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ABSTRACT

Objectives: Keratoconus is a progressive ocular disease that may lead to severe visual loss. Screening patients seeking
laser vision correction (LVC) might help in its early diagnosis, management, and prevention. The purpose of the study
was to determine the prevalence of keratoconus among patients seeking refractive surgery in Qassim, Saudi Arabia.

Methods: Retrospective analysis of 1500 consecutive patients, 970 males and 530 females, who underwent routine
refractive surgery work-up from January 2022 to December 2022 at a referral Ophthalmology clinic in Qassim.
The mean age of subjects was 28.1 + 7.3 (range 16-54) years. The diagnosis of keratoconus was based on corneal
tomography with Pentacam HR.

Results: The overall prevalence rate of keratoconus was found to be 9.7% (145/1500) (95% confidence interval
[CI] 8.2-11.2%), comprising manifest and subclinical keratoconus, which was 8.5% (128/1500) (95% CI 7.1-
10.0%) and 1.2% (17/1500) (95% CI 0.6-1.7%), respectively. Keratoconus was found to be higher in males (11.0%)
than in females (7.2%) (P = 0.016). The subgroup of patients with high astigmatism (=2 D in either eye) had a
much higher prevalence of keratoconus (31.2%) than the subgroup with <2 D (1.40%).

Conclusion: The prevalence of keratoconus in LVC patients of a clinic in Qassim is 9.7%. Our findings will serve
as a reference for refractive surgeons while screening patients for LVC. Multi-center studies are warranted in
Qassim to validate our findings. Wider screening programs in the general population may help determine the
prevalence of keratoconus in the general population.
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INTRODUCTION

Keratoconus is a progressive ocular disease characterized by corneal steepening, irregular stromal
thinning, and decreased visual acuity."?! There is considerable variability in the worldwide
prevalence of keratoconus. Population-based studies reported the prevalence of keratoconus as
0.05% in USA,P 0.06% in UK, 0.09% in Denmark,”™ 0.19% in Norway," and 0.9% in China.”
A review of literature from the Middle East reported a relatively high prevalence of keratoconus,
ranging from 1.5% to 3.3%.%52

The literature reports that the prevalence of keratoconus among patients seeking laser refractive
surgery/laser vision correction (LVC) is higher in some regions of Saudi Arabia and lower in
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others. For instance, studies from different regions of
Saudi Arabia (Taif, Jazan, and Asir) reported keratoconus
prevalence of 18-40% among patients seeking LVC.['*
Due to variations in environmental factors and genetic
predisposition among the population living in different
regions of Saudi Arabia, it is important to find the prevalence
of keratoconus in other regions as well. Information on the
prevalence of keratoconus in the clinic’s region is valuable for
the surgeon evaluating patients for LVC. Surgeons in the high
keratoconus prevalence regions should be extra cautious
when assessing corneal tomography during pre-operative
work-up. This is likely to decrease the risk of post-operative
corneal ectasia.

To the best of the author’s knowledge, the prevalence of
keratoconus in Qassim has not been reported previously. In
the present study, the purpose was to find the prevalence of
keratoconus among patients seeking refractive surgery/LVC
in Qassim, Saudi Arabia.

MATERIALS AND METHODS
Study design and subjects

This retrospective, cross-sectional study included 1500
consecutive patients who underwent keratoconus screening
between January 2022 and December 2022 as a part of a
routine pre-operative work-up before undergoing refractive
surgery/LVC at a referral Ophthalmology clinic in Qassim,
Saudi Arabia. Patients with incomplete medical records, pre-
existing ocular disease other than keratoconus, and a history
of refractive or corneal surgery were excluded. The study
adhered to the tenets of the Declaration of Helsinki and was
approved by the Committee of Health Research Ethics at
Qassim University.

