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Abstract

Purpose—To evaluate the association between outdoor and nearwork activities at baseline and
myopia stabilisation by age 15 in the Correction of Myopia Evaluation Trial (COMET).

Methods—COMET enrolled 469 children (ages: six to 11 years) with spherical equivalent

myopia between —-1.25 and —4.50D, who were randomised to progressive addition or single vision
lenses and followed for five years in their original lenses. At baseline, families recorded the child's
outdoor and nearwork activities for three days within a week. Weekly hours spent in nearwork and
outdoor activities were calculated for each participant. Refractions collected over 11 years were fit
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using the Gompertz function to determine each participant's myopia stabilisation age. Myopia for
each child was then categorized as stable/not stable by age 15.

Results—Half (233/469) of participants had usable baseline activity diaries and refraction data
that could be fit with the Gompertz function, 59.7% (139/233) had stable myopia by age 15 and
40.3% had myopia that was not yet stable. The frequency of stable myopia was similar for the two
categories (median split) of outdoor activities: 60% (71/118) for <9.0 hours/week and 59%
(68/115) for >9.0 hours/week. 56% (64/114) of children reporting >21.0 hours of baseline weekly
nearwork activity had stable myopia by age 15 compared to 63% (75/119) with <21.0 hours of
near work (adjusted OR= 0.74; 95% CI: 0.43-1.29). Using baseline nearwork as a continuous
variable, the multivariable odds ratio for the association between baseline nearwork hours and
stabilisation by age 15 is 0.98: 95% CI: 0.96-1.00, a result trending towards significance.

Conclusion—While time spent in outdoor activities in childhood does not appear to be related to
myopia stabilisation by age 15, less near work activity might potentially be associated with
myopia stabilisation by that age.

Keywords

myopia; nearwork; outdoor activity; visual activity

Introduction

In recent years there has been a resurgence of interest in investigating treatments for
controlling the progression of myopia, as well as identifying risk factors related to myopia
and its progression. This renewed interest is likely related to the significant increase in the
prevalence of myopia, particularly in Asian populations 14, the increase in the prevalence of
high myopia 1 2, and the association between high myopia and chorioretinal disease.>

Most investigators agree that moderate levels of juvenile myopia are due to a combination of
genetic and environmental factors.5-8 Results of recent genetic studies of refractive error
with very large sample sizes”- & suggest that multiple genetic factors are involved in the
development of myopia. The Consortium for Refractive Error and Myopia (CREAM)8,
which conducted genome-wide meta-analyses based on 37,382 individuals from 27 studies
of European ancestry and 8,376 persons from 5 Asian populations, found a tenfold increased
risk of myopia for individuals carrying the highest genetic load. Genetics, however, play
only a partial role in the development of myopia. With the increasing prevalence of myopia,
other investigators have been exploring a wide range of potential environmental risk factors
for developing myopia such as the amount of near work 2-12, reading habits (reading
distance, frequency of breaks)13: 14, and more recently outdoor activity.12: 15-21 An
interesting development in recent years has been reports of the protective role of outdoor
activity in myopia development as reported in questionnaires.10: 12, 15, 16, 19-26

Sherwin, et al.2 recently completed a systematic review and meta-analysis, pooling results
from seven cross-sectional studies9: 12,14, 16, 18, 23, 27 to symmarise the relevant evidence
investigating the association between time spent outdoors and myopia in children and
adolescents. The pooled odds ratio indicated a 2% reduced odds of having myopia per
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additional hour of time spent outdoors per week after adjustment for covariates. They
concluded that increasing time spent outdoors might be a simple strategy to reduce the risk
of development of myopia in children and adolescents. However, in a recent review of the
literature, French, et al.,1° included a number of studies that were not included in the meta-
analysis by Sherwin et al These studies reported a more significant effect of time spent
outdoors in protecting against myopia. The authors concluded that the effect of time
outdoors is robust and seems to reduce or even negate the influence of factors that may be
associated with higher prevalence of myopia, such as significant near work, or having
myopic parents.1® They also indicated that it is not clear from the limited current literature
whether time outdoors also regulates progression in children with established myopia.

Although the majority of studies have reported a potential protective effect of outdoor
activities for the development of myopia, two studies did not find such a relationship.12 14
The first study, the Xichang Pediatric Refractive Error Study (X-Pres)!4, included 1892
teenage participants (mean age 14.7 years). The authors found no evidence of greater time
spent on outdoor or near activities in children with myopia vs. children without myopia in
this cohort. In the only study to investigate visual activities in pre-school children, Low et
al12 found that a family history of myopia was the strongest factor associated with pre-
school myopia. Neither nearwork nor outdoor activities was found to be associated with
early myopia.

