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Abstract
PURPOSE—To identify whether parental history of myopia and/or parent-reported children’s
visual activity levels can predict juvenile-onset myopia.

METHODS—Survey-based data from Orinda Longitudinal Study of Myopia subjects from 1989 to
2001 were used to predict future myopia. Univariate and multiple logistic regression analyses were
performed, and receiver operator characteristic (ROC) curves were generated. Differences among
the areas under the ROC curves were compared using the method of multiple comparison with the
best.

RESULTS—Of the 514 children eligible for this analysis, 111 (21.6%) became myopic. Differences
in the third grade between eventual myopes and nonmyopes were seen for the number of myopic
parents (P < 0.001) and for the number of sports and outdoor activity hours per week (11.65 ± 6.97
hours for nonmyopes vs. 7.98 ± 6.54 hours for future myopes, P < 0.001). Analysis of the areas under
the ROC curves showed three variables with a predictive value better than chance: the number of
myopic parents, the number of sports and outdoor activity hours per week, and the number of reading
hours per week. After controlling for sports and outdoor hours per week and parental myopia history,
reading hours per week was no longer a statistically significant factor. The area under the curve for
the parental myopia history and sports and outdoor activities model was 0.73. A significant interaction
in the logistic model showed a differential effect of sport and outdoor activity hours per week based
on a child’s number of myopic parents.

CONCLUSIONS—Parental history of myopia was an important predictor in univariate and
multivariate models, with a differential effect of sports and outdoor activity hours per week based
on the number of myopic parents. Lower amounts of sports and outdoor activity increased the odds
of becoming myopic in those children with two myopic parents more than in those children with
either zero or one myopic parent. The chance of becoming myopic for children with no myopic
parents appears lowest in the children with the highest amount of sports and outdoor activity,
compared with those with two myopic parents.
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The prevalence of myopia has been estimated at roughly 25% of adults in the United States,
with associated costs of examination and treatment in excess of $4.6 billion.1,2 These
prevalence estimates are now dated and may not in fact reflect the actual prevalence among
American children currently. For example, a report from Beaver Dam on longitudinal refractive
error changes over a 10-year period showed an increase in the prevalence of myopia among
more recent birth cohorts.3 The prevalence of myopia is higher in East Asia, particularly as
reported for Singapore, Taiwan, and Hong Kong.4–7 Considering myopia’s high prevalence
and costs, being able to slow or stop myopia progression and ultimately prevent the occurrence
of myopia is important.

Studies focusing on reducing the progression of myopia have had limited success. Trials using
progressive addition lenses,8 bifocals,9 and rigid gas permeable contact lenses10 found small,
statistically significant reductions in myopic progression when compared to relevant control
groups.

Pharmacologic agents are an alternative treatment. Atropine has been one of the primary
pharmacologic treatments for slowing the progression of myopia. Although 1% atropine
appears to be the most effective in slowing progression, with smaller effects seen with
decreasing concentrations of atropine,11,12 the side effects may make its widespread use
problematic. For instance, photophobia complaints remained high (22%) in the 0.5% atropine
group at 3 months in a study by Shih et al.12 Recent papers from the United States and East
Asia showed that the use of pirenzepine slows the progression of myopia approximately 50%
over a 1-year period in the United States (reduced myopia progression by approximately 0.25
D compared with the control group) and by 50% in East Asia in the group using pirenzepine
twice daily compared with the control group.13,14 These results indicate the same, weak effect
for myopia reduction as that produced by 0.25% and 0.1% atropine. Optimally, a treatment
that could prevent myopia will be given to individuals at greatest risk of becoming myopic. To
do so, it is necessary to identify those factors that differentiate the premyopic child from the
rest.

