






1439Torres Netto EA, et al. Br J Ophthalmol 2018;102:1436–1441. doi:10.1136/bjophthalmol-2017-311391

Clinical science

corneas when using different devices.26 For these reasons, we 
cannot completely extrapolate our findings to other studies 
using different imaging technology, and we chose to report the 
CIs specifically to provide some sense of the possible variability 
that could exist.

There are some limitations to acknowledge. The first one 
is the general limitation every study faces that uses a ‘human 
interface’ to assess clinical outcomes: we report a minor 
discrepancy between the two examiners in a total of nine 
patients or 1% of the study population. Those patients were 
borderline cases between non-manifest KC suspect and early 
manifest KC. However, even when analysing the extremes 
(ie, considering all nine borderline cases to be non-mani-
fest KC vs considering all of them to be manifest KC), the 
change in prevalence would only be minimal, from 1:26 to 
1:18. In both cases, this study would report the highest preva-
lence in the normal population described to date. The second 
limitation is the cut-off point for KC-suspected cases, which 
is not well defined in the literature. However, because the 
vast majority of cases diagnosed had distinct KC, the range 
of these cut-off points would be of lesser importance to the 
prevalence reported here. Third, and most importantly, this 

study relied solely on corneal tomographic imaging without 
clinical patient examination. While this could be considered 
a limitation, we feel the addition of a slit lamp examination 
would add very little to the diagnosis of earlier KC cases, and 
these would in fact be specifically identified using corneal 
tomography in the absence of clinical signs. Furthermore, we 
were unable to evaluate the visual impact of various presen-
tations of KC in this population. Such data would be highly 
informative but was beyond the scope of this study. Also due 
to the lack of clinical examination, it is possible that a small 
number of these eyes could have had a disease process other 
than a corneal ectasia. However, given the consistency of KC 
patterns combined with the lack of specific ocular history for 
all patients, it is unlikely that another corneal disorder was 
present but misclassified as KC. Lastly, this might not be a true 
population-based study once it was conducted on patients seen 
at emergency departments at a few medical centres in Riyadh. 
We can therefore not exclude that the prevalence rates would 
be different if the study was performed at schools. However, 
since patients were not presenting with any eye-specific 
complaints, we feel this sample is reasonably representative 
of the population. Given the significant prevalence of KC in 

Figure 2  (Upper) Representative image from eye considered mild keratoconus. The subjective anterior curvature pattern was determined to 
be irregular, with focal inferior paracentral steepening up to 7D. Kmax is 47.5D; there is 1.2D of anterior astigmatism, pachymetry at the apex is 
471 µm with the thinnest point of 455 µm located +1.02/–0.89 mm (x/y axis). BAD-D (not shown) was 4.75. (Lower) Representative image from eye 
considered severe keratoconus. The subjective anterior curvature pattern was determined to be irregular, with generalised severe steepening. Kmax is 
64.3D; there is 4.4D of anterior astigmatism; pachymetry at the apex is 376 µm with the thinnest point of 361 µm located +0.00/–0.66 mm (x/y axis). 
BAD-D (not shown) was 16.21.
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this population, it seems warranted to consider a school-based 
screening protocol.

In conclusion, the prevalence of KC among children and 
adolescents of Saudi origin in the KSA is considerably higher 
than numbers reported from similar studies. This discrepancy 
might be due to geographical variations in disease prevalence 
and also to the use of modern large-scale corneal imaging in a 
paediatric population. Moreover, it raises the imminent question 
of a KC screening programme in schools to improve the early 
detection and early adequate intervention.
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Figure 3  (Upper) Representative image of disputed case, ultimately considered suspicious. The subjective anterior curvature pattern was determined 
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Table 2  Keratoconus prevalence by age category

Age (years) 

Keratoconus

Number Prevalence (%) 
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19–21 6 2.11

Total 25 4.79

 on D
ecem

ber 10, 2023 by guest. P
rotected by copyright.

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjophthalm
ol-2017-311391 on 3 January 2018. D

ow
nloaded from

 

http://dx.doi.org/10.1016/S0039-6257(97)00119-7
http://dx.doi.org/10.1016/j.ophtha.2003.06.020
http://www.ncbi.nlm.nih.gov/pubmed/17162977
http://www.ncbi.nlm.nih.gov/pubmed/17162977
http://dx.doi.org/10.1016/0002-9394(86)90817-2
http://dx.doi.org/10.4103/0301-4738.116054
http://bjo.bmj.com/


1441Torres Netto EA, et al. Br J Ophthalmol 2018;102:1436–1441. doi:10.1136/bjophthalmol-2017-311391

Clinical science

	 6	 Assiri AA, Yousuf BI, Quantock AJ, et al. Incidence and severity of keratoconus in Asir 
province, Saudi Arabia. Br J Ophthalmol 2005;89:1403–6.

	 7	 Millodot M, Shneor E, Albou S, et al. Prevalence and associated factors of keratoconus 
in Jerusalem: a cross-sectional study. Ophthalmic Epidemiol 2011;18:91–7.

