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Abstract

While previous studies have demonstrated significant eye problems in children with autism spectrum disorders (ASDs),
refractive errors have not been extensively studied in the context of ASDs. We systematically reviewed twenty-eight articles
to assess whether refractive errors are linked with ASDs, and to determine the prevalence of refractive errors in children
with ASDs. We found no significant association between ASDs and myopia or hyperopia, but a significantly increased risk
of astigmatism was observed in children with ASDs. Pooled results of single-arm studies revealed a 14.1% prevalence of
myopia, a 9.8% prevalence of hyperopia, and a 16.5% prevalence of astigmatism in children with ASDs. Future studies should

incorporate a prospective design with age-matched comparison groups.
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Autism spectrum disorders (ASDs) encompass a variety of
neurodevelopmental anomalies with overlapping signs and
symptoms including persistent social and communication
difficulties, and restricted, repetitive behavioral patterns
(American Psychiatric Association, 2013). Over the past
30 years, the incidence of ASDs has increased by approxi-
mately 0.06% per year (Li et al., 2022), possibly due to a rise
in awareness and understanding, leading to better diagnosis,
and they are estimated to affect 0.3% of the global popula-
tion (Solmi et al., 2022). ASDs have transitioned from rare
childhood conditions with narrow diagnostic parameters to
widely recognized, extensively researched, and heterogene-
ous lifelong conditions (Lord et al., 2018).

Several neurological anomalies present with ocular mani-
festations because the eyes and brain develop from the same
embryonic tissue (London et al., 2013). As structural brain
alterations contribute to the pathogenesis of ASDs (Ecker,
2017), some of the clinical manifestations of ASDs — such
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as visual sensory alterations — may be attributable to visual
defects (Simmons et al., 2009). ASDs are usually detected
between 3 and 7 years of age (Mandell et al., 2005), and vis-
ually impaired children develop social deficits and repetitive
behaviour analogous to children with ASDs (Wrzesifiska
etal., 2017). ASDs are also associated with poor eye contact,
possibly linked to neural function (Chevallier et al., 2012;
Hirsch et al., 2022; Senju & Johnson, 2009).

Uncorrected refractive errors are the leading cause of
visual impairment globally (Dandona & Dandona, 2001;
Flaxman et al., 2017). Refractive errors manifest in various
forms, including myopia (difficulty seeing far objects), hyper-
opia (difficulty seeing near objects), and astigmatism (failure
to converge light rays on a single point), and can negatively
impact social development (Shah et al., 2020). Hyperopic
eyes tend to have a shorter axial length that is usually cor-
rected using convex (plus) lens, while myopic eyes tend to
have a longer axial length that is usually corrected by con-
cave (minus) lens. Astigmatism arises when the rays of lights
in different meridians converge at different points. In simple
hyperopic or myopic astigmatism, one meridian is focused
on the retina while the other is hyperopic or myopic respec-
tively. In compound hyperopic or myopic astigmatism, both
meridians are hyperopic or myopic, respectively, but to dif-
ferent degrees. Mixed astigmatism arises when one meridian
is hyperopic and the other is myopic. Children are hyperopic
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at birth due to a shorter axial length, but the axial length
increases progressively starting around 2 years of age lead-
ing to emmetropia; children prone to myopia have a longer
axial length at birth (Subudhi & Agarwal, 2023). Hypero-
pia and astigmatism may be of several types and etiologies
(Gurnani & Kaur, 2023; Majumdar & Tripathy, 2023). Since
refractive errors are widespread in children of school-going
age (Tajbakhsh et al., 2022), they may exacerbate communi-
cation challenges, hinder social interactions, and deteriorate
academic performance in children with ASDs. While a recent
study revealed association of several eye problems in ASDs
(Perna et al., 2023), it did not focus on refractive errors, and a
concrete correlation with refractive errors has yet to be estab-
lished. In this systematic review and meta-analysis, we aim to
address whether refractive errors are linked to ASDs in chil-
dren and young adults. Our secondary objective is to assess
the prevalence of refractive errors in children with ASDs by
analyzing single-arm studies. Our review may help in a timely
diagnosis of these refractive errors, thereby improving the
quality of life of children with ASDs.

