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Abstract: Purpose: To investigate the corneal characteristics in individuals with autism spectrum
disorder (ASD) and age-matched typical development (TD) participants. Methods: This cross-
sectional, clinically based study compared children with ASD to age-matched TD participants.
Corneal topography was measured with a portable EyeSys Vista system. The distance visual acuity
(VA) and the contrast sensitivity (CS) were determined. The refractive error (RE) was assessed using
a 2WIN autorefractometer. Results: A total of 31 children with ASD (mean age: 12.78 =+ 4.49 years),
and 60 participants with TD (mean age: 13.65 + 3.56 years) were recruited. The two groups were
similar in age (t = —2.084, p = 0.075) and VA (t = —0.35, p = 0.32). Most of the children with ASD
had a significant amount of refractive errors (REs; range: +5.25 to —5.50 DS), and astigmatism was
dominant (range: —0.25 to —4.50 DC). There was no statistically significant difference between both
groups in terms of average corneal power (t = 1.12, p = 0.39). The children with ASD and participants
with TD also did not differ significantly in terms of corneal shape descriptors (p > 0.05), such as
corneal asphericity, inferior superior index, opposite sector index, and differential sector index. The
spherical equivalent did not differ significantly between the ASD participants and participants with
TD (t = 1.15, p = 0.15). There was a significant difference (p < 0.05) in the astigmatism component
between the ASD participants and the participants with TD.
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1. Purpose

Autism spectrum disorder (ASD) comprises a group of developmental disabilities
characterized by impairments in social interaction and communication, and by restricted,
repetitive, and stereotyped patterns of behavior [1]. It was reported that most children
with ASD have sensorimotor abnormalities that may lead to social communication and
cognitive deficits early in life [2]. The symptoms are observed between 2—4 years of age [3].
However, in other cases, the symptoms of ASD may start as early as 18 months of age,
involving the inability to look when the child’s name is called and a minimal interest of the
patient in interacting with other children [4]. ASD occurs four times more frequently in
males than in females [5]. The frequency of ASD in Saudi Arabia has been reported to be
1.8 per 1000 children [6].

The reported ophthalmic-related behavioral characteristics of children with ASD
include poor or no eye contact, gaze abnormalities, and impairment of facial recognition,
which has been related to disturbances of eye movements [7,8]. Many studies have reported
from observations of children with autism that individuals with ASD have abnormal
oculomotor functions [9,10]. Most of them have hypometric saccadic movements and
difficulties in performing smooth pursuit eye movements and low velocity movements.
These findings were linked to brainstem dysfunction in autism [9].
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The visual acuity in children with ASD was investigated in a number of studies [11-16].
The majority that have been previously reviewed reported that children with ASD ap-
parently have normal visual acuity (VA) [17]. Contrast sensitivity (CS), or the ability to
distinguish differences between an object and its background, was studied in children
with ASD and compared in several studies to a matched control group. Some studies
reported that there were no difference between ASD and normal participants [18,19], while
other studies suggested that participants with ASD have reduced CS thresholds [20,21].
The diversity of these reports can be partly due to the wide variation in methods used to
measure CS [17]. However, these studies indicated early visual sensory processing deficits
associated with autism [17]. The color perception among participants with ASD has been
reported to be poor. There is a general reduction in color sensitivity detection, rather than
specific deficiencies of color perception [22,23].

A previous study reported that most children of ages 1-14 years with autism had
hyperopia (farsightedness), oblique astigmatism (the eye does not focus light evenly on
the back of the eye), and exotropia (type of strabismus) [24]. It was also reported that the
amount and prevalence of refractive astigmatism was significantly higher among European
Caucasian children with ASD (mean age: 10.9 & 3.3 years) than among typically developed
children with a mean age of 11.5 £ 3.1 years [25]. Most previous studies that investigated
visual abnormalities among children with ASD were focused on oculomotor functions,
color perception, binocular vision, and refractive errors (REs) [19,22-25]. A regular checkup
at an early age is very important to provide the best treatment to prevent the progression
and complications of keratoconus. Keratoconus is a non-inflammatory, mostly asymmetric,
progressive disease, resulting in corneal thinning, irregular astigmatism, and eventually
severe vision loss [26]. Worldwide, the prevalence of keratoconus ranges from 0.17 to
40 in 1000; this very wide range could be accounted to differences in genetic factors, the
locations of study, environmental exposure, the methodology and design of the studies,
and diagnostic criteria and instruments [26]. To the best of our knowledge, there is no
published study that has examined corneal parameters as assessed using topography for
children with ASD in order to determine if they have higher/lower risk of keratoconus.