A second more recent study reported on the relationship between visual activity and myopia
progression?8, Activity data were collected by parental survey from 835 myopes in the
Collaborative Longitudinal Evaluation of Ethnicity and Refractive Error (CLEERE). The
authors found that the number of hours of outdoor/sports activity was not associated with
myopia progression following onset.

Another frequently mentioned risk factor for myopia development and progression is near
visual activity 2% 30, Studies of near work in which questionnaires were used have provided
only weak evidence to support this hypothesis % 1. Ip et al suggested that the important
factors are reading distance and the amount of continuous reading without a break, rather
than the total amount of time spent reading 23. They found that although myopia was not
significantly associated with time spent in nearwork after adjustment for other factors, there
were significant independent associations with close reading distance and continuous
reading. In a study by Williams et al the strongest predictor of myopia developing between
the ages of seven and 10 years was a parental report that the child liked reading 31. The
recent report by Jones-Jordan et al 28 found that the number of hours of reading for pleasure
per week was not significantly associated with annual progression, similar to their finding of
no association between outdoor activity and progression.

In summary, the current literature primarily provides data about the association between
visual activities and the development of myopia and only preliminary information about
myopia progression.® To our knowledge, there have been no reports about the association
between visual activities and myopia stabilisation. In the current study, we report new data
about the relationship between visual activities and myopia stabilisation in participants
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originally enrolled as six to <12-year-old children in the Correction of Myopia Evaluation
Trial (COMET).

Study Population

The tenets of the Declaration of Helsinki were followed throughout the study. The
institutional review boards of all participating centres (Optometry Schools and Colleges in
Birmingham, AL, Boston, MA, Houston, TX, and Philadelphia, PA) approved the protocol
and informed consent forms. Informed consent from the parents was obtained after verbal
and written explanation of the study, and assent was obtained from the children.

COMET enrolled 469 ethnically diverse children (6—11 years) with spherical equivalent
(SER) myopia between —1.25 and -4.50 D. They were randomised to either progressive
addition lenses (PALSs) or single vision lenses (SVLs), and followed for five years in their
original lens assignment and six additional years wearing either spectacles (PALS or SVLs)
or contact lenses. Visual activity diaries were distributed to the families of the 469 COMET
children at the start of the study. Study enrolment took place throughout the year, so
administration of the diaries could take place any time of the year. The families were asked
to record the child's activities for three days (two weekdays and one weekend day), and to
specify the type of day (i.e. regular school day or vacation day). Recognizing that visual
activities were likely to differ on weekdays and weekend days, in order to obtain a good
representation of the number of hours spent per week on visual activities during the school
year parents and children were asked to complete the diaries for two weekdays and one
weekend day.

Description of Visual Activity Diaries

The visual activity diary was a one-page form that was filled out by either the parent(s) or
the child, or the child with the help of a parent when necessary. Parents were instructed to
observe the child as well as encourage a detailed hourly recall of events from the child for
each day selected. The one-page diary requested tracking of different visual activity
categories throughout each day including five near activity categories (reading, writing,
desktop computer work/games, hand-held computer games, and other nearwork activities
such as board games, colouring, arts and crafts), and one category for outdoor activity. The
five nearwork categories were combined into one for the main analyses. In addition, only the
near and outdoor activity that occurred before or after school hours were considered for
analysis. This approach is consistent with previous studies.10: 18

Participants with useable baseline diaries (defined as having at least one complete weekday
and one weekend day) and Gompertz curves that could be fit to their refraction

data 32 33were selected for these analyses. We assessed stabilisation at age 15 based on
previous reports 32 34 that about 90% of myopia progression stops by this age. For these
analyses, visual activities were divided into two categories: nearwork and outdoor activities.
Hours for each category were based on time spent outside of school hours, i.e. if the form
indicated that the child was in school on the day the form was completed, hours from the
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beginning to the end of the school day were not considered. The number of visual activity
hours was summed for each category to determine the total daily number of hours spent for
each weekday, weekend day and vacation day. Vacation days were considered equivalent to
weekend days. The total daily number of hours was then averaged for similar day types to
generate separate averages/day for weekday and weekend days. For estimates of hours per
week for each activity, the average weekday hours were multiplied by five, the weekend day
hours were multiplied by two, and the two were added together. If more than one category
was checked for a specific hour, the time spent in each activity was divided either in half or
thirds, as indicated by the number of categories checked.

