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Abstract
Purpose To study the association between television-watching in the earlier years of life and subsequent parents’ concerns 
about decreased visual acuity in their elementary school-aged child.
Study design Population-based longitudinal cohort.
Methods Television-watching and its daily duration, as the main exposure, and parents’ concerns for their child’s decreased 
visual acuity during the school years, as the main outcome, were picked up from yearly questionnaires performed for the 
Longitudinal Survey of Newborns in the Twenty-First Century involving all babies born in Japan during either of two periods: 
between January 10 and 17, 2001 or between July 10 and 17, 2001 (N = 47,015).
Results Television-/video-watching as the main form of play of children at the ages of 1.5 years and 2.5 years was signifi-
cantly associated with parents’ concerns for their child’s decreased visual acuity raised once or more in six surveys conducted 
between the ages of 7 and 12 years (odds ratio, 1.1 and 1.09; 95% CI 1.05–1.15 and 1.04–1.14, respectively). The association 
remained significant after adjustment for confounding variables, including child’s sex, preterm birth, multiple birth, mother’s 
age at delivery, mother’s and father’s education, and residential area. Longer daily duration of television-watching at 2.5 years 
was significantly associated with concerns for the child’s decreased visual acuity between the ages of 7 and 12 years, but not 
at the ages of 3.5, 4.5, and 5.5 years. The association remained significant in a sensitivity analysis of 28,820 children who 
participated in all six surveys.
Conclusions Longer daily exposure to television in children in the earlier years of life was associated with parents’ subsequent 
concerns about decreased visual acuity in their elementary school-aged child.

Keywords Children · Longitudinal study · School ages · Television-watching · Visual acuity

Introduction

Visual acuity testing in children in Japan begins at the age of 
3.5 years as part of the health checkup [1, 2], in accordance 
with the Maternal and Child Health Act, and is also done at 
the age of 5 years in kindergartens and just before the child 
enters elementary school at the age of 6 years. Thereafter, 
visual acuity is tested as part of the child’s health check-
ups in school every year from the ages of 6 to 18 years, in 
accordance with the School Health and Safety Act [3, 4]. 
Parents receive a notice from schools to have their child’s 
visual acuity tested by an eye doctor and to have a relevant 
document filled in and then returned to the school. This 
social system for children’s health care in Japan highlights 
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why parents tend to have concerns for the visual acuity of 
their children during their school years.

In the general field of pediatric healthcare, television-
watching has long been thought to affect various aspects 
of child development, not only visual development but also 
mental and behavioral development [5]. In addition, tel-
evision as well as gadgets in the earlier years of life have 
behavioral and social impacts on children [6]. In the field 
of ophthalmology, case reports showed that frequent use of 
smartphones by children may be a precipitating factor for the 
development of acute-onset esotropia [7, 8]. However, until 
now, no study has addressed whether television-watching in 
the earlier years of life affects the visual acuity of children 
in the later years of life.

A longitudinal study is necessary to determine the impact 
of television on the subsequent vision of children. The gov-
ernment of Japan has been conducting a nationwide popula-
tion-based longitudinal survey of babies born in 2001 as part 
of the nation’s vital statistics. Data on television-watching 
as a habit and daily duration of television-watching in the 
earlier years of life were collected in yearly questionnaires 
conducted for the Longitudinal Survey of Newborns in the 
Twenty-First Century (2001 cohort), which followed chil-
dren born in a certain period of the year 2001 [9]. In this 
study, these data were used to determine the association 
between television-watching in the earlier years of life and 
subsequent vision problems in the school years.

