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Abstract
Introduction: Students, especially at the senior high school level, are increasingly 
required to be able to develop according to predetermined standards. When the duration 
of learning increases, unconsciously, the duration of using the eyes also increases while 
the sleep duration decreases. Purpose: This study aims to analyze the correlation 
between short duration of sleep and decreased visual acuity among senior high school 
students. Methods: A cross-sectional study design was conducted, in which the students 
filled out questionnaires and underwent visual examination. The population was all 
final-year students at one of Sidoarjo Senior High School in East Java, with the age range 
of 16-18 years. Two variables involved in this study were sleep duration and visual 
acuity of the left and right eye. The data will be analyzed using Spearman Rho correlation 
analysis to determine the cause and effect of the two variables studied. Results: The 
sample according to the gender was 45.5% male and 54.5% female. The sample according 
to the age range was 76.1% in 17 years old and 23.9 % in 18 years old. The correlation test 
results were 0.277 and 0.009 for the correlation coefficient and the significance value 
for the right eye. The results were 0.234 for the correlation coefficient and 0.028 for 
the significance value for the left eye. There was a significant correlation between sleep 
duration and the visual acuity reduction. Conclusions: This study reveals that less sleep 
duration of the final year students between 16-18 years old range may be associated 
with reduced visual acuity among students.
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Introduction
Vision plays a crucial role in many aspects of our lives, including reaching an 

optimum academic performance, in which multivariate analysis reveals that 5.2% 
of poor academic performance is related to vision.[1] However, according to the 
Decree of Indonesia's Minister of Education, Culture, Research and Technology[2], 
a final year student in Senior High School had 7-7 ½ hours of learning duration 
every day. Even though the newest curriculum was said to be optimized and make 
the student study effectively and efficiently, the study on the implementation 
of Freedom Curriculum mentions that every student should study every subject 
that will later be related to the course or major that will be taken in the college. 
It means that every student spends more time studying at school, repeating 
the materials, and doing the homework.[3] Besides that, there is another burden 
where final year students must take an exam prior to entering college, in which 
they must take additional classes separated from school programs. Studies on 
the effectiveness of private tuition reveal that many students had additional 
learning programs outside of school, such as tutoring institutions, that can make 
it easier to master every single subject that is difficult to understand when in the 
classroom.[4] In addition, according to research in 2010 and 2015, there are 53% 
of elementary school students, 66% of junior high school students, and 82% of 
high school students use cell phones regularly every day. The teenagers seem to 
depend on cell phones, even bringing cell phones to bed; also, they spend around 
1500 hours/year watching television (4-4 ½ hours every day).[5],[6],[7]
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The length of sleep recommended by the National Sleep 

Foundation[8] in 2015 varies depending on age. It takes 

8-10 hours per day to sleep in adolescents (aged between 

14-17 years old) and 7-9 hours per day to sleep in young 

adults (aged between 18-25 years old).[8] The National 

Health Interview Survey[9] revealed that the percentage 

of adolescents and adults who have sleep duration ≤ 

6 hours increased by 5-6% in 2014. This loss of time for 

sleep can be caused by various things, including self-will 

not to sleep and sleep disturbances such as insomnia 

or obstructive sleep apnea.[9] Reduced sleep duration in 

adolescents to adults can cause various problems. This 

is seen in several studies which say that reduced sleep 

duration in adolescents and adults can cause obesity, 

hypercholesterolemia, metabolic syndrome, diabetes, and 

visual disturbances.[10] This study aims to find a correlation 

between the short duration of sleep and decreased visual 

acuity among senior high school students.

Methods
This is an observational analysis research using the 

cross-sectional method. In this study, we distributed 

the questionnaire to respondents at the same time. 

The questionnaire was used to see an overview of the 

sleep duration from the respondents and determine 

the group samples based on it. The first visual acuity 

examination is carried out on the morning before the 

learning process begins to evaluate the initial visual 

conditions of the subject. The second examination was 

carried out within the same subject on the morning 

the following week before the learning process began. 

The visual acuity examination was carried out using a 

Snellen chart at six-meter distances for every sample. 

In this research, we determine the sample using a 

simple random sampling formula, which is a statistical 

technique used to select a subset of individuals from 

a larger population. Using n = N/(1+N(e^2)) for 374 

of the total population, we were able to determine 

that the samples used in this study were 88 subjects.

