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ABSTRACT

Background: This retrospective cohort study primarily aimed to investigate the possible association of computer use with visual
field abnormalities (VFA) among Japanese workers.

Methods: The study included 2,377 workers (mean age 45.7 [standard deviation, 8.3] years; 2,229 men and 148 women) who
initially exhibited no VFA during frequency doubling technology perimetry (FDT) testing. Subjects then underwent annual
follow-up FDT testing for 7 years, and VFA were determined using a FDT-test protocol (FDT-VFA). Subjects with FDT-VFA
were examined by ophthalmologists. Baseline data about the mean duration of computer use during a 5-year period and
refractive errors were obtained via self-administered questionnaire and evaluations for refractive errors (use of eyeglasses or
contact lenses), respectively.

Results: A Cox proportional hazard analysis demonstrated that heavy computer users (>8 hr=day) had a significantly increased
risk of FDT-VFA (hazard ratio [HR] 2.85; 95% confidence interval [CI], 1.26–6.48) relative to light users (<4 hr=day), and this
association was strengthened among subjects with refractive errors (HR 4.48; 95% CI, 1.87–10.74). The computer usage history
also significantly correlated with FDT-VFA among subject with refractive errors (P < 0.05), and 73.1% of subjects with FDT-
VFA and refractive errors were diagnosed with glaucoma or ocular hypertension.

Conclusions: The incidence of FDT-VFA appears to be increased among Japanese workers who are heavy computer users,
particularly if they have refractive errors. Further investigations of epidemiology and causality are warranted.
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INTRODUCTION

The rapid global spread of information technology (IT), and most
recently of new media (eg, smartphones and tablets), has
continually increased exposure to visual display terminals
(VDT). This exposure is particularly marked among general
workers, who are exposed in both the workplace and during
private activities. These backlit VDT apparatuses, such as
monitors, expose the eyes to direct light stimulation for long
periods of time. In addition to ophthalmic issues, long-term VDT
use (ie, computer use) could lead to a reduction in physical
activities, sleep disturbances, or life rhythm disorders that result
in mental and=or physical impairments.1–3 Accordingly, the health
issues related to long-time computer use are of great concern.4,5

Glaucoma is a relatively common age-related ocular disease
characterized by optic nerve degeneration for which the precise

etiology is largely unknown.6 Many epidemiological studies of
glaucoma have identified that the characteristics, prevalence, and
type of glaucoma depend on race.6,7 In Japan, primary open-angle
glaucoma is the dominant form of this condition, and normal
tension glaucoma accounts for >90% of primary open-angle
glaucoma cases.8 Myopia has been generally suggested as a strong
risk factor for glaucoma both in general9 and in the Japanese
population,10,11 and smoking,12 regular short sleep,13 systemic
hypoxia (including sleep apnea syndrome),14 hypertension,15

obesity, and diabetes16 have also been suggested. We postulated
that long-time computer use might increase the risk of glaucoma.

A glaucoma screening method was needed to investigate this
risk, as affected patients do not exhibit subjective visual field
losses until they reach the terminal stage.6 Initially, we studied the
effectiveness of frequency doubling technology perimetry (FDT)
for mass glaucoma screening.17 FDT-based visual field testing is
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advantageous for mass screening because it is simple, of short
duration, portable, and does not require refraction correction or
expert technicians. Our initial studies of the applicability of
FDT-based mass screening17,18 revealed that >70% of identified
visual field abnormalities (VFA) correlated with glaucoma.17

Accordingly, we set the FDT test findings as an outcome of the
present study.

Our previous large-scale, population-based study of FDT in
the workplace indicated a possible association between a history
of computer use and glaucoma.11 Interestingly, we observed a
significant interaction effect of myopia on the association between
computer use and glaucoma; specifically, an increased risk of
glaucomatous VFA was observed only among frequent computer
users with myopia.11 Our recent study confirmed this finding in
different population.19 However, those studies featured a cross-
sectional design. To obtain more precise evidence, we designed a
retrospective cohort study to investigate the association between
computer use and VFA using the FDT test.