Studies evaluating the association between myopia and near work produce inconsistent results
with regard to the impact of near work. Results have also been inconsistent depending on the
near work measurement method. For example, Saw et al.15 found no significant association
between myopia and near work, as measured by the number of hours of reading per week,
unless the subjects were divided into groups of high myopes, low myopes, and nonmyopes,
whereas the number of books read per week was significantly associated with being myopic.
Angle and Wissmann16 found that near work accounted for a statistically significant amount
of the variance in a regression model of refractive error, but the correlation was extremely low
(r2 = 0.07). In a previous cross-sectional analysis of a subset of our cohort, near work was
associated with children’s myopia, even after adjustment for parental history of myopia and
school achievement.17

Goss18 postulated that one potential cause of myopia development in relation to near work was
hyperopic defocus from poor accommodation (i.e., a high lag of accommodation). There is
conflicting evidence for this idea. The theory has been tested by the COMET (Correction of
Myopia Evaluation Trial)8 and Fulk et al.9 using bifocal progressive lenses to slow the
progression of myopia. As noted earlier, the effect in these trials was modest and seemed to
be driven by the larger treatment effect in the high lagging, esophoric myopes. In a recent
paper, Mutti et al.19 evaluated accommodative lag before and after the onset of myopia and
found that for a 4 D Badal accommodative stimulus, no significant increases in lag were seen
before the onset of myopia or in the year of onset. Significant increases were only seen after
myopia onset. This is in contrast to results presented by Gwiazda et al.20 who found that
accommodative lag was elevated in children who became myopic 2 years, but not 1 year, before
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onset compared with emmetropes. These results suggest that accommodative lag may not be
predictive of the onset of myopia, though recent work shows that there may be an association
between accommodative factors and myopia progression.21

In our first paper looking at the ocular components and their ability to predict myopia in the
Orinda Longitudinal Study of Myopia, we determined that the third grade sphere component
of the cycloplegic refractive error had 86.7% sensitivity and 73.3% specificity for the
identification of myopia when a cutoff of +0.75 D in the third-grade was used.22 We expanded
on this single variable prediction to create a model using sphere, axial length, and corneal power
to calculate the probability of becoming myopic. Factors beyond the physical characteristics
of the eyes, in particular parental history of myopia and the amount of near work, may extend
this predictive model. The purpose of this study was to determine the ability of nonocular
variables to predict future myopia, specifically self-reported parental history of myopia and
parental report of children’s time participating in near work and physical activities outside of
school.

METHODS
Data are drawn from the Orinda Longitudinal Study of Myopia, a cohort study of school-aged
children recruited at selected ages and seen annually during school grades 1 through 8. Parents
and children were provided an explanation of the study, and the parents gave consent for their
children’s participation. The study adhered to the tenets of the Declaration of Helsinki, and the
study protocol was approved by the University of California, Berkeley’s Committee for the
Protection of Human Subjects. The children were observed for a variable number of years,
depending on their age at entry into the study. The children included in this analysis were third-
grade subjects examined between 1989 and 2001 and found to be nonmyopic in the right eye
in the third grade. Myopia was defined as at least −0.75 D of myopia in both the horizontal
and vertical meridians on cycloplegic autorefraction. Corneal anesthesia was used to minimize
the discomfort from the cycloplegic drops. One drop of 0.5% proparacaine was followed by 2
drops of 1% tropicamide, 5 minutes apart, for cycloplegia. Measurements were made 25
minutes after initial drop instillation.

As discussed previously,22 we found a lack of differentiation among first graders with respect
to their ocular components. Third grade values allow for some differentiation, whereas the
children are still young enough for the prediction of future myopia to be meaningful. To
maintain consistency and allow for comparisons to the ocular component-based analysis, we
present prediction of myopia based on values in subjects in the third grade. A new case was
defined when a subject in fourth or subsequent grades had −0.75 D or more myopia on
cycloplegic autorefraction in both meridians. This definition was chosen as −0.75 D of myopia
is a clinically significant cutoff for providing a spectacle prescription, −0.75 D of myopia is
likely to create symptoms of distance blur, and −0.75 D of myopia is clearly beyond the
measurement error of the autorefractors used to measure refractive error.