Methods

Data source and participants

The Longitudinal Survey of Newborns in the Twenty-First 
Century (2001 cohort) has been conducted as part of the 
nation’s vital and health statistics, based on the Statistics 
Act, by the Ministry of Health, Labor and Welfare of the 
Government of Japan every year since 2001 [9]. Participants 
in the 2001 cohort were all babies born in Japan between 
January 10 and 17, 2001 or between July 10 and 17, 2001. 
The first questionnaire for 53,575 infants at the age of 
6 months was sent to the families in 2001 and 2002, and the 
number of responses was 47,015 (87.8%). The 15th ques-
tionnaire, as the latest, was sent in 2016 to families of 31,408 
children at the age of 15 years, and the number of responses 
was 28,810 (91.7%). In the yearly survey, the response rate 
ranged from 87.8 to 93.5% (Table 1). The data for descrip-
tive statistics in the yearly surveys have been published on 
the ministry’s website. The nonlinkable anonymized data 
sets for analytic epidemiologic studies were provided to 
Okayama University from the Government of Japan with 
administrative permission after the ethical approval of the 
study. This retrospective study of the data collected in this 

nationwide survey conformed to the tenets of the Declaration 
of Helsinki and was approved by the Ethics Committee of 
Okayama University Graduate School of Medicine, Den-
tistry, and Pharmaceutical Sciences and Okayama University 
Hospital (identifier, 1506-073).

The survey questions changed from year to year, accord-
ing to the age of the participants and the administrative 
requirements. The second and third surveys in children at 
the ages of 1.5 and 2.5 years had a question, “What kind of 
play?” and had an answer to choose, “Watch television or 
video,” in the list of other forms of play such as drawing, 
singing, and outdoor walking. The third to sixth surveys, 
conducted at the ages of 2.5, 3.5, 4.5, and 5.5 years, had 
a question, “How long to watch television?” to which the 
respondent could answer a daily duration of 0–1 h, 1–2 h, 
2–3 h, or 3 h or more. Six surveys from the 7th to the 12th 
survey, conducted between the ages of 7 and 12 years, had a 
question as to concerns for the child raised by parents, “The 
visual acuity of the child has gotten worse.” The period of 
observation in this longitudinal cohort was 12 years after 
birth in each child (Table 1).

Exposure and outcome indicators

In this study, the number of “Yes” answers to the question 
about having concerns about the child’s decreased visual 
acuity raised by parents once or more in 6 surveys con-
ducted from the ages of 7 to 12 years was used as the main 
outcome. “Yes” answers to the questions about television-/
video-watching as the main form of play at the ages of 1.5 
and 2.5 years and about daily duration of television-watch-
ing at the ages of 2.5, 3.5, 4.5, and 5.5 years were used 
as explanatory variables or the main exposure (Table 2). 

Table 1  Number of children enrolled in the nationwide population-
based Longitudinal Survey of Newborns in the Twenty-First Century 
(2001 cohort)

Survey 
number

Age of chil-
dren (years)

No. of ques-
tionnaires 
sent

No. of question-
naires returned

Response 
rate (%)

1 0.5 53,575 47,015 87.8
2 1.5 46,966 43,925 93.5
3 2.5 46,897 42,812 91.3
4 3.5 44,837 41,559 92.7
5 4.5 43,559 39,817 91.4
6 5.5 42,187 38,537 91.3
7 7 40,598 36,785 90.6
8 8 39,261 36,136 92.0
9 9 37,932 35,264 93.0
10 10 36,989 34,124 92.3
11 11 36,059 32,913 91.3
12 12 35,038 32,065 91.5
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Daily duration of television-watching was categorized at 
four levels: from 0 to less than 1 h, 1 h to less than 2 h, 2 h 
to less than 3 h, and 3 h or more.

To reconfirm the relation with the exposure and out-
come in the overall data sets, which were rather incom-
plete, a sensitivity analysis was conducted. In the sensitiv-
ity analysis, the data were restricted to the 28,820 children 
who participated in all six surveys conducted from the 
ages of 7 to 12 years. The main outcome was defined as a 
“Yes” answer as to parents’ concerns for child’s decreased 
visual acuity raised “twice or more” in the six surveys. 
The main exposure was the same as that described in the 
main analysis.

