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Abstract: Purpose: To study the association of parents’ reports about their children’s near work and
outdoor habits with myopia in their children. Methods: Data from a questionnaire study conducted
in 1983 among Finnish schoolchildren were reanalyzed. Vision screening had been performed for
all the schoolchildren (n = 4961) in the 1st, 5th, and 8th grades (7-, 11-, and 15-year-olds) in an
area of Central Finland. The questionnaire, including information about myopia, was returned
by 4305 (86.7%) participants. Items concerned parents’ estimates of their child’s habitual reading
distance, time spent indoors as compared with age peers, daily near work, outdoors time, and parents’
myopia. The associations of myopia with these factors were studied. Results: Myopia prevalence
in those with a habitual close reading distance vs. others was 14.3% vs. 2.1%, 28.7% vs. 13.1% and
45.8% vs. 24.7% for the 7-, 11- and 15-year-olds (p < 0.001 in all age-groups). Myopia prevalence
in children reported by their parents as spending more time indoors than age peers was 10.9% vs.
2.8% (p < 0.001), 25.0% vs. 14.7% (p = 0.004) and 41.9% vs. 25.7% (p < 0.001) in the three age groups.
Myopia prevalence among those reported as spending both more time indoors and reading at a close
distance vs. others was 44.2% vs. 11.9% (Fisher’s exact t-test, p < 0.001). In the multiple logistic
regression models, parental myopia almost doubled the risk of myopia in the 11- and 15-year-olds.
ORs (95% CI) for myopia adjusted for parental myopia and sex were for close reading distance 7.381
(4.054–13.440), 2.382 (1.666–3.406), 2.237 (1.498–3.057), (p < 0.001), and for more time spent indoors,
3.692 (1.714–7.954), p = 0.001, 1.861 (1.157–2.992), p = 0.010), 1.700 (1.105–2.615), p = 0.016, in the three
age groups. Conclusion: Children, especially 7-year-olds, reported by their parents as having a close
reading distance and spending a lot of time indoors were associated with a higher risk for myopia.

Keywords: parents opinion; children’s myopia; close reading distance; time spent indoors; outdoors;
parents’ myopia; questionnaire study

1. Introduction

The prevalence of near-sightedness (myopia) has been found to be increasing in many
countries, with the highest increases being reported in many East and Southeast Asian
countries, such as China, Singapore, Taiwan, Japan, South Korea and Hong Kong [1–4]. The
rising global rate of myopia and its associated complications of cataract, glaucoma, retinal
detachment and chorioretinal abnormalities is becoming a costly global health problem.
There is no safe threshold level of myopia for any of its known ocular complications, and
the higher the myopia, the higher the risk of complications associated with myopia [5–7].
Myopia is also the most common global cause of moderate and severe visual impairment
and the second most common cause of blindness [2,5].

Many studies have confirmed that near work of various kinds [8], a short viewing
distance [9,10] and parental myopia [11–13] are risk factors for myopia. Nowadays, children
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spend more and more time on mobile devices. High use of mobile devices has been found
to increase the risk for myopia [14,15]. In a Chinese study of preschoolers, the use of mobile
devices at the age of 1–3 years increased the risk of myopia at preschool age by more than
2.5-fold [16]. In contrast, time spent outdoors has been found to have a protective effect on
myopia [10,17–19]. A recent study showed that time spent outdoors decreased the risk of
myopia at different amounts of time spent in near work, although the decrease was lowest
in the group spending the highest amount of time in near work [12].

This study analyzed the extent to which parents’ reports of their children’s behaviors
was associated with myopia in their children. It is also discussed whether parents could
contribute to lowering the risk of their children becoming myopic.

2. Material and Methods

Additional analyses were performed on old data originally obtained in a questionnaire
study with schoolchildren in 1983 [20].

This study included all the schoolchildren (Finnish, Caucasians) (n = 4961) in the
1st, 5th, and 8th grades of basic school, henceforth 7-, 11- and 15-year-olds, living in an
area of Central Finland in 1983 [20]. School nurses measured visual acuity at 5 m using
an E-chart, without and, if worn, with spectacles [12]. After screening, the children were
given a questionnaire to be completed together with their parents [12]. In 49 cases (1.1%),
myopia status could not be confirmed and those cases were excluded. The number of
questionnaires issued and returned is shown in Table 1.

Table 1. Study subjects.

