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Purpose: To assess the impact of uncorrected hyperopia and hyperopic

spectacle correction on children’s academic performance.

Design: Systematic review and meta-analysis

Methods: We searched 9 electronic databases from inception to July 26,

2021, for studies assessing associations between hyperopia and academic

performance. There were no restrictions on language, publication date,

or geographic location. A quality checklist was applied. Random-

effects models estimated pooled effect size as a standardized mean

difference (SMD) in 4 outcome domains: cognitive skills, educational

performance, reading skills, and reading speed. (PROSPERO registra-

tion: CRD-42021268972).

Results: Twenty-five studies (21 observational and 4 interventional) out

of 3415 met the inclusion criteria. No full-scale randomized trials were

identified. Meta-analyses of the 5 studies revealed a small but significant

adverse effect on educational performance in uncorrected hyperopic

compared to emmetropic children {SMD�0.18 [95% confidence interval

(CI), �0.27 to �0.09]; P< 0.001, 4 studies} and a moderate negative

effect on reading skills in uncorrected hyperopic compared to emmetropic

children [SMD �0.46 (95% CI, �0.90 to �0.03); P¼ 0.036, 3 studies].

Reading skills were significantly worse in hyperopic than myopic chil-

dren [SMD �0.29 (95% CI, �0.43 to �0.15); P< 0.001, 1 study].

Qualitative analysis on 10 (52.6%) of 19 studies excluded from meta-

analysis found a significant (P< 0.05) association between uncorrected

hyperopia and impaired academic performance. Two interventional

studies found hyperopic spectacle correction significantly improved

reading speed (P< 0.05).

Conclusions: Evidence indicates that uncorrected hyperopia is associ-

ated with poor academic performance. Given the limitations of current

methodologies, further research is needed to evaluate the impact on

academic performance of providing hyperopic correction.

Key Words: glasses, hyperopia, learning, refractive error, school-age

children

(Asia Pac J Ophthalmol (Phila) 2022;11:36–51)

E ducation lays the foundation for sustainable economic

growth and the development of a country.1 It is regarded

as a fundamental human right2 and is the focus of Sustainable

Development Goal 4 (SDG4) established by the United Nations,

ensuring “inclusive and equitable quality education” for all.3 In 2017,

it was reported that fewer than 50.0% of children and adolescents

globally were achieving minimum proficiency levels4 in reading and

mathematics.5 The highest regional proportion of adolescents failing

to reach minimum proficiency levels worldwide were in sub-Saharan

Africa (89.0%), followed by Central Asia and Southern Asia

(80.0%), and Western Asia and Northern Africa (64.0%).5

Uncorrected refractive error is the leading cause of vision

impairment in children globally.6 An estimated 12.8 million
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children aged 5 to 15 years are vision impaired due to this cause.7

A systematic review and meta-analysis of the regional and global

prevalence of refractive errors across childhood found the pooled

prevalence estimates of myopia, hyperopia [spherical equivalent

(SE) �þ2.00 diopters (D)], and astigmatism to be 11.7% [95%

confidence interval (CI), 10.5–13.0], 4.6% (95% CI, 3.9–5.2),

and 14.9% (95% CI, 12.7–17.1), respectively.8

Vision is a crucial component of a child’s learning

and education. Studies have reported that uncorrected and under-

corrected refractive errors can affect a child’s academic perfor-

mance,9–14 social participation,15,16 and future economic

productivity.17 However, a recent review identified several gaps

in the evidence related to the impact of refractive errors on academic

performance.18 Additionally, much of the evidence is undermined

by suboptimal research methods, including small sample sizes and a

lack of robust trial designs, limiting the ability to determine

associations or causation. As a result, efforts have recently been

undertaken to strengthen the evidence base, with trials reporting

improvements in academic achievement after spectacle intervention

to correct myopia.19–21 Other trials have also shown that refractive

correction improves educational outcomes but have not distin-

guished the type of refractive error.14,22,23

Hyperopia is common in young children, with the prevalence

of moderate hyperopia (�þ2.00 D) in 6- to 72-month-olds

ranging between 13.0% and 29.0%.24,25 A meta-analysis reported

hyperopia (�þ2.00 D) prevalence in 5-year-old children was

between 2.7% and 26.3%, depending on the measurement meth-

ods and geographic location.26 Research has underscored the

connection between uncorrected hyperopia, near visual function

and early literacy development,27,28 reading speed,29 and aca-

demic achievement in children.12,30–33 For example, the Vision

in Preschoolers–Hyperopia in Preschoolers (VIP-HIP) study

concluded that 4- and 5-year-old children with uncorrected

hyperopia �þ4.00 D or uncorrected hyperopia �þ3.00 D with

reduced binocular near visual acuity/stereoacuity, performed

significantly worse on early literacy tests compared to age-

matched controls.28

School vision screening programs are relatively common in

high-income countries, where they have been successfully incor-

porated into health care and educational systems.34 However, such

programs predominantly rely on distance visual acuity as a measure

and therefore, are biased to detect amblyopic risk factors, myopia,

and astigmatism.35,36 The detection of uncorrected hyperopia could

be crucial for successful reading,27,28 yet is frequently overlooked.

