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Impact of Vision Impairment and Ocular
Morbidity and Their Treatment on Quality
of Life in Children

A Systematic Review

Dongfeng Li, MMed,"**** Ving Fai Chan, PhD,”* Gianni Virgili, PhD,*** Sonia Mavi, BSc,” Sheetal Pundir, PhD,’
Manpreet K. Singh, PhD,° Xmshu She, PhD,° Pmbhath Piyasena, PhD,’ Mlke Clarke PhD,’

Noelle Whitestone, MHA Jennifer L. Pamalk PhD 78 Baixiang Xiao, MD,”*’ David H Cherwek MD,”
Habtamu Negash, MBA Sara O’Connor, MD, ™" S. Gmce Pmkalapakom MD MPH,'""° Huilan Huang, MD,"
Huan Wang, PhD,"” Matthew Boswell, MA, 3 Nathan Congdon, MD, MPH"* 7,14

Topic: This review summarizes existing evidence of the impact of vision impairment and ocular morbidity and
their treatment on children’s quality of life (QoL).

Clinical Relevance: Mpyopia and strabismus are associated with reduced QoL among children. Surgical
treatment of strabismus significantly improves affected children’s QoL.

Methods: We conducted a systematic review and meta-analysis by screening articles in any language in 9
databases published from inception through August 22, 2022, addressing the impact of vision impairment, ocular
morbidity, and their treatment on QoL in children. We reported pooled standardized mean differences (SMDs)
using random-effects meta-analysis models. Quality appraisal was performed using Joanna Briggs Institute and
National Institutes of Health tools. This study was registered with the International Prospective Register of
Systematic Reviews (identifier, CRD42021233323).

Results: Our search identified 29 118 articles, 44 studies (0.15%) of which were included for analysis that
included 32 318 participants from 14 countries between 2005 and 2022. Seventeen observational and 4 inter-
ventional studies concerned vision impairment, whereas 10 observational and 13 interventional studies described
strabismus and other ocular morbidities. Twenty-one studies were included in the meta-analysis. The QoL scores
did not differ between children with and without vision impairment (SMD, —1.04; 95% confidence interval [CI],
—2.11 10 0.03; P = 0.06; 9 studies). Myopic children demonstrated significantly lower QoL scores than those with
normal vision (SMD, —0.60; 95% CI, —1.09 to —0.11; P = 0.02; 7 studies). Children with strabismus showed a
significantly lower QoL score compared with those without (SMD, —1.19; 95% CI, —1.66 to —0.73; P < 0.001;
7 studies). Strabismus surgery significantly improved QoL in children (SMD, 1.36; 95% ClI, 0.48—2.23; P < 0.001;
7 studies). No randomized controlled trials (RCTs) concerning refractive error and QoL were identified. Among all
included studies, 35 (79.5%) were scored as low to moderate quality; the remaining met all quality appraisal tools
criteria.

Discussion: Reduced QoL was identified in children with myopia and strabismus. Surgical correction of
strabismus improves the QoL of affected children, which supports insurance coverage of strabismus surgery.
Further studies, especially RCTs, investigating the impact of correction of myopia on QoL are needed.

Financial Disclosure(s): Proprietary or commercial disclosure may be found in the Footnotes and Disclosures
at the end of this article. Ophthalmology 2024;131:188-207 © 2023 by the American Academy of Ophthalmology.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Supplemental material available at www.aaojournal.org.
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In 2020, an estimated 596 million people worldwide were mental health problems developing, poor school

affected by distance vision impairment, and a further 510
million had uncorrected near vision impairment.' An
estimated 70 million children O to 14 years of age have
vision impairment, among whom 1.4 million have
irreversible blindness.” Children with VlSlOIl impairment
often exhibit increased social isolation,’ elevated risks of

188 © 2023 by the American Academy of Ophthalmology
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performance,”’ and reduced quality of life (QoL).*’

In ophthalmic practice, vision function traditionally has
been assessed by visual acuity. However, visual acuity alone
does not always convey a person’s perception of his or her
V1sua1 1mpa1rment and ab111ty to perform vision-related
tasks.®” Quality of life is a self-rated multidimensional
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concept incorporating (E)hysical, functional, social, and
emotional well-being.'” Measuring QoL provides a
comprehensive overview of the affected person’s
experiences of an eye disease® and satisfaction with an
ophthalmic treatment.'’ For example, strabismus surgery
typically does not improve visual acuity, nor does it
prevent vision loss, but it can be associated with
significant emotional impact. Hence, evaluating surgical
outcomes based on the patient’s perspective is essential.
Quality of life also supports clinical decision-making, can
be used as a prognostic indicator, and may inform policy-
making decisions for resource allocation.'”

Ocular conditions affect all stages of life, with young
children and older people particularly at risk.” During the
past 2 decades, an increasing number of studies have
investigated the impact of vision impairment and ocular
morbidity on QoL in adults. It has been well established
that vision impairment and ocular diseases can affect
adults negatively, especially older people’s mental health
and QoL.13 In 2021, Assi et al'® conducted an umbrella
review and found an association among vision
impairment, eye disease, and lower QoL across the
lifespan. However, most of the included systematic
reviews focused on vision impairment and eye diseases
that are common among older adults, but not children,
such as age-related macular degeneration, glaucoma, and
diabetic retinopathy. Additionally, chronic ocular conditions
exist that do not impair vision, but do have other negative
impacts that can reduce the QoL of affected children. For
example, strabismus affects 5.0% to 6.8% of otherwise
healthy children,'*'” causing physical, educational, and
socioemotional difficulties in their daily lives.'™"’ A
narrative review conducted in 2021 found that strabismus
can impact the well-being of children and adults nega-
tively, and strabismus surgery can improve ocular align-
ment, psychosocial health, and QoL. However, the authors
did not conduct a meta-analysis because of the high het-
erogeneity of included studies across the life course.'®

To our knowledge, no systematic reviews or meta-
analyses have assessed comprehensively the effect of
vision impairment and ocular morbidity on QoL in children.
In addition, results from available studies regarding eye
health and QoL in children are not consistent. Some studies
reported no significant difference in QoL between children
with vision impairment and those without.'* > However,
several other studies found that vision impairment or
refractive error had a detrimental effect on children’s
QoL.“”?! Therefore, this systematic review examined the
impact of vision impairment and ocular morbidity on
children’s QoL and the effectiveness of ophthalmic
interventions in improving QoL.

Methods

We performed a systematic review and meta-analysis in accor-
dance with the Preferred Reporting Items for Systematic Review
and Meta-analysis (PRISMA) checklist (Appendix 1). A protocol
was registered and published on the International Prospective
Register of Systematic Reviews (identifier, CRD42021233323).
This is a systematic review and meta-analysis using de-identified

participant data from all included studies. Informed consent was
not obtained, and the Queen’s University Belfast Ethics
Committee agreed that approval was not required for this
study. All research adhered to the tenets of the Declaration of
Helsinki.

Search Methods for Identifying Studies

Li et al* described the search methods in detail. In brief, a
comprehensive search was conducted using Medical Literature
Analysis and Retrieval System Online (MEDLINE), Embase,
Web of Science, PsycINFO, Cochrane Database of Systematic
Reviews, the Cochrane Central Register of Controlled Trials in
the Cochrane Library, Cumulative Index to Nursing and Allied
Health Literature (CINAHL), and Chinese databases WANFANG
MED ONLINE and China National Knowledge Infrastructure
from inception through February 18, 2022, without language
restriction. We repeated the search strategy on August 22, 2022.
This search strategy was developed under an information
specialist’s guidance and was tested through an iterative process
before finalizing the combination of terms (Appendix 2).

