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Purpose: To investigate the age-related development of refractive errors and changes of visual
acuity (VA), and the systemic and ocular anomalies in Japanese children and young adults with
Down syndrome (DS).

Design: Retrospective cohort study.

Subjects and methods: This study involved 222 Japanese children and young adults with
DS (age range: 3 months to 19 years) seen at the Department of Ophthalmology, Shiga Medical
Center for Children, Shiga, Japan. The subjects were divided into the following six age groups:
1) infant (age 0 to <4 years), 2) preschool (age 4 to <7 years), 3) lower primary-school grades
(age 7 to <10 years), 4) upper primary-school grades (age 10 to <13 years), 5) junior high
school (age 13 to <16 years), and 6) late teen/young adults (age 16 to <20 years). Through
examination of the subjects’ medical charts, we investigated the development and changes of
refractive errors and VA, best-corrected VA (BCVA), and systemic and ocular anomalies.
Results: For vision testing, Teller Acuity Cards™ (Bernell Corporation) were used for the
infants, and the Landolt ring was used for the school-age children. VA was found to develop
with age. Mean BCVA was 0.19£0.17 logarithm of the minimum angle of resolution (mean age:
11.343.2 years). Mean of refractive errors was hyperopia in the infant (2.2+2.4 diopters [D] OD,
2.4£2.5D 0OS), yet became myopia to the junior high school (=0.314.4D OD, —0.2+4.4D OS).
Conclusion: Our findings revealed that in children and in late-teen and young-adult subjects
with DS, VA slowly develops and that refractive errors requiring correction exist and are
difficult to examine.

Keywords: astigmatism, Down syndrome, hyperopia, refraction, visual acuity

Introduction
Down syndrome (DS) is the most common human chromosomal anomaly, and is
reportedly associated with incidences of refractive error, amblyopia, strabismus, nystag-
mus, cataract, and other ocular disorders.'~'* DS subjects also have systemic anomalies
and experience delay in development. Several studies have reported that children with
DS are afflicted with below-normal visual acuity (VA), as well as refractive error.'2*
The purpose of this retrospective cohort study was to investigate and identify the
developments of age-related changes of VA and refractive errors in Japanese children
and young adults with DS.

Subjects and methods
This study involved 222 Japanese children and young adults with DS (113 males and
109 females) seen at the Department of Ophthalmology, Shiga Medical Center for
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Children, Moriyama-City, Shiga, Japan, from October 1988
to January 2016. The subjects age at initial medical exami-
nation ranged from 3 months to 10 years. All subjects were
diagnosed as having DS through pediatric chromosomal
analysis. The study protocols were approved by the Ethics
Committee of the Institutional Review Board of Shiga
Medical Center for Children, and this study was conducted
in accordance with the tenets set forth in the Declaration of
Helsinki. Prior written informed consent was obtained from
all subjects. And the parents or legal representatives of any
participants under the age of 18 provided written informed
consent on their behalf.

For statistical analysis of the course of VA and refrac-
tion, the subjects were divided into the following six age
groups: 1) infant (I) group (age 0 to <4 years), preschool (P)
group (age 4 to <7 years), 2) lower primary school grades
(LPSG) group (age 7 to <10 years), upper primary school
grades (UPSG) group (age 10 to <13 years), junior high
school (JHS) group (age 13 to <16 years), late-teen/young-
adult (LTYA) group (age 16 to <20 years). The subjects
underwent the examinations from 0 to 9 times during each
of the above-described age periods.

In all subjects, ocular examinations including VA, motility
(by use of the alternate cover uncover test), head-position
anomalies, cycloplegic refraction, slit-lamp biomicroscopy,
and ophthalmoscopy were performed. VA was evaluated
and determined by Teller acuity cards (TAC) (Teller Acuity
Cards™; Stereo Optical, Inc., Chicago, IL, USA), dot
card for near-point vision, Morizane, single-symbol opto-
types, and single Landolt ring test cards. The test results
were calculated using logarithm of the minimum angle of
resolution (logMAR). Next, we examined the relationship
between best VA by Landolt ring and that of by spectacles.
Best VA was chosen as the better VA among right, left,
and binocular-vision subjects with latent nystagmus. The
subjects were divided into the following three groups:
1) Group 1: subjects with good ability to wear glasses
(ie, the ability to wear glasses on all school days or only on
some school days), 2) Group 2: subjects who had difficulty
wearing glasses (ie, inability to wear glasses, or ability to
wear glasses <1 hour [uncorrected refractive errors]), and
3) Group 3: subjects with no refractive errors.