Furthermore, modest hyperopia in children is regarded as relatively

benign, as it is expected that children have sufficient accommoda-

tive (focusing) ability to overcome it.37

Besides the impact on learning, uncorrected moderate-high

hyperopia in children is associated with a higher risk of strabis-

mus38,39 and amblyopia.39–42 Amblyopia is the leading cause of

unilateral vision impairment in children.43 Although treatment of

amblyopia often involves correction of hyperopia to improve visual

acuity, the hyperopia itself is not the impetus for clinical decision-

making to prescribe spectacles.44 Current guidelines on prescribing

for hyperopic correction for children under 4 years of age, in the

absence of amblyopia and strabismus, are largely based on clinical

experience rather than evidence derived.45,46 The absence of robust

and standardized criteria makes it impossible to make unequivocal

evidence-based recommendations for managing school-age chil-

dren with hyperopia.

A majority of school learning activities, including reading and

writing, are performed at close range over prolonged periods.47 In

addition, with the advent of portable electronics, such as smart-

phones, tablets, and e-readers, the use of screens at close working

distances over prolonged periods has become increasingly impor-

tant and widely used for both educational and recreational pur-

poses.48 Given that uncorrected hyperopia is the refractive error

with the most significant impact on near vision, this increases the

potential impact of uncorrected hyperopia on learning.49–51

Although uncorrected hyperopes can produce additional accom-

modation to overcome their refractive error temporarily. The

sustained additional accommodative demand can result in asthe-

nopia and headaches.52 This could lead to an unconscious avoid-

ance of near tasks due to visual discomfort. In addition, children

with hyperopia may not be aware that their vision is not “typical” or

may not explain what they experience. A recent study reported that

hyperopic correction improved accommodative performance for

sustained reading tasks for the majority of participants.53

All these findings are imperative to understand the impact of

hyperopia on education and learning. However, to the best of our

knowledge, no systematic review or meta-analysis of the impact

of hyperopia on children’s academic performance has been

published or registered to date. This review investigates the

impact of uncorrected hyperopia and hyperopic spectacle correc-

tion on academic performance among children in the published

literature and systematically synthesizes the findings.

METHODS

Data Sources and Search Methods
This systematic review and meta-analysis were conducted

and reported according to the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses and the Cochrane hand-

book.54–56 The study protocol was registered on the International

Prospective Register of Systematic Reviews database (PROS-

PERO reference number CRD-42021268972).

A comprehensive search strategy was applied to all electronic

databases, using medical subject headings and a combination of

keywords related to hyperopia, children, and academic perfor-

mance. We searched the following databases: MEDLINE ALL

(Ovid), EMBASE (Ovid), PsycINFO (Ovid), Cumulative Index to

Nursing and Allied Health Literature (CINAHL), Web of Science,

PubMed, International Clinical Trials Registry Platform, Cochrane

Database of Systematic Reviews, and the Cochrane Central Regis-

ter of Controlled Trials in the Cochrane Library, from database

inception to July 26, 2021. One reviewer (SM) performed an

additional grey literature search on Google Scholar, Open Grey,

and ProQuest. No language, publication date, or geographic loca-

tion restrictions were applied. Reference manager software (End-

note 20, Thomson Reuters) was used to collect references and

exclude duplicates. Reference lists were also searched for all

included articles and previous reviews to identify other relevant

studies. The search strategy is shown in the supplementary file for

the searches in the electronic databases (Supplementary Digital

Content, File 1, http://links.lww.com/APJO/A125).

Eligibility Criteria
Inclusion criteria were as follows: any language, publication

date, or geographic location; primary investigations and reviews;
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observational or interventional studies; participants were children

and adolescents57 attending school between 4 and 17 years of age

who had been diagnosed with uncorrected hyperopia of any

degree, and with or without astigmatism, without any ocular

comorbidities, including strabismus and amblyopia. Studies with

mixed participant groups (eg, children and adults/cohorts includ-

ing children with strabismus and/or amblyopia) that did not report

data separately for the above participants were excluded. The

primary outcome was academic performance assessed through

standardized or nonstandardized testing or teachers’ evaluation of

academic progress. Studies including only child self-reported

measures of performance were excluded.