MATERIALS AND METHODS

Study subjects
This study was approved by the Ethics Committee of Showa
University and conducted at a health center belonging to a
member of a group of large-scale electronics companies.
Employees and their spouses (≥39 years of age) from 35
affiliated companies (38,000 employees) freely selected the
timing and health center where they would undergo health
examinations. Subjects were recruited from among all 4,184
participants who underwent examinations at this health center for
3 months from 2000 through 2001 and were employed mainly at
two companies associated with research and development (7,000
total employees). Of the individuals examined during the study
period, 2,806 (mean age: 46.1 [standard deviation {SD}, 8.5]
years; male:female ratio: 2,623:183) initially underwent FDT
(Carl Zeiss Meditec, Oberkochen, Germany) testing (screening
mode C-20-1) and responded completely to questions regarding
computer use. Of these, 182 exhibiting VFA on FDT testing
(FDT-VFA), with unreliable results, or with existing glaucoma
were excluded. After another 247 subjects dropped out during the
first year, the study cohort comprised 2,377 subjects (mean age:
45.7 [SD, 8.3] years; male:female ratio: 2,229:148). FDT testing
was conducted annually for 7 years.

FDT-VFA detection protocol
The FDT testing protocol used to detect FDT-VFA has been
described in detail elsewhere.17 Briefly, the protocol comprised
two algorithms: reproducibility and decision. Reproducibility was
determined via immediate retest after the detection of any VFA
during the initial FDT test, and a positive result was noted if a
VFA ascertained during the retest was the same as or close to that
identified during the initial test. The decision algorithm was
considered positive when the FDT results revealed one or more
VFAs with mild relative losses located within four central spots
on the nasal side of the eye, two or more VFAs in any location,
or one or more VFAs with a moderate or severe relative loss in
any location.

At the baseline, all participants completed a self-administrated
questionnaire about their private lifestyles and working habits,
including existing ocular hypertension and glaucoma, smoking
habits, and computer use. Nurses obtained information about

refractive errors by checking for the presence of such errors (ie,
use of eyeglasses or contact lenses) based on subjects’ self-
reports. Subjects with FDT-VFA underwent complete ophthalmic
examinations by ophthalmologists, and diagnostic information
was obtained from hospitals.

Classification of computer use
For data analysis, we classified computer use using two
parameters: 1) mean daily time spent at a computer during the
past 5 years and 2) history of computer use. The mean daily time
spent at a computer during the past 5 years was divided into four
categories and scored as follows: <1 hour, 1; 1–4 hours, 2; 4–8
hours, 3; and >8 hours, 4. The history of computer use was
evaluated using the computer use index (CUI).11 First, subjects
were divided into four categories based on their responses,
and scores were assigned as follows: <5 years, 1; 5–10 years, 2;
10–20 years, 3; and >20 years, 4. We then established a CUI
using the following formula:

CUI = score for history of computer use score × score for
mean daily time spent at the computer over 5 years.

Subjects were then classified by CUI as follows: 1–3, light
users; 4–8, moderate users; and 9–16, heavy users.

Follow-up
Subjects participated in annual follow-up FDT testing during
health examinations according to the above-described FDT
detection protocol.

Statistical analysis
The chi-squared test or one-way analysis of variance, followed
by Bonferroni’s multiple comparison test, was used to determine
statistical significance among the three CUI groups. If a subject
had not undergone FDT testing during a particular year but
received a normal result during the following year, a normal
result was recorded for both years. An event was defined as a
newly identified FDT-VFA. A case was censored if FDT testing
had not been performed following the last normal FDT test or
if no FDT-VFA had been identified within 7 years after the
baseline.

