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Abstract

Background: The use of digital devices has increased tremendously during recent years in Saudi Arabia. Many
concerns were raised about the safety of this technology.

Objective: To develop an instrument for determining the pattern of use of digital devices, and to investigate the
link between the use of digital devices and visual symptoms among students of general education schools.
Methods: This cross-sectional study was carried out from the beginning of April 2017 to the end of September
2017 among students of general education schools in the Western region of Saudi Arabia. The study sample
included 475 randomly selected participants. A self-administered questionnaire was used for data collection. The
questionnaire had two parts: the first part was about personal information of the study participants, while the
second part was about the pattern of use of digital devices, associated visual complaints after use, and
recommendations to decrease visual health hazards. IBM-SPSS version 22 was used to conduct the statistical
analysis. Logistic regression analysis was used to examine associations with visual and muscular complaints;
odds ratios with 95% confidence intervals were generated. Chi square goodness-of-fit test was used to compare
categorical variable frequencies across different groups. A p-value of < 0.05 was considered statistically
significant.

Results: A total of 475 students completed the questionnaire. Nearly half the respondents were males aged more
than 19 years old (p<0.001). Most respondents attended secondary schools (p<0.001). Most users experienced
neck or shoulder pain (n=305, 64.2%, p<0.001), followed by headaches (n=301, 63.4%, p<0.001), and visual
disturbances (n = 275, 57.9%, p=0.001). The majority of students used cellular phones or tablets (n=389, 83.8%).
Half the respondents spent more than 4 hours daily using digital devices (p<0.001) and had 2 or more devices.
Most students agreed that decreasing the duration of usage (n=217, 45.7%) and scheduling hours (n=214, 45.1%)
are the best solutions to decrease the health hazards of digital devices. Logistic regression analysis identified
female gender (OR: 2.8, 95% CI: 1.6-4.8, p<0.001) and exposure to digital devices for more than 2 hours per day
(OR: 2.9, 95% CI: 1.4-6.3, p=0.0006) as significant predictors of symptoms.

Conclusion: A significant proportion of school students were aware that prolonged use of digital devices is
associated with visual and muscular complaints. Females and individuals spending more than 2 hours a day using
these devices are more prone to visual and muscular complaints. Decreasing the hours of usage is necessary to
avoid digital device-related health risks.
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1. Introduction

The use of digital devices, such as televisions (TV), microwaves, computers, and smart phones, has increased in
recent decades as they have entered into the routine of everyday life. People of all ages, sex, race, and education are
using digital devices for work, education, communication with others, and for entertainment (1). The increase of
different kinds of Social Networking Sites (SNSs) at regional and international level has impacted significantly the
time spent using digital devices (2). Communication via these networks is growing increasingly among students (3,
4). Several studies have highlighted the health hazards of prolonged usage of these devices. The reported symptoms
by users of these devices include lacrimation, blurred vision, and warmth on the ear and behind/around the ear (5-7).
Other health hazards include social isolation, nutritional disorders, depression (5, 7-9), deterioration of academic
performance and addiction-like phenomenon (10-12), as well as a potential role in induction of tumors (13). Digital
devices can affect health through multiple mechanisms. Brightness of the device screen can affect the eye,
particularly at night, whereas emission of radiation may affect the brain, nerves, eyes, and ears (14).

Digital devices are widely used among the population of Saudi Arabia (1). However, only a few studies have been
conducted to assess health problems related to their overuse. Meo and Drees (6) evaluated visual and hearing
complaints in adults in Riyadh. However, this problem was not adequately studied in children and adolescents.
Therefore, this study aimed to describe the pattern of use of digital devices, and to investigate the link between the
use of digital devices and visual symptoms among students of general education schools in the Western region of
Saudi Arabia. The general objective of this research was to describe the pattern of use of digital devices. The
specific objectives were: 1) to determine the link between the use of digital devices and visual symptoms among
students of general education schools in the Western region of Saudi Arabia, and 2) to identify the predictors of
visual and muscular symptoms.

2. Material and Methods

2.1. Study design

This study had a cross-sectional design. It was carried out from the beginning of April 2017 to the end of September
2017 among students of general education schools in the Western region of Saudi Arabia.

2.2. Study population and sample size

A sample size of 475 participants (both male and female students), more than 6 years-old were randomly recruited
from Elementary, Intermediate and Secondary Schools in the Western region (Jeddah, Taif, Makkah), Saudi Arabia.
The sample size was calculated from the Cochran formula (15) as follows:

n = [Z*P(1-P)]/d?

Where:

Z: value from standard normal distribution corresponding to desired confidence level,

P: the expected proportion in population based on previous studies;

d: the degree of freedom.

