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Purrose. To examine the influences of ethnicity, parental my-
opia, and near work on spherical equivalent refraction (SER)
and axial length (AL) in a population-based sample of 12-year-
old Australian children.

Mzeraops. Year-7 children in the Sydney Myopia Study (n =
2353, 75.3% response) underwent an ophthalmic examination
including cycloplegic autorefraction (1% cyclopentolate) and
ocular biometry (IOLMaster; Carl Zeiss Meditec GmbH, Jena,
Germany). Data for parental myopia, ethnicity, near work, and
outdoor activities were derived from questionnaires and were
available for 1781 children. Optical prescriptions of parents
were sought if the spectacles were used.

Resurrs. The prevalence of myopia in the children increased
with the number of myopic parents (7.6%, 14.9%, and 43.6%
for no, one, or two myopic parents). In parallel, the mean SER
(£ SE of the mean) was more negative (0.70 = 0.08, 0.34 *
0.09, and -0.55 * 0.34 D), and the mean AL was longer
(23.32 * 0.03, 23.44 = 0.06, and 23.62 % 0.16 mm) after
adjustment for demographic and environmental factors. In
multivariate analyses, odds of childhood myopia did not
change with higher levels of near work (odds ratio [OR] =
1.01; 95% confidence interval [CI] = 0.99-1.03). Interactions
between parental myopia and ethnicity were significant for
SER and AL (both P <2 0.0001), reflecting greater decreases in
SER and greater increases in AL with the number of myopic
parents in the children of East Asian ethnicity than in the
children of European Caucasian ethnicity. In the nonmyopic
children, there was no association between parental myopia
and AL.

From the 'Centre for Vision Research (Department of Ophthal-
mology and Westmead Millennium Institute), University of Sydney, and
the Vision Co-operative Research Centre, University of New South
Wales, Sydney Australia; the *School of Applied Vision Sciences, Fac-
ully of Health Sciences, University of Sydney, Sydney, Australia; the
*ARC (Australian Research C ouncil) Centre of Excellence in Vision
Science and the *Research School of Biological Sciences, Australian
National University, Canberra, Australia; and the *Centre for Clinical
Epidemiology and Biostatistics, the University of Newcastle, Australia.

Supported by Australian National Health and Medical Research
Council Grant 253732; the Westmead Millennium Institute, University
of Sydney; and the Vision Co-operative Research Centre, University of
New South Wales, Sydney.

Submitted for publication June 27, 2006; revised October 4 and
December 8, 2006, and January 15 and February 16, 2007; accepted
April 2, 2007.

Disclosure: J.M. Ip, None; S.C. Huynh, None; D. Robaei, None;
K.A. Rose, None; LG. Morgan, None; W. Smith, None; A. Kifley,
None; P. Mitchell, None

The publication costs of this article were defrayed in part by page
charge payment. This article must therefore be marked “advertise-
ment” in accordance with 18 U.S.C. §1734 solely to indicate this fact.

Corresponding author: Paul Mitchell, Department of Ophthalmology,
Centre for Vision Rescarch, Westmead Hospital, Hawkesbury Road, West-
mead, NSW, Australia, 2145; paul_mitchell@wmi.usyd.edu.au.

2520

and Paul Mitchell®

Concrusions. In this sample, parental myopia was associated
with more myopic SER and longer AL, with significant ethnic
interactions. (Invest Ophtbalmol Vis Sci. 2007;48:2520 -2528)
DOIL:10.1167/i0vs.06-0716

pidemiologic studies have provided considerable data on

the familial and environmental associations of myopia in
children. Characteristically high prevalence rates of myopia in
children have been found in East Asia,'™” partlcularly in urban
settings in populations of both East Asian'~™* and South Asian
ethnicity.” Associations of myopia in children 1nclude parent'lL
myopia, increased near work, and higher schoolmg 813

Parental myopia has been associated with a hxghez pteva—
lence and a greater likelihood of childhood myopia in both
Buropean Caucasian®*” and East Asian children.!®'” Given
that parents may foster patterns of behavior, interests, and
academic goals in their children, it is uncertain whether this
association with childhood myopia is genetic in origin or re-
flects environmental influences operating within the family
unit. .

The axial length (AL) of myopic eyes is generilly greater
than that of nonmyopic eyes—predominantly the result of 4
deeper vitreous chamber.*'*1%1%1% Zadnik et al?? reported
that, even before the onset of myopia, children with a family
history of myopia had longer eyes, a finding that they inter
preted as evidence of a genetic predisposition to the develop-
ment of childhood myopia, although this interpretation has
been challenged.?!** These observations have been tested in
only one other study,” which did not replicate the findings,

In this population-based study, we sought to examine the
association of myopia and refraction in parents, with refraction
and AL in their children, and to determine the presence of
possible interactions between ethnicity, parental myopia, and
near work in childhood refraction.

METHODS

Study Population

The Sydney Myopia Study is a population-hased survey of ¢ye health in’
school children resident in the Sydney metropolitan ared in Australia
and forms part of the Sydney Childhood Eye Study, in which childhood
eye conditions are being examined across a range of age groups.
Approval for the study was obtained from the University of Sydney
Human Research Ethics Committee, the New South Wales Department
of Education, and the Catholic Education Office. The study adhered to
the tenets of the Declaration of Helsinki. .
Detailed study methods have been described elsewhere > Briefly,
the study was of a random cluster design, wherein secondary schools
across the Sydney metropolitan region were stratified by socioeco-
nomic status (SES), and 21 secondary ¢high) schools were randomly
selected, to provide a representative sample. A proportional mix of
government and private/religious schools was included. All year7
students were invited to participate. For ethical reasons we were
unable to collect any demographic data for the children who did not
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participate in the study. Therefore, some caution should be exercised
in the generalization of our findings to the whole population. Written
informed consent was obtained from at least one parent after expla-
nation of the nature of the study, and verbal consent was obtained
from each child before examination.