All 88 samples were collected randomly for every class 

of final year students, whether they were in science or 

social class, to find a correlation between sleep duration 

and the incidence of decreased vision that was conducted 

at one of Sidoarjo Senior High School in East Java. The 

student between 16-18 years old with additional hours 

of study to attend the tutoring class outside school and 

without using eyeglasses, no other eye problems such 

as redness of the eye or any lump was included in this 

study. This study involved two variables; the dependent 

variable was the incidence of decreased vision in children 

aged 16-18 years in final year students at Sidoarjo Senior 

High School that was collected from direct visual acuity 

measurement. The visual examination result was grouped 

into normal if the visual acuity was 6/6 and decreased 

if the visual acuity was less than 6/6.[11],[12] While the 

independent variable was the duration of sleep that was 

collected from the questionnaire. The sleep duration was 

divided into three groups: less than six hours, 6-7 hours, 

and more than seven hours. This sleep duration group was 

the result of the percentile analysis after we collected the 

questionnaire data about the number of sleep durations. 

The data will be processed using Spearman correlation 

analysis, where the data used is ordinal scale, and to 

determine the cause and effect of the two variables 

studied. The test result is said to be significant if the 

significance level (p) is less than the specified alpha value, 

namely α = 0.05.

Results
Based on the descriptive data (Table 1), the minimal 

amount of sleep in the sample was 4.25 hours, and the 

maximum amount was 8.50 hours, with an average of 

each student having 6.52 ± 0.81 hours of sleep duration in 

one day. Using percentile analysis, it was found that there 

were three categories of sleep duration distribution: 

below six hours, between 6-7 hours, and more than seven 

hours. This study also categorized the characteristics of 

the respondents based on age and sex. Based on the sex 

Table 1. Subject characteristic.
Research Group N Percentage (%) Min. (hours) Max. (hours) Mean ± Std. Deviation Percentiles

Sleep Duration
33.33%  (6.000 hours)

> 7 hours 13 14.8
4.25 8.50 6.52 ± 0.816-7 hours 63 71.6

66.67% (7.000 hours)
< 6 hours 12 13.6
Sex
Male 40 45.5
Female 48 54.5
Age
17 years old 67 76.1
18 years old 21 23.9
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group category, female (54.5%) respondents outnumbered 
the male respondent (45.5%). Also, the subject in this 
study is mostly in 17 years old (76.1%) group compared 
to 18 years old (23.9%). Apparently, in one day, 71.6% of 
the students had 6-7 duration of sleep, while the other 
had more than seven hours of sleep (14.8%) and less than 
six hours of sleep (13.6%).

The visual measurement result of each eye in this 
study is shown in Table 2. According to the American 

Academy of Ophthalmology (AAO)[12], which mentions 
the normal visual acuity is 6/6, in this study, there were 32 
students (36.4%) had visual acuity of 6/6, and 56 students 
(63.6%) had visual acuity less than 6/6 on the right eye. 
For the left eye, only 20 students (22.7%) had visual acuity 
of 6/6, and 68 students (77.3%) had visual acuity less than 
6/6. Moreover, in this study, it appears that the subject's 
left eye had worse condition (only 22.7% had 6/6) than 
the subject right eye (36.4% had 6/6).

The statistical analysis result of this study (Table 3) 
showed that there were nine students (10.2%) who had 
a low visual acuity for the right eye with less than six 
hours duration of sleep. Meanwhile, only three students 
(3.4%) with more than seven hours of sleep a day had a 
low visual acuity within the same eye. Then, for the left 
eye, ten students (11.4%) had low visual acuity with less 
than six hours of sleep compared to five students (5.7%) 
with more than seven hours of sleep a day who had low 
visual acuity. After cross-tabulation analysis, Spearmen 
Rho correlation analysis was carried out between two 
variables, with the results shown in Table 4.

There was a significant correlation between sleep 
duration with the right eye visual acuity (p = 0.009) and 
left eye visual acuity (p = 0.028), where the correlation 

coefficient (0.277 for OD and 0.234 for OS) had a positive 
value. This indicated that the relationship between 
the two variables was unidirectional; thus, it could be 
interpreted that the longer the duration of sleep, the 
greater the vision. However, from Table 2, it was shown 
that there were around 72.3% and 76.6% of other factors 
that could affect the correlation between right and left 
eye visual acuity and sleep duration.