As none of the variables selected for the final model had a P-
value of <0.05 in the Schoenfeld residuals test (eg, Schoenfeld
residuals test for computer use, P = 0.773), there was no violation
of the assumption of the Cox proportional hazards model.
Potential confounding variables including age (years), sex (man
or woman), body mass index (BMI) (kg=m2), systolic blood
pressure (mmHg), existing ocular hypertension (present or not),
family history of glaucoma (present or not), and smoking status
(never=former or current) were selected based on our previous
cross-sectional study.11 First, the Cox proportional hazards model
was used to calculate the hazard ratios (HRs) and 95% confidence
intervals (CIs) of possible confounding variables, refractive
errors, and computer use. Second, we investigated the association
between computer use and FDT-VFA after stratification by
refractive errors, given our previous observation of the potent
interaction effect of refractive errors on the association between
computer use and FDT-VFA11,19 and the significant correlation of
computer use and refractive errors (P < 0.001).

Among subjects with refractive errors, the Kaplan-Meier
method was used to analyze the probability of FDT-VFA
accumulation, and significance differences by computer use
status were determined using the log-rank test. All statistical
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analyses were performed using IBM-SPSS® version 22.0 (IBM
SPSS®, Tokyo, Japan) except for the Schoenfeld residuals test,
which was conducted using SAS version 9.2 (SAS Institute Japan
Ltd, Tokyo, Japan). Mean values were presented with standard
deviations. Values were considered statistically significant at
P < 0.05.

RESULTS

The baseline characteristics of the subjects are summarized in
Table 1. Notably, we observed significant differences in age,
sex, BMI, and refractive errors among the three groups stratified
by the mean time spent at a computer during a 5-year period and
CUI. For example, light users were significantly older than
moderate or heavy users. The mean follow-up duration was 5.8
(SD, 2.0) years (including 432 subjects who skipped the annual
FDT test). During a total of 13,975 person-years, new FDT-VFA
occurred in 94 cases, yielding an incidence rate of 6.7=1,000
person-years.

In this study, age, existing ocular hypertension, smoking status,
refractive errors, and mean time spent using a computer were
listed as significant variables (Table 2). In a univariate analysis,
age was positively associated with FDT-VFA, and existing ocular

hypertension, current smoking, present refractive errors, and
long-time computer use appeared to be positively associated with
FDT-VFA. Next, a multiple-adjusted hazard ratio was calculated
using all listed variables. Consequently, age, existing ocular
hypertension, and computer use remained significant. The hazard
ratio of long-time (>8 hr=day) computer use was 2.85 (95% CI,
1.26–6.48), indicating a significantly positive association with
FDT-VFA.

Table 3 lists the potential confounding factor-adjusted hazard
ratios and 95% CIs for the mean time spent at a computer during
a 5-year period, stratified by the presence of refractive errors.
Among subjects with refractive errors, we observed a signifi-
cantly positive association between the mean time spent at
a computer and FDT-VFA (P for trend = 0.002). A heavy
computer user status (>8 hr=day) was associated with a
significantly increased risk of FDT-VFA (HR 4.48; 95% CI,
1.87–10.74). Further analysis revealed a significantly positive
association between CUI and FDT-VFA among subjects with
refractive errors (HR 2.46; 95% CI, 1.26–4.81 for moderate users;
HR 2.43; 95% CI, 0.97–6.06 for heavy users; P for trend = 0.021;
Table 3). In contrast, no association between the time spent at a
computer and FDT-VFA was observed among subjects without
refractive errors (HR 0.84; 95% CI, 0.34–2.10 for moderate