Statistical analysis

In the statistical analysis using STATA software (version 
16; StataCorp), the odds ratio and 95% confidence interval 
(CI) were calculated in the presence of the main exposure, 
television-/video-watching, in comparison with the absence 
of the main exposure. In the case of daily duration of tele-
vision-watching, the odds ratio and 95% CI were calculated 
for the daily duration of 1–2 h, 2–3 h, and 3 h or more, in 
comparison with daily duration of 0–1 h. The child’s sex, 
preterm birth, multiple birth, maternal age at child’s birth, 
maternal cigarette smoking, mother’s and father’s educa-
tion levels, and residential area were defined as confounding 
variables on the basis of our previous studies using the same 
data set [10–15].

Results

Television-/video-watching as the main form of play of 
children at the age of 1.5 years as the exposure was sig-
nificantly associated with the outcome of “Yes” answer 
as to having concerns for child’s decreased visual acuity 
raised by parents once or more in the survey at the ages 
of 7–12 years (odds ratio [OR], 1.1; 95% CI 1.05–1.15). 
The association remained significant (OR, 1.1; 95% CI 
1.05–1.15) after adjustment for confounding variables 
including child’s sex, preterm birth, multiple birth, moth-
er’s age, mother’s and father’s education, and residential 
area (Tables 3 and 4). 

Television-/video-watching as the main form of play of 
children at the age of 2.5 years as the exposure was signifi-
cantly associated with the outcome of “Yes” answer as to 
having concerns for child’s decreased visual acuity raised by 
parents once or more in the survey at the ages of 7–12 years 
(OR, 1.09; 95% CI 1.04–1.14). The association remained 
significant (OR, 1.09; 95% CI 1.04–1.15) after adjustment 
for confounding variables including child’s sex, preterm 
birth, multiple birth, mother’s age at delivery, mother’s and 
father’s education, and residential area (Tables 3, 4).

At the age of 2.5 years, daily duration of television-
watching, 2–3 h and 3 h or more, compared with televi-
sion-watching for 0–1 h was significantly associated with 
parents’ concerns for the child’s decreased visual acuity 
at elementary school age, whilst no significant association 
was found between the parents’ concerns and daily dura-
tion of television-watching for 1–2 h (Table 5). The asso-
ciation remained significant after adjustment for confound-
ing variables. Daily duration of television-/video-watching 
at the ages of 3.5, 4.5, and 5.5 years was not associated 
with parents’ concerns for child’s decreased visual acuity 
at elementary school age (Table 5).

In the sensitivity analysis of the 28,820 children who 
participated in all six surveys between the ages of 7 and 
12 years, the number of children who raised parents’ con-
cerns for their decreased visual acuity was 915 (3.1%) at 
the age of 7 years, 1714 (5.9%) at 8 years, 4181 (14.5%) 
at 9 years, 5360 (18.6%) at 10 years, 6145 (21.3%) at 
11  years, and 6456 (22.4%) at 12  years. Television-/
video-watching as the main form of play of children at the 
ages of 1.5 years and 2.5 years was significantly associ-
ated with parents’ concerns for child’s decreased visual 
acuity raised twice or more in the survey at the ages of 
7–12 years (Table 6). Only at the age of 2.5 years, daily 
duration of television-watching, 1–2 h, 2–3 h, and 3 h or 
more, compared with television-watching for 0–1 h, was 
significantly associated with parents’ concerns for child’s 
decreased visual acuity raised twice or more in the survey 
at the ages of 7–12 years (Table 7).