Data collection

The patient’s demographic history, such as age, sex, and eye
laterality was recorded. Keratoconus was diagnosed using
corneal tomography with Pentacam HR (Oculus, GmbH,
Wetzlar, Germany) using the Belin-Ambrosio enhanced
ectasia display (BAD). BAD is a comprehensive refractive
surgical screening tool to evaluate elevation data (anterior
and posterior), pachymetry data, and keratometry. The
final D value is based on regression analysis and maximizes
accuracy in detecting normal and keratoconus corneas.
In the Pentacam display system, each parameter is color-
coded and is classified as normal if the value is <1.6 standard
deviation (SD) from the population mean (white); subclinical
keratoconus if >1.6 SD and <2.6 SD (yellow); abnormal
(manifest keratoconus) if >2.6 SD (red).['6-%)

Keratoconus prevalence was determined by the assessment of
both eyes. Patients were classified as (a) manifest keratoconus

ifatleast one eye had manifest keratoconus and (b) subclinical
keratoconus if there is subclinical keratoconus in both eyes
or in one eye with normal topography in the fellow eye.

Data analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) Statistics version 27.0
(IBM SPSS Statistics for Windows, version 27.0, Armonk,
NY: IBM Corp). Descriptive for continuous data included
means and standard deviation. Frequency and prevalence
data were presented as counts and percentages. The main
outcome of the study was the prevalence of keratoconus
within the study subjects. Chi-squared tests were used to
compare the prevalence of keratoconus between males and
females or between subjects with pre-operative astigmatism
>2 D versus <2 D. A P < 0.05 was considered significant.

RESULTS

A total of 1500 consecutive patients were included in the
present study. Of these, 64.7% (n = 970) were males, and 35.3%
(n = 530) were females. The mean age of the subjects at the
time of refractive surgery work-up was 28.1 + 7.3 (range: 16-
54) years. The mean age of males was 27.9 + 7.4 (range: 16-50)
years and of females was 28.3 + 7.2 (range: 16-54) years. The
mean age of patients with keratoconus was 29.2 + 6.9 years and
those without keratoconus were 27.9 + 7.3 years (P = 0.049).

The overall prevalence of keratoconus was 9.7% (145/1500)
(95% confidence interval [CI] 8.2-11.2%). Of the overall
keratoconus prevalence, the prevalence of manifest and
subclinical keratoconus was found to be 8.5% (128/1500)
(95% CI 7.1-10.0%) and 1.2% (17/1500) (95% CI 0.-1.7%),
respectively [Figure 1].

Keratoconus prevalence was assessed among males and
females. Overall, keratoconus was diagnosed in 11.0%
(n = 107) males and 7.2% (n = 38) females, representing

1.2%

= Normal = Manifest Keratoconus = Subclinical Keratoconus

Figure 1: Pie chart depicting the overall prevalence rate of
keratoconus in patients seeking laser refractive surgery in the
referral ophthalmology clinics of Qassim, Saudi Arabia.
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statistically significant differences (P = 0.016). The prevalence
of manifest and subclinical keratoconus was analyzed in
gender subgroups and results are summarized in Table 1.

The prevalence of keratoconus was also assessed in a
subgroup of patients with pre-existing astigmatism >2 D and
in a subgroup of patients with astigmatism < 2D. Overall, in
a subgroup of patients with astigmatism > 2 D (n = 417), the
prevalence of keratoconus was found to be 31.2% (n = 130)
whereas in a subgroup of patients with astigmatism < 2D
(n=1083), the prevalence rate was 1.40% (n = 15) (P < 0.001).
The prevalence of keratoconus was analyzed in astigmatism
subgroups (astigmatism: > 2 D vs. < 2D) and results are
summarized in Table 1. Demographically, the patients with
astigmatism > 2D were 66.1% males and 33.9% females and
had a mean age of 28.5 + 7.2 years.

DISCUSSION

The present study was designed to assess the prevalence of
keratoconus among patients seeking refractive surgery/LVC
at our ophthalmology clinic in Qassim. The results showed
that the overall prevalence of keratoconus was 9.7% among
patients seeking refractive surgery/LVC. To the best of our
knowledge, this is the first study reporting the prevalence of
keratoconus among patients seeking refractive surgery/LVC
in Qassim, Saudi Arabia.