Data Extraction and Quality Appraisal
Two reviewers (IB and SM) independently checked the titles

and abstracts retrieved by our searches against the review’s eligi-

bility criteria, resolving disagreements by discussion. The full texts

of all potentially eligible articles were retrieved, and full-text

screening was done by 2 reviewers (IB and SM) if eligibility

was confirmed. Data were extracted separately from the included

studies into a predesigned and piloted data spreadsheet (Excel;

Microsoft Corp, Redmond, WA). For each included study,

extracted data included author, year, geographic location, study

setting, title, study design, sample size, participant characteristics,

sampling method, reported outcome(s), and comparator groups.

Two reviewers (IB and SM) checked the data for errors, and

discrepancies were resolved through discussion and consensus.

Two reviewers (ACY and SM) independently evaluated the

quality of each included study. Discrepancies were resolved

through discussion and consensus. The Joanna Briggs Institute

Critical Appraisal Checklist tools were used to assess the included

studies’ quality and risk of bias.58

Data Synthesis and Analysis
We first described study characteristics, such as design,

country, setting, refractive error, type, and category of the aca-

demic assessment tool, and then provided meta-analyses of the

findings for reported outcomes. Studies were classified according

to the World Bank classification of income level.59 All outcome

measurement tools identified in the included studies were cate-

gorized by specific outcome measures and outcome domains:

cognitive skills, educational performance, reading skills, and

reading speed. This was undertaken by 4 reviewers (VFC, GV,

IB, and SM) and discussed with the wider team if there were

unresolved disagreements between these reviewers.

Hedges’ g effect size (ES)60 and 95% CI were calculated to

characterize the association between uncorrected hyperopia and

academic performance on each relevant domain for each study.

Hedges’ g represents the standardized mean difference (SMD)

between uncorrected hyperopic children and the 2 control groups:

emmetropic and myopic children. Outcome measures from the

included studies were all continuous and reported on different

scales. Therefore, when studies used different outcome measure-

ment tools in 1 academic domain, such as educational perfor-

mance or reading skills, the ES was averaged to ensure that each

study only added 1 ES to the final analysis. SMD and its 95% CI

were used to summarize the estimated effects from individual

studies reporting outcomes on the same scale. The random-effects

model was used to generate a pooled ES. The magnitude of the

SMDs was defined according to the guidelines laid out by Cohen:

small (SMD¼ 0.2–0.5), medium (SMD¼ 0.5–0.8), and large

(SMD¼>0.8).61 An ES of less than zero indicates impaired

academic performance. The threshold for statistical significance

was set at P< 0.05, and all P values were 2-sided.

Heterogeneity between study estimates was presented visu-

ally and statistically through inspection of forest plots and the I2

statistic.62 I2 values were interpreted using the threshold recom-

mendations outlined in the Cochrane Handbook.63 Analyses were

performed to assess whether academic performance differed as a

function of the intended focus of the academic tool, for example,

tools addressing reading skills or educational performance. All

statistical analyses were performed using Stata statistical software

(version 17.0, Stata Corp, College Station, TX). Sensitivity

analysis was performed to evaluate each study’s influence on

the overall ES, using the leave-one-out method, by removing 1

study each time and repeating the analysis. We also performed a

narrative synthesis of the association between uncorrected hyper-

opia and educational outcomes.

RESULTS

Study Selection
The electronic database search yielded 3746 titles and

abstracts, 338 of which were duplicates. An additional 7 studies

were identified by manually searching reference lists of the

included studies. During title and abstract screening, 3302 studies

were excluded as they were not relevant to the research question.

One hundred thirteen studies were considered for eligibility, of

which a total of 88 (77.9%) studies were excluded for the

following reasons: outcome measures not reported (n¼ 56),

simulated hyperopia was reported (n¼ 2), the type of refractive

error could not be differentiated (n¼ 11), conference and meeting

abstracts (n¼ 15), and unable to translate full text into English

(n¼ 4, 3 in German, 1 in French). A total of 25 eligible studies

were included in this review (Fig. 1). No additional studies were

identified through the grey literature search.

