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The prevalence and predictors of refractive error among school 
children in Riyadh, Saudi Arabia
Raed Alomair,  Suliman A. Alghnam1, Bashair N. Alnasser2, Hana A. Almuhawas, Saja A. Alhoshan3, Bashayer S. Altamimi4, Rana M. Alshaye,  
Mohamad T. Almuayli,  Mazen K. Alokiliy5, Waleed J. Alfawaz6, Sultan K. Alghamdi7

Abstract:
PURPOSE: Refractive error (RE) is one of the most common ocular disorders among children worldwide. This 
study aimed to investigate the prevalence of RE and possible risk factors among school children in Riyadh.

METHODS: This is a cross‑sectional study using data collected at various schools. To achieve the aim of the 
study, we selected a random sample of 850 school children aged 6–15 years. The examination was based on 
the RESC protocol and included full visual assessment. Furthermore, a questionnaire was sent to the parents of 
the participants to ascertain information about lifestyle factors. We constructed a logistic regression model to 
evaluate the predictors of RE.

RESULTS: Close to a third of the children had a RE. Of those identified as having the condition, 60% did not 
wear glasses (newly diagnosed). Nearly all the children (95.4%) in our sample reported using electronic devices, 
according to parents. No association was found between using electronic devices and having a RE (P = 0.26). 
Doing outdoor activities was associated with 52% lower odds of a RE (odds ratio = 1.52).

CONCLUSION: We found a higher prevalence of uncorrected RE than previously reported in other Saudi studies. 
About 60% of children who had RE were not wearing glasses, highlighting the need for a standardized school 
screening program for early detection and management. Outdoor activities were associated with a lower likelihood 
of having a RE. These findings might support initiatives to encourage outdoor activities among school children.
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Introduction

Refractive errors (RE), which include myopia, 
hyperopia, and astigmatism, are optical 

defects of the visual system. They remain one of 
the primary causes of visual impairment among 
school children and one of the most common 
ocular disorders worldwide.[1] Uncorrected 
RE can affect the academic performance of 
children, their learning ability, and may impact 
their quality of life.[1,2] There is a dramatic 
increase in the prevalence of RE worldwide, 
particularly myopia over the past few decades, 
which suggests that RE in human is sensitive 
to environmental factors across a wide range of 
physical settings, communities, and lifestyles.[3] 

Furthermore, a higher prevalence of myopia was 
associated with higher levels of education.[4,5]

Many of the international studies that explored 
this topic focused on the prevalence of myopia 
and myopia progression.[6‑9] The prevalence of 
myopia is relatively high in the young generation 
of China.[10,11] Other countries such as Singapore 
and Taiwan also stated a high prevalence of 
myopia in the younger generation.[4,12,13]

Various factors may influence the underlying 
cause of RE. Several studies investigated whether 
educational style, school‑associated lifestyle, 
and near work activity, in general, were potential 
risk factors for developing myopia.[5,10] Some 
studies showed that more near work activities 
were associated with an increased prevalence of 
myopia in children 6–18 years old.[14‑17] They also 
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suggested that near‑work activities are a risk factor for myopic 
progression,[18,19] but other studies did not support these findings.[20‑23]

The prevalence of RE in Saudi Arabia varied widely from 
4.5% to 34.9% as many studies reported in deferent children’s 
age groups.[24‑26] All of these studies have focused only on the 
prevalence of RE. Nevertheless, the effect of environmental 
factors on children’s visual state is still unexplored. Moreover, 
the lifestyle has changed significantly over the past few decades 
in Saudi Arabia. Children have better access to education and 
living in the new era of electronic devices. In the current study, 
we aimed to investigate the prevalence of RE and the possible 
risk factors among children.

Methods

This is a multischool cross‑sectional study that was conducted 
in Riyadh, the country’s capital. Schools were selected through a 
random cluster sampling. A random sample of 850 school children 
aged 6–15  years were selected. The study team screened 
children from 1st grade up to 9th grade, and 849 children were 
included in the final analysis. Children who attended the 
selected school were subjected to 10 min of eye assessment 
based on RESC protocol[27] (vision assessment, binocular motor 
function, auto‑refractometer, and dry retinoscopy). Children 
with eye disorders (strabismus, nystagmus, ptosis, and others) 
or abnormal ocular movement were referred to a complete 
ophthalmic examination with cycloplegic refraction. Before the 
eye assessment, a consent form and a questionnaire were sent 
to parents and asking about the time their children spend doing 
near work activities and using electronic devices.