Myopia Stabilisation

The Gompertz function, a double exponential growth function, was fit to the non-
cycloplegic SER measurements for the right eye of each participant who had at least six
years and up to 11 years of data. 32 Non-cycloplegic refractions were used as the outcome
variable for these analyses because they were measured at six-month intervals for the first
four years and annually thereafter, while cycloplegic refraction was only measured annually
throughout the study. The use of non-cycloplegic refraction data allowed us to maximize the
number of data points available for curve fitting. Comparison of non-cycloplegic and
cycloplegic measures in the COMET study showed a mean (SD) difference of 0.19 D (0.22)
at baseline and 0.23 D (0.27) on average throughout the 11-year follow-up period, with non-
cycloplegic measures more myopic than cycloplegic.

The Gompertz function was used because it was shown to provide good fits to longitudinal
refraction data and parameters with biological relevance. 3230 For each participant, using yj;
to represent the SER of the right eye at a given age for each individual, the Gompertz

function for refractive error was specified as: y;;=R,,+R., x 0.07295%U~t:) 4 .. where
for each it participant: Re; = SER prior to the onset of myopia; R¢; = the change in SER
from Rg; to the final asymptotic myopia level; 0.07295 is a constant, based on an a priori
definition of myopia progression onset and the nature of the double exponential function, i.e.
peak acceleration into myopia which happens when 7.295% of the myopisation change is
achieved; a; = the shape parameter with larger a; (0 < a;j < 1) values representing slower
myopia progression from the emmetropic phase; to; = the myopia progression onset age at
which there is peak acceleration in myopia; and, ej; = residual error at age j. Age of onset
was imputed for each curve. Age of myopia stabilisation was defined as the age when
myopia reached 0.50D of the asymptote (Re; + Rg;) (definition of myopia stabilisation),
which was calculated from the parameters of the Gompertz curve as: Agestaple;
=In[In(0.5/R¢; + 1)/In 0.07295]/In at+ty;. Stabilisation status was classified as either stable or
not stable, i.e. that estimated myopia has not yet reached the curve asymptote +0.50D by age
15 (defined as: 15.00 — 15.99 years). Curves were included for analyses unless non-
convergence (based on convergence threshold of ¢=10-°) or a poor model fit (defined as a
mean squared residual > 0.40) were observed.

Statistical Methods

All analyses were conducted using SAS Software, Version 9.3 (SAS Inc.,Cary, NC).
Baseline near work and outdoor activity hours were evaluated both as categorical variables,
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based on a median split, and as continuous variables. Univariate analyses were performed
using XZ tests for categorical variables and t tests for continuous variables. Associations
between stabilisation status and visual activities were assessed using odds ratios and 95%
confidence intervals. Unadjusted and adjusted results were calculated using logistic
regression models, using fewer hours as the reference group for the categorical and the
continuous factor analyses. Factors were selected for inclusion as covariates in the
multivariable models if they reached a p value of p< 0.05 using stepwise logistic regression
with forward selection. Factors considered for inclusion were baseline age (age six to nine
vs age 10 tol1), ethnicity (African-American, Asian, Hispanic, Mixed and White), gender,
treatment group, baseline lag of accommodation, and baseline myopia. Number of myopic
parents was also evaluated for possible inclusion in a reduced model (n=121), for the
participants with parental myopia data.

Of the 469 COMET participants, 50% (233/469) had useable diaries and valid Gompertz
curve fits, and were included in the analyses for this report (Figure 1).

Twenty percent of the diaries were completed by the child only, 53% by the parent/guardian
only and 27% by a combination of child and parent/guardian. There were no significant
differences in baseline characteristics or stabilisation status between those children included
and excluded in these analyses (Table 1). Of the 233 participants included in these analyses
at baseline, 139 (59.7%) were classified as having stable myopia by age 15 and 94 (40.3%)
were classified as without.

Figure 2 shows the baseline mean hours per week spent on each visual activity by
stabilisation status by age 15. The number of weekly hours was not statistically significantly
different between the stable and the not stable groups for any visual activity category based
on two-sample t-test (all p-values > 0.05). When combining all the nearwork categories of
reading/writing, computer/games work and other nearwork, the total number of weekly
hours was larger in the not stable group (mean+SD; stable group, 21.2+11.6 hours/week; not
stable group, 24.6+14.9 hours/week (p=0.06, t-test).

