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Purpost. To investigate the development of refractive errors
and strabismus in a cohort of children with Down syndrome.

MEeTHOD. Data for 55 children with Down syndrome who are
participating in this longitudinal study of visual development,
first examined by us when aged less than 2 years and on at least
two other occasions, were analyzed. Mohindra retinoscopy
was used to measure refractive error. Ocular alignment was
assessed using the Hirschberg test and, when possible, the
cover test.

Resurts. Despite the high prevalence of large refractive errors
in children with Down syndrome, longitudinal data showed
that these are not always present in early infancy. Twenty-one
(38%) of the children were emmetropic throughout the study.
Of the 24 children with a significant refractive error at the
outset, only 6 (25%) showed emmetropization. The others
retained or increased their refractive errors. The remaining 10
children were emmetropic at the outset, but then had a signif-
icant refractive error develop. There is a high prevalence of
strabismus in children with Down syndrome (29% of the total
group), which cannot be attributed to the presence of hyper-
metropia or anisometropia.

Concrusions. The retention or development of infantile refrac-
tive errors in many children with Down syndrome indicates a
failure of emmetropization. All children were at risk of strabis-
mus whatever the refractive error. The findings have implica-
tions for timing of screening programs. (Invest Opbthalmol Vis
Sci. 2003;44:1023-1030) DOI:10.1167/iovs.01-0131

S tudies of refraction in normally developing infants confirm
that most are hypermetropic. The degree of hypermetropia
decreases with increasing age, with the most rapid decrease
occurring in the first 12 months of life.'"% The decrease in
ametropia toward emmetropia in early childhood is termed
emmetropization. Both Saunders et al.”> and Atkinson et al.’
have shown that in normal emmetropizing eyes, the greater the
initial hypermetropia, the greater the rate of decrease. Children
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become more emmetropic or even slightly myopic as they get
older.®~® Gwiazda et al.” reported that 80% of G-year-olds were
emmetropic (i.e., mean sphere between 0.00 and 0.49 D).
Similarly, myopia and astigmatism in normally developing chil-
dren decrease in the first 4 years of life.>'°~'> Recent longitu-
dinal studies have confirmed the presence of an emmetropiza-
tion process in individual children.>**'3 Troilo'* and
Wildsoet'> have provided comprehensive reviews of the liter-
ature on emmetropization.

High hypermetropia at the age of 1 year is associated with
a risk of developing strabismus.'®'>"'® Abrahamsson et al.'®
found that before the onset of strabismus, a decrease in refrac-
tive error was never seen in the eye that later became the
deviating eye. Thus, a failure of emmetropization rather than
the magnitude of the initial refractive error may be implicated
in the development of strabismus.

Among children and adults with Down syndrome, refractive
errors tend to be far greater than among the normal popula-
tion."? > Although there is a popular misconception that most
individuals with Down syndrome are myopic, in fact hyper-
metropia is much more common.'®~*! However, reports show
that although hypermetropia is more common, in individuals
with myopia the degree of myopia can be extremely
high.19,20,23

Previous work by our group has shown that mean refractive
error does not differ between normal children and children
with Down syndrome and that the range of errors in early
infancy is similar in the two groups. However, the range of
refractive errors in children with Down syndrome increases
with age.’® A recent longitudinal study by Haugen et al.*
reported, from cycloplegic refraction data, that far fewer chil-
dren show a reduction in refractive error over time than would
be expected in a developmentally normal population.®* Of
their group of 54 young children with Down syndrome, 18 had
emmetropia or low hypermetropia (spherical equivalent +2.00
D or less) and maintained the refractive state, 5 had a decrease
in hypermetropia (by 1.50 D or more), 16 maintained signifi-
cant hypermetropia (+2.25 D or more), 11 had increasing
hypermetropia (by 1.50 D or more), and 4 had myopia (<0.00
D). Six more children were excluded from analysis because of
anisometropia (>1.00 in spherical power or >1.50 in cylin-
der). Haugen et al. also reported that astigmatism in their
children did not diminish in the expected way. Nine of the 34
subjects with astigmatism at the last visit had oblique axes and
the investigators commented on the consistency of axes, with
right eyes displaying axes (of the negative cylinder) in the 135°
meridian and left eyes displaying axes in the 45° meridian.
Overall, their data are suggestive of a failure in emmetropiza-
tion.