Examination

After instillation of amethocaine, cycloplegia was induced with cyclo-
pentolate 1% (1 drop), and autorefraction was performed at ~25
minutes after the last drop. Cycloplegic autorefraction was performed
with an autorefractor (RK-F1; Canon, Tokyo, Japan) that generated five
reliable refractions for each eye. The median reading was used in
analysis.

An optical biometer (IOLMaster; Carl Zeiss Meditec, GmbH,
Oberkochen, Germany) was used to measure AL, corneal radius of
curvature, and anterior chamber depth. AL was measured as the dis-
tance from the anterior corneal vertex to the retinal pigment epithe-
lium along the fixation line. Measurements of AL by using partial
coherence interferometry (IOLMaster) have been shown to be more
precise and repeatable than those obtained with ultrasound.?® Each AL
measurement was assessed for validity by the signalto-noise ratio
(SNR), with SNR = 2.0 indicating a reliable result. The average of five
valid AL measurements was used in analysis. Corneal radius of curva-
ture was measured along the flattest and steepest meridians. Three
consistent keratometry measurements (each of which was the result of
five measurements), and the average of five valid anterior chamber
depth measurements were used in analysis. Keratometry readings were
consistent if corneal astigmatism did not vary by more than 0.1 D
between readings, and the astigmatic axis varied by 5° or less for
astigmatism of at least 0.5 D and 10° or less for astigmatism of less than
0.5 D. Anterior chamber depth measurements were valid if individual
measurements varied by not more than 0.15 mm.

Questionnaire Data

Participants completed a 65-item questionnaire that included informa-
tion about time spent on near work and outdoor activities (available at
hetp://www.cvr.org.au/sms.htm). The hours of near work performed
per day outside school was the sum of time spent in each of the
following activities: drawing, painting and/or writing, school home-
work, reading books for pleasure, and playing hand-held computer
games. The time spent on near work activity per week was the
weighted sum of near work hours on a school weekday and a school
weekend. Time spent on outdoor activities per week was the total time
spent out of doors, weighted by weekday and weekend. Parents
completed a comprehensive 173-tem questionnaire that included so-
ciodemographic information including ethnicity and parental charac-
teristics, such as highest education level, occupation, and any specta-
cle or contact lens use. Parents who used spectacles were asked to
indicate the age at first use and the purpose of use (distance viewing
only, near work only, or both distance viewing and near work). When
parents reported using spectacles, spectacle prescriptions were ob-
tained from parents or their prescribers, where possible. Where pre-
scriptions were not available, the spectacle-use questions in the paren-
tal questionnaire were used to determine whether parents were
myopic or nonmyopic, as previously reported by Mutti et al.'*

Validation of the Spectacle-Use Questions

The spectacle-use questions used by Mutti et al.'* were validated by
Walline et al.®® in a clinical setting. We performed an additional
validation analysis, as respondents in our study were from a nonclinical
schoolbased setting (Ip JM et al., manuscript submitted). Briefly, spec-
tacle prescriptions collected from parents of participants (n = 720)
were used to determine the accuracy of the spectacle-use questions,
which predicted myopia when spectacles were used for distance
viewing only or when the age at first spectacle use for both distance
viewing and near work was 30 years or younger. Otherwise parents
were classified as nonmyopic. The age cutoff of 30 years was deter-
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mined from a receiver operating characteristic (ROC) cutve, in which
the true-positive rate (sensitivity) was plotted against the false-negative
rate (1-specificity) for a range of age cutoffs for first spectacle use (5-50
years). The point farthest from the diagonal of the ROC curve (age
cutoff, 30 years) represented the best predictive accaracy of the
spectacle-use data for determining myopia (sensitivity = 0.89; speci-
ficity = 0.83).

Definitions

Spherical equivalent refraction (SER, sphere + 1 cylinder) categories
included myopia (SER = —0.50 D), emmetropia (—0.50 to +0.50 D)
and hyperopia (= +0.50 D). Astigmatism was defined as cylinder
=1.00 D. Similar refraction categories (myopia, emmetropia, and hy
peropia) were defined in parents with available prescriptions, with
further classification of myopia as low (SE —~3.00 to = —0.50 D).
moderate (—6.00 to = —3.00 D), or high (= —6.00D), which are
generally consistent with definitions suggested by the American Acad:
emy of Ophthalmology.?” Ethnicity was classified on the basis of
self-identification by the parents, combined with information about the
place of birth of the child. The child was attributed an ‘ethnic origin
only if both parents shared that ethnic origin. Otherwise, the children
were placed in the mixed category. The ethnic categories used by the
present study (Buropean Caucasian, East Asian, South Asiian, Middle
Eastern, Pacific Islander, Indigenous Australian, African, South Ameri
can) are consistent with the Australian Standard Classification of Cul
tural and Ethnic groups™ and with the genetic relatedness of humai
populations defined by modern molecular biology.* The term East
Asian covers people originating from China, Myanmar, Thailund, Laos,
Cambodia, Vietnam, Malaysia, Singapore, Indonesia, Philippines, Japan,
and Korea. The broad classification of East Asian was used rather than
separate Northeast Asian and Southeast Asian categories because of the
difficulty of classifying people who identify themselves as Chinese but
who are derived from both of these branches.

