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This cross-sectional study aims to investigate the association between EMF devices use and sleep
quality and academic performance among high school students in Bangkok. The study samples covered 1,080 high
school students, in Bangkok. The researcher employed socio-economic and clinical characteristic, EMF
communications devices used, Pittsburgh Sleep Quality Index (PSQI), General Health Questionnaire 28 (GHQ-
28), and stimulant use questionnaire. The univariate and multivariable logistic regression were employed to control
for potential confounders.

The study found that 96.9% of the participants used mobile/smart phone and mean time spent on
school days and non-school days constituted 3.50 (SD = 2.47) hrs. and 4.93 (SD = 3.56) hrs, respectively. The first
3 main reasons for using smartphone among participants included the following: for social networks, for
communicating with friends and for watching films & listening to music. Besides, the prevalence of poor sleep
quality among the participants constituted 32.0% [95% CI1=29.26-34.91]. Given the related confounding factors of
an association between EMF devices use and sleep quality among high school students based on socio-economic
and clinical characteristics and stimulant use, the findings showed that confounding variables constituted father’s
occupation, weekly allowance, alcohol consumption and smoking. After controlling for the confounding variables
(father’s occupation, weekly allowance, alcohol consumption and smoking), it was found that when comparing
with the students using mobile/smartphone < 1.93 hour (< 25 percentiles), those using 1.93-3.57 hours (26-50
percentiles) were likely to have 1.47 times poorer sleep quality (adjusted OR=1.47 [95% CI=0.99-2.18]); those
using > 3.57-5.57 hours (51-75 percentiles) were likely to have 1.08 times poorer sleep quality (adjusted
OR=1.08 [95% CI=0.73-1.60]); those using > 5.57 hours (> 75percentiles) were likely to have 1.52 times poorer
sleep quality (adjusted OR=1.52 [95% CIl=1.04-2.23]). The findings of an association between EMF devices use
and academic performance, after adjusting for the confounding variables (father’s education, mother’s education,
family income, psychological disturbance, alcohol consumption and smoking), indicated that there was no

association between EMF devices use and academic performance

Conclusively, our findings indicated that participants using > 5.57 hours were at 1.52 times higher risk
than those using mobile/smart phone < 1.93 hours in comparison. So, it is recommended that such individuals and
parties concerned as government and private organizations, educational institutions, parents/guardians in
particular, are required to establish guidelines for constructive use of electromagnetic communications equipment,
in addition to consistently cooperate in launching projects on awareness, positive and negative impacts of EMF
devices use to students and the public in general.
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CHAPTER |

INTRODUCTION

1.1 Background and Rationale:

Due to technological advancement, mobile/smart phones are more efficient
and cost effective, thus can be had and easier accessed by adolescents for their daily
use than before. According to Pew Internet and American Life project 2005, it was
found that 45% of adolescents own a mobile phone. 10 years later in 2015, the study
by Pew Internet and American Life project reported that 88% of adolescents in
America have or have access to mobile phones; whereas 73% of them have smart
phones. Worth pointing that nearly 100% of American adolescents have or have
access to mobile phone. Adolescents with higher income are most likely to have
mobile/smart phones. Interestingly, in year 2005, it was reported that, comparing
between girls and boys in terms of mobile phone ownership, the number was 49%
and 40%, respectively. Whereas in 2015, it was, compared girl to boy in terms of

ownership and accessibility, 88% and 87%, respectively (1).

Use of electromagnetic field (EMF) devices has been increasingly popular
among adolescents all over the world. A number of studies found that access to and
use of media by adolescents has increased over the years as new technologies are
developed (2). Undoubtedly, adolescents are often early adopters of new media and
communication technologies (3). It was discovered that the number of American
adolescents having personal mobile phones has increased from 45% in the year 2004
to 75% in the year 2010: a total of 30% increase across the 6-year period (4). It is
reported that the number of Asian youths (in 11 countries: China, Hong Kong, India,
Indonesia, Korea, Malaysia, the Philippines, Singapore, Taiwan, Vietnam and
Thailand) having owned mobile phones has also increased from 60% in the year 2008

to 64% in the year 2010. The survey indicated that adolescents in Thailand were the



top chatterboxes across Asia by spending 1.7 hours a day talking on their mobile

phones (5, 6)

The study revealed that Thai adolescents’ use of mobile phones has increased
significantly in the region of 2-300% in just one year with 75.7% of the samples
engaging regularly with social networks; 20% used their mobile phones regularly in
class; 35% checked social networks through their mobile phones prior to going to
bed. Given that the seemingly over-indulgence in playing computer games and
engaging with social network activities for about 8 hours a day, it is not surprising
that they would have less sleep duration, less time for family, for doing assignments

and studies and, more importantly, for examination preparation (7).

A recent survey showed that internet surfing among Thai adolescents aging
between 15-24 years increased from 39.7% (2007) to 51.9% (2011). Comparing to
other Asian adolescents, Thais spent 3.1 hrs/day playing online games through
computers, smart phones and portable electronic gadgets (i.e., X-box); thus being
regarded as the highest total time spenders. Notably, average playing time for
adolescents from Thailand : Singapore : Hong Kong : China : Korea were reported as
follows: 60.7 min/day: 59.4 min/day: 56.0 min/day: 46.0 min/day: 43.2 min/day,
respectively (8).

To access to internet has never been easier by today’s digital technology
development. EMF devices like smart phones, tablets, notebook computers are both
efficient and cost effective, in terms of speed, mobility and price. Undoubtedly,
adolescents can easily possess the above-mentioned gadgets and get indulged online
with various activities. Having been developed and very advanced, today’s social
networks can greatly impact internet users, particularly adolescents. It was discovered
that, in several Asian countries, Thai adolescents spent most time in using internet,

and becoming top users playing online games through (8).

Admittedly, internet has played key roles in enhancing people’s knowledge
and experience, particularly adolescents’ education. Thus, most governments and

educational institutions launched internet-based learning campaigns aiming to well



equip their kids and adolescents with more effective learning approach. However, a
study on adolescents and internet found that 65.4% using internet for games playing
and downloading purposes. More interestingly, 42.4% of adolescents used one of

communications devices, smartphone, as their media (8).

Though some studies indicated that technological advancement can have
negative impacts on adolescents if they are overused, others argued that technology
can have positive impacts if it is not been overused (9, 10). Likewise, the
proliferation of EMF device has been implicated in the poor sleep of adolescents, like
going to bed late; shorter sleep duration; day time sleepiness; waking time tiredness

and sleep deprivation (11-15).

Previous studies indicated that exposure to EMF devices, to a greater extent,
had impacts on human in different aspects, i.e., effects on DNA (16); impacts on
stress response (17); effects on immune system (18); impacts on blood pressure (19);
increased risk of brain tumours (20); cause of sleep disruption; and impacts on sleep

patterns (21).

A number of studies of the use of EMF media on students’ academic
performance showed mixed results: some indicated that the media use had little or no
impacts, whereas others showed that it had negative effects on academic performance.
A number of findings reported negative impacts of EMF devices on performance as
Taiwanese students reported sleep deprivation due to heavy internet use which, in
turn, was correlated with poor academic performance (22). Likewise, Chen and Peng
(2008) found that students regarded as internet heavy users (identified by>34

hrs/week) had poorer academic performance than those non-heavy users (23).

With the rapid advanced technology and development, the EMF devices have
been greatly popular among adolescents all over the world, particularly among Thai
adolescents ranked the highest number of mobile phone users in Asia. Extensive
investigations have been made on various effects derived from single specific device,
1.e., mobile phone exposure (24). It is important to find out as to what extent the EMF

devices have effects on the users. Moreover, very few, if any, researches in Thailand



have focused on effects of EMF devices exposure. So, it is necessary to study the
effects of EMF devices exposure relating to sleep quality and academic performance
among high school students in Bangkok, Thailand. The findings can be beneficial to
the following: adolescents, parents, educators, health-care practitioners and policy
makers, in terms better awareness of negative impacts of EMF devises, as well as

effective measures to address the issues relating to EMF devices.

1.2 Research Questions:

1.2.1 What are the frequencies of EMF devices usage among high school students

in Bangkok?

1.2.2 What is the prevalence of poor sleep quality among high school students in
Bangkok?

1.2.3 What is the association between EMF devices use and sleep quality among

high school students in Bangkok?

1.2.4 What is the association between EMF devices use and academic performance

among high school students in Bangkok?

1.3 Objectives:

1.3.1 General objectives:
To investigate the association between EMF devices use and sleep quality and
academic performance among high school students in Bangkok.
1.3.1 Specific objectives:
1.3.1.1 To discover the frequencies of EMF devices usage, on school day and non-

school day, among high school students in Bangkok.

1.3.1.2 To identify the prevalence of poor sleep quality among high school students in
Bangkok.



1.3.1.3 To investigate the association between EMF devices use and sleep quality

among high school students in Bangkok.

1.3.1.4 To investigate the association between EMF devices use and academic

performance among high school students in Bangkok.

1.4 Research Hypothesis:

1.3.2

1.3.3

There is association between EMF devices usage and sleep quality among
high school students in Bangkok

There is association between EMF devices usage and academic performance

among high school students in Bangkok

1.5 Expected Outcomes:

151

152

153

154

155

To obtain the frequencies of EMF devices usage, on school day and non-

school day, among high school students in Bangkok.

To obtain the prevalence of poor sleep quality among high school students in

Bangkok.

To achieve the association between EMF devices usage and sleep quality

among high school students in Bangkok.

To be a stepping stone for future studies to explore in-depth issues associating

with adolescents.

To create awareness among health educators/public health professionals to be

able to tackle this issue.