Eligibility Criteria

Studies meeting the following criteria were considered eligible for
inclusion: (1) enrolled children or young adults, as long as the
mean age of participants was younger than 18 years; (2) defined
vision impairment according to the International Classification of
Diseases, Eleventh Revision (2018), (presenting visual acuity, < 6/
12); (3) observational studies should include a comparison group,
such as normally sighted children; and (4) reported QoL outcomes
(including generic, health related, or vision related). Studies using
visual function questionnaires were also included, as long as the
questionnaire contained subscales related to QoL or could be used
to measure QoL, and (5) used either observational or intervention
design, including randomized controlled trials (RCTs) and before-
and-after studies with no control group. Only original studies
published in peer-reviewed journals were included.

Studies were excluded if they met any of the following criteria:
(1) the interventions were not ophthalmic; (2) the study compared
different kinds of interventions without a placebo or control group;
(3) the studies concerning retinoblastoma, retinopathy of prema-
turity, and uveitis were excluded because of potential complica-
tions other than vision; and (4) the study used a qualitative design.

Study Selection, Data Collection, and Risk of
Bias Assessment

Two reviewers (D.L. and one of the following: P.P., SM., H.H.,
and S.P.) independently screened all titles and abstracts for eligi-
bility. Reviewers read the full-text articles for potentially eligible
studies to determine final inclusion or exclusion. Two reviewers
(D.L. and S.P.) extracted data independently into Excel version
2201 software (Microsoft Corporation). For observational studies,
the extracted data consisted of the authors’ names, publication
year, study design, country, diagnosis, sample size, demographic
characteristics of participants, instruments used to measure QoL,
and a summary of findings. For interventional studies, beyond the
characteristics listed above, we also recorded the type of inter-
vention in each group. Any disagreement was resolved by dis-
cussion within the research team.

The risk of bias and quality of studies was assessed using the
National Institutes of Health quality assessment tool for the before-
and-after study without a control group and corresponding Joanna
Briggs Institute critical appraisal checklists for cross-sectional and
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Search in Embase, Medline, PsycINFO, Web of Science,
CINAHL, CDSR, CENTRAL, Wan Fang, CNKI (n=29118)

v

Records after duplicates removed (n = 20381)

Excluded duplication (n = 8737)

A4

Irrelevant articles excluded after reading title and abstract (n =20310)

Full-text articles reviewed (n =71)

A 4

Records included in the meta-analysis or qualitative
analysis of this study (n =44)

Observational studies concerning vision impairment (n=17)
Observational studies concerning ocular morbidity (n=10)

Intervention studies (n=17)

Studies included in the meta-analysis (n=21)

Studies included in the qualitative analysis (n=23)

Figure 1. Flowchart of the study selection process.

RCT study designs. Two reviewers (D.L., S.P., and H.H. worked
as the second) appraised the studies independently.

Data Synthesis and Analysis

Data analyses were conducted using Stata version 17.0 statistical
software’s meta suite of commands (StataCorp LLC). As described
previously,* we reported vision impairment and strabismus
separately. We expected that different studies would use a
variety of tools to measure QoL; thus, standardized mean
differences (SMDs) were used in the pooled analyses. A negative
pooled SMD indicates that the eye disease is detrimental to QoL
of children and vice versa. A random-effects model was used
because of heterogeneity between studies, and data were displayed
using a forest plot. To minimize heterogeneity, we included only
self-reported QoL studies and excluded proxy-reported outcomes
from the meta-analysis. A leave-one-out sensitivity analysis was
conducted to evaluate the relative impact of studies on the meta-
analytic outcomes. Studies not eligible for meta-analysis were
included in a narrative description.
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v

Full-text articles excluded for the following reasons
(n=27):

Comparison of different interventions (n=2)
Participants with any other comorbidity (n=5)
Without a control group (n=14)

Different research question (n=2)

Qualitative study design (n=1)

Not interested eye condition (n=1)
Participants mean age not reported (n=1)

Preprint article (n=1)

Results

Study Characteristics

Of the 29 118 references identified (28 992 via the first search and
126 after repeating the search strategy on August 22, 2022), 71
full-text articles (0.24%) were reviewed, and 44 studies (0.15%)
were identified as eligible for systematic review (Fig 1). A list of
excluded studies with reasons for exclusion is provided in
Table S1 (available at www.aaojournal.org).

Among the 44 studies, 17 observational studies concerned
vision impairment,®’+'%!%21733 10 observational studies described
strabismus and other ocular morbidities,”’”fﬁ 13 interventional
studies involved strabismus,”” > and 4 interventional studies
focused on vision impairment.”® > These studies were conducted
between 2005 and 2022 and included 32 318 participants (median,
120 participants; interquartile range, 75—303 participants; range,
21—12 989 participants) from 14 countries. Only 4 studies (9.09
%) were from low-income countries, including 1 each from Iran>*
and Pakistan® and 2 from India.’>>’ Twenty-nine studies
were from middle-income countries, including 1 each from South
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Quality of life

Vision impairment Normal vision Hedges's g Weight
Study N Mean SD N Mean SD with 95% Cl (%)
Myopia
Wong et al 2009 894 837 169 355 834 118 0.02[-0.10, 0.14] 10.19
Kim etal 2010 76 9679 882 10 996 6.95 -0.32[-0.98, 0.33] 9.83
Hsieh and Lin 2016* 466 77.2 1007 190 805 8.52 -0.34[-0.51, -0.17] 10.18
Pan etal 2018 602 713 158 1,633 722 148 -0.06[-0.15, 0.03] 10.20
Zhou et al 2019 228 6313 1009 72 8025 5.54 | -1.85[-2.16, -1.55] 10.12
Wang et al 2019 552 687 185 581 871 164 [ | -1.05[-1.18, -0.93] 10.19
Zhu et al 2021 916 77.06 1566 187 8549 1237 M| -056[-0.71, -0.40] 10.18
Heterogeneity: 7° = 0.42, I’ = 98.58%, H’ = 70.31 @| -060[-1.09, -0.11]
Test of § = 6;: Q(6) = 294.29, p = 0.00
Testof 6 =0:z=-2.38, p=0.02
Other cause of visual impairment
Hsieh and Lin 2016** 22 79 1111 10 805 852 -0.14[-0.87, 0.59] 9.75
Habib Irshad 2018 40 15065 23.106 40 297.78 2529 —— -6.02[-7.04, -4.99] 9.33
Venancio et al 2022 45 7495 2849 30 842 136 8 -039[-0.85 0.08 10.02
Heterogeneity: ° = 10.77, I = 98.81%, H’ = 83.73 —— D 16 [ -5.90, 1.58]
Test of = 6 Q(2) = 103.51, p = 0.00
Testof 6=0:2=-1.13,p=0.26
Overall @ -1.04[-2.11, 0.03]

Heterogeneity: 7° = 2.92, I’ = 99.70%, H’ = 335.59
Test of § = 6;: Q(9) = 409.61, p =0.00
Testof 6 =0:z=-1.90, p=0.06

Test of group differences: Q,(1) = 0.66, p = 0.42

Random-effects REML model
Sorted by: Year

Favors vision impairment | Favors normal vision

Figure 2. Forest plot of the random-effects model for the association between quality of life and vision impairment in children. CI = confidence interval;

SD = standard deviation.

and Malaysia,45 2 from Brazil,B’33 and 24

7,19,21,22,24,29,31,32,34,37,38,40,42,44,46,48,49,51—53,55,56,58,59

Africa®®
from China.
Twelve studies were from high income countries, including 1
each from Germany,”” Japan,™ Portugal the United Kingdom,®
and Korea®®; 2 from Singapore'®*®; and 5 from the United
Statesizo’j’m“” Thirty-three studies contained an approxi-
mately equal number of male and female participants. Three
studies®®***” and 7 studies®'******317 included less than 40%
males and females, respectively. Two studies did not report on the
sex distribution of participants.***’ Thirty-five studies were
hospital-based surveys, and the remaining 9 studies were school-
based surveys. The characteristics of the studies are reported in
Tables 2 and 3

The studies used 13 different questionnaires to measure chil-
dren’s QoL. The most commonly used tools were the Intermittent
Exotropia Questionnaire (n = 12),70:30:38:40:45749.52.53 the
Pediatric QoL Inventory (n = 11),7:18721:26.29.33.3442.51 apq the
25-item National E%/e Institute Visual Function Questionnaire
(n = 7).21222831.32.3744 ther questionnaires included the RAND
Health Insurance Study questionnaire,”®”* the Pediatric Eye
Questionnaire,”**’ the World Health Organization QoL Scale,”
the QoL Impact of Refractive Correction,” the scale of QoL for
children with congenital bilateral cataract,’® a self-developed
questionnaire to assess the impact of amblyopia treatment on
health-related  QoL,”® the Children’s Visual  Function
Questionnaire,” the generic KINDL-R questionnaire,”>’ the LV
Prasad Functional Vision Questionnaire,”’ and the Low Vision
QoL Questionnaire.® Nine of these instruments were condition
specific and 4 were general.

