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PURPOSE

METHODS

RESULTS

CONCLUSIONS

To investigate whether refractive error and vision problems in children are associated
with increased sedentary behavior and reduced participation in physical activity and
sport and, secondarily, to examine the relationship between vision problems and body
mass index.

This was a cross-sectional study of the first wave of the Growing Up in Ireland (GUI)
Study, a nationally representative study of children in Ireland. Data was collected between
August 2007 and May 2008. Body mass index (BMI) was calculated at the time of the inter-
view. The presence of a vision problem requiring treatment, including refractive error, was
detected by report of the primary care giver, usually the mother. Association between
vision problems and sedentary behavior, physical activity, and level of participation in
sports was investigated in adjusted regression analysis.

A total of 8,568 children (mean age, 9 £ 0.13 years; 4,024 [48.68%] males) were included.
"The presence of refractive error or a vision problem was reported for 1,000 (11.68%) chil-
dren. The majority of children had normal weight, but 1,497 (17.5%) were overweight, and
446 (5.2%) were obese. A positive association between vision problems and sedentary
behavior (P = 0.00089) and an inverse association with exercise (P = 0.01) were found.
Overall, vision problems were not associated with BMI.

In this study cohort, refractive error and vision problems were associated with increased
sedentary behavior and decreased physical activity, although no causal relationship was

established.  (J AAPOS 2019;23:159.e1-6) &5

ome evidence suggests that visual impairment is

likely to lead to decreased physical activity (PA)"

and difficulties participating in sports’ in children;
thus, it may indirectly contribute to increased adiposity.
In children, PA has been inversely associated with
myopia,”* the most common’ and increasing®’ vision
problem worldwide. Blindness, as the extreme case of
visual impairment, has been associated with greater
reduction in PA levels compared to lesser vision
impairment in children, suggesting a possible dose-
response relationship.”
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Childhood adiposity is a major and increasing public
health problem. Levels of childhood overweight in Europe
have doubled from 1990 to 2008,” and most developing
countries are reporting climbing rates.'’ Recent estimates
place the rate of childhood overweight or obesity at 20%
in Europe (2010)'' and at 31.8% (2012)"* in the United
States."’

An association between vision problems, including
refractive error, and decreased exercise and increased
sedentary behavior would be an important factor in identi-
fying children at risk for becoming overweight. Treatable
vision problems in children are common, with a prevalence
of 13%-23%."*'® Commonly encountered problems in 9-
year-olds include refractive errors; in Western Europe,
15%-20% of children have refractive error,'”'” including
hyperopia, which decreases into adolescence,'’ myopia,
which increases,'”'” and astigmatism.'” There is signifi-
cant geographic variation; in particular, rates of myopia
are epidemic in East and Southeast Asia.” Accurate epide-
miologic estimates of refractive error are compounded by
inconsistent threshold measurements used in different
countries.”’ Other problems seen less commonly include
amblyopia, affecting 1%-5%,”' " retinal pathology, and
other causes.”’
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In Ireland, screening for eye and vision problems in chil-
dren begins by examination for red reflex in neonates, fol-
lowed by vision testing in early primary school at age 4 or
5.7 Recently in 2016, a further vision test of children at exit
from primary school at age 11 or 12 was discontinued.’’
Data describing the commonly diagnosed eye conditions
in children in Ireland is lacking; in Northern Ireland the
prevalence of myopia < —0.50 DS is 18% and of hyperopia
> +2.00 DS is 15% at 12 years old."”

In this study, we sought to examine whether associations
exist between vision problems, including refractive error,
and exercise, or sedentary behavior, in a large, well-
characterized, and nationally representative cohort of 9-
year-olds. Secondary aims were to examine if there was
any evidence of association between vision problems and
adiposity in this cohort.

