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Abstract

Purpose: To provide contemporary and future estimates of childhood myopia 

prevalence in Africa.

Methods: A systematic online literature search was conducted for articles on child-

hood (≤18 years) myopia (spherical equivalent [SE] ≤ −0.50D; high myopia: SE ≤ −6.00D) 

in Africa. Population- or school-based cross-sectional studies published from 1 Jan 

2000 to 30 May 2021 were included. Meta-analysis using Freeman–Tukey double arc-

sine transformation was performed to estimate the prevalence of childhood myopia 

and high myopia. Myopia prevalence from subgroup analyses for age groups and set-

tings were used as baseline for generating a prediction model using linear regression.

Results: Forty-two studies from 19 (of 54) African countries were included in the 

meta-analysis (N = 737,859). Overall prevalence of childhood myopia and high my-

opia were 4.7% (95% CI: 3.3%–6.5%) and 0.6% (95% CI: 0.2%–1.1%), respectively. 

Estimated prevalence across the African regions was highest in the North (6.8% 

[95% CI: 4.0%–10.2%]), followed by Southern (6.3% [95% CI: 3.9%–9.1%]), East (4.7% 

[95% CI: 3.1%–6.7%]) and West (3.5% [95% CI: 1.9%–6.3%]) Africa. Prevalence from 

2011 to 2021 was approximately double that from 2000 to 2010 for all studies 

combined, and between 1.5 and 2.5 times higher for ages 5–11 and 12–18 years, 

for boys and girls and for urban and rural settings, separately. Childhood myopia 

prevalence is projected to increase in urban settings and older children to 11.1% 

and 10.8% by 2030, 14.4% and 14.1% by 2040 and 17.7% and 17.4% by 2050, respec-

tively; marginally higher than projected in the overall population (16.4% by 2050).

Conclusions: Childhood myopia prevalence has approximately doubled since 

2010, with a further threefold increase predicted by 2050. Given this trajectory and 

the specific public health challenges in Africa, it is imperative to implement basic 

myopia prevention programmes, enhance spectacle coverage and ophthalmic 

services and generate more data to understand the changing myopia epidemiol-

ogy to mitigate the expanding risk of the African population.
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INTRO DUC TIO N

Myopia is a major contributor to vision impairment glob-
ally and is characterised primarily by poor uncorrected dis-
tance vision.1 Although symptoms can easily be corrected 
with spectacles, contact lenses and laser refractive surgery, 
the availability of correction varies between countries. 
Thus, uncorrected refractive errors remain the commonest 
cause of vision impairment globally.1 Myopia is also associ-
ated with an increased risk of ocular complications that can 
result in permanent vision loss, such as cataract, glaucoma, 
retinal detachment and myopic maculopathy (which re-
mains without an effective treatment).2–5 Myopia is a grow-
ing public health problem due to its association with these 
severe sight-threatening conditions.

Globally, myopia is expected to affect half of the world's 
population by the year 2050, unless current trends can be 
reversed.6 There is a myopia epidemic in urban parts of East 
and Southeast Asia, with prevalence estimates reported 
to be as high as 96.5% in 19-year-old male conscripts 
in South Korea.7–9 Myopia has also increased steadily in 
Western countries in recent decades, with the prevalence 
of myopia reported to have doubled in the United States 
and estimated to affect 50% of young persons in parts of 
Europe.6,10,11,12 Considering the increase in the develop-
ment, urbanisation and environmental/lifestyle changes in 
Africa, with a projected two-thirds of the African popula-
tion (an additional 950 million people) expected to live in 
cities by the year 2050,13,14 it is likely that the prevalence 
of myopia is also increasing in Africa. Other factors such 
as the recent increase in access to education15,16 may also 
influence the risk of myopia development among African 
school children. Given that nearly 50% of the African pop-
ulation are under 18 years of age, with a projected 1 billion 
African child population by 2055,17 an increase in myopia 
prevalence in this age group may portend a devastating 
cohort effect in future generations.

Generally, the prevalence of myopia in Africa is consid-
ered to be relatively low; however, estimates as high as 40% 
have been reported in some populations.18–20 Previous 
systematic reviews, meta-analyses and future projections 
on myopia prevalence have been conducted for Asian 
and Western countries,21,22 with very limited pooled esti-
mates on myopia in Africa. Existing meta-analyses suggest 
that the prevalence of childhood myopia in Africa is rela-
tively low, ranging from 4.7% to 6.2%.23–25 However, these 
meta-analyses are based on a limited number of studies, 
with as few as six to eight included studies in some reviews 
(compared with China for example, where a recent meta-
analysis included more than 40 studies).21 In addition, no 
effort has been made previously to analyse pooled esti-
mates for the different African subregions and for high 
myopia, or to analyse recent time trends or provide future 
projections on childhood myopia prevalence in Africa.

Although myopia prevalence is comparatively lower 
in Africa, it is important to note that it potentially has 
a greater short-term impact on individuals due to the 

problem of inadequate spectacle coverage (some com-
munities have recorded spectacle coverage as low as 0 
to 22%), and restricted access to eye care for those who 
may become myopic or develop ocular health compli-
cations.26–29 These inequalities explain why uncorrected 
refractive error (primarily myopia) is the leading cause of 
vision impairment worldwide and second leading cause of 
blindness.1 Consequently, there is a strong public health 
need to provide an analysis of the regional variations, 
changing trends and future prevalence estimates to inform 
future policy decisions on myopia in Africa. Therefore, the 
aim of this systematic review and meta-analysis was to ap-
praise the currently available literature pertaining to myo-
pia prevalence in Africa and to provide contemporary and 
future estimates of myopia prevalence in children across 
the different African countries and Global Burden of dis-
ease (GBD) African regions.

M ETHO DS

This systematic review and meta-analysis were reported 
following the preferred reporting items for systematic re-
views and meta-analyses (PRISMA) and meta-analyses of 
observational studies in epidemiology (MOOSE) guide-
lines for reporting (Table S1). The meta-analysis follows the 
methodology described by Rudnicka and Owen.30 The re-
view was previously registered on PROSPERO (University of 
York, https://www.crd.york.ac.uk/prosp​ero/) (ID: CRD4​202​
0200655).

Literature search strategy

The following online databases were searched between 
15 May 2021 and 30 May 2021 for the literature on myopia 
prevalence in Africa: Medline via PubMed, Google Scholar, 
Cochrane Library, Africa Journals Online and Scopus. 

Key points

•	 For a long time, Africa has been left out of the 
global myopia conversation due to the compar-
atively low prevalence of this refractive error on 
the continent.

•	 Since 2010, childhood myopia has approximately 
doubled in the overall population and across dif-
ferent age groups, sex and study settings, and is 
projected to increase again threefold by the year 
2050.

•	 The trend of increasing childhood myopia prev-
alence poses a significant public health threat to 
the continent, considering the challenges of lack 
of access to ophthalmic services and poor spec-
tacle coverage.

https://www.crd.york.ac.uk/prospero/
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Searches were restricted to studies published from 2000 
onwards to reflect myopia prevalence in the 21st century. 
All unpublished studies were excluded from the review. No 
language restriction was applied to the search—studies in 
languages other than English were translated to English 
using Google Translate (google.com). The PICO (patient/
population, intervention, comparison and outcomes) 
framework of the study was Population (children in Africa), 
Intervention (none), Comparison (none) and Outcome 
(prevalence of myopia and high myopia). This PICO was 
used to define the search strategy. Literature search terms 
were first generated in PubMed using the combination of 
search words or terms provided in Table  1 and then ap-
plied in other databases (Appendix 1). An ancestry litera-
ture search was also performed by perusing the references 
of eligible articles for any relevant article not captured on 
the initial database search. Two reviewers independently 
performed the primary and ancestry literature searches. 
Disagreements between the two reviewers were resolved 
by consensus involving a third reviewer.

Inclusion and exclusion criteria

Inclusion criteria for the systematic review and meta-
analysis were (1) population- or school-based cross-
sectional or longitudinal studies published from 1 Jan 
2000 to 30 May 2021, inclusive. For longitudinal studies, 
information on myopia at the most recent follow-up was 
used; (2) studies with participants 18 years and younger; 
studies including participants older than 18 years were in-
cluded if they provided age stratifications such that infor-
mation for the age group of interest could be extracted; 
(3) studies that provided a clear definition of myopia (i.e., 
spherical equivalent ≤−0.50 D or visual acuity [VA] worse 
than 6/9.5 that can be corrected with minus lenses). Studies 
with VA cut-offs were included because an uncorrected 

VA of 6/9.5 which can be corrected with minus lenses has 
been shown to be reliable (sensitivity and specificity of 
97.8% and 97.1%, respectively) in detecting myopia in chil-
dren;31 (4) studies that reported the prevalence of myopia 
and/or high myopia or provided information with which 
the prevalence could be calculated (i.e., proportion of the 
number of participants with myopia and/or high myopia 
and total number of participants in the study) and (5) stud-
ies that used a valid method for measuring refractive error 
(i.e., autorefraction, retinoscopy and subjective refraction) 
were allowed. Exclusion criteria were (1) clinic- or hospital-
based studies; (2) unpublished studies; (3) studies specific 
to participants with ocular conditions such as amblyopia, 
strabismus, corneal abnormalities, glaucoma and other 
clinical diseases such as autism, cerebral palsy and dyslexia 
and (4) studies in isolated populations such as schools for 
the deaf/blind.

Study screening and appraisal

Studies were initially screened using their titles and abstracts. 
All potentially relevant full-text articles were then assessed 
to ensure they satisfied the inclusion criteria. Two reviewers 
performed screening and eligibility assessment of articles; 
disagreements about article eligibility were resolved by dis-
cussions with a third reviewer. Information extracted from 
eligible articles included name of authors, article publica-
tion year, study location/country, period of study, study de-
sign, sample size, participants' mean age or range, method 
of diagnosis, myopia definition used, overall prevalence of 
myopia and age- and gender-specific prevalence of myopia. 
The quality of studies was assessed using the Joanna Briggs 
Institute Critical Appraisal Checklist for Prevalence Studies 
(JBI-CACPS)32 (Appendix 2). Studies that used cycloplegia to 
measure myopia were considered as using standard, reliable 
methods based on the JBI-CACPS tool. Two reviewers also 
performed study quality assessment; disagreements were 
resolved by discussions with a third reviewer.