1.6 Conceptual Framework

EMF Devices Use > )
Sleep Quiality
A
Socio-Economic and Academic Performance
Clinical Characteristic
- Age
- Gender

- Parents’ education

- Family income

- Weekly allowance

- BMI

- Psychological
disturbance

Stimulant Use
Alcohol
Smoking

Figure 1 Conceptual Framework

1.7 Operational definitions:

The following definitions of terms will be used for this study:

1.7.1 High school students: High school students refers to the students of grade 10-
12 studying in High School, for academic year 2013, in Bangkok area, under
the supervision of the Office of the Basic Education Commission, Ministry of

Education.



1.7.2

1.7.3

1.7.4

1.75

EMF devices: EMF devices are those having spectral region of microwave
wireless communications frequency including: mobile phones, smartphones,
personal computers, notebooks, tablets interfaces among devices equipped for
wireless communications, devices used through wireless local area networks
(WLAN) including wireless fidelity (Wi-Fi), worldwide interoperability for
microwave access (WiMAX) and long-term evolution (LTE) for 3-G

networks.

Sleep quality: This term refers to an individual’s sleep quality. It can be
measured by using Pittsburgh Sleep Quality Index (PSQI) encompassing
seven categories, namely: subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances, use of sleeping

medication, and daytime dysfunction.

Academic performance: This refers to high school students’ grade point

average (GPA) in their last semester.

Body mass index (BMI): The index was calculated as self-reported weight (in
kilograms) and height (in meters), based on WHO’s criteria describing BMI-
for-age (5-19 years) (25).



CHAPTER II

LITERATURE REVIEWS

After careful analysis and synthesis of relevant and related literatures from
such sources as academic articles and journals, conference proceedings and research
papers, books and reports, as well as online materials from various libraries, the
researcher has divided this chapter into 8 parts: Electromagnetic fields (EMF), EMF
and Related Health Factors, EMS Used and Sleep, EMF Devises Used and Academic
Performance, Sleep, Sleep and related factors, Sleep and Health:

2.1 Electromagnetic field (EMF):

2.1.1 What is Electromagnetic field (EMF):

Described as a physical influence that travels through space, electromagnetic
field (EMF) occurring in nature and present on earth, originates from electrically
charged objects. All EMFs are force fields equipped with energy that can generate an
action at a distance (24, 26). Owing to an increasing demand in electricity usage and
advanced wireless technology, it is obvious that most citizen of the 21* century are
unavoidably exposed to a complex mix of electric and magnetic fields at various

frequencies (27).

EMF stems from two sources, i.e., nature and man-made as a brief
description following: a) Natural sources of EMF: Despite its invisibility, EMF is
actually present in an environment and everywhere. EMFs are generated by the local
build-up of electric charges in the atmosphere associated with thunderstorms; b)
Human-made sources of EMF: this includes X-rays used to diagnose a broken limb
and the frequency used to transmit information like mobile phone base station.
Generally, wavelength and frequency can be classified into ionizing and non-ionizing
radiation: ionizing radiation is a property carried by ultraviolet, x-ray and gamma ray

given off by radioactive materials. As for non-ionize radiation covering light,



infrared, radiofrequency radiation which has a wavelength between 0 — 300 GHz
that can be subdivided into four categories: static field, extremely low frequency field

(ELF), intermediate frequency (IF), and radiofrequency/microwaves (28, 29).

Ionizing radiation contains so much energy in its individual quanta of energy
that it is able to expel electrons from their orbits in the atom shells. This creates free
radicals in living matter increasing the risk of chromosomal damage and fatal
abnormalities, which may lead to cancer. However, non-ionizing radiation is still

debatable whether it has any possible health hazards on human being (28, 29).

Technically, electric field consists of various voltages; whereas the level of
voltage will determine the fields’ strength: the higher the voltage, the stronger the
electric current. When electric current flows, the magnetic fields will be created; if
the current is higher, the magnetic fields will be stronger, too. Though there is no
current flows, an electric field does still exist. Suffice to say that whiles the electric
field’s strength depends on the power usage, the electric field strength still remains

constant. The classification of EMF spectrum can be illustrated below:



Table 1 EMF spectrum
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Frequency
Frequency Field source
range

Static OHz e Natural
e VDU (Video displays)
e MRI and other diagnostic/ Scientific

instrumentation

e Industrial electrolysis

Extremely low  0-300 Hz e Powerlines

frequency
(ELF)

Intermediate
frequency (IF)

Radiofrequenc

y (RF)
Microwaves

Infrared
Light
Ultra-violet
(UV)
X-rays

Gamma rays

300 Hz - 100 kHz

100 kHz — 300 GHz

300 Hz — 300 GHz

300 GHz - 405THz

405 THz -790THz

790 THz — 30PHz

30 PHz - 33ETHz

More than 10 EHz

Domestic distribution
Electric energies in cars, train and
tramway

Typical example are: VUD, anti-theft
devices in shops, hand free access
control systems, card readers and
mental detectors

Broadcasting and TV

Mobile telephone

Microwave oven

Radar, portable and stationary radio
transceivers

Personal mobile radio

Magic eyes in security lighting
Remote control (e.g. TV)
Seeing

Photography

Sun-tan lamp

Imaging defects in bones

Medical tracers

Killing cancer cells
Sterilization

Imaging defects in metal

Source: Scientific Committee on Emerging and Newly Identified Health Risks (29)
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2.1.2 Electromagnetic field devices (EMF devices):

Regarding the level exposure, the fields’ frequencies generated to be used for
electrical power and broadcasting are much lower than those produced by man-made
sources. Since the past decades, electrical energy has been widely used for
telecommunication purposes. It is evident that people’s exposure to EMF has been on
the rise. Notable, everybody can be exposed to low level of EMF from transmitters
used for broadcast television and radio, as well as for mobile communications.
Besides, a number of people can be exposed to low level fields from microwave
communications links, radar, televisions and display screen equipment. Greater
exposures can arise if people come close to, though short period of time, sources like
mobile phone handsets, portable radio antennas and RF security equipment,
especially, the devices/gadgets based on wireless communications technology (30).
Adolescents tend to report using different kinds of information and communication
technology in their daily life. Some of the most popular wireless communication
devices include mobile/smart phones; Bluetooth devices; and devices used through

Wireless local area networks (WLAN)).

As for mobile/smart phones, it has been well recognized that mobile/smart
phones are increasingly popular for people in the 21* century. In 1980s, the 1*
generation of mobile phones arrived using analogue radio systems that worked at 450
MHz. or 800/900 MHz. Late in 1990s, the 2™ generation (2G) appeared on the
market before a digital mobile communications systems started to develop. The
evidence pointed out that, in many countries around the world, the Global System for
Mobile Communication (GSM) is the key player. The GSM is operating at 900 and
1800 MHz (whiles a frequency of 850 and 1900 MHz was used in America) (31).

Since the 2G system was created to serve the voice application purpose, the
development of the next generation of mobile phones (2.5G and 3G) started right
after that. The 3G (third generation) which operates at 1900-2200 MHz provides
users with various applications, including internet browsing, email access, high speed
downloading of music and videos. Despite the fact that 3G is the latest mobile

communications technology, attempts have been made to further develop higher data
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rates and establish mobile broadband operations. In the very near future, the 4G will

operate at a higher frequency bands of 2 GHz (31) .

By the year 2010, smartphone has been widely used and continued growing,
particularly among adolescents all over the world. Apart from using smartphone to
make calls, adolescents use it to surf internet, send and receive e-mails, chatting via a
variety of social networks application and watching movies through YouTube, and

many others (32).

Regarding Bluetooth devices, the devices equipped with Bluetooth element,
operating at 2.45 GHz, can provide short distance wireless connectivity between
mobile communication devices. Today, it is common for most computers,
mobile/smart phones and other peripheral accessories to have Bluetooth ability (31).
Besides, the devices being used through wireless local area networks (WLAN)
equipped with technologies that operate in frequency band between 2.4 and 5 GHz
are 'licence exempt”, and bandwidth is divided among users. The technical standards
most popular are established by the institute of Electrical and Electronic Engineers
(IEEE). Generally, this kind of technology is recognized as Wi-Fi. The computers and
devices using this technology are connected to the local area network (LAN)
wirelessly. So it is not necessary to have Ethernet wired: all devices must have
required antennas to be able to transmit and receive radio waves and wireless

connection is then operational.

Owing to the above literature reviews of EMF exposure, aside from the
wavelengths and the following EMF sources: mobile phone handsets, cordless
phones, digital data communications, Bluetooth interfaces (among devices equipped
for wireless communications), wireless local area networks (WLAN), wireless
fidelity (Wi-Fi), worldwide interoperability for microwave access (WiMAX), and
long-term evolution (LTE) for 3-G networks, the researcher intends to focus on RF
fields communications devices used, since most, if not all, adolescents have more
opportunity to get exposed to the related wavelengths. In addition, the RF fields
communications devices used could have association with their sleep quality and

academic performance (31).
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2.2 EMF devices Use and Sleep:

A number of findings indicated the EMFs can have effect on serum melatonin
and pineal gland function (33). It is discovered that EMF devices exposure can result
in the suppressed generation of melatonin (hormone produced by the pineal gland
located deep near the center the brain). The melatonin is generated mainly during the
night, thus releasing into the blood stream and dispersed through the whole body.
More importantly, the melatonin regulates sleep, mood and behavior (24). Melatonin
regulates organ function appropriate to circadian (time-of-day) rhythms. Serum levels
of melatonin change with the time-of-day depending on the amount of light reaching
the retina, lower levels in the daytime and higher levels in the night, with the
exposure to light causing a depression in melatonin production (34). According to
Burch et al. (2002)’s investigation on the effects of cellular phones, the evidence
suggested that cellular phone use of longer than 25 minutes per day resulted in a drop
of melatonin levels. Nonetheless, the effect was discovered only after the 3™ day of
the study. The data also pointed that prolonged use of cellular phone can lead to

reduced melatonin production (35).

