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Abstract:

Introduction:

The aim of this review was to estimate the prevalence of refractive errors (RE) and uncorrected refractive error (URE) in school-aged children of 4
to 14 years of age in Saudi Arabia.

Methods:

An extensive search was performed for peer-reviewed studies with data from the Saudi population during the past 20 years. The Cochrane Library,
Pubmed, and Embase databases were used. Two independent reviewers evaluated publications and extracted the data. The quality of the studies
was evaluated based on a critical appraisal tool designed for systematic reviews. The pooled prevalence of refractive error, uncorrected refractive
error and different types of refractive error were estimated by using the random-effects meta-analysis.

Results and Discussion:

Eight school-based studies were included in this review. Among the overall pooled population of 12,247childern, the estimated prevalence of
refractive error was 17.5% (95% CI: 11.1- 25). In the five studies that reported uncorrected refractive error (N=10,198), the pooled prevalence was
16.8% (95% CI: 11.4 – 21.3). The overall prevalence of refractive errors was very similar among boys, 16.8 (95% CI: 10.8- 24.1), and girls, 17.7%
(95% CI: 10.2 – 25.9). Myopia was the most prevalent refractive error and was present in 40.8% (95% CI: 16.1 – 69.9) followed by astigmatism
29.7% (95% CI: 6.1- 61.7) and hyperopia 28.3% (95% CI: 16.9 – 41.2).

Conclusion:

This review highlights the high prevalence of refractive errors and uncorrected refractive error among children in Saudi Arabia. More studies are
required using standardised methods in different regions where there is a lack of information on UREs. It is recommended that vision screening
programs of children for RE should be implemented at the community level and integrated into school health programmes in order to detect UREs
and prevent amblyopia, which is one of the debilitating consequences of URE.
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1. INTRODUCTION

Refractive Error (RE) is a major public health problem that
affects a large proportion of children [1 - 3]. The World Health
Organization (WHO) identified uncorrected RE (URE) as the
leading cause of  vision impairment globally [1].  Recent  data
estimate that about 90% of people with URE are living in rural
and low-income countries [4]. However, other reports sugge-
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sted that URE could still affect a large number of children in
some  high-income  countries,  despite  the  availability,
affordability  and  accessibility  to  eye  care  services  [5  -  7].

Studies have found that both hereditary and environmental
factors play essential roles in the development and progression
of  RE  [8,  9].  Because  early  visual  defects  are  usually
asymptomatic,  uncorrected  RE  can  negatively  affect  the
learning capability of schoolchildren as well as their social and
mental development [3, 10].  Furthermore, because the visual
system in children is still  developing, impaired vision due to
URE  could  affect  the  normal  visual  development  and  may
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result  in  amblyopia  –  a  potentially  irreversible  visual
impairment. Vision screening is recommended for pre-school
children  for  early  detection  and  treatment  URE  to  ensure
normal social and mental development and prevent amblyopia.

In  2016,  more  than  6.1  million  (30%)  of  the  Saudi
population were estimated to be below the age of 14 years [11].
However,  a  limited  number  of  studies  have  investigated  the
prevalence  of  RE and URE in  children  in  Saudi  Arabia,  and
their results have been variable [6, 12 - 19]. For example, the
RE can affect from 4.5% to up to 35.4% of children, while 4.3
to  34.9%  has  been  assumed  to  be  uncorrected  [6,  12  -  18].
which highlights the need to estimate the prevalence of RE and
URE  in  this  very  young  population.  Ideally,  national
population-based  studies  are  required  to  investigate  the
prevalence and risk factors of RE and URE in different regions
of  the  country.  Until  then,  a  meta-analysis  can  be  useful  for
estimating  the  pooled  prevalence  of  RE  and  URE  among
children  in  Saudi  Arabia.  The  data  from  such  meta-analysis
could provide needed data for planning of eye care programs
for  children  in  the  country.  Therefore,  the  main  aim  of  this
review is to estimate the prevalence of refractive errors among
school-aged children of 4 to 14 years of age in Saudi Arabia.

2. METHODS

This systematic review followed the 2009 guidelines of the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses  (PRISMA).  Major  databases  were  searched,
including  Cochrane  Library,  Pubmed,  OVIS  and  EMbase
databases. An extensive search strategy was used in this review
which  includes:  (1)  terms  related  to  epidemiology  by  using
words such as prevalence, epidemiology, incidence, rates and
proportions,  (2)  terms  related  to  conditions  which  included
refractive error, myopia, hyperopia, astigmatism, and (3) terms
related to population which included keyword search using the
word Saudi or Saudi Arabia.

The  methodological  quality  of  the  eligible  studies  was

assessed using the 10- item checklist developed by Munn et al.
[20]  for  prevalence  studies.  The  following  details  were
extracted  from  each  study:  study  design,  study  population,
refraction methods, location, number of subjects with refractive
error, uncorrected refractive error, and number of children with
different types of refractive error.