Methods

This review adheres to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
(Page et al., 2021). We registered the protocol for this system-
atic review on the International Prospective Register of Sys-
tematic Reviews (PROSPERO) database (CRD42023433833).

Data Sources and Search Strategy

Two reviewers independently searched Medline (PubMed),
Scopus, Science Direct, and Embase (Ovid) for relevant arti-
cles indexed from inception to May 2023. The searches were
refreshed in October 2023 to identify any new articles of
interest. No language restriction was applied. We combined

99 ¢ CLINE3

the keywords “autism”, “autism spectrum disorder”, “refrac-
tive errors”, “myopia”, “hyperopia”, “astigmatism”, “child”,
and “adolescent” with other synonyms. The detailed search
strategy for each database can be found in Online Resource
1. We eliminated the duplicate studies using Endnote 20.2.1.
Two reviewers independently assessed the articles based on
titles and abstracts. The full texts of the remaining articles
were retrieved, and articles matching our eligibility criteria

were included. Disputes were resolved by a third reviewer.
Study Selection

The studies were considered eligible for our systematic
review and meta-analysis if they (a) were original studies

including case reports, case series, cross-sectional studies,
or cohort studies; (b) included children and young adults
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(<20 years of age) with a diagnosis of ASDs; (c) evaluated at
least one of the following refractive errors: myopia, hypero-
pia, and astigmatism. A study was excluded if it (a) was not
concerned with ASD, (b) did not measure refractive errors,
(¢) included no children or young adults, or (d) was in a lan-
guage other than English. Additionally, letters, editorials,
short communications, review articles, conference abstracts,
non-human studies, and book chapters were also excluded.

Data Extraction

The primary outcomes of interest were the number of subjects
with ASDs having either myopia, hyperopia, or astigmatism.
The total number of cases of non-autistic children with myo-
pia, hyperopia, and astigmatism was also recorded in studies
with a comparison (C) group. Demographic data including
location, age, and gender, the criteria used to assess ASDs
and refractive errors, and associated neurodevelopmental
comorbidities were also extracted. Specific data on race and
ethnicity, socioeconomic status, and educational attainment
levels were not recorded, as such data was not available in
most studies. All data was extracted by two reviewers inde-
pendently, and a third reviewer cross-checked it.

Risk of Bias Assessment

The case reports, case series, and cross-sectional studies
were assessed using the Joanna Brigg Institute’s (JBI) criti-
cal appraisal tools, while the Newcastle—Ottawa Scale (NOS)
was applied to the cohort studies. Two reviewers indepen-
dently assessed the quality of included studies. Discrepan-
cies were resolved by a third reviewer. The studies were
rated good (low risk of bias), fair (moderate risk of bias),
and poor (high risk of bias) quality based on their scores.

Statistical Analysis

We calculated the risk ratios (RRs) in a DerSimonian-Laird
random effects model to address heterogeneity between the
studies (Higgins et al., 2003). We used Arcsine-transformed
prevalence data for one-arm studies to stabilize variance as rec-
ommended (Barendregt et al., 2013; Munn et al., 2015). How-
ever, due to recently raised concerns regarding this approach
(Lin & Xu, 2020), we presented our data with 95% confidence
intervals in forest plots. Percentages were converted into raw
data, and a correction factor of 0.5 was applied to zero val-
ues. The meta-analysis of two-arm studies was conducted via
Review Manager 5.4 (Nordic Cochrane Center, Copenhagen,
Denmark) and of one-arm studies via OpenMeta[ Analyst]
(Center of Evidence-Based Medicine, Rhode Island, USA)
(Wallace et al., 2012). We assessed heterogeneity using Hig-
gin’s I statistic, and an I? value > 50% was considered signifi-
cant (Higgins & Thompson, 2002). We used Comprehensive
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Meta Analyst (Biostat, Englewood, New Jersey, USA) to
assess publication bias via funnel plots of standard error, and
Egger’s regression test (Egger et al., 1997). We conducted sen-
sitivity analyses using a leave-one-out approach, i.e., omitting
one study at a time to investigate the impact of each study on
the overall effect estimates. Sensitivity analyses were also con-
ducted by excluding the poor-quality studies to explore poten-
tial causes of heterogeneity. We conducted subgroup analyses
by study design and meta-regression with the mean age of
participants. All studies for which raw data could be obtained
or calculated were included in the meta-analysis. Case reports
were excluded from the quantitative synthesis.