Age, Years Questionnaires
Issued, N Questionnaires (Including Data for Categorization for Myopia) Returned, N (%)

Boys, N (%) Girls, N (%) All, N (%)

7 1, 716 781 (50.0) 781 (50.0) 1562 (91.0)

11 1, 494 708 (51.7) 661 (48.3) 1369 (91.6)

15 1, 751 640 (46.6) 732 (53.4) 1372 (78.4)

All 4, 961 2129 (49.5) 2174 (50.5) 4303 (86.7)

The questionnaire asked parents (among other things) to state the child’s sex, whether
either or both parents were myopic, to estimate whether their child spent more time indoors
than age peers (more, same, less, can’t say), their child’s habitual reading distance (close,
normal or long), the amount of time their child spent in reading and other near work outside
school (sum of these = near work time) and in outdoor activities and sports excluding
time spent at school (= outdoors time) [12]. The annual vision screening was done for
all the children by experienced school healthcare professionals. Myopia in the children
was defined based on information obtained from the vision screening by school healthcare
professionals prior to issuing the questionnaire. The criteria for myopia were poor distant
vision (≤0.7, Snellen notation) and good near vision without spectacles, and if spectacles
were worn, whether they improved distant vision but not near vision [12]. Parental myopia
was similarly defined in the questionnaire. Parental myopia was categorized into two
groups: no myopic parents, and one or both parents myopic. One or both parents were
myopic in 35.2% of cases [12].

Statistical Analyses

The significance of differences between the categorical variables was tested by cross-
tabulation and the differences between the discrete variables (e.g., myopia prevalence)
by Chi-square test (Fisher’s exact test for 2 × 2 tables). A Student’s t-test was used to
compare groups in terms of the amount of time spent indoors and outdoors. Predictors
of myopia were studied using multiple logistic regression models [12]. Gender, parental
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myopia, time spent in indoors activities compared to age peers and reading distance were
used as predictors in the models. General statistical analyses were performed using IBM
SPSS statistics 26 (SPSS Inc., Chicago, IL, USA) and Stata version 12.0 (Stata Corp., College
Stations, TX, USA). The level of statistical significance was set at p < 0.05 (two-sided).

3. Results

Table 2 shows the distribution of the answers to the two questions: (1) what is your
child’s habitual reading distance; and (2) does your child spend more time indoors than
his/her age peers?

Table 2. Distribution of parent’s estimates of their child’s reading distance and indoors time compared
to age peers.

Reading Distance N %

Close 511 11.9

Normal 3687 85.7

Distant 12 0.3

Missing 95 2.2

Total 4303 100

Indoors time compared to age peers N %

More 308 7.2

The same 1939 45.0

Less 419 9.8

Can’t say 1584 36.8

Missing 43 9.8

Total 4303 100

3.1. Child Myopia according to Parents’ Estimates of Their Child’s Reading Distance

Reading distance was reported as close in 521 children and the prevalence of myopia
in this group was 29.7%. Reading distance was reported as normal in 3685 children and the
prevalence of myopia was 12.8%. Reading distance was reported as distant in 11 children,
of whom one (8.3%) was myopic. The statistical difference in myopia prevalence was highly
significant (Chi-square, p < 0.001) between the close and other reading distance groups but
non-significant (Chi-square, p = 0.645) between the normal and distant reading distance
groups. In the further analyses, those with a close reading distance were compared with
those in the other two reading distance groups (normal and distant combined).

No significant differences were observed in daily time spent in near work or outdoors
between those with a close or normal reading distance among the 7- and 11-year-olds.
However, in the 15-year-olds with a close reading distance, their daily near work time was
higher (2.50 (±1.17) vs. 2.22 (±1.10) h, p = 0.003), and their time spent outdoors lower
(0.99 (±0.08) vs. 1.01 (±0.03), p = 0.003) than in normal distance group.

The prevalence of myopia in the close reading distance group was significantly higher
across all the age and gender groups (Table 3). The greatest relative difference in the myopia
prevalence between the age groups was found in the 7-year-olds. Myopia in close readers
was about 7-fold more common this group than in the other age groups. In the 11- and
15-year-olds, a close reading distance increased the risk of myopia more in boys than girls.

3.2. Child Myopia according to Parents’ Estimates of Their Child’s Indoors Time

In the whole sample, the prevalence of myopia was significantly higher among those
estimated to be spending more time indoors (26.5%) than those in the same (13.6%), less
(12.4%) or can’t say (14.4%) groups (Chi-square, p < 0.001). The difference in myopia
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prevalence between the same, less and can’t say groups was non-significant (Chi-square,
p = 0.537). Hence, further analyses were performed between two groups, recoded as (1)
those estimated as spending more time indoors than peers and (2) the others.