In the current study, we recorded data from noncycloplegic
refractions of our cohort of children with Down syndrome,
conducted a more extensive analysis of changes in refractive
error, and investigated any relationship between refraction and
strabismus.
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METHODS

Subjects

Ninety-eight children with Down syndrome are participating in our
longitudinal study of visual development. The recruitment protocol is
outlined in a separate publication.?® The youngest children to enter the
cohort were 2 to 3 months of age. Others were older at the outset of
the study in 1992 and 1993. For the present analysis, we selected all
the children in the study who were first examined at less than 2 years
of age and on at least two more occasions when examiner confidence
was high for refractive measures; 55 children fulfilled these criteria.
Because refractive error changes most rapidly in the first year of life,
children were divided into an infant group, those first examined under
the age of 12 months (n = 31), and an older group, those first
examined between the ages of 12 and 24 months (7 = 24). At the first
visit for the infant group, ages ranged from 1.9 to 10.7 months (mean
age, 5.6 = 2.8 [SD]). Among the children in the older group, age at first
visit ranged from 12.0 to 22.3 months (mean age, 16.5 * 3.2). Exper-
imental protocols were conducted in compliance with the Declaration
of Helsinki and were approved by local ethical research committees in
the areas of residence of the children.

Procedure

Thirty-eight of the children were assessed at home, and 12 of these
children were assessed at the later visits at school (with a parent or
classroom aide always present). These children were taking part in a
longitudinal study incorporating cognitive tests, and therefore home
and school visits had two advantages. First, children with Down syn-
drome have a poor attention span.?® Home and school assessments
present minimal distractions, and the child is more likely to cooperate
with the cognitive tests. Second, parents of children who lived at a
location distant from the university department may otherwise have
been unable or unwilling to travel to participate in the study. Seven-
teen children were examined at the Cardiff University Eye Clinic. In all
cases, refractive error was assessed objectively with Mohindra retinos-
copy.?” The study protocol did not include the use of cycloplegic
agents, because a longitudinal study necessitates repeated assessments,
and many parents would have been less likely to participate if eye
drops had been used.?® The Mohindra technique has been shown to be
equivalent to cycloplegic retinoscopy in both normally developing
children and children with Down syndrome.'?*3° In our earlier study
comparing cycloplegic and Mohindra retinoscopy in children with
Down syndrome,'® we assessed 14 children aged less than 12 months
and found no significant differences in the results obtained by the
techniques. All those children are included in the present study. Mo-
hindra retinoscopy was performed in darkness, with a dimmed retino-
scope beam. In the home or school environment, darkness was
achieved either by blacking out windows in a small room or by the use
of a light-proof portable playhouse. For a working distance of 50 cm,
a compensation of 0.75 D was made for infants aged 2 years and less
and of 1.00 D for children more than 2 years of age.* Four of the
authors (MC, JMW, RES, VHP) performed the refractions. All are qual-
ified optometrists, and all had experience with assessing children with
learning disabilities before involvement in the study. In the majority
(>95%) of cases, records of previous refractions were not consulted
before retinoscopy was performed. Only when there were parental
concerns and the optometrist made a clinical judgment to consult
records was the previous refraction known. Ocular alignment was
assessed with the Hirschberg test, and, when the child was able to
cooperate, with the cover test. The child fixated a penlight, and
strabismus was recorded when the corneal reflection in one eye was
clearly positioned more temporally (esodeviation) or more nasally
(exodeviation) than the other. The minimum misalignment of the
corneal reflection readily visible by this technique is approximately 0.5
mm, corresponding to a strabismus of 4° to 5°. With the cover test,
strabismus was recorded if there was a repeatable movement of the
noncovered eye to take up fixation. The minimum deviation visible
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FIGURE 1. Longitudinal progression of refractive error in 18 children

with Down syndrome examined at similar ages. Horizontal dashed
lines: limits of emmetropia (less than +3.00 or more than —1.00 D).
Filled symbols: children whose refractive error increased by more than
0.75 D between first and last visits and/or was significant at the last
visit.

with this test is approximately 2° to 3°, but this would be possible only
with a very cooperative child and steady fixation. Strabismus was
recorded for the visit only if the examiner was confident in obtaining
a repeatable result and a child was classified as strabismic for the
purposes of analysis, only if strabismus was recorded on two or more
visits. Thus, in cases of doubt, the data here underestimate the preva-
lence of strabismus.

RESULTS

Although refractive error was assessed on each occasion in
both eyes of every child, the refractive error presented herein
is the most ametropic meridian of the right eye, except in cases
of strabismus in which the left eye was the fixing eye. In these
cases, the most ametropic meridian of the left eye was used for
analysis. This was so, even when strabismus developed during
the course of the study (i.e., data were retrospectively chosen
for the fixing eye). The type of ametropia was classified ac-
cording to whether it could be considered clinically significant
using definitions in line with previous studies.'®>' Myopes
were defined as those children with the most ametropic me-
ridian of —1.00 D or less, hypermetropes as those with the
most ametropic meridian of +3.00 D or greater; the remainder
were considered emmetropes. Significant astigmatism was de-
fined as 1.00 D or greater.'*'-3273% Sjgnificant anisometropia
was defined as a difference of 1.50 D or more between the
corresponding meridians of a pair of eyes.>>>°