Results

Literature Search

The initial search yielded 1346 papers, of which 248 were
duplicates, leaving 1098 articles. The titles and abstracts

of the remaining articles were assessed for eligibility, and
998 articles were excluded. The full texts of 3 papers could

not be retrieved, and the full texts of 97 articles were sub-
sequently reviewed. A secondary search yielded one addi-
tional relevant paper, and 28 papers were deemed eligible for
our systematic review (ALGarzaie and Alsaqr, 2021; Amin
et al., 2023; Anketell et al., 2016; Bhaskaran et al., 2018;
Black et al., 2013; Cao et al., 2022a, 2022b; Chang et al.,
2019; Dias et al., 2021; Ezegwui et al., 2014; Faron et al.,
2021; Fryns et al., 1996; Gutiérrez et al., 2022; Ikeda et al.,
2013; Kabatas et al., 2015; Kaur et al., 2016; Keith et al.,
1972; Khanna et al., 2020; Lau et al., 2022; McCurry et al.,
2013; Ozer et al., 2016; Pineles et al., 2010; Puri et al., 2015;
Scharre & Creedon, 1992; Shen et al., 2011; Tsao et al.,
2017; Tychsen et al., 2008; Wu et al., 2023; Zdonczyk et al.,
2023). Figure 1 shows the PRISMA flow flowchart of the
selection process.

Study Characteristics
Table 1 shows the characteristics of the included studies.
The studies comprised eleven cohort studies, eleven cross-

sectional studies, two case series, and four case reports pub-
lished from 1972 to 2023. The studies varied in geographical

@ Springer



Review Journal of Autism and Developmental Disorders

(uonerndod ornerpad 9y} UT UOT}OSIIOD SATIORIJAI IOF
soul[pINg SO V'V 2ys Sutmoroy) 1siSojowerydo