Table 3. Prevalence of child myopia according to parents’ estimates of their child’s close reading
distance.

Age, Years Boys Girl All

Close
Distance
n/N (%)

Normal
Distance
n/N (%)

Close
Distance
n/N (%)

Normal
Distance
n/N (%)

Close
Distance
n/N (%)

Normal
Distance
n/N (%)

7 10/70
(14.3)

14/682
(2.1)

11/77
(14.3)

15/681
(2.2)

21/147
(14.3)

29/1363
(2.1)

Fisher’s exact test, p <0.001 <0.001 <0.001

11 15/67
(22.4)

59/629
(9.4)

45/142
(31.7)

90/507
(17.8)

60/209
(28.7)

149/1136
(13.1)

Fisher’s exact test, p 0.003 <0.001 <0.001

15 13/34
(38.2)

97/584
(16.6)

58/121
(47.9)

196/602
(32.6)

71/155
(45.8)

293/1186
(24.7)

Fisher’s exact test, p 0.003 0.001 <0.001

7, 11, 15 38/171
(22.0)

170/1895
(9.0)

114/340
(33.5)

301/1790
(16.8)

152/511
(29.7)

471/3685
(12.8)

Fisher’s exact test, p <0.001 <0.001 <0.001

n/N = number of myopes/all subjects, (%) = prevalence of myopia. Significant p-values bolded.

Among those estimated as spending more time indoors, mean daily near work time
was higher than among the others (2.81 (±1.27) vs. 2.24 (±1.01) h, p < 0.001) and mean daily
outdoors time was lower (1.75 (±0.93) vs. 2.60 (±0.98) h, p < 0.001). Thus, the children
reported by their parents as spending more time indoors than their age peers also spent
more time doing near work and less time outdoors.

The children reported by their parents as spending more time indoors than their age
peers were significantly more likely to be myopic (Table 4).

This association was found for all the age and gender groups, except the 11-year-old
girls. Among the 7-year-olds, the prevalence of myopia among those spending a lot of time
indoors was nearly four-fold as high compared to age peers spending less time indoors.
Across all the age groups, myopia prevalence among those spending more time indoors
was about double that of those in the other indoors time categories.

Among all the children spending more time indoors and reading at a close distance,
the prevalence of myopia was 44.2% (23/52) compared to only 11.9% among the others
(407/3240), (Fisher’s exact test, p < 0.001).

3.3. Adjusted Risk Factors for Myopia

Sex, parents’ myopia, close reading distance and time spent indoors compared to age
peers were used as predictors in multiple logistic regression models for different age groups
(Table 5).

Parental myopia almost doubled the risk of myopia in the 11- and 15-year-olds, but
not among the 7-year-olds. Those with a close reading distance were at a higher risk of
myopia than those spending more time indoors. A close reading distance increased the risk
of myopia by about seven-fold in the 7-year-olds and about doubled the risk in the 11- and
15-year-olds. The risk for myopia among those spending more time indoors and reading at
a close distance was greater in the 7-year-olds than in the older children. However, the risk
for myopia of spending more time indoors and reading at a close distance differed little
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between the 11- and 15-year-olds. The myopia risk in the 11- and 15-year-old girls was
about twice that of same-age boys.

Table 4. Prevalence of myopia according to parents’ estimates of whether their child spends more
time indoors than age peers.

Age Years

Time Spent Indoors as Compared with Age Peers

Boys Girls All

More Same or Less More Same or Less More Same or
Less

n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)

7 5/46
(10.9)

20/727
(2.8)

5/46
(10.9)

21/727
(2.9)

10/92
(10.9)

41/1454
(2.8)

Fisher’s exact test, p 0.013 0.015 0.001

11 12/59
(20.3)

62/643
(9.6)

16/53
(30.2)

121/606
(20.0)

28/112
(25.0)

183/1249
(14.7)

Fisher’s exact test, p 0.014 0.061 0.004

15 12/35
(34.3)

102/596
(17.1)

32/70
(45.7)

219/653
(33.5)

44/105
(41.9)

321/1249
(25.7)

Fisher’s exact test, p 0.014 0.030 <0.001

7, 11, 15 29/140
(20.7)

184/1966
(9.4)

53/169
(31.4)

361/1986
(18.2)

82/309
(26.5)

545/3952
(13.8)

Fisher’s exact test, p <0.001 <0.001 <0.001

n/N = number of myopes/all subjects, (%) = prevalence of myopia. Significant p-values bolded.