This study was conducted to compare several corneal shape descriptors, including
corneal power, steepest and flattest K-reading, corneal asphericity (Q-value), inferior
superior index (IS), opposite sector index (OSI), differential sector index (DSI), and cen-
ter/surround index (CSI) between children with ASD and typical development (TD)
participants. These descriptors are the main determinates of the corneal power, shape, and
integrity [27-29]. The change in these descriptors from what would be found in the TD
group may indicate that the ASD group is at higher risk of developing keratoconus. This
study also compared VA, CS, and REs between ASD and participants with TD. The find-
ings of this study can provide insights for optometrists and other healthcare professionals,
parents, advocates, and school administrators in providing special care for this subgroup
of individuals.

2. Material and Methods

This was a prospective cross-sectional-based clinical study. The recruited participants
had documented diagnoses of ASD and were compared with TD participants. Any partici-
pant with corneal opacities, corneal scars, cataracts, or any previous ocular surgery was
excluded from the study.

The study recruited children with ASD attending the general clinic at 5 autism spe-
cialist centers. A psychiatrist who specialized in ASD working in those centers diagnosed
the recruited children with ASD. Diagnostic tools including autism diagnostic observation
schedule (ADOS) and autism diagnostic interview-revised (ADI-R) are widely used in
Saudi Arabia for confirming the ASD, however, the author collecting the data did not
include this information but made sure that the recruited participants were confirmed
children with ASD. Forty-five invitations were sent to the parents of children with ASD
who attended the general clinic at the 5 specialist centers. The response rate was 70%.
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Three participants with ASD were excluded from the study due to their poor cooperation
for optometric measurements. The 60 participants with TD were recruited from the oph-
thalmology clinic at Prince Sultan Military Medical City, Riyadh, Saudi Arabia. In terms of
the racial background of the participants with ASD and TD, the participants were Saudis
with Arab background.

The distance VA was measured using a Lea Numbers chart (Good-Lite, Elgin, IL, USA),
which was placed 3 m in front of the participant in a well-lit room. The monocular VA was
measured by occluding the patient’s eye with an occluder and determining the LogMAR.
Each letter had a score of 0.02 log units. The VA score was calculated as follows: LogMAR
VA = 0.1 + LogMAR value of the best line read—0.02 (number of optotypes read) [30].

The CS was measured using a Mars Numeral CS chart (Mars Perceptrix, Chappaqua,
NY, USA). The chart was held at approximately 50 cm with habitual correction, when
necessary, in a well-lit room (the illumination level was ~85 cd/m?). The participant
was asked to read the numerals across the lines and down the chart. The CS of the final
numerals before the patient misidentified 2 consecutive numerals, with a correction for
earlier incorrect responses, determined the logCS. The test was conducted both monocularly
and binocularly. The Mars test produces results with excellent agreement and reliability
and is considered equivalent to the Pelli-Robson test [31].

The REs were assessed using a 2WIN binocular handheld refractometer and a vision
analyzer (Adaptica, Padova, Italy). The apparatus measured both eyes at the same time
in a natural vision situation. The 2WIN refractometer can detect REs and visual misalign-
ment. It has been reported that the REs of children 1-18 years of age measured using a
2WIN refractometer without cycloplegia were similar in spherical power and spherical
equivalent (SE) values to those obtained using cycloplegic retinoscopy [32]. The astigma-
tism was calculated using power vector notation (Jo and J45) and by applying a Fourier
transformation [33].