Cycloplegic refraction testing of the subjects was per-
formed after instillation of cyclopentolate 1%, atropine 1.0%,
or atropine 0.5% eye drops, and automatic refraction testing
was performed by using the Topcon KR-8800 Auto-Kerato
Refractometer (Topcon Corporation, Tokyo, Japan) or the
Righton Retinomax 3 Refract Keratometer (Right Group,

Tokyo, Japan). Emmetropia was defined as greater than —1.0
diopters (D) and less than +1.0D. Myopia was defined as
less than or equal to —1.0D, while hyperopia was defined
as greater than or equal to +1.0D. Astigmatism was
defined as greater than or equal to 1.0D. Additionally we
defined amblyopia as 0.301 logMAR at ages 3 and 4 and 0
logMAR at age 7.

The statistical calculations were performed using the
StatView statistical software package (SAS Institute, Cary,
NC, USA), and the statistical significance of each difference
was determined by using analysis of variance. A P-value
of <0.05 was considered statistically significant.

Results

Systemic and ocular anomalies

The overall incidence of ocular and systemic anomalies in our
cohort of 222 subjects with DS is shown in Tables 1 and 2.
Strabismus was observed in 87 (39.2%) of the 222 subjects.
Of those 87 subjects, 57 had esotropia or accommodative
esotropia, 39 had overelevation in adduction, and 22 had
exotropia or intermittent exotropia. Nystagmus was observed
in 46 (20.7%) of the 222 subjects. Of those 46 subjects,
26 had latent nystagmus and 20 had jerk-type nystagmus.
Head-position anomalies were observed in 32 (14.4%) of
the 222 subjects; ie, head-position anomalies were observed
in strabismus (n=25 subjects), nystagmus (n=19 subjects),
and atlanto-axial subluxation (AAS) (n=5 subjects). Of

Table | Ocular anomalies (without refractive error)

Type of ocular anomaly No of %
subjects
Strabismus 87 39.7
Esodeviation 57 25.7
Overelevation in adduction 39 17.6
Exodeviation 22 9.9
Dissociated vertical deviation | 0.5
Nystagmus 46 20.7
Latent nystagmus 26 1.7
Jerk type 20 9.0
Pendular type + jerk type 9 4.1
Pendular type 9 4.1
Head-position anomalies 32 14.4
Head tilt 25 1.3
Face turn 13 5.9
Chin up 8 3.6
Blepharoconjunctivitis 29 13.1
Lens opacities 25 1.3
Nasolacrimal duct obstruction 12 5.4
Tigroid fundus (diffuse type and partial type) 80 36.9
Peripapillary vascular abnormalities 13 59
Myelinated nerve fiber | 0.5
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Table 2 Systemic anomalies

Disease No of %
subjects
Heart disease 117 52.7
Atrial septal defect 39 17.6
Ventricular septal defect 26 1.9
Patent ductus arteriosus 25 1.7
Atrioventricular septal defect 22 9.9
Endocardial cushion defect 9 4.1
Tetralogy of Fallot 7 32
Others 20 9.0
Hypothyroidism 38 17.1
Gastrointestinal disease 9 4.1
Duodenal atresia 6 2.7
Imperforate anus 2 0.9
Others 3 1.4
Otolaryngology disease 38 17.1
Middle otitis 25 1.7
Hearing loss 9 4.1
Others 7 32
Orthopedic disease 32 14.4
AAS 6 2.7
AAS (suspect) 14 6.3
Flat foot 7 32
Others 6 2.7
Cryptorchidism 5 2.3
Epilepsy 4 1.8
Others
Cryptorchidism, leukemia, anemia, 16 72

atopic dermatitis, and so on

Abbreviation: AAS, atlanto-axial subluxation.

those 32 subjects, two had the combination of strabismus,
nystagmus, and AAS, eleven had the combination of
strabismus and nystagmus, two had the combination of stra-
bismus and AAS, one had the combination of nystagmus and
AAS, eleven had strabismus only, and seven had nystagmus
only. None of the subjects had head-position anomaly in
AAS without strabismus and nystagmus. In addition, of those
32 subjects, 25 had head tilt, 13 had face turn, and eight had
chin up. Head tilt was observed in strabismus (n=22 subjects),
nystagmus (n=13 subjects), and AAS (n=4 subjects). Of the
25 head-tilt subjects, 18 had overelevation in adduction, nine
had esotropia, and nine had latent nystagmus. Of the 13 face-
turn subjects, six had esotropia, six had latent nystagmus, and
six had jerk-type nystagmus. Head-position anomalies were
observed in five of the six AAS subjects. No head-position
anomaly was found in subjects suspected as AAS.