Subjects and Methods

Data from the Growing Up in Ireland (GUI) study, the longitu-
dinal study of 9-year-old children in Ireland, was used for the
analysis. This is a nationally representative cohort selected
through the primary school network: a random sample of schools
was drawn and, subject to the school’s participation, age-eligible
children and their families were invited to participate in the study
(invitation was weighted to ensure representativeness). Ethical
approval was received from the Research Ethics Committee of
the Department of Children and Youth Affairs of the Govern-
ment of the Republic of Ireland. Data were collected under the
Statistics Act of 1993. Data collection was completed in the
2007-2008 school year. After written informed consent was ob-
tained from the primary care giver and from the study child, inter-
views with families were carried out by trained interviewers using
a detailed questionnaire.”® Details of the methodology of the data
collection have been described elsewhere.””*? At the school level,
a response rate of 82% was achieved, while at the household level
(ie, eligible child selected within the school), 57% of children and
their parents participated in the study.

Outcome Variables

Outcome variables of interest were levels of exercise and seden-
tary behavior, and body mass index (BMI). Exercise levels were
derived from sports participation and physical activity frequency,
taken from the child’s response to the following questions, respec-
tively: “How often do you play sport?” and “How often do you
take exercise (eg, running, cycling, swimming) for 20 minutes or
more?” The response options to both questions were “Never,”
“1-2 times a week,” “3-4 times a week,” and “Almost every
day.” The frequency of both physical activity and sport participa-
tion were added, and combined as a continuous single outcome
variable—exercise—that was used in the analysis. Sedentary
behavior was captured by the child’s self-reported number of
hours daily after school in a usual week spent watching television,
reading for pleasure, using a computer, and playing video
games.”” BMI was calculated from height and weight measure-
ments taken by the interviewers. Overweight was defined accord-
ing to International Obesity Task Force (IOTF) cut-off points’'

as BMI of =19.46 for boys and =19.45 for girls. Obesity was
defined as a BMI =23.38 for boys and =23.46 for girls.

Vision Problems

To detect the presence of a vision problem or refractive error, the
primary care giver (usually the mother) was asked whether the
study child currently had “any sort of sight problem requiring
correction?” If yes, the question was followed by “Has the Study
Child ever been given any treatment for the problem? If so,
what?” Response options were as follows: treatment with glasses,
patch, surgery, laser treatment, other, or no treatment.

Information on other covariates that are commonly consid-
ered in this context was extracted, including child demo-
graphic,32 medical and behavioral variables, maternal,***?
socioeconomic,’” and neighborhood variables.’**° These were
used in adjusted analyses. The child variables included were
sex and place of birth, in Ireland or elsewhere, presence of a
chronic illness, and membership of a sports or fitness club.
Parental factors assessed were maternal BMI (also measured at
time of interview, with BMI <25 defined as normal or
underweight, 25-29.9 as overweight, and =30 defined as
obese); maternal education level (none or primary level
through secondary level, to post-school qualifications, degrees,
and postgraduate-level education); and primary and secondary
caregiver’s occupation(s) currently or previously, with the
higher category of each used to derive the socioeconomic status
(coded as professional managers, managerial and technical,
nonmanual, skilled manual, semiskilled, unskilled, or unknown).
The neighborhood factors included whether there were appro-
priate recreational facilities for a 9-year-old in the local area and
whether the home was in a rural or urban location.

Statistical Analysis

Data was assessed for normality prior to application of statistics
tests. To test for the association of vision problems and sedentary
behavior, exercise, and BMI, unadjusted logistic regression was
first carried out, followed by adjusted multivariate logistic regres-
sion controlling for variables mentioned above. In the analysis for
association of vision problems with exercise, the multivariate
analysis excluded participation in a sports club. A stratified anal-
ysis was also conducted for BMI, to test the association of vision
problems with BMI at different levels of sedentary behavior and
exercise. For descriptive purposes, variables displayed in tables
were included in # test and ¥ tests to test for the association of
continuous and categorical variables respectively with presence
of a vision problem. Collinearity of independent covariates was
assessed using variance inflation factors (VIF, reference value of
4), before interpreting the final output; there was no evidence
for collinearity. Statistical analysis was carried out using R version
3.2.4 (https://www.r-project.org/).