Longitudinal Changes in Refractive Error

Although every attempt was made to visit children at similar
ages, it proved difficult. Repeated-measures analysis of longitu-
dinal results could therefore be conducted only with a subset
of the data. Eighteen children were examined regularly from
the age of 3 months, and refraction data for each of these
children were available at approximately the following ages: 4,
12, 24, and 36 months. Mean refractions were +1.85 * 1.13,
+2.88 *+ 1.46, +2.57 = 1.99, +2.26 * 2.13 D at those ages,
and the refractions did not vary between the first and final
visits (f = 0.747, P = 0.466). The variance, however, shows a
significant increase with age (the Levene statistic = 4.09, P =
0.01). Figure 1 shows individual data for these children. Be-
cause both the interexaminer and intraexaminer repeatability
of Mohindra retinoscopy is +0.75 D,*° a change in refractive
error was defined as a difference greater than 0.75 D between
the first and last visits. Data for children whose refractive errors
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TABLE 1. Refractive Error Data and Refractive Error Grouping of Children with Down Syndrome Who Were First Examined before the

Age of 12 Months

First Visit Last Visit

Child Age Rsph Rcyl Raxis Lsph Lcyl Laxis Group Age Rsph Rcyl Raxis Lsph Lcyl Laxis Group
Sp* 8.0 +5.75 1.00 90  +5.75 1.00 90 H 35.0 +800 0.50 90 +8.25 0.50 90 H
RH 89 +5.25 1.50 90  +4.75 1.50 90 H 339 +3.50 0.00 +3.50 0.00 H
VG 10.7  +4.50 0.50 90  +4.50 0.50 90 H 27.6 +6.00 0.75 90  +6.00 0.75 90 H
TH* 103 +3.75 075 180 +3.75 0.75 180 H 21.4 +425 050 180 +4.25 0.00 H
EM 28 +3.25 0.00 +2.25 0.00 H 48.1 +5.00 0.00 +5.00 0.00 H
DH 4.0 +2.75 050 90  +3.00 0.50 90 H 423 +3.00 0.00 +3.00 0.00 H
cc* 3.8 +225 1.00 90 +1.25 +2.00 90 H 36.6 +1.00 0.00 +1.00 0.00 E
HM 9.7 +250 050 90  +2.75 0.50 920 H 36.6 +2.00 100 175 +2.00 0.00 H
NB* 3.0 +2.75 0.00 +2.75 0.00 E 423 +4.50 0.00 +4.50 0.00 H
DP 29 +225 0.00 +2.25 0.00 E 36.8 =—2.00 150 70  —1.00 1.00 110 M
JP1 5.7 +2.25 0.00 +2.25 0.00 E 30.3 +1.00 0.50 180 +1.00 0.00 E
DO 3.6 +2.00 0.00 +2.00 0.00 E 484 +1.50 0.00 +1.50 0.00 E
MD 9.6 +1.75 0.75 90  +2.75 0.50 90 E 18.6 +3.25 0.00 +3.25 0.50 180 H
RD 45 +1.75 050 90  +2.75 0.00 E 33.8 +3.50 0.00 +3.50 0.50 90 H
CM* 40 +1.25 0.00 +1.75 0.00 E 448 +6.00 0.25 90 +6.00 0.25 90 H
MT 9.0 +1.50 0.00 +1.50 0.00 E 27.1 =5.00 050 180 —3.75 0.50 90 M
VL* 89 +1.75 0.75 180 +1.50 0.00 E 185 +3.75 0.50 180 +3.75 0.50 180 H
JH 29 +1.25 0.00 +1.00 0.25 180 E 494 +1.50 0.50 90 +1.75 0.25 90 E
SR 4.6 +1.25 0.00 +1.25 0.00 E 433 4025 0.75 90 +0.25 0.75 90 E
CW* 38 +1.25 0.00 +1.25 0.00 E 364 +4.75 050 180  +4.75 0.50 180 H
DS 42 4025 2.00 90 —1.25 1.50 90 E 32.6 +1.50 1.00 180 +1.50 1.00 180 E
MB 3.5 +0.50 0.50 90  +0.75 0.50 90 E 40.0 +2.00 0.25 90  +2.25 0.50 90 E
LL* 9 —-0.25 2.00 90  +0.25 1.00 160 E 31.2 +1.50 0.50 90  +1.50 0.50 90 E
KW 9.2 +0.50 0.00 +0.50 0.00 E 305 +1.25 0.00 +1.25 0.00 E
JR* 3.0 -025 100 150 +0.75 0.50 150 E 433 +1.75 0.50 90 +1.75 0.75 90 E
GJ 28 +0.25 0.00 +0.25 0.00 E 424 +050 0.00 +0.50 0.00 E
AJ 2.7 0.00 0.00 0.00 0.00 E 50.3 +0.75 0.00 +0.75 0.00 E
JF* 39 +0.25 0.00 +0.25 1.00 920 E 37.1 -—1.00 2.00 180  —1.00 2.00 180 M
NC 78 —1.75 2.00 90 -1.75 2.00 90 M 30.6 +0.50 0.75 90 +050 0.50 90 E
AW 57 =225 250 90  —2.25 2.00 920 M 269 +1.50 0.00 +1.25 0.00 E
Jp2 19 =375 0.00 —2.75 2.00 90 M 27.7 +3.00 0.00 +3.00 0.50 90 H