In this review, data from Saudi Arabia published between 1
January  2000  and  1  October  2020  were  included.  Other
inclusion criteria were any quantitative study that reported the
prevalence  of  any  refractive  errors  from a  Saudi  population.
Then,  only  data  related  to  children  between  4  and  14  years
were then selected. Two independent reviewers performed the
following review process: (A) searching and selecting studies;
(B)  critical  review  and  methodological  assessment  of  the
studies;[REMOVED HYPERLINK FIELD] (C) Extraction of
relevant data; and the author then performed statistical analysis
and interpretation.

2.1. Statistical Analysis

MedCalc  Statistical  Software  version  16.4.3  (MedCalc)
was used to calculate the pooled estimate of refractive errors
and uncorrected refractive errors in children. MedCalc uses the
Freeman–Tukey double arcsine transformation with a random-
effects model. Additionally, the pooled prevalence of refractive
errors by gender and types among children and for gender and
types  were  performed.  Chi-square-based  Q  test  was  used  to
assess the heterogeneity of reported prevalence among studies,
while publication bias was assessed through funnel plots.

3. RESULTS

In this review, out of the 182 studies that investigated the
ocular  health  in  Saudi  Arabia  that  were  retrieved  using  the
search  criteria,  only  eight  studies  were  found  to  fit  the
inclusion criteria i.e.  included children younger than14 years
and  conducted  after  the  year  2000.  The  review  strategy  is
summarized in Fig. (1), and the characteristics of all included
studies are summarized in Table 1.

Table 1. Characteristics of studies included in this review.

Study and
Year of

Publication

Year of
Data

Collection
Design N

Age
(mean
± SD)

Location
(region)

Refractive
Error

Definition
Cycloplegic

RE n
Uncorrected

RE (N)

RE Types n(%)
Total
RE M F Myopia Hyperope Astigmatism

Al-Rowaily.
2010

March to
Oct 2008

Cross-sectional School-
based

1319

*Age
range
4-8

years

Riyadh
Central

Myopia:
≤−0.50 SE

(D)
hyperopia:

≥2.0 SE (D)

No (Non-
cycloplegic
retinoscopy)

60 24 36 - 25 23 33

Aldebasi.
2013

Sep 2010 -
May 2011 Population school-based 5176 9.5 ±

1.8
Qassim
Central

Myopia:
≤−0.50 SE

(D)
hyperopia:

≥2.0 SE (D)
Astigmatism:

<-0.75 Dc

Yes 963 400 446 846 580 177 89

Al Wadaani
et al. 2011 2011 Cross-sectional 2246 9.4

±2.3y
Alehssa
(Eastern)

Myopia:
≤−0.75 SE

(D)
hyperopia:

≥2.0 SE (D)
Astigmatism:

<-1.0 Dc

Yes 274 113 161 253 214 60 -
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Study and
Year of

Publication

Year of
Data

Collection
Design N

Age
(mean
± SD)

Location
(region)

Refractive
Error

Definition
Cycloplegic

RE n
Uncorrected

RE (N)

RE Types n(%)
Total
RE M F Myopia Hyperope Astigmatism

Alrahili et
al. 2017

April to
August
2015

Retrospective School-based 1893 9.4
±2.3

Madina
(Eastern)

AAPOS
guidelines

[13]

No (auto
refractometer) 681 332 329 661 26 29 467

Alsaqr et al.
2017

Jan- July
2015

Cross-sectional School-
based 335 4.5 ±

0.8
Riyadh
Central

Myopia:
≤−0.50 SE

(D)hyperopia:
≥2.0 SE (D)

Astigmatism:
<-1.0 Dc

No (Non-
cycloplegic
retinoscopy)

42 24 17 87 14 27 -

Al Bahhawi
et al. 2018 Oct-15 School-basedCross-sectional 395

*Age
range
6-14
years

Jazan
(South)

Myopia:
≤−0.75 SE

(D)
hyperopia:

≥1.0 SE (D)

No (Non-
cycloplegic
retinoscopy)

87 87 - 39 34 3

Yaser Z,
2019

January to
July 2016

School-based Cross-
sectional 414

7.1
±0.8
and
4.1

±0.8

Riyadh
Central

Myopia:
≤−0.50SE (D)

hyperopia:
≥1.0 SE (D)

Astigmatism:
<-2.0 Ds

No (spot
screener) 94 31 64 77 46 13 39

Alghamdi,
2020

Nov 2019
to Jan
2020

School-based Cross-
sectional 417 9.2 ±

1.9

Uyoun
Aljawa
Central

Myopia:
≤−0.50 SE

(D)
hyperopia:

≥2.0 SE (D)
Astigmatism:

<-1.0 Dc

No (Non-
cycloplegic
retinoscopy

82 82 79 32 38 13

Fig. (1). Summary of review strategy - PRISMA Flow Diagram.
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All these studies were carried out by either optometrists or
ophthalmologists  and  conducted  between  the  year  2008  and
2019  in  different  regions  of  Saudi  Arabia.  The  design  of  all
included studies were cross-sectional, school-based studies but
with  significant  differences  in  sample  size,  age  group,
refraction method used and the definition of refractive errors.
The  definition  of  uncorrected  refractive  error  was  similar
across  all  studies  reported  it.  The  results  of  the  quality
assessment  are  summarized  in  Table  2.  Significant  high
heterogeneity  was  found  between  the  included  studies
reporting  the  prevalence  of  all  refractive  errors  in  children
(Cochran’s  Q-test,  p < 0.001;  I2  = 98  percent).  Although  no
evidence  of  publication  bias  was  detected  among the  studies
included in  this  review (Fig.  2),  the  small  number  of  studies

included in this meta-analysis (n = 8) significantly undermines
the reliability of the publication bias evaluation.

Among the overall pooled population of 12,247 children,
the estimated prevalence of refractive error was 17.5% (95%
CI:  11.1-  25).  In  the  five  studies  that  reported  the  URE
(N=10198), the pooled prevalence was 16.8% (95% CI: 11.4 –
21.3).  The overall  prevalence of refractive error in boys (N=
6114)  and  girls  (N=5563)  were  16.8% (95% CI:  10.8-  24.1)
and 17.7% (95% CI: 10.2 – 25.9), respectively. There was no
significance difference in the prevalence of RE between boys
and  girls  (p  =  0.1984).  Myopia  was  the  most  prevalent
refractive  error  40.8%  (95%  CI:  16.1  –  69.9)  followed  by
astigmatism 29.7% (95% CI:  6.1-  61.7 and hyperopia 28.3%
(95% CI: 16.9 – 41.2) (Fig. 2).

Fig. (2). Funnel plot showing the test for publication bias of prevalence of refractive error.

Table 2. Quality evaluation of the included study.

Author

Sample
representation

of the target
population?

Appropriateness
of participants

recruitment

Sample
size

adequacy

Details of
study

subjects
and setting
description

Data
analysis

with
sufficient
coverage

of the
identified
sample?

Objective,
standard

criteria used
for

measurement
of the

condition?

Condition
measured
reliably?

Appropriate
statistical
analysis?

All-important
confounding

factors/
subgroups/
differences

identified and
accounted

for?

Were
Subpopulations

Identified
using Objective

Criteria?
Al-Rowaily,

2010 X √ U √ √ √ √ √ X √



Prevalence of Refractive Errors in Children The Open Ophthalmology Journal, 2021, Volume 15   93

Author

Sample
representation

of the target
population?

Appropriateness
of participants

recruitment

Sample
size

adequacy

Details of
study

subjects
and setting
description

Data
analysis

with
sufficient
coverage

of the
identified
sample?

Objective,
standard

criteria used
for

measurement
of the

condition?

Condition
measured
reliably?

Appropriate
statistical
analysis?

All-important
confounding

factors/
subgroups/
differences

identified and
accounted

for?

Were
Subpopulations

Identified
using Objective

Criteria?
Aldebasi.

2013 √ √ √ √ √ √ √ √ √ √
Al Wadaani
et al. 2011 √ √ √ √ √ √ √ √ √ √
Alrahili et
al. 2017 √ N/A √ √ √ U U √ √ √

Alsaqr et al.
2017 √ √ U √ √ √ U √ √ √

AlBahhawi
et al. 2018 U U U √ √ √ U √ √ √
Yaser Z,

2019 U √ U √ √ U √ √ √ √
Alghamdi,

2020 √ √ √ √ √ √ √ √ √ √

Table 3. Results of subgroup meta-analyses on the prevalence of refractive errors.

Parameters Overall Prevalence
Refractive error 17.5% (95% CI: 11.1- 25).

Uncorrected Refractive error 16.8% (95% CI: 11.4 – 21.3)
Refractive error by Gender -

Male 16.9% (%CI: 10.8- 24.1)
Female 17.7% (95% CI: 10.2 – 25.9)

Refractive error by type -
Myopia 41.8% (95% CI: 16.1 – 69.9)

Hyperopia 28.3% (95% CI: 16.9 – 41.2)
Astigmatism 29.7% (95% CI: 6.1- 61.7)

4. DISCUSSION

This  is  the  first  systematic  review  on  the  prevalence  of
refractive errors among children in Saudi Arabia.  This meta-
analysis indicated a high burden of refractive errors in Saudi
children  affecting  nearly  1  in  every  5  children,  and  both
females  and  males  appear  to  be  equally  affected  (Table  3).
Despite  the  free  and  accessible  eye  care  services  in  Saudi
Arabia,  the  overall  prevalence  of  URE  is  16.8%,  which  is
considerably high when compared to  other  countries  such as
India [21] (10.8%) or Chile [7] (4%). These results highlight
the  high  demand  for  a  new  national  prevention  strategy  to
reduce  the  numbers  of  uncorrected  RE  in  the  country
effectively.