Table 2  Data available for television-watching as the main form of 
play and its daily duration (h) in children at each age in the Longitu-
dinal Survey of Newborns in the Twenty-First Century (2001 cohort)

Data available Data not available
n (%) n (%)

Television-watching
 At the age of 1.5 years
  As main form of play 43,925 (93.4) 3090 (6.6)

 At the age of 2.5 years
  As main form of play 42,812 (91.1) 4203 (8.9)
  Daily duration (h) 42,541 (90.5) 4474 (9.5)

 At the age of 3.5 years
  Daily duration (h) 41,323 (87.9) 5692 (12.1)

 At the age of 4.5 years
  Daily duration (h) 39,565 (84.2) 7450 (15.9)

 At the age of 5.5 years
  Daily duration on weekdays 

(h)
38,380 (81.6) 8635 (18.4)

  Daily duration on Sundays (h) 38,205 (81.3) 8810 (18.7)
Parents’ concerns for child’s decreased visual acuity
 At the age of 7–12 years 30,823 (65.6) 16,192 (34.4)
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Discussion

The goal of this study, as a clinical question, was to deter-
mine whether television-watching in the earlier years of 

life leads to subsequent development of vision problems in 
children at elementary school age. At visual acuity testing 
in schools every year in Japan, the visual acuity in decimals 
with glasses or contact lenses is measured in each eye and 

Table 3  Demographic characteristics of study parcitipants in total and stratified by television-watching status at the ages of 1.5 and 2.5 years

There were 3340 missing for maternal educational attainment, 3831 missing for paternal educational attainment, and 278 missing for maternal 
smoking status
SD standard deviation
a Obtained from the birth record
b Obtained from the first survey (at the age of 6 months)
c Obtained from the second survey (at the age of 18 months)

Total children At the age of 1.5 years At the age of 2.5 years

Not as main form of play As main form of play Not as main form of play As main form of play

(N = 47,015) (n = 21,687) (n = 22,238) (n = 25,015) (n = 17,797)

Characteristics of children
 Sex, n (%)a

  Boys 24,425 (52) 11,275 (52) 11,550 (51.9) 12,807 (51.2) 9409 (52.9)
  Girls 22,590 (48) 10,412 (48) 10,688 (48.1) 12,208 (48.8) 8388 (47.1)

 Term or preterm birth, n (%)a

  Term birth 44,633 (94.9) 20,612 (95) 21,135 (95) 23,754 (95) 16,944 (95.2)
  Preterm birth 2382 (5.1) 1075 (5) 1103 (5) 1261 (5) 853 (4.8)

 Parity, n (%)a

  0 22,967 (48.9) 10,249 (47.3) 11,213 (50.4) 11,877 (47.5) 9049 (50.8)
  ≥ 1 24,048 (51.1) 11,438 (52.7) 11,025 (49.6) 13,138 (52.5) 8748 (49.2)

 Singleton or multiple birth, n (%)a

  Singleton birth 46,039 (97.9) 21,296 (98.2) 21,737 (97.7) 24,507 (98) 17,448 (98)
  Multiple birth 976 (2.1) 391 (1.8) 501 (2.3) 508 (2) 349 (2)

Parental characteristics
 Mean maternal age at 

delivery, years (SD)a
30 (4.5) 30 (4.5) 30.1 (4.4) 30.1 (4.4) 30.2 (4.5)

 Maternal educational attainment, n (%)c

  University or higher 6031 (13.8) 3308 (15.4) 2723 (12.3) 3581 (14.8) 2268 (13.2)
  Junior college or voca-

tional school
18,034 (41.3) 8839 (41) 9195 (41.6) 10,369 (42.9) 6936 (40.2)

  High school 17,157 (39.3) 8176 (37.9) 8981 (40.6) 9045 (37.4) 7099 (41.2)
  Junior high school and 

others
2453 (5.6) 1225 (5.7) 1228 (5.5) 1203 (5) 937 (5.4)

 Paternal educational attainment, n (%)c

  University or higher 15,625 (36.2) 7687 (36.1) 7938 (36.2) 9010 (37.6) 6124 (35.9)
  Junior college or voca-

tional school
6758 (15.6) 3322 (15.6) 3436 (15.7) 3809 (15.9) 2644 (15.5)