Parents provided information through a survey on parental myopia and the number of hours
per week of near work a child performed. On the baseline medical history form, one parent
provided both parents’ years of birth, whether they wore spectacles or contact lenses, and, if
so, the age when they were first prescribed spectacles, and how they primarily used the
spectacles at the time of the survey (distance, near, or both). A parent was considered myopic
if he or she used the spectacles primarily for distance or for both distance and near and had
first been prescribed spectacles before the age of 17 years. This cutoff had a relatively high
sensitivity and specificity (76% and 74%, respectively) in a validation study conducted by
Walline et al.23 Parents completed an annual survey form that asked the following question:
“During the school year, how many hours per week (outside of regular school hours) would
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you estimate this child performs the following activities (please fill in every blank; check none,
if it is ‘0’ hours per week)?” The activities listed were: “Studies or reads for school assignments;
reads for fun (pleasure); watches television; uses a computer/plays video games; and engages
in outdoor and/or sports activities.” Activity hours per week for these analyses were obtained
from the form completed by the parent during the child’s third grade school year. A cumulative
near work exposure variable of diopter-hours was calculated.17,24,25 Diopter-hours is defined
as (3 × hours of reading + 3 × hours of studying + 2 × video/computer hours + hours of watching
television).

Statistical Methods
The average number of hours per week spent in activities in the third grade (age, 8–9 years)
was estimated for both future myopes and nonmyopes, and statistically significant mean
differences between the two groups were identified through t-tests. The relationship between
the number of myopic parents and the onset of myopia was assessed with a χ2 test. All near
activity and parental history variables were used as predictors in univariate logistic regression
to estimate the odds ratios for future myopia. The number of myopic parents was modeled as
a discrete variable of no, one, or two myopic parents. Multiple logistic regressions were
performed for statistically significant variables from the univariate models. Optimally, relative
risk would be used to characterize the risk of myopia, but given the logistic analysis used in
the study, we present odds ratios (OR) with accompanying 95% confidence intervals (CI).

Based on our prior findings and issues surrounding model assumptions, we chose logistic
regression to build predictive models. The assumptions for the logistic model are met, whereas
the categorical nature of the parental history variables made the other models (canonical
discriminant and quadratic discriminant analysis) incompatible. As in our previous paper, we
used the receiver operating characteristic (ROC) curves associated with the logistic models as
measures of the models’ predictive ability. The area under an ROC curve (θ) is the probability
that, for a randomly selected pair of future-myopic and remained-nonmyopic individuals, the
predictive model correctly ranks the individuals in terms of their likelihood of future disease.
26,27 For example, suppose that a higher score from a predictive model means that a person is
more likely to become myopic. If x is the value of the predictive model for a child who remains
nonmyopic and y is the value of the predictive model for a future myopic child, then the area
under the ROC curve associated with the model is an estimate of the chance that x < y. If the
area under the curve is 0.75—for example, then a randomly selected individual from the
remained nonmyopic group has a predictive test value, x, that is smaller than the value, y, of
the future myopic individual 75% of the time, on average. The area under the empiric ROC
curve plot is an unbiased estimate of P(x < y), which equates to the Mann-Whitney version of
the two-sample rank-sum statistic of Wilcoxon.28,29 The area under the curve is compared
statistically to 0.50, which is the value representing chance discrimination between the myopic
and nonmyopic individuals. Multiple comparisons with the best methods were applied based
on the work of Hsu30 to compare each method of prediction with the best of the other models
of prediction using the area under the curve.

RESULTS
Figure 1 shows the flow diagram that resulted in the subjects who were eligible for the final
analysis (i.e., those who had complete data for the variables of interest; refractive error, activity
levels, and parental myopia) and sufficient follow-up. Overall, 514 subjects of 1038 with a
third-grade visit (49.5%) had complete data and sufficient follow-up (i.e., either became
myopic or were seen through eighth grade). The largest percentage of subjects who were
excluded from the analyses did not have the opportunity for an eighth grade visit because the
study closed before the subjects reached that grade (74%). Approximately 25% of the subjects
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without complete follow-up were in fourth grade when the study ended, approximately 25%
were in the fifth grade and 25% were in the sixth grade. Half of the data among the remaining
subjects lost to follow-up (23/46 subjects) was missing because of a missing activity variable.