Data Analysis

Data were analyzed with commercial software (Statistical Analysis
System, ver. 9.1.3; SAS Institute, Cary, NC). Parental myopia was
categorized by the number of myopic parents (one, one, or twao), ot
by a dichotomous variable (no myopic parents or at least one). Tertiles
of near work were constructed based on data for the whole sample.
Mixed models and generalized estimating equations were used to
examine associations and subgroup differences, adjusting for the ef
fects of cluster sampling. When cluster effects were not significant.
ttests and x” tests were used. Refractive error and AL were modeled a3
a function of parental myopia and near-work hours, after adjustment
for age, gender, height, ethnicity, and outdoor activity, using both
analysis of covariance and regression models with interaction ternis.
All confidence intervals (CIs) are 95%. e

Resurts

Population Demographics

Of 3144 eligible children, 2367 had parental permission to
participate (75.3% response) and 2353 children were available
for complete examination. The mean age of participants was
12.7 years (range, 11.1-14.4); 49.4% were girls. The ethnic
origins of participants included Buropean Caucasian (60.0%)
and East Asian (15.0%), and other ethnic groups that were not
separately analyzed.

Parental Myopia Status

The characteristics of the children with data on parental myo-
pia included in the analysis (n = 1781) were similar to the
children without data on parental myopia (n = 572) by age
(P = 0.7) and SER (P = 0.2) (Table 1). The sample included for
analysis had a higher proportion of boys (51.8% vs. 46.9%, P =
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Tasite 1. Characteristics of Children Aged 12 Years with and
without Parental Myopia Data

Parental Data No Parental Data

Available Available
Variable (@ = 1781) m = 572)
Male gender (%) 51.8 46.9
Ethnicity (%)
European Caucasian 62.1 53.3
East Asian 14.6 16.5
Other 23.3 30.3
Age, v (mean = SD) 12,7 (0.4 12,7 (0.9
SER, D (mean = SD) 0.52 (1.29) 0.52 (1.36)
Near work and outdoor activity
(mean * SD)
Near work (h/wk) 18.8 (10.2) 19.3 (10.7)
Outdoors (h/wk) 123 (7.5 12.0(7.8)

0.04) and consisted of more European Caucasian children
(62.1% vs. 53.3%, P = 0.0006) and fewer East Asian children
(14.6% vs. 16.5%); however, there were no significant differ-
ences in the time spent on near work or outdoors (both P =
0.2).

Between 48% and 50% of parents in the study who an-
swered the questions on spectacle use reported not using
spectacles. Of all parents who were identified as myopic (436
mothers and 355 fathers), the majority (73.6% of mothers and
76.9% of fathers) were determined by questionnaire data only.
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Myopia prescriptions confirming questionnaire data were avaﬂ»,

able for 23% to 26% of parents.

The proportion of children with no, one, or two myopm ;
p'uents was 62.7% (n = 1116), 30.3% (n = 539), and 7.1% (n
= 126), respectively. When stratified by ethnicity, the propor.
tion of children with two myopic parents was lower in the

European Caucasian than in the East Asian subgroup (5.2% vs.
17.4%). The proportion with no myopic parents was higher in
the Buropean Caucasian than in the East Asian group (61.7% vs.
55.6%); as were the proportion with one myopic parent (33.1%
vs. 27.0%, ¥*, P < 0.0001).

Parental Myopia and Refraction in the Children

The prevalence of myopia increased from 7.6% in the children

with no myopic parents to 14.9% in those with one myopic
parent and 43.6% in those with two myopic parents (Table 2),

whereas the prevalence of hyperopia decreased (76. 0"0, 65.2%,

and 41.9%).

Compared with the children with neither parent myopic,
the unadjusted odds ratio (OR) for myopia was significantly
increased in the children with one myopic parent (OR 1.9; 95%

CI 1.5-2.3) or two (OR 5.6, 95% CI 3.5-8.8; Table 3). After
adjustment for environmental and demographic factors, the

odds of childhood myopia were 2.3 when one parent was
myopic and 7.9 when two parents were myopic. The odds of ’

myopia were substantially higher among the children of East
Asian than among those of European Caucasian ethnicity after
adjustment (OR 12.3, 95% CI 8.1-18.5). In multivariate analy-

TasLe 2. Association between Parental Myopia and Proportion with Refractive Error, SER, AL, and Hours Spent on Near Work, among

12-Year-Old Children

Number of Myopic Parents

One Two

Variable/Ethnic Group None
Proportion with refractive ecror, % (CI)
Myopia®
All 7.6 (4.6-10.6)

European Caucasian

East Asian
Hyperopiat

All

European Caucasian

East Asian
Emmetropiat

All

European Caucasian

Fast Asian

SER (D)
All
European Caucasian
East Asian

Axijal length (mm)
All
European Caucasian
East Asian

Near work
All
Europeuan Caucasian
East Asian

Refraction and axial length, mean (CI)

Time spent on near work (h/wk), mean (SEM)

3.0 (2.0-3.9
28.2 (14.9-41.5)

76.0 (70.3-81.8)
$6.9 (83.8-90.0)
39.4 (30.8-48.1)

