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Objectives: To provide a description of refractive er-
rors in healthy, term-born children, aged 1 through 48
months, and to test the hypotheses that spherical equiva-
lent becomes significantly less hyperopic and less vari-
able with increasing age.

Methods: Following a prospective, cross-sectional de-
sign, cycloplegic retinoscopy was used to measure the
refractive error in both eyes of 514 healthy, term-born chil-
dren in 12 age groups. Three hundred were aged 12 months
or younger. Spherical equivalent and cylindrical power and
axis were analyzed as a function of age. Prediction limits
for spherical equivalent were calculated.

Results: Spherical equivalents of right and left eyes did

not differ at any age. Hyperopia declined significantly with
increasing age. The variability in spherical equivalent also
decreased significantly with age. Cylindrical error of 1
diopter or more was found in 25% of the children; the
proportion with astigmatism was highest in infancy and
then waned. Myopia and anisometropia were rare, oc-
curring in 3% and 1% of the sample, respectively.

Conclusions: Significant declines in hyperopia and vari-
ability of spherical equivalent appear to be features of em-
metropization. The normal prediction limits provide
guidelines against which data from individual patients
can be compared.
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T HAS BEEN long and widely rec-
ognized that infants, on average,
are hyperopic, and that the hy-
peropia gradually decreases dur-

jects. The data permit specification of nor-
mal refractive characteristics, including the
limits of normal spherical equivalent for
each of 12 age groups ranging from 1
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ing infancy and early childhood.
These changes in normal refractive error
are presumed to reflect finely regulated eye
growth,! controlled at least in part by the
retina.>® The involved processes, known
collectively as emmetropization, are ac-
companied by a high prevalence of astig-
matism in infants.*® Despite numerous
studies of refractive development, the new
millenium has been entered without suf-
ficient specification of refractive develop-
ment in healthy infants and young chil-
dren to support quantitative comparison
with populations with disease, or to diag-
nose abnormal refraction in an indi-
vidual youngster. This is because previ-
ous studies have sampled only a few ages
during infancy when the change in hyper-
opia is thought to be rapid,” because the
children studied were drawn from clini-
cal populations,®® or both. On occasion,
the refractive errors were measured us-
ing nonstandard procedures.'®!!
Herein we report the results of cy-
cloplegic retinoscopy in 514 normal sub-

through 48 months.

—

Figure 1 shows the spherical equiva-
lents (n=514), along with the mean spheri-
cal equivalent and the 95% and 99% pre-
diction limits for each age group. Myopia
and anisometropia were rare in this sample.
Myopia was found in 14 (3%) of 514. Four
(1%) of 514 had anisometropia. There was
a significant decline in hyperopia with age
(F11500=7.96; P=.01). Distributions of
spherical equivalent appeared broader at
younger ages (Figure 2). Indeed, the SD
of spherical equivalent (Table) was sig-
nificantly larger at 1 month than at 48
months (Fs;3,=3.55; P<.01).
Astigmatism was found in 126 (25%)
of 514. High cylindrical errors were un-
common. Only 14 (3%) of 514 had 2 D or
more of cylinder. The 2.5-, 4-, 6-, and
9-month age groups had the highest preva-
lence of astigmatism (Figure 3). The per-
centage of subjects with astigmatism was
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SUBJECTS AND METHODS

Refractive errors were measured in 514 healthy sub-
jects,aged 1,1.5,2.5,4,6,9,12, 18, 24, 30, 36, and
48 months. Three hundred of the subjects were aged
12 months or younger. Age at refraction varied from
the nominal age by no more than 10 days in the first
year, and 14 days thereafter. The median number of
subjects per age group was 43 (range, 32-52). These
subjects had been recruited to participate in a study
of normal visual acuity.'? About 85% were white. All
subjects were born at term (gestational age, =37
weeks) with Apgar scores of at least 8, had an un-
complicated neonatal course, were free of medical
problems, and, by parental report, were experienc-
ing normal development. Of 545 subjects undergo-
ing refraction, 31 were excluded because of an oph-
thalmic abnormality (cataract [n=2], disc anomaly
[n=1], esotropia [n=2]) or incomplete cycloplegia
(n=26) as judged by the retinoscopist at the time of
measurement. The study was approved by the Chil-
dren’s Hospital Committee on Clinical Investiga-
tion, Boston, Mass. Written informed consent was ob-
tained from each subject’s parent.