Table 1 shows a comparison of those with complete data to all those subjects with a third-grade
visit who were not eligible for inclusion in the dataset because of incomplete follow-up or
sufficient follow-up, but a missing variable of interest. In a comparison of parental history of
myopia between these two groups, there were no statistically significant differences.
Cycloplegic sphere was significantly different between the two groups, but the difference of
0.21 D is probably not clinically significant. Hours of watching television and hours of
computer/video games were statistically significant, both being less than 1 hour per week
different between the included subjects and those ineligible for inclusion. Hours of sports and
outdoor activities were significantly different; the subjects with complete data had, on average,
slightly more than 1 hour per week more of sports and outdoor activities.

Of the 514 eligible children, 111 (21.6%) became myopic by the eighth grade. The average
age at the third-grade visit was 8.63 ± 0.39 years, and the average age at onset of myopia was
11.4 ± 1.5 years. The mean (± SD) of refractive error and activity hours in the third grade by
child’s future myopia status, as well as the odds ratio, accompanying 95% confidence interval
(CI), and probability are presented in Table 2. Of the activity variables, the number of hours
of sports and outdoor activity per week in third grade was the only variable significantly
associated with future myopia. The nonmyopic child participated in an average of 11.65 ± 6.97
hours per week of sports and outdoor activity, whereas the future myopic child participated in
an average of 7.98 ± 6.54 hours per week (OR = 0.91, 95% CI = 0.87 – 0.94).

Table 2 also presents parental myopia data. Among children who remained nonmyopic,
approximately 48% had a myopic mother, whereas 69% of the children who became myopic
had a myopic mother (P < 0.001). Similarly, among children who remained nonmyopic, 44%
had a myopic father, whereas 64% of the children who become myopic had a myopic father
(P < 0.001). The number of myopic parents was associated with children’s future myopia.
Among children who remained nonmyopic, almost 21% had two myopic parents, whereas 45%
of the future myopes had two myopic parents (P < 0.001). Compared with the reference group
(children with no myopic parents), the odds ratios for future myopia were significant: 2.17 and
5.40 for children with one or two myopic parents, respectively.

The areas under the ROC curves (AUC) associated with univariate logistic predictive models
of future myopia are presented in Table 3. Variables from our previous model22 (mean sphere,
axial length, and corneal power) are included, with mean sphere having the largest AUC (0.86),
with number of hours per week of sports and outdoor activities and number of myopic parents
being the next closest variables (0.68 and 0.66, respectively). The remainder of the activities
had AUCs between 0.50 and 0.57. Of these, only hours per week spent reading had a statistically
significant AUC. The confidence intervals of all the other activities’ AUCs included 0.50,
indicating a predictive value no different from chance. Figure 2 provides plots of the ROC
curves for those variables with statistically significant AUC estimates. In the plot, parental
history of myopia was represented by number of myopic parents (i.e., no, one, or two myopic
parents).

To assess how well information available in the third grade could anticipate onset of myopia,
multivariate logistic models were fitted. The task was to determine the predictive ability of
parental history of myopia and parental report of children’s reading hours per week and hours
per week of sports and outdoor activity. The predictor set was restricted to these three variables
because they were the only ones that showed statistically significant differences between
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myopes and nonmyopes in the univariate analyses, or, in the case of reading hours per week,
had an AUC significantly greater than 0.50, as summarized in Tables 2 and 3.

The multivariate logistic analysis used all three significant variables from the univariate
analyses, and reading hours per week was not statistically significant (Table 4). When reading
hours per week was removed from the predictor set, the number of myopic parents and hours
per week of sports and outdoor activity both continued to be significantly associated with future
myopia. There was no statistically significant difference between the two AUCs (AUC ± SE:
model with reading = 0.73 ± 0.03, model without reading = 0.73 ± 0.03). The logistic model
including only sport and outdoor activity hours per week and parental myopia was selected as
the best model because it was statistically equivalent to the alternative, but was a more
parsimonious model. Models including gender and the interactions of gender and parental
myopia and the interaction of gender and sports and outdoor activity hours per week were also
constructed. Gender was not statistically significant in any of these models (data not shown).