Astigmatic errors are in plus cylinder form. Age is expressed in months, refractive errors in diopters, and axis data in degrees. Data in bold
indicate the eyes used in the data analysis. Rsph, right eye sphere; Rcyl, right eye cylinder; Raxis, right eye axis; Lsph, left eye sphere; Leyl, left
eye cylinder; Laxis, left eye axis; H, hypermetropia; E, emmetropia; M, myopia.

* Children in whom strabismus developed.

increased between the first and last visits and/or showed a
significant change as just defined are shown in Figure 1 with
filled symbols. This applied to six children who showed in-
creasing hypermetropia and two children who showed increas-
ing myopia. Also shown with filled symbols are data for one
child whose refraction remained stable and significantly hyper-
metropic. Data for eight children whose refractive error re-
mained within the emmetropic range are shown with open
symbols. Only one child had a significant refractive error at the
first visit (+3.25 D), which reduced to emmetropia (+1.00 D)
by the age of 36 months. Data for this child are also shown
with open symbols.

Thus, Figure 1 clearly demonstrates why, although there
was no change in mean refraction across the group, the vari-
ance increased. In some children, hypermetropia increased, in
one child it decreased, and in two myopia developed. Thus, in
9 (50%) of 18 children, emmetropization did not occur; in-
stead, 8 of these 9 children showed an increase in refractive
error during the first 3 years of life.

Progression of refractive error was examined individually in
each of the 55 children in the study, divided into an infant
group (# = 31) and an older group (n = 24). The infant group
included those children whose data are presented in Figure 1.
All but four of the infants were seen at age 30 = 3 months, and
in these 27 infants, refractive error at the first visit ranged from
+6.75 to —3.75 D (mean error +1.79 = 2.29 [SD]). By the later
age (mean age, 29.6 = 1.72 months), refractive errors ranged
from +8.50 to —5.00 D (mean error, +2.33 * 2.61).

Refractive errors in the infant group at first and last visits are
presented in Table 1. The time elapsed between the first and
last visits ranged from 11 to 47 months. The eye used for
analysis is indicated in bold and italics: the left eye in 3 chil-
dren, otherwise the right eye. Those children in whom strabis-
mus developed at some time during the study are indicated
with an asterisk. Data for the infant group are presented graph-
ically in Figures 2, 3, and 4, using the most ametropic meridian
of one eye. In line with Haugen et al.,>* the infants were
divided by the differing pattern of development of refractive
error. Once again, a change in refractive error was defined as
a difference of more than 0.75 D between the first and last
visits. Figure 2 shows those children whose refractive error
increased in a positive direction (those with developing hyper-
metropia or showing an increase in hypermetropia, n = 13).
Figure 3 shows those children in whom refractive error de-
creased in a negative direction (including increasing myopia;
n = 6), and Figure 4 shows 12 children with stable refractive
error. In all three figures, children in whom strabismus devel-
oped during the course of the study are shown with filled
symbols and those with no strabismus with open symbols.

In the increasing group (Fig. 2), 11 of the 13 children had
significant hypermetropia at the last visit. In the decreasing
group (Fig. 3), one child maintained significant hypermetropia
and three progressed to significant myopia. In the stable group
(Fig. 4), one child continued to have significant hypermetropia.

Overall, 20 (64.5%) of the 31 infants had emmetropia at the
first visit, and 11 of these children maintained emmetropia. In
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FIGURE 2. Longitudinal progression of refractive error in each child
for whom data were available from less than 12 months of age and who
showed a positive change in refractive error of more than 0.75 D.
Filled symbols: those children who had strabismus at some stage.
Horizontal dashed lines: limits of emmetropia.

the others, significant refractive errors developed. By the last
visit, only 14 (45%) of the children were emmetropes. Thus,
emmetropization occurred in only three children—that is, they
had a significant refractive error at the first visit, and their
refraction became emmetropic by the last visit.

Among the 31 infants, 10 (32.3%) had strabismus: 5 of the
increasing group (all with significant hypermetropia at the last
visit), 2 of the decreasing group (one emmetrope and one
myope at the last visit), and 3 of the stable group (2 em-
metropes and 1 myope at the last visit). There was no signifi-
cant association between strabismus and refractive error
grouping (increasing, decreasing, or stable, > = 1.235, P =
0.539), nor with refraction at the last visit (hypermetropia,
emmetropia, or myopia, X2 = 3.492, P = 0.175).