Discussion
Visual health is an essential aspect of overall health 

among students. Poor visual health can lead to physical 
and mental health problems, including decreased 
academic performance. According to the research, the 
visual impairment incident in children varies depending 
on the age group and location. Refractive errors such 
as myopia, hypermetropia, and asthenopia were found 
to be the most common cause of visual impairment in 
children in some studies, with several other causes such 
as congenital cataracts, optic nerve atrophy, and cerebral 
visual impairment.[13],[14],[15] A study conducted in Spain 
found that children with poor academic performance 
had worse visual health than those with good academic 
performance.[16] There are several factors affecting visual 
acuity that are mentioned by many studies, including 
age, existing comorbidities, congenital conditions, and 
daily activities.[17],[18],[19] In addition, another factor that 
influences the incidence of visual impairment (VI) is 
sleep duration, which was revealed by the multivariate 
study of 29.815 participants from all races that there is a 
significant correlation between VI and sleep duration (OR 
=1.6; 95% CI = 1.5 - 1.9).[20] Supported by the descriptive 
analysis among elderly (>50 years old) showed that 
31.06% of them experienced moderate or severe visual 
impairment, and 46.81% of it having an abnormal sleep 
duration.[21]

Sleep is defined as a condition of a person's unconscious, 
which can be stimulated or awakened by sensory stimuli 
or other stimuli.[22] It is a complex physiological process 
that is essential for healthy cognitive function, including 

Visual Acuity N (Frequency) Percentage (%)
Right eye
6/6 32 36.4
6/9 20 22.7
6/12 23 26.1
6/15 8 9.1
6/20 2 2.3
6/30 1 1.1
6/60 2 2.3
Left eye
6/6 20 22.7
6/9 24 27.3
6/12 31 35.2
6/15 8 9.1
6/20 4 4.5
6/30 0 0
6/60 1 1.1

Table 2. Right and left eye visual measurement.

Visual Acuity 
OD

Visual Acuity 
OS

Normal Low Normal Low

Sleep 
Duration

> 7 hours
Amount 10 3 8 5
Total (%) 11.4 3.4 9.1 5.7

6-7 hours
Amount 39 24 34 29
Total (%) 44.3 27.3 38.6 33.0

< 6 hours
Amount 3 9 2 10
Total (%) 3.4 10.2 2.3 11.4

Total
Amount 52 36 44 44
Total (%) 59.1 40.9 50 50

Table 3. Tabulation between sleep duration and visual acuity.
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memory consolidation, which can be categorized into two 
main phases: rapid eye movement (REM) and non-REM 
sleep. It is associated with electrophysiological patterns 
that reflect the precisely timed activity of underlying 
neural circuits.[23],[24] Sleep has a significant impact on 
human physiological and cognitive function. Sleep 
deprivation can negatively affect exercise performance, 
cause an autonomic nervous system imbalance, simulate 
symptoms of the overtraining syndrome, and promote 
immune system dysfunction.[25] Sleep inconsistency 
between weekends and weekdays can impair brain 
function and cognitive performance.[26] Lack of sleep or 
sleep of poor quality can disrupt circadian rhythms and 
may cause cognitive disorders and memory loss, facilitate 
false memory production, and even alter gene expression 
in humans. Sleep is also essential for the individual to be 
able to maintain body homeostasis and is an important 
regulator of the immune system since, during sleep, the 
necessary functions to maintain its balance are carried 
out. Decreased sleep has deleterious effects that alter the 
metabolism and produce an increase in the secretion of 
C-reactive protein, interleukin (IL)-6, and tumor necrosis 
factor (TNF). These cytokines activate NF-KB; therefore, 
sleep disturbance can be a risk factor for the development 
of chronic inflammatory and metabolic diseases.[27]