In the present study, the prevalence of keratoconus among
patients seeking LVC was lower when compared to similar
published studies from different provinces of Saudi
Arabia, such as Taif, Asir, and Jazan regions, where the
reported prevalence of keratoconus among LVC patients
was 18.05%,"1 41.5%,M" and 47.56%,""! respectively. A
comparison of the present study results with similar studies
conducted in other Middle Eastern countries showed wide
variation. The studies from Egypt and Syria reported the
prevalence of keratoconus to be 10.64%" and 31.71%!!
among patients seeking refractive surgery. In similar studies
conducted outside the Middle East, the reported prevalence
rate among LVC patients was 5.7% in the USAP? and 1.61%
in India.? The literature comparison of prevalence rates may
not be directly comparable due to differences in screening
tools, diagnostic criteria, and age/gender of LVC patients.

This worldwide variation in the prevalence rate of
keratoconus (a multifactorial disease) has been attributed to
various environmental (such as ultraviolet [UV] exposure
and eye rubbing) and genetic risk factors (consanguinity)
that have been found to contribute to its pathogenesis. For
instance, the higher prevalence of keratoconus in countries
with hot and dry climatic conditions, such as the Middle
Eastern countries,'>* has been attributed to excessive UV
exposure of patients in these countries.?**! Increased UV
exposure has been linked with the formation of reactive
oxygen species (ROS). Researchers have hypothesized
that keratoconus corneas have a reduced ability to process
ROS, and thereby, high levels of ROS result in oxidative
damage, which has been implicated in the causation of
keratoconus.? In contrast, less keratoconus prevalence in
countries with cold climatic conditions, such as the UK,
USA, and Europe, has been postulated to be due to lower
sun exposure.?’

Previous studies from the Middle East also reported a
positive correlation of keratoconus with high altitude.!*!>2!
For instance, the different regions of Saudi Arabia, such as
Taif, Jazan, and Asir, which are situated at an elevation of
1700-2500 m, 2000 m, and 3000 m, respectively, above sea
level, have reported a high prevalence rate of keratoconus. As
UV radiation increases with height by about 10% for every
1000 meters of elevation, people living at high altitudes are
probably more exposed to UV radiation. Thus, high exposure
to UV radiation at high altitudes might act as a risk factor for
the development of keratoconus.

Numerous studies also suggest the role of eye rubbing in the
pathophysiology of keratoconus.?*?"3!1 A meta-analysis
published in 2021 that included six studies across the world
found an association between eye rubbing and keratoconus
with pooled OR (95% CI) of 6.46 (4.12-10.1) in comparison to
the controls with no eye rubbing.”*? Eye rubbing, particularly
vigorous knuckle-grinding type, has been associated with the
severing of stromal collagen fibrils.*® Recurrent mechanical
trauma releases matrix metalloproteinases (MMP-1 and
MMP-13) and inflammatory mediators (interleukin-6 and
tumor necrosis factor-alpha), which have been implicated
in the keratoconus development.® The duration of
rubbing has been estimated to be significantly longer in

Table 1: Prevalence of keratoconus among males, females, and patients with preexisting corneal astigmatism of 2 D or higher.
Males Females *P-value Astigmatism 22D  Astigmatism <2D  P-value comparing
(n=970) (n=530) comparing (n=417) (n=1083) astigmatism >2 D
- % n o  malevs. female - % - % vs. <2 D
Opverall keratoconus 107 110 38 72 0.016 130 31.2 15 1.40 <0.001
Manifest keratoconus 96 9.9 32 6.0 0.011 119 28.5 9 0.80 <0.001
Subclinical keratoconus 11 .1 6 1.1 0.997 11 2.6 6 0.60 <0.001
*The prevalence of manifest and subclinical keratoconus among females does not add to the overall prevalence due to rounding-off errors
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keratoconus patients (10-180 s) than those without any
ocular disorders (<5 s).?* Different environmental allergens
and atopic conditions, such as asthma, eczema, and vernal
catarrh, have been reported to induce eye rubbing that
may contribute to the progression of keratoconus."!
Furthermore, regular use of rigid contact lenses is thought to
be associated with rubbing-related trauma, which might lead
to keratoconus.%35%7)

Qassim is a relatively lower altitude region (600-750 m
above sea level) with cool, rainy winters and hot, less humid
summers. Compared to Taif, Jazan, and Asir, this region has
milder climatic conditions. The authors believe that some of
these factors may be contributing to the lower prevalence of
keratoconus in Qassim.