  High school 17,168 (39.8) 8398 (39.5) 8770 (40) 9255 (38.6) 6909 (40.5)
  Junior high school and 

others
3633 (8.4) 1877 (8.8) 1756 (8) 1887 (7.9) 1384 (8.1)

 Maternal smoking status, n (%)b

  Non-smoking 38,565 (82.5) 18,003 (83.5) 18,571 (83.9) 21,064 (84.6) 14,818 (83.7)
  Smoking 8172 (17.5) 3565 (16.5) 3553 (16.1) 3823 (15.4) 2888 (16.3)

 Residential area, n (%)
  Wards 10,297 (21.9) 4761 (22) 4884 (22) 5496 (22) 3892 (21.9)
  Cities 27,707 (58.9) 12,762 (58.8) 13,129 (59) 14,719 (58.8) 10,486 (58.9)
  Towns or villages 9011 (19.2) 4164 (19.2) 4225 (19) 4800 (19.2) 3419 (19.2)

Author's personal copy



565Television-watching in the early years of life and the association with parents’ concerns about…

1 3

marked into four grades: 1.0 or better as A, 0.9–0.7 as B, 
0.6–0.3 as C, and 0.2 or worse as D. In the case of grade 
B, C, or D, parents are notified with a document stating the 
visual acuity grade of each eye of the child and asked to 
have the child visit an eye clinic to undergo an examination. 
Under these circumstances, parents and family members 
naturally have concerns for child’s decreased visual acuity 
every year at the notice issued from the school. Decreased 
visual acuity during school age is mainly attributed to the 
progression of myopia [16–21].

In this study, we demonstrated that television-watching 
at the ages of 1.5 and 2.5 years in children was a risk fac-
tor for subsequent parents’ concerns for child’s decreased 
visual acuity at elementary school ages. Especially at the 
age of 2.5 years, longer daily duration of television-watch-
ing tended to be associated with a greater odds ratio for the 
association in the sensitivity analysis of the 28,820 children 
who participated in all six surveys between the ages of 7 
and 12 years. Television-watching at the age of 2.5 years 
and the parents’ concerns raised twice or more for child’s 

Table 4  Crude and adjusted 
odds ratios (ORs) for 
associations between television-
watching as the main form 
of play at the ages of 1.5 and 
2.5 years and parents’ concerns 
for child’s decreased visual 
acuity at the ages of 7–12 years

a Adjusted for child factors (sex, preterm birth, parity, singleton or not); parental factors (maternal age at 
delivery, maternal educational attainment, paternal educational attainment); and residential area

Ncase/N % of cases Crude ORs (95% CI) Adjusteda ORs (95% CI)

At the age of 1.5 years
 Not as main form of play 5803/14,950 38.8 1 (ref.) 1 (ref.)
 As main form of play 6399/15,555 41.1 1.1 (1.05–1.15) 1.1 (1.05–1.15)

At the age of 2.5 years
 Not as main form of play 6957/17,782 39.1 1 (ref.) 1 (ref.)
 As main form of play 5259/12,762 41.2 1.09 (1.04–1.14) 1.09 (1.04–1.15)

Table 5  Crude and adjusted 
odds ratios (ORs) for 
associations between daily 
television-watching duration 
at the age of 2.5–5.5 years and 
parents’ concerns for child’s 
decreased visual acuity at the 
ages of 7 –12 years

a Adjusted for child factors (sex, preterm birth, parity, singleton or not); parental factors (maternal age at 
delivery, maternal educational attainment, paternal educational attainment); and residential area

Ncase/N % of cases Crude ORs (95% CI) Adjusteda ORs (95% CI)

At the age of 2.5 years
 Less than 1 h 1179/3116 37.8 1 (ref.) 1 (ref.)
 1 to less than 2 h 4407/11,263 39.1 1.06 (0.97–1.15) 1.06 (0.97–1.15)
 2 to less than 3 h 1775/4318 41.1 1.15 (1.04–1.26) 1.14 (1.03–1.25)
 3 h or more 4603/11,230 41.0 1.14 (1.05–1.24) 1.14 (1.05–1.24)