The guideline for sleep duration from the National 
Sleep Foundation[8] states that sleep duration in the age 
range of 14-17 years is 8-10 hours, while sleep duration 
in the age range of 18-25 years is 7-9 hours. Compared to 
this study, 76.1% of respondents were 17 years old, and 
23.9% were 18 years old; it was found that all respondents 
should have a sleep duration between 7-10 hours. From 
our analysis, besides sleep duration, there are 72.3% and 
76.6% of other factors that affect the visual acuity of the 
right eye and left eye. The study conducted among 2.419  
students ages 14-18 years old in China[28] found that there 
is a relationship between sleep duration and poor visual 

acuity. According to the article[28], the biological processes 
controlling sleep and ocular development overlap, 
which may contribute to the visual acuity condition. The 
circadian rhythm regulates sleep through melatonin, 
which is controlled by mutual interactions with retinal 
dopaminergic circuits. Dopamine and melatonin, which 
are both involved in ocular circadian physiology, also 
regulate ocular development.[28] Some theories mention 
dopamine signaling on the visual pathway receptors 
could influence visual function; also, the visual pathways 
activity, such as bright light and flickering light, can alter 
dopamine synthesis and release.[29]

Another study conducted in 2014 concerning the 
relationship between sleep duration and exam scores in 
medical students revealed that out of the 20 respondents 
studied, the sleep duration was between 4.2 and 7 hours, 
while the average night sleep duration of all respondents 
was only 5.9 hours.[30] When compared a recent study 
conducted on grade three junior high school in three high 
schools in Canada in July 2017, it said that out of 35.281 
respondents, 58% of female respondents had a sleep 
duration of <8 hours and 53.1% of male respondents had a 
sleep duration of <8 hours.[31] In this study, sleep duration 
was divided into two categories based on National Health 
guidelines in Canada, namely insufficient sleep duration 
(<8 hours) and adequate sleep duration (>8 hours).[31] In 
fact, in our study, two respondents had 6/60 right eye 
vision, and one respondent had 6/60 left eye vision, and 
this respondent had a sleep duration of seven hours. As 
previously mentioned, many theories state that lifestyle 
factors, namely too much close-up activity, such as 
reading books, looking at computer screens, playing video 
games, and watching television, can cause weakness 
of the ciliary muscles of the eyes, resulting in impaired 
vision muscles.[32],[33]

In Indonesia itself, sleeping patterns have become 
a research topic where a study shows that good sleep 

Sleep Duration Category Right Eye Visual Acuity Category

Spearman's rho

Sleep Duration Category
Correlation Coefficient 1.000 0.277**
Sig. (2-tailed) . 0.009
N 88 88

Right Eye Vision Category
Correlation Coefficient 0.277** 1.000
Sig. (2-tailed) 0.009 .
N 88 88

Sleep Duration Category Left Eye Visual Acuity Category

Sleep Duration Category
Correlation Coefficient 1.000 0.234**
Sig. (2-tailed) . 0.028
N 88 88

Right Eye Vision Category
Correlation Coefficient 0.234** 1.000
Sig. (2-tailed) 0.028 .
N 88 88

**. Correlation is significant at the 0.01 level (2-tailed).

Table 4. Correlation between sleep duration with left and right eye vision..
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patterns are 9.002 times more likely not to experience 
hypertension when compared to samples that have poor 
sleep patterns.[34] Apparently, a study on sleep quality and 
screen time (the amount of time used by the eye to see the 
computer screen and mobile phone screen) also showed 
that it affects the incidence of computer vision syndrome 
(p = 0.001).[35] Based on several studies conducted, the 
family history of myopia also plays an essential role in 
the condition of visual acuity accompanied by activities 
related to the duration of gadget use (screen time), 
which can cause fatigue in the eye muscle and reduce 
the amount of sleep.[19],[36] Research in 2009, conducted 
on computer informatics engineering students analyzed 
the relationship between computer use and decreased 
visual acuity and revealed that there was a positive 
correlation of 32.1% between the two variables.[37] In 
June 2017, a study about the relationship between the 
duration of playing video games and decreased vision, 
which was conducted on 76 children in an elementary 
school, also revealed that there was a significant 
relationship between the two variables studied.[38],[39] It 
shows that 69.7% of respondents had a normal duration 
of playing video games, while 30.3% of respondents 
had an abnormal duration of playing video games, and 
36.1% of the total respondents experienced decreased 
vision.[38],[39] More about the factors that affect visual 
acuity, research conducted in 2013 on 85 respondents 
and used the Spearman correlation test mentioned 
that there was a significant relationship between age 
and decreased vision with a value of p = 0.0001.[40],[41]