All 222 subjects had the typical ocular features of DS, that
is, slanting palpebral fissures, epicanthus, and epiblepharon.
Blepharoconjunctivitis was observed in 29 subjects
(13.1%), lens opacities were observed in 25 subjects
(11.5%), and nasolacrimal duct obstruction was observed

in 12 subjects (5.4%). Fundus examination revealed tigroid
fundus in 80 subjects (36.0%). In all 222 subjects, no glau-
coma, keratoconus, or Brushfield spots was observed.

Of the total 222 subjects, congenital heart disease was
found in 52.7%, hyperthyroidism was found in 17.1%,
otolaryngology disease was found in 17.4%, and orthopedic
disease was found in 14.4% (Table 2). The children had
various systemic complications.

Visual acuity

The number of subjects in each group in which VA was exam-
ined is shown in Table 3. Subjects were followed every 1 year
from 4 months old, and best VA and age (ie, the lowest of
each group) were checked. The eyes of all subjects >4 years
of age were examined.

Median subject age and VA card test results are shown in
Table 4. In the I group, 204 subjects were examined, and VA
testing was possible in 200 subjects. The median age of the
I-group subjects was 3.0 years, and in 191 I-group subjects
(95.5%), response to TAC testing was possible. All subjects
were able to be tested more than the P-group subjects.

The median age of the P-group subjects was 4.9 years.
In 75 P-group subjects (42.4%), response to TAC testing
was possible, and 62 P-group subjects (35.0%) were tested
in Landolt. Most of the P-group subjects over 7 years of age
were able to be tested in Landolt. The median age of the
LPSG-group, UPSG-group, JHS-group, and LTYA-group
subjects was 7.7, 11.3, 14.3, and 18.3 years, respectively.

The mean TAC VA in the right and left eyes of the
I-group and P-group subjects was 1.21+0.22 logMAR OD
and 1.2120.24 logMAR OS, and 0.98%+0.24 logMAR OD
and 0.9810.24 logMAR OS, respectively (Table 5), and a
significant difference in TAC VA was found between these
two groups (right eye: P=0.0046; left eye: P=0.0092). The
mean Landolt VA in the right and the left eyes of the P-group,

Table 3 The number of subjects in each age group and all subject
data tested by VA cards and refraction

Age Range All VA MeantSD Refraction Mean=SD
group (yrs) (n) (n) (yrs) (n) (yrs)

| 0to <4 204 200 1.7t1.0 157 2.5£1.0

P 4to <7 177 177 5.3£0.9 145 5.210.8
LPSG  7to<I0 112 112 8.1+0.8 92 8.0+0.7
UPSG 10to<I3 70 70 11.2+1.0 49 11.2£1.0
JHS 13to<l6 46 46 14.4+1.2 33 14.4+1.0
LTYA 16to<20 24 24 17.8%l.1 17 18.7£1.0
Abbreviations: VA, visual acuity; yrs, years; n, number of subjects; |, infant;

P, preschool; LPSG, lower primary school grades; UPSG, upper primary school grades;
JHS, junior high school; LTYA, late-teen/young-adult.
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Table 4 Age group responses to VA card tests

Age Range Median N TAC Morizane Symbol Landolt
group (yrs) age (yrs) n % n % n % n %

| 0to <4 3.0 200 191 95.5 3 1.5 6 3.0 0 0

P 4to <7 4.9 177 75 424 10 5.6 30 16.9 62 35.0
LPSG 7to <I0 77 112 8 7.1 3 27 16 14.3 85 75.9
UPSG 10to <13 1.3 70 | 1.4 0 0 4 5.7 65 92.9
JHS 13to <16 14.3 46 | 22 0 0 | 22 44 95.7
LTYA 16 to <20 18.3 24 0 0 0 0 | 42 23 95.8

Abbreviations: VA, visual acuity; TAC, Teller acuity cards, Teller Acuity Cards® II; Morizane, dot card for near point, Morizane; Symbol, single symbol optotypes; Landolt,
single Landolt ring test cards; yrs, years; n, number of subjects; |, infant; P, preschool; LPSG, lower primary school grades; UPSG, upper primary school grades; JHS, junior

high school; LTYA, late-teen/young-adult.