At the age of 3.5 years
 Less than 1 h 1195/3040 39.3 1 (ref.) 1 (ref.)
 1 to less than 2 h 4850/12,236 39.6 1.01 (0.93–1.1) 1.05 (0.97–1.14)
 2 to less than 3 h 1842/4431 41.6 1.1 (1–1.21) 1.15 (1.04–1.27)
 3 h or more 4198/10,557 39.8 1.02 (0.94–1.11) 1.07 (0.98–1.16)

At the age of 4.5 years
 Less than 1 h 1520/3689 41.2 1 (ref.) 1 (ref.)
 1 to less than 2 h 3653/9249 39.5 0.93 (0.86–1.01) 0.96 (0.88–1.03)
 2 to less than 3 h 4177/10,507 39.8 0.94 (0.87–1.02) 0.99 (0.91–1.07)
 3 h or more 2622/6563 40.0 0.95 (0.87–1.03) 1.01 (0.92–1.1)

At the age of 5.5 years (on weekdays)
 Less than 1 h 2205/5325 41.4 1 (ref.) 1 (ref.)
 1 to less than 2 h 4882/12,294 39.7 0.93 (0.87–0.99) 0.96 (0.89–1.02)
 2 to less than 3 h 3302/8391 39.4 0.92 (0.86–0.98) 0.96 (0.89–1.03)
 3 h or more 1665/4218 39.5 0.92 (0.85–1) 0.97 (0.89–1.05)

At the age of 5.5 years (on Sundays)
 Less than 1 h 1193/2901 41.1 1 (ref.) 1 (ref.)
 1 to less than 2 h 3642/9180 39.7 0.94 (0.86–1.03) 0.96 (0.88–1.05)
 2 to less than 3 h 3742/9569 39.1 0.92 (0.84–1) 0.96 (0.88–1.04)
 3 h or more 3423/8444 40.5 0.98 (0.9–1.06) 1.03 (0.95–1.13)
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decreased visual acuity at elementary school age might have 
a dose–response relationship. The decreased visual acuity is 
probably be due to the progression of myopia at these ages, 
as mentioned above [16–21]. It should be noted that longer 
daily duration of television-watching at the younger age of 
2.5 years was an underlying factor for subsequent visual acu-
ity problems at elementary school age, whereas longer daily 
duration of television-watching at the older ages of 3.5, 4.5, 

and 5.5 years did not have such consequences. These facts 
suggest that exposure to television only in the earlier years of 
life, but not in the later years of life, might affect subsequent 
progression of myopia at elementary school age.

Television-watching has been shown to have social and 
behavioral effects on children [5, 10]. The results of this 
study add further that exposure to television in the ear-
lier years of life, younger than 3 years, carries a risk for 

Table 6  Crude and adjusted odds ratios (ORs) for associations 
between television-watching as the main form of play at the ages of 
1.5 and 2.5 years and parents’ concerns raised twice or more about 

child’s decreased visual acuity at the ages of 7–12 years in sensitivity 
analysis of 28,820 children who participated in all 6 surveys at the 
ages of 7–12 years

a Adjusted for child factors (sex, preterm birth, parity, singleton or not); parental factors (maternal age at delivery, maternal educational attain-
ment, paternal educational attainment); and residential area

Ncase/N % of cases Crude ORs (95% CI) Adjusteda ORs (95% CI)

At the age of 1.5 years
 Not as main form of play 3188/14,046 22.7 1 (ref.) 1 (ref.)
 As main form of play 3597/14,519 24.8 1.12 (1.06–1.18) 1.12 (1.06–1.19)

At the age of 2.5 years
 Not as main form of play 3849/16,677 23.1 1 (ref.) 1 (ref.)
 As main form of play 2950/11,929 24.7 1.09 (1.04–1.16) 1.1 (1.04–1.17)