Methodologic Quality of Included Studies

The risk of bias and methodologic quality of the 44 studies are
summarized in Table 4. Overall, only 9 studies met all the criteria
of the corresponding tools. The risk of bias and methodologic
quality of the 20 observational studies were scored as low to
moderate on the Joanna Briggs Institute checklist for cross-
sectional studies; common problems were (1) inability to 1dent1fy
or  address otential  confounding  factors  (n
18),0:19:21728:30.31.34.36.37.39741 9y Jack of valid and reliable manner
to measure the exposure (n = 8),72+23:30:35-37.39440 3 fajlure to use
objective and standard criteria to measure the condition (n =
9),19:22:25:30.35-37.3940 44 (4) failure to describe the inclusion
and exclusion criteria (n = 3). 252835 Sixteen studies were scored
as moderate on the Quality Assessment Tool for Before-After
Studies With No Control Group, the most common issues being
(1) absence of sample size justification (n =
14),#3:44:46751.53756.38.39 9y failure to describe the intervention
clearly (n = 9),*3464821537555839 3y failure to enroll all
eligible participants (n = 3),**' (4) loss to follow-up more
than 20% (n = 1)°%, and (5) lack of clearly stated research question
(n = 1).°° Eight observational studies’'®%->*33-3%4251 and the
only RCT concerning strabismus met all criteria on the Joanna
Briggs Institute checklist.”

Quantitative Synthesis with Meta-analysis

The meta-analysis included 9 of the 17 observational studies
concerned with vision impairment (Table S5, available at
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Quality of life
Strabismus Healthy control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Sim et al 2014. 60 70.1 19 60 903 11.8 —— -1.27[-1.66, -0.88] 13.93
Tu et al 2016. 1,040 799 81 1,002 905 6.8 [ | -1.41[-1.51, -1.32] 15.35
Jiang et al 2016. 42 78.72 15.76 42 9251 11.68 —— -0.99[-1.43, -0.54] 13.49
Schuster et al 2019. 272 712 1138 5317 729 11.67 -0.15[-0.27, -0.02] 15.29
Deng et al 2019. 60 78.62 15.75 60 9241 11.67 —— -0.99[-1.37, -0.61] 14.02
Wang et al 2021. 50 73.32 15.16 50 97.39 208 —— -2.21[-2.70, -1.71] 13.13
Song et al 2022. 156 73.32 16.86 156 96.43 14.67 - -1.46[-1.71, -1.21] 14.79
Overall o -1.19[-1.66, -0.73]
Heterogeneity: 1° = 0.36, I” = 96.92%, H” = 32.45
Test of 8 = 8;: Q(6) = 296.70, p = 0.00 Favors strabismus | Favors control
Testof 6=0:z=-5.05,p=0.00
3 2 0

Random-effects REML model
Sorted by: Year

Figure 4. Forest plot of the random-effects model for the association between quality of life and strabismus in children. CI = confidence interval; SD =

standard deviation.

www.aaojournal.org).”!821:22:23:26:31733 The QoL scores did not
differ between children with and without vision impairment
(g)ooled SMD, —1.04; 95% confidence interval [CI], —2.11 to 0.03;
I" =99.7%; P = 0.06; Fig 2). Subgroup analysis showed that in 7
studies”'®2122203132 i which myopia was the cause of vision
impairment, children showed statistically significantly lower QoL
scores than children without refractive error (SMD, —0.60, 95%
CL —1.09 to —0.11; I = 98.6%; P = 0.02; Fig 2). However, in
3 studies with other causes of vision impairment,zhz’;’33
significant difference was found compared with unaffected
children (pooled SMD, —2.16; 95% CI, —5.90 to 1.58; P =
98.8%; P = 0.26; Fig 2). After removing potential outlier
studies, leave-one-out sensitivity analysis showed that the pooled
effect size still suggested lower QoL scores in children with vision
impairment compared with children with normal vision (Fig S3,
available at www.aaojournal.org).

Five of the 9 observational studies and 2 interventional studies
containing baseline data about strabismus were included in a meta-
analysis (Table S6, available at www.aaojournal.org).™3%4048:35
Children with strabismus showed significantly lower QoL scores
than control groups (SMD, —1.19; 95% CI, —1.66 to —0.73;
P = 96.9%; P < 0.001; Fig 4). Leave-one-out sensitivity anal-
ysis showed that after removing potential outlier studies, the
pooled effect size still suggested lower QoL scores in children with
strabismus than children without strabismus (Fig S5, available at
www.aaojournal.org).

Seven interventional studies concerning strabismus
surgery were included in a meta-analysis (Table S7, available at
www.aaojournal.org). Strabismus surgery significantly improved
the participants’ QoL (SMD, 1.36; 95% CI, 0.48—2.23; P =
98.4%; P < 0.001; Fig 6). Leave-one-out sensitivity analysis
showed that after removing potential outlier studies, the pooled
effect size still suggested that strabismus surgery improved affected
children’s QoL (Fig S7, available at www.aaojournal.org).

45—49,53,55

Qualitative Synthesis

Eight observational studies concerning vision impairment were not
included in the meta-analysis because of the lack of a composite
outcome score (n = 2),'%% proxy report of outcome (n = 1,°
inability to separate myopia from other causes of refractive error

192

(n = 1),”® and research %uestions outside the scope of the meta-
analysis (n = 4).>**7**7° Children with vision impairment had
35.6% lower QoL scores than children with normal vision, even
after receiving comprehensive visual rehabilitation.’ Children
with congenital bilateral cataracts had lower scores for vision-
related QoL than unaffected control participants.”> Children
having undergone congenital or developmental cataract surgery
still experienced a lower QoL and reduced functional vision.”*
Children with uncorrected refractive error and vision impairment
had significantly lower QoL than those without.”® Children with
nonstrabismic amblyopia had similar QoL except for lower
school function compared with healthy control participants.'’

Results were inconsistent in 3 studies investigating the QoL of
children wearing glasses for refractive error correction. Qian et al*’
reported that children with vision impairment who did not wear
glasses scored lower in terms of psychosocial health, emotional
health, and social functioning than similarly affected children
who wore them, whereas the composite score did not differ
significantly between these groups. Another study found that
children who wore glasses to correct refractive error had
significantly reduced eye-related QoL and functional vision
compared with healthy control participants without glasses.?’
However, Yamada et al®’ reported that children who wore
glasses to correct refractive error had similar self-report and
proxy report scores on the Pediatric QoL Inventory compared with
an unaffected control group without glasses.

Four studies investigated the impact of ophthalmic in-
terventions on QoL in children with vision impairment.”® > A
study using a before-and-after design found that the QoL scores of
children with congenital bilateral cataracts were improved signifi-
cantly after surgery. However, their QoL after the surgery was still
lower than that of the children without cataract.”® Another study
indicated that the QoL scores of children with amblyopia did not
differ before and after the treatment.’® Two studies reported that
orthokeratology and low-vision aids could improve the QoL of
children with myopia® and low vision,”” respectively.