Characteristics of the Eligible Studies
The 25 selected studies were comprised of 21 observational

studies (16 cross-sectional studies,12,27,28,31,33,64–74 3 longitudinal

studies,75–77 and 2 case-control studies78,79) and 4 interventional

studies (1 cross-sectional study53 and 3 longitudinal intervention

studies10,29,80). No full-scale randomized control trials were identified.

A majority (n¼ 22, 88.0%) of included studies were conducted in

high-income countries.10,12,27–29,31,33,53,66–69,71–80 One (4.0%) study

was conducted in an upper middle-income country,70 and 2 (8.0%)

were conducted in lower-middle-income countries (LMICs).64,65 The

25 studies included 23,883 school children [mean sample size 1038,

standard deviation (SD) 2095, range 32–8245] with an age range of 3

to 17 years, across 12 countries. The sex distribution ranged from

34.3% to 63.0% males. Fourteen studies (56.0%) did not report on the

sex distribution of participants.10,29,31,53,64,66–69,72,73,75,77,79 Studies

were conducted in schools,10,29,31,33,64–70,74,77 community set-

tings,12,71,72,75,78 or in health care facilities27,28,53,76,79,80 whereas 1

study did not report the setting.73

Classification of Hyperopia and Measurement Tools
The selected studies used a wide variety of definitions to

classify hyperopia and utilized different refractive methods. A
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total of 7 studies explained the cutoff thresholds used to define

hyperopia.12,27,33,53,64,69,74 Four (16.0%) studies used the plus-lens

test to identify participants with hyperopia.12,29,66,71 Three out

of these 4 studies, further defined hyperopia using the SE.12,29,66

One study (4.0%) used distance and near visual acuity to classify

participants with refractive error.72 Seven studies (33.3%, n¼ 7/21)

used a threshold between �þ1.00 D and <þ2.00 D on children

aged between 5 and 13 years old.10,12,31,53,74,78,79 The remaining

studies used a variety of threshold definitions for hyperopia from

0.00 D to �þ4.00 D.27–29,33,64–70,75,76,80 Two studies did not

provide details regarding how hyperopia was measured, for exam-

ple, failure on the hyperopia test77 and “far-sighted enough to

warrant use of glasses.”73

Regarding methodology to determine refractive status, 10

studies performed cycloplegic refraction,10,27,28,33,53,64,65,74,76,80

6 performed noncycloplegic refraction,31,68–70,75,78 and 4 did not

clearly state whether cycloplegia was used.67,73,77,79 A variety of

techniques were used to measure hyperopia. The 2 most common

modalities were retinoscopy (32.0%, n¼ 8) and autorefraction

(28.0%, n¼ 7) whereas 5 (20.0%) studies10,73,76,77,79 did not

specify the instrument used and 4 (16.0%) studies12,29,66,80 used

a combination of techniques.

Categorization of Academic Performance by
Domain

All 25 included studies assessed 1 or more outcome domains:

3 (12.0%) studies in the cognitive skills domain65,67,80; 12

(48.0%) studies were in the educational performance

domain12,28,31,33,64,66,68,70,71,75,77,79; 5 (20.0%) studies in the read-

ing skills domain10,27,73,74,78; 1 (4.0%) study in the reading speed

domain53; and 4 (16.0%) studies reported more than 1 domain

(Table 1).29,69,72,76

Studies iden�fied through database search (n=3746)
MEDLINE ALL (n=89)
EMBASE (n=1473)
CINAHL (n=166)
PsycInfo (n=380)
Web of Science (n=1470)
PubMed (n=127)
Cochrane CDSR (n=3)
Cochrane CENTRAL (n=38)
ICTRP (n=0)

Duplicate studies removed (n=338)

Studies that underwent screening of �tles and abstracts (n=3415)

Studies excluded at �tle and abstract level due to non-
compliance with the review objec�ve (n=3302)

Poten�ally eligible full-text studies (n=113)

Full-text studies excluded with reasons (n=88)
Outcome measures not reported (n=56)
Simulated hyperopia (n=2)
Type of refrac�ve error could not be differen�ated (n=11)
Not full research studies (i.e., conference papers, mee�ng 
abstracts) (n=15)
Unable to translate into English (n=4)

Studies included in the systema�c review (n=25)

Studies not included in the meta-analysis (n=20)
Studies did not meet inclusion criteria (n=20)

Studies included in the meta-analysis (n=5)

Addi�onal studies manually searched from reference lists (n=7)