Apart from environmental factors, it is believed that
genetics also play a major role in the pathogenesis of
keratoconus.”***! There are reports of high concordance
of keratoconus in monozygotic twins,"” and a family-based
study from Brazil showed the association of 19 genetic loci
with keratoconus."!! Studies from the Middle East!®152042]
and some parts of India have linked consanguinity with
keratoconus.*?! Consanguineous couples are at increased
risk for autosomal recessive disorders due to their increased
homozygosity by descent.* The rate of consanguinity varies
in different ethnicities and has been reported to be as high
as 57.7% in Saudi Arabia."*! A study from the UK evaluating
population-based keratoconus prevalence reported a four-
fold higher prevalence among Asians (0.23%) as compared
to Caucasians (0.05%).""! Similarly, in Iran, population-based
keratoconus prevalence was found to be three times less in
Persians (2.5%) than in non-Persians (7.9%).""! Variations in
the keratoconus prevalence among different ethnic groups
have been hypothesized to be due to the “genetic effect of
consanguinity”’!

The effect of genetic factors has not been studied previously
in Qassim. The present study provides information about
the low prevalence of keratoconus in Qassim as compared to
other regions of Saudi Arabia. Future studies are warranted
to evaluate the association of genetic risk factors with the
prevalence of keratoconus in this region.

Two recent studies elucidated the interplay between genetic
and environmental risk factors, which could be responsible
for variations in the prevalence of keratoconus. A study from
North Macedonia reported the prevalence of keratoconus
among LVC patients as 12.5%, and after stratification into
ethnic groups, Turk LVC patients showed a 40.8% prevalence
rate.) This much higher prevalence than other ethnicities
living in the same area was hypothesized due to higher
consanguinity among Turks compared with other ethnicities.
A study from different regions of Syria found a higher rate of
keratoconus among LVC patients of Damascus (24.22%) as
compared to coastal cities.?!! This was also hypothesized to be

due to the higher proportion of Armenians in the Damascus
region who have higher levels of consanguinity. Damascus’s
geographical location, i.e., its high altitude, might also have
contributed to the region’s higher prevalence of keratoconus.

A review of the literature reveals conflicting trends in the
gender predisposition to keratoconus. In the present study,
the prevalence of keratoconus was higher in males (11.0%)
compared to females (7.1%). This gender distribution agrees
with three prior studies, which also found that males are
more likely to be affected by keratoconus than females.!"##!
However, a study from Mexico observed that females are twice
as likely to have keratoconus as males,* and the other two
studies from the Middle East showed no gender predisposition
in the keratoconus disease process.'*?!! The differences
between male and female proportions in keratoconus may be
attributed to the sex hormones.* Males have higher levels
of androgens while females have a higher estrogen level.F"*%
Sampling errors and different diagnostic criteria used in
different studies could also affect these differences.’*"

Pre-existing astigmatism has also been found to be linked
to keratoconus prevalence. There are studies documenting
a higher prevalence of keratoconus in patients with >2 D of
astigmatism.”**>** In the present dataset, the patients with
high astigmatism (=2 D) had a statistically significantly
higher prevalence of keratoconus (31.2%) than those with
<2 D (1.40%). The patients with =2 D were demographically
similar to the overall sample population. These findings
suggest that patients attending outpatient clinics with
astigmatism of 2 D or higher should be carefully screened for
early diagnosis of keratoconus.

This study has some limitations. Due to the retrospective
study design, different risk factors, clinical determinants,
family history, etc., were not collected and analyzed in the
present study. The association of environmental and genetic
risk factors with keratoconus prevalence in Qassim was not
studied due to the lack of such information in the literature.
Future studies are expected to fill this gap.

CONCLUSION

In the present study, the prevalence of keratoconus in Qassim
was found to be 9.7% among patients seeking refractive
surgery. This was lower than previous publications from
Taif, Asir, and Jazan. A review of the literature revealed
large variations in keratoconus prevalence between different
provinces of Saudi Arabia, which could be attributed to
differences in UV exposure, eye rubbing, and consanguinity.
Our findings will be a reference for clinical ophthalmologists
while screening patients for refractive surgery in Qassim.
Wider screening programs in the general population may
help determine the prevalence of keratoconus in the general
population.