Outcome measure
This study defined RE as the presence of one or more of the 
following: hyperopia, myopia, or astigmatism. Hyperopia was 
defined as more than or equal to +2.00 D. Myopia also was 
defined as more than or equal to −0.75 D and astigmatism as 
more than or equal to −1.50 D.

Vision assessment
Distance visual acuity (VA) was measured with a LogMAR 
chart at 4 m distance. Acuity is measured first with spectacles 
“if the child wears them,” followed by measurement of 
uncorrected  (unaided) vision along with auto‑refractometer 
and dry retinoscopy to verify the VA.

Binocular motor function and external eye examination
The alignment assessments were performed by the 
cover/uncover test and extraocular motility test.

Complete ophthalmic examination included subjective 
refraction, fundus examination, and cycloplegic refraction. If 
a child had unaided VA 20/40 or worse in either eye, pupillary 
dilation and cycloplegia (in both eyes) were attained using two 
drops of 1% cyclopentolate. Refraction was performed with 
autorefractor and retinoscope.

The study excluded any child with reduced visual function 
due to pathological causes such as corneal defect, cataract, 

lens subluxation, fundus abnormality, and optic nerve defect 
or abnormality. In addition, we excluded any child with high 
RE associated with a syndrome, such as Marfan syndrome, 
Down syndrome, and Stickler syndrome. Children who have 
RE and any mental or developmental delay were also excluded.

Statistical analysis
The data were collected using Microsoft Excel. All the analyses 
were performed using STATA 15 for Mac Stata is a statistical 
software. The frequencies and percentages were used to express 
categorical variables. The presence of RE and its subtypes were 
assessed and analyzed using the Chi‑squared test. Furthermore, 
the distribution and association of RE, along with wearing 
glasses, near work activities, electronic devices, and outdoor 
activities were assessed and analyzed using Chi‑squared tests. 
A logistic regression model was constructed to evaluate the 
predictors of RE. A cutoff value of 0.05 was declared to be 
statistically significant.

Results

Prevalence of refractive error
This study included 850 school children. 55.94%  (475) 
were boys, and the remaining were girls. All children were 
included except one girl who was absent on the screening 
day. Of the overall sample, 244  (28.73%) were diagnosed 
with RE. Of those, only 39.34% (96) were wearing glasses, 
while the majority of children 60.66%  (148) did not have 
glasses (newly diagnosed). 1.82% (11) of children who were 
wearing glasses did not fit into our RE criteria  [Table  1]. 
Primary school students accounted for 69.26% of children 
who had RE. No association was found between grade and 
RE (P = 0.159) [Table 2].

Myopia was the most common type of RE, representing 
14.13% and followed by hyperopia 6.12% and astigmatism 

Table 2: Distribution and association between refractive 
error and grade
Grade No RE, n (%) Have RE, n (%) Total, n (%)
1 69 (11.40) 27 (11.07) 96 (11.31)
2 79 (13.06) 17 (6.97) 96 (11.31)
3 96 (15.87) 36 (14.75) 132 (15.55)
4 70 (11.57) 35 (14.34) 105 (12.37)
5 72 (11.90) 31 (12.70) 103 (12.13)
6 61 (10.08) 23 (9.43) 84 (9.89)
7 44 (7.27) 24 (9.84) 68 (8.01)
8 63 (10.41) 21 (8.61) 84 (9.89)
9 51 (8.43) 30 (12.30) 81 (9.54)
Total 100 (605) 100 (244) 100 (849)
RE=Refractive error

Table 1: Distribution of refractive error and wearing glasses
Glasses No RE, n (%) Have RE, n (%) Total, n (%)
No glasses 594 (98.18) 148 (60.66) 742 (87.40)
Has glasses 11 (1.82) 96 (39.34) 107 (12.60)
Total 605 (100) 244 (100) 849 (100)
RE=Refractive error
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16.13%. Children who had only myopia accounted for 10.48% 
and 2.12% had only hyperopia. Astigmatism alone was present 
in 8.48% of children, 3.65% had myopia with astigmatism, and 
4% had hyperopia with astigmatism [Table 3].