Data analysis

Statistical analysis was performed with R version 4.1.2 (The 
R Project for Statistical Computing, r-proje​ct.org, 2021) and 
OpenMeta (analyst) (Brown University, http://www.cebm.
brown.edu/openm​eta/), an open source software for 
meta-analysis.33 Individual study proportions and pooled 
estimates were assessed and reported with a 95% confi-
dence interval. The Freeman–Tukey double arcsine trans-
formation was applied to study proportions to minimise 
the effects of studies with extremely high or low preva-
lence estimates on the overall pooled estimates.34 Degree 
of inconsistency (I2) and Cochran Q statistics were used 
to assess heterogeneity between studies. The Cochran 
Q statistic is based on the chi-square distribution. The I2 
statistic was chosen because it provides an estimate of 

T A B L E  1   Search strategy for PubMed

1 Prevalence [Text Word] OR Prevalence [MeSH Terms]

2 Epidemiology [Text Word] OR Epidemiology [MeSH 
Terms]

3 Incidence [Text Word] OR Incidence [MeSH Terms]

4 Myopia [Text Word] OR Myopia [MeSH Terms]

5 Nearsightedness [Text Word] OR Nearsightedness 
[MeSH Terms]

6 Shortsightedness [Text Word] OR Shortsightedness 
[MeSH Terms]

7 Refractive error [Text Word] OR Refractive error 
[MeSH Terms]

8 Children [Text Word] OR Children [MeSH Terms]

9 Paediatric [Text Word] OR Paediatric [MeSH Terms]

10 Africa [Text Word] OR Africa [MeSH Terms]

11 Name of each African country [Text Word] OR Name 
of each African country

http://google.com
http://r-project.org
http://www.cebm.brown.edu/openmeta/
http://www.cebm.brown.edu/openmeta/
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the percentage of heterogeneity across studies, not due 
to chance. Heterogeneity was considered meaningful 
when I2 > 50%, based on the recommendation by Higgins 
et al.35,36 The random effect model was used to analyse 
pooled estimates due to expected heterogeneity between 
studies. Univariable meta-regression analysis was per-
formed to investigate variables such as sex, age, study set-
ting, region of study and period of publication as possible 
sources of heterogeneity across studies. In addition, a mul-
tiple meta-regression model including sex, age, study set-
ting and region as co-variates was used to investigate the 
effect of publication year on myopia prevalence. Study re-
gions were defined using the GBD regions;1 however, only 
studies from North Africa were included from the North 
Africa and Middle East region. The leave-one-out analysis 
was performed to assess potential outliers and robustness 
of the pooled effects. Leave-one-out analysis provides 
an untransformed prevalence estimate and evaluates 
the effect each study has on the overall estimate by 
performing a series of meta-analyses, and each analy-
sis performed without one study. This was conducted 
to show how each individual study affected the overall 
estimate.36 Publication bias was evaluated using funnel 
plot, Egger's and Peter's test. In studies that presented 
myopia prevalence using both autorefraction and reti-
noscopy as diagnostic tests, and for unilateral and bi-
lateral myopia separately, only data from autorefraction 
and unilateral myopia prevalence were extracted for the 
analysis. Due to the high variability in the age group-
ings used by the individual studies, categorising studies 
included in the review and meta-analysis into smaller 
age groups was not possible; hence, ages were grouped 
broadly into two categories: 5–11 years (younger chil-
dren) and 12–18 years (older children). Data on rural 
and urban settings were extracted from studies that 
provided information for both rural and urban settings; 
however, for studies that did not provide information 
on rural and urban areas, the setting where the study 
was conducted was used. For analysis of year-specific 
prevalence, studies were classified into the following 
groups based on the year of publication: 2000–2005, 
2006–2010, 2011–2015 and 2016–2021. Although data 
collection/study period reflects better on the preva-
lence within a given year, a sizable number of studies 
(18 studies) did not provide information on study pe-
riod, so publication year was used as a proxy to repre-
sent the study period. The publication years were then 
stratified to reflect the prevalence of childhood myopia 
within the last two decades (2000–2010 and 2011–2021).

Using SPSS (IBM-SPSS, ibm.com) and GraphPad Prism 
Version 8.4.3 (GraphPad, graph​pad.com), regression anal-
yses were conducted to generate prediction models for 
myopia prevalence in the overall population, in 5–11 years 
and 12–18 years age groups, and in urban and rural settings 
over the next three decades. The myopia prevalence val-
ues obtained from the subgroup analyses based on year of 
publication for these subgroups were used as baseline for 

generating the prediction model. Given the lack of data in 
some years and the use of publication year as a proxy mea-
sure of study period, studies were grouped into 5-year bins 
by year of publication, and the mid-points for the various 
year groups (i.e., 2003 for year group 2000–2005; 2008 for 
2006–2010; 2013 for 2011–2015; 2018 for 2016–2020) were 
used as an independent variable in the regression analysis. 
Linear regression models were generated, and a decision 
of the best prediction model was made based on the coef-
ficient of determination (R2), sum of squared residuals (SSR) 
and statistical significance of F-test as described in the 
study by Priscilla and Verkicharla.37 For all statistical analy-
ses, significance was set at p < 0.05.

R ESULTS

Figure 1 shows the PRISMA flowchart detailing the steps in 
identifying articles included in this systematic review and 
meta-analysis. There were 3715 articles identified in the 
initial literature search, and 42 studies were included in the 
systematic review and meta-analysis.

A summary of the characteristics of studies included 
in the systematic review is presented in Table  S2. Briefly, 
seven studies were conducted in Ghana,38–44 six in 
Ethiopia,45–50 five in Nigeria,51–55 four in South Africa,56–59 
three from Egypt,20,60,61 two each in Kenya,62,63 Burkina 
Faso64,65 and Sudan,66,67 and one each in Rwanda,68 
Tunisia,69 Libya,70 Somalia,71 Tanzania,72 Togo,73 Equatorial 
Guinea,74 Morocco,75 Uganda,76 Malawi77 and Benin78 
(Figure 2). Forty of the studies were school-based, and two 
were population-based. All included studies were cross-
sectional. The pooled sample size from all studies was 
737,859. Overall, most studies had good-quality ratings ac-
cording to our assessment based on the JBI-CACPS, with 
all studies scoring ‘Yes’ in at least five of the nine check-
lists. Importantly, all studies scored ‘Yes’ to the questions: 
‘Were valid methods used for the identification of the con-
dition?’; ‘Was the sample frame appropriate to address the 
target population?’; and ‘Was the sample size adequate?’; 
with 83% of the studies scoring a ‘Yes’ to the question 
‘Were study participants sampled in an appropriate way?’. 
A summary of the assessment of study quality is provided 
in Appendix 2.

The prevalence of childhood myopia in Africa was 
pooled from all 42 studies and was estimated to be 4.7% 
(95% CI: 3.3%–6.5%). There was high heterogeneity be-
tween studies (I2 = 98.6%; Q = 2942.2 [df = 41], p < 0.001). 
The prevalence of high myopia (spherical equivalent  
≤ −6.00D) was pooled from nine studies and was estimated 
to be 0.6% (95% CI: 0.2%–1.1%; I2 = 89.6%; Q = 77.0 [df = 8], 
p < 0.001). Individual study prevalence ranged from 0.4% to 
36.9% and 0.1% to 2.3% for myopia and high myopia, re-
spectively. Forest plots for myopia and high myopia prev-
alence are presented in Figure  3. The study by Rushood 
et al.66 (with a sample size of 671,119—approximately 91% 
of the total sample size) had the strongest impact on the 

http://ibm.com
http://graphpad.com


      |  5KOBIA-ACQUAH et al.

pooled estimate. Sensitivity analysis of the untransformed 
proportions revealed that the study by Rushood and col-
leagues had the most impact on the estimate of childhood 
myopia in Africa. When the Rushood et al.66 study was ex-
cluded from the analysis, the overall untransformed prev-
alence of childhood myopia increased from 4.0% to 4.9% 
(Figure 4). However, when the Freeman–Tukey double arc-
sine transformation was applied to study proportion be-
fore conducting meta-analysis, the impact of the study by 
Rushood et al. was minimal—estimate of childhood myo-
pia in Africa, with and without the study by Rushood et al., 
was 4.7% and 4.9%, respectively. More than twice as many 
studies were published from 2011 to 2021 compared with 
2000–2010. As illustrated in Figure 5, there was asymmetry 

in the funnel plot [Egger's test (p < 0.001) and Peter's test 
(p < 0.001)]; however, the risk of potential publication bias is 
deemed to be low for meta-analysis of prevalence studies 
with low proportions like our study.79

The prevalence of childhood myopia in boys and girls 
were each pooled from 29 studies. Girls had similar prev-
alence rates [5.0% (95% CI: 3.2%–7.2)] to boys [4.9% (95% 
CI: 3.1%–7.1%)]. The prevalence of myopia in children aged 
5–11 years and 12–18 years old was pooled from 17 and 23 
studies, respectively; the pooled estimate was 4.6% (95% 
CI: 2.0%–8.1%) in children aged 5–11 years and 5.8% (95% 
CI: 4.0%–7.8%) in children aged 12–18 years, respectively. 
There was no significant association between myopia 
prevalence and age group (p = 0.08).

F I G U R E  1   Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart of steps in identifying studies.
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Total number of articles retrieved from 
database search (n = 2088)

Studies assessed for eligibility (n = 239)

Eligible full text articles (n = 35)

Articles excluded based on title 
and abstract (n = 1849) 

Number of articles identified from search 
of databases (n = 3715)

Duplicates removed (n = 1627)

Articles included in review and meta-
analysis (n = 42)

Full text articles excluded (n = 204) with reasons:

127 hospital/clinic-based studies and 
populations with other ocular 
abnormalities
18 studies in isolated populations
28 did not provide prevalence data for 
age-group of interest
19 did not provide definition for myopia
12 duplicate data

7 additional papers found from ancestry literature 
search 
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Estimated prevalence across the African regions was 
highest in North Africa (6.8% [95% CI: 4.0%–10.2%]), fol-
lowed by Southern Africa (6.3% [95% CI: 3.9%–9.1%]), East 
Africa (4.7 [95% CI: 3.1%–6.7%]) and West Africa (3.5% [95% 
CI: 1.9%–6.3%]) (Figure 6), but the differences were not sig-
nificant on meta-regression (p  =  0.36). The prevalence of 
childhood myopia in rural settings was 4.9% (95% CI: 2.5%–
8.1%) and in urban settings was 6.0% (95% CI: 3.7%–8.8%), 
but there was no association between study setting and 
myopia prevalence (p = 0.81).

Estimated prevalence of myopia in studies with cyclo-
plegia was approximately 30% lower than for studies with-
out cycloplegia (4.0% vs. 5.7%, respectively), with studies 
using noncycloplegic refraction showing greater variabil-
ity in their prevalence estimates (Figure S1). The estimated 
pooled prevalence from studies that performed retinos-
copy with or without subjective refraction was lower (3.9% 
[95% CI: 2.3%–5.9%]) than from studies that performed 
autorefraction with or without subjective refraction (6.0% 
[95% CI: 3.1%–9.7%]). A summary of the various subgroup 
analyses conducted is presented in Table 2.

The prevalence of childhood myopia between 2000–
2010 and 2011–2021 was pooled from 12 and 30 studies, 
respectively. The pooled prevalence of childhood myo-
pia between 2000–2010 was 2.9% (95% CI: 1.6%–4.6%; 
I2 = 96.4, Q[df ] = 268.0 (11), p < 0.001) and 2011–2021 was 
5.6% (95% CI: 3.6%–8.0%; I2  = 99.6, Q(df )  =  2453.5 (29), 
p < 0.001). There was no significant association between 
childhood myopia prevalence and publication year after 
adjusting for sex, age, study setting and region of study 
(p  =  0.72). Estimated myopia prevalence from 2006 to 
2010 (2.3%) was markedly lower than the prevalence 
from 2001 to 2005 (4.3%), implying a reducing trend in 

prevalence within these periods. However, qualitative 
review/analysis of the data suggests that the lower re-
ported prevalence in this period could be due to the lo-
cations of studies included from 2006 to 2010, with six 
of eight studies conducted in West (four studies) and 
East (two studies) Africa, where the prevalence of myo-
pia is generally lower. Childhood myopia prevalence in 
the last decade (2011–2021) was approximately double 
the prevalence in the decade of 2000–2010 for all stud-
ies combined, and 1.5 times higher for ages 5–11 years 
and 12–18 years, separately. In the last decade, childhood 
myopia prevalence was approximately 2.5 times higher 
than the prevalence in the decade of 2000–2010 for boys 
and girls, separately. A similar trend was observed in rural 
and urban settings; however, there was no significant dif-
ference in myopia prevalence between 2000–2010 and 
2011–2021 for either urban or rural settings. A summary 
of the subgroup analyses of time trends for myopia prev-
alence for age, sex and study setting within the past two 
decades is presented in Table 3.