Four observational studies concerning strabismus were not
included in the meta-analysis because of the use of proxy-reported
outcomes of QoL.?****%*! Wang et al** found that strabismus and
amblyopia had a negative impact on children’s daily life, learning,
and psychological state. Wen et al” reported that strabismus was
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Quality of life
Effect size Weight

Study N Mean before SD before Meanafter SD after with 95% CI (%)
Jiang et al 2016 42 78.72 15.76 84.08 43.65 gﬁ 0.16[-0.26, 0.59] 14.14
Deng et al 2019 60 78.62 15.75 84.08 43.65 0.17[-0.19, 0.52] 14.28
Xiao et al 2019 108 57.3 8.37 83.27 9.49 ——-289[ 251, 3.27] 14.24
Chew-Ean et al 2020 34 62.87 17.05 87.13 13.26 —— 1.57[ 1.03, 2.11] 13.86
Cui et al 2020 254 57.3 8.4 83.4 9.5 8- 291] 2,66, 3.16] 14.46
Holmes et al 2021 123 69.9 224 81.1 15.6 . 0.58[ 0.32, 0.83] 14.45
Mao et al 2021 389 48.21 26.2 74.83 16.59 D 1.21[ 1.06, 1.37] 14.57
Overall e 1.36[ 0.48, 2.23]
Heterogeneity: 1% = 1.35, I” = 98.44%, H® = 64.03
Test of 8 = 8;; Q(6) = 324.25, p = 0.00 Favors before surgery | Favors after surgery
Testof 6 =0:z=23.05, p=0.00

Random-effects REML model

-5 0 5 1152

Figure 6. Forest plot of the random-effects model of the impact of strabismus surgery on quality of life in children. CI = confidence interval; SD = standard

deviation.

associated with a significantly worse QoL in preschool children,
whereas no association was found between amblyopia and QoL.
Two studies did not provide composite QoL scores, although
they found that children with strabismus had lower scores in
some QoL domains than unaffected children.’”*' Another study
found that children with allergic conjunctivitis had significantly
lower total QoL scores than an unaffected control group.*”

Of the 6 interventional studies concerning strabismus not
included in the meta-analysis of before-and-after stud;f design, 1
study was an RCT,52 2 studies lacked original data,“" 92 studies
failed to report composite QoL scores,”* and 1 study reported
only a parent-proxy outcome.’’ These 6 studies all found that
corrective strabismus surgery significantly improved the QoL
score of the children with strabismus, as reported by the
participants or their parents,*>*+07325%

Discussion

Quality of life increasingly is recognized as an important
health outcome measure in clinical medicine. It reflects the
World Health Organization’s definition of health as “the
state of complete physical, mental, and social well-being
and not merely the absence of disease or infirmity.”® This
is one of the initial systematic reviews and meta-analysis
quantifying the association between vision impairment,
ocular morbidities, and their treatment and QoL in
children. The results strongly support the association
between myopia and reduced QoL in children. We also
observed a significant positive association between
strabismus and diminished QoL in children. Most notably,
this review found that surgical correction of strabismus
can improve the QoL of affected children.

Children with vision impairment resulting from myopia
had lower levels of QoL. Children with myopia have diffi-
culties with distance- and near-vision functions,zml’3 2
which can affect school learning and other activities.
Studies also report that children with myopia have lower
school performance.” These measures are similar to the
domains of QoL assessment, such as physical well-being,
emotional well-being, and school functioning. Hence, it is
not surprising that children with myopia had lower QoL. A

previous systematic review found that myopia also is
associated with greater symptoms of depression and anxi-
ety. Myopia is one of the leading causes of vision
impairment, and although it can be corrected safely and in
a cost-effective manner with glasses, in underserved areas
only 15% to 20% of children requiring glasses have
them.™®' More RCTs exploring the causal association
between correction of myopia and QoL and mental health
are needed in the future.

Subgroup analysis found that causes of vision impair-
ment other than myopia did not impact the affected chil-
dren’s QoL. However, it should be noted that only 3
eligible studies were included in the meta-analysis and the
largest sample size was 80, which made it difficult to detect
differences. Nevertheless, studies in the qualitative syn-
thesis indicated that children with cataract had reduced
QoL. In addition, we identified several studies concerning
the QoL of children with glaucoma and other vision
impairment during the screening process,”” °” in which
glaucoma and its management have a marked impact on the
affected children’s QoL. Dahlmann-Noor et al®® found that
children with glaucoma had a QoL score similar to children
with severe congenital cardiac defects or who have acute
lymphoblastic leukemia. However, these studies did not
meet our inclusion criteria because of the lack of a
control group, and therefore were not included in the
meta-analysis.

Observational studies found that strabismus affected QoL
in children. Strabismus is characterized by a variety of
ocular misalignments that can affect children’s physical
appearance and social interactions with others.’® Children
with strabismus have problems with emotional well-being
and mental health problems.””****7** They report
worrying about what others think about them,”**'** and
their eye condition may affect their ability to make
friends.” One study found that strabismus plays an
important role in playmate selection.”” In addition,
children with strabismus report difficulties on function-
related subscales such as near- and distance-vision activ-
ities, which also could contribute to reduced QoL.37’44
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Table 2. Characteristics of Observational Studies Included in the Systematic Review (n = 27)

Author(s) (Year) a) Country a) Sample size a) Definition of Exposure Qutcome Summary of Findings
b) Study Design b) Male (%) b) Ascertainment of Exposure Measurement
c) Setting c) Age (yrs)* ¢) Control Group Tool(s)
d) Condition
Bestilleiro Lopes et al Brazil 69 Not specified CVFQ Bilateral congenital cataracts influence
(2009)%* Prospective 44.9 Measured via questionnaire vision-related QoL in children, confirmed
observational Study group > 3 Normal vision by the low values obtained in the domains
cross-sectional yrs, 44 £ 1.5 studied, most evidently in the competence
Hospital yrs; < 3 yrs, 14.6 domain.
Bilateral + 10.7 mos;
congenital control group,
cataracts 38 £+ 17.3 mos
Wong et al (2008)"* Singapore 1249 Visual impairment was defined ~ PedsQL Adolescents with vision impairment
Cross-sectional 49.2 as presenting VA 0.3 logMAR experienced statistically significantly
School Study group, in better-seeing eye, according impaired health-related QoL compared
Visual 13.8 + 1.3 to USA driving requirement with normally sighted control group.
impairment control group, Measured However, refractive error did not have an
13.8 £ 1.4 Normally sighted impact on QoL.
Kim et al (2010)%° Korea 92 Myopia defined as SRE Peds QL Refractive errors do not have a great impact
Cross-sectional 38.4 < —0.50 D and emmetropia as on the total health-related QoL in
School 12.58 £ 0.5 SRE —0.5—+1.0 D elementary school children, but refractive
Myopia Measured errors cause discomfort in physical health
Emmetropia and social functioning.
Chadha and Subramanian United 48 Children with VI had VA in  LVQOL Children with VI had significantly lower
(2010)° Kingdom 67.7 the better eye of 0.30 logMAR QoL scores than the comparison group (P
Cross-sectional Study group, Medical record < 0.001), resulting in a 35.6% reduction
Hospital 10.13 + 2.89; With no visual disability in total QoL scores.
Vision control group,
impairment 9.83 + 2.81
Wen et al (2011)%° USA 6072 Amblyopia defined as 2-line Peds QL Strabismus was associated with significantly
Cross-sectional Amblyopia:, difference in VA between eyes worse GHRQOL in preschool children,
Hospital 48.8; strabismus, (20/32 or worse in the worse although the association between
Strabismus and 50.3 eye) with corresponding uni- amblyopia and GHRQOL was not
amblyopia Range, 25-72 lateral amblyopia risk factor detected.
mos (strabismus, anisometropia, or

visual axis occlusion) or bilat-
erally decreased VA (worse
than 20/50, or worse than 20/40
if > 48 mos of age) with a
bilateral amblyopia risk factor
(bilateral visual axis occlusion
or bilateral high ametropia)
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Yamada et al (2011)*°