Time spent on homework
The majority of children (95.02%) were doing their homework 
on a daily basis. 43.78% (359) of children were spending 2–3 h on 
their homework. No association was found between how often 
children did their homework and having a RE  (P  =  0.17). 
Similarly, no association was found between how many hours 
spent on homework and having a RE [P = 0.75; Table 4].

Using electronic devices
The majority of children in our sample were using electronic 
devices (95.47%). No association was found between using 
electronic devices and RE [P = 0.26; Table 4].

After school activities (outdoor activities)
We found that 69.21% of children were doing outdoor 
activities. Doing outdoor activities was associated with 
RE (P < 0.01). Of those, 72.16% of children who did outdoor 
activities had no RE. 38.14% of children who had RE did not 
do outdoor activities [Table 4].

A logistic regression model was constructed to evaluate the 
predictors of RE. Variables included gender, grade, and outdoor 
activity. Our results suggest that children who did outdoor activities 
had 52% lower odds of having a RE than the ones who did not do 
any outdoor activities adjusting for grade and gender [Table 5].

Discussion

We found that more than half of the children who have RE do 
not have the optical correction they need. We also found that 
outdoor activities were significantly associated with not having 
RE. The prevalence of RE in Saudi Arabia varied widely from 
4.5% to 34.9% as many studies reported in different children’s 
age groups and different geographical regions.[24‑26,28] The 
prevalence reported here is higher than most of the studies 
that were conducted in other regions. The prevalence of RE in 
Jeddah was reported around 10%[26] while in Qassim 18.6%[29] 
and 23% in Abha [Table 6].[25] Other countries reported a lower 
prevalence of RE than in the current study. A study in Qatar 
reported a prevalence of 15.2%, Malaysia reported 17.1%, 
while in Iran the prevalence of RE was 14.9% [Table 7].[30‑32]

On the other hand, the findings presented here are similar to a 
recent study conducted in the western region in Saudi Arabia.[28] 
Uncorrected RE accounted for 34.9%, which is considered 
high. We both relied on an auto‑refractometer, and the VA 
was used to verify the result. Besides, in this study, we used 
dry retinoscopy along with the VA to verify the result of the 
auto‑refractometer. Both studies found that the prevalence of 
RE is high in Saudi Arabia, even though each one of them was 
conducted in a different geographical region. In our study, we 
did not only look into the prevalence of uncorrected RE alone 
as in the western region study. We calculated the prevalence 

of RE to the total subjects’ number. Then, we looked into 
the distribution of having RE and wearing glasses. The 
lowest prevalence reported among a similar cohort was 4.5% 
among patients in King Abdul Aziz Medical City (KAMC) in 
Riyadh.[24] However, the study followed a different protocol 
in screening. They depend on poor VA as referral criteria for 
full ophthalmic examination. This significantly low prevalence 
than other of most studies could be due to their method in 
screening. Depending on poor VA as referral criteria might 
not reflect the true prevalence of RE.

Table 4: Distribution and association between refractive 
error with how often children did their homework, hours 
spent doing homework, using electronic devices, and 
outdoor activities

No RE, 
n (%)

Have RE, 
n (%)

Total, 
n (%)

How often homework is done
Daily 552 (94.36) 231 (96.65) 783 (95.02)
Weekly 33 (5.64) 8 (3.35) 41 (4.98)
Total 585 (100) 239 (100) 824 (100)

Time spent on homework
1 h or less 140 (23.97) 53 (22.46) 193 (23.54)
2‑3 h 252 (43.15) 107 (45.34) 359 (43.78)
4‑5 h 113 (19.35) 40 (16.95) 153 (18.66)
6 h or more 79 (13.53) 36 (15.25) 115 (14.02)
Total 584 (100) 236 (100) 820 (100)

Electronic devices
Not using electronic devices 24 (4.01) 14 (5.81) 38 (4.53)
Using electronic devices 574 (95.99) 227 (94.19) 801 (95.47)
Total 598 (100) 241 (100) 839 (100)