Table 1. Characteristics of study subjects

Variables

5-year mean time spent at a computer

P

Computer use index

P
Total

<4 hr=day 4 hr–8 hr=day >8 hr=day 1–3 4–8 9–

n = 1,529 n = 759 n = 89 n = 1,082 n = 1,036 n = 259 n = 2,377

Age mean (SD) 47.3 (8.5) 42.9 (6.9) 41.9 (7.3) <0.001 47.6 (8.7) 44.8 (7.8) 41.2 (5.7) <0.001 45.7 (8.3)
Sex men, % 92.6 95.7 97.8 0.005 90.0 96.9 96.9 <0.001 93.8
BMI mean (SD) 23.1 (2.8) 23.5 (3.0) 23.5 (3.2) 0.003 22.9 (2.8) 23.4 (2.9) 23.8 (3.1) <0.001 23.3 (2.9)
Systolic blood pressure mean (SD) 121.4 (13.5) 120.8 (13.0) 120.0 (11.7) 0.429 121.6 (13.4) 120.6 (13.3) 121.1 (13.0) 0.246 121.1 (13.3)
Ocular hypertension present, % 4.3 4.3 1.1 0.340 4.7 3.4 5.1 0.256 4.2
Family history of glaucoma present, % 6.7 6.1 5.6 0.810 6.2 7.5 3.9 0.103 6.5
Smoking status current smoker, % 21.7 21.3 16.9 0.553 22.1 21.1 19.7 0.672 21.4
Refractive errors present, % 47.0 68.4 70.8 <0.001 42.1 63.7 71.0 <0.001 54.7

BMI, body mass index; SD, standard deviation.
Information on refractive errors was obtained by checking for the presence of refractive errors (use of eyeglasses or contact lenses) by nurses on the basis of a
self-report.

Table 2. Univariate and multivariate analysis of the risk factors for FDT-VFA

Variables FDTVFA(+)
Crude Multiple-adjusteda

Hazard ratio 95% Cl P Hazard ratio 95% CI P

Age mean (SD) 47.6 (8.7) 1.04 1.01 1.06 0.004 1.04 1.01 1.06 0.016
Sex man (n = 2,229) 4.1% reference reference

woman (n = 148) 2.0% 0.53 0.17 1.68 0.280 0.79 0.24 2.49 0.658
BMI mean (SD) 23.6 (3.3) 1.04 0.98 1.12 0.215 1.04 0.97 1.12 0.312
Systolic blood pressure mean (SD) 122.1 (13.7) 1.01 0.99 1.02 0.407 1.00 0.98 1.02 0.821
Ocular hypertension not (n = 2,250) 3.5% reference reference

present (n = 98) 11.2% 3.36 1.79 6.32 <0.001 2.79 1.42 5.48 0.003
Family history of glaucoma not (n = 2,174) 3.9% reference reference

present (n = 98) 4.0% 1.02 0.46 2.33 0.965 0.84 0.34 2.08 0.706
Smoking-status never or former (n = 1,868) 3.5% reference reference

current (n = 509) 5.5% 1.56 1.02 2.47 0.041 1.27 0.78 2.07 0.332
Refractive error not (n = 1,077) 3.1% reference reference

present (n = 1,300) 4.7% 1.53 1.00 2.34 0.048 1.43 0.90 2.24 0.127
Computer use

<4h=day (n = 1,529) 3.3% reference reference
4–8 h=day (n = 759) 4.7% 1.39 0.91 2.13 0.129 1.45 0.90 2.33 0.126
>8h=day (n = 89) 7.9% 2.36 1.07 5.19 0.033 2.85 1.26 6.48 0.012

BMI, body mass index; CI, confidence interval; FDT-VFA, visual field abnormalities determined using an FDT-based protocol; SD, standard deviation.
aAdjusted for all listed variables by Cox-proportional hazard model.
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users and HR 0.00 for heavy users; P = 0.998). A similar lack
of association was observed for CUI among subjects without
refractive errors (HR 0.88; 95% CI, 0.40–1.95 for moderate users
and HR 0.91; 95% CI, 0.20–4.15 for heavy users).

Among subjects with refractive errors, a Kaplan-Meier analysis
showed that the probability of FDT-VFA accumulation was
higher among heavy users (log-rank test, P = 0.047) (Figure 1).

We were able to obtain diagnostic information for 41 of the 61
subjects with FDT-VFA and refractive errors from hospitals. Of
these, 26 (63.4%) were diagnosed with glaucoma, 4 (9.7%) with
ocular hypertension, 4 (9.7%) with severe myopia, 2 (4.9%) with
retinal detachment, 2 (4.9%) with other diseases, and 3 (7.3%) as
normal.