Sim et al (2013)*°

Hsieh and Lin (2015)%'

Tu et al (2016)*”

Habib and Irshad
(2018)”

7

Pan et al (2018)

Qian et al (2018)*

Zhou (2019)*

USA
Cross-sectional
Hospital
Refractive error

Singapore
Cross-sectional
Hospital
Strabismus

China, Taiwan
Cross-sectional

School

Refractive error

China
Cross-sectional
Hospital and
school
Strabismus

Pakistan
Cross-sectional
School for the
blind and
hospital

Vision
impairment

China
Cross-sectional
School
Reduced vision

China
Cross-sectional
School

Visual
impairment

China
Cross-sectional
School

Myopia

49

Not specified
Median, 8
(5—13)

120

38.3%
Strabismus, 8.7
4 2.8; control,
8.5 £ 3.0

688
49.8
16

2042

46.0

Study group,
15.6 + 1.2;
control group,
158 £1.3

80
473
Range, 13—18

2235
51.8
13.8 £0.8

483

61.7

Children who
used spectacles,
13.7 £ 0.8;
Children who
did not use
spectacles, 13.8
+0.8

300
50.3
Not specified

oo
=

Not specified

Not specified

Without refractive and
strabismus

Not specified
Medical record
With no eye conditions

Myopia defined as SRE <
—0.50 D, hyperopia defined as
SRE > +1.0 D, and
emmetropia defined as SRE
—0.5—+1.0D

Medical record

Emmetropia

Not specified
Medical record
Normal vision participants

Not specified
Medical record
Normally sighted

Reduced VA defined as
presenting VA of worse than
6/12

Measured

Normally sighted

Refractive  errors  estimated
based on the SE refraction
(spherical power + 0.5 x
cylindrical power)

Measured

Children with URE did not use
spectacles

Myopia defined as VA < 5.0
Measured
Normally sighted

IXTQ and Peds
QL

IXTQ

Chinese version
of the NEI-
VFQ-25

NEI-VFQ-25

WHOQOL

Peds QL

Peds QL

NEI-VFQ-25

No difference was found between spectacle
and no-spectacle groups when Child
IXTQ, Proxy IXTQ, Child PedsQL, or
Proxy PedsQL was used.

The IXTQ mean score for the strabismus
group was statistically significantly lower
than that for the control group (P <
0.001).

Children with myopia had statistically
significantly lower QoL than children with
emmetropia (P < 0.01).

Statistically significantly lower vision-related
QoL scores were found in Chinese Han
teenagers with strabismus compared with
those without strabismus.

Visually impaired adolescents experienced an
overall lower QoL and also showed low
scores in all 4 domains—physical health,
psychological, social relationships, and
environment—compared with sighted
peers.

Healthy adolescents with reduced VA
reported lower HRQoL scores.

Adolescents not using spectacles had a
statistically significantly lower HRQOL
score compared with those using spectacles
in terms of psychosocial health (65.91 vs.
70.59; P = 0.028), emotional health
(56.85 vs. 63.24; P = 0.012), and social
functioning (72.99 vs. 78.60; P = 0.036).
However, the total scores of the two
groups were similar.

Myopia may impact children’s QoL
(P < 0.05).
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Schuster et al (2019)*°

Wang et al (2020)**

Leske et al (2019)*7

Wang et al (2021)%®

Zhu et al (2021)°!

Gu et al (2022)*

Germany
Cross-sectional
Hospital
Strabismus

China
Cross-sectional
School and
hospital
Strabismus and
amblyopia

USA
Cross-sectional
Hospital
Refractive error

China
Cross-sectional
Hospital
Intermittent
exotropia

China
Cross-sectional
School
Myopia

China
Cross-sectional
Hospital
Congenital
cataract

(e}
~—

12 989
51.1
Range, 3—17

298
53.4
Range, 3—16

139
51.1
Range, 5—17

100

43

Study group, 8.3
+ 4.2 (5-16);
control group,
range, 5—16

1103

53.0

Myopia, 15.63
+ 0.63 (13
—18); control
group, 15.57 £

0.59 (13—18)
166
41.6
Range, 0—11

Past or present occurrence of
strabismus was obtained by
asking: “Has your child ever
had a visual dysfunction?”
Through question

Children without strabismus

According to the guidelines for
the diagnosis and treatment of
strabismus and amblyopia
(2018)

Measured

Emmetropia

Normal thresholds of VA for
each year of age were defined
based on previously published
normal values

Measured

Normal control

Not specified
Measured
Without strabismus

Mild myopia group, SE < 3.00
D; moderate myopia group,
SE, 3.00—6.00 D; severe
myopia group, SE > 6.00 D
Measured

Normally sighted

Not specified
Medical record
Visually healthy control

The KINDL-R

questionnaire

Peds QL

Ped EyeQ

IXTQ

NEL-VFQ-25

Ped EyeQ

Children with strabismus had lower scores in
both the parent-reported and self-reported
KINDL-R total scale.

Strabismus and amblyopia can have a great
negative impact on children’s daily life,
learning, and psychological features.

In this study, glasses wearers had reduced
eye-related QOL and functional vision
compared with control participants.

The QoL of children with intermittent
exotropia was statistically significantly
lower than that of the control group

(P < 0.001).

Senior first-year myopia students have lower
QoL scores than students with normal
vision.

Children who have undergone congenital
and developmental cataract surgery
experience a lower QoL and reduced
functional vision.
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Magakwe et al (2022)% a) South Africa a) 154 a) Refractive error was classified NEI-VFQ-25 Children with URE and VI scored low on
b) Cross-sectional b) 47.4 according to the RESC the NEI-VFQ-25 as compared with those
c) School c) 1659 +1.42 protocol where myopia was without URE and VL
d) Refractive error (14—18) defined as an autorefractor

and VI value of > —0.50 D in one or

both eyes, a value of +2.00 D
or more in one or both eyes as
hypermetropia, and a value of
> —0.75 cylindrical refraction
in one or both eyes as
astigmatism. Any child who
scored between 0.0 M
(minimum angle of resolution)
and < 0.2 M in both eyes,
through the autorefractor
findings, on the logMAR chart
was considered to have good
vision, a score of 0.2 M or worse
in one or both eyes was
considered to be URE, whereas
a score of 0.3 or worse in one or
both eyes was considered VI

b) Measured

c) Sighted children

Zhang et al (2021)* a) China a) 188 a) The diagnosis of allergic Peds QL Allergic conjunctivitis has a negative
b) Case-control b) 64.4 conjunctivitis was based on association with health-related QoL for
c) Hospital c) 931 +£2.73 the diagnostic criteria of the children and their parents, especially in
d) Allergic (5—18) American Academy of children with vernal keratoconjunctivitis

conjunctivitis Ophthalmology for or atopic keratoconjunctivitis or with
conjunctivitis higher corneal fluorescein staining scores.
b) Measured
¢) Healthy children

Venancio et al (2022)*° a) Brazil a) 75 a) Definition of VI was that of the Peds QL Child self-reported score for the binocular VI
b) Cross-sectional b) 42.7 ICD-10 version for 2019 group was lower when compared with
c) Hospital c) Binocular VI, b) Measured control participants in all 4 score scales.
d) VI 994+ 38 (4 c) Children without eye diseases Compared with monocular children, the

—15); other than mild ametropias, binocular group scored lower in physical
monocular VI, best-corrected VA of 20/25 health and social functioning.
11.2+22 4

—15); control

group, 9.1 + 3.3

(4—15)