In this study, we can see that sleep duration had a 
significant impact on final-year high school students' 
visual acuity, especially when they had an enormous 
number of visual pathways involving activities such 
as watching television, playing cell phones, and video 
games. Unlike any other study, in this research, we clearly 
define and calculate the sleep duration in a day, not 
only at nighttime, for every single sample, and from this 
data, we knew that some samples had a sleep duration 
less than they needed according to the National Sleep 
Foundation guidelines. With this study, hopefully, the 
parties involved will pay more attention to visual health 
in school-aged children. In the future, this research can be 
refined by adding other factors that are also being studied 
which can influence visual health.

Conclusions
From this research, we can find that 63.6% of the 

students had visual acuity less than 6/6 on the right 
eye, and 77.2% of the students had visual acuity less 
than 6/6 on the left eye. From this data, we know the 
visual health condition of school children in an area of 
Indonesia is not in good condition, which may be used 
for further evaluation later. As for sleep duration, only 
14.8% of the student has more than seven hours of sleep 

as recommended by the National Sleep Foundation 
guideline. There is a significant correlation between 
the visual acuity of the left and right eye and the sleep 
duration in this study. Many factors, such as the fatigue 
of the ciliary muscle from the visual pathway activity, can 
cause it. Also, it is concluded that there are more than 70% 
of other factors that can influence the visual acuity of the 
right and left eye besides sleep duration. This research 
can be completed with other studies that may reveal 
other factors affecting visual acuity.

References
[1] Alvarez-Peregrina C, Villa-Collar C, Andreu-Vázquez C, 

Sánchez-Tena MÁ. Influence of vision on educational 

performance: A multivariate analysis. Sustainability 

2021;13:4187. https://doi.org/10.3390/su13084187.

[2] KEMDIKBUD. Keputusan Menteri Pendidikan, 

Kebudayaan, Riset dan Teknologi Republik Indonesia 

Tentang Pedoman Penerapan Kurikulum dalam Rangka 

Pemulihan Pembelajaran. KEMDIKBUD 2022. https://

jdih.kemdikbud.go.id/sjdih/siperpu/dokumen/salinan/

salinan_20220215_093900_Salinan%20Kepmendikbudristek%20

No.56%20ttg%20Pedoman%20Penerapan%20Kurikulum.pdf 

(accessed October 6, 2023).

[3] Armadani P, Sari PK, Abdullah FA, Setiawan M. Analisis 

implementasi kurikulum merdeka belajar pada siswa-

siswi SMA Negeri 1 Junjung Sirih. Jurnal Ilmiah Wahana 

Pendidikan 2023;9:341–347.

[4] Fadhilah SU, Hanum F. The role of private tuition classes 

as a supplementary agency in the Indonesia education 

system. Proceedings of the 2nd International Conference 

on Social Science and Character Educations (ICoSSCE 2019), 

Paris, France: Atlantis Press; 2020, p. 260–264. https://doi.

org/10.2991/assehr.k.200130.053.

[5] Amra B, Shahsavari A, Shayan-Moghadam R, Mirheli O, 

Moradi-Khaniabadi B, Bazukar M, et al. The association of 

sleep and late-night cell phone use among adolescents. J 

Pediatr (Rio J) 2017;93:560–567. https://doi.org/10.1016/j.

jped.2016.12.004.

[6] Poll H. Pearson Student Mobile Device Survey 2015 - 

National Report: College Students. 2015.

[7] Pitriawanti A. Pengaruh Intensitas Menonton Televisi 

dan Komunikasi Orang tua – Anak terhadap Kedisiplinan 

Anak dalam Mentaati Waktu Belajar . Thesis. Universitas 

Diponegoro, 2010.

[8] Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, 

DonCarlos L, et al. National Sleep Foundation’s Updated Sleep 

Duration Recommendations: Final Report. Sleep Health 

2015;1:233–243. https://doi.org/10.1016/j.sleh.2015.10.004.

[9] Knutson KL. Sleep duration and cardiometabolic risk: 

A review of the epidemiologic evidence. Best Pract Res 

Clin Endocrinol Metab 2010;24:731–743. https://doi.

org/10.1016/j.beem.2010.07.001.