Outdoor activities
Doing an outdoor activity 425 (72.16) 164 (61.86) 571 (69.21)
Not doing outdoor activity 164 (27.84) 90 (38.14) 246 (30.79)
Total 589 (100) 236 (100) 825 (100)

RE=Refractive error

Table 5: Relationship between refractive error with 
gender, age, and outdoor activity
RE OR SE Z P>│Z│ 95% CI
Gender 1.35 0.24 1.89 0.06 0.99‑1.84
Grade 1.06 0.03 1.84 0.07 1.00‑1.13
Outdoor activities 1.53 0.25 2.58 0.01 1.11‑2.11
Cons estimates baseline odds. 0.11 0.04 −6.02 0.00 0.05‑0.23
OR=Odds ratio, SE=Standard error, CI=Confidence interval, 
RE=Refractive error

Table 3: Prevalence of refractive error
RE type Frequency (%) Cumulative frequency
No RE 605 (71.26) 71.26
Myopic 89 (10.48) 81.74
Hyperopic 18 (2.12) 83.86
Astigmatic 72 (8.48) 92.34
Myopic and astigmatic 31 (3.65) 96
Hyperopic and astigmatic 34 (4) 100
Total 849 (100)
RE=Refractive error



Alomair, et al.: The prevalence and predictors of refractive error

276	 Saudi Journal of Ophthalmology  - Volume 34, Issue 4, October-December 2020

The overall prevalence of myopia, hyperopia, and astigmatism 
was 14.13%, 6.12%, and 16.13%, respectively. Worldwide, 
myopia is the most common type of RE, and its prevalence 
varied from 4.9% to 18.2%.[33] In the current study, the 
prevalence of myopia is considered high in comparison to 
other studies in Saudi Arabia. A study conducted in the western 
region reported 0.7%[28] while a Riyadh study 2.5%,[24] and 
Al‑Qassim’s study 5.8%.[29] Astigmatism was the most common 
type of RE in our study. A high prevalence of astigmatism was 
also reported by western region study as 25.3%.[28]

In contrast to these findings, the prevalence of astigmatism was 
reported by other studies 1.7%,[34] 2.5%,[24] and 6.5%.[35] There is 
a variation in the prevalence of astigmatism between studies in 
Saudi Arabia. This variation could be due to the difference between 
screening methods among studies. In addition, the prevalence of 
hyperopia in the present study was also higher than in other 
studies. The western region study reported 1.5%,[28] Riyadh’s 
study 2.1%,[24] and Al‑Qassim’s study, 0.7%.[29] The variations in 
the prevalence of RE and its different types between studies could 
be due to differences in the definition of variables and cutoff points 
of RE, screening method, and environmental influences. Unifying 
the cutoff points of RE and screening methods may lead to a more 
comparable result, which could help in a better understanding of 
environmental influences and its impact.

Many studies have reported that daily habits such as near work 
and outdoor activities are associated with RE. In the current 
study, we have investigated the possible factors that might 
be related to RE in children. Many studies have reported the 
relationship between RE and outdoor activities.[36,37] Outdoor 
activities are considered a prophylactic measure of progression 
of myopia.[36,37] Furthermore, it has been reported that higher 
levels of total time spent outdoors were associated with less 
myopia.[38] Doing outdoor activities was also associated with 
having a more hyperopic refraction.[38‑40] These findings could 
indicate that outdoor activities can lower the risk of developing 
RE, as our study suggest.

Contrary to our hypothesis, near work was not associated 
with RE or myopia. These findings are similar to other studies 
that have investigated the effect of near work activities on 
RE in children.[20‑23] Most studies have focused only on 
the relationship between myopia and near work.[14,15,20‑23,41] 
Meanwhile, in our study, we did not focus only on one type, 
we studied the association between all types of RE and near 
work, and no association was found.