In addition, the overall prevalence of RE types reveals that
myopia  is  the  most  common refractive  error  (41.8%)  among
Saudi  children,  followed by astigmatism and hyperopia.  It  is
unclear if this high percentage of myopia can be linked to the
current  global  myopia  epidemic,  as  no  historical  data  are
available  to  which  these  results  can  be  compared.  However,
two recent studies [22, 23] indicated only about 25% of adult
with RE were myopes, that is 12% less than what is reported in
children  in  this  review.  This  might  suggest  that  myopia
prevalence  is  on  the  rise  among  the  younger  generation  in
Saudi  Arabia.  Future  studies  are  needed  to  confirm  the

prevalence, risk factors and pathogenesis of myopia and high
myopia in the Saudi population.

There might be several reasons behind the high prevalence
of  uncorrected  RE  and  other  visual  disorders  among
schoolchildren in Saudi Arabia. First and most important is the
lack  of  efficient  national  vision  screening  programs  for
children in Saudi Arabia. While the vision examination is part
of  pre-school  requirements,  this  role  seems not  to  be  strictly
implemented,  as  the  majority  of  children  commence  their
schools  without  being  examined  by  optometrists  or
ophthalmologists [24]. Secondly, several reports revealed that
the  general  public  in  Saudi  Arabia  showed  low  levels  of
awareness and knowledge of the RE and other visual problems
[25,  26].  Also,  another  study [27]  found that  the compliance
rate  of  spectacle  wear  in  primary  school  children  was  only
33.4%. Therefore, vision screening of children for RE should
be conducted at the community level and integrated into school
health  programmes,  accompanied  by  public  awareness
campaigns  to  guarantee  that  the  corrections  are  used,  and
cultural  barriers  to  compliance  are  addressed.

There  are  also  other  critical  ocular  findings  from  the
included  studies,  which  probably  can  be  linked  to  the  high
numbers of  UREs and the lack of vision screening programs
for children in Saudi Arabia. For example, Aldebasi et al. [28]

(Table 2) contd.....
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found  that  3.9%  of  the  primary  school  students  in  Qassim
region had amblyopia while  Alsaqr et  al.  [14]  found 14% of
preschoolers  in Riyadh were at  risk of  amblyopia.  Alghamdi
[18]  found  heterophoria  in  12.5%  of  the  primary  school
students in Uyoun Aljwa, a small central town of Saudi Arabia.
Anisometropia was also reported to affect 3.7% to 7% of the
children and as a primary risk factor of unilateral amblyopia in
Saudi children [13, 15]. Furthermore, Alwadaani et al. [13] and
Bahhawi  et  al.  [16]  found  that  children  in  rural  areas  were
significantly  more  affected  with  RE  than  children  in  urban
areas. It is noteworthy that no data were available from large
and  highly  populated  regions  in  Saudi  Arabia,  including
Mekka, Assir, and Northern provinces in which each province
have significant differences in demographic and socioeconomic
conditions.  Region-specific  population-based  studies  are
necessary to accurately characterize the epidemiology of ocular
and  vision  abnormalities  and  to  better  understand  the  risk
factors  of  RE  and  its  relation  to  the  quality  of  life.

The main limitation of this review was the limited number
of  published  studies  on  the  subject  matter  in  Saudi  Arabia,
indicating limited data for adequate planning of refractive error
services for school children. It is important to note there were
only two studies [6, 13] met all the criteria suggested by Munn
et  al.  (Table 2)  and both of these studies were the only ones
that used cycloplegic refraction, which is necessary to confirm
the  refractive  error  type  for  this  age  group.  Also,  there  were
clear differences in RE definitions, sample size, and only five
studies reported the URE numbers while two studies included
only  male  students.  Nevertheless,  all  the  studies  showed
adequate  sample  size  calculation,  proper  statistical  analysis,
and  their  results  interpretation  seem  appropriate.  Thus,  the
outcomes of this meta-analysis are deemed appropriate and it is
an important first step in understanding the magnitudes of RE
and URE in Saudi Arabia.

CONCLUSION

In  conclusion,  this  review  highlights  the  high  burden  of
refractive  errors  and  uncorrected  refractive  errors  among
children  in  Saudi  Arabia.  More  studies  are  required  using
standardized methods in different regions where there is a lack
of  information  on  UREs.  Vision  Screening  programs  of
children for RE should be conducted at  the community level
and integrated into school health programmes.
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