Wang et al (2022)" a) China a) 80 a) Not specified Peds QL Healthy children had statistically
b) Cross-sectional b) 63.75 b) Measured significantly higher school functioning
c) Hospital c) Nonstrabismic c) Without nonstrabismic scores compared with children with
d) Nonstrabismic amblyopia, amblyopia nonstrabismic amblyopia, whereas the

amblyopia 15.64 £ 1.13 difference in the total quality of life was
(12—18); not statistically significant.
healthy group,
15.89 + 1.57
(12—18)
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Wang and Wang a) China a) 1133 a) High myopia group, SE < —6.0  NEI-VFQ-25 Children with myopia had lower scores of
(2019)* b) Cross-sectional b) Myopia group, D in either eye; moderate visual function-related QoL in all the
c) School 45.8 myopia group, —6.0 D < SE < domains compared with children with
d) Myopia ¢) Myopia group, —3 D in either eye; (3) mild normal vision.
10.0 £ 2.0 myopia group, —3.0 D < SE <
(8—14) —0.5 D in either eye
b) Measured
¢) Children with normal vision
Silva et al (2022)*! a) Portugal a) 63 a) The angle of deviation was Ped EyeQ All PedEyeQQ domain scores were statistically
b) Cross-sectional b) 59 measured using a prism and significantly lower in children with
c) Hospital ¢) Strabismus alternate cover test and strabismus compared with visually normal
d) Strabismus group, 6 £ 4; corresponded to the largest children, except the children in the
normal vision prism magnitude that “functional vision” domain.
group, 5 + 2 neutralized the deviation. It was
(0—17) defined as small (< 10 PD),
medium (10—39 PD), and large
(> 40 PD).
b) Measured
¢) Children with normal vision
Song et al (2022)%° a) China a) 312 a) NA IXTQ Children with intermittent exotropia had
b) Cross-sectional b) Not specified b) NA statistically significantly lower scores on
c) Hospital c) Intermittent c) Healthy children IXTQ compared with healthy children
d) Intermittent exotropia group, (P < 0.001).
exotropia 83 £ 2.2;
healthy group,
8.8+ 2.6
Merchant et al (2019)*° a) India a) 73 a) NA KINDL Children with strabismus scored lower on
b) Cross-sectional b) 56.2 b) NA questionnaire family and social contacts of the KINDL
c) Hospital c) Range, 6—17 c) Healthy siblings questionnaire compared with their healthy
d) Strabismus siblings.

CVFQ = Children’s Visual Function Questionnaire; D = diopter; GHRQOL = General Health-Related Quality of Life; HRQoL = Health-Related Quality of Life; ICD-10 = International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision; IXTQ = Intermittent Exotropia Questionnaire; KINDL-R = German generic Quality of life tool for children; logMAR = logarithm
of the minimum angle of resolution; LVP FVQ = LV Prasad Functional Vision Questionnaire; LVQOL = Low Vision QoL Questionnaire; NA = not applicable; NEI-VFQ-25 = 25-item National Eye
Institute Visual Function Questionnaire; PD = prism diopter; Ped EyeQQ = Pediatric Eye Questionnaire; Peds QL = Pediatric Quality of Life; QoL = quality of life; SD = standard deviation; SE = spherical
equivalent; SRE = spherical refractive error; URE = uncorrected refractive error; USA = United States of America; VA = visual acuity; VI = visual impairment; WHOQOL = World Health Organization
QoL Scale. In the Yamada study,” the median age is 8 and the range is 5-13.

*Presented as mean + SD (range), unless otherwise indicated.
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Table 3.

Characteristics of Interventional Studies Included in the Systematic Review (n = 17)

Authors (Year)

Jiang et al
(2016)*

Morita et al
(2020)*°

Chen et al
(2016)°

Wang et al
(2015)

Chai et al
(2009)*

Ye et al (2007)°®

a)
b)
c)
d)

a)
b)

c)
d)

a)
b)

c)
d)

a)
b)

<)
d)

a)
b)
c)
d)

a)
b)

<)
d)

a)
b)

c)
d)

Country
Study Design
Setting
Condition

China
Before-and-after
studies with no
control group
Hospital

IXT

Japan
Before-and-after
studies with no
control group
Hospital

IXT

China
Before-and-after
studies with no
control group
Hospital
Amblyopia

China
RCT
Hospital
IXT

China
Prospective
interventional
Hospital
Strabismus

China
Before-and-after
studies with no
control group
Hospital
Cataract

a)
b)
c)

a)
b)
c)

a)
c)

a)
b)
c)

a)
b)
c)

a)
b)
c)

Sample Size Intervention
Male sex (%)

Age (yrs)*

42 Strabismus surgery
48

Range, 5—17

21 Strabismus surgery
47.6

8.6 £3.2

(5—16)

44 Patching

48

8.43 + 1.34

(7-12)

130 Divergence excess
46.9 exotropia was
Intervention treated with
group, 10.5 + bilateral lateral
2.4; control rectus recession
group, 10.5 + surgery; other types

2.3 of exotropia were
treated with

unilateral recession-

resection surgery
120 Strabismus surgery
46.7
Heterophoria,
8.3 4 2.8;
heterotopia, 8.4
+ 2.6

36 Cataract surgery
54.3
9.8 +2.6

a)
b)

a)

a)
b

feid

a)
b

g

a)

b)

a)
b)

a)
b)

Definition of Exposure
QOutcome Measurement Tool(s)

Measured > 15 PD at a distance or
near a simultaneous prism cover
test.

IXTQ

Not specified
PedsQL

Not specified

Self-developed questionnaire to
assess the impact of amblyopia
treatment on HRQoL in children

Divergence excess (defined as a
deviation of at least 15° larger at
distance than at near fixation after
at least 45 min of unilateral
occlusion) or basic type exotropia,
and angle of deviation at distance
and near fixation between 20° and
45°

IXTQ

Not specified
The Chinese version of the NEI-
VFQ-25

Congenital cataract
Scale of QoL for children with
congenital bilateral cataract

Summary of Findings

Surgical treatment may improve HRQoL.

The general HRQoL significantly improved
after surgery in pediatric patients with
IXT, although the improvement was
considerably underestimated by the
parents.

In the sixteenth week of treatment, the
scores were statistically significantly higher
than before treatment in the psychosocial
aspect (P = 0.003), but remained lower in
visual function (P < 0.001), and no
statistically significant differences were
found in total scale (P = 0.207).

Corrective strabismus surgery significantly
improved the HRQOL scores of children
with IXT.

Compared with preoperative values,
statistically significant improvements were
noted after surgery in NEI-VFQ-25
summary score (P < 0.05).

Surgical treatment can improve QoL of
children with nondense cataract
significantly.
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Ziaei et al
(2016)**

Zhao et al
(2018)

Xiao et al

(2019)”

Cui et al (2020)%

Archer et al
(2005)%

Chew et al
(2020)*

Qian et al
(2021)°!