On the other hand, some studies have found that near work 
activities were associated with myopia.[14‑17] They found 
that myopia progression was associated with continuous 
reading (more than 45 min) and reading for pleasure.[41] It has 
been suggested that myopia is associated with the intensity 
of near work rather than the duration.[40] Furthermore, The 
strength of evidence regarding the association between near 
work activities and myopia was classified as level 2.[14] This 
means that the data provided substantial evidence in support 
of the recommendation. However, the evidence was lacking in 
some qualities. Furthermore, the recommendation regarding 
decreasing near work activities was considered Level B, which 
indicates that the recommendation is moderately important. 
Where Level A is critical to the clinical outcome, and Level C 
is relevant but not critical. The effect of near work and outdoor 
activities on RE is still widely studied and not fully understood 
yet. Many theories tried to explain this relationship.[36,38,42‑44] 
Further work is needed in this area to provide more conclusive 
evidence of the presence or lack of this association.

Several limitations need to be acknowledged in our study. 
First, there was no face to face interviewing with parents. Part 
of the data was based on questionnaires sent to the parents of 
children, and we did not interview the children to validate the 
answers. Second, this study is a cross‑sectional study, which 
does not guarantee temporality. Further longitudinal studies 
are warranted to be able to understand this relationship fully. 
Finally, the sample was not population based, which may affect 
the generalizability of the results to the country.

Nevertheless, to our knowledge, this is the first study in 
Saudi Arabia to study the association between RE and 
school children’s daily habits in the Saudi population. 
Moreover, the study followed the RESC protocol, which is 
a recognized international screening protocol. Furthermore, 
it is the first study that investigated the impact of electronic 
devices on RE.

Conclusion

The prevalence of RE is considered relatively higher than 
previously reported. The majority of the children are not 
wearing the optical correction they need. These findings 
reflect the need for an adequate screening program for school 
children. Moreover, to have comparable results, we need a 
unified, standardized protocol for screening for school children 
in Saudi Arabia. Importantly, our study showed that doing 
outdoor activities lowered the chance of having RE. These 
findings might help parents, teachers, and policymakers to 

Table 6: Prevalence of refractive error reported in other 
similar Saudi studies
City Years Sample size Age group Prevalence of RE (%)
Riyadh[24] 2010 1319 4‑8 4.5
Abha[25] 2010 975 6‑12 23
Jeddah[26] 2002 102 Kindergartens 10.7
Medina[28] 2017 2121 3‑10 34.9
Qassim[29] 2013 5176 6‑13 18.6
RE=Refractive error

Table 7: Prevalence of refractive error reported in studies 
in other countries
Country Years Sample 

size
Age group Prevalence 

of RE (%)
Qatar[30] 2010 670 Primary school children 15.2
Malaysia[31] 2005 4634 7‑15 17.1
Iran[32] 2015 1151 6‑15 14.9
RE=Refractive error
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create a more balanced daily routine between near work and 
outdoor activities for children.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Bourne RR, Stevens GA, White RA, Smith JL, Flaxman SR, Price H, 

et  al. Causes of vision loss worldwide, 1990‑2010: A  systematic 
analysis. Lancet Glob Health 2013;1:e339‑49.

2.	 Morgan  IG, Ohno‑Matsui  K, Saw  SM. Myopia. Lancet 
2012;379:1739‑48.

3.	 Rose KA, Morgan IG, Smith W, Mitchell P. High heritability of myopia 
does not preclude rapid changes in prevalence. Clin Exp Ophthalmol 
2002;30:168‑72.

4.	 Lin LL, Shih YF, Hsiao CK, Chen CJ. Prevalence of myopia in Taiwanese 
school children: 1983 to 2000. Ann Acad Med Singap 2004;33:27‑33.

5.	 Saw  SM. A  synopsis of the prevalence rates and environmental risk 
factors for myopia. Clin Exp Optom 2003;86:289‑94.

6.	 McCullough SJ, O’Donoghue L, Saunders KJ. Six year refractive change 
among white children and young adults: Evidence for significant increase 
in myopia among white UK children. PLoS One 2016;11:e0146332.

7.	 Breslin  KM, O’Donoghue  L, Saunders  KJ. A  prospective study of 
spherical refractive error and ocular components among Northern 
Irish schoolchildren  (the NICER study). Invest Ophthalmol Vis Sci 
2013;54:4843‑50.

8.	 Edwards  MH, Li  RW, Lam  CS, Lew  JK, Yu  BS. The Hong Kong 
progressive lens myopia control study: Study design and main findings. 
Invest Ophthalmol Vis Sci 2002;43:2852‑8.