The correlation between sports and outdoor activity hours per week and reading hours per week
was not significant (r = 0.01, P = 0.80), indicating that sports and outdoor activity hours per
week were not simply reducing the effect of reading hours per week due to correlation between
the two variables. To explore further the effects of parental history of myopia and activity levels
on future myopia and to assess a potential effect modification between sports and outdoor
activities and reading, we performed a sequence of nine logistic regressions using the following
predictors: the number of reading hours per week, the number of sports and outdoor activity
hours per week, the number of myopic parents, and the pair-wise interactions among these
three factors. Hours of reading per week was not significant in any models tested, nor were
there any statistically significant interactions with reading hours per week and parental myopia
history or reading hours per week and sports and outdoor activity hours; however, sports and
outdoor activity hours per week, parental myopia history, and their interaction were statistically
significant effects in all models tested.

The interaction between sports and outdoor activity hours per week and number of myopic
parents was explored through trends in the observed data. For each level of parental history of
myopia, Figure 3 presents the observed chance of becoming myopic as a function of sports and
outdoor activity hours per week. For these estimates, subjects were grouped according to their
level of sports and outdoor activity hours per week using the variable’s quartiles. For the middle
50% of the sports and outdoor activity range, the graph shows that the chance of future myopia
in subjects with one myopic parent is between that associated with no and two myopic parents.
At the lowest quartile, those children with one myopic parent appeared to have a chance of
becoming myopic similar to the children with no myopic parents, with the observed chance of
myopia being highest among children with two myopic parents and a low level of sports and
outdoor activities. At the highest quartile, those children with two myopic parents appeared to
have a chance of becoming myopic similar to those children with one myopic parent, whereas
those with no myopic parents and high sports and outdoor activity levels had a very low
observed chance of myopia. Which parent (mother or father) was myopic had no effect (data
not shown). The average number of hours per week of sports and outdoor activity was also
compared to the hours per week of reading stratified at the median hour of reading. The same
effect was seen within both strata, with the odds associated with a 1-unit increase in hours per
week of sports and outdoor activity, yielding an odds ratio of 0.90 in each level.

The width of the confidence interval for each estimate of the probability of myopia is shown
in Figure 4. Table 5 shows the distribution of subjects in the sports and outdoor activity quartiles
as a function of the number of myopic parents (χ2 test P = 0.05). Although there is variation
in the proportion of subjects in each category, there are no categories with an extremely low
percentage of subjects.
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To integrate the results of the model of parental myopia and sports and outdoor activity with
our previous work, we show in Table 6 the ROC curve results of three different models: the
sports and outdoor activity-by-parents interaction model described herein; a model containing
cycloplegic sphere, axial length, and corneal power, which is the best model from our previous
work; and a model combining the ocular components with the predictors of the sports and
outdoor activity-by-parents interaction. (The results of the multiple comparison of the best
[MCB] analysis [difference, lower and upper bounds] are also presented in Table 6). In terms
of predictive ability, the ocular components model is a better model than the model of sports
and outdoor activity hours, parental myopia, and the interaction; however, the ocular
components model was significantly improved by adding sports and outdoor activity hours per
week, parental myopia, and the interaction between the two (lower bound = 0, indicating this
is the preferred model). Figure 5 provides the ROC curve model that predicts future myopia
as a function of cycloplegic sphere, axial length, corneal power, sports and outdoor activity
hours per week, parental history of myopia, and the interaction of these two variables.

To assess the robustness of our model, we revisited the analysis using all subjects with a third-
grade visit. We used a discrete time hazard model31 to conduct a survival analysis applying
the models as presented in Table 6. The results from the survival analysis were consistent with
the logistic regression models (data not shown). Because the logistic model is consistent with
the optimal model from our original predictors paper, we present only the results of the logistic
model.