2.3. Sampling method

Students were randomly selected (through simple random sampling) for participation in the study. Every student had
equal probability of being chosen, we randomly chose 4 students out of 20 students in the every classroom, and in
each school we did the same while taking into consideration our exclusion criteria

2.4. Selection criteria and reducing potential bias

2.4.1. Inclusion criteria

The inclusion criteria were students who were more than 6 years old and attending Elementary, Intermediate and
Secondary Schools in the Western region (Jeddah, Taif, Makkah), Saudi Arabia.

2.4.2. Exclusion criteria

Students who suffered from visual or musculoskeletal symptoms that were attributed to a specific neurological or
musculoskeletal disease or trauma were excluded at the beginning of the study (i.e. at the time of screening) to
reduce the risk of confounding bias. Students who provided incomplete questionnaires were included, but were later
excluded from the final analysis and considered as missing data.

2.5. Instrument, validity and reliability
A self-administered two-part questionnaire was used for data collection. The first part was about socio-demographic
characteristics of the participants. The second part included three dimensions: 1) the pattern of use of digital devices
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(type, number, and duration of use), 2) associated visual complaints after use, and 3) recommendations to decrease
visual health hazards. Regarding the validity and reliability of the instrument, the questionnaire was presented to two
local expert rheumatologists for face validity and was tested on 10 volunteers two times, 2 weeks apart before the
study was initiated. Intra and inter rater agreement was measured in the sub group using Kappa’s and were deemed
adequate.

2.6. Data collection

The questionnaire was distributed to the participants through direct contact. Data were confirmed then coded and
entered into a personal computer. Thanks and appreciations were used to encourage participants’ involvement in the
study. Digital devices were explained to the participants and were defined as any devices that used electronic
systems similar to computers. They included all devices with visual user interface, such as computers, laptops,
cellular phones, tablets, and televisions.

2.7. Statistical Analysis

Data analysis was carried out using IBM© SPSSO© Statistics version 22 (IBMO Corp., Armonk, NY, USA). All
variables were recorded in the datasheet as categorical variables. The results were tabulated and reported as
frequencies and percentages for categorical variables. Bar charts were used to visually present some variables. Chi
square goodness-of-fit test was used to compare frequencies of categorical variables across multiple groups.
Stepwise forward binary logistic regression analysis was used to examine the relationship between duration of
exposure and presence of visual and muscular symptoms, after adjusting for age and gender. Odds ratios (OR) were
used to express associations with a significance threshold of 5% and 95% confidence. A p-value of < 0.05 was
considered statistically significant.

2.8. Ethical considerations

Declaration of Helsinki — ethical principles for medical research involving human subjects (adopted by the 18th
General Assembly of World Medical Association [WMA], Helsinki, Finland, June 1964, and last amended by the
64th WMA General Assembly, Fortaleza, Brazil, October 2013) was considered throughout the designing of the
study protocol and its implementation. This study was approved by the institutional review board of the Faculty of
Medicine, King Abdulaziz University (Ref: 221-18; date of approval: March 10, 2017). Ethical approval was also
obtained from all the schools’ principals. Written informed consent was obtained from all participants. Maintaining
confidentiality of the study participants was ascertained by making code numbers (available to investigators only)
for each participant.

3. Results

3.1. Baseline characteristics and general findings

In this study, 475 students completed the questionnaire. Approximately half the respondents were males, with no
statistically significant difference (p=0.714). A significantly higher percentage of respondents came from age groups
"16-19 years" (n=114, 24%) and "above 19 years" (n=247, 52%). A significantly large proportion (n = 308, 64.8%,
p<0.001) of the respondents attended secondary schools. Children aged 6 to 11 years old included 59 (12.4%)
participants (Table 1).

Table 1. Socio-demographic data of the study participants (n=475).

Variables n % p-value
Age (year) | 6-11 59 12.4 | <0.001*
12-15 55 11.6
16-19 114 | 24.0
>19 247 | 52.0
Sex Male 242 | 50.9 | 0.714
Female 233 | 49.1
Education | Primary 90 18.9 | <0.001*
Intermediate | 77 16.2
Secondary 308 | 64.8

*Significant at p<0.05.