9.	 Gwiazda  J, Hyman  L, Hussein  M, Everett  D, Norton  TT, Kurtz  D, 
et al. A randomized clinical trial of progressive addition lenses versus 
single vision lenses on the progression of myopia in children. Invest 
Ophthalmol Vis Sci 2003;44:1492‑500.

10.	 Guo K, Yang DY, Wang Y, Yang XR, Jing XX, Guo YY, et al. Prevalence 
of myopia in schoolchildren in Ejina: The Gobi desert children eye 
study. Invest Ophthalmol Vis Sci 2015;56:1769‑74.

11.	 Zhao J, Pan X, Sui R, Munoz SR, Sperduto RD, Ellwein LB. Refractive 
error study in children: Results from Shunyi District, China. Am J 
Ophthalmol 2000;129:427‑35.

12.	 Dirani M, Chan YH, Gazzard G, Hornbeak DM, Leo SW, Selvaraj P, 
et al. Prevalence of refractive error in Singaporean Chinese children: 
The strabismus, amblyopia, and refractive error in young Singaporean 
Children (STARS) study. Invest Ophthalmol Vis Sci 2010;51:1348‑55.

13.	 He M, Zeng J, Liu Y, Xu J, Pokharel GP, Ellwein LB. Refractive error 
and visual impairment in urban children in southern China. Invest 
Ophthalmol Vis Sci 2004;45:793‑9.

14.	 Huang  HM, Chang  DS, Wu  PC. The association between near 
work activities and myopia in children  –  A systematic review and 
meta‑analysis. PLoS One 2015;10:e0140419.

15.	 Saw  SM, Chua  WH, Hong  CY, Wu  HM, Chan  WY, Chia  KS, 
et  al. Nearwork in early‑onset myopia. Invest Ophthalmol Vis Sci 
2002;43:332‑9.

16.	 Deng L, Gwiazda J, Thorn F. Children’s refractions and visual activities 
in the school year and summer. Optom Vis Sci 2010;87:406‑13.

17.	 Saw SM, Hong RZ, Zhang MZ, Fu ZF, Ye M, Tan D, et al. Near‑work 
activity and myopia in rural and urban schoolchildren in China. J Pediatr 
Ophthalmol Strabismus 2001;38:149‑55.

18.	 Pärssinen O, Lyyra AL. Myopia and myopic progression among school 
children: A  three‑year follow‑up study. Invest Ophthalmol Vis Sci 
1993;34:2794‑802.

19.	 Hepsen  IF, Evereklioglu  C, Bayramlar  H. The effect of reading 
and near‑work on the development of myopia in emmetropic boys: 
A  prospective, controlled, three‑year follow‑up study. Vision Res 
2001;41:2511‑20.

20.	 Saw SM, Nieto FJ, Katz J, Schein OD, Levy B, Chew SJ. Factors related 

to the progression of myopia in Singaporean children. Optom Vis Sci 
2000;77:549‑54.

21.	 Yi JH, Li RR. Influence of near‑work and outdoor activities on myopia 
progression in school children. Zhongguo Dang Dai Er Ke Za Zhi 
2011;13:32‑5.

22.	 Jones‑Jordan  LA, Sinnott  LT, Cotter  SA, Kleinstein  RN, Manny  RE, 
Mutti DO, et al. Time outdoors, visual activity, and myopia progression 
in juvenile‑onset myopes. Invest Ophthalmol Vis Sci 2012;53:7169‑75.

23.	 Scheiman  M, Zhang  Q, Gwiazda  J, Hyman  L, Harb  E, Weissberg  E, 
et  al. Visual activity and its association with myopia stabilisation. 
Ophthalmic Physiol Opt 2014;34:353‑61.

24.	 Al‑Rowaily  MA. Prevalence of refractive errors among pre‑school 
children at King Abdulaziz Medical City, Riyadh, Saudi Arabia. Saudi J 
Ophthalmol 2010;24:45‑8.

25.	 Abolfotouh  M, Faheem  Y, Badawi  I, Khairallah  S. Prevalence of 
refractive errors and their optical correction among schoolboys in Abha 
City, Asir Region, Saudi Arabia. Saudi J Ophthalmol 2010;24:45‑8.