The authors have only presented pooled estimate 
predictions; however, it is worthwhile to acknowledge 
that our predictions using individual studies (Figure S2) 
were similar to the pooled estimate predictions. Based 
on the linear regression models, the prevalence of child-
hood myopia in urban settings in Africa is projected to 
increase to 11.1% by 2030, 14.4% by 2040 and 17.7% by 
the year 2050, which is marginally higher than expected 
in the overall population (10.3% by 2030, 13.4% by 2040 
and 16.4% by 2050) and noticeably higher than in rural 
settings (7.0% by 2030, 7.7% by 2040 and 8.4% by 2050), 
respectively (Figure 7). Similarly, childhood myopia prev-
alence is projected to increase to 10.8% by 2030, 14.1% 

F I G U R E  2   Map of Africa showing prevalence of childhood myopia in each country included in the meta-analysis. Number in parenthesis 
represents number of studies in each country.
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F I G U R E  3   Forest plot of overall prevalence of childhood myopia in Africa. The prevalence of (a) childhood myopia in Africa was estimated to be 
4.7% (95% CI: 3.3%–6.5%) and (b) high myopia was estimated to be 0.6% (95% CI: 0.2%–1.1%). The diamond represents the pooled estimate.
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by 2040 and 17.4% in ages 12–18 years, higher than pro-
jected for ages 5–11 years (8.5% by 2030, 11.0% by 2040 
and 13.5% by 2050; Figure 8).

D ISCUSSIO N

This meta-analysis suggests that the prevalence of myopia 
(4.7%) and high myopia (0.6%) in African children remains 
low but has approximately doubled over the past decade 
across different age groups, sex and study settings. More 

importantly, the prevalence of childhood myopia in Africa 
is predicted to more than treble again to reach 16.4% by 
the year 2050.

The estimated prevalence of childhood myopia in our 
study is considerably lower than reported in other lo-
cations outside Africa such as Taiwan80 (36.4%), China81 
(63.1%), Norway82 (13.4%), Germany83 (11.4%), Ireland84 
(12–13 years; 19.9%), Northern Ireland85 (12–13 years; 
17.7%) and Australia86 (18.9%). Our estimate is also 
lower than the childhood prevalence of myopia (37.7%) 
and high myopia (3.1%) reported in a meta-analysis of 

F I G U R E  4   Leave-one-out sensitivity plot of all studies reporting the prevalence of childhood myopia in Africa. A leave-one-out sensitivity 
analysis provides an untransformed prevalence estimate and was performed to evaluate the contribution of each study to the overall estimate of 
childhood myopia in Africa. This revealed that the overall estimate of childhood myopia in Africa was most affected by the study by Rushood et al.,66 
followed by the Saa et al.73 study.
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Chinese studies.87 The current estimate of childhood 
myopia is similar to a recent meta-analysis estimate in 
Africa,23 despite differences in the number of studies 
included, which provides some reassurance as to the 
validity of the various estimates based on current data. 
This study addresses some of the key limitations of all 
previous reviews,23–25 particularly the recent review by 
Ovenseri-Ogbomo et al.,23 such as lack of time trend 
analysis and future projections of childhood myopia 
prevalence in Africa. Analysis of the temporal trends 
and projections of the trends could be useful in de-
veloping targeted policy measures in addressing the 
condition in future. Also, there has not been any previ-
ously pooled estimates across the different regions to 
highlight geographic variations of childhood myopia 
across the continent (given the development dispari-
ties,88 myopia prevalence may vary across the different 
regions). Furthermore, the study by Ovenseri-Ogbomo 
et al.23 did not provide an estimate for childhood high 
myopia prevalence in Africa. Our study therefore pro-
vides for the first-time pooled regional estimates of 
childhood myopia, childhood high myopia prevalence 
and changing trends in childhood myopia prevalence 
as well as projecting the prevalence in Africa by the 
year 2050.

The lower prevalence of childhood myopia reported 
in Africa may reflect a combination of genetic and be-
havioural influences. Historically, Africans have had lower 
exposure to known environmental risk factors for myopia 
development, including lower literacy rates, later time for 
primary school enrolment, lower average number of years 
spent in formal education and lower rate of urbanisation, 
compared with other Asian and Western countries.89–91 
The low prevalence estimates means that relatively little 
attention has been afforded to Africa when considering 

the public health implications of the global myopia epi-
demic. It is interesting, however, that our analyses suggest 
the condition has approximately doubled over the past 
decade in the overall population and across different age 
groups, sex and study settings, perhaps in response to an 
increasing level of exposure to myopiagenic risk factors. 
For instance, urbanisation in most capital cities and access 
to education have increased in many African countries 
in recent years.13,92,93 According to data from the United 
Nations Educational, Scientific and Cultural Organisation 
(UNESCO), enrolment rates among primary school children 
in Sub-Saharan Africa have increased dramatically in the 
last decade.15 In Ghana, for example, the introduction of a 
free Senior High School (SHS) educational policy has seen 
the enrolment of students in SHS double within the past 
few years.16 An increase in access to education exposes 
children to an increase in near work activities such as read-
ing, which is considered a significant contributory mecha-
nism for myopia development. Mobile phone penetration 
in Africa has also increased rapidly, increasing from 1% in 
2000 to 54% in 2012,94 representing a new form of near 
work that has also been implicated as a potential risk of my-
opia.95–97 Furthermore, many African countries have been 
identified as some of the fastest growing economies in the 
world.98 This is typically associated with increased urbani-
sation92,99 and other environmental and lifestyle changes, 
such as less time spent outdoors, known to increase risk 
of myopia development.100–102 Regional variations in the 
prevalence rates in our study highlights this assertion and 
showed that the two most developed regions on the conti-
nent with average human development index (HDI) above 
0.7—Northern and Southern Africa88—had the highest 
prevalence of childhood myopia, further supporting the 
known associations between myopia and socio-economic 
development.

F I G U R E  5   Funnel plot of studies reporting the prevalence of myopia in Africa.
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These factors are likely to drive a continued rise in myo-
pia prevalence in Africa. Our predictions suggest that the 
greatest increase in childhood myopia will occur in urban 

settings and older children, where prevalence is projected 
to reach 17.7% and 17.4% by 2050, noticeably higher than 
the 8.4% and 13.5% predicted in rural settings and younger 

T A B L E  2   Summary of subgroup analysis of childhood myopia prevalence in Africa

Subgroup
Number of 
studies

Total 
participants

Prevalence 
(%) (95% CI)

Heterogeneity

p-value 
(subgroup)†I2 statistics (%)

Q-statistic 
(df) p-value*

Sex

Boys 29 397,947 4.9 (3.1–7.1) 98.6 754.4 (28) <0.001 0.98

Girls 29 309,884 5.0 (3.2–7.2) 98.7 1096.2 (28) <0.001

Age (years)

5–11 17 7503 4.6 (2.0–8.1) 97.5 432.4 (16) <0.001 0.08

12–18 23 16,071 5.8 (4.0–7.8) 95.9 450.6 (22) <0.001

Setting

Rural 17 19,009 4.9 (2.5–8.1) 98.7 549.9 (16) <0.001 0.81

Urban 25 697,967 6.0 (3.7–8.8) 99.4 1460.1 (24) <0.001

Region

East Africa 13 17,935 4.7 (3.1–6.7) 96.7 309.5 (12) <0.001 0.36

West Africa 16 29,822 3.5 (1.9–6.3) 99.1 922.4 (15) <0.001

North Africa 8 683,222 6.8 (4.0–10.2) 99.0 724.2 (7) <0.001

Southern Africa 4 6257 6.3 (3.9–9.1) 91.8 36.5 (3) <0.001

Publication year

2000–2005 4 8270 4.3 (2.6–6.5) 94.0 49.9 (3) <0.001 0.17

2006–2010 8 6647 2.3 (0.9–4.3) 95.0 141.1 (7) <0.001

2011–2015 12 697,442 4.6 (2.8–6.5) 99.1 1255.3 (11) <0.001

2016–2021 18 25,347 6.3 (3.9–9.3) 98.6 621.6 (17) <0.001

Cycloplegia

Yes 23 48,004 4.0 (2.3–6.2) 99.1 1560.3 (22) <0.001 0.27

No 14 16,016 5.7 (3.2–8.9) 98.2 400.4 (13) <0.001

Type of refraction

Retinoscopy 16 22,971 3.9 (2.3–5.9) 97.9 338.4 (15) <0.001 0.73

Autorefraction 19 42,417 6.0 (3.1–9.7) 99.5 1833.8 (18) <0.001

*p-value represents test of the null hypothesis that heterogeneity is equal to zero. 
†p-value represents test of the null hypothesis that the prevalence in all subgroups is the same—results displayed are from univariable meta-regression models.

T A B L E  3   Prevalence of childhood myopia in the past two decades according to age, sex and setting

Subgroup

2000–2010 2011–2021

p-value
Number of 
studies

Total 
participants

Prevalence (%) 
(95% CI)

Number of 
studies

Total 
participants

Prevalence (%) 
(95% CI)

Age (years)

5–11 3 1089 3.1 (0.9–6.5) 14 6414 4.9 (1.8–9.4) 0.62

12–18 5 3207 4.2 (1.4–8.3) 18 12,864 6.2 (4.2–8.7) 0.31

Sex

Boys 9 4446 2.7 (1.3–4.4) 20 393,501 6.2 (3.6–9.4) 0.07

Girls 9 4722 2.6 (1.0–4.9) 20 305,162 6.4 (3.8–9.5) 0.05

Setting

Rural 5 4627 2.5 (0.6–5.4) 12 14,382 6.2 (2.8–10.9) 0.16

Urban 7 10,290 3.3 (1.6–5.6) 18 6,87,677 7.3 (4.1–11.3) 0.13
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children, respectively. This finding is significant as it high-
lights the need for African countries to put in place mea-
sures to mitigate the predicted trend of increasing myopia 
prevalence in urban settings, especially due to the positive 

development trajectory of many African countries. It is, 
however, worth acknowledging that these predictions are 
susceptible to unpredictable social changes (such as was 
experienced during the COVID-19 pandemic) and must be 

F I G U R E  7   Prevalence of childhood myopia (%) in African children from the year 2000 to 2050. (a) Urban (b) rural (c) overall. The filled circles 
indicate the pooled prevalence estimate from the meta-analysis and the open circles indicate the predicted prevalence of myopia using a linear 
regression model. The dashed black lines running on either side of the linear fit/regression line represents the 95% prediction interval.
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F I G U R E  8   Prevalence of childhood myopia (%) in African children from the year 2000 to 2050. (a) 5–11 years (b) 12–18 years. The filled circles 
indicate the pooled prevalence estimate from the meta-analysis and the open circles indicate the predicted prevalence of myopia using a linear 
regression model. The dashed black lines running on either side of the linear fit/regression line represent the 95% prediction interval.
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interpreted with caution. For example, in East Asia, there 
is evidence of a temporary acceleration of both the onset 
and the progression of myopia, particularly in societies 
that have shifted to home schooling.103,104 In contrast, for 
Africa, despite the recent improvement in school enrol-
ment rates, the generally weaker education systems have 
been overwhelmed by the COVID-19 pandemic105 and 
may therefore potentially disrupt the predicted trends in 
our study, resulting in less myopia. The actual impact of 
COVID-19 on myopia in Africa may need to be explored 
further.