Among the 24 older children (who were aged 12-24
months at the first visit), 16 were examined at 48 = 10 months
of age. Refractive error for these 16 children ranged, at the first
visit, from +7.00 to —3.25 D (mean error, +3.02 £ 2.99). At
the later visit (mean age, 47.1 = 6.2 months), refractive error
ranged from +8.75 to —2.00 D (mean error, +3.30 = 3.29).

Refractive errors in all children in the older group at first
and last visits are presented in Table 2. One of the children
(SW) was uncooperative for refraction of the left eye at the first
visit. Data for the right eye are included, because the examiner
was confident in results for this eye, and there was no strabis-
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FIGURE 3. Longitudinal progression of refractive error in each child
for whom data were available from less than 12 months of age and who
showed a negative change in refractive error of more than 0.75 D.
Filled symbols: those children who had strabismus at some stage.
Horizontal dashed lines: limits of emmetropia.

I0VS, March 2003, Vol. 44, No. 3

10.00

8.00 A

6.00 4

4.00 -

2.004 §

-2.00 4

Refraction, most ametropic
meridian (diopters)

-4.00 4

-6.00 4

-8.00 T v T T Y
0 20 40 60 80 100 120

Age (months)

FIGURE 4. Longitudinal progression of refractive error for each child
for whom data were available from below the age of 12 months and
who showed no significant change in refractive error. Filled symbols:
those children who had strabismus at some stage. Horizontal dashed
lines: limits of emmetropia.

mus. Graphic data are shown in Figure 5, again with strabismus
indicated by filled symbols. Nine children remained or became
hypermetropic and two remained myopic. At the first visit, 11
children had emmetropic refraction; by the last visit, 9 of the
24 children did.

Six children had strabismus at the first visit or had strabis-
mus develop during the study. Four had significant hyper-
metropia throughout, one showed emmetropia and one myo-
pia at the later visits.

Astigmatism and Anisometropia

As Table 1 shows, only eight of the infant group had significant
astigmatism at the first visit. The highest value was 2.50 D
(mean astigmatism across all infants, 0.58 = 0.78 D). All but
one of these infants had no significant astigmatism by the last
visit. The remaining child had reduced cylinder from 2.00 to
1.00 by 30 months of age. In three infants who had no signif-
icant astigmatism at the first visit, astigmatism of 2.00, 1.50,
and 1.00 D developed by 3 years of age. Thus, at the last visit,
only four children had significant astigmatism (mean astigma-
tism across all children, 0.36 * 0.39 D).

Seven of the older children group had significant astigma-
tism at the first visit (Table 2) with the highest being 2.00 D
(mean astigmatism, 0.58 * 0.59). Four children retained astig-
matism at later visits, and the other three had no significant
astigmatism at later visits. In four other children, astigmatism of
1.00 to 2.00 D developed during the course of the study. Of the
12 children in both age groups with significant astigmatism by
the last visit, 6 had oblique axes, in eight eyes. All but one eye
showed axes consistent with the observations of Haugen et
al.?* One child (JM in Table 2) had a positive cylinder axis in
the right eye at 110 (i.e., a negative cylinder axis at the 45°
meridian).

Only two infants (DS and JP2) had anisometropia (=1.50 D)
at the first visit. By the last visit, no infants had significant
anisometropia. No older children had significant anisometropia
at the first visit. In one child (without strabismus), anisometro-
pia of 2.00 D developed by the age of 48 months and but had
resolved on subsequent visits. Using the definition of anisome-
tropia of Haugen et al.>*(>1.00 in spherical power or >1.50 in
cylinder) and examining all 54 children for whom data were
available for both eyes at first and last visits, we found 2 (3.7%)
children with anisometropia at the first visit, and 1 (1.9%) child
with it at the last visit.
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TABLE 2. Refractive Error Data and Refractive Error Grouping of the Children with Down Syndrome Who Were First Examined between the