16.4 (12.3-20.5)
10.2 (6.9-13.5)
32.4(21.3-43.5)

0.70 (0.55-0.85)
0.99 (0.93-1.05)
—0.06 (—0.32-0.19)

23.32 (23.22-23.42)
23.18 (23.11-23.25)
23.63 (23.47-23.78)

18.9 (0.8)
18.3 (0.8)1
21.5 (0.9

14.9 (8.7-21.1)
6.0(2.9-9.1)
48.6 (39.3-57.8)

65.2 (56.6-73.7)
75.9 (69.8-82.0)
24.3 (17.5-31.0)

19.9 (14.9-25.0)
18.1 (12.0-23.3)
27.1 (19.3-34.9)

0.34 (0.16-0.52)§
0.70 (0.61-0.78)§
—0.91 (—1.34-—0.48)|

23.44 (23.33-23.55)§
23.27 (23.16-23.39)|
24.05 (23.84-24.27))

19.3 0.7
19.0 (0.9
23.4(0.8)

43.6 (24.9:62.2)
17.2(6.5-27.9)
77.3 (69.8-84.8)

41.9 (23.8-60.0)
62.1 (47.0-77.1)
11.4 (4.9- 178)

14.5 (10.9-18.2)
20.7 (10.2:31.2)
11.4 (5.6-17.1

—0.55 (—0.22-0.13)§
0.32 (—0.05-0.70)}"

~2.29(—2.93-—-1.64)§

23.62 (23.30-23.9%))
23.18 (23.00-23.37)
24.48 (24.17-24.79)%

19.1 (0.8)
21.3 (k1)
22.90.7)

“SER = —0.50 D.
1 SER = +0.50 D.

F S8ER from > ~0.50 to < +0.50 D.

§ P <0.0001, no-myopic-parent group used as the reference, with adjustment for age, height, gender, near work, and outdooractivity. Aml) sis

for all children was also adjusted for ethnicity.
| # = 0.05, no-myopic-parent group used as the reference, after adjustment.
TP < 0.05, two-myopic-parents group used as the reference.
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TABLE 3. Univariate and Multivariate Adjusted® OR for Myopia in the
Children with Myopic Parents, Compared with Those with No
Myopic Parents

0Odds Ratio (CI)

Univariate Multivariate
All children
One myopic parent 1.9(1.5-2.3) 2.3 (1.8-2.9)
Two myopic parents 5.6 (3.5-8.8) 7.9 (5.0-12.4)
European Caucasian children
One myopic parent 2.1(1.2-3.6) 1.7 (1.1-2.0)

Two myopic parents 6.8 (3.3-14.2) 6.0 (2.8-13.1)
East Asian children
One myopic parent

Two myopic parents

2.1(1.1-4.3)
5.5 (2.7-11.5)

23(1.1-4.9
8.8 (3.3-23.9)

* Adjusted for age, gender, near work, and time spent outdoors.
Analysis for all children was also adjusted for ethnicity.

ses, the odds of myopia did not change significantly with
increasing near work in hours per week (OR 1.01, 95% CI
0.99-1.03), but odds were slightly reduced with increasing
outdoor activity (OR 0.96, 95% CI 0.94-0.98).

Parental myopia was associated with increasingly myopic
SER and longer AL in the children (Table 2). Mean refraction in
the children with one myopic (+0.34 D) or two myopic
(~0.55 D) parents was significantly more negative than in the
children with no myopic parents (+0.70 D), after adjustment
for age, gender, height, ethnicity, near work, and outdoor
activity (both £ < 0.0001). These trends in SER with parental
myopia were similar before and after adjustment for near work
and outdoor activities (both P, < 0.0001).

Within both the European Caucasian and the East Asian
ethnic groups, there were similar trends of higher myopia
prevalence and more myopic SER with increasing number of
myopic parents (Table 2; Figs. 1A, 1B). After adjustment for
demographic and environmental factors, the trends in myopia
prevalence were significant in the East Asian subgroup (P =
0.01) and of borderline significance in the European Caucasian
subgroup (P = 0.0553), but the trends in SER were statistically
significant in both ethnic groups (both P < 0.0001D). In multi-
variate analyses, the interaction between parental myopia (hav-
ing at least one myopic parent versus no myopic parents) and
ethnicity was significant for the continuous outcome variable
SER (P << 0.0001), but not for the categorical variable myopia
(present or absent; P = (.2). The model variates parental
myopia and ethnicity were both significantly associated with
myopia as a categorical variable (both P < 0.003).

AL in the Children with and without
Myopic Parents

Overall, compared with the children with no myopic parents,
the mean AL in the children with either one myopic parent
(P < 0.000D or two (P = 0.02) was longer, with a significant
trend after adjustment for demographic and environmental
factors such as age, gender, ethaicity, near work, and outdoor
activities (Py,..0 < 0.0001). This trend was also evident in
separate analyses of the children of East Asian ethnicity (P <
0.0001), but not in those of European Caucasian ethnicity (P =
0.07; Fig. 1C). A significant interaction of ethnicity with myo-
pia in at least one parent for the children’s AL was confirmed
in multivariate analysis (£ < 0.00001). The eyes of the children
of East Asian ethnicity were longer than those of the children
of European Caucasian ethnicity, irrespective of parental myo-
pia (Table 2), consistent with the higher prevalence of myopia
in the East Asian group.