Figure 1. Flow chart of the study selection process. Reported according to the PRISMA guidelines. Some studies contributed to both the narrative

review and meta-analysis. PRISMA indicates Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Cognitive skills encompassed a variety of labels, for exam-

ple, general intelligence in children such as full-scale intelligence

quotient (IQ), verbal IQ, performance IQ, working memory, and

processing speed. Standardized intelligence tests including the

Wechsler Preschool and Primary Scale of Intelligence-Revised,

Wechsler Intelligence Scale for Children-Revised, and the

California Test for Mental Maturity and British Ability Scales

were used to assess cognitive function. Four of the 5 studies

assessing cognitive skills used standardized tests67,72,76,80 and 1

study utilized teacher-based assessments to determine cognitive

functioning.65

The domain of educational performance was comprised of

many measures of academic performance such as mathematics,

language, early literacy skills, and the number of schooling years

that were repeated. Early literacy skills are reading and writing

skills developed from birth to approximately 5 years old that

strongly predict later conventional literacy skills.81,82 Seven

(53.8%) of the 13 studies used nonstandardized tests to assess

educational performance.33,64,66,68,71,72,79 Reading skills were

categorized into constructs of overall reading or clusters/subtests

to assess a range of tasks, for example, reading comprehension,

letter-word identification, picture vocabulary, reading accuracy,

and errors. Seven (87.5%) out of 8 studies used standardized

testing to assess reading levels in children.10,27,29,72–74,78 All 4

studies assessing reading speed have reported outcome measures

separately; therefore, reading speed was evaluated as a separate

domain.29,53,69,76 Three studies used standardized tests to measure

and report reading speed.29,53,76 Lança et al69 reported the validity

of the tool used to assess reading skills and speed.

Assessment of Quality and Risk of Bias
The studies were assessed for their methodological quality

using the Joanna Briggs Institute Critical Appraisal Checklist

tools.58 In brief, the quality of the studies was assessed by

determining whether the studies have (1) included a rigorous

selection of representative participants, (2) the undertaking of

cycloplegic refraction to define refractive error, (3) identified

confounding factors, and (4) used valid and reliable outcome

measurements with robust statistical analyses, underpinned by a

detailed methodological description of the study. By applying

these criteria, the quality of a majority (88.0%) of the included

studies was moderate-low.10,12,29,31,33,64–80 Three studies were

considered high quality.27,28,53 Notably, out of these 3 studies, the

VIP-HIP study28 used a large sample size of hyperopic children.

The most common issues included: (1) small sample size of

exposure group27,31,53,65,68,69,72,74,79,80; (2) failure to measure

hyperopia using a valid, clearly-defined, reliable method across

all study participants12,33,64,65,67–73,75–79; (3) failure to measure

academic performance using a clearly-defined, valid, and reliable

tool across all study participants31,33,64–66,68,71,73,76,77,79; and (4)

limitations inherent in the cross-sectional design. A summary of

the methodological quality is shown in Table 2.

Meta-Analyses Findings
Separate meta-analyses were conducted to assess 2 indicators

of the association between uncorrected hyperopia and academic

performance: (1) educational performance and (2) reading skills.

Among the 25 included studies, 5 (20.0%) could be included in

our meta-analysis.27,28,31,69,72 All included studies are presented

narratively. The 16 (64.0%) studies that could not be included in

the meta-analysis did not provide the SD,12,67,74,76 reported

median values but not the means and SDs,73 failed to investigate

a sufficient number of hyperopic participants,70,75,77,78 or did not

measure academic performance objectively.33,64–66,68,71,79 Four

studies that reported on the impact of hyperopic spectacle cor-

rection on academic performance were excluded from the meta-

analysis for the following reasons: 1 study did not provide the

SD,29 and the remaining 3 studies could not be pooled to estimate

the effect of hyperopic spectacle correction.10,53,80

Pooled estimates of educational performance from 4 studies

with 9551 total participants, ranging in age from 4 to 10 years,

showed children with uncorrected hyperopia had worse educa-

tional performance than emmetropic children, with a pooled

SMD of �0.18 (95% CI, �0.27 to �0.09; P< 0.001) (Fig. 2).

There was no evidence of a difference between hyperopic and

myopic children, but the estimate was imprecise [SMD �0.08

(95% CI, �0.29 to 0.13; P¼ 0.474)] (Fig. 3). Low statistical

heterogeneity was observed between studies using an emme-

tropic control group (I2¼ 0.0%), suggesting a consistent effect

across studies. Moderate statistical heterogeneity was observed

between studies using a myopic control group (I2¼ 47.5%).

Regarding study design features, we found 1 study27 with a small

sample size that showed a greater ES, but this had little effect on

overall heterogeneity (Fig. 2).