PIOOI [EDIPW UO
pop10231 pue ueiprens Aq pajiodar ‘QwoIpuAs s 193

ormerpad o) Aq uondrrosaid sasse[S € SunejissaooN  -Iedsy 1o ‘Iopiosip [ejuawdoraaap aarsearad ‘wsnny - vSn 11040)) (€102 Te 12 Yoeig
2 00T F S wsnewsnsy
'SA 001 — <erdokN *S 0§'1 + <eidonouwniadAy AIFNSA 0T EF8TO01 BLIOSIN  [BUONDDS $501D) (#102) 'Te 1 m3ozg
a 00’1 <wsnyew
-80Sy ‘SA 00'T + <erdoradAH ‘S 05'0 — > eldoA N - TIYF¥9°01 [edoN  [euONO3S 501D (S107) Te 10 1ng
BLISILID [RLIDJOI SO VY - 9 oAym, 3oqop (ST10D) Te 10 sereqey]
- - £EFe88 oADimM], [BUONOAS SSOID) (9100) e 10 1920
aqso+ <uwsy
—ewSnsy ‘q 0’1+ <erdorodAH ‘q ¢'0— > erdoAN - 6 BIPU] [BUOI}OIS SSOID) (9107) 'Te 10 mey]
O 00T < wsnewsnsy _
‘@ 00'7 + <erdoradAy 9yeI9poN ‘q 00+ > 10 o1 I'€EFSII=D
d 0s°0+ <erdoradAy moT‘q 050 — > erdoAN dDI 01 3uIp1099€ JWOIPUAS S J312dsy 10 WsHny CEF60I=AdSY ] [eUOTIAS SSOID) (9102) T 1R [[P1uy
do¢— >I0 g+ <wsnewsnse ySiH
‘d$’0— >10 §0+ JWSHewsnsy ‘(q ('S + pue
d 0°¢ + uvamiaq erdoradAy arerspolN ‘q 0’1 + <eid
-010dAH ‘q 0'9 — SerdoAw Y31y ‘{q 0’1 — > erdoAN - e S1-L UBMIE], [RUOIOIS SSOID) (L102) 'Te 39 oes[,
SL°0<J0 Iopur[£o wisn
-ewdnsy ‘s 0’1 + <erdoredAH ‘S 00'1 — <erdoAy SAVO $6 RIPU]  [BUOTIORS SSOI) (8107) 'Te 10 ueIEySEYY
uondrrosaid oporyoads
10 sour[oping urened 9ondeld paiejald OVV LI0T 2-S0QV ‘A-INSA ‘AIFINSd ‘01-dDI ‘6-dDI Y vsn yHoyop (6107) ‘Te 10 Suey)
sout[opIns paseq-o8e SOJVV 1AV ‘D-S0Aav ‘S-S q9'S oouel Hoyop (0207) ‘T8 19 BUURYY
- - ¥'S$F6'6 vsn Hoyop (1207) 'Te 10 uoreq
- - I'6 vsn Hoyop (1207) e ¥ seiq
BIqery
9 EFCIEI=D  1pneg jo
- - 6V YF8LTI=ASV wop3ury] [BUOTIVS $S01)  (1Z0T) Ibesyy % orezren Ty
- - 59 epeUR) j10da1 ase) (QzZ07) “Te 1w oe)
- 0T dDI ‘6 A1 q I 8uoy Suoy 100D (2T07) ‘Te 10 neg
A SLOF <wsn
-ewsnsy ‘g 05°0- <edoAA ‘q ¢+ <erdoradAy werSold VALIAY 2U) Aq pariojey I'8F601 uredg 1oyo) (2200) "Te 19 zo1rgunn
- -SYUS >8°CECET 89 vsn SoLIas 9seD) (€207) "Te 10 yAzouopz
(T'L9¢gop0od
IND-6-QDD) WSHewsnsy (0" L9¢:9p0d WD-6
-@OD) erdoradAH *(1'L9€:9p0d IWD-6-ADD) eldoAN IND-6-ADI - uemIe], Hoyo) (€200) Te P np
- S[OOYOS WSTHNE WO} SJUIPMS 0201 ¢ uejsiyed [BUONIAS SSOID) (£202) ‘Te 10 Uty
(s1eK)
UOTJBIAJD pIe
SIOIIQ QAT)ORIJOI JUBROYTUTIS 0] BLIIID) SASV 10J BLIQJLI)  -puels Fo5e Ued]y Anuno)  uJisop Apnig Apmgs

SOIPN}S POPN[OUT JO SONSLIAOBIRYD) | d|geL

pringer

AQs



Review Journal of Autism and Developmental Disorders

saSe [emoy

UBIPIIN
J3uey,

K3ojowreyiydQ JO Awopeoy uedoLOWY ‘OVY ‘snwsiqens puy A3ojowreyiydQ oLneIpad Jo,J UONEBIO0SSY Ued
-LIQWY ‘SOJVY O[OS SSQUIAISUOASY [BIO0S ‘SYS ‘POSIANY “MITAIU] ONSOUSRI(] WSHNY ‘Y-7(V ‘IOpIOSI(] wnnoadg wsnny YA\ SIUSNeJ O], UOTIUSNY [BIIPIA [BISOIU] ‘VALIAY ‘SINpayds
uoneAIdsqQ onsouderq wWsSHny ‘SOJV $SIOpIOSI(] [BIUSJA JO [eNUBIA] [BO1SNEIS pue oNsoudel(q ‘WS o[edS Suney wsnny pooyp[ry) ‘SYV) Soseasi JO UOIBOYISSE[D [BUONBUINU] ‘(7D]
'sdnoi3 SV J10J 1B SaIpmIs wIe-9[3urs ur sanfea [[y "dnoid uostredwo) ) ‘dnoid siopiosiq wnnoadg wsnny 7SV "ASIMIYIO PAILIS SSI[UN ‘UONBIAIP PIepUL]S F Uedw se pAjudsaid s1 o3y