Ethnic Differences in the Impact of Parental Myopia
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We examined the AL of the nonmyopic children by using
the same cutoff as was used by Zadnik et al.,'® SE= —0.75D
(n = 1582), to determine whether the nonmyopic children
with myopic parents had longer eyes. In this analysis, mean
AL in the children with either one or two myopic parents
was not significantly different from that in the children withﬁ,
1o myopic parents after adjustment (P = 0.06 and P = 0.5
respectively). When only data for the children without sig-
nificant ametropia (—0.50 D < SE < +2.00 D; # = 1369)
were analyzed, AL in the children with myopic parents and
in the children without myopic parents was still not signif-
icantly different (P = 0.1 for one myopic and P = 0.08 for
two myopic parents).

a ,
100 —¢—European Caucasian - - # - - East Asian
80 - i
60 ’

0
0 1 2
Number of myopic parents
b —<¢—European Caucasian - - & - -East Asian
2.0 { :
1.0 f

@
o
T

Mean SER (D)
2

-4.0 : ' —

1
Number of myopic parents

- - & - -East Asian

O

—¢— Euopean Caucasian
250 r

245 + %

240

Mean axial length (mm)

225

22-0 L i} if
0 1 2
Number of myopic parents

Ficure 1. Association of increased number of myopic parents with
(A) proportion of children with myopia, (B) mean childhood SER, and

(C) mean AL, in the children of East Asian and European Caucasian @

ethnicity. Error bars, 95% CIL.
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TABLE 4. Association of Severity of Parental Myopia with Mean SER and AL in the Children

Mean (CI)

Level of Parental Myopia* SER (D) Axial Length (mm)

+0.78 (0.48-1.06)

+0.12 (—0.41-0.64)
—0.45 (—1.26-0.36)
—1.43 (—2.94-0.08)

23.21 (23.04-23.39)
23.40 (23.15-23.65)
23.75 (23.35-24.15)t
24.09 (23.32-24.87)t

No myopia (SER > —0.50 D)

Mild myopia (—3.00 D <SER = —0.50D)
Moderate myopia (—6.00D <SER = —3.00D)
High myopia (SER = —6.00D)

* Defined by the most myopic refraction of the two parents or by the refraction of the one available
parent.

TP < 0.05 using no parental myopia as the reference group, with adjustment for age, gender,
ethnicity, near work, outdoor activity, and number of myopic parents.

Correlation of Level of Parental Myopia with
Childhood Refraction and AL

The effect of level of parental myopia on the refraction and AL
of their children, as well as the association with the odds of
chitdhood myopia, is shown in Tables 4 and 5. The mean
unadjusted SER in the children with at least one highly myopic
parent (—1.43 D) or at least one moderately myopic parent
(—0.45 D) was lower than in the children with no myopic
parents (+0.78 D, both P < 0.05; Table 4). Unadjusted analyses
did not show any differences in childhood refraction between
the children with at least one myopic parent and those with no
myopic parents (P = 0.08). In multivariate models (with ad-
justment for age, gender, ethnicity, near work, outdoor activ-
ity, and number of myopic parents), there were no significant
differences in SER between the four groupings for parental
myopia (no myopia, mild myopia, moderate myopia, high my-
opia), although a moderate or high level of myopia in at least
one parent was a significant predictor of AL in the children
(P < 0.05). However, when three groupings were used for
parental myopia (no myopia, mild myopia, and moderate to
high myopia), moderate to high myopia in at least one parent
was associated with a significantly lower SER (P = 0.03) and
longer AL (P < 0.0001) compared with no parental myopia.
The SER in the children correlated moderately with the SER in
both their mothers (correlation coefficient, » = 0.37, P <
0.0001) and fathers (» = 0.30, P < 0.0001).

Childhood Refraction and Time Spent on
Near Work

Overall, the mean SER in all the children was +0.55, +0.54,
and +0.40 D for the lowest, middle, and highest tertiles of near
work, respectively. The trends in mean SER after adjustment
for age, gender, ethnicity, and outdoor activity, stratified by
parental myopia are shown in Table 6. In the European Cau-
casian ethnic group, SER was not associated with greater levels
of near work, and there was no significant trend after adjust-

TABLE 5. Odds of Myopia in the Children by Level of Parental
Myopia, Compared with the Children with No Myopic Parents

Level of Parental Univariate Multivariate-Adjusted
Myopia® OR (CI) OR (CD¥
Mild myopia 5.8 (1.8-19.1)¢ 6.4 (1.5-27.8)%

10.2 (2.6-40.1)%
21.8(5.3-89.9%

11.9 (3.6-38.7)%
27.2 (8.1-91.D%

Moderate myopia
High myopia

* Defined by the most myopic refraction of the two parents or by
the refraction of the one available parent.

t Adjusted for age, gender, ethnicity, near work, and outdoor
activity.

+ P < 0.05 with no parental myopia as the referent.

ment (P = 0.06 for parental myopia and P = 0.1 for no parental
myopia). In the East Asian ethnic group, SER was niot signifi-
cantly associated with increasing near work after adjustment,
in either the children with parental myopia (P = 0.07) or those
without parental myopia (P = 0.8). ‘ ,

The proportion of the children with myopia and the odds of
myopia in the two ethnic groups, stratified by the amount of
near work and parental myopia, are shown in Table 7. Possible
interactions between near work and parental myopia were
analyzed in a regression model, with the odds of myopia as the
dependent variable. The interaction was not statistica ily signif:
icant in the overall sample (P = 0.3) or in the children of
European Caucasian ethnicity (P = 0.9) but was significant in
the East Asian children (P = 0.01). When SER was as signed as.
the dependent variable in a linear regression model, the inter-
action term (parental myopia X near work) was also not
significant in the overall sample (P = 0.6) or in the European
Caucasian group (P = 0.6). In the East Asian group, this
interaction was statistically significant (P = 0.03), but near
work was associated with a more hyperopic refraction in those
with parental myopia.