It has been well recognized that wireless technologies, i.e. mobile or smart
phones are key players in causing an increase exposure to electromagnetic fields in
the users’ daily life. Several reports have attempted to address such issues as the
extent of which short-term EMF exposure can impact sleep measures like brain
activity recorded by electroencephalography (36-39). It is arguably, however, that
though EMF exists almost everywhere in the environment, a double-blinded cohort
study on whether sleep quality is affected by mobile phone use or by other EMF
sources in the everyday environment, found that only those using EMF devices
appeared to have sleep deprivation and daytime sleepiness. Besides, exposure to
environmental EMF did not affect self-reported sleep quality (40). From this study, it
can be summarized that EMF devices use can affect those using mobile or smart

phones in terms of sleep-related issues, i.e., sleep quality and sleep deprivation.

As far as adolescents’ sleep quality is concerned, it was discovered that

adolescents’ exposure to EMF devices can have impacts on their sleep-related
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behaviors. So, it can be concluded that EMF devices can play key roles in adults’
sleep deprivation owing to being overindulged themselves in heavy use of such EMF
devices as internet, mobile/smart phones, computer and video games which lead to a

reduced time in bed, and increased sleep disturbances (41-43).

2.3 EMF Used and Academic Performance:

A number of literature reviews have been focusing on the effects of EMF
exposure on biological system and suggested that EMF can affect blood brain barrier
(44). According to an experiment on memory performance of EMF-exposed rats, it
was found that the tested rats have showed a memory performance deficit. The
findings from this study provide us with new insight into the nonthermal effects of
long-term high-frequency EMF exposure on memory (45). Therefore, an increasing
use of mobile phones has raised the concern over the effects of daily EMF exposure

on people’s health.

Interestingly, numerous studies investigating the effects of mobile phones on
cognitive function found that exposure to EMF has an effect on attention and
vigilance: reaction time and vigilance tasks were speeded up when subjects were
under exposure to EMF (46, 47). Besides, another study conducted on teenagers,
entitled “Effect on human attention of exposure to the electromagnetic field emitted
by mobile phones” indicated that exposure to EMF emitted by mobile phones may
have mild effect on attention function deficit (48). However, one study, examining the
effects of daily exposure to GSM900 type mobile phone on cognitive function,
suggested that a daily mobile phone use has no effect on cognitive function after a

13-hour rest period. (49).

Based on previous studies, those adolescents spending most of their time
overindulging in current technology experienced both physical and emotional
negative impacts. Nowadays, adolescents’ increased use of mobile phones or tablets,
particularly in the bedroom, has raised public concerns regarding their attachments to

social media so that their emotional needs can be fulfilled. Besides, overuse of EMF
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devices can alter sleeping and waking patterns (14), and thus undermines adolescents’

performance at school (50).

The more adolescents multitask with a variety of technological devices
(texting, talking on the phone, using the Internet, listening to an iPod), the fewer
hours of sleep required, which can cause an increase daytime sleepiness. So,
researchers suggested that multitasking could make those adolescents unable to
sustain educational achievement (51). Though none of empirical findings available,
adolescents who were much attached to social networks felt tired during the day and

found it hard to meet the cognitive demands of study (52).

Students who are tired and sleepy in class found it difficult to achieve
performing tasks related to academic performance, i.e., effective time management,
and sustaining effort, interest, and attention. So, they do poorly at school, and tired

students feel less satisfied with their school experience (53, 54).

2.4 EMF and Health Related Factors:

Due to advanced technology and widespread use of wireless communications
devices among people globally, the greater risks of frequency exposure have
significantly increased. Besides, various agencies have been concerned about the
EMF exposure. In the past decade, studies of EMF exposure impacts have been
seriously conducted, especially the adverse health impacts on both human and animals
(55). Besides, Heinrich et al.(2010) suggested that, based on their findings, there have
been grave concerns for those exposed to EMF that they may experience adverse
health effects, especially in children and adolescents, since there is a significant
increase in mobile phone usage all over the world (56). The outcomes of adverse

health-related EMF exposure can be summarized as follows:
2.4.1 EMF and Brain Tumors:

Based on the findings from researches worldwide, the risk of brain tumors
caused by increased use of mobile/smartphone was discussed among those

conducting the survey on the possible relations between brain tumors and phone used;
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and it was found that over 25 papers have indicated a possible link between brain
tumors and use of mobile/smartphone. Interestingly, the largest increase was
associated with longest use (57). Likewise, a number of researchers also raised the
issue of the potential harm owing to increased use and cumulative effect of RF (58,

59).
2.4.2 EMF and Cancer:

EMF can be regarded as discrete quanta which are absorbed by matter. The
quantum energies of EM waves are too low to break chemical bonds. Nevertheless,
there are structures in biological materials that can be affected by very low energy
like hydrogen bonded structures in which very low energy may cause displacement of
protons. It is, however, debatable as to the potential health risks of EM energy,
particularly from the mobile/smart phone. One of the key issues discussed covers the
possible cancer-enhancing effects. It is unlikely that any cancer-related eftects of EM
can be based on direct genotoxic effects, because the energy level is not high enough
to damage DNA. Instead, a study was carried out whether EMF is cocarcinogenic,
1.e., whether they enhance the effects of other carcinogenic factors. So, it is necessary
to find out some characteristics of cells, tissues, enzymes, and proteins in human

body to better understand the associated interaction mechanisms (24, 60).
2.4.3 EMF and Cardiovascular Disease:

It is still uncertain whether the use of EMF devices can have any impacts on
cardiovascular system. Previous studies reported mixed findings on cardiovascular
disease: whiles some found no acute effect on blood pressure, heart rate or ECG
waveform; others reported subtle effects on heart rate. Braune et al. (2002) concluded
in their study that exposure of human volunteers to EMF of mobile phones increased
the sympathetic efferent activity, with an increase in the resting blood pressure (61).
Several studies (62-64) found no significant changes on cardiovascular functions
due to EMF exposure. Moreover, it was indicated that the risk analysis of human
exposure to EMF reported insufficient evidence regarding the association between

cardiovascular disease and exposure to RF fields.
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2.4.4 EMF and Cataracts:

Cataracts are believed to be caused by exposure to strong radiation derived
from microwave having frequencies ranging between 300 MHz and 300 GHz.
Advanced devices emitting microwaves like mobile/smart phone, radars and
computers are prevalent in most people’s daily life (65). While George et al. (2008)
stated that non-thermal effects in the microwave induced unfolding of proteins
observed by chaperone binding, de la Hoz and Diaz-Ortiz (2005) pointed that the
formation of cataracts directly related to the power of the microwaves and the
duration of exposure, and the magnitudes of microwave radiation including thermal

and non-thermal effects (66, 67).

Owing to a popular use of EMF devices, the concern of health effects caused
by exposure to microwave radiation seems to spread far and wide globally. Though
well recognized that strong microwave radiation can induce cataracts through its
thermal effects, it is still debatable if low-power microwave radiation or the radiation

levels below the current exposure limits, can be cataractogenic (68).

2.4.5 EMF and Mental Health:

It has been discovered that EMF can affect neurotransmitter metabolism and
the concentration of receptors in many parts of the brain that can contribute to stress
and anxiety response (69). One of the studies found that there was likely association
between high information and high frequency of mobile phone use, thus reporting
mental health symptoms among teenage users (70). The study was followed by a
qualitative interview with participants having high frequency use of computer or
mobile phone, who had reported mental health symptoms at 1-year follow-up. (71).
Key factors appear to contribute to mental health symptoms including personal
dependency, demands for achievement and availability which arise from domains of
work, study, social network and user’s aspirations. It seems that a key stressor was to
not be available. Likewise, concerns about possible hazards associated with exposure
to electromagnetic fields also exist. It can be concluded that there are several factors
in different domains contributing to mental health symptoms; one of them happens to

be an over use of mobile phone (71). More interestingly, it was also found that
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overuse of mobile phone can lead to depression as reported by a study on possible
negative health effects of mobile phone exposure. The findings concluded that high
frequency of mobile phone use was a risk factor for depression after a 1-year follow-
up among the young adults (72).

2.4.5 EMF and weight gain:

Sitting idle in front of computer, note book, mobile/smart phones can result
in sedentary behavior (73-75), consequently, physical activity unavoidably decreased
and reducing total energy expenditure. Beside, such food intakes as soft drinks and
snacks increased causing overweight and obesity. Previous cross-sectional study
found that girls using computer and internet were more likely to be over weight (76).
Likewise, a longitudinal cohort study of females aging 14-21 years discovered that

those spending more time on the internet contributed to an increase of BMI (77).

2.4.5 EMF and Socio-economic Characteristics:

EMF devices use and social networking differ according socio-economic status,
for example, age, school grade, gender, residential area, household income, parents’
educational level were considered as key factors related to mobile phone use in
adolescents (78). Gaps of the above-mentioned factors were accounted for inequality

in media access (79, 80).

Previous study indicated that the rate of mobile phone owner was increasing with
age (81). Though each user has different motives for possessing mobile phones,
particularly parents feeling much concerned over their children’s safety and security;
so they feel necessary to purchase mobile phones for their growing children for
emergency purpose (82). For adolescents, mobile phones play important roles in
different activities, i.e., for social networking, communicating and hanging round with
their friends outside of home. Even further, some findings found that the phones can
be key instrument in creating and maintaining peer groups among children (83, 84).
According to a survey in Korean high school students, it was found that, in comparing
between the high and low level students, the ownership rate and use frequency of

mobile phone by high level students surpassed that of low level students (78).
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According to some researches, it was found that different genders in
adolescents use mobile phones differently. Female tended to use more phones than
male; due to parents’ attitudes and the way they have been raised by Asian parents.
Nevertheless, the previous study of mobile phones use between boy and girl
suggested that there was no gender difference in mobile phone use (85). Notably, it
was also reported by a finding on Korean high school students that the number of
female using mobile phones was higher that that of male users (78); this was consistent
with a study that girls were more likely to own and use mobile phone than boys (86).
However, a study by Ji, P. (2013) discovered that, out of research samples aging 18-65
years, males used mobile phones for social network and for professional connections
more often than female, but use of social networks or mobile phones to contact

friends did not differ between genders (87).