- - oL pueidug  yodarose) (TL6T) Te 10 YISy
SUOTIEN[BAd
1 <wsnewsdnsy ‘qg <eidoradAH ‘qr < erdoAn Areurdrosipnnu ‘uoryeonpa jo preoq “Y-III-INSA aS'L VSN [BUONO3S SSOID)  (Z66]) UOPIID) PUE ALIRYDS
- - 5 €€9 yrewuaq j10da1 ase) (9661) 'Te 10 sukig
- - > SI vsn SOLISS 9se]) (8007) 'Te 10 UasydA[,
- - LL€19 vsSn SoLIas 958Dy (0100) T8 1 sapduld
- AIFINSA 5 S BUIYD 11odor ase) (1100) T8 9 uays
saur| papnjout jou J9pIosIp Jog1adsy
-opIng [e1I9Ja1 9oNIWWO)) FUIUIIOS UOISIA SOJVY pue SON-Add Se yons ‘sgSV 1oyio “YI-AI-INSA e LT —€ nog [BUOIIAS SSOID) (€102) 'Te 10 A1IDON
a
00'C <wspewsnsy ‘q 00°¢ <eidoradAy pue erdokA - STe vsn Hoyoy (€102) T2 19 epay[
(s1ek)
UONRIAQD pIe
SIOLIQ 9ATIORIJAI ULOYIUSIS I0] BLISILID) SSV 0] BLIOILI)  -pue)s FoSe ueapy Anunopy  uSisep Apmig Apmig

(ponunuoo) | sjqey

pringer

As



Review Journal of Autism and Developmental Disorders

distribution, with almost one-third of the studies originating
from the USA (n=9) (Black et al., 2013; Chang et al., 2019;
Dias et al., 2021; Faron et al., 2021; Ikeda et al., 2013; Pine-
les et al., 2010; Scharre & Creedon, 1992; Tychsen et al.,
2008; Zdonczyk et al., 2023). The population was predomi-
nantly male. The most used diagnostic criterion for ASD was
the Diagnostic and Statistical Manual of Mental Disorders
(DSM) (Chang et al., 2019; Ezegwui et al., 2014; Khanna
et al., 2020; McCurry et al., 2013; Scharre & Creedon, 1992;
Shen et al., 2011), followed by the International Classifica-
tion of Diseases (ICD) (Anketell et al., 2016; Chang et al.,
2019; Lau et al., 2022; Wu et al., 2023). Most studies con-
sidered refractive errors significant when necessitating spec-
tacle prescription, but varying cutoff values were used. Only
three studies compared the prevalence of refractive errors in
children with ASDs with those without ASDs (ALGarzaie
and Alsaqr, 2021; Anketell et al., 2016; Wu et al., 2023).
The results of the included studies are depicted in Table 2.

Myopia

Of the twenty-eight included studies, nineteen reported
raw data on myopia. Meta-analysis of three studies com-
paring ASD (1514/3710 participants) to C (14,797/35776
participants) groups yielded no significant association
between myopia and ASD (RR 1.02, 95% CI 0.98 — 1.06;
p=0.46; I’=0%). Pooled estimates of sixteen studies with-
out a comparison group showed a 14.1% (95% CI 0.082
—0.213; =90.63%) incidence of myopia in the ASD group
(165/1421 participants). The meta-analysis is depicted in
Fig. 2.

No heterogeneity was present between the studies with a
comparison group, while high heterogeneity was observed
between the studies without a comparison group. Subgroup
analysis by study design showed that the heterogeneity was
lower for the cross-sectional studies (Fig. 2). Sensitivity
analysis using the leave-one-out method revealed no sub-
stantial change in pooled effect estimates; RR 11.1% (95%
CI 0.064 — 0.170) to RR 15.3% (95% CI 0.090 — 0.230).
Sensitivity analysis omitting poor quality studies still pre-
sented considerable heterogeneity. Meta-regression with the
mean age of participants showed no significant association
(p =0.240) with heterogeneity. We found no evidence of
publication bias in the funnel plot (Egger’s regression test,
p=0.257).