International Journal of Health Sciences « Volume 19 « Issue 3 « May-June 2025 | 8



Alaraj: Keratoconus in patients seeking LVC

Acknowledgments: Raman Bedi, MD for statistical and editing
assistance.

Authors’ contributions: AMA: Concept and design, data analysis,
data interpretation, manuscript writing, and first and corresponding
author.

Ethical approval: The research/study was approved by the
Committee of Health Research Ethics at Qassim University, number
220503, dated 28 September 2023 and adhered to the tenets of the
Declaration of Helsinki.

Declaration of patient consent: Patient’s consent is not required as
patients identity is not disclosed or compromised.

Financial support and sponsorship: Nil.

Conflicts of interest: There are no conflicts of interest.

Availability of data and material: The data supporting the findings
of this study are available within the article.

REFERENCES

1. Asimellis G, Kaufman EJ. Keratoconus. In: StatPearls. Treasure
Island, FL: StatPearls Publishing; 2024. Available from: https://
www.ncbi.nlm.nih.gov/books/NBK470435/

2. Santodomingo-Rubido J, Carracedo G, Suzaki A, Villa-Collar C,
Vincent SJ, Wolffsohn JS. Keratoconus: An updated review.
cont lens anterior eye 2022;45:101559.

3. Kennedy RH, Bourne WM, Dyer JA. A 48-year Clinical
and epidemiologic study of keratoconus. Am ] Ophthalmol
1986;101:267-73.

4. Pearson AR, Soneji B, Sarvananthan N, Sandford-Smith
JH. Does ethnic origin influence the incidence or severity of
keratoconus? eye (Lond) 2000;14 (Pt 4):625-8.

5. Nielsen K, Hjortdal ], Aagaard Nohr E, Ehlers N. Incidence
and prevalence of keratoconus in denmark. Acta Ophthalmol
Scand 2007;85:890-2.

6. Kristianslund O, Hagem AM, Thorsrud A, Drolsum L.
Prevalence and incidence of keratoconus in Norway: A
nationwide register study. Acta Ophthalmol 2021;99:¢694-9.

7.  XuL, Wang YX, Guo Y, You QS, Jonas JB, Beijing Eye Study G.
Prevalence and associations of steep cornea/keratoconus
in greater Beijing. The Beijing Eye Study. PLoS One
2012;7:39313.

8. Barbara R, Gordon-Shaag A, Millodot M, Shneor E, Essa
M, Anton M. Prevalence of keratoconus among young arab
students in Israel. Int ] Kerat Ect Cor Dis 2016;3:9-14.

9. Hashemi H, Khabazkhoob M, Fotouhi A. Topographic
keratoconus is not rare in an iranian population: The tehran
eye study. Ophthalmic Epidemiol 2013;20:385-91.

10. HashemiH, Khabazkhoob M, YazdaniN, Ostadimoghaddam H,
Norouzirad R, Amanzadeh K, et al. The prevalence of
keratoconus in a young population in Mashhad, Iran.
Ophthalmic Physiol Opt 2014;34:519-27.

11. Millodot M, Shneor E, Albou S, Atlani E, Gordon-Shaag A.
Prevalence and associated factors of keratoconus in Jerusalem:
A cross-sectional study. Ophthalmic Epidemiol 2011;18:91-7.

12. Shehadeh MM, Diakonis VF, Jalil SA, Younis R, Qadoumi J,
Al-Labadi L. Prevalence of keratoconus among a Palestinian
tertiary student population. Open Ophthalmol J 2015;9:172.

13.  AbuallutI, Ageeli A, Shami M, Bosaily M, Majrashi A, Shabaan S,

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

et al. Keratoconus detected by corneal topography in patients
seeking refractive surgery in jazan region, Saudi Arabia:
A retrospective cross-sectional study. Ann Med Surg (Lond)
2022;79:103790.

Al-Amri AM. Prevalence of keratoconus in a refractive surgery
population. ] Ophthalmol 2018;2018:5983530.