Table 5. Multiple logistics regression models (OR, 95% confidence intervals) for myopia in different
age groups adjusted by three factors.

Predictors OR 95% CI p

Age 7 (Model 1)

Parental myopia (ref. no myopia)
one or both parents myopic 0.826 0.453–1.505 0.532

Reading at a close distance
(ref. normal or far distance) 7.381 4.054–13.440 <0.001

More time indoors than age peers
(ref. same or less) 3.692 1.714–7.954 0.001

Girls (ref. boy) 1.036 0.579–1.853 0.906

Age 11 (Model 2)

Parental myopia (ref. no myopia)
one or both parents myopic 1.884 1.387–2.558 <0.001

Reading at a close distance
(ref. normal or far distance) 2.382 1.666–3.406 <0.001

More time indoors than age peers (ref.
same or less) 1.861 1.157–2.992 0.010

Girls (ref. boy) 1.995 1.454–2.737 <0.001
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Table 5. Cont.

Predictors OR 95% CI p

Age 15 (Model 3)

Parental myopia (ref. no myopia)
one or both parents myopic 1.890 1.437–2.486 <0.001

Reading at a close distance
(ref. normal or far distance) 2.237 1.498–3.057 <0.001

More time indoors than age peers (ref.
same or less) 1.700 1.105–2.615 0.016

Girls (ref. boy) 2.237 1.715–2.917 <0.001
Significant OR’s values are bolded.

4. Discussion

It must be noted that the habitual reading distance was based only on the parents’
subjective opinion and not on any measurements; if parents thought that the child is
reading from a close distance, it can be suggested that they just deemed it to be too close.
According to several studies, short near work distance (<20–30 cm), insufficient lighting
and close-up viewing lasting more than 30–40 min without breaks, and low outdoor time
are risk factors for myopia [21,22]. These issues deserve attention, especially in children.

This study showed that children reported by their parents as having a close reading
distance and spending more time indoors than peers were at a four-fold risk for myopia.
The study also showed that a close reading distance was associated with more time spent
on close work and that a lot of time spent indoors was associated with less time spent on
outdoor activities. Both more time spent in near work and less time spent outdoors are
well known risk factors for myopia [8,23].

It is noteworthy that in this study close reading distance and spending more time
indoors increased the risk of myopia most in the youngest children, aged 7 years. The
younger the age of myopia unset, the faster is its progression and the greater the risk for
high myopia (-6 D or more). The higher the myopia the greater the risk for vision treating
complications, such as myopic macular degeneration (MMD), retinal detachment (RD),
cataract, open angle glaucoma (OAG), and blindness [7,24].

In a Finnish study the prevalence of high myopia in adulthood was 65% if the first
spectacles for myopia were received in the 3rd grade of school (aged 8.8–9.7 years), and
only 7% if the spectacles were received two years later in the 5th grade [25]. The natural
reading distance in children is closer the younger the age of the child. For example, in a
follow-up study among myopic children, the mean reading distance of 11-year-olds was
19 cm and, 3 years later, 27 cm [9]. It is unclear why the present 7-year-olds who had a
closer reading distance and spent more time indoors than their peers were at a higher risk
for myopia than the 11- and 15-year-olds. Animal studies have shown that deprivation
myopia caused faster axial elongation in younger than older animals [26]. Whatever the
reason for the higher susceptibility to myopia of younger children, restricting prolonged
near work at close distances, especially in young children, can be recommended.

In this study, more indoors time increased the risk for myopia. It is known that
increasing outdoors time has a significant impact on preventing myopia. Time spent
outdoors has been shown to reduce the incidence of myopia in children with different
habitual amount of near work time [12], and to also prevent the myopic progression [10].

Sherwin et al. found that the pooled OR for myopia was 0.87 for an additional hour
of time spent outdoors each day, indicating that increased outdoors time may be a simple
strategy for reducing the risk for developing myopia and its progression in children and
adolescents [27]. Wu et al. conducted a cluster-randomised controlled trial in which
schoolchildren were encouraged to go outdoors for up to 11 h weekly and to take 10 min
break after 30 min of near work [28]. At the one-year follow-up, the myopic shift was
significantly less in the intervention group in both the non-myopic and myopic children [28].
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In their 2-year follow-up study, Huang et al. found that a greater distance when doing near
work, taking a break from near work every 30 min, and having more outdoor time were
protective behaviors against myopia prevalence and progression over 6–24 months [29].