DISCUSSION
Analysis of the development of myopia based on values of parental history and activities
outside of school showed that a lower level of sports and outdoor activity and having myopic
parents were the best nonocular predictors of future myopia in the premyopic third grader. This
is another confirmation of results seen for the important role of parental myopia history.17,24,
25,32,33 Attempts to evaluate reading hours from several different angles did not produce a
significant effect for this activity. The number of hours of reading per week was not a significant
factor in the logistic models, but, because it performed slightly better than chance in the ROC
model and because of its prominence as a potential risk factor, we evaluated it with multivariate
modeling to assess its impact after other variables were controlled for and to assess potential
interactions. Controlling for gender of the subject did not affect the results. This is in contrast
with the results of Pärssinen and Lyyra,34 who evaluated factors associated with myopic
progression in a clinical trial of myopic children. They assessed hours of near work, defined
as reading and other unspecified close work, and the number of hours spent on sports and
outdoor activities. Models were built separately for boys and girls, with slight differences in
the statistically significant variables in the analysis of variance models. In boys, near work was
not significantly related to the progression of myopia, but the number of sports and outdoor
activity hours was inversely related (P < 0.01). For girls, reading and the number of hours of
near work were associated with myopia progression (P < 0.05), but sports and outdoor activity
hours were not.

Exposure to distant stimuli has an asymmetric effect with 2 to 3 hours of normal vision
neutralizing the effects of 9 to 12 hours of hyperopic defocus from minus lens treatment in tree
shrew.35 These results could be translated to the human experience, in that it may not be the
reading time (i.e., the potential exposure to hyperopic defocus), that the children experience
that is relevant to their risk of eventual myopia but the amount of distance activity in which
they are engaged. A recent study of the impact of defocus in the presence of hyperopic defocus
in the tree shrew may have relevance to the results of the current study.36 The animals were
presented with a visual stimulus that was at least 1 m away. Fifty percent of the eyes that were
wearing a lens that created myopic defocus were able to block the development of myopia.
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The greatest deterrent to myopia in the presence of hyperopic defocus was a plano lens. These
results indicate that perhaps distance clarity is a more effective cue in the mammalian eye than
is defocus. The risk from any potential “grow” signal may not be relevant if there is a sufficient
“stop” signal to counteract it. The hours of sports and outdoor activity per week may provide
this stop signal; however, given the nature of childhood (i.e., intermittent glancing around and
refocusing), the source of the “go” signal in humans is equivocal. To apply this finding to the
development of human refractive error, an understanding of how the timing of alterations in
chicks might correspond to defocus timing in humans is needed. The application of plus at near
in bifocals has not been as effective in children as would have been predicted from animal
experimentation. Children experiencing myopic defocus at distance from undercorrection had
faster progression of myopia rather than slower.37 The importance of hyperopic defocus before
myopia onset may also be questioned.19

In searching for a possible explanation about what kind of effect sports and outdoor activity
could have, the question arises as to whether it may exert an influence over refractive error by
nonvisual means (e.g., increased blood flow) that has inhibitory effects on ocular growth.
Lovasik et al.38 found that exercise seemed to cause little change in choroidal blood flow. Other
studies have reported that choroidal blood flow did not seem to have a role in axial elongation
but may just be the result of the eye growing longer.39 This evidence would imply that the
effect of blood flow is not a reasonable avenue to pursue.

Confounding effects must also be considered. Myopia has been associated with other
characteristics such as IQ40–42 and personality.43,44 Perhaps increased sports and outdoor
activity can be a surrogate for a more extroverted personality with a particular school
achievement profile that is protective against myopia. Sports and psychology research involves
determination of the dimensions that produce high-caliber athletes45 or relates physical activity
to the behavior and mood of schoolchildren and teens.46–49 Extroversion was found more
frequently in endurance athletes than in those subjects who did not exercise. Those who engage
in endurance sports have higher levels of extroversion than regular participants in exercise.
50 Eysenck et al.51 indicate that sports participants’ tendency toward extroversion is well
documented, independent of the level at which they participate, but stress that the literature on
the topic is of poor quality. They stress, like others in the field, that both personality and sport
are multidimensional concepts with uncertainty within the respective fields about the best way
to measure them and categorize.51,52

Likewise, there is no body of literature addressing the relation between intelligence and sport
participation and most of the studies tend to deal with academic performance rather than
intelligence, per se. For example one study looking at sports participation and academic activity
found no significant difference in grade point average between those who participated in more
hours of sports per week and those who spent less time,46 whereas another study found that
high-level exercisers had higher grade point averages than low-level exercisers.49 Another
study reported that children who spent at least 1 to 2 hours a week in sports and 1 to 2 hours a
week in other activities (e.g., music, clubs) had higher odds of studying more than 3 hours a
week.47 Future studies of the effects of sports and outdoor activity on myopia should include
assessment of these potential confounding covariates.