2.4.6 EMF devices use and alcohol consumption and smoking:

Access to EMF devices, particularly mobile phone, has been recognized as
the most important requirement for today’s adolescents (88); owing to mobile/smart
phones’ various benefits like calling friends and relatives, social networking, listening
to music, watching films and, particularly, playing games online. Early studies found
excessive mobile phone use and smoking coincided in the same individuals (89).
Additionally, research evidences indicated that smoking and drinking were closely
related (90). Most notably, a study entitled “Intensity of mobile phone use and health
compromising behaviours-how is information and communication technology
connected to health-related lifestyle in adolescence?” discovered that there was as

association between smoking and alcohol and mobile phone use (88).

2.5 Sleep:

Based on behavioral definition, sleep can be described as a reversible behavioral
state of perceptual disengagement from and unresponsiveness to the environment.
Besides, sleep is a complex combination of physiologic and behavioral processes.
Typically though not necessarily, sleep is accompanied by postural recumbence,
behavioral quiescence, closed eyes, and indicators commonly associates with

sleeping. Under unusual circumstance, such behaviors as sleepwalking, sleep talking,
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teeth grinding, and other physical activities, can occur during sleep. Anomalies
involving sleep processes also include intrusions of sleep—sleep itself, dream
imagery, or muscle weakness—into wakefulness (91). Sleep and its processes can be
empirically measured using a variety of metrics, ranging from such objective
variables as sleep duration, sleep latency, sleep efficiency, and sleep fragmentation to

subjective sleep variables such as sleepiness and sleep quality.

2.5.1 Sleep mechanism:

Regarded as an unchanged inactivity, sleep is deemed one of the most
complex activities by most researchers due largely to the fact that it was difficult to
access through medical examination. To have a better understanding of sleep, the
scientists use sensitive electrodes on the scalp of the sleepers and record the electrical
signals generated by activity in their brain. By this, the scientist started to identify
different stages of sleep from monitoring the sleepers’ eye movements, muscle tone,
and brain-wave patterns. As a result, the researchers of today have learnt how the
sleep stages are able to maintain health, growth and functioning. Theoretically,
human’s normal sleep consists of two states: rapid eye movement (REM) and non—
REM (NREM) sleep. These two states will alternately occur cyclically across a sleep
episode. Both types of non-REM and REM sleeps can be described as follows (91,
92).

2.5.1.1 Non-REM (quiet sleep):

Though the term suggests that this is a quiet sleep, the sleepers can sometimes
move or change positions during their sleeping period. It is also described as “an
idling brain in a moveable body” which indicates the slowing down of most
physiological activities of the sleepers. The sleepers having the non-REM sleep are

those experiencing the following three stages of quiet sleep:

The stage N1: In this stage, the transition from wakefulness into light sleep
starts; this stage takes the sleepers about 5 minutes. The predominant brain waves
slow at the rate of four to seven cycles per second called theta waves pattern. During
this stage, the sleepers’ temperature begins falling, muscles relaxing, eyes moving

slowly from side to side, and losing awareness of surroundings; meanwhile, they can
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also easily have jarred awakening. If awakened, some sleepers may say they are being
drowsy; while others may just say they have been asleep. It can be said that during
this stage 1, sleep can be discontinued by softly calling their name, touching them
lightly, quietly closing a door, etc. conclusively, stage 1 sleep is associated with a low

arousal threshold.

The stage N2: In this stage, the sleepers have an actual sleep for about 10-25
minutes; their eyes are remaining still, with heart rate and breathing moving, unlike
when awake, slower. The EEG illustrates a so-called K-complex pattern which can be
roused by some internal or external stimuli, i.e., sounds. This stage lasts the sleepers

approximately half the night.

The stage N3: This is called a deep sleep or slow-wave sleep. In this stage, the
sleepers will have a more regular breathing. Besides, the blood pressure falls; the rate
of the pulse gets slower than the waking rate ranging between 20-30 per cent. The
Delta waves, in other words, large and slow brain waves are key features on the EEG.
During this stage, to wake the sleepers are difficult since their brains are not well

responsive to external stimuli.

2.5.1.2 REM (rapid eye movement) sleep:

In general, the sleepers with dreaming (REM) sleep will experience some
kinds of dreaming. The dreams during REM sleep can be called an “active brain in a
paralyzed body”. The scientists believe that REM can restore the sleepers’ mind; just
as the slow-wave sleep restores the sleepers’ body. It was found that students having

sufficient sleep can solve problems better than those having less sleep.

The average length of the first NREM-REM sleep cycle is approximately 70 -
100 minutes, while the average length of the second and later cycles is about 90 - 120
minutes; whereas the average time of the NREM-REM cycle constitutes roughly 90 -

110 minutes, across the night.
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2.5.2 Sleep throughout life:

It is believed that, to some degree, heredity plays an important role in people’s
sleep in that how and when to sleep all through their life. Clear evidence has
suggested that identical twins have more similar sleep patterns than those non-
identical twins or other sibling pairs. Though sleep and waking patterns appear to be
inborn and the genetic evidence is still unable to be fully comprehended, certain
factors can also affect people’s sleep patterns, one of which is the sleepers’ age which
has been playing the most significant part in how people’s sleep. People with 20 years
of age onwards will spend longer time than when younger to fall asleep. The
classification of sleep patterns, based on sleepers’ age, can be described as follows

(93):

Childhood: For newborn babies, they may be sleeping eight times a day,
totaling 18 hours of sleep and spending about 9 hours in REM sleep, during which
occurs often, generally less than an hour apart. When newborn infants get to the age
of 4 weeks, they will get a longer sleeping period, especially by 6 months, they sleep
longer and more regular periods in non-REM sleep. When they are at preschool, they
gradually have daytime naps shortened until they reach the age of six, most of them
keep waking up all day and will have an average of 10 hour-sleep per night.
However, from 7 years old to puberty period, their generation of nocturnal melatonin

is highest making them to have a deep and restorative sleep.

Adolescence: Regarded as the period for rapid body growth and
development, adolescence can also cause easy daytime drowsiness for teenagers.
Based on a study suggesting that some adolescents have a so-called delay sleep phase
syndrome making them not feeling sleepy until well after usual bedtime and unable to
get up and arrive at school late. Some other studies have pointed out that one of the
causes of sleep loss among adolescents is due to an early start time of their schools,
contributing to their behavioral issues, mood swings, as well as learning and

concentration problems.

Adulthood: During this period, though sleep patterns look stable but they are
gradually evolving and, by the age of 20-30 years old, the quantity of slow-wave
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sleep falls about 50 per cent, and nighttime awakenings double. Until they are 40

years old, slow-wave sleep is dramatically decreased.

Middle age: When both men and women reach their middle age, their sleep
will gradually decrease while waking up at nighttime more often and last longer. It is
very common for the middle age to wake up after three hours of sleep. For
menopause women, many of them may experience hot flashes that can interrupt their
sleep; whereas obese people, at their middle age, tend to have nocturnal breathing
problems. However, middle age people with sound body can sleep better than those

with unfit body.

Elder: In general, older people have had sleep problems, namely, inability to
sleep throughout the night; often waking up at nighttime and, after waking ups,
usually takes them longer to go to sleep again. Though doctors once used to advice
their elder patients that it is not necessary to have long sleep to function well, sleep
experts have argued that it is not true: they explain that older people need

approximately 7 Y4 - 8 hours of sleep to function well.

2.5.3 Sleep quality:

Despite the word “sleep quality” has been used in sleep medicine, the
accepted definition of this term has not yet been established. Sometimes the term
“Sleep quality” refers to a collection of sleep measures encompassing total sleep time,
sleep onset latency, degree of fragmentation, total wake time, sleep efficiency, and
sometimes sleep disruptive events like spontaneous arousals or apnea. The Pittsburgh
Sleep Quality Index (PSQI) provides a measure of global sleep quality based on a
respondent’s retrospective appraisal (past month) of an array of sleep measures,
including sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances,

use of sleeping medication, and daytime dysfunction (94).

Besides, an issue of measuring sleep quality remains debatable. Some stated
that the "gold standard™ for examining sleep is the polysomnogram (95). Sleep quality
is inferred from a collection of objective indices taken from polysomnography (PSG).

Of the objective, indices are measures like sleep onset latency, total sleep time, wake
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time after sleep onset, sleep efficiency, and number of awakenings derived from

different self-report instruments (96).
2.5.4 Prevalence of sleep quality:

The prevalence of poor sleep quality (see Table 2) among adolescents has
covered the range from 34.3% to 62.4% (97-102). The findings indicated that the
prevalence of sleep quality among undergraduate students equals 48.1-62.4%;
whereas that of third-year high school and pre-university students falls at 52.9%; and
that of senior and junior high school students equals 34.3 %. Nevertheless, worth
pointing out is that the findings found in Thailand among Thai college students, the
prevalence of sleep quality constitutes 48.1%, slightly lower than that of among

college students in other countries.