Table 7  Crude and adjusted 
odds ratios (ORs) for 
associations between daily 
television-watching duration 
at the ages of 2.5–5.5 years 
and parents’ concerns raised 
twice or more about child’s 
decreased visual acuity at the 
ages of 7–12 years in sensitivity 
analysis of 28,820 children who 
participated in all 6 surveys at 
the ages of 7–12 years

a Adjusted for child factors (sex, preterm birth, parity, singleton or not); parental factors (maternal age at 
delivery, maternal educational attainment, paternal educational attainment); and residential area

Ncase/N % of cases Crude ORs (95% CI) Adjusteda ORs (95% CI)

At the age of 2.5 years
 Less than 1 h 630/2947 21.4 1 (ref.) 1 (ref.)
 1 to less than 2 h 2443/10,587 23.1 1.1 (1–1.22) 1.11 (1–1.23)
 2 to less than 3 h 1022/4048 25.2 1.24 (1.11–1.39) 1.23 (1.1–1.39)
 3 h or more 2585/10,466 24.7 1.21 (1.09–1.33) 1.22 (1.1–1.35)

At the age of 3.5 years
 Less than 1 h 671/2876 23.3 1 (ref.) 1 (ref.)
 1 to less than 2 h 2698/11,483 23.5 1.01 (0.92–1.11) 1.04 (0.94–1.15)
 2 to less than 3 h 1062/4158 25.5 1.13 (1.01–1.26) 1.17 (1.05–1.32)
 3 h or more 2282/9835 23.2 0.99 (0.9–1.1) 1.04 (0.94–1.15)

At the age of 4.5 years
 Less than 1 h 848/3469 24.4 1 (ref.) 1 (ref.)
 1 to less than 2 h 2139/8754 24.4 1 (0.91–1.1) 1.03 (0.93–1.13)
 2 to less than 3 h 2323/9848 23.6 0.95 (0.87–1.04) 1.01 (0.92–1.11)
 3 h or more 1392/6101 22.8 0.91 (0.83–1.01) 0.97 (0.88–1.08)

At the age of 5.5 years (on weekdays)
 Less than 1 h 1257/5019 25.0 1 (ref.) 1 (ref.)
 1 to less than 2 h 2756/11,584 23.8 0.93 (0.87–1.01) 0.96 (0.89–1.04)
 2 to less than 3 h 1841/7836 23.5 0.92 (0.85–1) 0.97 (0.89–1.06)
 3 h or more 884/3934 22.5 0.87 (0.79–0.96) 0.92 (0.83–1.02)

At the age of 5.5 years (on Sundays)
 Less than 1 h 686/2734 25.1 1 (ref.) 1 (ref.)
 1 to less than 2 h 2090/8688 24.1 0.95 (0.86–1.04) 0.96 (0.87–1.07)
 2 to less than 3 h 2065/8982 23.0 0.89 (0.81–0.98) 0.93 (0.84–1.03)
 3 h or more 1870/7849 23.8 0.93 (0.84–1.03) 1 (0.9–1.11)
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subsequent development of visual acuity problems at ele-
mentary school age. Children in the earlier years of life, 
who were here shown to be prone to having the subsequent 
influence induced by television-watching, are indeed in the 
process of visual development associated with visual plastic-
ity, the so-called critical period [22], which is most active 
up to the age of 3 years. In this sense, it is understandable 
that in this study, television-watching in children at the age 
of 3 years or older did not lead to subsequent visual acuity 
problems at school age.

In parallel with this study, near work and outdoor activity 
were tested to determine whether they were associated with 
visual acuity and refractive error in a cross-sectional study of 
Chinese school children at the ages of 10 and 11 years [23]. 
Interestingly at these ages, computer use and smartphone 
use were positively associated with higher degrees of myo-
pia, whilst television-watching was not associated with the 
degree of myopia. Those results might be along the same 
lines as the present results that television-watching only in 
the earlier years of life influenced later decreased visual acu-
ity, presumably by myopia, at school age.