Outdoor activity

The relationship between baseline hours/week spent in outdoor activities and stabilisation
status by age 15 was analysed considering outdoor activity hours as a categorical variable
based on a median split (9.0 hours) of the baseline distribution and as a continuous variable.
The proportion of participants with stable myopia by age 15 was similar for the two outdoor
activities categories [60.2% (71/118) for <9.0 hours/week and 59.1% (68/115) for >9.0
hours/week]. No association between baseline outdoor activities and stabilisation by age 15
was observed, when evaluated in a multivariable logistic regression model using <9 hours/
week as the reference group, that included baseline age (age 6 to 9 vs age 10 to11) and
ethnicity as covariates chosen by the stepwise logistic regression selection process (adjusted
OR=0.93; 95% ClI, 0.53-1.65). Results were similar in a separate multivariable analysis
including outdoor activity hours as a continuous variable (Adjusted OR=1.02; 95% ClI,
0.99-1.06) (Table 2).

Ophthalmic Physiol Opt. Author manuscript; available in PMC 2015 May 01.
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The association between baseline nearwork activity and myopia stabilisation status by age
15 was evaluated using nearwork activity as both a categorical variable, based on a median
split (21.0 hours) of the baseline distributions and as a continuous variable (Table 3). Based
on the median split of baseline weekly near work hours, 63.0% (75/119) of children
reporting <21.0 hours of near work activity reached our definition of myopia stabilisation by
age 15 compared to 56.1% (64/114) of children reporting >21.0 hours of near work.
Although participants who spent more time on nearwork activities at baseline had a lower
odds of having stable myopia by age 15 than those who spent less time, the results are not
statistically significant based on a multivariable logistic regression model using <21 hours/
week as the reference group and adjusting for those variables meeting the selection criteria
for inclusion (p<0.05), i.e., baseline age and ethnicity (OR= 0.74; 95% Cl, 0.43-1.29;
p=0.29) (Table 3).

Results of a multivariable logistic regression model that defined weekly nearwork hours as a
continuous independent variable and also included baseline age and ethnicity as covariates,
showed that for each additional hour per week spent on near work activities per week at
baseline, the odds of having stable myopia by age 15 decreases by 2% (adjusted OR= 0.98:
95% Cl: 0.96-1.00, p=0.07)(Table 3).

Exploratory analysis

An exploratory analysis was conducted in the subset of COMET participants who completed
diaries at both the baseline and three-year visits and also remained in the same visual
activities category based on median split category at both visits. This analysis was designed
to provide a more stable estimate of visual activity hours (i.e. same level of visual activity
reported at two visits) and to evaluate the consistency of the baseline findings with visual
activity when the visual activity was sustained at the same level for at least three years. Of
the 123 participants who had usable visual activity diaries at baseline and three years, 61%
(75/123) of participants remained in the same outdoor weekly hours category and 58%
(72/123) remained in the same nearwork category. Results remained similar to those based
on the full cohort, for both outdoor and nearwork activities, analysed as continuous
variables. While no association was found between outdoor activities and stabilisation status
by age 15, (adjusted OR: (95% CI) OR=1.06: (0.99, 1.13); p=0.12), the results revealed a
significant association between more baseline near work hours, when analysed as a
continuous variable, and not having stable myopia by age 15 (adjusted OR (95% CI) OR=0.
96: (0.92, 0.99); p=0.04).

Discussion

While most studies have assessed associations between nearwork or outdoor activities and
myopia onset or progression, COMET is the first study to our knowledge to investigate a
possible association between visual activities and myopia stabilisation. In this study, we
found no relationship with baseline outdoor visual activities and myopia stabilisation by age
15. These data are consistent with a recent publication by Jones-Jordan et al 28 which found
no significant association between either outdoor/sports activity or reading with annual
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myopia progression. We did, however, find a suggestive relationship between baseline
nearwork hours and myopia stabilisation by age 15 in children originally enrolled in
COMET as six to 11 year-old children. Previous studies have only found a weak relationship
between nearwork activity and myopia development and progression 29 30, However, a
study by Williams et al demonstrated that the strongest predictor of myopia developing
between the ages of seven7 and 10 years was a parental report that the child liked reading3L.
Therefore, data from our study provides preliminary information about the relationship
between nearwork and myopia stabilisation.