Given the recent and projected continued rise of myo-
pia in Africa, it is important to consider the public health 
implications specific to the region. Despite the low esti-
mated prevalence of childhood myopia in Africa, uncor-
rected refractive error is ranked as the leading cause of 
vision impairment in Africa because of the general lack of 
access to refractive error services and poor spectacle cov-
erage in most parts of the continent.26,29,106 Poor vision due 
to myopia in children can easily be remedied with timely 
cost-effective optical intervention; however, lack of access 
to these inexpensive services in Africa poses a significant 
burden on the education and vision-related quality of life 
of affected individuals, with the disease burden reflected 
as increased disability adjusted life years in myopic chil-
dren.107,108 Notwithstanding the recent drive to improve 
spectacle access, particularly in rural areas of Africa, some 
communities continue to report spectacle coverage as low 
as 0%–22.2%,27,28 and myopia continues to exert a nega-
tive public health impact as a significant cause of disabil-
ity.107,108 Furthermore, myopic children have an increased 
risk of developing severe sight-threatening ocular disease 
later in life. The apparent absence of current myopia control 
therapies such as orthokeratology, myopia control specta-
cles and contact lenses in most African countries poses a 
significant additional challenge in the remediation of the 
condition on the continent.109 Ophthalmology services are 
also not sufficiently established in most areas to deal with 
even the most routine ocular health complications associ-
ated with myopia, such as cataract and glaucoma.110

A major limitation of our investigation was that only 
one study66 accounted for nearly 91% of the overall sam-
ple size. Given that this study reported a low prevalence 
of myopia, it affected the untransformed pooled estimate 
from the leave-one-out analysis and might have lowered 
the estimates found in the respective subgroup analysis 
for regions, settings and publication year. A Freeman–
Tukey double arcsine transformation was applied, how-
ever, to mitigate the impact of large studies. Due to 
the difficulties in categorising children into smaller age 
groups, age was classified broadly into younger (5–11) 
and older (12–18) children, perhaps leading to nonsignif-
icant differences between the two groups, as revealed 
by the meta-regression analysis, despite the noticeable 
differences in their prevalence estimates. Furthermore, 
only two of the 42 studies were population-based; how-
ever, school-based studies give an approximation to 

population-based studies in children, when the enrol-
ment and completion rates are high, but this may not 
be the case in Africa, particularly for completion rates. 
Because of the substantial dropout rate (Sub-Saharan 
African ranks highest globally in out-of-school rate),111 
which primarily affects low-performing students, school-
based studies may tend to inflate the prevalence of myo-
pia in those remaining in school, particularly at the senior 
levels. Despite the high dropout rates among African 
school children, enrolment rates in Africa have also in-
creased dramatically in recent years, with gross primary 
school enrolment rate in Sub-Saharan Africa averaging 
100% in 2019.15,111 Therefore, the estimated prevalence 
in our study probably provides the best possible rep-
resentation of the current burden of childhood myopia 
among school children in those countries for which data 
are available in Africa to date.

Another potential limitation relates to the inclusion of 
studies that did not use cycloplegic refraction to confirm 
myopia status. This is particularly important in Africa where 
myopia prevalence is low, given that even low amounts 
of pseudomyopia and small errors in myopia estimation 
could considerably distort the overall estimate of myo-
pia.112 Almost half of the studies included in this review did 
not use cycloplegia (n = 14) or did not state whether it was 
used or not (n = 5). As expected, studies that used cyclo-
plegia reported lower prevalence of myopia overall, likely 
reflecting the established influence of accommodation on 
myopia in children.113,114 Use of cycloplegic refraction is 
considered the most reliable method for identifying refrac-
tive error in children due to errors associated with noncy-
cloplegic refraction and is therefore the preferred method 
for epidemiological studies of refractive error.112,115,116 In 
our meta-analysis, these errors are reflected in the wider 
confidence intervals and variability of the prevalence in 
studies that did not use cycloplegia (Figure  S1), which is 
consistent with the study by Ovenseri-Ogbomo and col-
leagues.23 Even though the difference between cyclo-
plegic and noncycloplegic studies was not statistically 
significant, the inclusion of noncycloplegic data could 
have potentially contributed to a slight overestimation of 
the overall pooled estimate of myopia herein. Future epi-
demiological studies on childhood myopia prevalence in 
Africa should endeavour to use cycloplegic techniques in 
conformance with international guidelines112,117 to provide 
more accurate and precise estimates of childhood myopia 
prevalence in Africa.

Lack of data primarily due to resource and logistical 
constraints remains problematic in terms of producing 
reliable estimates of myopia and high myopia in Africa—
this was highlighted during our literature search and 
subsequent exclusion of nearly 100 hospital/clinic-based 
studies as researchers find these type of studies less 
resource-intensive to execute. Just 19 of the 54 countries 
in Africa are represented in this analysis, with 11 of those 
countries represented by just a single study. Furthermore, 
data on high myopia were only available from six 
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countries. The lack of myopia data has been identified 
as a global issue,6 but this is particularly problematic in 
Africa. Africa is a very diverse continent; single studies, 
therefore, cannot be expected to adequately represent 
an entire country, and the 19 countries included cannot 
be reasonably expected to be representative of Africa as 
a whole. This can only be addressed with data that are 
more robust. Consideration should be given, therefore, 
to exploiting the improving school attendance statistics 
to implement proper school screening strategies that 
can inform public health planning specific to the African 
situation.

Lastly, despite the observation of asymmetry in the fun-
nel plot, this may not directly imply the presence of pub-
lication bias. As discussed in the study by Hunter et al.,79 
funnel plot asymmetry in meta-analysis of prevalence 
studies may be due to scale artefacts, as the standard error 
of an effect is correlated with an effect such that studies 
with particularly low or high prevalence outcomes have a 
larger standard error.

There are also some notable strengths to this study. This is 
one of the most comprehensive estimates of childhood my-
opia prevalence in Africa to date, including nearly twice the 
number of studies relative to the earlier work. Our inclusion 
criteria and more comprehensive search strategy allowed us, 
for example, to source and include a reasonable mix of data 
from urban and rural settings. A key strength of this study 
was the analytical approach used in the meta-analysis. Even 
though the Rushood et al. study38 accounted for nearly 91% 
of the study sample, when this was factored into our analy-
ses, there was only a small increase (4.7% to 4.9%) in the trans-
formed estimated prevalence of myopia, perhaps reinforcing 
the robustness of our analytical approach. Furthermore, the 
use of the JBI-CACPS ensured that all of the included stud-
ies fulfilled a minimum quality requirement considering the 
heterogenous nature of the different studies. It is reassuring 
to note that our findings are consistent with the recent in-
vestigation,23 and other studies that explored urban–rural 
differences in myopic children.21,81

In conclusion, the current meta-analysis estimated the 
pooled prevalence of myopia and high myopia in African 
children aged ≤18 years as 4.7% and 0.6%, respectively. 
The prevalence of childhood myopia has approximately 
doubled since 2010 across different age groups, sex and 
study settings. This trend seems likely to continue as the 
African region becomes increasingly urbanised and as the 
lifestyle of African children continues to evolve in ways that 
increase exposure to known risks of myopia development 
and progression. Due to poorer access to eye care, myopia 
exerts a relatively greater public health burden in Africa be-
cause of vision impairment from uncorrected myopia. This 
reinforces the need to generate more data to better under-
stand the changing epidemiology of myopia in Africa, and 
to inform an appropriate myopia control response to miti-
gate the expanding risk of myopia and its complications for 
the African population.

AU T H O R  C O N T R I B U T I O N S
Emmanuel Kobia-Acquah: Conceptualization (lead); 
data curation (lead); formal analysis (lead); investiga-
tion (lead); methodology (equal); project administration 
(equal); resources (equal); software (equal); supervision 
(supporting); validation (supporting); visualization (equal); 
writing – original draft (lead); writing – review and edit-
ing (supporting). Daniel Ian Flitcroft: Formal analysis 
(supporting); methodology (equal); resources (equal); 
software (equal); supervision (lead); validation (lead); visu-
alization (equal); writing – original draft (supporting); writ-
ing – review and editing (lead). Prince Kwaku Akowuah: 
Conceptualization (supporting); data curation (support-
ing); formal analysis (supporting); investigation (sup-
porting); methodology (equal); project administration 
(supporting); resources (equal); software (equal); valida-
tion (supporting); visualization (equal); writing – original 
draft (supporting); writing – review and editing (support-
ing). Gareth Lingham: Data curation (supporting); formal 
analysis (supporting); methodology (equal); resources 
(equal); software (equal); supervision (lead); validation 
(supporting); visualization (equal); writing – original draft 
(supporting); writing – review and editing (lead). James 
Loughman: Formal analysis (supporting); methodology 
(equal); project administration (equal); resources (equal); 
software (equal); supervision (lead); validation (lead); visu-
alization (equal); writing – original draft (supporting); writ-
ing – review and editing (lead).

AC K N O W L E D G E M E N T
Open access funding provided by IReL.  Open access fund-
ing provided by IReL.

F U N D I N G  I N F O R M AT I O N
None.

C O N F L I C T  O F  I N T E R E S T
JL has received research grant funding support from Health 
Research Board (Ireland), Nevakar and CooperVision; has 
consultancy relationships with Dopavision, Kubota Vision, 
Ocuco and Ebiga Vision; has received honoraria from Thea 
Pharmaceuticals and Ocuco for lectures; has received 
equipment on loan from Topcon and CooperVision; has two 
patents pending (one in myopia management data analyt-
ics and one in biomonitoring for low-dose atropine treat-
ment in myopia) and is Director of Ocumetra, all in the field 
of myopia management. DIF has received research grant 
funding support from Health Research Board (Ireland), 
Nevakar and CooperVision; has consultancy or other rela-
tionships with Dopavision, Kubota Vision, Essilor, Johnson 
& Johnson, Thea Pharmaceuticals and Vivior; has received 
equipment on loan from Topcon and CooperVision; has 
two patents pending (one in myopia management data 
analytics and one in biomonitoring for low-dose atropine 
treatment in myopia) and is Director of Ocumetra, all in the 
field of myopia management.



      |  15KOBIA-ACQUAH et al.

O R C I D
Emmanuel Kobia-Acquah   https://orcid.
org/0000-0002-5955-7992 
Daniel Ian Flitcroft   https://orcid.
org/0000-0002-7004-6026 
Prince Kwaku Akowuah   https://orcid.
org/0000-0003-3657-6768 
Gareth Lingham   https://orcid.org/0000-0002-8957-0733 
James Loughman   https://orcid.
org/0000-0003-3130-8991 

R E F E R E N C E S
	 1.	 Flaxman SR, Bourne RRA, Resnikoff S, Ackland P, Braithwaite T, 

Cicinelli MV, et al. Global causes of blindness and distance vision im-
pairment 1990–2020: a systematic review and meta-analysis. Lancet 
Glob Health. 2017;5:e1221–34.

	 2.	 Flitcroft DI. The complex interactions of retinal, optical and en-
vironmental factors in myopia aetiology. Prog Retin Eye Res. 
2012;31:622–60.

	 3.	 Haarman AEG, Enthoven CA, Tideman JL, Tedja MS, Verhoeven 
VJM, Klaver CCW. The complications of myopia: a review and meta-
analysis. Invest Ophthalmol Vis Sci. 2020;61:ARVO E-Abstract 49.

	 4.	 Yokoi T, Ohno-Matsui K. Diagnosis and treatment of myopic macu-
lopathy. Asia Pacific J Ophthalmol. 2019;7:415–21.

	 5.	 Wang Y, Huang C, Tseng Y, Zhong J, Li X. Refractive error and 
eye health: an umbrella review of meta-analyses. Front Med. 
2021;8:759767. https://doi.org/10.3389/fmed.2021.759767

	 6.	 Holden BA, Fricke TR, Wilson DA, Jong M, Naidoo KS, Sankaridurg 
P, et al. Global prevalence of myopia and high myopia and 
temporal trends from 2000 through 2050. Ophthalmology. 
2016;123:1036–42.