Table 2 Prevalence of poor sleep quality
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Sources Participants Prevalence Measurement
Suen, et al. (2008) University students in 57.5% Pittsburgh
Hong Kong (n=400) Sleep Quality
Index (PSQI)
Cheng, et al. (2012) Incoming university 54.7% Pittsburgh
students in Taiwan Sleep Quality
(n=4,318) Index (PSQI)
Rocha, et al. (2010) Third-year high school and 52.9% Pittsburgh
pre-university students in Sleep Quality
Séo Paulo, Brazil (n=529) Index (PSQI)
Lashkaripour, et al. Medical students and 62.4% Pittsburgh
(2012) specialist assistants in Sleep Quality
Zahedan University of Index (PSQI)
Medical Science, Iran
Lohsoonthorn, et al. College students in Thailand 48.1% Pittsburgh
(2012) (n=2,854) Sleep Quality
Index (PSQI)
Zhou et al. (2012) Senior high schools (grades 34.3% Subjective Sleep

10-12) and junior middle
schools (grades 7-9) in

Quality

Questionnaire

2.5.5 Sleep duration:

It is generally agreed that sleep is necessary for physical and mental health,

particularly important during adolescence, a phase of rapid biologic growth and

development (103). Most adults reported sleeping about 7.5 hours per night on

weekday nights and little longer, 8.5 hours, on weekend nights. Though the figures’

variability is rather high from night to night and person to person, the length of sleep

can also depends on genetic determinants (104). While adolescents going through

developmental changes, physically, emotionally and psychosocially, it was found that

sleep patterns of adolescents have gained serious attention lately. Despite the onset of

adolescence, teenagers require 9.2 hour of sleep, a number of research findings have

indicated that they have less sleep duration (53). Although no established sleep
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guidelines available, the National Sleep Foundation’s national survey of adolescents
found that adolescents in high school reported spending an average of 7.5 hours in
bed and getting an average of 7.2 hours of sleep per night. The Foundation’s
definition on sleep hours for adolescents to be insufficient if <8 hr. per night,
borderline if 8 hr. per night, and optimal if 9 hr. per night. According to the 2006
Sleep in America poll , more than half of adolescents are getting insufficient sleep on
school nights; therefore, many adolescents are at risk for negative consequences of
insufficient sleep (105). Likewise, the study on sleep and sleep need in a group of 10—
14-year-old adolescents for a 10-year period with surveys every second year has
pointed out that, 14.5% needed more sleep consistently during adolescence and only

3.3% slept adequately across the years (106).

However, several studies have indicated that adolescents’ sleep duration to be
significantly less (107). While the literatures reviewed above may have different
results, it is undeniable that to specify exactly how much sleep adolescents require is
an impossible task, since it is still unclear and varies between studies and specific
ages. Sleep habits reflect cultural differences and considerable variation is found
between countries, for instance, in the time of going to bed and the amount of sleep

time in children and adolescents (108).

2.5.6 Sleep on non/school day:

Based on meta-analysis specifically compared between time in bed on school
and non-school days, several studies reported average time in bed across the seven
day week. The findings indicated that differences exist in sleep patterns between
school and non-school days, during school vacations and on weekends. It is obvious
that this enhanced the understanding of time in bed among this age group, since
bedtime distribution seems more important than their average weekly time in bed. So,
the significance of sleep patterns of school and non-school times reflects a better
understanding of developmental sleep/wake behavior changes, especially that of the

sleep patterns of young people (109).

Correspondingly, time difference in bed during the school week when

cognitive performance is at its greatest can generate pivotal effects. It was discovered
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that adolescents slept more on non-school days than on school days. Additionally, the
difference has increased from 25 minutes at age nine to 86 minutes at age 18, This has
illustrated a different rate of age-related decline on school days — 13.6 (boys) 14.4
(girls) min/night per year of age compared to non-school days — 6.6 (boys) 8.0
(girls) min/night (110).

Moreover, the findings of a research on “Socio-demographic and Behavioral
Predictors of Bed Time and Wake Time among US Adolescents Aged 15 to 17 Years”
using time diaries to find out whether adolescent sleep has changed in recent years
and what factors determine bed times and wake times, found that average time in bed
on school days was approximately 8 hours, and was 1 to 2 hours longer on non-school
days. On school days, school start time was the key predictor of wake time. Every
hour earlier that school started, wake time was about 25 minutes earlier, but this
cannot be support evidence showing that this is a recent change in bed times and
wake times. Though several factors influencing bed time exist, school start time
seems to be a major determinant of wake time on school days. That aside, earlier
school days and increased use of computer can also lead to adolescents’ sleep loss

(111).

2.6 Sleep and related factors:

It is well recognized that good quality sleep is necessary for healthy
development (112). Socio-economic, cultural, and racial elements have been found to
be sleep related factors (113-116). Parental bedtime behaviors were found to be
related with child sleep (117). Age and gender have also been reported to be
associated with sleep quality (118, 119). Besides, adolescents engaging in school or
community-related activities were at greater risk from sleepiness (120). Some stated
that the use of stimulant like caffeine, generally found in coffee, tea, soft drinks and
energy drink, resulted in poor sleep and daytime drowsiness (99, 121). Cigarette
smoking was also associated with a higher chance of poor sleep owing to the fact that
a stimulant substance has pharmacological effects on sleep quality (122); whereas

previous studies found that there was a strong relationship between poor sleep quality
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and alcohol consumption (123). Key sleep-related factors can be summarized as

follows:

2.6.1 Parents:

Parents would normally set bedtimes for younger adolescents and help wake
up older adolescents. In general practice, the younger adolescents tend to wake up
more spontaneously on school mornings than older adolescents (120). Based on the
study of Zhang, J., Li, A.M., Fok, T.F., Wing, Y.K. (2010) about children model
bedtime, the findings discovered that one of the predictors for bedtime is maternal
bedtime. For example, the care-taking role of young children in Hong Kong Chinese
people is largely carried out by mothers, who would probably have stronger impacts

on children’s sleep/wake habit and behaviors (124).

Interestingly, a study on “Longitudinal Associations Between the Quality of
Parent-Child Interactions and Children’s Sleep at Preschool Age” reported that the
quality of parents-infant interactions was in a positive manner associated with
children’s percentage of night-time sleep at preschool age (125). However, it is worth
pointing out that as children age, parental supervision of bedtimes would also be
reduced with a potential permissiveness around the enforcement of regular bedtimes

and a societal increase in young people’s choices around sleep routines (110, 126).

2.6.2 Age:

The sleep reduction during adolescence can be described as a biological
process of delayed melatonin secretion associated with puberty. Melatonin, a
hormone secreted from the pituitary gland in the brain, forms part of the system that
regulates the sleep/wake cycle. During adolescence, the secretion of melatonin is

delayed compared to pre-adolescent pubescent levels (91, 127).

As reported by a research study titled: “The relationships between sex, age,
geography and time in bed in adolescents: A meta-analysis of data from 23
countries”, the sleep duration has been found to be different across regions; for
instance, on school days, the differences between the rates of age-related decline

were greater for Asia and the USA (17-18 min/year of age) than for Europe or
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Australia (12 min/year of age); while on non-school days, Europe had a larger rate of
age-related decline (8.4 min per year of age) than Australia, Asia or the USA (4.2—
5.8 min per year of age). The findings indicated that there were large differences in
reported sleep time across regions as the following summary: on school days,
adolescents from the USA have approximately 20-60 min/day of sleep time less than
those from Europe and Australia; whereas adolescents in Asia have approximately
60-120 min/day of sleep time less than those from Europe and Australia. On non-
school days, adolescents from the USA have about 30 min/day of sleep time less
than those from Europe and Australia, while adolescents from Asia have
approximately 70-90 min/night sleep time less than those from Europe and Australia
(110).

Though the National Survey Foundation’s definition on sleep hours for
adolescents to be insufficient if <8 hr. per night, borderline if 8 hr. per night, and
optimal if 9 hr. per night (105). It is arguable, however, that the requirement for
sleep duration can vary depending on ages: children younger than 5 years old require
at least 11 hours of sleep per day; while those aged 5 to 10 years need at least 10
hours (128); whereas children and adolescents over 10 years of age need 9 or more
hours of sleep per day (129). Despite the onset of adolescence and teenagers require
9.2 hour of sleep, a number of research findings have indicated that they have less

sleep duration (53).

2.6.3 Gender:

As reported by a research study titled: “The relationships between sex, age,
geography and time in bed in adolescents: A meta-analysis of data from 23 countries”,
Overall girls slept more than boys on both school days and non-school days.
Likewise, girls slept more than boys in general on both school days and non-school
days. For example, on school days, girls slept 11.1 minutes per night more than boys;
whereas on non-school days girls slept 28.7 minutes per night more than boys (Olds,

T., etal., 2010).

It has been pointed out also that boys normally have longer screen times than

girls, for example, watching television, playing videogames and engaging in social
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networks activities. Especially on non-school days, they generally have later bedtimes
and less sleep owing to the above-mentioned activities (130, 131). Nonetheless,
according to earlier studies, it was discovered that females reported having poorer
sleep quality than males, reflecting a significant association between poor sleep
quality and gender (97, 132), which well corresponds with another study indicating
that gender has been reported to be associated with sleep quality (118).

2.6.4 Socioeconomic status:

Over the past decade, socioeconomic, cultural, and racial factors have been
found to have important impacts on sleep problems (115, 133). As previous study
found that highly family income is strongly associated with insufficient sleep (134).
Similarly, there was also evidence indicating that an association between
socioeconomic indicators and quality of sleep in adolescents exists, in that low
socioeconomic status reflects a worse subjective perception of sleep quality, shorter
duration, and greater daytime sleepiness. (135). However, the different roles played
by socio-demographic and lifestyle variables have proven to be factors that intervene
with nocturnal sleep duration. The variables related to the sleep-wake cycle-naps and
night awakenings-proved to be associated with a slight reduction in night-time sleep,
while regularity in sleep and wake-up schedules was shown to be associated with
more extended sleep duration, with a distinct expression along the week and the
weekend. Having to attend school and work, coupled with other socio-demographic
and lifestyle factors, creates an unfavorable scenario for satisfactory sleep duration

(136).

2.6.5 Sleep and academic performance:

It is generally agreed that sleep is necessary for children and adolescents’
learning, memory processes and school performance. Several researches illustrate
that poor sleep, increased sleep fragmentation, late bedtimes and early awakenings
have impacts on learning ability, school performance, as well as neurobehavioral
functioning (54, 137). The physiological process of reduced sleep duration with age

1s worsen by activities, both-academically and recreationally (138)
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The studies on adolescents have shown that one of the factors affecting their
sleep patterns is academic obligations, i.e., trying to finish their homework;
preparing lessons for their tests, etc. The findings from Taipei, Taiwan pointed out
that the students in more academic challenging programs reported less sleep and
lower level of alertness than those in the less challenging programs (139); whereas in
America, the students on the academic fast track are likely to sleep less, although
supportive data are still unavailable (120). In addition, it was found that not only
homework demand, but academic stress and pressure have shortened children’s time

in bed and sleep duration (140).