Discussion

Parental Myopia and Childhood Refraction

In this population-based sample of 12-year-old school childrén,
parental myopia was significantly associated with refraction in
the whole sample, and in the children of both European and
East Asian ethnicity. In general, the prevalence of myopia was
higher and refraction was more myopic in the children with
myopic parents, findings that are consistent with several pre-
vious studies,'*172%3 despite substantial study differences in
other population characteristics, educational and physical en-
vironments, examination protocols, and statistical methods. In
contrast, smaller studies among East Asian children by Fan et
al.>® (n = 594, ages, 2.3- 6.4 years) and Edwards>' @1 = 82, age
12 years) reported no association of parental myopia with
childhood myopia or refraction. '

Parental Myopia and Childhood AL

An incremental increase in childhood AL associated with a
greater number of myopic parents has been reported'®2%
however, in the present study we observed only significant
findings in children of East Asian ethnicity and not in children
of European Caucasian ethnicity. Several factors may contrib-
ute to these findings. Children of European Caucasian origin
may have a slower onset of myopia, as indicated by the much
lower percentage of children with myopia (4.6%) compared
with their parents (21.8%) in this study. In the East Asian
subgroup, the proportion with myopia in the children was
39.5% compared with 30.9% in their parents. In" our sample,
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TABLE 6. Mean SER in 12-Year-Old Children in Tertiles of Near-Work Hours

Parental Myopia and Ethnicity

Ethnic Differences in the Impact of Parental Myopia
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per Week, Stratified by

Mean Spherical Equivalent Refraction,* D (CI)

Near-Work Hours per Week All Children

European
Caucasian

East Asian

No myopic parents
Lowest tertile 0.56 (0.44-0.69)
Middle tertile 0.48 (0.37-0.59)

Highest tertile 0.38 (0.21-0.55)

1.02 (0.92-1.12)
1.02(0.93-1.11)
0.86 (0.70-1.01)

0.19 (—0.04-0.43)
—0.22 (—0.57-0.12)
—=0.21 (—0.65-0.22)

P for trend 0.1
One or two myopic parents

Lowest tertile

Middle tertile

Highest tertile

P for trend 0.7

—0.37 (—0.71-—0.03)
—0.21 (—0.37-—0.06)
—0.33 (=0.37-—0.08)

0.1 0.8

—2.75(=3.76-—1.75)

—1.33 (—1.89-—0.78)

=1.42 (—2.25--0.60)
0.07

0.77 (0.64-0.91)

0.66 (0.52-0.80)

0.52 (0.35-0.68)
0.06

“Adjusted for age, gender, and time spent outdoors. Analysis for all children also adjusted for

ethnicity.

the proportion of children with myopia in both parents was
substantially lower in the European Caucasian group compared
with the East Asian group, and this difference could also result
in a stronger association in the East Asian group.

Eye Length in Children with Myopic Parents

In a seminal paper, Zadnik et al.* reported that nonmyopic
children with myopic parents had longer eyes than those
without myopic parents. We performed a similar analysis,
firstly excluding the children with prevalent myopia (defined
as in the report by Zadnik et al,, SE of —0.75 D or less), and
secondly including only those children with emmetropia, to
maximize the chance that they were progressing to myopia. In
both analyses, we found no association of refraction or AL with
parental myopia; and thus, we were not able to confirm the
finding that nonmyopic children with myopic parents had
longer Als. There are several differences between the two
studies, however, including a larger group of children with
East Asian ethnicity in the present study and a larger propor-
tion of parents (47.2%) with myopia in the Orinda study®
compared with the parents of both European Caucasian
(21.8%) and East Asian (30.9%) ethnicity in Sydney. Our sample
of children was derived from one school level (year 7, age
range, 11-14 years; mean age, 12.7 years) whereas in the
Orinda study the ages of children ranged from 6 to 13 years.
The prevalence of myopia in our sample at the age of 12 years
(11.9% for the total and 4.6% of the subsample with European
Caucasian ethnicity) is also much lower than that reported in

the Orinda study at a similar age (28%).3% Although the poten:
tial impact of these differences is not clear, none seems to
provide a simple explanation of the different outéomes in the
two studies. -

At one level, our failure to find an association between
parental myopia and childhood AL is surprising, because the
process of excessive axial elongation must be involved.>® One
possibility is that in our sample of 12year-old children, the
progression to myopia was largely complete, and the nonmyo-
pic children were not destined for development of myopia.
This explanation is unlikely for several reasons. Many studies
show that incident myopia and myopic progression continue
to occur after the age of 12 years.!*>* In addition, the preva:
lence of myopia in the children of Buropean Caucasian ethnic-
ity in our sample was much lower than that for their parents, .
which suggests that there is likely to be considerable incident
myopia in the future, an assumption that will be tested as
longitudinal data are collected. '