[10] Azadbakht L, Kelishadi R, Khodarahmi M, Qorbani M, 

Heshmat R, Motlagh ME, et al. The association of sleep 

https://doi.org/10.3390/su13084187
https://jdih.kemdikbud.go.id/sjdih/siperpu/dokumen/salinan/salinan_20220215_093900_Salinan%20Kepmendikbudristek%20No.56%20ttg%20Pedoman%20Penerapan%20Kurikulum.pdf 
https://jdih.kemdikbud.go.id/sjdih/siperpu/dokumen/salinan/salinan_20220215_093900_Salinan%20Kepmendikbudristek%20No.56%20ttg%20Pedoman%20Penerapan%20Kurikulum.pdf 
https://jdih.kemdikbud.go.id/sjdih/siperpu/dokumen/salinan/salinan_20220215_093900_Salinan%20Kepmendikbudristek%20No.56%20ttg%20Pedoman%20Penerapan%20Kurikulum.pdf 
https://jdih.kemdikbud.go.id/sjdih/siperpu/dokumen/salinan/salinan_20220215_093900_Salinan%20Kepmendikbudristek%20No.56%20ttg%20Pedoman%20Penerapan%20Kurikulum.pdf 
https://doi.org/10.2991/assehr.k.200130.053
https://doi.org/10.2991/assehr.k.200130.053
https://doi.org/10.1016/j.jped.2016.12.004
https://doi.org/10.1016/j.jped.2016.12.004
https://doi.org/10.1016/j.sleh.2015.10.004
https://doi.org/10.1016/j.beem.2010.07.001
https://doi.org/10.1016/j.beem.2010.07.001


 6

Vision Science and Eye Health Journal Arianto, Pasaribu, Artati

duration and cardiometabolic risk factors in a national 

sample of children and adolescents: The CASPIAN III Study. 

Nutrition 2013;29:1133–1141. https://doi.org/10.1016/j.

nut.2013.03.006.

[11] Vimont C. All About the Eye Chart. American Academy of 

Opthalmology 2022. https://www.aao.org/eye-health/tips-

prevention/eye-chart-facts-history (accessed August 19, 

2023).

[12] Brodie S, Ang M, Irsch K, Jackson M Lou, Mauger T, Oostra 

T, et al., editors. Clinical Optics and Vision Rehabilitation. 

2022-2023 Basic and Clinical Science Course. Section 3, San 

Fransisco: American Academy of Ophthalmology; 2022, p. 

26–28.

[13] Yekta A, Hooshmand E, Saatchi M, Ostadimoghaddam H, 

Asharlous A, Taheri A,  Khabazkhoob M. Global prevalence 

and causes of visual impairment and blindness in children: 

A systematic review and meta-analysis. J Curr Ophthalmol 

2022;34:1–15. https://doi.org/10.4103/joco.joco_135_21.

[14] Teoh RJJ, Bahari NA, Zahri J, Rahmat J. Prevalence and causes 

of visual impairment in children aged seven years and 

below in a tertiary eye care centre in Malaysia. Malaysian 

Journal of Ophthalmology 2022;4:218–229. https://doi.

org/10.35119/myjo.v4i3.279.

[15] Bhagyashree J, Payal S, Rakesh P. Evaluation of various 

causes of cerebral visual impairment in children at tertiary 

care centre. Int J Sci Res 2022:6–8. https://doi.org/10.36106/

ijsr/9603181.

[16] Alvarez-Peregrina C, Sánchez-Tena MÁ, Andreu-Vázquez 

C, Villa-Collar C. Visual health and academic performance 

in school-aged children. Int J Environ Res Public Health 

2020;17. https://doi.org/10.3390/ijerph17072346.

[17] Pan C, Chen X, Gong Y, Yu J, Ding H, Bai J, et al. Prevalence 

and causes of reduced visual acuity among children aged 

three to six years in a metropolis in China. Ophthalmic 

and Physiological Optics 2016;36:152–157. https://doi.

org/10.1111/opo.12249.

[18] Kondo M, Noma H, Shimura M, Sugimoto M, Matsui Y, Kato 

K, et al. Background factors affecting visual acuity at initial 

visit in eyes with central retinal vein occlusion: Multicenter 

study in Japan. J Clin Med 2021;10. https://doi.org/10.3390/

jcm10235619.