Hyperopia

Of the twenty-eight included studies, twenty reported raw data
on hyperopia. Of the three studies with a comparison group,
ALGarzaie and Alsaqr (2021) had zero incidence of hypero-
pia in both groups, so it could not be included in the two-
arm meta-analysis. Meta-analysis of two studies comparing

@ Springer

ASD (436/3710 participants) to C (1893/35776 participants)
groups yielded no significant association between hyperopia
and ASD (RR 1.27, 95% CI 0.46 — 3.45; p=0.65; I*=99%).
The pooled results of seventeen studies without a comparison
group revealed a 9.8% (95% CI 0.066 — 0.136; I*=73.93%)
incidence of hyperopia in the ASD group (176/1437 partici-
pants). The meta-analysis is depicted in Fig. 3.

High heterogeneity was present between the studies with a
comparison group, while moderate heterogeneity was observed
between the studies without a comparison group. Subgroup
analysis by study design failed to show much difference
(Fig. 3). Sensitivity analysis using the leave-one-out method
revealed no substantial change in pooled effect estimates; RR
8.8% (95% CI 0.060 — 0.122) to RR 10.8% (95% CI 0.075
—0.146). Sensitivity analysis omitting poor quality studies still
presented considerable heterogeneity. Meta-regression with the
mean age of participants showed no significant association
(p=0.264) with heterogeneity. We found evidence of publica-
tion bias in the funnel plot (Egger’s regression test, p=0.032).

Astigmatism

Of the twenty-eight included studies, nineteen reported raw
data on astigmatism. Meta-analysis of three studies com-
paring ASD (825/3710 participants) to C (5468/35,776 par-
ticipants) groups revealed that ASD significantly increases
the risk of astigmatism (RR 1.63, 95% CI 1.26 — 2.12;
p=0.0002; ’= 56%). Pooled results from the studies with-
out a comparison group revealed a 16.5% (95% CI 0.108
~0.232; P= 87.87%) incidence of refractive errors in the
ASD group. The meta-analysis is depicted in Fig. 4.
Moderate heterogeneity was observed between the stud-
ies with a comparison group, and high heterogeneity was
present between the studies without a comparison group.
Subgroup analysis revealed no significant association of
study design with heterogeneity (Fig. 4). Sensitivity analy-
sis using the leave-one-out method revealed no substantial
change in pooled effect estimates; RR 14.5% (95% CI 0.099
—0.198) to RR 18.1% (95% CI 0.120 — 0.250). Sensitivity
analysis omitting poor quality studies still presented con-
siderable heterogeneity. Meta-regression with the mean age
of participants showed no significant association (p =0.134)
with heterogeneity. We found no evidence of publication
bias in the funnel plot (Egger’s regression test, p =0.292).

Case Reports

Keith et al. (1972) presented a case of a child with autism,
myopia, and abnormal facial features. Fryns et al. (1996) pre-
sented a case report of two twin sisters with Cohen syndrome,
having autistic features and high-grade myopia. Tychsen et al.
(2008) presented a series of twelve children undergoing sur-
gery for refractive errors, with one child having autism and
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Table 2 (continued)
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4 (9.1%) (hyperopia and astigmatism), 3

49.1%) 0 (0%)

=3:1)

44 (M:F

Black et al. (2013)

(6.82%) (myopia and astigmatism), 1 (2.27%)
(myopia, astigmatism, and hyperopia)

6 (3.90%)

26 (16.88%)
4 (9.30%)
0 (0%)

154 (122 M) 9 (5.84%)

43 (34 M)

Ikeda et al. (2013)

11 (25.58%)

0 (0%)
0 (0%)
0 (0%)
0 (0%)

8 (18.60%)
1 (100%)

0 (0%)

McCurry et al. (2013)
Shen et al. (2011)

16p11.2 deletion

Vitamin B12 Optic Neuropathy

2 (66.67%)

0 (0%)
0 (0%)

3M)

1

Pineles et al. (2010)

DD, CP, Hydrocephalus, Encephalopathy

1 (100%)
2 (100%)

Tychsen et al. (2008)
Fryns et al. (1996)

Cohen Syndrome

2B

Scharre and Creedon (1992) 34 (32 M)

6 (17.65%)
0 (0%)

6 (17.65%)
0 (0%)

3 (8.82%)
1 (100%)

LM

Keith et al. (1972)

ASD, Autism Spectrum Disorders group; C, Comparison group. All values in single-arm studies are for ASD groups. M, males; F, females

myopia. Pineles et al. (2010) presented a case report of three
children with vitamin B12 optic neuropathy and autism, two
of whom presented with myopia. Shen et al. (2011) reported a
family with 16p11.2 deletion, having a child with autism and
bilateral myopia. Cao et al. (2022b) reported a case of high
myopia in a child with autism who developed neurotrophic
keratopathy after laser retinopexy. Zdonczyk et al. (2023)
presented a prospective case series including three children
with autism spectrum disorder, with one case each of myopia,
hyperopia, and astigmatism.