Pooled estimates of reading skills from 3 studies including

8855 participants, ranging in age from 4 to 11 years, showed

children with uncorrected hyperopia had worse reading skills than

emmetropic children, with a pooled SMD of �0.46 (95% CI,

�0.90 to �0.03; P¼ 0.036) (Fig. 4). One study found that

participants with uncorrected hyperopia had significantly worse

reading skills than those with myopia [SMD �0.29 (95% CI,

�0.43 to �0.1; P< 0.001)] (Fig. 5). Substantial statistical het-

erogeneity was observed between studies using an emmetropic

control group (I2¼ 68.0%) (Fig. 4).

Sensitivity Analysis
In the leave-one-out sensitivity analyses conducted, the

removal of most studies unsurprisingly rendered the nonsignifi-

cant pooled ES estimate due to loss of precision, considering the

small number of studies in each meta-analysis (Figs. 6, 7).

Narrative Findings From Studies Not Included in the
Meta-Analysis

The 20 eligible studies excluded from the meta-analysis

included 16 observational (11 cross-sectional studies,12,33,64–

68,70,71,73,74 3 longitudinal studies,75–77 2 case-control78,79) and 4

interventional studies (1 cross-sectional study53 and 3 longitudinal

studies10,29,80). The findings of all the studies are described in

Table 1. Of the 19 studies that assessed the association between

uncorrected hyperopia and academic performance, ten29,33,67,68,

70,71,75–77,80 found a significant (P< 0.05) detrimental impact on

academic performance. Of these studies, 2 reported that uncor-

rected hyperopia was associated with poor academic performance

compared to both emmetropic and myopic comparator groups33,68;

4 found a significant association between uncorrected hyperopia

and poorer academic outcomes compared to emmetropia70,75,76,80;

2 reported poorer academic outcomes in children with uncorrected

hyperopia compared to myopia29,67; and 2 reported impaired

academic outcomes in children with uncorrected hyperopia but

did not include a comparator group.71,77 For those studies that did
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not find a significant association between uncorrected hyperopia

and poor academic performance, some reported a significant

difference (although P values were not reported) between uncor-

rected hyperopia and educational performance.73,79 Two of the 4

interventional studies found a significant improvement in reading

speed29,53 with hyperopic spectacle correction, whereas the remain-

ing 2 did not.10,80 One study failed to report measured outcomes on

a sufficient number of hyperopic participants.78

Figure 2. Results of random-effects meta-analysis for educational performance between hyperopic children and emmetropic control group. The

number of hyperopic children and the emmetropic control group is shown for each study. Forest plots show effect sizes on educational performance

using standard deviation scores (Hedges’ g).

Figure 3. Results of random-effects meta-analysis for educational performance between hyperopic children and myopic control group. The number

of hyperopic children and the myopic control group is shown for each study. Forest plots show effect sizes on educational performance using

standard deviation scores (Hedges’ g).

Figure 4. Results of random-effects meta-analysis for reading skills between hyperopic children and emmetropic control group. The number of

hyperopic children and the emmetropic control group is shown for each study. Forest plots show effect sizes on reading skills using standard

deviation scores (Hedges’ g).

Asia-Pacific Journal of Ophthalmology � Volume 11, Number 1, January/February 2022 The Impact of Hyperopia on Academic Performance

� 2022 Asia-Pacific Academy of Ophthalmology. https://journals.lww.com/apjoo | 45

https://journals.lww.com/apjoo


DISCUSSION
This systematic review summarizes the existing evidence

from 25 eligible studies across 12 countries investigating the

relationship between hyperopia and academic performance. The

meta-analyses from 5 studies found a statistically significant

association between uncorrected hyperopia and poor academic

performance, whereas the narrative synthesis including all 20

studies found mixed results.

Our findings from the meta-analyses of 5 studies showed

that children with uncorrected hyperopia had worse educational

performance than the emmetropic children [SMD �0.18 (95%

CI, �0.27 to �0.09)]. However, a significant difference was

found when compared with myopic children [SMD �0.08 (95%

CI, �0.29 to 0.13)]. A statistically significant difference was

seen in the reading skills of uncorrected hyperopic children

when compared with both emmetropic children [SMD �0.46

(95% CI, �0.90 to �0.03)] and myopic children [SMD �0.29

(95% CI, �0.43 to �0.15)]. Over half (52.6%, n¼ 10/19) of the

studies included in the narrative synthesis reported a statistically

significant association between uncorrected hyperopia and

impaired academic performance.29,33,67,68,70,71,75–77,80 Addi-

tionally, 2 interventional studies reported improvement in

reading speed29,53 when hyperopic spectacle correction was

provided.