Results

Of the 8,568 children (mean age, 9 + 0.13 years; 4,024
males [48.68%]), there were 1,000 children (11.68%)
with a reported vision problem (Table 1). The majority
of children (5,927 [75.31%]) were normal weight; of the
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Table 1. Presence of a vision problem and markers of sedentary behavior, exercise, and weight status
Vision problem, no. (%)
Study parameter (no. missing) All, no. (%) (N = 8568) Present (N = 1000) Not present (N = 7565) P value®
Sex, male (302) 4024 (48.68) 456 (47.35) 3566 (48.84) 0.4
Weight status” (698)
Normal 5927 (75.31) 664 (72.02) 5262 (75.76) <0.00001
Overweight 1497 (19.02%) 198 (21.48) 1298 (18.69)
Obese 446 (5.67) 60 (6.51) 386 (5.56)
Maternal weight® (332)
Normal/underweight 4602 (55.88) 524 (54.64) 4077 (56.04) <0.00001
Overweight 2450 (29.75) 287 (29.93) 2162 (29.72)
Obese 1184 (15.04) 148 (15.43) 1036 (14.24)
Maternal education
None, primary, or lower secondary 1510 (17.62) 192 (19.2) 1317 (17.41) <0.00001
Higher secondary or vocational/technical 2698 (31.49) 318 (31.8) 2379 (31.44)
Non-degree 2123 (24.78) 230 (23) 1892 (25.01)
Degree or postgraduate 2237 (26.11) 260 (26) 1977 (26.13)
Socioeconomic status (458)
Professional/manager 1172 (14.45) 136 (14.51) 1035 (14.43) <0.00001
Managerial/technical 3317 (40.90) 358 (38.21) 2959 (41.26)
Nonmanual/skilled manual 2882 (35 54) 350 (37.35) 2531 (35.29)
Semiskilled/unskilled 739 (9.11) 93 (9.93) 646 (9.01)
Exercise: physical activity and sport, times per week (50)
<5 1026 (12.05) 124 (12.5) 902 (11.99) <0.00001
5 1126 (13.22) 135 (13.61) 989 (13.15)
6-7 3639 (42.72) 449 (45.26) 3190 (42.40)
=8 2727 (32.01) 284 (28.63) 2442 (32.46)
Sedentary behavior, hours per day (6)
<8 1856 (21.67) 199 (19.92) 1656 (21.90) <0.00001
8-9 4300 (50.22) 477 (47.77) 3822 (50.55)
10 1322 (15.44) 161 (16.11) 1161 (15.36)
=11 1084 (12.66) 162 (16.22) 922 (12.19)

3Each variable tested for association with presence of a vision problem: x? test for categorical data; ¢ test for continuous data.
®Child overweight was defined as body mass index (BMI) of =19.46 for boys and =19.45 for girls; obesity, as a BMI of =23.38 for boys and =23.46

for girls.

°Maternal normal or underweight was defined as BMI of <25, overweight as BMI =25 and < 30; obese, as BMI =30.

remainder, 1,497 (19.02%) were overweight and 446
(5.67%) were obese. In children with vision problems or
refractive error, the rates of overweight and obesity trended

toward being significantly higher compared to those with
no vision problem (21.48% vs 18.69% and 6.51% vs

Table 2. Association of presence of vision problem and sedentary
behavior, exercise, and body mass index (BMI) after adjustment for
relevant covariates

Adjusted analysis

g
coefficient P value

5.56%, resp. [P = 0.05]). Covariate

Sedentary behavior was positively associated and exer- Sedentary  Hours of sedentary activity on ~ 0.20383  0.0009
cise negatively associated with the presence of a vision behavior’  typical weekday
problem or refractive error on adjusted analysis Exercise” Frequency of sports and —0.130453 0.01

(P = 0.001 and P = 0.01 resp.) See Table 2. Spending
=11 hours per day at sedentary activities before or after
school on a usual weekday was reported in 1,084
(12.66%) overall; this was higher among those with a vision
problem (16.22% [P = 0.00089]) compared to 12.19% in
those without. Overall, 2,727 children (32.01%) reported
exercise frequency of 8 or more times per week; this was
lower (28.63%) among those with a vision problem,
compared to 32.46% among those without.