It must be noted that although it could be the effect of sports on myopia development, we are
unable to attribute it directly to sports. The question, as written, asks about the number of hours
per week that the subject spends in sports and outdoor activities. It is possible that the effect
may represent participation in outdoor activities rather than sports.

In assessing these results, it is possible that using a parental questionnaire asking about the
number of hours per week that a child spends in various activities may present difficulties. The
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reliability of the visual activity questionnaire is not well established. The questionnaire may
not be seeking the most appropriate information to target the amount of near work or other
activities actually completed. For example, estimates of sports and outdoor activity hours may
be more accurate. Because they transport children to and from sporting activities, parents may
have a better estimate of the time spent in sporting activities than of how the child spends his
or her indoor time in various activities. A previous study showed that the results of our
questionnaire compare favorably with a more detailed questionnaire developed and used in
Singapore.17 Similar results for the effect of outdoor activities in a cross-sectional study were
also reported recently by the Sydney Myopia Study, which reported a significant association
between myopia and outdoor leisure activities (OR = 0.77, 95% CI = 0.66–0.91; Rose KA et
al. IOVS 2006;47:ARVO E-Abstract 5453). A possible solution to the problem of using a
questionnaire to assess activity is to use the experience-sampling method (ESM).53 This
technique has been used in a sample of children from the Contact Lenses and Myopia
Progression (CLAMP) Study54 and is currently being used in the Study of the Progression of
Nearsightedness (SPAN), to evaluate near work as a risk factor for adult myopic progression.
55

We may also be seeing an effect of missing data. If the subjects who were not observed through
the eighth grade were more or less likely to become myopic than those subjects with complete
follow-up, our estimates could be biased. In a previous study, we evaluated the number of visits
across refractive error groups (myopes, emmetropes, emmetropizing hyperopes, and persistent
hyperopes) and found that emmetropes had fewer visits on average than did the other groups.
56 The emmetropes were also significantly older than the other groups at baseline, which we
believe is due to the design of the study allowing staggered entry and our imposition of a limit
on the enrollment of younger children in the later years of the study. The primary reason for
incomplete data was the study’s investigator-imposed end rather than subject withdrawal. The
study ended before the subjects with incomplete data had the opportunity to have their final
visits in the eighth grade—that is, the subjects did not withdraw because of risk factors for
development of myopia. Although this may have affected the number of myopes we were able
to study, it should not create an outcome-related bias among the subjects who did not have the
opportunity to complete the study compared with subjects with complete data. There are a few
variables that are significantly different between the subjects with complete and incomplete
data (Table 1). Results of a survival analysis including censored data were consistent with the
results reported herein. There was a statistically significant difference in the parent-reported
average number of sport and outdoor activity hours in the third grade between those with
complete follow-up and those without complete follow-up (10.86 h/wk vs. 9.59 h/wk). Because
there is not a body of literature to refer to when deciding how large a difference in visual activity
hours per week is meaningful, it is not possible to quantify clinically any effect of the
differences between the two groups. If we were to assume a clinically significant difference,
it would only inflate the estimation of the protective effect of sport and outdoor activity hours.

