The Eye Rubbing 
Cycle Study. J. Clin. Med. 2023, 12, 1529. https://doi.org/10.3390/jcm12041529. 

10. Assiri, A.A. Incidence and severity of keratoconus in Asir Province, Saudi Arabia. Br. J. Ophthalmol. 2005, 89, 1403–1406. 
https://doi.org/10.1136/bjo.2005.074955. 

11. Pearson, A.R.; Soneji, B.; Sarvananthan, N.; Sandford-Smith, J.H. Does ethnic origin influence the incidence or severity of kera-
toconus? Eye 2000, 14, 625–628. https://doi.org/10.1038/eye.2000.154. 

12. Shabani, H.; De Ridder, J.; Asaad, M.A.; Bramer, W.M.; Meester-Smoor, M.A.; Geerards, A.A.J.M.; Klaver, C.C.W.; Ramdas, 
W.D.; van Dooren, B.T.H. Climate Determinants of Keratoconus: Insights From a Systematic Review of Prevalence. Investig. 
Ophthalmol. Vis. Sci. 2025, 66, 30. https://doi.org/10.1167/iovs.66.2.30. 

13. Dasari, H.P.; Desamsetti, S.; Langodan, S.; Viswanadhapalli, Y.; Hoteit, I. Analysis of Outdoor Thermal Discomfort over the 
Kingdom of Saudi Arabia. Geohealth 2021, 5, e2020GH000370. https://doi.org/10.1029/2020GH000370. 

14. Google. Gemini [Large Language Model]. 2024. Available online: https://gemini.google.com/ (accessed on 14 February 2024). 
15. Balasubramanian, S.A.; Pye, D.C.; Willcox, M.D. Effects of eye rubbing on the levels of protease, protease activity and cytokines 

in tears: Relevance in keratoconus. Clin. Exp. Optom. 2013, 96, 214–218. https://doi.org/10.1111/cxo.12038. 
16. Mangione, C.M. Version 2000: The National Eye Institute 25-Item Visual Function Questionnaire (VFQ-25); University of California: 

Los Angeles, CA, USA, 2000. 
17. Loukovitis, E.; Sfakianakis, K.; Syrmakesi, P.; Tsotridou, E.; Orfanidou, M.; Bakaloudi, D.R.; Stoila, M.; Kozei, A.; Koronis, S.; 

Zachariadis, Z.; et al. Genetic aspects of keratoconus: A literature review exploring potential genetic contributions and possible 
genetic relationships with comorbidities. Ophthalmol. Ther. 2018, 7, 263–292. https://doi.org/10.1007/s40123-018-0144-8. 

18. Gomes, J.A.P.; Rodrigues, P.F.; Lamazales, L.L. Keratoconus epidemiology: A review. Saudi J. Ophthalmol. 2022, 36, 3–6. 
https://doi.org/10.4103/sjopt.sjopt_204_21. 

19. Mohaghegh, S.; Kangari, H.; Masoumi, S.J.; Bamdad, S.; Rahmani, S.; Abdi, S.; Fazil, N.; Shahbazi, S. Prevalence and risk factors 
of keratoconus (including oxidative stress biomarkers) in a cohort study of Shiraz University of Medical Science employees in 
Iran. BMC Ophthalmol. 2023, 23, 188. https://doi.org/10.1186/s12886-023-02934-0. 



Vision 2026, 10, 41 11 of 11 
 

https://doi.org/10.3390/vision10030041 

20. Almudhaiyan, T.; Alhamzah, A.; AlShareef, M.; Alrasheed, A.; Jaffar, R.; Alluhidan, A.; Al-Hazazi, M.; Aldebasi, T. The preva-
lence of refractive errors among Saudi adults in Riyadh, Saudi Arabia. Saudi J. Ophthalmol. 2020, 34, 30–34. 
https://doi.org/10.4103/1319-4534.301297. 

21. Afzal, S.; Khan, M.A.; Bhatti, S.A.; Ali, M.I.; Khan, A.A.; Ashraf, M.A. Evaluating the association of keratocunus with consan-
guinity. Pak. J. Med. Health Sci. 2023, 17, 375. https://doi.org/10.53350/pjmhs2023171375 

22. Naderan, M.; Rajabi, M.T.; Zarrinbakhsh, P.; Bakhshi, A.; Naderan, M.; Naderan, M. Association between family history and 
keratoconus severity. Curr. Eye Res. 2016, 41, 1414–1418. https://doi.org/10.3109/02713683.2015.1128553. 

23. Najmi, H.; Mobarki, Y.; Almutlak, M.; AlShaikh, N.; Alqurashi, M.; Basehi, M.; Yassin, S.A. The correlation between keratoconus 
and eye rubbing: A review. Int. J. Ophthalmol. 2019, 12, 1775–1781. https://doi.org/10.18240/ijo.2019.11.17. 

24. Alqasimi, N.A.; Aljohani, L.H.; Ambrósio, R., Jr; AlQahtani, B.S.; Al Haydar, N.S.; Alanazi, B.R.; Alfurayhan, D.T.; Hussain 
Saber, L.S.; Alsalem, F.S.; Alqahtani, N.A.; et al. Assessment of awareness of keratoconus and its relation to eye rubbing among 
the Saudi Arabian population. Front. Ophthalmol. 2025, 5, 100. 

25. McMonnies, C. Mechanisms of rubbing-related corneal trauma in keratoconus. Cornea 2009, 28, 607–615. 
https://doi.org/10.1097/ICO.0b013e318198384f. 

26. Alatawi, S.K. Quality of life of a sample of people with keratoconus in KSA. J. Taibah Univ. Med. Sci. 2023, 18, 1157–1169. 
https://doi.org/10.1016/j.jtumed.2023.03.008. 

27. Al Zabadi, H.; Bazzal, A.A.; Khalilieh, Z.; Abu-Ajamieh, A.; Hassouneh, S.; Hamdan, M. Vision-related quality of life among 
patients with keratoconus: A cross-sectional study. Front. Med. 2023, 10, 1208911. https://doi.org/10.3389/fmed.2023.1208911. 

28. Alfardan, F.; Alsanad, M.H.; Altoub, H.A. Prevalence of psychiatric illness among keratoconus patients. Cureus 2023, 15, e42141. 
https://doi.org/10.7759/cureus.42141. 

29. Gordon-Shaag, A.; Millodot, M.; Shneor, E.; Liu, Y. The genetic and environmental factors for keratoconus. Biomed. Res. Int. 
2015, 2015, 795738. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 