A significantly lower percentage of respondents wore eyeglasses/lenses or had eye complaints (n=200, 42.1%,
p=0.001). Neck or shoulder pain, following the use of digital devices, and headache were reported by significantly
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high percentages of respondents (n=305, 64.2%, p<0.001 and n=301, 63.4%, p<0.001 respectively), whereas eye
dryness affected 248 (52.2%) of respondents with no statistically significant difference (p=0.359) (Table 2). The
study showed that the majority (83.8%) of respondents used cellular phones or tablets. Nearly one fifth of the
respondents played electronic games (mainly play station and X box). The percentage of respondents using TV or
computers/laptops was much lower (17.1 and 16.4% respectively). Approximately one third of the respondents
(n=163, 34.3%) were used to spending 2-4 hours on digital devices, while 49.9% spent much longer durations
(n=129, 27.2% for 4-6 hours and n=108, 22.7% for more than 6 hours, p <0.001). A higher frequency used more
than one device (n=169, 35.6% had 2 devices and n=102, 21.5% had more than 2). As regards the ill effects of using
digital devices for long periods, most (286, 60.2%) of the respondents reported decreased visual acuity; a much
lower percentage mentioned lack of concentration (n=94, 19.8%) and decreased academic performance (n=57,
12%), with significant difference (p<0.001). Most of the students agreed that decreasing the duration of usage
(n=217, 45.7%, p<0.001) and scheduling hours (n=214, 45.1%, p=0.035) are the best solutions to decrease the ill
effects of digital devices (Table 3).

Table 2. Visual and musculoskeletal complaints of the study participants (n=475).

Questionnaire items n % p-value

Do you wear eyeglasses/lenses or have eye problems? No | 275 | 57.9 | 0.001*
Yes | 200 | 42.1

Do you have neck/shoulder pain when using digital devices? No 170 | 35.8 | <0.001*

Yes | 305 | 64.2
Do you have headache after using digital devices for long periods? | No 174 | 36.6 | <0.001*
Yes | 301 | 634
Do you have eye dryness after using digital devices? No | 227 |47.8 | 0.359
Yes | 248 | 52.2

*Significant at p<0.05.

Table 3. Duration and number of digital devices, their condition and suggested solutions.

Questionnaire items Total n % p-value
How many hours do you spend using digital <2 75 15.8 | <0.001*
devices? 2-4 163 343
4-6 129 27.2
>6 108 22.7
How many devices do you have? 1 204 42.9 | <0.001*
2 169 35.6
>2 102 21.5
Do you know the bad effects of overusing digital Decreased visual acuity 286 60.2 | <0.001*
devices? Lack of concentration 94 19.8
Decreased scholar 57 12.0
performance
None 38 8.0
What are the solutions to decrease the dangers of Decrease hours of using | No 258 | 54.3 | 0.066
overusing digital devices? Yes | 217 | 45.7
Education of society No 332 | 69.9 | <0.001*
Yes | 143 | 30.1
Scheduling hours No 261 | 549 | 0.035*
Yes | 214 | 45.1
Others No 436 | 91.8 | <0.001*
Yes | 39 8.2

3.2. Predictors of visual and muscular complaints

The logistic regression model identified gender as a significant predictor of complaints as women had a significantly
higher likelihood of suffering from symptoms compared to men (OR: 2.8, 95% CI: 1.6-4.8, p<0.001). Exposure to
digital devices for more than 2 hours per day was associated with an increased risk of suffering from symptoms
(OR: 2.9, 95% CI: 1.4-6.3, p=0.006), when compared to those who used the devices for less than 2 hours per day
(Table 4).
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Table 4. Predictors of visual and muscular symptoms.

Predictors p-value | OR 95% CI
Lower | Upper
Gender (Female) <0.001* | 2.753 | 1.566 | 4.839

Duration of exposure (hour) | 2-4 0.006* | 2.922 | 1.364 | 6.262
4-6 0.179 1.650 | 0.794 | 3.426
>6 0.053 2.191 | 0.989 | 4.857
Total | 0.042*
*CI: Confidence interval, OR: Odds ratio.

4. Discussion

The increased use of digital devices that has been witnessed in recent years has raised many concerns about the
safety of these devices, particularly among the youth. Many studies have assessed health effects in adults or college
students. However, only a few studies have evaluated their effects on children (16, 17); hence this study aimed to
describe the pattern of use of digital devices, and to investigate the link between the use of these devices and the
presence of visual symptoms among students of general education schools in the Western region of Saudi Arabia.

In this study, nearly half the respondents were males aged more than 19 years old and nearly a quarter of them aged
16-19 years old; most of whom attended secondary schools. This age group was found to be in line with other
studies that investigated the use of SNSs among students (18). Interestingly, about one tenth of the respondents were
young children aged 6-11 years, which is concerning given the expected accumulative exposure that they would
experience by the time they graduated from school.