Insufficient sleep, poor sleep quality and sleepiness are common problems in
children and adolescents associated with learning, memory and school performance.
The association between sleep quality, sleep duration, sleepiness and school
performance were examined in three separate meta-analyses including influential
factors (e.g., gender, age, parameter assessment) as moderators. All three sleep
variables were significantly but modestly related to school performance. Sleepiness
showed the strongest relation to school performance, followed by sleep quality and

sleep duration (141).

The high school students with academic problems and those getting C’s or
lower in school report are people having had sleep lost, later bedtimes and more
irregular sleep schedules than students reporting higher grades. (Note: A causal
relationship has not yet been established.). Whereas the findings, established by some
researchers administering the School Sleep Habits Survey to approximately 3,120
high school students from 4 high schools which represent 3 school districts in
southern New England, discovered that adolescents with self-reported higher grades
reported longer and more regular sleep/wake schedules. In addition, the study
indicated that they had more total sleep and earlier bedtimes on school nights than

those with lower grades (53).

In fact, the differences have differentiated students reporting mostly Bs or
better from those reporting Cs and worse. By the same token, the weekend sleep

habits of those students also varied in accordance with self-reported grades.



32

Particularly, A and B students reported earlier bedtimes and earlier rise times than
those with poorer grades. Students with worse grades reported greater weekend delays

of sleep schedule than those with better grades (53).

Besides, the recent analysis on academic performance and sleep by the above
researching team has suggested that adolescents’ shortened total sleep and irregular
sleep schedules are greatly related to poor school performance. Their study examined
student grades and attendance through district records and administered the School
Sleep Habits Survey to 50,962 students in 7 high schools (grades 9—12). The results
have found that daily attendance rates were higher in the 1999-2000 academic year
than in 1995-1996; the percentage of high school students continuously enrolled in
the district or in the same school increased in 1999-2000, relative to the percentage in

1995-1996; and with the later start time, the dropout rate decreased (54).

The School Sleep Habits Survey has indicated that there is no change in
average school-night bedtimes or weekend bedtimes and rise times. Nevertheless,
owing to later rise times on weekdays, Minneapolis students reported that they
obtained, on average, 60 more minutes of sleep on school nights than those in high
schools with start times 1 hour earlier (54). In addition, earlier research compared
young adolescents commencing school at 7:15 AM or earlier at least 2 times a week
with those starting at 8:00 AM. The outcomes indicated that early risers have
complained more of daytime fatigue and sleepiness throughout the school day, greater

tendency to doze off in class, and attention/concentration difficulties in school (142).

Also, some studies have correspondingly examined the relationship between
sleep/wake patterns and academic performance in college students by interviewing
185 randomly selected first-year college students regarding sleep/wake habits,
exercise, eating, mood, perceived stress, social support, religious habits, and semester
grade point averages (GPAs). The results of the studies have suggested that sleep
habits, particularly rise times, was accounted for the largest amount of variance in
GPAs. More notably, the outcomes indicated that, later weekday and weekend wake

times and increased number of work hours (paid/volunteer) were associated with
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lower GPAs; whereas eating habits, mood, stress, time management, and social

support were not related to these students’ grades (143).

Likewise, other investigations also found that short-sleepers reported
significantly lower overall GPAs than did long-sleepers. Although there were no age
or gender differences, long-sleepers (=9 hours per night) reported significantly higher
GPAs than did short-sleepers (<6 hours per night; mean GPA: 3.24 vs 2.74,
respectively). Nevertheless, the findings have unveiled that average-sleepers (7-8

hours per night) were not significantly different from long- or short-sleepers (144).

2.6.6 Sleep related private tutoring:

Private tutoring has become a mega-trend which affects most parts of the
world but does so with different emphases and dynamics. Elsewhere they may be
lower; but they appear to be growing in all regions of the world (145). Having private
tutoring after the regular school day is perceived to be a common phenomenon among
several East Asian countries, i.e., Japan, Singapore, Korea, Macau and Hong Kong
(146), as well as Thailand which boast of its approximately 2,000 tutoring
establishments (147).

Private tuition may have both positive and negative dimensions. It is believed
that private tutoring can help slow learners to keep up with their peers, and can stretch
further the competence of high achievers. Private tutoring also has social functions as
a ground where young people can meet in a structured atmosphere (145). Under
tutoring system, the students are taught techniques for passing school examinations
and for reaching the academic standard required for promotion to the next class up the
school, or are prepared for entrance examinations to prestigious tertiary institutions

(146).

According to previous findings, Korean parents place great emphasis on
education, and adolescents often take extra classes or private lessons, contributing to
chronic sleep deprivation. In particular, the 11-12 th graders in Korea have an average
nighttime sleep duration of 4.9-5.5 hours, much less than students in Japan, where

parents also place great emphasis on education. This severe chronic nighttime sleep
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deprivation can lead to excessive daytime sleepiness and lack of attention in class

(140, 148).

2.6.7 Extra-curricular club activities and sports:

Based on Carskadon, M.A. (2002), the sleep patterns of adolescents can be
affected by extra-curricular club activities and school sports, namely, music band,
choir, badminton and tennis. Based on a high school survey, it was revealed that
approximately 25% of them join the club activities during the preceding week; while
90% of the surveyed students spent less than 12 hours per week in the above-
mentioned activities. For most students, though the extra-curricular club activities and
after school sports can, to a certain extent, impact their sleep patterns, they are not

key factors contributing to students’ sleep patterns.

2.6.8 Employment:

It has been discovered that, in the majority of high schools in America, one
of the main influences impacting most students’ sleep patterns is the number of
working hours they spend to get paid. For those students working for pay, according
to the study, if they work 20 or more hours per week (approx. 28% of samples), then
they will have later bedtime, sleeping fewer hours per night, and falling asleep in
school and oversleeping more often than do those not working or working fewer than

20 hours per week (Carskadon M.A., 1990).

2.7 Sleep and Health:

2.7.1 Body Mass Index (BMI):

A few studies on children and adults found that body mass index (BMI) was
related to complaints of sleep problems, sleepiness, and decreased sleep time (149,
150), But it was also discovered that childhood obesity can be the cause of negative
impacts on the children’s health and, thus can last to adulthood and influence their
future health. As indicated by an investigation that insufficient and poor sleep for

children and adolescents can become risk factors in the future (151-153).
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Further, short sleep is associated with impaired glucose tolerance and insulin
resistance (154), and other hormone systems are affected as well. The studies of sleep
deprivation have also examined the hormones leptin which regulates appetite and
energy metabolism, and ghrelin which stimulates appetite. These hormones regulate
hunger and satiety (155). Many studies discovered that sleep deprivation is associated
with cravings for more calorie-dense foods (156) and habitual shorter sleep is related
to greater fat intake (133). Besides, it has been summarized that, according to a
systematic review of 31 cross-sectional studies, a short sleep duration seems

independently associated with weight gain, especially in young age groups (157).

Causal-pathways linking short sleep duration with obesity, developed by Patel
& Hu (2007), indicated that sleep deprivation might predispose to weight gain caused
by increasing calorie intake. Besides, these increases were particularly notable for
high fat and high carbohydrate foods. These changes corresponded with elevations in
ghrelin and reductions in leptin, suggesting that sleep deprivation may impact

peripheral regulators of hunger, as can be seen in Figure 2.
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Figure 2 Potential mechanisms by which sleep deprivation may predispose to obesity
(157)
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2.7.2 Blood Pressure/Cardiovascular Disease:

It has been found that in epidemiologic studies, the issues of sleep duration
and sleep quality have been associated with blood pressure. Also, the cross-sectional
examinations have suggested that self-reported short sleep durations or subjectively
poor sleep quality are related to higher blood pressure or higher prevalence of

hypertension (11, 158-160).

More interestingly, the previously-mentioned findings, a longitudinal study
Whitehall II, covering the tracking of workers’ health from 20 departments of the
British civil service across 15 years, has further pointed that, despite both sleep
duration and sleep disturbance were associated with increased coronary heart disease
risk, only sleep disturbance remained significant after adjustment for covariates. It has
been concluded that the combination of sleep duration and sleep disturbance was a

better predictor of coronary heart disease risk rather than simply sleep duration (161).

2.7.3 Hypertension:

Experimental and clinical studies have recently reported an association
between sleep deprivation and higher incidence of arterial hypertension. Sleep has
important homeostatic functions in human. Sleep deprivation has been associated
with impairments in sympathetic nervous system activation and stress system

function. (162, 163).

2.7.4 Diabetes Mellitus:

It has been reported that some potential path ways by which sleep and
circadian disruption can cause obesity and diabetes (164). Also, sleep duration has
generally been related to obesity risk, and short sleepers are at increased risk of large
weight gain over time (157). However, these epidemiological observations do not
infer a causal role of short sleep duration on obesity. Explanations were clarified
regarding the role of short sleep duration on obesity risk. One involves a decrease in
physical activity due to increased fatigue; whereas the other involves an increases in
food intake, either because of increased time spent awake (opportunity to eat) or as a

result of hormonal changes that trigger increased appetite/hunger (165) . All scenarios
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propose a positive energy balance, either via reduced energy expenditure or increased
energy intake, which would explain the association with obesity and large weight

gain.

2.7.5 Thyroid:

Thyroid hormone acts on virtually every organ system in humans. Thyroid
hormone increases the basal metabolic rate, heat production, and oxygen
consumption. It also alters cardiovascular and respiratory functions. Many of these
actions are vital in sleep deprivation. (166). Though it is time to sleep but that person
cannot sleep for some reason, the hypothalamus drives the pituitary to release more
TSH and, consequently, the thyroid gland to release thyroid hormone. Increased TH
release increases the strength of sensory system signalling, allowing these signals to
reach the cortex and thereby overcoming sleepiness (166). It is known that
hyperthyroid patients are often short sleepers and hypothyroid patients are long
sleepers; and euthyroid patients can improves excessive daytime somnolence and

prolonged nocturnal sleep time (167).