	 8	 Waked N, Fayad AM, Fadlallah A, et al. [Keratoconus screening in a Lebanese 
students’ population]. J Fr Ophtalmol 2012;35:23–9.

	 9	 Hashemi H, Beiranvand A, Khabazkhoob M, et al. Prevalence of keratoconus in a 
population-based study in Shahroud. Cornea 2013;32:1441–5.

	10	 Hashemi H, Khabazkhoob M, Yazdani N, et al. The prevalence of keratoconus in a 
young population in Mashhad, Iran. Ophthalmic Physiol Opt 2014;34:519–27.

	11	 Shneor E, Millodot M, Gordon-Shaag A, et al. Prevalence of keratoconus among 
Young Arab students in Israel. Int J Keratoconus Ectatic Corneal Dis 2014;3:9–14.

	12	 Shehadeh MM, Diakonis VF, Jalil SA, et al. Prevalence of keratoconus among a 
palestinian tertiary student population. Open Ophthalmol J 2015;9:172–6.

	13	 Pearson AR, Soneji B, Sarvananthan N, et al. Does ethnic origin influence the 
incidence or severity of keratoconus? Eye 2000;14 (Pt 4):625–8.

	14	 Jonas JB, Nangia V, Matin A, et al. Prevalence and associations of keratoconus in 
rural maharashtra in central India: the central India eye and medical study. Am J 
Ophthalmol 2009;148:760–5.

	15	 Xu L, Wang YX, Guo Y, et al. Prevalence and associations of steep cornea/keratoconus 
in Greater Beijing. The Beijing Eye Study. PLoS One 2012;7:e39313.

	16	 Godefrooij DA, Gans R, Imhof SM, et al. Nationwide reduction in the number of 
corneal transplantations for keratoconus following the implementation of cross-
linking. Acta Ophthalmol 2016;94:675–8.

	17	 Randleman JB, Khandelwal SS, Hafezi F, et al. Corneal cross-linking. Surv Ophthalmol 
2015;60:509–23.

	18	 Grouven U, Bender R, Ziegler A, et al. [The kappa coefficient]. Dtsch Med Wochenschr 
2007;132 Suppl 1(Suppl 1):e65–8.

	19	 Landis JR, Koch GG. The measurement of observer agreement for categorical data. 
Biometrics 1977;33:159–74.

	20	 Fleiss JL. Statistical methods for rates and proportions. 2nd edn. New York: Wiley, 
1981.

	21	 Nielsen K, Hjortdal J, Aagaard Nohr E, et al. Incidence and prevalence of keratoconus 
in Denmark. Acta Ophthalmol Scand 2007;85:890–2.

	22	 Godefrooij DA, de Wit GA, Uiterwaal CS, et al. Age-specific Incidence and 
Prevalence of Keratoconus: A Nationwide Registration Study. Am J Ophthalmol 
2017;175:169–72.

	23	 Vazirani J, Basu S. Keratoconus: current perspectives. Clin Ophthalmol 
2013;7:2019–30.

	24	 Gordon-Shaag A, Millodot M, Essa M, et al. Is consanguinity a risk factor for 
keratoconus? Optom Vis Sci 2013;90:448–54.

	25	 Vianna LM, Muñoz B, Hwang FS, et al. Variability in Oculus Pentacam  
tomographer measurements in patients with keratoconus. Cornea  
2015;34:285–9.

	26	 Randleman JB, Akhtar J, Lynn MJ, et al. Comparison of objective and  
subjective refractive surgery screening parameters between regular and  
high-resolution Scheimpflug imaging devices. J Cataract Refract Surg  
2015;41:286–94.

 on D
ecem

ber 10, 2023 by guest. P
rotected by copyright.

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjophthalm
ol-2017-311391 on 3 January 2018. D

ow
nloaded from

 

http://dx.doi.org/10.1136/bjo.2005.074955
http://dx.doi.org/10.3109/09286586.2011.560747
http://dx.doi.org/10.1016/j.jfo.2011.03.016
http://dx.doi.org/10.1097/ICO.0b013e3182a0d014
http://dx.doi.org/10.1111/opo.12147
http://dx.doi.org/10.2174/1874364101509010172
http://dx.doi.org/10.1038/eye.2000.154
http://dx.doi.org/10.1016/j.ajo.2009.06.024
http://dx.doi.org/10.1016/j.ajo.2009.06.024
http://dx.doi.org/10.1371/journal.pone.0039313
http://dx.doi.org/10.1111/aos.13095
http://dx.doi.org/10.1016/j.survophthal.2015.04.002
http://dx.doi.org/10.1055/s-2007-959046
http://dx.doi.org/10.2307/2529310
http://dx.doi.org/10.1111/j.1600-0420.2007.00981.x
http://dx.doi.org/10.1016/j.ajo.2016.12.015
http://dx.doi.org/10.2147/OPTH.S50119
http://dx.doi.org/10.1097/OPX.0b013e31828da95c
http://dx.doi.org/10.1097/ICO.0000000000000344
http://dx.doi.org/10.1016/j.jcrs.2014.06.026
http://bjo.bmj.com/