Ages of 12 and 24 Months

First Visit Last Visit
Child Age Rsph Rcyl Raxis Lsph Lcyl Laxis Group Age Rsph Rcyl Raxis Lsph Leyl Laxis Group
MJ 155 +6.00 1.00 90 +6.00 0.50 90 H 48.0 +6.50 225 80 +6.50 2.25 100 H
GF* 182 +6.50 0.00 +6.50  0.00 H 61.0 +6.75 050 90 +6.75  0.50 90 H
PwW 12.0 +5.75 0.00 +5.75 0.00 H 244  +6.00 0.00 +6.00 0.00 H
M 13.6  +4.00 150 90 +4.00 1.50 90 H 388 +6.25 0.75 110 +6.25  0.75 100 H
CB* 16.3 +4.00 0.50 5 +5.00 0.00 H 54.1 +4.00 0.00 +4.00 0.00 H
TL* 223  +4.50 0.00 +4.50 0.00 H 60.6  +5.00 2.00 90 +5.00 2.00 115 H
LM 20.0 +3.50 050 90 +3.50 1.00 90 H 61.1 +1.00 1.00 80 +0.50 1.00 110 E
CE* 135 +3.00 0.00 +3.00 0.00 H 495 +4.00 0.00 +4.00 0.50 100 H
AK 155 +2.00 1.00 80 +1.50 1.00 130 H 27.1 +1.50 1.00 90 +1.50 1.00 90 E
TP 145 +2.25 050 90 +2.25 0.50 90 E 314 +2.00 0.00 +2.00 0.00 E
DC 13.0 +1.75 0.50 90 +1.75 0.50 90 E 212 +1.25 050 90 +1.25 0.50 90 E
ED 215 +2.00 0.00 +2.00 0.00 E 359 +3.50 0.00 +3.50 0.00 H
MC* 154 +0.25 150 50 +0.75 1.50 110 E 57.9 +025 150 60 —-0.25 1.25 120 E
JR 154 +0.75 0.75 100 +0.75 0.50 105 E 273  +0.50 0.00 +0.50 0.50 80 E
AP 19.0 +1.00 0.50 90 +1.00 0.50 90 E 522 —-025 175 85 —0.25 1.50 95 E
RD 22.0 +1.25 0.00 +1.75 0.00 E 60.7 +1.00 050 90 +1.00 0.50 90 E
AH 156 +1.00 0.25 90 +1.00 0.00 E 23.7 +1.00 0.00 +1.00 0.00 E
SW 123 —-0.25 1.50 110 E 185 +0.25 0.00 +0.25 0.00 E
CN 13.3  +0.50 0.50 90 +0.50 0.00 E 30.7 +1.50 0.00 +1.50 0.00 E
SG 158 +0.25 0.50 90 +0.25 0.75 90 E 55.0 +2.00 050 90 +2.75 0.00 E
RC* 20.0 -—1.00 1.00 90 0.00 0.50 90 M 394 —1.00 1.00 90 —1.00 1.00 90 M
BB 149 -1.25 200 90 —1.25 2.00 90 M 280 +1.50 0.00 +1.50 0.00 E
BP 150 —1.50 0.50 90 —1.00 0.00 M 35.8 —-2.00 0.00 —2.00 0.00 M
CM 20.7 -3.25 0.00 —3.25 0.00 M 428 -=2.00 1.00 75 —250 0.50 100 M

Data are as expressed and abbreviations as defined in Table 1.

Rate of Change of Refractive Error

In the infant group, rate of the change in refractive error over
the first 30 months in the 27 infants examined at 30 = 3
months was calculated as:

initial error at first visit — error at ‘30 month visit’

age at ‘30 month visit’ — age at first visit

Because the expected change in normally developing children
is a reduction of refractive error, a change in the appropriate
direction (i.e., toward emmetropia, a negative change in hy-
permetropia, and a positive change in myopia) was designated
a negative change. A change in the inappropriate direction
(i.e,, away from emmetropia) was designated a positive
change. Rate of change varied from —0.36 to 0.1 D per month.
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meridian (diopters)

«2.00 4

Refraction, most ametropic

-4.00 4

-6.00 4

-8.00

v 4 Y

60 100
Age (months)

120

FIGURE 5. Longitudinal progression of refractive error for each child
first assessed between the ages of 12 and 24 months. Filled symbols:
those children who had strabismus at some stage. Horizontal dashed
lines: limits of emmetropia.

The rate of change was plotted against the absolute value of the
refractive error at the first visit (Fig. 6). Children who had a
negative refraction at the first visit are shown with square
symbols, the remaining children with circular symbols. There
was no correlation between the rate of change and the initial
refractive error (R? < 0.001, P = 0.938). Data for two children
are indicated with filled symbols. One child had myopia of
—3.75 at the first visit and hypermetropia of +3.00 by 30
months, the other had an error of +1.50 (i.e., within the
emmetropic range) at the first visit and myopia of —5.00 D at
30 months. Thus, both children are designated as having a
change in the appropriate direction, although both children
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FIGURE 6. The relationship between the refractive error at the first
assessment (2-11 months) expressed in absolute terms and the rate of
change of refractive error between first assessment and 30 = 3 months.
A negative value for rate indicates a refraction change toward em-
metropia, and a positive value indicates a change away from em-
metropia. Squares: a myopic refraction at the first visit; céircles: a
hypermetropic or emmetropic refraction. Filled symbols: the two
children whose refraction changed from myopia to hypermetropia in
one case and emmetropia to myopia in the other.
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FIGURE 7. The relationship between the refractive error at 30 = 3
months expressed in absolute terms and the rate of change of refrac-
tive error between first assessment and 30 = 3 months. A negative rate
of change indicates a refraction change toward emmetropia, and a
positive rate indicates a change away from emmetropia. Squares: a
myopic refraction at the 30-month visit; circles: a hypermetropic or
emmetropic refraction. Filled symbols: the two children whose refrac-
tion changed from myopia to hypermetropia in one case and em-
metropia to myopia in the other.

had a significant refractive error. When these children were
excluded from the analysis, the correlation remained nonsig-
nificant (R =0.01, P = 0.859).