	 7.	 Chen M, Wu A, Zhang L, Wang W, Chen X, Yu X, et al. The increasing 
prevalence of myopia and high myopia among high school stu-
dents in Fenghua city, eastern China: a 15-year population-based 
survey. BMC Ophthalmol. 2018;18:1–10. https://doi.org/10.1186/
s12886-018-0829-8

	 8.	 Yam JC, Tang SM, Kam KW, Chen LJ, Yu M, Law AK, et al. High preva-
lence of myopia in children and their parents in Hong Kong Chinese 
population: the Hong Kong children eye study. Acta Ophthalmol. 
2020;98:e639–48.

	 9.	 Jung SK, Lee JH, Kakizaki H, Jee D. Prevalence of myopia and its 
association with body stature and educational level in 19-year-old 
male conscripts in Seoul, South Korea. Invest Ophthalmol Vis Sci. 
2012;53:5579–83.

	 10.	 Vitale S, Sperduto RD, Ferris FL. Increased prevalence of myo-
pia in the United States between 1971-1972 and 1999-2004. Arch 
Ophthalmol. 2009;127:1632–9.

	 11.	 Alvarez-Peregrina CC, Sanchez-Tena MAMA, Martinez-Perez CC, 
Villa-Collar CC. Prevalence and risk factors of myopia in Spain.  
J Ophthalmol. 2019;2019:1–7. https://doi.org/10.1155/2019/3419576

	 12.	 Schuster AK, Elflein HM, Pokora R, Urschitz MS. Prevalence and risk 
factors of myopia in children and adolescents in Germany: results of 
the KiGGS survey. Klin Padiatr. 2017;229:234–40.

	 13.	 Moriconi-Ebrard F, Heinrigs P, Trémolières M, editors. Africa's urban-
isation dynamics 2020: Africapolis, mapping a new urban geogra-
phy. Paris: OECD, Sahel and West Africa Club Secretariat; 2020.

	 14.	 Walther O. Urbanisation and demography in North and West Africa, 
1950-2020. West African Papers 2021, No. 33, OECD Publishing, 
Paris,  https://doi.org/10.1787/4fa52e9c-en.

	 15.	 UNESCO. Primary school enrollment - Country rankings [Internet]. 
2021 [cited 2021 Oct 8]. Available from: http://data.uis.unesco.
org/

	 16.	 Abdul-Rahaman N, Basit A, Rahaman A, Ming W, Ahmed A-R, Salma 
A-RS. The free senior high policy: an appropriate replacement to the 
progressive free senior high policy. Int J Educ Literacy Stud. 2018;6:26–33.

	 17.	 UNICEF. Children in Africa: key statistics on child survival and popu-
lation [Internet]. 2019 [cited 2021 Oct 8]. Available from: https://data.
unicef.org/resou​rces/child​ren-in-africa-child-survi​val-broch​ure/

	 18.	 Ben Kumah D, Aggrey Nyarko J, Afoakwa P, Nelson-Ayifah D, 
Ankamah E, Appenteng Osae E, et al. Prevalence of myopia among 
senior high school students in the Kumasi Metropolis. JOJ Ophthalmol. 
2016;1:555566. https://doi.org/10.19080/​JOJO.2016.01.555566

	 19.	 Otutu M, Nachega J, Harvey J, Meyer D. The prevalence of refractive 
error in three communities of Cape Town, South Africa. African Vis 
Eye Heal. 2012;71:32–8.

	 20.	 Mohamed A, Wasfi E, Kotb S, Khalek E. Refractive errors among 
primary schools children in Assiut District, Egypt. J Educ Pract. 
2014;5:101–13.

	 21.	 Tang Y, Chen A, Zou M, Liu Z, Young CA, Zheng D, et al. Prevalence 
and time trends of refractive error in Chinese children: a systematic 
review and meta-analysis. J Glob Health. 2021;11:1–11. https://doi.
org/10.7189/jogh.11.08006

	 22.	 Williams KM, Bertelsen G, Cumberland P, Wolfram C, Verhoeven 
VJM, Anastasopoulos E, et al. Increasing prevalence of myo-
pia in Europe and the impact of education. Ophthalmology. 
2015;122:1489–97.

	 23.	 Ovenseri-Ogbomo G, Osuagwu UL, Ekpenyong BN, Agho K, Ekure 
E, Ndep AO, et al. Systematic review and meta-analysis of myopia 
prevalence in African school children. PLoS One. 2022;17:e0263335. 
https://doi.org/10.1371/journ​al.pone.0263335

	 24.	 Rudnicka A, Kapetanakis V, Wathern A, Logan N, Gilmartin B, 
Whincup P, et al. Global variations and time trends in the preva-
lence of childhood myopia, a systematic review and quantitative 
meta-analysis: implications for aetiology and early prevention. Br J 
Ophthalmol. 2016;100:882–90.

	 25.	 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.

	 26.	 Ntodie M, Danquah L, Kandel H, Abokyi S. Toward eliminating 
blindness due to uncorrected refractive errors: assessment of re-
fractive services in the northern and central regions of Ghana. Clin 
Exp Optom. 2014;97:511–5.

	 27.	 Loughman J, Nxele LL, Faria C, Thompson S, Ramson P, Chinanayi 
FS, et al. Rapid assessment of refractive error, presbyopia, and visual 
impairment and associated quality of life in Nampula, Mozambique. 
J Vis Impair Blind. 2015;109:199–212.

	 28.	 Chan VF, Mebrahtu G, Ramson P, Wepo M, Naidoo KS. Prevalence 
of refractive error and spectacle coverage in Zoba Ma'ekel Eritrea: 
a rapid assessment of refractive error. Ophthalmic Epidemiol. 
2013;20:131–7.

	 29.	 Nsubuga N, Ramson P, Govender P, Chan VF, Wepo M, Naidoo KS. 
Uncorrected refractive errors, presbyopia and spectacle coverage 
in Kamuli District, Uganda. Afr Vis Eye Health. 2016;75:1–6. http://doi.
org/10.4102/aveh.v75i1.327

	 30.	 Rudnicka AR, Owen CG. An introduction to systematic re-
views and meta-analyses in health care. Ophthalmic Physiol Opt. 
2012;32:174–83.

	 31.	 Leone J, Mitchell P, Morgan I, Kifley A, Rose KA. Use of visual acuity 
to screen for significant refractive errors in adolescents: is it reli-
able? Arch Ophthalmol. 2010;128:94–9.

	 32.	 Munn Z, MClinSc SM, Lisy K, Riitano D, Tufanaru C. Methodological 
guidance for systematic reviews of observational epidemiological 
studies reporting prevalence and cumulative incidence data. Int J 
Evid Based Healthc. 2015;13:147–53.

	 33.	 Wallace BC, Dahabreh IJ, Trikalinos TA, Lau J, Trow P, Schmid CH. 
Closing the gap between methodologists and end-users: R as a 
computational back-end. J Stat Softw. 2012;49:1–15.

	 34.	 Miller JJ. The inverse of the Freeman-Tukey double arcsine transfor-
mation. Am Stat. 1978;32:138–8.

	 35.	 Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring in-
consistency in meta-analyses testing for heterogeneity. Br Med J. 
2003;327:557–60.

https://orcid.org/0000-0002-5955-7992
https://orcid.org/0000-0002-5955-7992
https://orcid.org/0000-0002-5955-7992
https://orcid.org/0000-0002-7004-6026
https://orcid.org/0000-0002-7004-6026
https://orcid.org/0000-0002-7004-6026
https://orcid.org/0000-0003-3657-6768
https://orcid.org/0000-0003-3657-6768
https://orcid.org/0000-0003-3657-6768
https://orcid.org/0000-0002-8957-0733
https://orcid.org/0000-0002-8957-0733
https://orcid.org/0000-0003-3130-8991
https://orcid.org/0000-0003-3130-8991
https://orcid.org/0000-0003-3130-8991
https://doi.org/10.3389/fmed.2021.759767
https://doi.org/10.1186/s12886-018-0829-8
https://doi.org/10.1186/s12886-018-0829-8
https://doi.org/10.1155/2019/3419576
https://doi.org/10.1787/4fa52e9c-en
http://data.uis.unesco.org/
http://data.uis.unesco.org/
https://data.unicef.org/resources/children-in-africa-child-survival-brochure/
https://data.unicef.org/resources/children-in-africa-child-survival-brochure/
https://doi.org/10.19080/JOJO.2016.01.555566
https://doi.org/10.7189/jogh.11.08006
https://doi.org/10.7189/jogh.11.08006
https://doi.org/10.1371/journal.pone.0263335
http://doi.org/10.4102/aveh.v75i1.327
http://doi.org/10.4102/aveh.v75i1.327


16  |      TEMPORAL TRENDS OF CHILDHOOD MYOPIA IN AFRICA

	 36.	 Higgins JPT. Commentary: heterogeneity in meta-analysis 
should be expected and appropriately quantified. Int J Epidemiol. 
2008;37:1158–60.

	 37.	 Priscilla JJ, Verkicharla PK. Time trends on the prevalence of myo-
pia in India – a prediction model for 2050. Ophthalmic Physiol Opt. 
2021;41:466–74.

	 38.	 Abdul-Kabir M, Bortey D, Onoikhua E, Asare-Bediako B, Kumah D. 
Ametropia among school children-a cross-sectional study in a sub-
urban municipality in Ghana. Pediatr Dimens. 2016;1:65–8.

	 39.	 Nartey E, van Staden D, Amedo A. Prevalence of ocular anom-
alies among schoolchildren in Ashaiman, Ghana. Optom Vis Sci. 
2016;93:607–11.

	 40.	 Ovenseri-Ogbomo G, Omuemu V. Prevalence of refractive error 
among school children in the Cape Coast municipality, Ghana. Clin 
Optom. 2010;2:59–66.

	 41.	 Nakua E, Otupiri E, Owusu-Dabo E, Dzomeku V, Otu-Danquah K, 
Anderson M. Prevalence of refractive errors among junior high 
school students in the Ejisu Juaben municipality of Ghana. J Sci 
Technol. 2015;35:52–62.

	 42.	 Kumah B, Ebri A, Abdul-Kabir M, Ahmed A, Koomson N, Aikins S, 
et al. Refractive error and visual impairment in private school chil-
dren in Ghana. Optom Vis Sci. 2013;90:1456–61.

	 43.	 Ovenseri-Ogbomo G, Assien R. Refractive error in school children in 
Agona Swedru, Ghana. Afr Vis Eye Health. 2010;69:86–92.

	 44.	 Asare FA, Morjaria P. Prevalence and distribution of uncorrected 
refractive error among school children in the Bongo District of 
Ghana. Cogent Med. 2021;8:1911414. https://doi.org/10.1080/23312​
05X.2021.1911414

	 45.	 Gessesse S, Teshome A. Prevalence of myopia among secondary 
school students in Welkite town: South-Western Ethiopia. BMC 
Ophthalmol. 2020;20:176. https://doi.org/10.1186/s1288​6-020-01457​-2

	 46.	 Kedir J, Girma A. Prevalence of refractive error and visual impair-
ment among rural school-age children of Goro District, Gurage 
zone, Ethiopia. Ethiop J Health Sci. 2014;24:353–8.

	 47.	 Yared A, Belaynew W, Destaye S, Ayanaw T, Zelalem E. Prevalence of 
refractive errors among school children in Gondar town, Northwest 
Ethiopia. Middle East Afr J Ophthalmol. 2012;19:372–6.

	 48.	 Mehari Z, Yimer A. Prevalence of refractive errors among school-
children in rural Central Ethiopia. Clin Exp Optom. 2013;96:65–9.

	 49.	 Kassa T, Alene G. Prevalence of refractive errors in pre-school and 
school children of debark and Kola Diba towns, North-Western 
Ethiopia. Ethiop J Health Dev. 2003;17:117–24.