Althomali TA, Al-Qurashi IM, Al-Thagafi SM, Mohammed A,
Almalki M. Prevalence of keratoconus among patients seeking
laser vision correction in taif area of Saudi Arabia. Saudi |
Ophthalmol 2018;32:114-8.

Belin MW, Ambrosio R. Scheimpflug imaging for keratoconus
and ectatic disease. Indian ] Ophthalmol 2013;61:401-6.
Ghiasian L, Abdolalizadeh P, Hadavandkhani A, Eshaghi A,
Hadi Y, Nadjafi-Semnani F Comparing pentacam HR
screening indices in different normal corneal thicknesses
among refractive surgery candidates. ] Curr Ophthalmol
2022;34:200-7.

Motlagh MN, Moshirfar M, Murri MS, Skanchy DE, Momeni-
Moghaddam H, Ronquillo YC, et al. Pentacam(R) corneal
tomography for screening of refractive surgery candidates: A
review of the literature, Part I. Med Hypothesis Discov Innov
Ophthalmol 2019;8:177-203.

Bamdad S, Sedaghat MR, Yasemi M, Vahedi A. Sensitivity and
specificity of belin ambrosio enhanced ectasia display in early
diagnosis of keratoconus. ] Ophthalmol 2020;2020:7625659.
Tawfik SA. Incidentally discovered keratoconus in patients
seeking vision correction by LASIK (Reviewd). Fayoum Univ
Med J 2024;13:11-6.

Salman A, Darwish T, Badla AA, Askar M, Al-Rufayie M,
Ghabra M, et al. Prevalence of keratoconus and keratoconus
suspect among patients seeking refractive surgery in Syria.
Middle East Afr ] Ophthalmol 2022;29:181-5.

Wilson SE, Klyce SD. Screening for corneal topographic
abnormalities before refractive surgery. Ophthalmology
1994;101:147-52.

Shilpy N, Shah Z, Singh S, Purohit D. Prevalence of keratoconus
in refractive surgery cases in Western India. Middle East Afr J
Ophthalmol 2020;27:156-9.

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

Gomes JAP, Rodrigues PE Lamazales LL. Keratoconus
epidemiology: A review. Saudi ] Ophthalmol 2022;36:3-6.
Kenney MC, Brown DJ. The cascade hypothesis of keratoconus.
Contact Lens Anterior Eye 2003;26:139-46.

Gordon-Shaag A, Millodot M, Shneor E. The epidemiology
and etiology of keratoconus. Epidemiology 2012;70:7-15.
Assiri AA, Yousuf BI, Quantock AJ, Murphy PJ. Incidence and
severity of keratoconus in asir province, Saudi Arabia. Br J
Ophthalmol 2005;89:1403-6.

Hawkes E, Nanavaty MA. Eye rubbing and keratoconus: A
literature review. Int ] Kerat Ect Cor Dis 2014;3:118-21.

Najmi H, Mobarki Y, Mania K, Altowairqi B, Basehi M,
Mahfouz MS, et al. The correlation between keratoconus and
eye rubbing: A review. Int ] Ophthalmol 2019;12:1775.

Shneor E, Millodot M, Blumberg S, Ortenberg I, Behrman S,
Gordon-Shaag A. Characteristics of 244 patients with
keratoconus seen in an optometric contact lens practice. Clin

International Journal of Health Sciences « Volume 19 « Issue 3 « May-June 2025 | 9



Alaraj: Keratoconus in patients seeking LVC

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Exp Optom 2013;96:219-24.

Sahebjada$, Al-Mahrouqi HH, Moshegov S, Panchatcharam SM,
Chan E, Daniell M, et al. Eye rubbing in the aetiology of
keratoconus: A systematic review and meta-analysis. Graefes
Arch Clin Exp Ophthalmol 2021;259:2057-67.

Gatinel D. Eye rubbing, a sine qua non for keratoconus. Int J
Kerat Ect Cor Dis 2016;5:6-12.

Balasubramanian SA, Pye DC, Willcox MD. Effects of eye
rubbing on the levels of protease, protease activity and
cytokines in tears: relevance in keratoconus. Clin Exp Optom
2013;96:214-8.