Myopia has increased worldwide, and it is now a major public health issue, especially
in parts of East and Southeast Asia, including mainland China. In this region about 80%
of students completing 12 years of school education are now myopic, and from 10% to
20% have high myopia [30]. The WHO meeting in 2015 expressed serious concern about
the world-wide increase of myopia [31]. The meeting report predicted that in 2020 about
one third of the worlds’ population would be myopic (2584 million) and that if this trend
continues, close to 5 billion people would be myopic in 2050 [31]. Interventions to prevent
myopia onset by increasing outdoor time have now been implemented at a system-wide
scale in Chinese Taipei (Taiwan) and Singapore [30]. In recent years, mainland China’s
President Xi Jinping has placed renewed emphasis on the prevention of myopia in China.
In addition, China now seems to be aiming for major reform in schooling, including
reducing academic pressure, particularly in the early school years, and ridding more time
for outdoors play. In July 2021, China announced new regulation for private tutoring
companies, an industry over USD 120 billion, obligating them to operate on a non-profit
basis and limiting their operating hours. The aim is to reduce the near work load of
schoolchildren and decrease the myopia risk [30].

Parental myopia is a well-known risk factor for myopia. In the meta-analysis of Zhang
et al. the child’s risk for myopia was about two to three times if one or both parents
were myopic [13]. In the study of Tang et al. parental myopic status alone accounted for
11.8% of myopia variation in children, but the risk was 11.22-fold when both parents were
highly myopic [32]. In their study more reading time increased, and more time outdoors
decreased, the risk for myopia [32]. The attitudes and advice of parents play a major role in
children’s behaviour and thus also in their health. Zhou et al. studied parents’ attitudes and
behaviours towards children’s visual care and risk for myopia in school-aged children [33].
The results showed that the parents of the non-myopic children paid more attention to their
children’s near work hours, stopped them using electronic devices in dim light, rectified
their sitting posture when doing homework, took them to participate in outdoor activities,
and ensured that they had sufficient sleep [33]. This indicates the importance, especially
for myopic parents, of guiding their children in relation to the amount of time they spend
on near work and outdoor activities.

Traditionally, parents have warned children about various behaviours that are widely
regarded as harmful to health. Parents commonly admonish their children by telling them
that reading in the dark or from too close a distance will ruin their eyesight. In the case
of myopia, there may be an empirical basis for these warnings. The results of this study
highlight the role of parents in reducing certain risk factors for myopia. Parents should
be encouraged to ensure that their children do not engage in prolonged, uninterrupted
reading or other near work at unnecessarily close distances. Parents should also provide
children with opportunities for engaging as much as possible in outdoor activities.

5. Limitations

This is a cross-sectional study and therefore causal relationship could not be deter-
mined. The data analyzed in the study were drawn from a questionnaire study conducted
about 40 years ago [12,20]. Thereafter, children’s habits of near work have been changed;
watching television decreased and the use of smartphones and mobile devices increased.
This change is not, of course, reflected in the present results. However, like reading,
the use of smart phones and mobile devices has also been shown to be a risk factor for
myopia [15,17].

A further limitation was the definition of myopia, which was based on information
obtained by screening for distant vision at school, and questionary information about
poor or good distant vision [12]. Myopia is the main cause of poor distant vision in
schoolchildren [34,35], but hyperopia and astigmatism may potentially have confounded
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the results, as they often also cause difficulties in near vision. By comparing the results of
this study with similar studies from Finnish schoolchildren and adults conducted using
cycloplegia during the same period, it was possibly to calculate that the maximal limit of
error in defining myopia in this study has been within 15% [12,36].

When the amounts of near work and outdoor time did not include the time spent in
these activities at school, then the amounts of both these variables have been higher for
each student. For this reason, the amounts of near work and outdoors time variables cannot
be directly compared to other studies.

6. Conclusions

Children, especially 7-year-olds, reported by their parents as having a close reading
distance and spending a lot of time indoors were associated with higher risk for myopia.

Author Contributions: Conceptualization, O.P., M.K.; Methodology, O.P., M.K.; Data curation, O.P.,
M.K.; Funding acquisition, O.P.; Writing original draft, O.P., E.L., M.K.; Writing—review and editing,
O.P., E.L., M.K. All authors have read and agreed to the published version of the manuscript.

Funding: The study was supported by the Silmäsäätiö Foundation (20199914), Evald ja Hilda Nissi
Foundation (2020).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: The study was conducted in accordance with the Declaration of
Helsinki, and approved by the Ethics Committee of the Central Hospital of Central Finland (8 June
1983).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy.