On unadjusted analysis, BMI was associated with pres-
ence of a vision problem (P = 0.04); however, this associa-
tion was no longer significant on adjustment for covariates
(8 = 0.08596; P = 0.40959). On stratified analysis among
children according to level of sedentary behavior, the pos-
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physical activities per week
BMI° Overall 0.08596 0.4

aAdjusted for child sex, BMI, presence of chronic medical iliness, place
of birth in Ireland, membership of a sports or fitness club, maternal
education level, maternal BMI, socioeconomic status of household,
urban type neighborhood, and presence of good recreational facilities
locally.

PAdjusted for variables listed above, excluding membership of a sports
or fitness club.

Adjusted for variables listed above, excluding BMI.

itive association of vision problems with BMI was found at
the highest levels of sedentary behavior (=11 hours of
sedentary activities outside school/day; 8 = 0.6022;
P = 0.035), whereas the association was not detected at
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lower levels of sedentary behavior (<11 hours per day of
sedentary activities). See Table 3. Although nonsignificant,
a similar trend was observed in adjusted analysis
(8 = 0.52494; P = 0.09). On stratified analysis according
to exercise, there was no association of BMI.

Other covariates that showed a significant positive asso-
ciation with markers of sedentary behavior on adjusted
analysis included male sex, higher BMI, higher maternal
BMI, and urban-type neighborhood, and an inverse associ-
ation was observed with higher maternal education and
child membership of a sports club (eSupplement 1, available
at jaapos.org). Association of exercise was observed with
male sex, place of birth in Ireland, and good local recrea-
tional facilities, and an inverse association was found with
study child BMI, presence of medical illness, and urban-
type neighborhood (eSupplement 2, available at jaapos.
org). Positive association with higher child BMI was
observed with socioeconomic status and maternal BMI,
and inverse association was present with male sex, reported
good recreational facilities locally, and higher maternal ed-
ucation (Supplement 3, available at jaapos.org). At highest
sedentary behavior, sports, and PA levels, the association
of BMI with other covariates did notincrease in significance
as was observed with vision problems or refractive error
(eSupplements 4 and 5, available at jaapos.org).

Discussion

We found that children with vision problems or refractive
error spent significantly more time engaged in sedentary
activities and significantly less time engaged in exercise.
Overall, there was no association between vision problems
and BMI; however, an association between vision problems
or refractive error and BMI was observed in children at the
highest levels of sedentary behavior. The most inactive
children in particular were at risk of being more overweight
in the presence of a vision problem. Examination of the di-
rection of causality between vision and physical activity was
outside the scope of this study; however, there are several
possible causes behind the association we found. Presence
of a vision problem or refractive error may be associated
with other behaviors, including less sports participation,
which increases the likelihood of overweight. This sub-
group of children who carry out the most sedentary
behavior would already be at greater risk of overweight.

Vision problems are not typically thought of as determi-
nants of physical activity or sedentary behavior. Analyses
that have examined population level characteristics associ-
ated with inactivity and overweight in children have not
previously assessed vision problems in general as corre-
lates, to our knowledge.’*’

Small cohort studies suggest an association of vision
problems with overweight and reduced physical activity;
reported prevalence of obesity in children with either audi-
tory or uncorrectable vision problems is 18.4% in the
United States’®; in children and adolescents who are blind
or visually impaired, reported activity levels are low."’

The rise in incidence of myopia in children has been
investigated in recent years,"’ and length of time spent in-
doors, associated with less activity and more sedentary
behavior, appears to be the most important risk factor.*'**
Equally, increased time spent outdoors has been found to
be associated with less myopia development in children.*’
In Singapore, which has the highest rate of childhood
myopia worldwide at 43.4% of 9-year-olds,” the Health
Promotion Board provides parents with advice to increase
their time spent at sports and exercise to reduce the risk of
myopia developing and worsening.”