Figure 7 shows the rate of change plotted against the re-
fractive error at 30 = 3 months, again using absolute refractive
error and indicating with square symbols those children who
had myopia at 30 months. There was no correlation between
the rate of change and the later refractive error when all
children were included (R* = 0.039, P = 0.326). When the
two children whose refractive error changed sign (filled sym-
bols) were excluded, there was a significant correlation be-
tween the rate of change of error and the error at 30 months
(R?> = 0.311, P = 0.004). However, the relationship was pos-
itive (slope = 0.0177). The greater the refractive error at 30
months, the higher the rate of change in refraction in the
inappropriate direction (i.e., away from emmetropia). Overall,
in 16 of the 27 children, refractive error changed in the inap-
propriate direction (in 9 by 0.75 D or less), in 9 children
refraction changed toward emmetropia (3 by 0.75 D or less),
and 2 children, as described earlier, refractive status reversed.

Refractive Error and Strabismus

The relationship between strabismus and refractive error was
assessed in cross-sectional data available for 41 children (from
both infant and children groups) who were examined at age
30 = 6 months. Data for refractive error are shown in Figure 8,
with X indicating the children who had strabismus by this age.
One child went on to strabismus after this age—she had hy-
permetropia of +3.50 D at 30 months. Strabismus was present
in 1 of the 5 myopes, 4 of the 22 emmetropes, and 5 of the 14
hypermetropes. Taking both hypermetropia and myopia as a
refractive error, there was no significant difference in the
prevalence of strabismus among the children with and without
a refractive error (X2 = 1.392, P = 0.238). None of the children
with strabismus had surgery for squint, either before or during
the study.

When the rate of change data for the 27 infants examined
before 12 months and at 30 months (of whom 7 had strabis-
mus) were used, there was no significant difference in the rate
of change of refractive error between the children with and
without strabismus (¢ = 1.684, P = 0.105).

Of the total group of 55 children, strabismus (all esotropia)
developed in 16 (29.1%). Four of these children had alternating
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strabismus, and those remaining had a preferred fixing eye.
There was no significant difference in the amount of astigma-
tism or anisometropia at the first visit between the children
with and without strabismus (¢ = 0.532, 1.538, P = 0.597,
0.221 for astigmatism and anisometropia, respectively).

DI1SCUSSION

Normally developing children become more emmetropic with
age. 1'246-13.19.35.36 By contrast, in the present study, refrac-
tive errors in Down syndrome often increased with age. There
were fewer children whose refractive errors fell within the
emmetropic range at later ages (refractive errors in our cohort
range from —5.00 to +8.50 DS at 30 months of age). Our data
confirm the findings of Haugen et al.?* that emmetropization
happens in only a minority of children with Down syndrome;
in most, significant refractive errors are maintained or develop.

Ehrlich et al.* presented longitudinal data on refractive
errors of 254 normally developing infants without anisometro-
pia. Because of their recruitment protocol, their study group
included more children with hypermetropia than would be
expected in a randomly selected group. At 9 months of age, 96
infants had hypermetropia of +3.00 D or greater, of whom
39% retained the error by 20 months. In our infant group,
seven children had hypermetropia (and no anisometropia) at
the first visit, of whom six (86%) retained the error.

In our infant group, most of the children with emmetropic
refraction at the later visits had simply retained emmetropia
from the first visit. Of the 11 infants who had a significant
refractive error at the first visit, only 3 (27%) showed em-
metropization and of the 20 infants with emmetropic refrac-
tion at the first visit, 9 (45%) went on to have significant
refractive errors.

In this study we used a broad range of refraction to define
emmetropia (between —0.75 and +2.75 D). Gwiazda et al.”
used a much narrower range to define emmetropia: spherical
equivalent of 0.00 to +0.49 D, and in their study of 72 normally
developing infants aged 0 to 3 months, reported that 22% had
emmetropic refraction. By 6 years, 80% of their subjects were
emmetropes. Among our infants, four (13%) children fell into
this narrow range of emmetropia at the first visit, but by the
last visit only two children (6.5%) were emmetropes. The last
visit for our group was much earlier than the 6 years of the
subjects in Gwiazda et al. It may be that the emmetropization
process is delayed. However, Haugen et al.>* presented refrac-
tion data at much later ages than for our study, with no
evidence of later emmetropization.
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FIGURE 8. Refractive error in 41 children examined at age 30 = 6
months. (X) children who had strabismus; (O) children with no stra-
bismus.
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According to Wesson and Maino,?' the mean refractive
error for a group of children with Down syndrome does not
change. This is in contrast, of course, with the overall decrease
in refractive error in normally developing children.®” The lon-
gitudinal data in the current study offer an explanation for this
mean effect. Although some children showed an increase in
hypermetropia, others showed a negative shift in spherical
power to emmetropia and even myopia, and thus the mean
remained constant. The variance or range of refractive errors
increased with age.