LPSG-group, UPSG-group, JHS-group, and LTYA-group
subjects was 0.4110.24 logMAR OD and 0.43+£0.21 logMAR
0S, 0.31+£0.21 logMAR OD and 0.33+£0.21 logMAR
0S, 0.29£0.21 logMAR OD and 0.30£0.23 logMAR OS,
0.27£0.22 logMAR OD and 0.29+0.28 logMAR OS, and
0.3520.29 logMAR OD and 0.38+0.30 logMAR OS, respec-
tively. Significant differences in Landolt VA were found
between the P-group and UPSG-group subjects (right:
P=0.0245; left: P=0.0163), and between the P-group and
JHS-group subjects (right: P=0.0430; left: P=0.0163).

The best VA in Landolt was investigated in subjects over
7 years of age (ie, 98 subjects) (Table 6), and the median
subject age and best VA were 11.313.3 years and 0.1910.17
logMAR, respectively. In Group 1, Group 2, and Group 3,
the number of subjects was 74, 8, and 16, respectively, and
the mean VA was 0.19+0.17 logMAR, 0.34£0.13 logMAR,
and 0.0810.10 logMAR, respectively.

Refraction

The refraction results of the subjects are shown in Table 7.
Inthe [, P, LPSG, UPSG, JHS, and LTYA groups, the median
age and number (n) of subjects were 2.5+1.0 years (n=157),
5.240.8 years (n=145), 8.010.7 years (n=92), 11.2£1.0 years
(n=49), 14.4+1.0 years (n=33), and 18.7%1.1 years (n=17),

Table 5 The course of VA (age groups and VA: logMAR)

respectively. In the I group, hyperopia was the primary disor-
der and was found in ~80% of the subjects, while myopia was
found to occur in <10% of the subjects. In fact, hyperopia
was the primary disorder in all groups. The percentage of
myopia became nearly as much as that of hyperopia, and
was ~40% in the LTYA group.

The percentage of astigmatism ranged 71.0~81.4
in subjects under 7 years of age, yet rose to over 90 in
the teenage subjects. In the I-group subjects, the mean
spherical equivalent was +2.2+2.4D OD and +2.4£2.5D OS
(Table 8). It decreased yearly, and became —0.3+4.4D OD
and —0.2+4.4D OS in the JHS-group subjects. In the I-group
subjects, the mean astigmatic powers were 1.5+1.0 D OD and
1.6£1.1D OS. In the JHS-group subjects, it increased slightly
to 2.21£1.0D OD and 2.2+1.2D OS. Significant differences
in spherical equivalent were found between the I-group
subjects and the LPSG-group, UPSG-group, JHS-group, and
LTYA-group subjects (right: P=0.0055, 0.018, <0.0001,
and <0.0001, respectively; left: P=0.0128, 0.0033, <0.0001,
and <0.0001, respectively), between the P-group subjects and
the UPSG-group, JHS-group, and LTYA-group subjects
(right: P=0.0190, <0.0001, and 0.0004, respectively; left:
P=0.0253,0.0001, and 0.0005, respectively), and between the
LPSG-group subjects and the JHS-group and LTYA-group

Age Range TAC Morizane Symbol Landolt

group (yrs) Right Left Right Left Right Left Right Left
meantSD meantSD range range range range meantSD meantSD

| 0to <4 1.21+0.22 1.21+£0.24 1.00~0.70 1.00~0.70 1.00~0.52 1.00~0.40 NA NA

P 4to <7 0.98+0.24 0.98+0.24 1.00~0.22 1.00~0.22 1.00~0.22 1.00~0.22 0.41£0.24 0.43+0.21

LPSG 7to <10 1.09+0.26 1.09+0.26 1.30~0.22 1.30~0.40 1.00~0.13 1.00~0.13 0.3120.21 0.33+0.21

UPSG 10 to <I3 1.22 1.22 NA NA 0.70~0.22 0.70~0.22 0.29+0.21 0.30+0.23

JHS 13to <l6 NA NA NA NA 0.70 0.70 0.27+0.22 0.2940.28

LTYA 16 to <20 NA NA NA NA 0.70 1.00 0.35+0.29 0.38+0.30

Abbreviations: VA, visual acuity; logMAR, logarithm of the minimum angle of resolution; TAC, Teller acuity cards, Teller Acuity Cards® Il; Morizane, dot card for near
point, Morizane; Symbol, single symbol optotypes; Landolt, single Landolt ring test cards; yrs, years; |, infant; P, preschool; LPSG, lower primary school grades; UPSG, upper

primary school grades; JHS, junior high school; LTYA, late-teen/young-adult.