Vision problems may reduce the ability to participate in
physical activity and/or sports by affecting balance, confi-
dence, and depth perception. In children who require spec-
tacles and wear them versus children who do not require
spectacles, there are increased injuries when playing
sports.”® Corrected refractive error versus normal vision
without refractive error is associated with less depth
perception and peripheral vision among adolescent ath-
letes,”” which may contribute to our observed association.
Children who wear spectacles may also be less likely to
participate in group sporting activities, as they are more
likely to be bullied than their peers.” Spectacle wear is
modifiable; contact lenses'® versus spectacles have been
found to increase physical activity participation and confi-
dence in children and adolescents,”””" and the fitting of
these lenses in children is not associated with increased
adverse events, such as infection, compared with fitting
contact lenses in older adolescents.’’

It was not possible to determine the direction of the ef-
fect. Indeed, some evidence suggests that the relationship
between vision problems and PA may be inverse: physical
inactivity has been implicated in increasing prevalence of
some vision problems, including in myopia, where time
spent outdoors is protective.’” Finally, it is possible that
the relationship is bidirectional; if this is the case, need
for early intervention is even more critical in order to break
this vicious cycle.

Increasing physical activity may have beneficial effects
for these children. Those who have vision impairments
who are more active are less overweight.” Policymakers
may need to consider reduction of sedentary behavior
also as a goal, a strategy which has been found to reduce
BMI in children,”® which may provide a distinct focus
from PA guidelines that are generally better known by
parents and children than screen-time guidelines.”” In
Singapore, increased outdoor time is advocated to reduce
myopia development.”” In 2000, a review of eye services
provided to children in Dublin and surrounding counties
resulted in a recommendation for visual screening in
children to be standardized and provided at three age
points in primary school’’; however, visual testing after
initial screening in primary was dropped. Developing
guidelines for and reinstating further screening may be
beneficial.

We assessed vision problems and refractive error at the
population level for the association with risk factors
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Table 3. Association of presence of vision problem and body mass index (BMI) after adjustment for relevant covariates and stratified by physical

activity or sedentary behavior levels

Unadjusted analysis Adjusted analysis

BMI stratified by sedentary activity and physical activity levels® n (%) g coefficient Pvalue @ coefficient Pvalue
Physical activity or sport, times per week
<5 1026 (12.05) 0.21 0.5 0.00 0.9
5 1126 (13.22) 0.23 0.4 0.12 0.7
6-7 3639 (42.72) 0.10 0.5 —-0.10 0.5
=8 2727 (32.01) 0.32 0.07 0.28 0.1
Sedentary behavior, hours per day
<8 1856 (21.67) 0.02 0.9 -0.27 0.2
8-9 4300 (50.22) 0.13 04 0.08 0.6
10 1322 (15.44) 0.07 0.8 —-0.03 0.9
=11 1084 (12.66) 0.60 0.04 0.52 0.09

aAdjusted for sex, presence of chronic medical iliness, place of birth in Ireland, membership of a sports or fitness club, maternal education level,
maternal BMI, socioeconomic status of household, urban type neighborhood, and presence of good recreational facilities locally.

for increased adiposity in children; we confirmed an associ-
ation with sedentary activities and an inverse association
with physical activities. Strengths of the study include the
large, nationally representative sample and the detailed in-
formation on markers for physical activity and sedentary
behavior, with adjustment for relevant covariates. Seden-
tary behavior is an increasingly important public health
issue, which is highlighted as an area that requires further
research.’® Limitations include the cross-sectional study
design; a lack of information specifying exactly which
vision problem the children had, how severe it was
(including visual acuity), and for how long it was present;
whether treatment for the vision problem was successful;
and the patient-reported nature of the data. In assessing ac-
tivity levels of children, we also lack of accelerometer data
to verify sedentary behavior.

Opverall, 9-year-old children with vision problems or
refractive error in Ireland are more likely to spend more

time at sedentary activities and less time at physical activ- 12.
ities. Future studies are needed to examine what drives

this association and to investigate whether the observed .
relationship is linked to particular visual problems. Chil-
dren and their parents attending ophthalmology clinics

may benefit from initiatives designed to encourage 14.
increasing physical and reducing sedentary activities to

reduce their risk of both vision loss and overweight. s
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