Mao et al (2021)*

a)
b)

c)
d)
a)
b)
c)
d)
a)
b)

<)
d)

b)
c)
d)
a)
b)
c)
d)
a)
b)
c)
d)
a)
b)
c)
d)

a)
b)

d)

Iran
Before-and-after
studies with no
control group
Hospital
Strabismus

China
Before-and-after
studies with no
control group
Hospital
Myopia

China
Before-and-after
studies with no
control group
Hospital

IXT

China
Before-and-after
studies with no
control group
Hospital

IXT

USA
Before-and-after
studies with no
control group
Hospital
Strabismus

Malaysia
Before-and-after
studies with no
control group
Hospital

IXT

China
Before-and-after
studies with no
control group
Hospital
Strabismus

China
Before-and-after
studies with no
control group
Hospital

IXT

a)
b)
c)

a)
b)
c)

a)
b)
c)

a)
b)
c)

a)
b)
c)

a)
b)
c)

a)
c)

a)
b)
c)

87

471

8.7 £ 4 (5-15)
69

55.1

10.88 + 1.76
(8—14)

122

52.5

7.0 £3.0
(2—-15)

254

54.7

1.1+ 1.5
(8—17)

98

61.4
45+33
34

44.1

10.59 + 2.71
(8—17)

83

61.4

7.86 £ 3.8
(3—-17)

389

47.8

8.17 + 2.81
(5—-17)

Strabismus surgery

Orthokeratology

Strabismus surgery

Strabismus surgery

Strabismus surgery

Strabismus surgery

Strabismus surgery

Strabismus surgery

a)
b)

a)
b)

a)
b)

b)

a)
b

g

a)
b)

a)

b)

a)

Congenital strabismus
Modified RAND Health Insurance
Study questionnaire

Not specified
QIRC

Not specified
The Chinese version of IXTQ

Not specified
The Chinese version of IXTQ

Not specified

Modified version of the RAND
Health Insurance Study
questionnaire

Not specified
IXTQ

According to guidelines for the
diagnosis and treatment of
strabismus and amblyopia (2018)
PedsQL

Basic type (the deviation was
within 10 PD at a distance and
near), (3) angle of distant
exodeviation > 15 PD

IXTQ

Most QoL dimensions improved after
strabismus surgery, including functional
limitation, anxiety, depression, positive
well-being, social relations, general health
perception, resistance/susceptibility,
satisfaction with development, and eye
alignment concerns.

Orthokeratology lenses positively affect
children’s QoL, behaviors, and
psychology.

Strabismus surgery can improve the QoL of
children with IXT effectively 1 year after
surgical treatment.

Strabismus surgery can improve children’s
QoL significantly.

Statistically significant improvements were
observed in all of the subscales except
positive well-being and parent—child
closeness (P < 0.05) after strabismus
surgery.

Surgery statistically significantly improved
the QoL score in Malaysian children with
infantile esotropia and their parents or
guardians.

Statistically significant improvements in
QoL total scores (P < 0.05) were observed
1 month after strabismus surgery.

The HRQoL of children with IXT improved
statistically significantly after surgery.
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Holmes et al
(2021)*

Kavitha et al
(2020)°°

Deng and Luo
(2019)”

a)
b)

<)
d)

a)
b)

c)
d)

a)
b)

c)
d)

USA
Before-and-after
studies with no
control group
Hospital

IXT

India
Longitudinal
before-and-after
studies with no
control group
Hospital

Low vision

China
Before-and-after
studies with no
control group
Hospital

IXT

a)
b)
c)

a)
b)
c)

a)
b)
c)

197
38.1
Range, 3—11

30
66.7
12.27 £ 2.97

60

51.67

11.23 + 2.10
(5—16)

Strabismus surgery

Low-vision aids

Strabismus surgery

a)

a)

b)

a)
b)

In brief, 197 children 3 to < 11 yrs
of age with basic-type IXT were
enrolled in the original RCT,
measuring 15—40 D by prism and
alternate cover test at distance fix-
ation, with near stereoacuity of >
400 arcsec on the Randot Pre-
school Stereotest (Stereo Optical
Co.)

IXTQ

BCVA < 0.5 logMAR (< 6/18
Snellen chart) in the better eye
(WHO definition of low vision)
Measured

Not specified
IXTQ

Overall, mean IXTQ domain scores
improved statistically significantly for all
domains from baseline to 36 mos after
surgery.

A statistically significant improvement in the
vision-related QOL (P < 0.001) as well as
the baseline BCVA (P = 0.002) was
found 3 months after using low-vision
aids.

Strabismus surgery statistically significantly
improved the total score of IXTQ in
children with IXT.

BCVA = best-corrected visual acuity; HRQoL = health-related quality of life; IXT = intermittent exotropia; IXTQQ = Intermittent Exotropia Questionnaire; logMAR = logarithm of the minimum angle of
resolution; LV = low vision; NEI-VFQ-25 = 25-item National Eye Institute Visual Function Questionnaire; PD = prism diopter; Peds QL = Pediatric Quality of Life; QIRC = QoL Impact of Refractive
Correction; QoL = quality of life; RCT = randomized controlled trial; RAND = research and development; SD = standard deviation; WHO = World Health Organization.

*Presented as mean £ SD (range), unless otherwise indicated.
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Table 4. Checklist Results for Assessing the Methodologic Quality of the Selected Studies (n = 44)

Question

7 8 9 10 11 12 13

(o

Study Type 1 2 3 4 5

Cross-sectional
Lopes et al (2009)
Wong et al (2009)
Kim et al (2010)
Yamada et al (2010)
Chadha et al (2011)
Wen et al (2011)
Sim et al (2013)
Hsieh et al (2016)
Tu et al (2016)
Habib et al (2018)
Pan et al (2018)
Qian et al (2018)
Merchant et al (2019)
Schuster et al (2019)
Wang et al (2019)
Zhou et al (2019)
Leske et al (2020)
Wang et al (2020)
Wang et al (2021)
Zhang et al (2021)
Zhu et al (2021)
Gu et al (2022)
Magakwe et al (2022)
Silva et al (2022)
Song et al (2022)
Venancio et al (2022)
Wang et al (2022)

Before-and-after studies with no control group

YYAXYYYXYXYXXYY XX xHXXHHEYXHYXYXYHXNN
HEXYHEXYYYXYXYYXY Y XX xHXXHHEXHYXYXYHNXNN
TEXIXTYNYE XTI XYY YYXYYNXYXXNYNYNXxxX\
XY XXXXXYEYIXXXYUIXYTVUIXxxx\Xxxx\Xx
AR N N N N N NN Y

Y O T TN NN N NN XXYENYYY TR N EAN NN NN NN XY XYY XYY YYYXvy
AN R A R A R R S R N N N N N WY
AN A R R R R S S A R R R S NN N NN WY

Archer et al (2005) X X % 7 ¢ I I ¢ ¢
Ye et al (2007) P 4 % X ¢ X I ¢ ¢
Chai et al (2009) 1% 17 % 7 ¢ 7 7 ¢ ¢
Chen et al (2015) % v % v ¢ v v ¢ ¢
Jiang et al (2016) X P P X ¢ e e ¢ ¢
Ziaei et al (2016) I e P ¢ ¢ % %4 ¢ ¢
Zhao et al (2018) X X % X ¢ e P ¢ ¢
Deng et al (2019) P I P X ¢ v v ¢ ¢
Kavitha et al (2019) % v v v ¢ 1% 1% ¢ ¢
Xiao et al (2019) X [ % X ¢ [ [ ¢ ¢
Chew et al (2020) 7 1% 1% X ¢ [ [ 'Y ¢
Cui et al (2020) I 1% X X ¢ % I ¢ ¢
Holmes et al (2021) 17 17 P 7 3 [ I ¢ 3
Mao et al (2021) % % X % ¢ % % ¢ ¢
Morita et al (2021) % 1% % % ¢ % % ¢ ¢
Qian et al (2021) e X P X ¢ ed P ¢ ¢
Randomized controlled trial
Wang et al (2015) [ ¢ ¢ ¢ [ [ [ [ [ [

V¥ = yes, the study satisfactorily met the respective quality criterion; X = no, the study did not meet the respective quality criterion; 4 = not applicable;
+ = unclear whether the study met the respective quality criterion; % = cannot determine.

Joanna Briggs Institute tool questions for cross-sectional study assessment: 1: Were the criteria for inclusion in the sample clearly defined?; 2: Were the study
subjects and the setting described in detail?; 3: Was the exposure measured in a valid and reliable way?; 4: Were objective, standard criteria used for
measurement of the condition?; 5: Were confounding factors identified?; 6: Were strategies to deal with confounding factors stated?; 7: Were the outcomes
measured in a valid and reliable way?; 8: Was appropriate statistical analysis used? (Joanna Briggs Institute, 2020).