Keratoconus risk factor assessment was conducted using the corneal topography
(elevation-based topography) and asphericity coefficient with an EyeSys Vista system (Eye
Sys Vision, Houston, TX, USA). The EyeSys Vista is a placido-based videokeratography
device with 25 rings and measurement was taken in a 3 mm zone. It has been suggested that
this device can be used in most clinical settings [34], and its corneal curvature measurements
exhibit good reproducibility [35]. The key corneal measurements included the following;:
simulated K-readings (steepest K and flattest K) representing corneal astigmatism; the
asphericity (Q-value), which describes the rate of curvature variation of the cornea from its
center to the periphery and specifies the type of conicoid that best represents its shape [27];
the inferior superior index (I-S), which refers to inferior-superior dioptric asymmetry
as obtained by averaging the superior corneal power (meridians of 30°, 60°, 90°, 120°,
150°) and subtracting that value from the average inferior corneal power (meridians
of 210°, 240°, 270°, 300°, and 330°) [14], with a difference of > 1.4 diopters (D) being
indicative of keratoconus [28]; OSI, opposite sector index; DSI, differential sector index;
CSI, center/surround index (OSI > 2 D, DSI > 2.4, and CSI > 1 indicative of keratoconus) [29].
The OSI and DSI were a result of dividing the corneal area into eight pie-shaped sectors; the
mean corneal power was also calculated for each sector. The DSl is the greatest difference
of the mean corneal power between any 2 sectors. The OSI is the maximum difference
between mean corneal powers in opposite sectors. The CSl is the difference between the
mean corneal power of the central area and the annulus surrounding the central area.
More details of the calculation method of OSI, DSI, and CSI can be found in the study
by Maeda et al. [29]. The horizontal visible iris diameter (HVID) refers to the horizontal
diameter of the iris within the clear corneal zone [36], and the vertical palpebral aperture
(PA) is the distance between the inferior margin of the eyelid to the superior eyelid margin
over the pupil [37]. These parameters are the main corneal parameters that have been
previously suggested to be the earliest indicators of corneal changes in early/subclinical
keratoconus [27-29]. One eye from each participant, in both groups, was randomly selected
in order to record the corneal and visual measurements. This was to avoid any bias may
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be caused as a result of any eventual correlation existing between right and left eyes of a
single patient [38,39].

The IBM SPSS Statistics for Windows, version 22 (IBM Corp., Armonk, NY, USA), was
used in the data analysis. The data were normally distributed (Kolmogorov-Smirnov test,
p > 0.05), and therefore the mean + standard deviation was used to report the data. Further,
the independent t-test was also used to investigate the differences between the two groups.
The differences were considered statistically significant when the p-value was < 0.05.

3. Results

A total of 30 of 31 children with ASD completed the refraction and the corneal to-
pography assessments (one was excluded due to poor image quality). Those children did
not have any previous ocular or medical history/diagnosis. The VA and best-corrected
VA were measured in 26 of 31 children with ASD, and the CS was determined in 20 of
31 children with ASD. The inability to perform these visual functions was due to the
inability of the children to concentrate. All measurements were compared with those of
participants with TD. The mean ages of the children with ASD (mean age: 12.78 & 4.49
(standard deviation) years; range: 5-20 years) and the participants with TD (mean age:
13.65 & 3.56 years; range: 6-20 years) did not differ significantly (Table 1).

Table 1. The mean =+ standard deviation of age, visual acuity, spherical equivalent, and cylindrical component in ASD

participants and participants with TD. The statistical difference between both groups was investigated.

. ASD Group TD Group
Variables Mean + SD Mean - SD Independent ¢-Test
12.78 + 4.49 13.65 + 3.56
Age (years) (n=31) (1 = 60) t=—2.084, p = 0.075
Gender (male/female) M=21,F=10 M=33,F=27 —
VA without correction 0.28 +0.29 0.33 +0.37
(logMAR) (1 = 26) (1 = 60) t=-035p=032
Spherical equivalent —0.76 £ 1.66 0.96 + 1.69 _ _
(diopters) (n=27) (1 = 60) t=115p=0.15
Cylindrical component ]Oj —02:+047 ]O:. —0.10 £ 0.20 t=-1.22,p<0.0001 *
(diopters) Jas: —0.35 £ 0.48 Jas: —0.19 £ 0.18 t= —0.54, p = 0.004 *
(n=231) (n = 60) Y '

p < 0.05 indicates statistical significance. * Statistically significant. VA, visual acuity; TD, typical development participants.

The mean unaided VA in the children with ASD and participants with TD was
0.28 £ 0.28 and 0.33 = 0.37 LogMAR, respectively. The unaided VA did not differ signif-
icantly between the children with ASD and the participants with TD (p > 0.05) (Table 1).
The corrected VA in children with ASD was similar to that in participants with TD with
means of 0.03 = 0.08 and 0.03 = 0.03 LogMAR, respectively.

Strabismus was observed only in two children with ASD. One patient presented with
esotropia with spectacle correction, whereas the other presented with exotropia without
spectacle correction. None of the participants with TD had any ocular deviation.

The descriptive/frequency distribution of REs was different between the children
with ASD and participants with TD, whereas the CS of the ASD and participants with
TD were similar (Table 2). No significant differences were found in the visual func-
tions (Table 1). However, the astigmatism vector analysis showed that there was a sig-
nificant difference between both groups (Table 1), with the ASD group having higher
astigmatism scores.
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Table 2. The refractive errors and contrast sensitivity of both eyes of children with autism spectrum
disorder (ASD) and typical development (TD) participants.