Conflicts of Interest: The authors report no conflict of interest.

References
1. Pan, C.W.; Ramamurthy, D.; Saw, S.M. Worldwide prevalence and risk factors for myopia. Ophthalmic Physiol. Opt. 2012, 32, 3–16.

[CrossRef] [PubMed]
2. Morgan, I.G.; French, A.N.; Ashby, R.S.; Guo, X.; Ding, X.; He, M.; Rose, K.A. The epidemics of myopia: Aetiology and prevention.

Prog. Retin. Eye Res. 2018, 62, 134–149. [CrossRef] [PubMed]
3. Holden, B.A.; Fricke, T.R.; Wilson, D.A.; Jong, M.; Naidoo, K.S.; Sankaridurg, P.; Wong, Y.; Naduvilath, T.J.; Resnikoff, S. Global

Prevalence of Myopia and High Myopia and Temporal Trends from 2000 through 2050. Ophthalmology 2016, 123, 1036–1042.
[CrossRef] [PubMed]

4. Yam, C.Y.; Tang, S.M.; Kam, K.W.; Chen, L.J.; Yu, M.; Law, A.K.; Yip, H.P.; Wang, Y.M.; Cheung, C.Y.L.; Ng, D.S.C.; et al. High
prevalence of myopia in children and their parents in Hong Kong Chinese Population: The Hong Kong Children Eye Study. Acta
Ophthalmol. 2020, 98, e639–e648. [CrossRef]

5. Bourne, R.R.; Stevens, G.A.; White, R.A.; Smith, J.L.; Flaxman, S.R.; Price, H.; Jonas, J.B.; Keeff, J.; Leasher, J. Causes of vision loss
worldwide, 1990-2010: A systematic analysis. Lancet Glob. Health 2013, 1, e339–e349. [CrossRef]

6. Ikuno, Y. Overview of the complications of high myopia. Retina 2017, 37, 2347–2351. [CrossRef]
7. Haarman, A.E.G.; Enthoven, C.A.; Tideman, J.W.L.; Tedja, M.S.; Verhoeven, V.J.M.; Klaver, C.C.W. The Complications of Myopia:

A Review and Meta-Analysis. Investig. Ophthalmol. Vis. Sci. 2020, 61, 49. [CrossRef]
8. Huang, H.M.; Chang, D.S.; Wu, P.C. The Association between Near Work Activities and Myopia in Children—A Systematic

Review and Meta-Analysis. PLoS ONE 2015, 10, e0140419. [CrossRef]
9. Pärssinen, O.; Kauppinen, M. Associations of reading posture, gaze angle and reading distance with myopia and myopic

progression. Acta Ophthalmol. 2016, 94, 775–779. [CrossRef]
10. Pärssinen, O.; Lyyra, A.L. Myopia and myopic progression among schoolchildren: A three-year follow-up study. Investig.

Ophthalmol. Vis. Sci. 1993, 34, 2794–2802.
11. Jones, L.A.; Sinnott, L.A.; Mutti, D.O.; Mitchell, G.L.; Moeschberger, M.L.; Zadnik, K. Parental history of myopia, sports and

outdoor activities, and future myopia. Investig. Ophthalmol. Vis. Sci. 2007, 48, 3524–3532. [CrossRef]
12. Pärssinen, O.; Kauppinen, M. Associations of near work time, watching TV, outdoors time, and parents’ myopia with myopia

among school children based on 38-year-old historical data. Acta Ophthalmol. 2022, 100, e430–e438. [CrossRef]
13. Zhang, X.; Qu, X.; Zhou, X. Association between parental myopia and the risk of myopia in a child. Exp. Ther. Med. 2015, 9,

2420–2428. [CrossRef]

http://doi.org/10.1111/j.1475-1313.2011.00884.x
http://www.ncbi.nlm.nih.gov/pubmed/22150586
http://doi.org/10.1016/j.preteyeres.2017.09.004
http://www.ncbi.nlm.nih.gov/pubmed/28951126
http://doi.org/10.1016/j.ophtha.2016.01.006
http://www.ncbi.nlm.nih.gov/pubmed/26875007
http://doi.org/10.1111/aos.14350
http://doi.org/10.1016/S2214-109X(13)70113-X
http://doi.org/10.1097/IAE.0000000000001489
http://doi.org/10.1167/iovs.61.4.49
http://doi.org/10.1371/journal.pone.0140419
http://doi.org/10.1111/aos.13148
http://doi.org/10.1167/iovs.06-1118
http://doi.org/10.1111/aos.14980
http://doi.org/10.3892/etm.2015.2415