To examine the effects of age, the association between
childhood AL and parental myopia in nonmyopic children Was
also assessed using the sample of younger children (predomi-
nantly aged 6 years; n = 879) who were examined in the
earlier phase of our study. This analysis was adjusted for age,
gender, height, near work, and outdoor activity.. Among this
sample of children, which included for analysis only those
without myopia according to the definition used by Zadnik et 7
al.*® (SER > —0.75 D), there was no significant_association .
between the number of myopic parents and mean childhood

Tasie 7. Odds of Myopia in the Children with One or More Myopic Parents, Compared with Those with No Myopic Parents, Stratified by

Tertiles of Near-Work Hours per Week and by Ethnicity

European Caucasian* East Asian*
% Myopia % Myopia
Near-Work
Hours per Parental Myopia Parental Myopia Parental Myopia Parental Myopia
Week #n Absent Present OR (CDt n Absent Present OR (CDT
Lowest tertile 373 2.4 4.7 2.1(0.7-6.8) 48 9.4 75.0 18.2:(3.9-89.0)
Middle tertite 355 2.4 5.6 2.5 (0.9-6.8) 91 38.0 65.0 2609-7.)
Highest tertile 302 5.2 10.9 2.21.1-44 106 33.0 52.0 1400.6-3.1)
Pina 0.07 0.045 0.3 0.02 f
* Parental myopia and near-work interaction were statistically significant in the East Asian (P = 0.01) but not in the European Caucasian (2 = -

0.9) children.,
T Adjusted for age, gender, and time spent outdoors.
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AL, both in the overall sample (P = 0.1) and in the children of
East Asian ethnicity (P = 0.78). In the children of European
Caucasian ethnicity separately, this association barely reached
statistical significance (P = 0.0497). In this younger sample of
nonmyopic children, an association of parental myopia with AL
in the nonmyopic children was therefore not strong.

In the study by Fan et al.,*® who performed a similar analysis
of childhood AL, there was also no association between non-
myopic AL and parental myopia. The children in the Fan study
sample were younger (ages 2.3- 6.4 years) than in most other
studies, and as most incident myopia appears during the school
years, even in urban East Asia where the onset of myopia
before schooling is now common, the impact of parental my-
opia may not have been detectable at this young age. Another
possible explanation of our failure to find a significant associ-
ation between parental myopia and AL in nonmyopic children
is that AL has only a moderate association with refraction, a
finding confirmed in our 6-year-old sample (correlation coeffi-
cient, » = —0.33).>® The ratioc of AL to corneal radius of
curvature (AL/CR) correlated more strongly with refraction (r
= —0.51), possibly because it expresses the matching of AL to
the optical power that underpins refractive error.

When the same reasoning is used that children at risk of
myopia would have longer eyes before the onset of myopia,
and if risk were defined by ethnicity, it might be expected that
nonmyopic children of East Asian origin would have longer
eyes than would children of other ethnicities. However, in
recently reported results from the extension of the Orinda
study, the Collaborative Longitudinal Evaluation of Ethnicity
and Refractive Error (CLEERE), it was found that the nonmyo-
pic Asian children had shorter eyes than did the Hispanic
children (Mutti et al. JOVS 2005:ARVO E-Abstract 4623). This
finding was unexpected, as the prevalence of myopia has been
reported to be higher among Asian children than among His-
panic children in the CLEERE study.®® Thus, the collected
results in the literature suggest that there is no consistent
relationship between AL in nonmyopic children and the risk of
development of myopia.

Interaction between Parental Myopia
and Ethnicity

There was no statistically significant association between pa-
rental myopia and AL in the children of European Caucasian
ethnicity, but there was a strong association in those of East
Asian ethnicity. The effects of parental myopia on SER in the
two ethnic groups also appeared to be different, with statistical
analyses confirming a significant interaction. It is not clear,
however, whether these differences are related to genetic
differences between the two ethnic groups, or to other factors
such as different patterns of engagement in outdoor activity.
Further investigation of the impact of outdoor activity on
myopia in children and ethnic differences in patterns of en-
gagement are warranted. Greater similarity in SER or AL in one
ethnic group (e.g., European Caucasian) may dilute any asso-
ciations with parental myopia. In the Buropean Caucasian eth-
nic group, the standard deviations for SER and AL were 0.95
and 0.75, respectively. Corresponding values for the East Asian
group were 1.91 and 1.07, respectively. Another consideration
is the markedly higher prevalence of myopia in children with
East Asian ethnicity (39.5% vs. 4.6%), which may attenuate the
significance of regression analyses. It is unclear whether the
lower myopia prevalence in the European Caucasian ethnic
group also accounts for the absence of any significant trends in
SER with a greater number of myopic parents in this group.