	 50.	 Assem AS, Tegegne MM, Fekadu SA. Prevalence and associated fac-
tors of myopia among school children in Bahir Dar city, Northwest 
Ethiopia, 2019. PLoS One. 2021;16:e0248936. https://doi.org/10.1371/
journ​al.pone.0248936

	 51.	 Atowa UC, Munsamy AJ, Wajuihian SO. Prevalence and risk factors 
for myopia among school children in Aba, Nigeria. Afr Vis Eye Health. 
2017;76:a369. https://doi.org/10.4102/aveh.v76i1.369

	 52.	 Ogbonna GO. Prevalence of refractive error among early primary 
school age children in Ado-Odo Ota local government area, Nigeria. 
Res Sq. 2020. https://doi.org/10.21203/​rs.3.rs-24652/​v1

	 53.	 Ezegwui I, Oguego N, Okoye O, Maduka-Okafor F, Udeh N, Aghaji 
A, et al. Prevalence of refractive errors and visual impairment in 
school children in Enugu South-East Nigeria. Niger J Clin Pract. 
2021;24:380–6.

	 54.	 Ebri AE, Govender P, Naidoo KS. Prevalence of vision impairment 
and refractive error in school learners in Calabar, Nigeria. Afr Vis Eye 
Health. 2019;78:a487. https://doi.org/10.4102/aveh.v78i1.487

	 55.	 Ezinne N, Mashige K. Refractive error and visual impairment in pri-
mary school children in Onitsha, Anambra state, Nigeria. Afr Vis Eye 
Health. 2018;77:1–8. https://doi.org/10.4102/aveh.v77i1.455

	 56.	 Mabaso R, Oduntan A, Mpolokeng M. Refractive status of primary 
school children in Mopani district, Limpopo Province, South Africa. 
Afr Vis Eye Health. 2006;65:125–33.

	 57.	 Naidoo K, Raghunandan A, Mashige K, Govender P, Holden B, 
Pokharel G, et al. Refractive error and visual impairment in African 
children in South Africa. Invest Ophthalmol Vis Sci. 2003;44:3764–70.

	 58.	 Wajuihian S, Hansraj R. Refractive error in a sample of black high 
school children in South Africa. Optom Vis Sci. 2017;94:1145–52.

	 59.	 Magakwe T, Xulu-Kasaba Z, Hansraj R. Visual impairment and re-
fractive error amongst school-going children aged 6–18 years in 
Sekhukhune District (Limpopo, South Africa). Afr Vis Eye Health. 
2020;79:a551. https://doi.org/10.4102/aveh.v79i1.551

	 60.	 Yamamah G, Talaat Abdel Alim A, Mostafa Y, Ahmed R, Mahmoud A. 
Prevalence of visual impairment and refractive errors in children of 
South Sinai, Egypt. Ophthalmic Epidemiol. 2015;22:246–52.

	 61.	 Arafa AEED, Ewis AAE, Mahran WM, Mohamed AAE, El-Shabrawy 
EM. Prevalence and risk factors of refractive errors among prepa-
ratory school students in Beni-Suef. Egypt. J Public Health (Bangkok). 
2019;27:43–7.

	 62.	 Ragot A, Baraza M, Clarke-Farr P. Prevalence of myopia and its 
socio-demographic distribution amongst secondary school going 
adolescents in Lurambi Sub-County, Kakamega, Kenya. Ophthalmol 
J. 2020;5:64–70.

	 63.	 Muma M, Kimani K, Kariuki-Wanyoike M, Ilako D, Njuguna M. 
Prevalence of refractive errors among primary school pupils in Kilungu 
division of Makueni District, Kenya. Med J Zambia. 2009;36:157–64.

	 64.	 Anera R, Jiménez J, Soler M, Pérez M, Jiménez R, Cardona J. 
Prevalence of refractive errors in school-age children in Burkina 
Faso. Jpn J Ophthalmol. 2006;50:483–4.

	 65.	 Jiménez R, Soler M, Anera R, Castro J, Pérez M, Salas C. Ametropias 
in school-age children in Fada N′ Gourma (Burkina Faso, Africa). 
Optom Vis Sci. 2012;89:33–7.

	 66.	 Rushood A, Azmat S, Shariq M, Khamis A, Lakho K, Jadoon M, et al. 
Ocular disorders among schoolchildren in Khartoum State, Sudan. 
East Mediterr Health J. 2013;19:282–8.

	 67.	 Alrasheed SH, Naidoo KS, Clarke-Farr PC. Prevalence of visual im-
pairment and refractive error in school-aged children in South 
Darfur State of Sudan. Afr Vis Eye Health. 2016;75:a355. https://doi.
org/10.4102/aveh.v75i1.355

	 68.	 Semanyenzi S, Karimurio J, Nzayirambaho M. Prevalence and pat-
tern of refractive errors in high schools of Nyarugenge district. 
Rwanda Med J. 2015;72:8–13.

	 69.	 Chebil A, Jedidi L, Chaker N, Kort F, Largueche L, El Matri L. 
Epidemiologic study of myopia in a population of schoolchildren in 
Tunisia. La Tunisie Medicale. 2016;94:216–20.

	 70.	 Elmajri K. A survey of the prevalence of refractive errors among chil-
dren in lower primary schools in Darnah city, Libya. Adv Ophthalmol 
Vis Syst. 2017;7:378–83.

	 71.	 Ahmed Z, Alrasheed S, Alghamdi W. Prevalence of refractive error 
and visual impairment among school-age children of Hargesia, 
Somaliland, Somalia. East Mediterr Health J. 2020;26:1362–70.

	 72.	 Wedner SH, Ross DA, Todd J, Anemona A, Balira R. Myopia in 
secondary school students in Mwanza City, Tanzania: the 
need for a national screening programme. Br J Ophthalmol. 
2002;86:1200–6.

	 73.	 Nonon Saa K, Atobian K, Banla M. Refractive errors among school-
children in the central region of Togo. J Fr Ophtalmol. 2013;36:769–74.

	 74.	 Soler M, Anera R, Castro J, Jiménez R, Jiménez J. Prevalence of 
refractive errors in children in Equatorial Guinea. Optom Vis Sci. 
2015;92:53–8.

	 75.	 Anera R, Soler M, De La Cruz CJ, Salas C, Ortiz C. Prevalence of refrac-
tive errors in school-age children in Morocco. Clin Exp Ophthalmol. 
2009;37:191–6.

	 76.	 Kawuma M, Mayeku R. A survey of the prevalence of refractive er-
rors among children in lower primary schools in Kampala district. 
Afr Health Sci. 2002;2:69–72.

	 77.	 Msiska V, Njuguna M, Kariuki M. Magnitude and pattern of signifi-
cant refractive errors in primary school children of Ntcheu, a rural 
district in Malawi. East Afr J Ophthalmol. 2009;15:18–20.

	 78.	 Sounouvou I, Tchabi S, Doutetien C, Sonon F, Yehouessi L, Bassabi S. 
A study of refractive errors in a primary school in Cotonou, Benin. J 
Fr Ophtalmol. 2008;31:771–5.

	 79.	 Hunter JP, Saratzis A, Sutton AJ, Boucher RH, Sayers RD, Bown MJ. In 
meta-analyses of proportion studies, funnel plots were found to be 

https://doi.org/10.1080/2331205X.2021.1911414
https://doi.org/10.1080/2331205X.2021.1911414
https://doi.org/10.1186/s12886-020-01457-2
https://doi.org/10.1371/journal.pone.0248936
https://doi.org/10.1371/journal.pone.0248936
https://doi.org/10.4102/aveh.v76i1.369
https://doi.org/10.21203/rs.3.rs-24652/v1
https://doi.org/10.4102/aveh.v78i1.487
https://doi.org/10.4102/aveh.v77i1.455
https://doi.org/10.4102/aveh.v79i1.551
https://doi.org/10.4102/aveh.v75i1.355
https://doi.org/10.4102/aveh.v75i1.355


      |  17KOBIA-ACQUAH et al.

an inaccurate method of assessing publication bias. J Clin Epidemiol. 
2014;67:897–903.

	 80.	 Hsu C, Huang N, Lin P, Tsai D, Tsai C, Woung L, et al. Prevalence and 
risk factors for myopia in second-grade primary school children in 
Taipei: a population-based study. J Chin Med Assoc. 2016;79:625–32.

	 81.	 Wang J, Ying G, Fu X, Zhang R, Meng J, Gu F, et al. Prevalence of 
myopia and vision impairment in school students in Eastern 
China. BMC Ophthalmol. 2020;20:1–10. https://doi.org/10.1186/
s12886-019-1281-0

	 82.	 Hagen L, Gjelle J, Arnegard S, Pedersen H, Gilson S, Baraas R. 
Prevalence and possible factors of myopia in Norwegian adolescents. 
Sci Rep. 2018;8:1–10. https://doi.org/10.1038/s41598-​018-​31790-y

	 83.	 Schuster A, Krause L, Kuchenbäcker C, Prütz F, Elflein H, Pfeiffer N, 
et al. Prevalence and time trends in myopia among children and 
adolescents: results of the German KiGGS study. Dtsch Ärztebl Int. 
2020;117:855–60.

	 84.	 Harrington SC, Stack J, Saunders K, O'Dwyer V. Refractive error 
and visual impairment in Ireland schoolchildren. Br J Ophthalmol. 
2019;103:1112–8.

	 85.	 O'Donoghue L, McClelland JF, Logan NS, Rudnicka AR, Owen CG, 
Saunders KJ. Refractive error and visual impairment in school chil-
dren in Northern Ireland. Br J Ophthalmol. 2010;94:1155–9.

	 86.	 French A, Morgan I, Burlutsky G, Mitchell P, Rose K. Prevalence and 
5-to 6-year incidence and progression of myopia and hyperopia in 
Australian schoolchildren. Ophthalmology. 2013;120:1482–91.

	 87.	 Dong L, Kang Y, Li Y, Wei W, Jonas J. Prevalence and time trends of 
myopia in children and adolescents in China: a systemic review and 
meta-analysis. Retina. 2020;40:399–411.

	 88.	 United Nations Development Programme. Human development 
report [Internet]. 2020 [cited 2021 Oct 8]. Available from: https://
hdr.undp.org/conte​nt/human-devel​opment-report-2020

	 89.	 Ramamurthy D, Lin Chua SY, Saw S-M. A review of environmental 
risk factors for myopia during early life, childhood and adolescence. 
Clin Exp Optom. 2015;98:497–506.

	 90.	 Rose KA, French AN, Morgan IG. Environmental factors and myopia. 
Asia Pacific J Ophthalmol. 2016;5:403–10.

	 91.	 Wenbo L, Congxia B, Hui L. Genetic and environmental-genetic 
interaction rules for the myopia based on a family exposed to risk 
from a myopic environment. Gene. 2017;626:305–8.

	 92.	 Güneralp B, Lwasa S, Masundire H, Parnell S, Seto KC. Urbanization 
in Africa: challenges and opportunities for conservation. Environ 
Res Lett. 2018;30:015002. https://doi.org/10.1088/1748-9326/
aa94fe

	 93.	 Nkrumah RB, Sinha V. Revisiting global development frameworks 
and research on universal basic education in Ghana and sub-
Saharan Africa: a review of evidence and gaps for future research. 
Rev Educ. 2020;8:733–64.

	 94.	 Deloitte. Sub-Saharan Africa Mobile Observatory 2012 [Internet]. 
[cited 2021 Dec 29]. Available from: https://www.gsma.com/
publi​cpoli​cy/wp-conte​nt/uploa​ds/2013/01/gsma_ssamo_full_
web_11_12-1.pdf

	 95.	 Foreman J, Salim AT, Praveen A, Fonseka D, Ting DSW, Guang He 
M, et al. Association between digital smart device use and myo-
pia: a systematic review and meta-analysis. Lancet Digit Health. 
2021;3:e806–18.