Children 2022, 9, 632 9 of 9

14. McCrann, S.; Loughman, J.; Butler, J.B.; Paudel, N.; Flitcroft, D.I. Smartphone use as a possible risk factor for myopia Smartphone
use as a possible risk factor for myopia. Clin. Exp. Optom. 2021, 104, 35–41. [CrossRef]

15. Hansen, M.H.; Laigaard, P.P.; Olsen, A.M.; Skovgaard, A.M.; Larsen, M.; Kessel, L.; Munch, I.C. Low physical activity and higher
use of screen devices are associated with myopia at the age of 16-17 years in the CCC2000 Eye Study. Acta Ophthalmol. 2020, 98,
315–321. [CrossRef]

16. Yang, G.-U.; Huang, L.-H.; Schmid, K.L.; Li, C.-G.; Chen, J.-Y.; He, G.-H.; Liu, L.; Ruan, X.-L.; Chen, W.-Q. Associations Between
Screen Exposure in Early Life and Myopia amongst Chinese Preschoolers. Int. J. Environ. Res. Public Health 2020, 17, 1056.
[CrossRef]

17. Huang, L.H.; Schmid, K.L.; Yin, X.-N.; Zhang, J.; Wu, J.; Yang, G.; Ruan, Z.-L.; Jiang, Z.-Q.; Wu, C.-A.; Chen, W.-Q. Combination
Effect of Outdoor Activity and Screen Exposure on Risk of Preschool Myopia: Findings From Longhua Child Cohort Study. Front.
Public Health 2021, 9, 607911. [CrossRef]

18. Xiong, S.; Sankaridurg, P.; Naduvilath, T.; Zang, J.; Zou, H.; Zhu, J.; Minzhi, L.; Xiangui, H.; Xun, X. Time spent in outdoor
activities in relation to myopia prevention and control: A meta-analysis and systematic review. Acta Ophthalmol. 2017, 95, 551–566.
[CrossRef]

19. French, A.N.; Morgan, I.G.; Mitchell, P.; Rose, K.A. Risk factors for incident myopia in Australian schoolchildren: The Sydney
adolescent vascular and eye study. Ophthalmology 2013, 120, 2100–2108. [CrossRef]

20. Pärssinen, O. The Wearing of Spectacles and Occurrence of Myopia. Acta Universitatis Tamperensis; ser A vol 207; University of
Tampere: Tampere, Finland, 1986. Available online: http://urn.fi/URN:ISBN:978-952-03-1483-5 (accessed on 8 August 1986).

21. Hua, W.-J.; Jin, J.-X.; Wu, X.-Y.; Hua, W.-J.; Jin, J.W.; Wu, X.Y.; Tao, F. Elevated light levels in schools have a protective effect on
myopia. Ophthalmic Physiol. Opt. 2015, 35, 252–262. [CrossRef]

22. Quek, T.P.L.; Chua, C.G.; Chong, C.S.; Chong, J.H.; Hey, H.W.D.; Lee, J.; Lim, Y.F.; Saw, S.-M. Prevalence of refractive errors in
teenage high school students in Singapore. Ophthalmic Physiol. Opt. 2004, 24, 47–55. [CrossRef]

23. Grzybowski, A.; Kanclerz, P.; Tsubota, K.; Lanca, C.; Saw, S.M. A review on the epidemiology of myopia in school children
worldwide. BMC Ophthalmol. 2020, 20, 1–11. [CrossRef]

24. Chua, S.Y.; Sabanayagam, C.; Cheung, Y.B.; Chia, A.; Valenzuela, R.K.; Tan, D.; Wong, T.-Y.; Cheng, C.-T.; Saw, S.-M. Age of
onset of myopia predicts risk of high myopia in later childhood in myopic Singapore children. Ophthalmic Physiol. Opt. 2016, 36,
388–394. [CrossRef]

25. Pärssinen, O.; Kauppinen, M. Risk factors for high myopia: A 22-year follow-up study from childhood to adulthood. Acta
Ophthalmol. 2019, 97, 510–518. [CrossRef]

26. Zhi, Z.N.; Yang, T.Z.; Xiong, S.B.; Jiang, L.Q.; Pan, M.Z.; Qu, J. Susceptibility of guinea pig eyes to form deprivation myopia and
its age-related recovery. Chin. J. Ophthalmol. 2010, 46, 641–645.