National Institutes of Health tool questions for before-and-after studies with no control group study assessment: Q1: Was the study question or objective
clearly stated?; 2: Were eligibility/selection criteria for the study population prespecified and clearly described?; 3: Were the participants in the study
representative of those who would be eligible for the test/service/intervention in the general or clinical population of interest?; 4: Were all eligible par-
ticipants that met the prespecified entry criteria enrolled?; 5: Was the sample size sufficiently large to provide confidence in the findings?; 6: Was the test/
service/intervention clearly described and delivered consistently across the study population?; 7: Were the outcome measures prespecified, clearly defined,
valid, reliable, and assessed consistently across all study participants?; 8: Were the people assessing the outcomes blinded to the participants’ exposures/
interventions?; 9 Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the analysis?; 10 Did the statistical
methods examine changes in outcome measures from before to after the intervention? Were statistical tests done that provided P values for the pre-to-post
changes?; 11: Were outcome measures of interest taken multiple times before the intervention and multiple times after the intervention (i.e., did they use an
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interrupted time-series design)?; 12 If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the statistical analysis
take into account the use of individual-level data to determine effects at the group level? (National Heart, Lung, and Blood Institute, 2021).

Joanna Briggs Institute tool questions for randomized controlled trials study assessment: Q1: Was true randomization used for assignment of participants to
treatment groups’; 2: Was allocation to groups concealed?; 3: Were treatment groups similar at the baseline?; 4: Were participants blind to treatment
assignment?; 5: Were those delivering treatment blind to treatment assignment?; 6: Were outcomes assessors blind to treatment assignment?; 7: Were
treatment groups treated identically other than the intervention of interest?; 8: Was follow-up complete and if not, were differences between groups in terms
of their follow up adequately described and analyzed?; 9: Were participants analyzed in the groups to which they were randomized?; 10: Were
outcomes measured in the same way for treatment groups?; 11: Were outcomes measured in a reliable way?; 12: Was appropriate statistical analysis used?; 13:
Was the trial design appropriate for the topic, and any deviations from the standard RCT design accounted for in the conduct and analysis?” (Joanna Briggs

Institute, 2020).

All 13 interventional studies found that surgical correc-
tion of strabismus could improve the QoL score in affected
children, possibly because of the changes in appearance and
functional recovery of binocular vision after the surgery.
Interestingly, even children with unsuccessful surgery
(defined as residual deviation of > 10 prism diopters) re-
ported improved QoL.***?”*%* One possibility is that the
placebo effect of surgery contributes to the patients’
improved QoL. Previous studies found that the clinical
severity of strabismus measured by the angle of deviation
was not correlated with QoL in children and adults,
indicating that clinical measures of strabismus may be
unrelated to QoL.°*®® Although surgery can improve
affected children’s QoL, the value of strabismus surgery
usually is underestimated, and such operations often are
regarded as cosmetic surgery, even by some
ophthalmologists.”” Moreover, strabismus surgery is not
covered by health insurance in some countries with
limited resources, such as China,70 India,7I and
Vietnam,” possibly imposing a financial burden on
affected people and limiting their motivation and ability to
choose surgery.

Quality of life is assessed from a patient’s perspective.
However, very young or severely disabled children may be
unable to self-report reliably on information related to
complex health-related constructs, and reporting by a
parent proxy may be required. In these instances, the
agreement between parents’ and children’s reports of a
child’s QoL often is high for objective externalizing do-
mains such as walking and running, whereas less concor-
dance is observed for internalizing, emotion-based
domains such as pain, sadness, and worry.73 In this review,
7 studies relied solely on parent-proxy
reporting, 20234435194 yhereas the rest used self-
reported or a combination of self-reported and parent-
proxy QoL scoring. Discrepancies occurred between
parent proxy and child self-reports both in observa-
tional'®~*?>*® and interventional’"’* studies. To minimize
heterogeneity, we excluded proxy-reported outcomes from
the meta-analysis. Further study is needed to understand
better the reasons for differences between self-reporting
and proxy reporting of QoL in children with ocular con-
ditions. Generic measures may be less sensitive to detect-
ing disease impact than more disease-specific
instruments.”* However, most of the 12 studies included
in the current review using generic QoL questionnaires,
such as the Pediatric QoL Inventory and World Health
Organization QoL Scale, detected significant differences
between children with and without ocular morbidity.

The current review has several strengths. First, we used a
rigorous methodologic approach that followed a predefined,
registered protocol. We developed a comprehensive search
strategy not restricted by language and included studies
across 14 countries. Further, we reduced heterogeneity by
excluding parental proxy-reported QoL studies in the meta-
analysis. Although this strategy might have excluded some
well-designed studies, it strengthened the internal validity of
the meta-analysis.

The results of the current review also should be inter-
preted in view of its limitations. First, most included studies
were conducted in high-income or middle-income countries,
with only 4 from low-income countries.””**"**” Additional
evidence from low-income countries would contribute to a
more comprehensive understanding of the association be-
tween vision impairment or ocular morbidity and QoL in
children to inform policymaking. Second, all studies in the
meta-analysis concerning the correction of strabismus used
a before-and-after design without an untreated control
group. As a result, we cannot rule out the possible role of
placebo effects. However, because surgical correction of
strabismus is the standard of care for many conditions,
traditional trial designs with a control arm likely would be
unethical. In future studies, researchers could use stepped-
wedge designs, in which each participating cluster pro-
vides before-and-after observations and all participant
groups receive surgery sequentially.”> Third, our quality
appraisal tools scored most of the included studies to be
of low to moderate quality because of a variety of
methodologic flaws, as outlined above and in the
appendices. Heterogeneitg/ in the dataset was high, as
illustrated by the high I statistics in all analyses. This
could have arisen from variations in collecting information
regarding various eye conditions (through self-report,
medical records, or direct measurement by researchers).
Fourth, most studies concerning myopia did not report in-
formation regarding the wearing of glasses among partici-
pants. As a result, we cannot separate those with and
without glasses, making it difficult to interpret the various
effects of myopia and glasses wearing on QoL. Fifth, most
interventional studies provided only 1 to 3 months of
follow-up after strabismus surgery, with the longest being
36 months.”” Longer postoperative follow-up will deliver
more accurate results because of the possibility of post-
operative exotropia drift and the recurrence of intermittent
exotropia.’®

Our systematic review highlighted the finding that both
myopia and strabismus are associated with lower QoL in
children. Despite the availability of safe and low-cost
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treatment for myopia, such as glasses, no RCT investigating
the impact of its correction on QoL has been conducted.
Although we assume that correction could improve QoL,
glasses also could be uncomfortable and inconvenient during
sports and other activities. Previous studies have demon-
strated that bein% teased or bullied is a common barrier to
wearing glasses.””’® Regardless, without evidence of its
impact on QoL, we are unable to compare the usefulness

Footnotes and Disclosures

of children’s health interventions that could lead to
effective advocacy for eye health resources to achieve
Sustainable Development Goals (SDGs), particularly
Sustainable Development Goal 3, which aims to enhance
good health and well-being.” In addition, the QoL benefits
of strabismus correction provide evidence of the importance
of insurance coverage of strabismus surgery, especially in
low-income and middle-income countries.
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Esophageal Adenocarcinoma Metastatic to the Choroid with Extrascleral Extension

A 78-year-old man with history of esophageal adenocarcinoma, in remission 9 months after resection, chemotherapy, and radiation,
presented with a peripapillary choroidal lesion with leopard-spot pigmentation and disc edema (A). Extraocular extension was demonstrated
on B-scan and magnetic resonance imaging (B, C). A transconjunctival orbitotomy approach was performed rather than choroidal fine-needle
biopsy to maximize tissue yield. Histopathology revealed expression of keratin (D), cytokeratin 20, caudal-related homeobox transcription
factor 2 (CDX-2), and cytokeratin 7, consistent with metastatic esophageal adenocarcinoma. Positron emission tomography scan showed no
primary tumor recurrence or additional metastases (Magnified version of Figure A-D is available online at www.aaojournal.org).
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