submit your manuscript

1640

Dove

Clinical Ophthalmology 2018:12


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Ocular findings in Japanese children with Down syndrome

Table 6 Best VA and glasses

Whole Group I: Group 2: difficulty Group 3: no
good glasses with glasses wearing refractive
wearing (uncorrected errors

refractive errors)
Years 11.3£3.3 11.3+3.3 I1.5£3.1 10.5+3.2
(meantSD)
No of subjects 98 74 8 16
LogMAR (mean+SD) 0.1940.17 0.1940.17 0.3440.13 0.08+0.10
Range of logMAR 0.0-0.699 —0.079-0.699 0.097-0.523 0.0-0.398

Abbreviations: VA, visual acuity; logMAR, logarithm of the minimum angle of resolution.

subjects (right: P=0.0291 and 0.0326, respectively; left:
P=0.0268 and 0.0365, respectively).

In regard to astigmatic power, significant differences
were found between the I-group subjects and the LPSG-
group, UPSG-group, JHS-group, and LTYA-group subjects
in the right eye (P=0.0049, 0.0007, 0.0002, and 0.451,
respectively), between the I-group subjects and the UPSG-
group and JHS-group subjects in the left eye (P=0.0023 and
0.0019, respectively), between the P-group subjects and
the LPSG-group, UPSG-group, and JHS-group subjects in
the right eye (P=0.0015, 0.0067, and 0.0020, respectively),
between the P-group subjects and the UPSG-group, JHS-
group, and LTYA-group subjects (P=0.0016, 0.0015, and
0.0476, respectively), and between the LPSG-group subjects
and the UPSG-group and JHS-group subjects in the right eye
(P=0.0021 and 0.0043, respectively).

Discussion

Due to the development of advanced treatment pathways,
the average life span of subjects with DS has increased to
over 50 years of age. In addition, it has been reported that
the development of appropriate medical treatment through-
out the life span of the subject is important.! At our medical
center, the early group nursing system for DS was initiated

Table 7 The course of refractive errors

in 1990, and the outpatient clinic for DS in our Department
of Pediatrics was initiated in 2012. Pediatrics plays a key role
in long-term health care, and there is a relationship between
otolaryngology, orthopedics, and ophthalmology.

In the present study, the percentage of congenital heart
diseases was 52.7. In a previous study, it was reported as
being ~50%, and with a high rate of anomaly.' Gastrointes-
tinal disorders and hypothyroidism account for numerous
medical diseases. In this present study, AAS, which
causes head-position anomalies, was observed in 2.7% of
the subjects, nearly identical to the findings in a previous
report.”® Our findings revealed that as well as for in infants,
the need for proper treatment management of DS continues
through youth.

The ocular abnormalities in subjects afflicted with DS
have been widely reported and are very well known,>'* and
our data revealed similar findings to those in the published
literature. The incidence of strabismus in our study was
39.2%, and is similar to that reported in previous studies
(ie, ranging 20%—40%). Reportedly, esodeviation is more
common than exodeviation (ie, ranging 58.1%—100.0%).>3
Of the 222 subjects in this present study, there were
57 (65.5%) with esodeviation and 22 (22.5%) with exode-
viation. Thus, the percentage of subjects with exodeviation

Age n Hyperopia Emmetropia Myopia Astigmatism
group (=+1.0D) (>-1.0, <+1.0D) (=-1.0D) (=1.0D) (=2.0D)

Right Left Right Left Right Left Right Left Right Left

n % n % n % n % n % n % n % n % n % n %
| 157 120 764 128 812 27 172 16 102 10 64 13 83 120 764 119 753 52 331 60 382
P 145 111 766 108 745 17 1.7 20 138 17 1.7 17 117 118 8l4 103 710 55 379 6l 421
LPSG 92 62 674 59 641 14 152 16 174 16 174 17 185 78 848 74 804 41 446 45 489
UPSG 49 29 592 3l 633 9 184 6 122 11 224 12 245 4l 837 42 857 27 551 42 612
JHS 33 14 424 I5 454 7 212 6 182 12 364 12 364 30 909 30 909 20 606 21 636
LTYA 17 8 47.1 7 412 3 176 3 176 6 353 7 412 16 941 16 941 9 529 10 588

Abbreviations: D, diopters; n, number of subjects; |, infant; P, preschool; LPSG, lower primary school grades; UPSG, upper primary school grades; JHS, junior high school;