Figure 5. Results of random-effects meta-analysis for reading skills between hyperopic children and myopic control group. The number of hyperopic

children and the myopic control group is shown for each study. Forest plots show effect sizes on reading skills using standard deviation scores

(Hedges’ g).

Figure 7. Results of leave-one-out sensitivity analysis for reading skills with the emmetropic control group.

Figure 6. Results of leave-one-out sensitivity analysis for educational performance with the emmetropic control group.
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Based on the 2 meta-analyses, greater ESs were seen in

smaller studies, which could be confounded by methodological

quality. The VIP-HIP study28 was designed with sufficient statis-

tical power to make comparisons between children with moderate

hyperopia and emmetropia who underwent early literacy testing;

this study found significant deficits in early literacy in children

with uncorrected moderate hyperopia (þ3.00 to þ6.00 D) as

compared to children with emmetropia, with the greatest deficits

in hyperopic children with reduced near visual function (near

stereoacuity, binocular near visual acuity, accommodative

response). Further analysis of children participating in VIP-HIP

also showed a significant association between reduced near visual

function and moderate hyperopia (P< 0.001).51 Children with

low to moderate hyperopia also demonstrated worse near visual

acuity, stereopsis, and accommodative responses (larger lags of

accommodation).83

The majority of these studies indicate that uncorrected

hyperopia is associated with impaired academic performance.

However, the quality appraisal indicates that many of these

studies provide only moderate to low evidence. A full-scale

randomized clinical trial is needed to determine the causal

association between hyperopic correction and academic perfor-

mance. A further issue that remains unresolved is whether cor-

rection of hyperopia restores academic performance. Although

the majority of studies have used different refractive groups as

comparators, comparison between uncorrected and corrected

hyperopic groups would provide valuable insights as to whether

the correction of hyperopia contributes to improved academic

performance in children.

Causality in the relationship between hyperopia and educa-

tional attainment has recently been tested in a Mendelian ran-

domization study, which used a nonlinear relationship with

refractive error to simultaneously model both myopia and hyper-

opia on data from adults participating in the UK Biobank study.84

The study found little evidence to suggest hyperopia is a causal

risk factor for lower years of educational attainment. However,

there were significant methodological flaws, such as only includ-

ing adult participants born in England or Wales and those of

European ancestry. Some of whom were adequately corrected

with spectacles for hyperopia during childhood.84 Further, edu-

cational attainment was only measured by self-reported years of

education, and self-report of spectacle wear during childhood as

an adult may have introduced recall bias. The paper is nonetheless

relevant to any consideration of the impact of hyperopia on

educational attainment and underscores the need for randomized

trials in the area to provide more reliable evidence.

Accommodation is important when assessing a child’s visual

function because it essentially dictates the retinal image quality.85

Blur from poor accommodative response might go some way to

explain the impact of uncorrected hyperopia on reading perfor-

mance.49,72,86 It has been suggested that hyperopes with milder

degrees of uncorrected hyperopia can readily accommodate and

therefore may not require optical correction.87 However, recent

studies have reported that the greater the magnitude of a child’s

hyperopia, the greater the variability of accommodation leading to

more blur at near distances.88–90 This can impact the accommo-

dative-convergence interaction during near work, increasing dif-

ficulty in letter and word identification and potentially hindering a

child’s ability to read. Interventional studies investigating the

impact of correcting hyperopia on academic performance have

reported a statistically significant improvement in reading

speed.29,53 However, another yet unknown factor in interpreting

the impact of hyperopic correction is the difference early or late

intervention has in terms of academic performance. For example,

if hyperopia correction occurs later in a child’s educational years,

does this diminish the benefit that hyperopic correction may

otherwise yield?

Hyperopia prevalence is thought to be higher [by 1.82 times

(95% CI, 1.03–3.23)] in children from disadvantaged compared

to advantaged socioeconomic backgrounds.91 Our review found

only 5 studies that reported on participants from disadvantaged

socioeconomic backgrounds.10,28,74,77,80 However, the majority

(n¼ 13, 52.0%) did not specify the sociodemographic set-

ting.12,27,53,64,65,67–73,79 We also found only 2 studies from

LMICs.64,65 Little emphasis has been placed on accurately mea-

suring the prevalence of hyperopia and its impact on educational

outcomes, especially among children in underserved settings,

particularly in LMICs.