[19] Asiyanto MC, Aprilia CA, Hadiwiardjo YH. Risk factors 

relate to visual acuity in school age students of Public 

Primary School (SDN) 07 Pondok Labu South Jakarta. Jurnal 

Kesehatan Masyarakat 2020;15:331–337. https://doi.

org/10.15294/kemas.v15i3.18415.

[20] Ramos AR, Wallace DM, Williams NJ, Spence DW, Pandi-

Perumal SR, Zizi F, et al. Association between visual 

impairment and sleep duration: Analysis of the 2009 

national health interview survey (NHIS). BMC Ophthalmol 

2014;14:115. https://doi.org/10.1186/1471-2415-14-115.

[21] Xu S. The association between vision acuity, sleep duration, 

and physical activity among US adults aged 50 years and 

older. Innov Aging 2021;5:898. https://doi.org/10.1093/

geroni/igab046.3262.

[22] Guyton A & Hall JE. Guyton and Hall Textbook of Medical 

Physiology. 13th ed. Canada: Saunders; 2015.

[23] Girardeau G, Lopes-dos-Santos V. Brain neural patterns and 

the memory function of sleep. Science (1979) 2021;374:560–

564. https://doi.org/10.1126/science.abi8370.

[24] Tononi G, Cirelli C. Sleep function and synaptic homeostasis. 

Sleep Med Rev 2006;10:49–62. https://doi.org/10.1016/j.

smrv.2005.05.002.

[25] Fullagar HHK, Skorski S, Duffield R, Hammes D, Coutts AJ, 

Meyer T. Sleep and athletic performance: The effects of sleep 

loss on exercise performance, and physiological and cognitive 

responses to exercise. Sports Medicine 2015;45:161–186. 

https://doi.org/10.1007/s40279-014-0260-0.

[26] Zhang R, Tomasi D, Shokri-Kojori E, Wiers CE, Wang G-J, 

Volkow ND. Sleep inconsistency between weekends 

and weekdays is associated with changes in brain 

function during task and rest. Sleep 2020;43. https://doi.

org/10.1093/sleep/zsaa076.

[27] Rico-Rosillo MG, Vega-Robledo GB. Sueño y sistema 

inmune. Rev Alerg Mex 2018;65:160–170. https://doi.

org/10.29262/ram.v65i2.359.

[28] Hu Y, Xu Q, Shi J, Lin X, Fei J, Hu Y, et al. Poor uncorrected 

visual acuity and association with sleep duration and 

screen time: A dose-response relationship study. Dose 

Response 2021;19:15593258211042160. https://doi.

org/10.1177/15593258211042161.

[29] Zhou X, Pardue MT, Iuvone PM, Qu J. Dopamine signaling and 

myopia development: What are the key challenges. Prog 

Retin Eye Res 2017;61:60–71. https://doi.org/10.1016/j.

preteyeres.2017.06.003.

[30] Arieselia Z, Effendi E, Sasmita P. The relationship between 

night’s sleep duration and reproductive block mid test score 

of students class of 2010 at the Faculty of Medicine Unika 

Atma Jaya. Damianus Journal of Medicine 2014;13:33–38.

[31] Patte KA, Qian W, Leatherdale ST. Sleep duration trends 

and trajectories among youth in the COMPASS study. 

Sleep Health 2017;3:309–316. https://doi.org/10.1016/j.

sleh.2017.06.006.

[32] Rosenfield M. Computer vision syndrome: A review of 

ocular causes and potential treatments. Ophthalmic 

and Physiological Optics 2011;31:502–515. https://doi.

org/10.1111/j.1475-1313.2011.00834.x.

[33] Gowrisankaran S, Sheedy JE. Computer vision syndrome: A 

review. Work 2015;52:303–314. https://doi.org/10.3233/

WOR-152162.

[34] Martini S, Roshifanni S, Marzela F. Pola tidur yang buruk 

meningkatkan risiko hipertensi. Media Kesehatan Masyarakat 

Indonesia 2018;14:297. https://doi.org/10.30597/mkmi.

v14i3.4181.