26.	 Bardisi WM, Bin Sadiq BM. Vision screening of preschool children in 
Jeddah, Saudi Arabia. Saudi Med J 2002;23:445‑9.

27.	 World Health Organization, National Institutes of Health. Assessment of 
the Prevalence of Visual Impairment Attributable to Refractive Error or 
Other Causes in School Children. Geneva, Switzerland: World Health 
Organization; 2007.

28.	 Alrahili  NH, Jadidy  ES, Alahmadi  BS, Abdula’al MF, Jadidy  AS, 
Alhusaini  AA, et  al. Prevalence of uncorrected refractive errors 
among children aged 3‑10 years in western Saudi Arabia. Saudi Med J 
2017;38:804‑10.

29.	 Aldebasi  YH. Prevalence of correctable visual impairment in primary 
school children in Qassim Province, Saudi Arabia. J Optom 2014;7:168‑76.

30.	 Al‑Nuaimi AA, Salama RE, Eljack IE. Study of refractive errors among 
school children in Doha. World Fam M J 2010;8:41‑8.

31.	 Goh PP, Abqariyah Y, Pokharel GP, Ellwein LB. Refractive error and 
visual impairment in school‑age children in Gombak District, Malaysia. 
Ophthalmology 2005;112:678‑85.

32.	 Norouzirad R, Hashemi H, Yekta A, Nirouzad F, Ostadimoghaddam H, 
Yazdani N, et al. The prevalence of refractive errors in 6‑ to 15‑year‑old 
schoolchildren in Dezful, Iran. J Curr Ophthalmol 2015;27:51‑5.

33.	 Hashemi  H, Fotouhi  A, Yekta  A, Pakzad  R, Ostadimoghaddam  H, 
Khabazkhoob  M. Global and regional estimates of prevalence 
of refractive errors: Systematic review and meta‑analysis. J  Curr 
Ophthalmol 2018;30:3‑22.

34.	 Al Wadaani FA, Amin TT, Ali A, Khan AR. Prevalence and pattern of 
refractive errors among primary school children in Al Hassa, Saudi 
Arabia. Glob J Health Sci 2012;5:125‑34.

35.	 Alrowaily MA, Alanizi BM. Prevalence of uncorrected refractive errors 
among adolescents at King Abdul‑Aziz Medical City, Riyadh, Saudi 
Arabia. J Clin Exp Ophthalmol 2010;1:114.

36.	 Foster PJ, Jiang Y. Epidemiology of myopia. Eye (Lond) 2014;28:202‑8.
37.	 Xiang F, He M, Morgan IG. The impact of severity of parental myopia 

on myopia in Chinese children. Optom Vis Sci 2012;89:884‑91.
38.	 Rose KA, Morgan IG, Ip J, Kifley A, Huynh S, Smith W, et al. Outdoor 

activity reduces the prevalence of myopia in children. Ophthalmology 
2008;115:1279‑85.

39.	 Castagno VD, Fassa AG, Carret ML, Vilela MA, Meucci RD. Hyperopia: 
A meta‑analysis of prevalence and a review of associated factors among 
school‑aged children. BMC Ophthalmol 2014;14:163.

40.	 Ip JM, Saw SM, Rose KA, Morgan IG, Kifley A, Wang JJ, et al. Role of 
near work in myopia: findings in a sample of Australian school children. 
Invest Ophthalmol Vis Sci 2008;49:2903‑10.

41.	 Li SM, Li SY, Kang MT, Zhou Y, Liu LR, Li H, et al. Near work related 
parameters and myopia in Chinese children: The Anyang childhood eye 
study. PLoS One 2015;10:e0134514.

42.	 Megaw PL, Boelen MG, Morgan IG, Boelen MK. Diurnal patterns of 
dopamine release in chicken retina. Neurochem Int 2006;48:17‑23.

43.	 Megaw P, Morgan I, Boelen M. Vitreal dihydroxyphenylacetic acid (DOPAC) 
as an index of retinal dopamine release. J Neurochem 2001;76:1636‑44.

44.	 McCarthy  D, Lueras  P, Bhide  PG. Elevated dopamine levels during 
gestation produce region‑specific decreases in neurogenesis and subtle 
deficits in neuronal numbers. Brain Res 2007;1182:11‑25.