Group Characteristics ASD Group TD Group
Emmtropia (1, %) 2 of 31, 6.45% 4 of 60, 6.6%
Simple myopia (1, %) 10f 31, 3.22% None
Anisometropia (1, %) 4 of 31, 12.90% None
Compound hyperopic astigmatism (1, %) 9 of 31, 29.03% 170f 60, 28.33%
Compound myopic astigmatism (1, %) 8 of 31, 25.80% 27 of 60, 45%
Simple astigmatism (1, %) 50f 31, 16.12% 10 of 60, 16.66%
Mixed astigmatism (1, %) 10f 31, 3.22% None
Sph’?f;z‘;lncfégnem —0.13 + 158 —0.67 + 1.68
Cylindrical component Jo: —0.2 £ 047 Jo: —0.10 £ 0.2
(mean + SD) Ja5: —0.35 £+ 0.48 Ja5: —0.19 +0.18
g g

SD, standard deviation; OD, right eye; OU, both eyes open; CS, contrast sensitivity.

Corneal Parameters

The mean steep- and flat-simulated K-readings of the children with ASD were slightly
steeper than those of the participants with TD. However, these small differences were not
statistically significant (Table 3). There was no significant difference in the mean delta-K
between children with ASD and participants with TD. The mean average simulated K of
the children with ASD was similar to that of the participants with TD (Table 3).

Table 3. Summary of the mean =+ standard deviation of corneal shape indices in ASD participants
and participants with TD.

Variables Chi(llslreear;lv;r:it:S SD T&zz:iiig‘g; S Independent t-Test
PA (mm) 9.89 +£1.04 10.78 £ 0.45 t=-6.859, p <0.0001 *
HVID (mm) 11.44 4+ 0.55 11.80 4 0.40 t=—4.731,p=0.003 *
Steep-K (diopters) 43.31 £2.39 43.10 £1.92 t=075,p=0.28
Flat-K (diopters) 4221 +£2.29 42.11 £ 1.96 t=042,p=0.33
Delta-K (diopters) 1.1+£0.59 0.99 + 0.53 t=133,p=0.21
Average-K 4320 +2.36 4259 +1.92 t=1.12,p=0.39
(diopters)
Q-value —0.18 + 0.36 —0.11 £ 0.32 t=—-143,p=0.38
IS —0.24 +0.79 —-017 £ 1.1 t=-0.88,p=0.51
(@5] 0.35 £ 0.54 0.20 £ 0.54 t=112,p=094
DSI 0.81 4+ 0.81 0.63 £+ 0.69 t=0.96,p =0.35
CSI 0.10 = 0.03 0.11 £0.02 t=0.17,p=0.43

*p < 0.05 indicates statistical significance. ASD: autism spectrum disorder; TD: typical development participants;
PA: vertical palpebral aperture; HVID: horizontal visible iris diameter; steep, flat, and average-K: simulated steep,
flat, and average K-readings, respectively, for measuring corneal astigmatism; delta-K: corneal power; Q-value:
corneal asphericity; IS: inferior-superior dioptric power; OSI: opposite sector index; DSI: differential sector index;
CSI: center/surround index.

The comparison of the corneal parameters presented in Table 3 showed that, in general,
there were no significant differences between both groups. However, the ASD group had
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a narrower vertical PA compared to the participants with TD. There was a statistically
significant differences in the PA size between the ASD group and the participants with
TD (Table 3). The mean HVID in the ASD group was slightly less than that in the TD
group, and the differences were statistically significant (Table 3). In detail, there were no
significant differences in the Q-values between children with ASD and participants with
TD (Table 3). The mean Q-values of the children with ASD were similar to those of the
participants with TD. Both groups had negative Q-values, which indicated a prolate cornea
(Table 3). The mean inferior-superior (IS) dioptric power of both eyes in both groups was
<1.4 D, which was within normal limits (Table 3). In detail, the number of cases in the
ASD and TD group that had been observed to have IS scores >1.4 were 7 and 12 cases,
respectively. Those cases were not classified as keratoconus cases as the K reading was less
than 45.25 D. The OSI, DSI, and CSI in both groups are shown in Table 3. These indices did
not differ significantly between groups and were less than the cut off points for suspected
keratoconus suggested previously [29].