Based on our results, the most common complaints experienced after the use of digital devices were neck or
shoulder pain, followed by headaches, eye dryness, and visual disturbances. Similar symptoms were previously
reported by users of cell phones (5-7) and computers (16, 19, 20); and collectively have been labeled as "Computer
vision syndrome" (21). This syndrome comprises many symptoms including headaches, eyestrain, blurred vision,
dry eyes, irritated eyes, eye fatigue, light sensitivity, neck, back and shoulder pain, and double vision (16, 22). Other
symptoms were reported in studies that evaluated the usage of SNSs including anxiety, social isolation, depression,
nutritional disorders and deterioration of academic performance (23-26); these symptoms are mostly due to
psychological dependence on SNSs and are not exactly related to the direct effect of digital devices. Many factors
interact to give rise to the visual and muscular symptoms of this syndrome, mainly decreased blinking while
focusing on the screen (27), and the uncomfortable posture maintained by users for long periods (28). However, Chu
and colleagues (19) compared eye symptoms following reading from a computer monitor to reading a printed copy
under similar viewing conditions and found that reported symptoms were significantly worse after computer use
than after hard copy reading. This indicates that other factors might play a role in the etiology of this syndrome.
Among these implicated factors are the emitted radiation (29), the brightness of the device's screen (particularly at
night or with improper lighting conditions), and the thermal effect produced by the radio-frequency radiation on the
eyes (30).

In the present study, the most commonly used digital devices were cellular phones or tablets; while electronic
games, TVs, and computers/laptops were used by a much smaller percentage of the respondents. This is in
accordance with the general observation that cellular phones or tablets are increasingly becoming the preferable tool
to access the Internet, particularly SNSs (2). Also, cellular phones and tablets are attractive for young adults as a
number of applications that promote communication (such as WhatsApp, Viber, etc...) and entertainment or even
services (such as shopping, education) are available for these devices.

Approximately half of our respondents spent more than 4 hours daily using digital devices and had 2 or more
devices. The high frequency of users of cellular phones or tablets in this study is expected, as most respondents were
children and adolescents. Many students today are too much attached to their cell phone (particularly after the
advent of smart phones); viewing it as an integral part of their personality (31). The prolonged use of devices,
particularly cellular phones and tablets, is attributed again to the capabilities that enabled such devices to replace
computers or laptops for many users. Cell phones, tablets, and other hand-held digital devices predispose the users
to an increased risk of eyestrain due to their use with improper lighting and smaller font sizes (32). Nearly one third
of our respondents were used to spending 2-4 hours on digital devices, which is in line with the study of Bijari et al.
(24) who reported a mean duration using the computers, that ranged from 1.49 to 2.78 hours daily. The duration of
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using digital devices can also impact the prevalence and severity of visual and muscular symptoms, as they are more
prevalent in persons exposed to monitors for more than 4 hours daily, based on previous data (20).

The most commonly reported health hazards by the respondents in our studied population were decreased visual
acuity, lack of concentration and decreased academic performance. This may be attributed to an addictive-like
phenomenon that attaches particularly the youth to their digital devices, even to the extent in which some young
users consider cell phones as an extension of themselves or of their existence (12, 31).

In this study, most of the students agreed that decreasing the duration of usage and scheduling hours are the best
solutions to decreasing the health hazards of digital devices. Studies showed that decreasing the duration of using
computers ameliorates the symptoms of computer vision syndrome (5-7). Therefore, the user should take brief
breaks from the computer every 20 minutes for 20 seconds or once per hour (33). Also, proper lighting conditions
and correct, comfortable posture, particularly when sitting in front of desktop computers or laptops, can effectively
decrease or delay the manifestations (33, 34).

Our results demonstrate that adolescents exposed to these devices for more than 2 hours a day are prone by about
threefold to visual and muscular symptoms compared to those exposed for less than 2 hours a day. Additionally,
females appeared to be more prone to symptoms; more analysis is needed to explain this gender differentiation. A
probable explanation could be association to gender tendency, as it is the traditional attitude of women in Arab
countries to stay indoors for longer durations than men. This attitude can result in women engaging more in the use
of digital devices as a method of communication and entertainment, as a higher percentage of female students were
found to use SNSs than males in a study by Erfanian et al. (18).

5. Study Strengths and limitations

A major point of strength is that this study is among the first papers to examine the pattern of digital device use
among Saudi children and adolescents. However, the study was susceptible to many limitations including its cross
sectional design. Furthermore, as it was conducted in the Western region of Saudi Arabia, it is assumed that these
results can be generalized to other neighboring regions in Saudi Arabia. However, the results cannot be generalized
to other countries due to cultural, technological, and economic variations between countries.

6. Conclusions

In conclusion, the use of digital devices was significantly more prevalent among youths aged above 19 years old
attending secondary school. Visual and musculoskeletal symptoms that were related to the use of digital devices
were experienced by a considerable significant proportion of respondents. Most respondents were aware that the use
of digital devices for long hours is associated with visual and muscular complaints. Females and students exposed to
computers for more than 2 hours a day are exceptionally more prone to such complaints. Decreasing the hours of
usage is necessary to avoid digital device-related health risks. Health education is needed to teach the youth
ergonomics as a preventive measure for this syndrome.
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