Each subject underwent a complete eye exami-
nation, including cycloplegic retinoscopy. Retinos-
copy was performed by two of us (B.D.M. and A.B.F.)
in dim room light with a streak retinoscope, at least
30 minutes after instillation of 1% cyclopentolate hy-
drochloride using punctal occlusion. Scheduling limi-
tations resulted in 1 examiner (B.D.M.) conducting
more (52%) eye examinations. Interexaminer reli-
ability was evaluated in a subgroup of 43 subjects ran-
domly selected from the sample. Each refractionist
was masked as to the other’s results.

For each eye of the 514 subjects, spherical
equivalent and power and axis of cylinder were re-
corded. Astigmatism was defined as 1.0 diopter (D)
or more of cylinder. Axis of cylinder was catego-
rized as with the rule (minus cylinder axis at
180°£15°), against the rule (minus cylinder axis at
90°£15°), or oblique (all else). Myopia was defined
as spherical equivalent of at least -0.5 D. Anisome-
tropia was defined as a difference of at least 1.0 D be-
tween eyes in spherical equivalent or cylinder. The
mean spherical equivalent and the mean cylinder did
not differ significantly between right and left eyes at
any age. Therefore, data from the subject’s right eye
were used to summarize the results.

Preliminary analyses indicated that the spheri-
cal equivalents at each age did not differ signifi-
cantly from a normal distribution (Lilliefors test)."
The 95% and 99% prediction limits were calculated
for each age group.** Components of refraction were
analyzed for significant variation with age. The in-
traclass correlation coefficient and t tests were used
to analyze interexaminer differences." Statistical sig-
nificance was accepted for tests with P values of no
greater than .01 (2-tailed).

not uniform across age groups (x*,=77; P<.01). Against-
the-rule astigmatism was more common (71 [56%]) than
with-the-rule (37 [29%]) or oblique (18 [14%]) astig-
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Figure 1. Spherical equivalent of the right eye in 514 subjects in 12 age
groups. For each group, the mean spherical equivalent (open squares) and
prediction limits connected by line segments are shown. D indicates
diopters.

matism. In all those with oblique astigmatism, the axes
of right and left eyes were mirror images.

For the 43 subjects undergoing refraction by both
examiners, the correlation between spherical equiva-
lents was high (intraclass correlation coefficient, 0.757).
However, 1 examiner (B.D.M.) found significantly more
hyperopia (mean difference, 0.6 D) (within-subject t test,
t1,=5.67; P=.01). For the whole sample, the mean spheri-
cal equivalent in the several age groups was 0.3 to 1.0 D
(median, 0.5 D) more hyperopic for the subjects exam-
ined by B.D.M. This small but consistent discrepancy,
which suggests procedural differences between examin-
ers, is within the range of reported interexaminer varia-
tions and is similar to the intraexaminer test-retest dif-
ferences for cycloplegic retinoscopy in cooperative
adults.'*'® The power of cylinder does not differ signifi-
cantly between examiners in the subset of 43 subjects or
in the whole sample.