2.7.6 Obstructive Sleep apnea (OSA):

Obstructive sleep apnea is a common sleep disorder characterized by the
repetitive obstruction of the upper airway during sleep (168). Poor sleep quality is
common in people with OSA, (169). Symptoms of OSA include daytime sleepiness,
poor sleep quality, and co-morbidities with depression and anxiety. According to
previous research, patients with OSA has abnormally high levels of daytime
sleepiness, depression, and anxiety, as well as poor sleep quality. Patients without an
assessment for OSA, but showing the following symptoms: sleepiness, depression,
and complaints of poor sleep, can possibly be suspected. However, the level of

symptoms should not be assumed to relate to the severity of the sleep disorder (170).

2.7.7 Sleep and Mental Health:

It is well established that sleep is very sensitive to transient and chronic
aspects of emotional status and psychopathology. Sleep disruptions are found in many

psychiatric disorders, and sleep-related problems (171). For example, Attention
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Deficit/Hyperactivity Disorder (ADHD), anxiety, stress and depression, as well as

sleep deprivation (172).

The term Attention Deficit/Hyperactivity Disorder (ADHD), characterized by
inattention, hyperactivity, is one of the most common psychiatric disorders of
childhood (171). Sleep disorders or dysfunction have been implicated in ADHD for
both children and adults. The diagnosis of ADHD is valid and sleep dysfunction is
either a product of the ADHD or simply comorbid with it (173). The ADHD patients
with sleep problems have often wakings at night. Though daytime sleepiness is
commonly found among ADHD patients, they perform excessive hyperactivity during
the day to keep themselves awake, instead. Sleep problems covering difficulty
initiating and maintaining sleep have been found among children and adolescents
having ADHD. The findings have reported a high prevalence of mild to severe sleep
problems in children with ADHD. It is also found that there is a higher prevalence of
sleep problems in children with ADHD than in those with other psychopathologies
(174).

Greater recognition of the associations between sleep quality and psychiatric
disorders is an important consideration. The associations between sleep quality and
symptoms of anxiety and depression are well established within the field of
psychiatry, to the extent that sleep disturbance is listed as a symptom of certain
anxiety and depressive disorders in DSM 1V(171). It is acknowledged that sleep
disturbance may precede symptoms of anxiety and depression(175). Sleep disturbance

may also predict depression relapse (176).

In terms of sleep-related issues studied over the last decade, one of the
findings found that high school students getting to sleep on the weekend two or more
hours later than their usual weeknight bedtime reported feeling more depressed than
those who did not stay up late on the weekends. The findings indicated that
insufficient sleep can be related to a reduction in ability to control, inhibit or change

emotional responses (177).
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A good example, for instance, adolescents having late-night, irregular
schedules, apart from early school commencing times can significantly experience
sleep deprivation. This, in turn, can erode their mood and motivation; in other words,
those having difficulties with mood, motivation, and school performance are most
likely to suffer from serious stress and affective problems. As a consequence, the
negative affective experiences further interfere with sleep and arousal regulation and
circadian effects resulting in difficulty falling asleep, more erratic schedules, and

deterioration across these systems (121).

2.7.8 Sleep and Stimulants use:

Evidence has indicated that adolescents engaged in school or community
activities would be at greater risk from impacts of either sleepiness or stimulant use
(caffeine, nicotine, alcohol) than those not engaged (178). The use of stimulant like
caffeine generally found in coffee, tea, chocolate, and soft drinks can result in
insomnia or subconscious sleep disruption and daytime drowsiness which, in turn,
lead to an increasing more consumption the next day. More importantly, despite the
use of stimulants like caffeine or nicotine under sleepy conditions can provide short-
term benefits, the long-term negative impacts on sleep and circadian health are,

nevertheless, unavoidable (121).

Based on current investigation and other corresponding findings, cigarette
smoking was associated with an increased chances of poor sleep quality. The
mechanism through which smoking causes poor sleep quality could involve nicotine
(179), a stimulant found in cigarettes that has pharmacological effects on sleep (122).
Regarding alcohol, a potent short-term sedating substance, though it may induce
sleep, the consumer can develop acute rebound insomnia immediately the blood
alcohol concentrations have dropped low enough. Furthermore, alcohol can result in
pharyngeal dilator muscle relaxation, precipitates snoring and, in some cases, sleep

apnea in susceptible individuals (127).

A previous research has indicated that stimulant use was found to be
statistically significant and positively associated with poor sleep quality. Alcohol

consumption and cigarette smoking also reported having significant association with
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increased daytime dysfunction caused by sleepiness (180). The stimulant use
generally found among Thai college students, is found to be related with several other
poor sleep quality indices. Likewise, the sleep quality and sleep patterns have also
been found to be associated with consumption of energy drinks, caffeinated

beverages and some other stimulants use among Thai college students (99).

More interestingly, smoking has been reported to be associated with poor sleep
quality, including a longer initial sleep latency and less total sleep duration (181). The
poor sleep quality among smokers are caused by the pharmacological effect of
nicotine, a potent stimulant which inhibits sleep promoting systems (182). Besides,
nicotine cravings during the night can induce arousal and interfere with sleep
quality(122, 179). As far as alcohol-related sleep quality is concerned, some studies
suggested that alcohol has been used as a self-treatment for insomnia among general
population (183). However, alcohol consumption is one of the causes of insomnia
since it increases fragmentation and decreases quality of sleep (184). Indeed, a
number of studies confirmed the negative relationship between alcohol consumption
and sleep quality (185, 186), and problem drinkers frequently reported poor sleep
quality and sleep difficulties (187).

2.8 Academic performance and related factors:

In determining academic performance, several factors have to be put into
consideration; besides, a number of literature reviews consisted of debate and
discussion as to academic achievement related variables. Academic related factors
have long been in focus among academicians, educational policy planners,
educational institutions worldwide since these factors can predict educational quality
(188). Given their academic-related importance, the variables covered the following:
teachers’ experience, school size, classroom size, students’ ability, etc. However, in
our research, attempts have been made to focus on confounding factors relating to
academic performance, as well as to EMF device use. Details of academic

performance and related factors can be illustrated below:
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2.8.1 Academic performance and socio-economic factors (SES):

It has been recognized that socio-economic status (SES) is the most widely
used contextual variable in education research as indicated by a number of studies
examining educational processes, together with academic achievement, in relation to
socio-economic history (189). Previous study on the first meta-analysis focusing on
studies published before 1980 examining the relation between SES and academic
performance, which found that the relation differed with such factors as SES
categories (190). More interestingly, another meta-analytic study investigating journal
articles published between 1990-2000 found shat there was a medium to strong
relation between SES and academic achievement (191). As far as family SES is
concerned, past researchers found that this factor significantly affected academic
performance; students from family with better SES background had better learning
experience (192, 193). Some findings suggested that family’s educational resources
influenced learning ability gaps in different family socio-economic status the most

(194, 195).

2.8.2 Academic performance and psychological factors:

Various findings discovered important association between psychological
factors and academic achievement (196). Correspondingly, previous study also found
that a significant relation between mental health and academic performance did exist
(197). Worth pointing out is that a study result based on meta-analysis discovered that
students having emotional disturbances performing significantly below their peers
(198). This was pertinent to a survey that higher level of anxiety was associated with
lower GPA and test scores (199). Likewise, previous findings indicated that there was
a significant relationship between anxiety and academic achievement among early

adolescent students (200).

2.8.3 Academic performance and alcohol consumption and smoking:

Recognized as a classic theory of deviant behavior and, it was, therefore, often
used to explain why adolescents’ academic experience might be related to alcohol
consumption and smoking. Given this theory, adolescents with good academic

achievement would develop a greater stake in school as a social institution and,
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consequently, have more to lose in engaging in such behavior as drinking and
smoking that could jeopardize their standing in school (201). A number of studies
confirmed accordingly that alcohol consumption was associated with academic
performance (202-204). Additionally, academic achievement was found to be related

with smoking in that good academic students were less likely to smoke (205, 206)).
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CHAPTER IlI

METHODOLOGY

This research has employed a cross-sectional study with the objective of
investigating the association between EMF devices and sleep quality and academic
performance among high school students in Bangkok. The research details cover the

following items:

3.1 Research design:

This cross-sectional study was designed to investigate the association between
EMF devices and sleep quality and academic performance among high school

students in Bangkok

3.2 Population:

The population of this research consists of high school students of grade 10-12
studying in high schools in Bangkok area, under the supervision of the Office of the

Basic Education Commission, Ministry of Education.

3.3 Sample; Sample Size; Sampling Technique:

Sample:

The samples cover 1,080 high school students of grade 10-12 for academic
year of 2013, derived from 10 high schools in Bangkok area, under the supervision
of the Office of the Basic Education Commission, Ministry of Education. Eligible
criteria for selecting samples to participate in this research project can be detailed as

follows:
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Inclusion criteria:

e The required samples will be obtained from high schools in Bangkok,
under the supervision of the Office of the Basic Education
Commission, Ministry of Education. The subjects must be high school
students (males and females) in grade 10-12, willing to participate in
the project and, at the same time, get permission from their parents or

guardians through consent form.

Exclusion criteria: None

Sample size:

The sample size used in this research has been calculated as follows (207):

n="Z,"PQ
d2
Where
n = sample size,

Zo» = Ly statistic for level of confidence,

P =proportion of success (expected prevalence or true proportion)

Q = proportion of failure (1 — P)

d =error

For the level of confidence:

Zyr=1.96

P = 048 (prevalence of poor sleep quality derived from the study of
Lohsoonthorn et al., 2013)

d =0.03 (we expect to see 3% difference of proportion)

A sample size calculated was based on the prevalence of poor sleep quality

with the rate of 48% from a study of Lohsoonthorn et al. (99) with 95% CI, and 3% of
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poor sleep quality rate for minimum error. The formula for one sample proportion
estimation derived from Lemeshow et al. (208) gives rounded up a minimum sample

size of 1,065 participants. The total 1,080 participants completed the questionnaire.