The results may also be affected by observing the children only through grade eight. There are
still potential myopes who have not yet converted to myopia by then, thus potentially biasing
the results. Another limitation to the use of these activity factors as predictors is that all the
data come from assessments in the third grade (i.e., at only one time point). The effects of
reading or sports and outdoor activity may be different at other ages. Alternatively, the amount
of various activities that a child engages in may be formed by the family dynamics and therefore
may be relatively constant across the age range of interest. Future models may incorporate
assessments made at various ages. Although the predictors are cross-sectional (e.g., activity
level at third grade), the analysis uses longitudinal information about these subjects’ eventual
refractive error. This allows us to use the actual myopia status of individual children instead
of using inferences based cross-sectional data.
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CONCLUSIONS
Greater weekly participation in sports and outdoor activities in the third grade was associated
with reduced odds of having myopia by the eighth grade. Reading time was only marginally
significant in the univariate predictive models and was not significant in the final, multivariate
models. Sports and outdoor hours per week and reading hours per week were not significantly
correlated. Parental history of myopia was an important predictor in univariate and multivariate
models, with a differential effect of sports and outdoor activity hours per week based on the
number of myopic parents. Lower amounts of sports and outdoor activity increased the odds
of becoming myopic in those children with two myopic parents more than in those children
with either no or one myopic parent. The chance of becoming myopic for children with no
myopic parents, compared with those with one or two myopic parents, appears lowest in the
children with the highest amount of sports and outdoor activity.
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FIGURE 1.
Description of which subjects were excluded and the reason for exclusion.
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FIGURE 2.
ROC curves associated with sphere, axial length, corneal power, sports and outdoor hours,
reading hours, and parental myopia.
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FIGURE 3.
Probability of myopia by quartile of sports and outdoor activity hours per week and the number
of myopic parents.

Jones et al. Page 15

Invest Ophthalmol Vis Sci. Author manuscript; available in PMC 2010 May 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 4.
Width of the 95% CI associated with the probability of myopia among the levels of sports and
outdoor activity stratified by number of myopic parents.
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FIGURE 5.
ROC curve for a model using sphere, axial length, corneal power, number of myopic parents,
sports and outdoor activity hours, and interaction of myopic parent number and sports and
outdoor activity hours compared with a model including only sphere, axial length, and corneal
power.
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TABLE 3

AUC Associated with Predictive Models Computed Using Univariate Logistic Regression Predicting Future
Myopia

Variable AUC SE 95% CI

Cycloplegic sphere 0.86 0.02 0.83–0.89

Corneal power 0.59 0.03 0.54–0.64

Axial length 0.62 0.03 0.58–0.67

Hours of sports/outdoor activity 0.68 0.03 0.64–0.73

Number of myopic parents 0.66 0.03 0.61–0.70

Hours of reading 0.56 0.03 0.51–0.61

Hours of TV 0.54 0.03 0.49–0.59

Hours of studying 0.54 0.03 0.49–0.59

Diopter hours 0.50 0.03 0.45–0.55

Computer/video games hours 0.50 0.03 0.45–0.55
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TABLE 4

Logistic Model Showing Results of Inclusion of All Significant Variables from the AUC Models Adjusted for
Other Variables

Variable OR (95% CI)  P

Model 1

  Number of myopic parents

   One 2.05 (1.05–3.98)   0.03

   Two 4.92 (2.48–9.77) <0.0001

  Sports/outdoors hours 0.91 (0.87–0.95) <0.0001

  Reading hours 1.03 (0.98–1.10)   0.26

Model 2

  Number of myopic parents

   One 2.08 (1.07–4.05)   0.03

   Two 5.07 (2.56–10.05) <0.0001

  Sports/outdoors hours 0.91 (0.87–0.95) <0.0001
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TABLE 5

Distribution of Parental Myopia among the Quartiles of Sports and Outdoor Activity Participation

Sports/Outdoor
Activity Groups

No Myopic
Parents

One Myopic
Parent

Two Myopic
Parents

0 to 5 hours 27 (21%) 61 (24%) 35 (26%)

6 to 9 hours 30 (23%) 46 (18%) 37 (28%)

10 to 14 hours 27 (21%) 76 (31%) 32 (24%)

More than 14 hours 47 (36%) 66 (27%) 30 (22%)

Invest Ophthalmol Vis Sci. Author manuscript; available in PMC 2010 May 17.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jones et al. Page 23

TABLE 6

AUC Estimates for Models

Logistic Regression Model Terms AUC SE Difference* 95% CI

Sports/outdoor activity hours, number of myopic parents,
and sports* myopic parents interaction 0.75 0.03 −0.15 −0.20-0

Sphere, axial length, corneal power 0.87 0.02 −0.03 −0.05-0

Sphere, axial length, corneal power, sports/outdoor
 activity hours, number of myopic parents, and sports*
 myopic parents interaction 0.90 0.02 0.03 0–0.05

*
Difference between AUC and the best of the remaining AUCs using the multiple comparison of the best analysis.
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