4. Discussion

This study was one of the first to compare the corneal parameters of children with
ASD with those of participants with TD, providing indicative preliminary results. There
have been plenty of studies that have reported the prevalence of keratoconus in different
populations [26,40]. The prevalence in Saudi Arabia was reported to be 1:26 [41], although
larger scale population studies are needed to confirm this large prevalence outcome in
comparison to other geographical locations. Unfortunately, to date, no published report
has been found in terms of the prevalence of keratoconus in children with ASD. Therefore,
the range of possible keratoconus rate differences between typical healthy participants and
children with ASD is out of reach of the discussion at this stage.

Although the response rate of children with ASD was high, approximately 30% of the
children did not think that they could participate in this study. The children with ASD had
smaller HVIDs and PA sizes compared with the participants with TD, and these differences
were significantly different. The differences could have been due to differences in facial
characteristics between children with ASD and participants with TD, with the former
exhibiting an abnormal slant of palpebral fissures, wide nasal bridges, thin vermilion of
the upper lips, small low-set ears, and protruding cup-shaped ears [42]. Palpebral fissure
characteristics are clinically important in areas such as contact lens fitting [43].

There were no significant differences in the corneal power (steep and flat K-readings)
between the two groups. The mean average K-readings were slightly steeper in the
children with ASD compared with the participants with TD, but this was not statistically
significant. The smaller PA of children with ASD may have affected corneal curvature
as well. These results could preliminarily indicate that there were no significant clinical
differences between the two groups.

In addition, the asphericity (Q-value), OSI, DSI, and CSI did not differ significantly
between the two groups, indicating that it is unlikely that there was a difference between
the two groups. However, there were some participants in the ASD and TD groups whose
IS scores were >1.4 (7 ASD participants and 12 participants with TD). No subclinical kerato-
conus was confirmed nor reported in the result, as the steep K reading in those participants
was <45.25 D. Further, the steep/flat K readings in children with ASD were within normal
limits (the steepest K reading scores were <47 D). Furthermore, the mean IS dioptric power
in both groups was <1.4 D, which is not indicative of keratoconus [28]. However, the reason
for the higher IS scores in those participants was not conclusive, and one of the explana-
tions might be eye rubbing. A previous report suggested that children with keratoconus
are more likely to be eye rubbers, and to have associated allergic diseases [44]. In future
study, the history and habits of eye rubbing and allergic diseases should be included in
demographic data collection. One study reported a relationship between atopic diseases
and ASD, although this finding remains debatable [45]. The REs were also measured in
children with ASD and participants with TD. Most children with ASD had compound
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hyperopic astigmatism followed by compound myopic astigmatism, whereas most par-
ticipants with TD had compound myopic astigmatism. The cylindrical components (Jo
and J45) of children with ASD were significantly higher than those of participants with TD
(Table 2). Furthermore, the mean SE did not differ significantly between the two groups.
A recent study by Anketell and his colleagues also found that there were no significant
differences in SE between a large population of European Caucasian children with ASD
(mean age: 10.9 & 3.3 years; range: 6.4-16.50 years) and typically developed children (mean
age: 1.5 & 3.1 years; range: 5-18 years) [25]. The REs in their study were assessed using a
cycloplegic agent with an autorefractor. In the present study, the mean SE for participants
with TD (OD or right eye: —0.76 £ 1.66) was less than that reported by Lim et al. for a large
population of Singaporean children (mean age: 13.96 & 0.88 years) of different ethnicities
(e.g., Chinese, Malay, and Indian). The corresponding value was —2.35 £ 2.49 D, with the
cycloplegic refraction measured using an autokeratorefractometer [46]. These differences
could be because we did not perform cycloplegic refraction measurements in our study,
which might be a limitation. Finally, the differences might have resulted from differences
in ethnicities and ages between studies.

The astigmatism vector analysis in the present study was significantly higher in chil-
dren with ASD than in participants with TD. By contrast, Anketell et al. [25] reported that
there was no significant difference in the magnitude of the cylindrical component between
age groups for either children with ASD or typically developed children. Furthermore,
Ezegwui et al. reported that 18 Nigerian children with ASD (mean age: 10.28 + 3.20 years;
range: 5-15 years) exhibited a significant incidence of astigmatism (22.2%) in the range
of —1.00 to —2.00 DC; however, there were no comparisons with healthy children in their
study [47]. Nevertheless, the results of both studies agreed with those of the present study
in terms of the higher incidence of astigmatism in children with ASD.