[35] Dhafira F, Prihatningtias R, Nugroho T, Maharani M. Sleep 

quality and screen time as the most influential factor of 

computer vision syndrome. Jurnal Promosi Kesehatan 

Indonesia 2023;18:73–78. https://doi.org/10.14710/

jpki.18.2.73-78.

[36] Wahyuningrum E, Antonilda A, Marlinda IE. Hubungan antara 

screen based activity dengan ketajaman penglihatan anak 

https://doi.org/10.1016/j.nut.2013.03.006
https://doi.org/10.1016/j.nut.2013.03.006
https://www.aao.org/eye-health/tips-prevention/eye-chart-facts-history
https://www.aao.org/eye-health/tips-prevention/eye-chart-facts-history
https://doi.org/10.4103/joco.joco_135_21
https://doi.org/10.35119/myjo.v4i3.279
https://doi.org/10.35119/myjo.v4i3.279
https://doi.org/10.36106/ijsr/9603181
https://doi.org/10.36106/ijsr/9603181
https://doi.org/10.3390/ijerph17072346
https://doi.org/10.1111/opo.12249
https://doi.org/10.1111/opo.12249
https://doi.org/10.3390/jcm10235619
https://doi.org/10.3390/jcm10235619
https://doi.org/10.15294/kemas.v15i3.18415
https://doi.org/10.15294/kemas.v15i3.18415
https://doi.org/10.1186/1471-2415-14-115
https://doi.org/10.1093/geroni/igab046.3262
https://doi.org/10.1093/geroni/igab046.3262
https://doi.org/10.1126/science.abi8370
https://doi.org/10.1016/j.smrv.2005.05.002
https://doi.org/10.1016/j.smrv.2005.05.002
https://doi.org/10.1007/s40279-014-0260-0
https://doi.org/10.1093/sleep/zsaa076
https://doi.org/10.1093/sleep/zsaa076
https://doi.org/10.29262/ram.v65i2.359
https://doi.org/10.29262/ram.v65i2.359
https://doi.org/10.1177/15593258211042161
https://doi.org/10.1177/15593258211042161
https://doi.org/10.1016/j.preteyeres.2017.06.003
https://doi.org/10.1016/j.preteyeres.2017.06.003
https://doi.org/10.1016/j.sleh.2017.06.006
https://doi.org/10.1016/j.sleh.2017.06.006
https://doi.org/10.1111/j.1475-1313.2011.00834.x
https://doi.org/10.1111/j.1475-1313.2011.00834.x
https://doi.org/10.3233/WOR-152162
https://doi.org/10.3233/WOR-152162
https://doi.org/10.30597/mkmi.v14i3.4181
https://doi.org/10.30597/mkmi.v14i3.4181
https://doi.org/10.14710/jpki.18.2.73-78
https://doi.org/10.14710/jpki.18.2.73-78


 7

Arianto, Pasaribu, ArtatiVision Science and Eye Health Journal

usia sekolah. Jurnal Dunia Keperawatan 2021;9:180–187.

[37] Milhanah M. Hubungan antara Penggunaan Komputer 

dengan Kelelahan Mata pada Siswa SMK Negeri 7 

Samarinda Tahun Akademik 2014. Thesis. Sekolah Tinggi 

Ilmu Kesehatan Muhammadiyah, 2015.

[38] Cretenoud AF, Barakat A, Milliet A, Choung O-H, Bertamini 

M, Constantin C, et al. How do visual skills relate to action 

video game performance? J Vis 2021;21:10. https://doi.

org/10.1167/jov.21.7.10.

[39] Dewi P, Rohmah N, Yulis Z. Hubungan Bermain Game 

Online dengan Ketajaman Penglihatan pada Remaja di 

SMP Muhammadiyah 06 Wuluhan Kabupaten Jember. 

Dissertation. Universitas Muhammadiyah Jember, 2018.

[40] Pitts DG. Visual acuity as a function of age. J Am Optom 

Assoc 1982;53:117–124.

[41] Gittings NS, Fozard JL. Age related changes in visual 

acuity. Exp Gerontol 1986;21:423–433. https://doi.

org/10.1016/0531-5565(86)90047-1.

https://doi.org/10.1167/jov.21.7.10
https://doi.org/10.1167/jov.21.7.10
https://doi.org/10.1016/0531-5565(86)90047-1
https://doi.org/10.1016/0531-5565(86)90047-1