Ethnicity and Myopia
Differences in the prevalence of myopia with ethnicity in
children and causes for such differences have been the topic of
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much discussion in the literature. In the present study, the
proportion of children with myopia was markedly higher in
the group of East Asian than in those of European Caucasian
ethnicity. Although a genetic explanation of this finding cannot
be excluded, possible environmental confounders, ncluding
the higher school performance of students of Fast Asian eth-
nicity in the Australian school system and differences in the
amount of time spent outdoors, should be considéred. In .a
study comparing the prevalence of myopia in age-matched
children of specific Chinese origin in Sydney and Singapore
(Rose KA, Morgan IG, Saw S-M, unpublished data, 2004), we
found that the prevalence is almost 10 times higher in Singa-
pore than in Sydney, despite almost identical proportions of
parental myopia. This finding may point to the impact of
environmental exposures, because the potential effects of ge-
netic differences from ethnicity and parental myopid have been
minimized in this case. Although a proportion of myopia is
clearly genetic, characteristically very early onset of high re
fractive error, there is currently no conclusive evidence of
genetic contributions to mild or moderate myopia, despite
substantial evidence of effects from environmental €Xpo-
sures.'"'*77 Among the specific lines of evidence supporting
this conclusion are the rapid and marked changes. in preva-
lence of myopia in Inuit and Eskimo populations®®”*° and in
urban East Asia in recent decades.” Analyses of the Beaver Dam
Eye Study®'** also highlighted the impact of environment,
including a higher correlation in refraction after adjustment for
age, education, and gender in sibling pairs than in parent- child
pairs, which share similar proportions of genes. Polygenic (or
multifactorial) influences, which cover multiple small genetic
and environmental effects,”® also appear to have a role in the
etiology of myopia. The ultimate test of a genetic origin for
some of these associations, however, can come only from more
direct tests for genetic contributions, such as through genome-
wide scans.

Near Work and Refraction in Children

Despite support for evidence of environmental influences in
myopia, we found no evidence to confirm an association of
near work with SER and myopia in our study of I2-year-old
children. We found no significant overall association between
the number of myopic parents and the time children spent in
near work, a finding consistent with that of Mutti et al.,'?
which suggests that the strong association between parental
myopia and their children’s myopia is not mediated by in-
creased near work. Near work, however, is only oné possible
environmental factor, and further adjustment for ofher quant
fiable environmental factors may help to explain the impact of
parental myopia. ‘

¥

Gene-Environment Interaction in Parental
Myopia and Near Work

Given the negative findings for near work, the nonsignificant
interaction between parental myopia and near work for SER o
odds of myopia, both within the overall sample and within the
two separate ethnic groups (European Caucasian and Fast
Asian), is not surprising. From our study, it appears that inter-
actions between parental myopia (as a surrogate for genetic
differences) and near work (as an environmental exposure) do
not make a case for gene~ environment interaction in myopia.

Much of the discussion on gene- environment interaction in
myopia has interpreted different outcomes, such as the level of
ametropia in different environments within a given group, as
evidence of such interactions. However, a gene- environment
interaction implies the differential response of different alleles
or haplotypes to similar environmental exposures.'? A differ
ent phenotype depending on environmental exposures (as may
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be the case for myopia) is not in itself a gene- environment
interaction. Evidence of relevant genetic homogeneity is nec-
essary, with different responses to the environmental €xpo-
sures of genetic subgroups. For more definitive evidence of a
gene-environment interaction, differential environmental ex-
posures such as age at onset of near work and outdoor activity
must be ruled out.

Strengths and Limitations of the Study

Stratified random cluster sampling was used to obtain a large
representative study population of year-7 children in the
Sydney metropolitan area. Although systematic data could
not be collected on nonparticipants because of ethical con-
cerns, our sample was matched in ethnicity and gender to
children of similar age in the Sydney metropolitan area. We
cannot rule out a participation bias in refractive error and
other eye conditions, although an informal assessment of
patterns of spectacle use suggests that the contribution from
this form of bias was probably rather small. Few studies have
examined this issue in detail, but Zadnik et al.2® were able to
compare the data from their sample of school children in
Orinda, where the participation rate was between 40% and
50%, with the results of school screening of all eligible
subjects from a l-year cohort. They concluded that it was
unlikely that the choice to participate introduced a system-
atic bias that limited the generalizability of their results.
Thus, with due caution, our results can be generalized to
12-year-old school children in the Sydney metropolitan area,
and with appropriate weighting for different patterns of
ethnicity, to other urban school populations in Australia. We
have used standardized procedures at all schools and per-
formed objective measures using autorefraction after cyclo-
plegia with cyclopentolate and have used an instrument for
biometry measurements that has high repeatability, the op-
tical biometer (IOLMaster; Carl Zeiss Meditec, GmbH), 516

Limitations in our study include the reliance on the chil-
dren’s estimate of time spent in near work and outdoor activ-
ity. Recall bias may have affected the accuracy of these esti-
mates and the validity of the associations, although Saw et al.*7
validated a questionnaire on near work activities containing
some common questions, against 24-hour diaries recording
these activities, and found that it was accurate and reliable.

Questions of measurement error should be clarified. Mea-
surements in the children were standardized and highly repro-
ducible. Although questionnaire data were used to determine
parental myopia status indirectly, the validation of the specta-
cle-use questions showed that this method of inferring parental
myopia status is sensitive and specific. However, the ques-
tionnaire may not detect parents with low levels of myopia
(> —1.0 D), if no spectacles are used.

In addition, in this cross-sectional study, some children
classified as nonmyopic may have myopia develop later,
whereas others may not. This heterogeneity may have an im-
pact on some of the associations. Longitudinal data are needed
to deal with this question.

In conclusion, the findings from The Sydney Myopia Study
clearly demonstrate a marked association of parental myopia
with both the prevalence and the magnitude of refractive error
among children, such that the odds of childhood myopia were
significantly and incrementally higher with the number of
myopic parents. Ethnic stratification of our data showed that
the impact of parental myopia on childhood refraction (spher-
ical equivalent, proportion myopic and AL) was markedly dif-
ferent between the European Caucasian and East Asian ethnici-
ties. Near work, measured as hours per week, was evaluated as
a possible environmental risk factor for myopia; however, we
did not find a statistically significant association in this cross-
sectional study.
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