	 96.	 Loughman J, Flitcroft DI. Are digital devices a new risk factor for my-
opia? Lancet Digit Health. 2021;3:e756–7.

	 97.	 McCrann S, Loughman J, Butler J, Paudel N, Flitcroft D. Smartphone 
use as a possible risk factor for myopia. Clin Exp Optom. 
2021;104:35–45.

	 98.	 Obeng-Odoom F. Africa: on the rise, but to where? Forum Soc Econ. 
2015;44:234–50.

	 99.	 Annez P, Buckley R, Kalarickal J. African urbanization as flight? Some 
policy implications of geography. Urban Forum. 2010;21:221–34.

	100.	 Ip JM, Rose KA, Morgan IG, Burlutsky G, Mitchell P. Myopia and 
the urban environment: findings in a sample of 12-year-old 

Australian school children. Invest Ophthalmol Vis Sci. 
2008;49:3858–63.

	101.	 Zhang M, Li L, Chen L, Lee J, Wu J, Yang A, et al. Population density 
and refractive error among Chinese children. Invest Ophthalmol Vis 
Sci. 2010;51:4969–76.

	102.	 De Kock R, Futcher LA. Mobile device usage in higher educa-
tion institutions in South Africa. In: 2016 Information Security 
for South Africa (ISSA). Johannesburg, South Africa: IEEE; 2016.  
p. 27–34. https://doi.org/10.1109/ISSA.2016.7802925

	103.	 Zhang X, Cheung SSL, Chan HN, Zhang Y, Wang YM, Yip BH, et al. 
Myopia incidence and lifestyle changes among school children 
during the COVID-19 pandemic: a population-based prospec-
tive study. Br J Ophthalmol. 2021:1–7. https://doi.org/10.1136/
bjophthalmol-2021-319307

	104.	 Chen H, Liao Y, Zhou W, Dong L, Wang W, WangID X. The change 
of myopic prevalence in children and adolescents before and after 
COVID-19 pandemic in Suqian, China. PLoS One. 2022;17:e0262166. 
https://doi.org/10.1371/journ​al.pone.0262166

	105.	 Ceesay EK. Potential impact of COVID-19 outbreak on education, 
staff development and training in Africa. Res Glob. 2021;3:100049. 
https://doi.org/10.1016/j.resglo.2021.100049

	106.	 Resnikoff S, Pascolini D, Mariotti S, Pokharel G. Global magnitude of 
visual impairment caused by uncorrected refractive errors in 2004. 
Bull World Health Organ. 2008;86:63–70.

	107.	 Kandel H, Khadka J, Goggin M, Pesudovs K. Impact of refractive 
error on quality of life: a qualitative study. Clin Exp Ophthalmol. 
2017;45:677–88.

	108.	 Li H, Liu Y, Dong L, Zhang R, Zhou W, Wu H, et al. Global, regional, 
and national prevalence, disability adjusted life years, and time 
trends for refraction disorders, 1990–2019: findings from the global 
burden of disease study 2019. BMC Public Health. 2021;21:1–2. 
https://doi.org/10.1186/s12889-021-11648-1

	109.	 Nti A, Owusu-Afriyie B, Osuagwu U, Ovenseri-Ogbomo G, Ogbuehi 
K, Ouzzani M, et al. Trends in myopia management attitudes and 
strategies in clinical practice: survey of eye care practitioners in 
Africa. Cont Lens Anterior Eye. 2022;101597. https://doi.org/10.1016/j.
clae.2022.101597

	110.	 Courtright P, Mathenge W, Kello AB, Cook C, Kalua K, Lewallen 
S. Setting targets for human resources for eye health in sub-
Saharan Africa: what evidence should be used? Hum Resour Health. 
2016;14:1–8. https://doi.org/10.1186/s12960-016-0107-x

	111.	 UNESCO. New methodology shows that 258 million children, adoles-
cents and youth are out of school [Internet]; 2019 [cited 2021 Oct 8].  
Available from: http://uis.unesco.org/sites/​defau​lt/files/​documents/​
newme​thodo​logy-shows-258-milli​on-child​ren-adole​scents-and-
youth-are-out-school.pdf

	112.	 Morgan IG, Iribarren R, Fotouhi A, Grzybowski A. Cycloplegic re-
fraction is the gold standard for epidemiological studies. Acta 
Ophthalmol. 2015;93:581–5.

	113.	 Farhood Q. Cycloplegic refraction in children with cyclopento-
late versus atropine. J Clin Exp Ophthalmol. 2012;3:1–6. https://doi.
org/10.4172/2155-9570.1000239

	114.	 Choong Y, Chen A, Goh P. A comparison of autorefraction and sub-
jective refraction with and without cycloplegia in primary school 
children. Am J Ophthalmol. 2006;142:68–74.

	115.	 Fotouhi A, Morgan IG, Iribarren R, Khabazkhoob M, Hashemi 
H. Validity of noncycloplegic refraction in the assessment 
of refractive errors: the Tehran eye study. Acta Ophthalmol. 
2012;90:380–6.

	116.	 Grzybowski A, Kanclerz P, Tsubota K, Lanca C, Saw SM. A review 
on the epidemiology of myopia in school children worldwide. BMC 
Ophthalmol. 2020;20:27. https://doi.org/10.1186/s12886-​019-​1220-0

	117.	 Flitcroft DI, He M, Jonas JB, Jong M, Naidoo K, Ohno-Matsui K, et al. 
IMI – defining and classifying myopia: a proposed set of standards 
for clinical and epidemiologic studies. Invest Ophthalmol Vis Sci. 
2019;60:M20–30.

https://doi.org/10.1186/s12886-019-1281-0
https://doi.org/10.1186/s12886-019-1281-0
https://doi.org/10.1038/s41598-018-31790-y
https://hdr.undp.org/content/human-development-report-2020
https://hdr.undp.org/content/human-development-report-2020
https://doi.org/10.1088/1748-9326/aa94fe
https://doi.org/10.1088/1748-9326/aa94fe
https://www.gsma.com/publicpolicy/wp-content/uploads/2013/01/gsma_ssamo_full_web_11_12-1.pdf
https://www.gsma.com/publicpolicy/wp-content/uploads/2013/01/gsma_ssamo_full_web_11_12-1.pdf
https://www.gsma.com/publicpolicy/wp-content/uploads/2013/01/gsma_ssamo_full_web_11_12-1.pdf
https://doi.org/10.1109/ISSA.2016.7802925
https://doi.org/10.1136/bjophthalmol-2021-319307
https://doi.org/10.1136/bjophthalmol-2021-319307
https://doi.org/10.1371/journal.pone.0262166
https://doi.org/10.1016/j.resglo.2021.100049
https://doi.org/10.1186/s12889-021-11648-1
https://doi.org/10.1016/j.clae.2022.101597
https://doi.org/10.1016/j.clae.2022.101597
https://doi.org/10.1186/s12960-016-0107-x
http://uis.unesco.org/sites/default/files/documents/newmethodology-shows-258-million-children-adolescents-and-youth-are-out-school.pdf
http://uis.unesco.org/sites/default/files/documents/newmethodology-shows-258-million-children-adolescents-and-youth-are-out-school.pdf
http://uis.unesco.org/sites/default/files/documents/newmethodology-shows-258-million-children-adolescents-and-youth-are-out-school.pdf
https://doi.org/10.4172/2155-9570.1000239
https://doi.org/10.4172/2155-9570.1000239
https://doi.org/10.1186/s12886-019-1220-0


18  |      TEMPORAL TRENDS OF CHILDHOOD MYOPIA IN AFRICA

S U P P O R T I N G  I N F O R M AT I O N
Additional supporting information can be found online in 
the Supporting Information section at the end of this article.

How to cite this article: Kobia-Acquah E, Flitcroft DI, 
Akowuah PK, Lingham G, Loughman J. Regional 
variations and temporal trends of childhood myopia 
prevalence in Africa: A systematic review and 
meta-analysis. Ophthalmic Physiol Opt. 2022;00:1–21. 
https://doi.org/10.1111/opo.13035

A P P E N D I X  1

S e a r c h t e r m s

PU B M E D
“myopia OR nearsightedness OR shortsightedness OR 
refractive error OR ametropia” AND “prevalence OR 

incidence OR epidemiology” AND “Children OR Paediatric” 
AND “Africa”

Google Scholar
“prevalence OR epidemiology” AND “myopia OR refractive 
errors” AND “Africa OR the name of each of the 54 countries 
in Africa”

Africa Journals Online
“prevalence OR epidemiology” AND “myopia OR refractive 
errors” AND “Africa”

Scopus
prevalence OR epidemiology AND myopia OR refractive 
error AND Africa

Cochrane Library
“prevalence OR epidemiology” AND “myopia OR refractive 
error” AND “Africa”

https://doi.org/10.1111/opo.13035


      |  19KOBIA-ACQUAH et al.

A
P

P
E

N
D

IX
 2

A
ss

es
sm

en
t o

f S
tu

d
y 

Q
u

al
it

y 
- J

o
an

n
a 

B
ri

g
g

s 
In

st
it

u
te

 C
ri

ti
ca

l A
p

p
ra

is
al

 C
h

ec
kl

is
t f

o
r 

P
re

va
le

n
ce

 S
tu

d
ie

s 
(J

B
I-

C
A

C
P

S)

N
u

m
b

er
St

u
d

y

W
as

 t
h

e 
sa

m
p

le
 fr

am
e 

ap
p

ro
p

ri
at

e 
to

 a
d

d
re

ss
 

th
e 

ta
rg

et
 

p
o

p
u

la
ti

o
n?

W
er

e 
st

u
d

y 
p

ar
ti

ci
p

an
ts

 
sa

m
p

le
d

 
in

 a
n

 
ap

p
ro

p
ri

at
e 

w
ay

?

W
as

 t
h

e 
sa

m
p

le
 s

iz
e 

ad
eq

u
at

e?

W
er

e 
th

e 
st

u
d

y 
 

su
b

je
ct

s 
an

d
 t

h
e 

 
se

tt
in

g
 d

es
cr

ib
ed

  
in

 d
et

ai
l?

W
as

 t
h

e 
d

at
a 

an
al

ys
is

 
co

n
d

u
ct

ed
 

w
it

h
 s

u
ff

ic
ie

n
t 

co
ve

ra
g

e 
o

f 
th

e 
id

en
ti

fi
ed

 
sa

m
p

le
?

W
er

e 
va

li
d

 
m

et
h

o
d

s 
u

se
d

 fo
r 

th
e 

id
en

ti
fi

ca
ti

o
n

 
o

f t
h

e 
co

n
d

it
io

n?

W
as

 t
h

e 
co

n
d

it
io

n
 

m
ea

su
re

d
 in

 
a 

st
an

d
ar

d
, 

re
li

ab
le

 
w

ay
 fo

r 
al

l 
p

ar
ti

ci
p

an
ts

?

W
as

 t
h

er
e 

ap
p

ro
p

ri
at

e 
st

at
is

ti
ca

l 
an

al
ys

is
?

W
as

 t
h

e 
re

sp
o

n
se

 
ra

te
 a

d
eq

u
at

e,
 

an
d

 if
 n

o
t,

 w
as

 
th

e 
lo

w
 r

es
p

o
n

se
 

ra
te

 m
an

ag
ed

 
ap

p
ro

p
ri

at
el

y?