McMonnies CW. The biomechanics of keratoconus and rigid
contact lenses. Eye Contact Lens 2005;31:80-92.

McMonnies CW, Boneham GC. Keratoconus, allergy, itch, eye-
rubbing and hand-dominance. Clin Exp Optom 2003;86:376-84.
Zhang XH, Li X. effect of rigid gas permeable contact lens
on keratoconus progression: A review. Int J Ophthalmol
2020;13:1124-31.

Abu-Amero KK, Al-Muammar AM, Kondkar AA.
Genetics of keratoconus: where do we stand? J Ophthalmol
2014;2014:641708.

Bykhovskaya Y, Rabinowitz YS. Update on the genetics of
keratoconus. Exp Eye Res 2021;202:108398.

Tuft SJ, Hassan H, George S, Frazer DG, Willoughby CE,
Liskova P. Keratoconus in 18 Pairs of Twins. Acta Ophthalmol
2012;90:e482-6.

Ambrosio R Jr. Heritability of corneal shape in twin study.
Invest Ophthalmol Vis Sci 2014;55:8365.

Khattak A, Altalhi A, Alotaibi AB, Khattak AM. Prevalence of
keratoconus in the young eastern population of Saudi Arabia.
Cureus 2024;16:€55692.

Rauniyar D, Das AV. Consanguinity and ocular disorders in
india: electronic medical records driven big data analytics.
Indian J Ophthalmol 2022;70:2401-7.

Temaj G, Nuhii N, Sayer J. The impact of consanguinity on
human health and disease with an emphasis on rare diseases.
] Rare Dis 2022;1:2.

International Journal of Health Sciences « Volume 19 « Issue 3 « May-June 2025

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

El-Hazmi M, Al-Swailem A, Warsy A, Al-Swailem A,
Sulaimani R, Al-Meshari A. Consanguinity among the Saudi
Arabian population. ] Med Genet 1995;32:623-6.

Gilevska E, Kostovska B, Osmani I, Biscevic A, Popovic Suic S,
Bohac M, et al. Prevalence of Keratoconus in Refractive Surgery
Practice Population in North Macedonia. Int Ophthalmol
2022;42:3191-8.

Hashemi H, Heydarian S, Yekta A, Ostadimoghaddam H,
Aghamirsalim M, Derakhshan A, et al. High prevalence
and familial aggregation of keratoconus in an iranian rural
population: A population-based study. Ophthalmic Physiol
Opt 2018;38:447-55.

Alzahrani K, Al-Rashah A, Al-Salem S, Al-Murdif Y, Al-
Rashah A, Alrashah A, et al. Keratoconus epidemiology
presentations at najran province, Saudi Arabia. Clin Optom
2021;13:175-9.

Valdez-Garcia JE, Sepulveda R, Salazar-Martinez JJ, Lozano-
Ramirez JF. Prevalence of keratoconus in an adolescent
population. Rev Mex Oftalmol 2014;88:95-8.

Zhao X, Yuan Y, Sun T, Zhang Y, Chen Y. Associations between
keratoconus and the level of sex hormones: a cross-sectional
study. Front Med (Lausanne) 2022;9:828233.

Karamichos D, Escandon P, Vasini B, Nicholas SE, Van L, Dang
DH, et al. Anterior pituitary, sex hormones, and keratoconus:
beyond traditional targets. Prog Retin Eye Res 2022;88:101016.
McKay TB, Hjortdal J, Sejersen H, Asara JM, Wu ],
Karamichos D. endocrine and metabolic pathways linked
to keratoconus: implications for the role of hormones in the
stromal microenvironment. Sci Rep 2016;6:25534.

Gupta A, Jain S, Porwal R. Prevalence of keratoconus and
subclinical keratoconus in subjects with two or more diopters
(D) of astigmatism using pentacam derived parameters. Indian
J Clin Exp Ophthalmol 2023;9:307-11.

Serdarogullari H, Tetikoglu M, Karahan H, Altin F, Elcioglu M.
Prevalence of keratoconus and subclinical keratoconus in
subjects with astigmatism using pentacam derived parameters.
J Ophthalmic Vis Res 2013;8:213-9.

| 10