In normally developing children the higher the hyper-
metropia during the first 6 months, the greater the rate of
change of refraction in the following 12 months.>*> The
direction of change is negative—that is, the refractive error
decreases toward emmetropia. We analyzed the rate of change
of refraction (between 3 and 11 months and 30 months) in 27
children with Down syndrome. The findings in normally de-
veloping children were not replicated in children with Down
syndrome. The rate of change was not related to the initial
value, but to the later refractive error. That is, the greater the
refractive error at the age of 30 months, the faster the rate of
change. Moreover, the rate of change was positive—that is,
there was a tendency for refractive errors to progress away
from emmetropia. Children with Down syndrome are not al-
ways born with higher refractive errors; rather, there is a
tendency for the eyes to become increasingly ametropic with
age.

Our data, using a noncycloplegic refraction technique, con-
firm the findings of Haugen et al.,** who also showed a high
proportion of children with Down syndrome in whom em-
metropization did not occur. However, our findings differ in
the prevalence of astigmatism. Haugen et al. reported that 57%
of their group had astigmatism (=1.00 D) in one or both eyes
at the last visit (age range, 29 -132 months). In our study, only
12 (21.8%) of all 55 children had astigmatism by the last visit
(age range, 18.5-61.1 months). Haugen et al. also reported a
prevalence of anisometropia that was higher than ours (10% vs.
3.7%). Whether the differences in findings can be attributed to
a separate demographic cohort, to the younger age range of
our cohort, or to the difference in refractive techniques cannot
yet be determined.

There was a high prevalence of strabismus among children
with Down syndrome: 29% in our study group at age 30
months. This is in agreement with previous reports.'*>® In
normally developing children, strabismus is associated with
hypermetropia.'®"'>~'® The classic assumption has always been
that normally developing children with high hypermetropia
overaccommodate to obtain a clear image. This excessive ac-
commodation results in a high degree of accommodative-con-
vergence and is believed to cause esotropia. However, this
hypothesis does not explain the findings in children with
Down syndrome. The high prevalence of strabismus in chil-
dren with Down syndrome cannot be attributed to the pres-
ence of hypermetropia. The sign or magnitude of the refractive
error appears irrelevant. Our data show no association be-
tween refraction and strabismus in children with Down syn-
drome. Neither is the rate of change of refractive error associ-
ated with the defect. Haugen and Hovding>® also reported
strabismus in all refractive groups among their cohort of chil-
dren with Down syndrome, with an overall prevalence of 42%.
Their higher prevalence of strabismus may be explained by the
older age of the cohort at the last visit (mean 76 months), when
prevalence was determined.

Ingram et al.>® have recently disputed the classic theory of
strabismus. They have shown that normally developing chil-
dren with strabismus fail to show a decrease in refractive error
and suggested that children with strabismus are destined not to
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undergo emmetropization and have poor appreciation of blur.
This may also be the case in Down syndrome.

Anisometropia was rare in our cohort, which is perhaps
surprising considering the high proportion of children with
strabismus in the group. Abrahamsson et al.'® studied normally
developing children between the ages of 1 and 6 years in
whom strabismus subsequently developed. Thirteen of the 14
esotropes in the study had anisometropia develop after the
onset of strabismus. Increasing hypermetropia in the deviating
eye before and after onset of esotropia was observed in 50% of
cases, whereas the expected decrease in hypermetropia was
noted in the fixing eye. It was this phenomenon that led to
anisometropia. In the current study, refraction often increased
in the fixing eye in children with Down syndrome (only the
fixing eye data were used in the analyses), and anisometropia
was uncommon. Thus, the etiology of strabismus and its de-
pendence and impact on refractive error may be quite different
in children with Down syndrome.

In summary, our data have shown that failure of em-
metropization to occur is a characteristic of many children
with Down syndrome. Children with Down syndrome who
have a refractive error in the early months of life are much
more likely to maintain or increase the refractive error than to
outgrow it. Even children who are emmetropic in the early
months are at risk of development of a refractive error. Stra-
bismus is prevalent, whatever the sign or progress of the
refractive error. Screening protocols for normally developing
children are clearly not applicable to children with Down
syndrome. Children with Down syndrome should be moni-
tored for the onset of significant refractive errors and for
strabismus regularly throughout early childhood.
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