Risk of Bias Assessment

The JBI critical appraisal checklists rated the case reports
3 to 7 points: two good, two fair, and one poor quality; the
case series were both rated 10: considered good quality; the
cross-sectional studies were rated 3 to 6: two poor, four fair,
and five good quality studies. The NOS scores for the cohort
studies range from 3 to 5: one good and nine poor quality
studies. The detailed quality assessment can be found in
Online Resource 1.

Discussion

Our pooled analysis of twenty-eight studies suggests a sig-
nificant association of astigmatism with ASDs, while asso-
ciations with myopia and hyperopia remain unclear. These
findings align with a previous study that suggested 22 to
44% of all children with autism also have refractive errors
(Reynolds & Culican, 2023). Our results revealed a 16.5%
prevalence of astigmatism, followed by a 14.1% prevalence
of myopia and a 9.8% prevalence of hyperopia in children
with ASD.

We could not establish a clear association between
myopia and ASDs. Recent studies have observed a rise in
the incidence of acquired myopia (Morgan et al., 2018).
Furthermore, myopia shows variable prevalence in different
ethnicities, geographical regions, and age groups (Foster &
Jiang, 2014), and is affected by a multitude of environmental
factors (Ramamurthy et al., 2015), which might explain the
lack of a conclusive relationship.

We could not find evidence of an association between
hyperopia and ASDs. Hyperopia is generally less prevalent
than other refractive errors; however, young children
are generally hyperopic (Jiang et al., 2019; Majumdar &
Tripathy, 2023). Emmetropization occurs in the majority
of hyperopic children in the first year of life, but some
children may remain hyperopic (Mutti, 2007). A previous
meta-analysis showed an 8.4% incidence of hyperopia in
typically developing 6-year-olds that decreases with age
(Castagno et al., 2014), which is comparable to our findings
in children with ASDs.
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ASD m Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Anketell 2016 14 128 18 206 04% 1.25(0.65, 2.43]
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Kaur 0.014 (0.002, 0.077) 0/35 W— |
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Arcsine of Square Root Proportion
Fig.2 Meta-analysis of myopia for studies with comparison group (top) and without (bottom)
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Fig.3 Meta-analysis of hyperopia for studies with comparison group (top) and without (bottom)
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Fig.4 Meta-analysis of astigmatism for studies with comparison group (top) and without (bottom)

The higher incidence of astigmatism in children with
ASD is similar to its incidence in other neurodevelopmental
disorders, such as Down’s syndrome (Little et al., 2009;
Woodhouse et al., 1997), attention-deficit/hyperactivity
disorder (ADHD) (Bellato et al., 2023; Reimelt et al., 2021),
developmental delay (Nielsen et al., 2007), and hydrocephalus
(Biglan, 1990; Patel et al., 2021). Astigmatism is generally
more common in adults (Hashemi et al., 2014; Zhang et al.,
2023); however, it remains a cause of concern in children
(H. Cao et al., 2022a). In typically developing individuals,
emmetropization occurs early in life (Abrahamsson et al.,
1988). A failure in emmetropization might explain the higher
incidence of astigmatism in younger populations with ASDs
and other neurodevelopmental disorders (Doyle et al., 1998).
Genetic and epigenetic components may be responsible in
some cases: greater prevalence of astigmatism has been
observed in Native American children (Harvey et al., 2010),
and gene loci such as (2p16.3) downstream of the neurexin-1
gene and 2p13.3 in the VAX2 gene have been linked to
astigmatism in Europeans (Li et al., 2015; Lopes et al., 2013).
In our included studies, European Caucasian children were
studied by Anketell et al. (2016). Other studies reported the
country of origin, but specific racial/ethnicity data was not
reported, nor were participants stratified by socioeconomic or
educational levels.