The lack of focus on hyperopia has led to methodological

differences in its assessment and variation in outcome measurement

tools, limiting comparisons across studies. A further difficulty in

comparing studies is that the variation in the tools used to measure

the magnitude of hyperopia can increase imprecision due to high

inter-observer variability and measurement errors. For research

studies investigating the prevalence of refractive error in children,

cycloplegic refraction is the gold-standard method.92 However,

clinically, dry retinoscopy and subjective refraction are also used to

measure refractive error, and the use of cycloplegia may vary.

Cycloplegic refraction requires the use of drugs and protocols for

administration, including multiple instillations of eyedrops and

additional use of topical anesthetics for some populations to ensure

an appropriate effect. Such regimes are more invasive, take more

time and resources, and require trained professionals. Understand-

ably, study protocols have considered alternative routes. This

review’s inclusion criteria were not limited to those studies that

performed cycloplegic refraction. Nevertheless, without adopting

cycloplegic methods to assess refractive error in children, studies

using a definition from noncycloplegic conditions would very

likely be under-reporting hyperopia.

A recent study highlighted the low sensitivity of noncyclo-

plegic approaches for detecting hyperopia, reporting sensitivity

for hyperopia defined as>þ0.50 D and>þ1.00 D in children and

young adults aged 5 to 20 years using noncycloplegic autorefrac-

tion to be 38.9% and 22.1%, respectively.93 Similar studies have

also reported noncycloplegic measurement errors using autore-

fraction.94,95 This reinforces the importance of conducting cyclo-

plegic refraction to determine the true power and prevalence of

hyperopia.92

The United Nations Educational Scientific Cultural Organi-

zation uses indicators to monitor and report each country’s

progress toward achieving the SDGs.96 Despite increased partici-

pation in primary and lower secondary education globally since

the World Declaration of Education for All in 1990,97 only 37.0%

of lower-secondary school children achieve minimum proficiency

in reading according to the (adjusted) SDG Indicator 4.1.1.96

Children in sub-Saharan Africa and Central and Southern Asia

face greater challenges in education than any other regions, with

only 15.0% and 21.0%, respectively, meeting minimum profi-

ciency levels in lower-secondary education.96 This highlights the

need for interventional studies in schools to determine whether the
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early detection and correction of refractive errors could facilitate

the success of early reading and writing programs.

Strengths and Limitations
This systematic review is the first to report the impact of

hyperopia on academic performance, while combining both

meta-analyses and narrative synthesis. The strengths of this

review include a comprehensive search of the literature and

the use of 2 authors to independently screen and select studies

and extract data. Nonetheless, there are several limitations. The

study synthesis of the existing literature under review was limited

due to methodological differences, inconsistent measurement

tools, the small number of hyperopic children recruited in most

cohorts, and the lack of information about the severity of hyper-

opia, which could have led to inaccurate findings. Furthermore,

the definition of hyperopia differs considerably across studies,

further limiting overall comparability. Many of the included

studies are cross-sectional, which limits inference regarding

causality. Our findings were limited by the variation in tests

used to identify hyperopia, with 4 studies (16.0%) using the plus-

lens test, which may not reliably detect low to moderate hyper-

opia.98 Because of the paucity of studies that have investigated

visual attention53,75 and visual-motor integration,27,74,75,80 we

could not explore the association between hyperopia and these

domains in this review. However, 2 more recent studies83,99 have

reported poorer visual attention and visual-motor integration in

those with hyperopia, and these higher functions are promising

areas that warrant further investigation. Because fewer than 10

studies were included in our meta-analyses, we could not test for

publication and reporting biases, which are likely in observa-

tional studies that do not require prior registration. Also, most

(n¼ 22, 88.0%) studies were conducted in high-income coun-

tries. Therefore, their data might not represent LMICs, making it

difficult to inform policy in such settings, where the majority of

the world’s children live.

CONCLUSIONS
This is the first systematic review and meta-analysis to focus

on the impact of uncorrected hyperopia and hyperopic spectacle

correction on academic performance globally. We found an

association between uncorrected hyperopia and children’s poor

educational performance and reading skills. However, firm con-

clusions are difficult to draw due to considerable heterogeneity in

study design features and methodology, definitions of hyperopia

used, assessment of academic performance, and the small number

of hyperopic children recruited in some studies. Hyperopia in

children, if left undetected, could have a significant negative

effect on economic and academic opportunities throughout life.

Standardized definitions, survey methodologies, and practical

screening methodologies, together with randomized controlled

trials, are required to determine the magnitude of the issue and

develop evidence-based solutions to tackle it.
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