Given the suggested protective effect of outdoor activity on myopia development, it is
reasonable to hypothesise that outdoor activity might also slow the progression of myopia
and perhaps lead to earlier stabilisation. If that were the case, prescribing/encouraging
extensive outdoor activity for myopic children could be a potential future treatment
option.19: 35 However, our data do not support this hypothesis.

Our study has some limitations that may have affected our results. First, in this study we
used data collected at baseline, when the cohort was on average nine years old to look for a
relationship between visual activity and stabilisation of myopia by age 15. The age of the
children at baseline ranged from 6 to 11 years, and it is likely that the visual activities
reported at age six years may be different from the visual activities that would have been
reported at age 11. To this point, Deng et al'8 explored the pattern of age dependence of
various activities and found an increase in amount of time spent studying with increasing
age, but no increase in time outdoors. Recent data from the Sydney Adolescent VVascular and
Eye Study2?, indicate that irrespective of gender or ethnicity, as children in their cohort
became older they spent less time outdoors and more time doing nearwork. To address this
potential limitation of different activity hours at different ages in COMET, we conducted
exploratory analyses designed to evaluate the consistency of the baseline findings with
visual activity when the visual activity was sustained at the same level for at least three
years. These results showed that 61% of participants remained in the same outdoor weekly
hours category and 58% remained in the same nearwork category. Thus, the association
between myopia stabilisation and visual activities was similar whether we used data from
the full cohort at baseline or the three-year data. This provides some support for the use of
the baseline data to estimate later visual activity levels and their relationship with myopia
stabilisation. In addition, most previous studies use activity data collected at one time to
assess some aspect of myopia at a later time. Nevertheless, future studies should consider
visual activity levels at different ages, to better understand the effect of visual activity on
myopia progression and stabilisation during childhood and adolescence.

A second potential limitation is the low percentage of 50.3% (233/469) of participants with
useable diaries and valid Gompertz curves and whether this low completion rate may have
influenced the results. The fact that the participants included in these analyses were similar
to non-eligible participants regarding age, gender, ethnicity, amount of myopia, clinical
centre, and stabilisation status by age 15 lessens the likelihood that the low completion rate
influenced the results. Another possible limitation is to be considered is limited sample size
and reduced power. However, the multivariate odds ratio for the association between
baseline nearwork hours and stabilisation by age 15 is 0.98, and the upper bound of the 95%
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confidence interval is 1.0, a result trending towards significance. This association is also
supported by the results of the exploratory analyses, which are statistically significant. Since
the power to detect a statistically significant odds ratio of 0.98 for the association between
baseline nearwork hours and stabilisation by 15 of age is limited (0.45), a larger sample size
is needed to confirm this observation.

The strengths of the COMET study are its ethnically diverse group of children from four
different geographic locations with standardised measurements of refractive error, and its
outstanding retention suggesting generalisability of the results to other groups of children
with juvenile onset myopia in the United States. Because we had very few children of East
Asian ethnicity, it may be difficult to generalise our findings to this population. French et
al20 recently reported that patterns of visual activity vary significantly between ethnic
groups. They found that children of East Asian ethnicity spend significantly less time
outdoors and significantly more time on nearwork than European Caucasian children.
Another strength of the COMET data is that it represents the longest longitudinal study of
myopic children and the first that has included an analysis of factors related to stabilisation
of myopia.

Future studies should expand on these results. First, longitudinal cohort studies with an
appropriate sample size could be specifically designed to investigate relationships between a
range of visual activities and myopia development, progression and stabilisation and include
more frequent administration of visual activity questionnaires. In addition, an effort should
be made to refine instruments to more accurately measure the level and specific
characteristics of visual activity. It also would be useful to evaluate these associations in
different populations.

In summary, there is significant evidence from previous studies2> that there is an association
between time spent outdoors and myopia development in children and adolescents. When
discussing strategies to slow the progression of myopia, clinicians should continue to
recommend to parents that increasing time spent outdoors might be a simple approach to
reduce the risk of development of myopia in children and adolescents. The results of this
study, however, do not support a further suggestion that increasing the amount of outdoor
activity will result in an earlier stabilisation of myopia. Rather, our data suggest that
spending less time on near work in early childhood may have some role in earlier myopia
stabilisation. While it is generally not popular to recommend that children spend less time
reading, clinicians could perhaps suggest better near visual hygiene such as longer working
distances and more frequent breaks. 23

Conclusions

While time spent in outdoor activities in earlier childhood does not appear to be related to
myopia stabilisation by age 15, spending less time on nearwork in earlier childhood may
potentially be associated with stabilisation by that same age.
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