@ Springer

We found several comorbidities — ranging from genetic
variations to neurodevelopmental disorders — which could
affect the visual function in children with ASDs. Previous
studies have also demonstrated that ASDs can present with
several comorbidities, including genetic and chromosomal
abnormalities (Bergbaum & Ogilvie, 2016; Genovese
& Butler, 2020), anxiety, ADHD, and other psychiatric
disorders (Hossain et al., 2020). Furthermore, visual
impairments, including refractive errors, have also been
observed in psychomotor disorders (Sobrado et al., 1999)
and other neural disorders such as Fragile X syndrome and
Prader-Willi syndrome (Van Splunder et al., 2003). Cerebral
visual impairment is associated with vision defects (Fazzi
et al., 2007) and is closely related to ASDs and intellectual
disability (Chokron et al., 2020). ASDs show a multifactorial
pattern of inheritance with complex interactions between
genetic, environmental, and epigenetic factors (Genovese &
Butler, 2020), and similar patterns have been observed for
refractive errors (Harb & Wildsoet, 2019). All this evidence
points to shared etiological factors contributing to ASDs and
refractive errors.

Our study should be viewed in the context of some limi-
tations. First, the generalizability of our findings might be
limited due to the lack of a comparison group in most of
the included studies. Second, our review did not include
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conference abstracts and unpublished studies, which might
contribute to publication bias. Third, our studies encompassed
a broad time period, and the diagnostic criteria for ASDs and
refractive errors differ dramatically across the studies, poten-
tially introducing heterogeneity. Lastly, all the included studies
were observational, which might pose a risk of confounding
bias.

We found no association between myopia and ASDs, but
the prevalence of myopia and astigmatism is very similar in
children with ASDs; optometrists should be mindful, and test
for both whenever possible in children with ASDs. Drugs
such as anticonvulsants are often prescribed to children with
ASDs (Oswald & Sonenklar, 2007), which may cause tran-
sient refractive errors (Hadjikoutis et al., 2005). Acetazolamide
has been reported to improve symptoms of ataxia in autistic
patients (Martorell et al., 2022), but it is also a known risk fac-
tor for refractive errors (Garland et al., 1962; Hadjikoutis et al.,
2005) Clinicians should exercise caution when prescribing
such medications, and alternative drugs should be considered
if possible. Children with ASDs are less likely to have access
to eye care — in the USA, estimates from the National Sur-
vey of Children’s Health revealed that about 50% of children
with ASDs have been evaluated by an eye care provider, which
should ideally be increased to 100% (Swanson et al., 2020),
and lower rates of vision screening have been observed in chil-
dren with ASDs compared to those without ASDs, particularly
in Black and younger children (Hoover et al., 2023). Regular
eyecare is important to ensure that the visual impairment does
not impact the development of children with ASDs.

There is a noticeable lack of studies comparing refractive
errors in children with and without ASDs, with only three
such included studies in our systematic review (ALGarzaie
and Alsaqr, 2021; Anketell et al., 2016; Wu et al., 2023).
Future research should incorporate robust prospective
designs with age-matched comparison groups while adjust-
ing for confounding factors and comorbid conditions such
as ADHD. Furthermore, standardized metrics should be
used for refractive errors and ASDs. As research on novel
methods to slow or halt the progression of myopia continues
(Agyekum et al., 2023), it would be prudent to look into
its cost-effectiveness and develop cheaper and more widely
applicable methods, as the families or caretakers of children
with ASDs may be financially strained (Cidav et al., 2012).
Lastly, future research should be expanded to include dif-
ferent demographics and ethnicities to get a broader picture.

To conclude, ASDs seem to be associated with a signifi-
cantly higher risk of astigmatism, but no significant associa-
tions were observed for myopia and hyperopia. The retrospec-
tive nature of the included studies and lack of comparison
groups are noteworthy limitations, and more robust studies
should be designed in the future. Timely diagnosis and man-
agement may slow the progression of refractive errors in chil-
dren with ASDs and lessen the impact on their everyday lives.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40489-024-00468-9.
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