DISCUSSION

To our knowledge, this was the first study in which a large number
of subjects underwent several rounds of follow-up perimetric
testing to investigate the association between computer use and
VFA. Our results showed that heavy computer users, particularly
those with refractive errors, had a significantly increased incidence
of FDT-VFA and that glaucoma was the most common ophthal-
mological diagnosis in those participants for whom diagnostic
information was available from hospitals. These findings were
similar to previous results from our cross-sectional studies.11,19

Our previous studies demonstrated that myopia was the
underlying form of refractive error among the majority of

Table 3. Adjusted hazard ratios and 95% confidence intervals for
the association of computer use with the FDT-VFA
among subjects with refractive errors

Multiple-adjusteda

hazard ratio
95% CI P

5-year mean time
spent at a computer
at the base-line

<4 hr=day 1 reference
4 hr–8 hr=day 1.96 1.09 3.56 0.025
>8 hr=day 4.48 1.87 10.74 0.010

P for trend = 0.002

Computer use index

History of computer
use at the base-line

1–3 1 reference
4–8 2.46 1.26 4.81 0.009
9– 2.43 0.97 6.06 0.057

P for trend = 0.021

CI, confidence interval; FDT-VFA, visual field abnormalities determined
using an FDT-based protocol.
aAdjusted for age, sex, BMI, systolic blood pressure, ocular hypertension,
family history of glaucoma, and smoking status.
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Follow-up
number 2,377 2,245 2,066 1,958 1,849 1,737 1,537

Figure 1. Probability of visual field abnormality accumulation determined using the FDT test and stratified by the 5-year mean
time spent at a computer. The probability of visual field abnormality accumulation, determined using the FDT test, was
calculated using the Kaplan-Meier method. Bold, solid, and broken lines indicate 5-year mean times spent at a
computer of >8hr/day, 4–8hr/day, and <4hr/day, respectively. FDT, frequency doubling technology perimetry.
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Japanese workers.17–20 However, the links among myopia,
heavy computer use, and glaucoma susceptibility remain largely
unknown. Regarding pathological mechanisms, shearing forces
toward the long axis in the myopic eye ball might cause structural
weakness of the optic disc and microcirculatory disturbances,
leading to glaucoma.21 A recent study found that myopia might
worsen glaucomatous visual field impairment via myopic optic
disk deformation, rather than directly via refractive error or axial
length.22 In addition to this glaucoma-susceptible eye condition,
long-time computer use might interactively increase the risk of
glaucoma. Myopia might also be associated with a bias toward
educational factors that lead to differences in lifestyles or working
habits, as intelligence and education appear to be important
triggers of this condition.23–25 The lifestyles and working habits
of heavy computer users with myopia might introduce possible
risk factors for glaucoma.

In this study, the current computer usage (ie, 5-year mean
time spent at a computer) was more strongly associated with
FDT-VFA than was the history of computer use (evaluated via
the CUI), whereas our previous cross-sectional study revealed
the opposite association pattern. Our current data indicate that
long daily usage time might have a stronger effect on FDT-VFA
development than long-term use. We also note that long sitting
duration might affect the onset of glaucoma. Long daily time
at a computer may be more closely associated with long daily
sitting time than long-term computer usage per se. A recent
systematic review described an increase in oxidative stress
among glaucoma patients,26 and reactive oxygen metabolites
were observed at higher levels in sitting subjects than standing
subjects.27

This study included several limitations. First, we did not
stratify the ophthalmologically determined spherical diopter
powers of subjects by computer use. Heavy computer users
might have a more severe grade of myopia than light users.
Therefore, we cannot rule out selection bias. Second, unadjusted
confounding factors, such as a decreased sleep duration and low
physical activity level, might affect the risk of glaucoma.28 Third,
we only assessed computer use at baseline, and usage patterns
might have changed during the follow-up period. Therefore, more
precise studies of ophthalmological findings and lifestyles are
needed to address these limitations.