The general epidemiologic limitations in this nationwide 
cohort with yearly questionnaires are the yearly dropout of 
participants and the filling-in accuracy in answering each 
question. As for the yearly dropout, the return rate of ques-
tionnaires at each year was about 90%, and yearly question-
naires were sent mainly to parents who had sent back the 
questionnaire in the preceding year. Therefore, the number 
(32,065) of the 12th questionnaire returned at the age of 
12 years was 68% of the number (47,015) of the first ques-
tionnaire returned at the age of 0.5 years (Table 1). As for 
the accuracy of the data, the availability of data for tele-
vision-watching as a main form of play at the ages of 1.5 
and 2.5 years was above 90%. In contrast, the data for daily 
duration of television-watching at the age of 2.5 years were 
available for about 90% of the respondents, whilst those 
data at the ages of 3.5, 4.5, and 5.5 years were available at 
the level between 80 and 90%. Furthermore, the data avail-
ability for parents’ concerns about their child’s decreased 
visual acuity was as low as 65%. To cope with the yearly 
participant dropout and the data availability in the nation-
wide cohort, we conducted a sensitivity analysis in the lim-
ited cohort of 28,820 children who participated in all six 
surveys at the ages of 7–12 years. The main outcome was 
defined as “Yes” answer as to parents’ concerns for child’s 
decreased visual acuity “twice or more” in six surveys at 
the ages of 7–12 years. Even in this sensitivity analysis, tel-
evision-watching in the earlier years of life was associated 
with parents’ concerns for child’s decreased visual acuity 
at school age.

The confounding variables in this study were chosen 
from the viewpoint of our previous studies using the same 
nationwide longitudinal cohort [10–15] and were not 

based on their statistical significance. Adhering to statis-
tical significance would carry the risk of missing crucial 
confounding variables [24]. Differential misclassification 
as information bias would be negligible in this study since 
the timing of the main exposure and that of the main out-
come were different and did not overlap with each other in 
the time course of the yearly questionnaires. Television-
watching and its daily duration, chosen as the exposure, 
were in earlier years of life, whilst parents’ concerns for 
child’s decreased visual acuity, chosen as the main out-
come, were at the ages from 7 to 12 years in elementary 
school enrollment.

A major limitation specific to this study is that the main 
outcome was concerns for the child’s decreased visual acu-
ity raised by parents or family members, but not the real 
documentation of the visual acuity decrease in the children. 
Because the survey has started in 2001, there was no ques-
tion regarding smartphone or tablet personal computer (PC) 
use in the 2001 cohort. There is another cohort of babies 
born in 2010 that has been followed longitudinally in paral-
lel with the cohort of babies born in 2001. The survey in the 
2010 cohort included questions about smartphone and tablet 
PC use. Future studies, using the 2010 cohort, may elucidate 
the effect of other gadgets in children at younger ages.

As for the epidemiologic methods used in this study, we 
believe that the overall data sets, although incomplete, are 
desirable to have an overview of the relation with exposure 
and outcome. To assess the reliability of the results using 
the overall data sets, the same exposure and outcome were 
tested in the selected group of children who participated in 
all six surveys at the ages of 7–12 years as the sensitivity 
analysis. Survival analysis was not chosen as an epide-
miologic method in this study because the time span, for 
instance between 1.5 and 7 years, could not be assessed 
accurately in the present questionnaire-based survey. Fur-
thermore, the timing of outcome at a specific age was not 
the point of our clinical question in this study. Our clinical 
question was simply to know whether children with the 
exposure in the earlier years of life would have the out-
come in the 6-year period in elementary school.

In conclusion, to the best of our knowledge, this nation-
wide population-based longitudinal study is the first to 
demonstrate that television-watching only in the earlier 
years of life, but not in the later years, leads to the later 
consequence of visual acuity problems at elementary 
school age. Care must be taken in terms of television-
watching especially in children in the process of visual 
development, younger than 3 years.
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