B
en

in

1.
So

uv
ou

no
u 

et
 a

l. 
(2

00
8)

78
Y

U
Y

Y
N

Y
Y

Y
Y

B
u

rk
in

a 
Fa

so

2.
A

ne
ra

 e
t a

l. 
(2

00
6)

64
Y

U
Y

U
Y

Y
N

Y
U

3.
Ji

m
en

ez
 e

t a
l (

20
12

)65
Y

Y
Y

Y
Y

Y
N

Y
U

Eg
yp

t

4.
Ya

m
am

ah
 e

t a
l. 

(2
01

5)
60

Y
Y

Y
Y

N
Y

Y
Y

U

5.
M

oh
am

ed
 e

t a
l. 

(2
01

4)
20

Y
Y

Y
Y

Y
Y

Y
Y

U

6.
A

ra
fa

 e
t a

l. 
(2

01
9)

61
Y

Y
Y

Y
N

Y
Y

Y
U

Eq
u

at
o

ri
al

 G
u

in
ea

7.
So

le
r e

t a
l. 

(2
01

5)
74

Y
Y

Y
Y

Y
Y

Y
Y

U

Et
h

io
p

ia

8.
G

es
se

ss
e 

an
d 

Te
sh

om
e 

(2
02

0)
45

Y
Y

Y
Y

Y
Y

Y
Y

Y

9.
Ke

d
ir

 a
n

d 
G

ir
m

a 
(2

01
4)

46
Y

Y
Y

Y
N

Y
N

Y
Y

10
.

Ya
re

d 
et

 a
l. 

(2
01

2)
47

Y
Y

Y
Y

Y
Y

Y
Y

Y

11
.

M
eh

ar
i a

n
d 

Yi
m

er
 (2

01
3)

48
Y

Y
Y

Y
N

Y
N

Y
Y

12
.

Ka
ss

a 
an

d 
A

le
ne

 (2
00

3)
49

Y
N

Y
Y

N
Y

N
Y

Y

13
.

A
ss

em
 e

t a
l. 

(2
02

1)
50

Y
Y

Y
Y

Y
Y

Y
Y

Y

G
h

an
a

14
.

A
b

d
ul

-K
ab

ir
 e

t a
l. 

(2
01

6)
38

Y
Y

Y
Y

N
Y

N
Y

N

15
.

N
ar

te
y 

et
 a

l. 
(2

01
6)

39
Y

Y
Y

Y
N

Y
N

Y
Y

16
.

O
ve

ns
er

i-
O

g
b

om
o 

an
d 

O
m

ue
m

u 
(2

01
0)

40
Y

Y
Y

Y
Y

Y
Y

Y
Y

17
.

N
ak

ua
 e

t a
l. 

(2
01

5)
41

Y
Y

Y
Y

Y
Y

N
Y

Y

18
.

Ku
m

ah
 e

t a
l. 

(2
01

3)
42

Y
Y

Y
Y

N
Y

Y
Y

Y

19
.

O
ve

ns
er

i-
O

g
b

om
o 

an
d 

A
ss

ie
n 

(2
01

0)
43

Y
N

Y
Y

N
Y

N
Y

Y

20
.

A
sa

re
 a

n
d 

M
or

ja
ri

a 
(2

02
1)

44
Y

Y
Y

Y
Y

Y
N

Y
Y

C
on

ti
nu

es



20  |      TEMPORAL TRENDS OF CHILDHOOD MYOPIA IN AFRICA

N
u

m
b

er
St

u
d

y

W
as

 t
h

e 
sa

m
p

le
 fr

am
e 

ap
p

ro
p

ri
at

e 
to

 a
d

d
re

ss
 

th
e 

ta
rg

et
 

p
o

p
u

la
ti

o
n?

W
er

e 
st

u
d

y 
p

ar
ti

ci
p

an
ts

 
sa

m
p

le
d

 
in

 a
n

 
ap

p
ro

p
ri

at
e 

w
ay

?

W
as

 t
h

e 
sa

m
p

le
 s

iz
e 

ad
eq

u
at

e?

W
er

e 
th

e 
st

u
d

y 
 

su
b

je
ct

s 
an

d
 t

h
e 

 
se

tt
in

g
 d

es
cr

ib
ed

  
in

 d
et

ai
l?

W
as

 t
h

e 
d

at
a 

an
al

ys
is

 
co

n
d

u
ct

ed
 

w
it

h
 s

u
ff

ic
ie

n
t 

co
ve

ra
g

e 
o

f 
th

e 
id

en
ti

fi
ed

 
sa

m
p

le
?

W
er

e 
va

li
d

 
m

et
h

o
d

s 
u

se
d

 fo
r 

th
e 

id
en

ti
fi

ca
ti

o
n

 
o

f t
h

e 
co

n
d

it
io

n?

W
as

 t
h

e 
co

n
d

it
io

n
 

m
ea

su
re

d
 in

 
a 

st
an

d
ar

d
, 

re
li

ab
le

 
w

ay
 fo

r 
al

l 
p

ar
ti

ci
p

an
ts

?

W
as

 t
h

er
e 

ap
p

ro
p

ri
at

e 
st

at
is

ti
ca

l 
an

al
ys

is
?

W
as

 t
h

e 
re

sp
o

n
se

 
ra

te
 a

d
eq

u
at

e,
 

an
d

 if
 n

o
t,

 w
as

 
th

e 
lo

w
 r

es
p

o
n

se
 

ra
te

 m
an

ag
ed

 
ap

p
ro

p
ri

at
el

y?

K
en

ya

21
.

Ra
g

ot
 e

t a
l. 

(2
02

0)
62

Y
Y

Y
Y

Y
Y

Y
Y

U

22
.

M
um

a 
et

 a
l. 

(2
00

9)
63

Y
N

Y
N

Y
Y

Y
N

Y

Li
b

ya

23
.

El
m

aj
ri

 (2
01

7)
70

Y
N

Y
N

N
Y

Y
Y

Y

M
al

aw
i

24
.

M
si

sk
a 

et
 a

l. 
(2

00
9)

77
Y

Y
Y

Y
N

Y
Y

Y
Y

M
o

ro
cc

o

25
.

A
ne

ra
 e

t a
l. 

(2
00

9)
75

Y
N

Y
Y

Y
Y

Y
Y

U

N
ig

er
ia

26
.

A
to

w
a 

et
 a

l. 
(2

01
7)

51
Y

Y
Y

Y
Y

Y
Y

Y
Y

27
.

O
g

b
on

na
 (2

02
0)

52
Y

Y
Y

Y
Y

Y
N

Y
Y

28
.

Ez
eg

w
ui

 e
t a

l. 
(2

02
1)

53
Y

Y
Y

Y
Y

Y
Y

Y
U

29
.

Eb
ri

 e
t a

l. 
(2

01
9)

54
Y

Y
Y

Y
Y

Y
Y

Y
U

30
.

N
g

oz
ik

a 
Ez

in
ne

 e
t a

l. 
(2

01
8)

55
Y

Y
Y

Y
N

Y
Y

Y
Y

R
w

an
d

a

31
.

Se
m

an
ye

nz
i e

t a
l. 

(2
01

5)
68

Y
Y

Y
Y

Y
Y

N
Y

U

So
m

al
ia

32
.

A
hm

ed
 e

t a
l. 

(2
02

0)
71

Y
Y

Y
N

Y
Y

N
Y

Y

So
u

th
 A

fr
ic

a

33
.

M
ab

as
o 

et
 a

l. 
(2

00
6)

56
Y

Y
Y

N
N

Y
N

Y
U

34
.

N
ai

d
oo

 e
t a

l. 
(2

00
3)

57
Y

Y
Y

Y
N

Y
Y

Y
Y

35
.

W
aj

ui
hi

an
 e

t a
l. 

(2
01

7)
58

Y
Y

Y
Y

Y
Y

N
Y

U

36
.

M
ag

ak
w

e 
et

 a
l. 

(2
02

0)
59

Y
Y

Y
Y

Y
Y

Y
Y

Y

Su
d

an

37
.

Ru
sh

oo
d 

et
 a

l. 
(2

01
3)

66
Y

Y
Y

N
N

Y
N

Y
U

38
.

A
lr

as
he

ed
 e

t a
l. 

(2
01

6)
67

Y
Y

Y
N

Y
Y

Y
Y

Y

A
P

P
E

N
D

IX
 2

 
co

nt
in

ue
d



      |  21KOBIA-ACQUAH et al.

N
u

m
b

er
St

u
d

y

W
as

 t
h

e 
sa

m
p

le
 fr

am
e 

ap
p

ro
p

ri
at

e 
to

 a
d

d
re

ss
 

th
e 

ta
rg

et
 

p
o

p
u

la
ti

o
n?

W
er

e 
st

u
d

y 
p

ar
ti

ci
p

an
ts

 
sa

m
p

le
d

 
in

 a
n

 
ap

p
ro

p
ri

at
e 

w
ay

?

W
as

 t
h

e 
sa

m
p

le
 s

iz
e 

ad
eq

u
at

e?

W
er

e 
th

e 
st

u
d

y 
 

su
b

je
ct

s 
an

d
 t

h
e 

 
se

tt
in

g
 d

es
cr

ib
ed

  
in

 d
et

ai
l?

W
as

 t
h

e 
d

at
a 

an
al

ys
is

 
co

n
d

u
ct

ed
 

w
it

h
 s

u
ff

ic
ie

n
t 

co
ve

ra
g

e 
o

f 
th

e 
id

en
ti

fi
ed

 
sa

m
p

le
?

W
er

e 
va

li
d

 
m

et
h

o
d

s 
u

se
d

 fo
r 

th
e 

id
en

ti
fi

ca
ti

o
n

 
o

f t
h

e 
co

n
d

it
io

n?

W
as

 t
h

e 
co

n
d

it
io

n
 

m
ea

su
re

d
 in

 
a 

st
an

d
ar

d
, 

re
li

ab
le

 
w

ay
 fo

r 
al

l 
p

ar
ti

ci
p

an
ts

?

W
as

 t
h

er
e 

ap
p

ro
p

ri
at

e 
st

at
is

ti
ca

l 
an

al
ys

is
?

W
as

 t
h

e 
re

sp
o

n
se

 
ra

te
 a

d
eq

u
at

e,
 

an
d

 if
 n

o
t,

 w
as

 
th

e 
lo

w
 r

es
p

o
n

se
 

ra
te

 m
an

ag
ed

 
ap

p
ro

p
ri

at
el

y?

Ta
n

za
n

ia

39
.

W
ed

ne
r e

t a
l. 

(2
00

2)
72

Y
Y

Y
Y

Y
Y

N
Y

Y

To
g

o

40
.

Sa
a 

et
 a

l. 
(2

01
3)

73
Y

Y
Y

N
N

Y
Y

Y
Y

Tu
n

is
ia

41
.

C
he

b
il 

et
 a

l. 
(2

01
6)

69
Y

Y
Y

N
Y

Y
Y

Y
U

U
g

an
d

a

42
.

Ka
w

um
a 

an
d 

M
ay

ek
u 

(2
00

2)
76

Y
Y

Y
N

N
Y

Y
Y

Y

Y,
 Y

es
; N

, N
o;

 U
, U

nc
le

ar
; N

/A
, N

ot
 A

p
p

lic
ab

le
.

A
P

P
E

N
D

IX
 2

 
co

nt
in

ue
d


	Regional variations and temporal trends of childhood myopia prevalence in Africa: A systematic review and meta-analysis
	Recommended Citation
	Authors

	Regional variations and temporal trends of childhood myopia prevalence in Africa: A systematic review and meta-­analysis
	Abstract
	INTRODUCTION
	METHODS
	Literature search strategy
	Inclusion and exclusion criteria
	Study screening and appraisal
	Data analysis

	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENT
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	REFERENCES