27. Sherwin, J.C.; Reacher, M.H.; Keogh, R.H.; Khawaja, A.P.; Mackey, D.A.; Foster, P.J. The association between time spent outdoors
and myopia in children and adolescents: A systematic review and meta-analysis. Ophthalmology 2012, 119, 2141–2151. [CrossRef]

28. Wu, P.C.; Chen, C.T.; Lin, K.K.; Sun, C.C.; Kuo, C.N.; Huang, H.M.; Poon, Y.-C.; Yang, M.-L.; Chen, C.-Y.; Huang, J.-C.; et al.
Myopia Prevention and Outdoor Light Intensity in a School-Based Cluster Randomized Trial. Ophthalmology 2018, 125, 1239–1250.
[CrossRef]

29. Huang, P.C.; Hsiao, Y.C.; Tsai, C.Y.; Tsai, D.C.; Chen, C.W.; Hsu, C.C. Protective behaviors of near work and time outdoors in
myopia prevalence and progression in myopic children: A 2-year prospective population study. Br. J. Ophthalmol. 2020, 104,
956–961. [CrossRef] [PubMed]

30. Morgan, I.G.; Jan, C.L. China Turns to School Reform to Control the Myopia Epidemic: A Narrative Review. Asia Pac. J. Ophthalmol.
2022, 11, 27–53. [CrossRef] [PubMed]

31. WHO. The Impact of Myopia and High Myopia: Report of the Joint World Health Organization–Brien Holden Vision Institute Global
Scientific Meeting on Myopia; University of New South Wales: Sydney, Australia, 2015; ISBN 978-92-4-151119-3.

32. Tang, S.M.; Kam, K.W.; French, A.M.; Yu, M.; Chen, L.J.; Young, A.L.; Rose, K.A.; Tham, C.C.; Pang, C.P.; Yam, J.C. Independent
Influence of Parental Myopia on Childhood Myopia in a Dose-Related Manner in 2055 Trios: The Hong Kong Children Eye Study.
Am. J. Ophthalmol. 2020, 218, 199–207. [CrossRef] [PubMed]

33. Zhou, S.; Yang, L.; Lu, B.; Wang, H.; Xu, T.; Du, D.; Wu, S.; Li, X.; Lu, M. Association between parents’ attitudes and behaviors
toward children's visual care and myopia risk in school-aged children. Medicine 2017, 96, e9270. [CrossRef]

34. Sloan, L.L. Measurement of visual acuity. AMA Arch Ophthalmol. 1951, 45, 704–725. [CrossRef]
35. Young, F. Interrelations of visual measures. Am. J. Optom. Arch. Am. Acad. Optom. 1959, 6, 576–585. [CrossRef]
36. Laatikainen, L.; Erkkilä, H. Refractiveerrors and other ocular findings in schoolchildren. Acta Ophthalmol. 1980, 58, 129–136.

[CrossRef]

http://doi.org/10.1111/cxo.13092
http://doi.org/10.1111/aos.14242
http://doi.org/10.3390/ijerph17031056
http://doi.org/10.3389/fpubh.2021.607911
http://doi.org/10.1111/aos.13403
http://doi.org/10.1016/j.ophtha.2013.02.035
http://urn.fi/URN:ISBN:978-952-03-1483-5
http://doi.org/10.1111/opo.12207
http://doi.org/10.1046/j.1475-1313.2003.00166.x
http://doi.org/10.1186/s12886-019-1220-0
http://doi.org/10.1111/opo.12305
http://doi.org/10.1111/aos.13964
http://doi.org/10.1016/j.ophtha.2012.04.020
http://doi.org/10.1016/j.ophtha.2017.12.011
http://doi.org/10.1136/bjophthalmol-2019-314101
http://www.ncbi.nlm.nih.gov/pubmed/31615762
http://doi.org/10.1097/APO.0000000000000489
http://www.ncbi.nlm.nih.gov/pubmed/35044336
http://doi.org/10.1016/j.ajo.2020.05.026
http://www.ncbi.nlm.nih.gov/pubmed/32454034
http://doi.org/10.1097/MD.0000000000009270
http://doi.org/10.1001/archopht.1951.01700010719013
http://doi.org/10.1097/00006324-195911000-00002
http://doi.org/10.1111/j.1755-3768.1980.tb04576.x

	Introduction 
	Material and Methods 
	Results 
	Child Myopia according to Parents’ Estimates of Their Child’s Reading Distance 
	Child Myopia according to Parents’ Estimates of Their Child’s Indoors Time 
	Adjusted Risk Factors for Myopia 

	Discussion 
	Limitations 
	Conclusions 
	References