Despite these limitations, our data indicate that heavy
computer users, and particularly those with myopia, should
undergo regular visual field testing. The recent increases in
myopia prevalence23,29,30 and computer usage coincide with
the IT revolution. Accordingly, glaucoma might become an
important global public health issue in the future.

ACKNOWLEDGEMENT

The authors wish to thank Dr. Hiroyuki Furuya of Tokai
University for support in statistical analysis.

Ethics approval: The study was approved by the Ethics
Committee of Showa University.

Funding: This study was supported by the Foundation for Total
Health Promotion.

Contributions: TN and MT planned and played central roles
in the research. TH, TN, and TH conducted the research and
acquired data at the Hitachi Health Care Center. SO and HE
contributed to the data analysis and interpretation.

Conflicts of interest: None declared.

REFERENCES

1. Smith MJ, Conway FT, Karsh BT. Occupational stress in human
computer interaction. Ind Health. 1999;37:157–173.

2. Spallek M, Kuhn W, Uibel S, van Mark A, Quarcoo D. Work-related
musculoskeletal disorders in the automotive industry due to
repetitive work - implications for rehabilitation. J Occup Med
Toxicol. 2010;5:6.

3. Uchino M, Nishiwaki Y, Michikawa T, et al. Prevalence and risk
factors of dry eye disease in Japan: Koumi Study. Ophthalmology.
2011;118:2361–2367.

4. Health effects of video display terminals. Council on Scientific
Affairs. JAMA. 1987;257:1508–1512.

5. Parihar JK, Jain VK, Chaturvedi P, Kaushik J, Jain G, Parihar AK.
Computer and visual display terminals (VDT) vision syndrome
(CVDTS). Med J Armed Forces India. 2016;72(3):270–276.

6. Coleman AL. Glaucoma. Lancet. 1999;354:1803–1810.
7. Stein JD, Kim DS, Niziol LM, et al. Differences in rates of glaucoma

among Asian Americans and other racial groups, and among various
Asian ethnic groups. Ophthalmology. 2011;118:1031–1037.

8. Iwase A, Suzuki Y, Araie M, et al. The prevalence of primary
open-angle glaucoma in Japanese: the Tajimi Study Group, Japan
Glaucoma Society. Ophthalmology. 2004;111:1641–1648.

9. Marcus MW, de Vries MM, Junoy Montolio FG, Jansonius NM.
Myopia as a risk factor for open-angle glaucoma: a systematic
review and meta-analysis. Ophthalmology. 2011;118:1989–1994.e2.

10. Suzuki Y, Iwase A, Araie M, et al. Risk factors for open-angle
glaucoma in a Japanese population: the Tajimi Study Group.
Ophthalmology. 2006;113:1613–1617.

11. Tatemichi M, Nakano T, Tanaka K, et al. Possible association
between heavy computer users and glaucomatous visual field
abnormalities: a cross sectional study in Japanese workers. J
Epidemiol Community Health. 2004;58:1021–1027.

12. Jain V, Jain M, Abdull MM, Bastawrous A. The association between
cigarette smoking and primary open-angle glaucoma: a systematic
review. Int Ophthalmol. 2017;37:291–301.

13. Lee JA, Han K, Min JA, Choi JA; Epidemiologic Survey Committee
of the Korean Ophthalmological Society. Associations of sleep
duration with open angle glaucoma in the Korea national health and
nutrition examination survey. Medicine (Baltimore). 2016;95:e5704.

14. Liu S, Lin Y, Liu X. Meta-analysis of association of obstructive
sleep apnea with glaucoma. J Glaucoma. 2016;25:1–7.

15. Tham YC, Cheng CY. Associations between chronic systemic
diseases and primary open angle glaucoma: an epidemiological
perspective. Clin Experiment Ophthalmol. 2017;45:24–32.