B COMMENT

The mean spherical equivalents analyzed herein and those
reported in other studies™® are plotted in Figure 4. There
are no conspicuous discrepancies between the results for
healthy children and those with presumptively normal eyes.
Compared with previous studies,”® we sampled more ages
during the first year, when the rate of change appears to
be rapid.” Emmetropia had yet to be reached at 4 years of
age (Figures 1 and 4). A reasonable (*=0.90), empirical
summary of the course of emmetropization is provided by
a simple exponential function (smooth curve; Figure 4),
implying that the overall effect of the many biological pro-
cesses involved in the control of refractive development is
to decrease spherical equivalent at a constantly declining
rate. Besides gradually decreasing hyperopia, we find an-
other feature of normal development is the significant de-
crease in variability of the spherical equivalent (Figure 2
and Table). Furthermore, as development proceeds, there
is a significant variation in cylindrical power (Figure 3) that
in healthy infants is determined mainly at the cornea."
Two applications of these data are envisioned. One
pertains to analyses of data from groups of patients, such
as those with retinal disorders of early onset. In Figure 5,
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Figure 3. Percentage of subjects with astigmatism in each age group. The
number of subjects with astigmatism in each age group is shown above the
bar. The axis of astigmatism is as indicated. D indicates diopter.
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Figure 2. Distributions of spherical equivalent for the 12 groups. Data are
plotted in 2-diopter (D) bins; the midpoint of each bin is indicated.

Spherical Equivalent (Diopters) and Prediction Limits*

95% Prediction ~ 99% Prediction
Age, mo Spherical Limits, D Limits, D
(No. of Equivalent, 1 |
Patients) Mean (SD), D Upper Lower Upper Lower

1(32) 2.20 (1.60 551 112 666  -2.27

)
1.5 (40) 208(112) 436 -020 513 -0.98
2.5 (46) 244(132) 513  -026 605 -1.17
4 (43) 203(156) 521 -116 628 -2.23
6 (52) 179(127) 439  -081 527  -1.69
9 (45) 132(113) 363  -099 441 177
12 (42) 157(0.78) 316  -0.01 369  -055
18 (47) 123(091) 309 -064 372 127
24 (40) 119(0.83) 289 -050 347  -1.08
30 (51) 1.25(0.89)  3.07 -057 368  -1.19
36 (43) 1.00(0.76) 256  -056  3.09  -1.09
48 (33) 113(0.85) 289  -0.62 350 -1.23

*D indicates diopters.
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Figure 4. Mean spherical equivalents plotted in Figure 1 and those reported
in Mutti et al,” Larsen,® Lue et al,® and Zadnik et al."® The smooth curve is a
simple exponential function (time constant, 3.6 years) fit to all of the plotted
points. D indicates diopters.
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Figure 5. Distributions of spherical equivalent at 12 months of age plotted
in Figure 2 and the Cryotherapy for Retinopathy of Prematurity study (data
from Figure 1 in Quinn et al®®). The midpoint of each 2-diopter (D) bin, -7 to
5D, is indicated. Myopia of at least 8 D is indicated by no greater than -8 D.
ROP indicates retinopathy of prematurity.

the distribution of spherical equivalent in our healthy 12-
month age group is compared with distributions from the
Cryotherapy for Retinopathy of Prematurity study.® At
12 months postterm, the former preterm infants who had

(REPRINTED) ARCH OPHTHALMOL/VOL 119, NOV 2001

WWW.ARCHOPHTHALMOL.COM

Downloaded from www.archophthalmol.com at LIBRARY FEGAN PLAZA, on August 31, 2006
©2001 American Medical Association. All rights reserved.


http://www.archophthalmol.com

o retinopathy of prematurity have a distribution indis-
tinguishable from that of the healthy, term-born 12-
month-old infants. On the other hand, those with mild
retinopathy of prematurity?® show some increase in the
frequency of mild myopia, and those with moderate and
severe retinopathy of prematurity have distributions
clearly skewed to myopic spherical equivalents.

The other application of these data pertains to di-
agnosis in the individual child. Data from the 514 healthy
children provide a definition of the limits of normal spheri-
cal equivalent in infants and young children. The re-
sults from an individual child can be specified as within,
or outside, these limits (Table). The broad prediction in-
terval during infancy may bear consideration when plan-
ning screening programs that depend on refraction. Given
the broad prediction intervals during infancy (Figure 1),
screening refractions at 12 months of age or older may
be more efficient. Nevertheless, detection of high cylin-
drical errors and anisometropia can contribute to the di-
agnosis of amblyogenic factors in infancy.?!

In conclusion, our data further define the charac-
teristics of refractive errors in the healthy, developing eye,
and so specify limits of normal refractive error at 1 through
48 months of age.
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