The mean HVID of the participants with TD was comparable to that reported by
Jiang et al. (12.02 £+ 0.38 mm) for a large school-based population of children aged
4-18 years [48]. Matsuda et. al. reported that the mean corneal curvature of Asian and
Caucasian eyes (age range: 16-60 years) was steeper than that reported in this study [49].
This may be due to differences in age range between studies, because with increasing
age, the corneas become steeper. By contrast, an Asian study of corneal power compared
typically developed children with a mean age of 12.4 & 1.8 years and children with Down
syndrome with a mean age of 12.8 &= 1.9 years. The corneal curvature was measured using
a hand-held keratometer. The results revealed that the mean corneal curvature of typically
developed children was flatter than the Down syndrome group [50]. This finding matched
our results regarding the participants with TD. Overall, these variations in results may be
due to differences in the characteristics of the specific populations, ages, and ethnicities.

The present study showed that there were no significant differences in corneal aspheric-
ity (Q-value) between children with ASD and participants with TD. The mean Q-values
of the participants with TD (-0.11 &+ 0.32) were higher than that obtained by Davis and
co-workers (—0.346 £ 0.101) in their cross-sectional study examining a population with a
mean age of 9.92 £ 2.42 years (range: 6-15 years). A lower Q-value indicates a less prolate
corneal shape. In a prolate cornea, the radius of the periphery is larger than the radius of
the curvature at the center. Davis et al. found that the myopic cornea was less prolate than
hyperopic corneas [51].

There was an impact of patient’s collaboration on the measurements; three children
were excluded from the study due to their poor cooperation for all the measurements
including VA measurement, CS, refraction, and corneal topography. Only a 31 of the
children with autism had completed the refraction and the corneal topography, except one
patient with poor image quality of his right eye, who was excluded. Five children did not
proceed to the VA test and seven did not pass CS due to their inability to concentrate. The
poor collaboration of children in this study contributed to the result of a small sample size.

This study had some limitations, including the unbalanced gender recruitment of
children with ASD, with 21 of 31 children (67.74%) being male. However, it is been
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previously reported that the prevalence of ASD and keratoconus are more frequent in males
than in females [5,26]. On other hand, a more balanced gender ratio could provide in-depth
insight of the risk of keratoconus in patients with ASD. In addition, the corneal diameter,
which was used to calculate Q-values to represent corneal shape, was not measured using
an Eye Sys Vista system. Furthermore, as refraction was measured without cycloplegia,
hyperopia, and myopia, it might have been underestimated. Finally, the cooperation of
some autism centers for the recruitment of children was not very good, resulting in a
relatively small ASD sample size. In summary, this is the first study to report preliminary
outcome of corneal topography in children with ASD and compare it with age-matched
participants with TD. Most children with ASD had significant REs, and astigmatism was
dominant in this group. Corneal astigmatism was significantly and inversely related
to objective refractive astigmatism for both ASD and TD groups. Both corneal power
(steep/flat-simulated K-readings and average simulated K-readings) and corneal shape
descriptors (Q-value, IS, OSI, DSI, and CSI) did not differ significantly between children
with ASD and participants with TD. This result could imply that individuals with ASD
may not be more prone to develop keratoconus.

In conclusion, children with ASD are a special group that have interaction disabilities.
Although there are challenges in examining this group of children, they nonetheless need
to be provided with a high quality of eye care. They have a higher prevalence of REs,
with astigmatism being the most common type [11-15]. The presence of undiagnosed
or uncorrected REs is one of the causes of visual impairment [52,53]. Upon assessment
of corneal topography in this preliminary report, no subclinical or clinical keratoconus
was found in children with ASD at an early stage of life. This result could suggest that
in the clinic, there is no crucial need to perform corneal topography measurements for
each child with ASD. This would be time-consuming for children with ASD, parents, and
optometrists, and would not be cost-efficient.

Further investigations of larger samples of children with ASD and older participants
are needed. Sample size calculation can be estimated on the basis of the prevalence of
keratoconus in age groups, as suggested in previous studies [26,40,41]. The sample size
could be calculated using specialized software such as the Epi-Info software (Centers for
Disease Control and Prevention, Atlanta, GA, USA; http:/ /www.cdc.gov/epiinfo/7/).

5. Conclusions

Both corneal power and corneal shape descriptors did not significantly differ between
ASD and participants with TD. Thus, this preliminary result could indicate that it may not
be crucial to conduct corneal topography measurements for teenage children with ASD.
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