LTYA, late-teen/young-adult.
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Table 8 The course of refractive errors

Age Range MeantSD Spherical refraction (D) Cylindrical refraction (D)
group (yrs) (yrs) Right Left Right Left
meantSD meantSD meantSD meantSD

| 0to <4 2.5+1.0 22424 2.4+25 1.5+1.0 1.6£1.1
P 4 to <7 5.2+0.8 2.0+2.7 2.1+2.7 1.62+1.0 1.5£1.1
LPSG 7t <I0 8.0£0.7 1.243.3 1.5+3.4 1.8+1.0 1.8%1.1
UPSG 10to <I3 11.2£1.1 0.8+3.8 1.0£3.6 2.1£1.2 2111
JHS 13to <l6 14.4+1.0 —0.3+4.4 —0.2+4.4 2.2+£1.0 2212
LTYA 16 to <20 18.7+1.0 —0.7+4.8 —0.5+4.8 2.0+0.8 2.1+0.8

Abbreviations: D, diopters; yrs, years; |, infant; P, preschool; LPSG, lower primary school grades; UPSG, upper primary school grades; JHS, junior high school; LTYA,

late-teen/young-adult.

was higher than that reported in previous studies (range:
0%—-20%). It has been reported that it is 41.9% in Korean
children,® and Asians are known to have a higher prevalence
of exotropia.?’?® Japanese children have the same tendency.
Moreover, there have been numerous previous reports of
hypertropia,>*>#1° with the percentage ranging from 1.3
to 8.9. In specific, the superior overelevation in adduction
has reportedly been observed in few children,**?7 yet it was
observed in 39 subjects (44.8%) in this present study and
was primarily related to the head tilt, which is one of the
important elements in strabismus.

Numerous studies have reported the increased frequency
of refractive errors and lower VA in subjects with DS 5810-25
However, there have been few reports regarding changes
related to patient age.>® The findings of this present study
illustrate the age-related character of the ocular findings
and the course of VA and refraction in Japanese subjects
with DS.

In this study, TAC was the most useful testing method
in the younger-age subjects, as it allowed us to recognize
their developments. Landolt was able to be evaluated in
children over 7 years of age, and significant differences were
observed. Our findings showed a tendency for VA to decrease
in young adults with DS, yet no significant differences were
observed. Thus, it is important to keep a watchful eye on
vision and ocular disorder in young adults afflicted with DS.
In this study, we investigated the best VA in subjects with
DS. Through the use of good glasses, we discovered that VA
develops with age, and that children without refractive errors
catch up with the age equivalency when ~10 years old.

It is widely reported that hyperopia is more common
than myopia.* 6810.13.15.17.18.22.245 Ty thig study, we divided the
subjects with DS into six age groups. Hyperopia was observed
in the majority of the younger subjects, while myopia was
seldom observed in infants. In accordance with hyperopia
decreasing by aging, emmetropia and myopia increased.

The ratio of subjects with myopia became approximately the
same as that of the subjects with hyperopia. In Japan, refrac-
tion in healthy infant children reportedly ranges +1~+3D.
Hyperopia decreases by age, and myopia usually occurs in
school-age children.?” East Asians are known to have myo-
pia, as well as the progression of myopia.*® Previous studies
have reported that high myopia is one of the characteristics
in subjects with DS.23710.1L1822 Ty the present study, we
found that hyperopia was nearly constant in subjects under
7 years of age, and myopia began to increase in subjects
over 7 years of age. Astigmatism was 71.0%~84.8% in the
children aged under 10 years, and over 90% in subjects in
their late teens, that is, higher than that in the previous reports.
Reportedly, the percentage of astigmatism ranges from
19 to 72.4 5:6810.14.182022.2425 However, the percentages in those
studies were not even, as the standard value of the definition
of astigmatism was not constant. High astigmatism, defined
as more than 2.0D and 3.0D, has reportedly ranged from 29%
t0 59%.>%1420 In this study, the mean values were 1.5~2.2 DC
and the percentage of astigmatism defined as more than 2.0D
was from 33 to 64. Thus, it is nearly the same value as that
reported previously. In this study, the children had astigma-
tism throughout childhood, and it was almost constant.

Conclusion

In conclusion, the findings of this clinical study show that in
Japanese subjects with DS, there are many refractive errors
and that VA progresses slowly through appropriate refractive
management. In addition, our findings revealed the character-
istics of DS in Japanese subjects, and illustrated that regular
observation of vision and ocular disorders is important to
improve the overall quality of life in children with DS.
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