16. Zhao D, Cho J, Kim MH, Friedman DS, Guallar E. Diabetes, fasting
glucose, and the risk of glaucoma: a meta-analysis. Ophthalmology.
2015;122:72–78.

17. Tatemichi M, Nakano T, Tanaka K, et al; Glaucoma Screening
Project (GSP) Study Group. Performance of glaucoma mass
screening with only a visual field test using frequency-doubling
technology perimetry. Am J Ophthalmol. 2002;134:529–537.

18. Tatemichi M, Nakano T, Tanaka K, et al. Laterality of the
performance of glaucoma mass screening using frequency-doubling
technology. J Glaucoma. 2003;12:221–225.

19. Aratake M, Tatemichi M, Nakano T, Yamazaki A, Nakadate T,
Sugita M. Interaction effect of myopia on the association between
computer use and visual field abnormality detected by frequency
doubling technology Perimetry. J Med Soc Toho. 2011;58:2–10.

20. Yamazaki A, Tatemichi M, Nakano T, Aratake M, Nakadate T,
Sugita M. Age-specific prevalence of glaucoma is determined by the
presence of refractive errors among Japanese workers. Showa Univ J
Med Sci. 2010;22:229–237.

21. Quigley HA. Reappraisal of the mechanisms of glaucomatous optic
nerve damage. Eye (Lond). 1987;1(Pt 2):318–322.

22. Sawada Y, Hangai M, Ishikawa M, Yoshitomi T. Association of
myopic deformation of optic disc with visual field progression in
paired eyes with open-angle glaucoma. PLoS One. 2017;12:
e0170733.

23. Wu PC, Huang HM, Yu HJ, Fang PC, Chen CT. Epidemiology of

Computer Use and Visual Field Abnormality

218 j J Epidemiol 2018;28(4):214-219

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10319565&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20374621&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20374621&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21889799&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21889799&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=3546748&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=27546968&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10577657&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21310489&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15350316&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21684603&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16828504&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15547065&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15547065&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=27138591&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=28033268&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=26561422&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=27083150&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=25283061&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=25283061&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12383809&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12782839&dopt=Abstract
https://doi.org/10.15369/sujms.22.229
https://doi.org/10.15369/sujms.22.229
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=3115840&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=28114308&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=28114308&dopt=Abstract


myopia. Asia Pac J Ophthalmol (Phila). 2016;5:386–393.
24. Paritsis N, Sarafidou E, Koliopoulos J, Trichopoulos D. Epidemio-

logic research on the role of studying and urban environment in the
development of myopia during school-age years. Ann Ophthalmol.
1983;15:1061–1065.

25. Teasdale TW, Fuchs J, Goldschmidt E. Degree of myopia in relation
to intelligence and educational level. Lancet. 1988;2:1351–1354.

26. Benoist d’Azy C, Pereira B, Chiambaretta F, Dutheil F. Oxidative
and anti-oxidative stress markers in chronic glaucoma: a systematic
review and meta-analysis. PLoS One. 2016;11:e0166915.

27. Takahashi M, Miyashita M, Park JH, Sakamoto S, Suzuki K. Effects
of breaking sitting by standing and acute exercise on postprandial
oxidative stress. Asian J Sports Med. 2015;6:e24902.

28. McMonnies CW. Intraocular pressure and glaucoma: Is physical
exercise beneficial or a risk? J Optom. 2016;9:139–147.

29. Bar Dayan Y, Levin A, Morad Y, et al. The changing prevalence of
myopia in young adults: a 13-year series of population-based
prevalence surveys. Invest Ophthalmol Vis Sci. 2005;46:2760–2765.

30. Bloom RI, Friedman IB, Chuck RS. Increasing rates of myopia: the
long view. Curr Opin Ophthalmol. 2010;21:247–248.

Nakano T, et al.

J Epidemiol 2018;28(4):214-219 j 219

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=27898441&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=6651143&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=6651143&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=2904062&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=27907028&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=26448856&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=26794458&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16043848&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20489624&dopt=Abstract