Sampling Technique:
This research, based on multi-stage sampling method, covered the following

process as follows:

Step 1: Since Bangkok has a total of 2 educational service areas, the
researcher employed simple random technique in both educational areas in Bangkok.

Each area included 5 schools; totalling 10 schools altogether.

Step 2: Each school employed simple random technique to obtain a total
of 3 levels (Grade 10, 11, 12) of classrooms: likewise, one classroom from each level,

totalling 30 classrooms.

High schools in Bangkok area,
under the supervision of the Office of the Basic Education
Commission
Ministry of Education

Educational Educational
services area 1 services area 2

l l l l l l l l l Random sampling
Schoolj School 2 e 0 o School 5 ‘ School 6 ‘ o0 0 School 10

Random sampling

School 7

Grade o0 o Grade Grade o0 o Grade
10 10 10 10

Grade Grade Grade Grade
11 11 11 11

Grade Grade Grade Grade
12 12 12 12

Figure 3 Sampling technique



3.4 Research Instruments:

3.4.1 Research instrument used:

The questionnaires employed for this research is Effect of Electromagnetic
Field Devices Used on Sleep Quality and Academic Performance among High
School Students in Bangkok, Thailand, covering 6 parts (Appendix). The details

are as follows:

Part 1: Socio-Economic and Clinical Characteristic Information: this
questionnaire covers the following items: age; gender; GPA; socioeconomic

status, etc., totaling 22 items.

Part 2: EMF Communications Devices Used: this covers the various
communications devices used, usage frequency, reasons to use, etc., totaling 27

items.

Part 3: Sleep Patterns: This part includes the following behaviors,
1.e., bed/rise time and number of sleep hours; reasons for going to bed; time and
how to go to school, etc. This questionnaire is developed from the sleep quality

among Thai college students (99), totaling 22 items.

Part 4: Pittsburgh Sleep Quality Index (PSQI): The PSQI was
designed to evaluate overall a one-month period of sleep quality. Each item of
the total 19 self-reported items of the questionnaire belongs to one of seven
categories: subjective sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction.
Five additional questions related by respondent’s roommate or bed partner are
included for clinical purposes and are not scored, totaling 10 items. The total
PSQI scores can range from 0-21 with high scores reflecting poor sleep quality.
A score above 5 is generally considered poor sleep. The internal reliability of the
questionnaire with a Cronbach's alpha of 0.83; a test-retest reliability being =
0.85; a sensitivity being = 89.6%; a specification being = 86.5% (94). In terms
of reliability and validity of the Thai version of PSQI, the internal reliability of
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the questionnaire with a Cronbach's alpha of 0.84; a test-retest reliability being =

0.89; a sensitivity being = 77.78%; a specification being = 93.33% (209).

Part 5: General Health Questionnaire 28 (GHQ-28): The GHQ-28 items
for mental health screening test developed from Goldberg’s original GHQ transcript is
one of the most widely recognized questionnaires, and has been translated into more
than 36 languages. Though this GHQ Thai version, through its’ effectiveness, can
clearly identify the psychological disturbance, it cannot diagnose as to the type of
mental illness. The GHQ-28 has been divided into four subscales, for instance,
somatic symptoms (items 1-7); anxiety/insomnia (items 8-14); social dysfunction
(items 15-21), and severe depression (items 22-28), respectively (210). Each and
every item covers four answers and has to be filled out by the respondent according to
their mental health over the last two weeks. This research questionnaire has scored 0,
0, 1, 1, according to the increased severity of the symptom. If the questionnaire scored

> 6 is identified as having psychological disturbances (211).

Part 6: Alcohol and Caffeine Consumption: This questionnaire is

developed from the sleep quality among Thai college students (99), totaling 8 items.
3.4.2 Research instrument development:

To develop the instruments for this research study, the development process

can be illustrated as follows:

3.4.2.1 Development of Part 1 and Part 2 of the questionnaire: Part 1: Socio-
Economic and Clinical Characteristic Information; Part 2: EMF
Communications Devices Used. The development process can be described as

follows:

e Conduct literature reviews on EMF devices use towards sleep quality
and academic performance.

e Develop the questionnaire’s related items based on literature reviews
required.

e Ensure content validity by related field experts.
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e Revise questionnaire items according to experts’ comments and
suggestion.

e Try out the questionnaires and revise accordingly.

3.4.2.2 Development of Part 3 and Part 6 of the questionnaire: Part 3: Sleep Patterns
and Part 6: Alcohol and Caffeine Consumption.

The development process can be described as follows:

e Conduct literature reviews on sleep patterns and alcohol consumption
among adolescents.

e Get permission to develop the questionnaire used in the research
entitled “Sleep quality and sleep patterns in relation to consumption
of energy drinks, caffeinated beverages, and other stimulants among
Thai college students” (99).

e Develop the questionnaire’s related items based on literature reviews
and the questionnaire approved above.

e Ensure content validity by related field experts.

e Revise questionnaire items according to experts’ comments and
suggestion.

e Try out the questionnaires and revise accordingly.

3.4.2.3 Development of Part 4: Pittsburgh Sleep Quality Index (PSQI)
The development process can be described as follows:

e Get permission to use and translate the PSQI into Thai language by the
researcher.

e Ensure content validity by related field experts.

e Revise questionnaire items according to experts’ comments and
suggestion.

e Back translate from Thai language to English by English expert who
are well verse with Thai language and having no knowledge of the

PSQL
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Try out the questionnaires with high school students, rather than
samples from 10 selected schools, in Bangkok, under the supervision
of the Office of the Basic Education Commission, Ministry of
Education. The reliability of PSQI found yielding a Cronbach’s o =
0.77.

3.4.2.3 Development of Part 5: General Health Questionnaire 28 (GHQ-28)

The development process can be described as follows:

Get permission to use the GHQ-28 from Nilchaikovit, et al., (1996)
who had developed the GHQ-28 Thai version.

Try out the questionnaires with high school students, rather than
samples from 10 selected schools, in Bangkok, under the supervision
of the Office of the Basic Education Commission, Ministry of
Education. The reliability of the GHQ-28 found yielding a Cronbach’s
a=091.

3.5 Data accessibility and collection:

In order to obtain the data required, the following steps have been performed:

Contact the directors of 10 high schools via telephone to explain about
research project in details and ask for permission to collect data.

Send invitation letters to the above directors.

Explain to the sampled teachers and students about the research project
and ask them to take part in the project.

For students willing to take part in this project, they are given 3
documents for their parents/guardians to approve: a) Informed Consent
b) Consent Form c) Questionnaire.

After receiving the consent form, the researcher, in classroom, explains
in details about questionnaire completion. The participants spend

approximately 45 minutes to complete the questionnaires in their
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classroom by themselves. More importantly, they are assured of the

data’s confidentiality.

3.6 Statistical Analysis:

In statistical analysis, the researcher has focused on the following areas:

3.6.1 To describe the general information, descriptive statistical analysis was used

as follows:

e Descriptive statistics, i.e., frequency, per cent, mean, standard
deviation, percentile, range, were employed to analyze such variables
as EMF devices use, socio-economic and clinical characteristic,

stimulant use, sleep quality and academic performance.

3.6.2 To discover the frequencies of EMF devices use, on school day and non-
school day, among high school students in Bangkok. The statistics used

included:

o Descriptive statistics, for example, frequency, per cent, mean, standard

deviation, range, were employed.

3.6.3 To identify the prevalence of poor sleep quality among high school students in

Bangkok. The following statistics were used:

o Descriptive statistics like frequency, per cent, Chi-square test. They

were employed to analyze the sleep quality and its components.

3.6.4 To investigate the association between EMF devices use and sleep quality

among high school students in Bangkok. The following statistics were used:

e Logistic regression analysis was used to study the association between
EMF device use and sleep quality. The univariate association between

poor sleep quality and EMF devices use, socio-economic and clinical
characteristic (age, gender, parents’ education, family income, weekly

allowance and BMI), as well as stimulant use (alcohol consumption and
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smoking) was calculated. Logistic regression modeling procedures were

used to calculate unadjusted odds ratio (unadjusted OR) with 95%

confidence intervals (CI). Upon completion of the univariate analyses, the

variables which were related to sleep quality (p-value < 0.05) were

selected for multivariable analysis to calculate adjusted odds ratio

(adjusted OR) with 95% confidence intervals (CI) by using enter method.

3.6.5 To investigate the association between EMF devices use and academic

performance among high school students in Bangkok. The following statistics

were used:

Logistic regression analysis was used to study the association between
EMF device use and academic performance. The univariate association
between academic performance and EMF devices use, socio-economic
and clinical characteristic (parents’ education, family income, weekly
allowance, and psychological disturbance), as well as stimulant use
(alcohol consumption and smoking) was calculated. Logistic
regression modeling procedures were used to calculate unadjusted
odds ratio (unadjusted OR) with 95% confidence intervals (CI). Upon
completion of the univariate analyses, the variables which were related
to academic performance (p-value < 0.05) were selected for
multivariable analysis to calculate adjusted odds ratio (adjusted OR)

with 95% confidence intervals (Cl) by using enter method.

The above analyses were accomplished by using statistical software:

The Statistical Package for Social Sciences (SPSS 22.0 for Windows).

3.7 Ethical Considerations:

Protection of participants and procedure for data collection, approved code:

COA No. 016/2014, were approved by the Ethics Review Committee for Research

Involving Human Research Subjects, Health Science Group, Chulalongkorn

University (ECCU).The participants had to get permission from their
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parents/guardians prior to participate in this research project, and willingly agree to
take part by signing an informed consent form. Information collected was kept

confidential.
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CHAPTER IV

RESULTS

This research has employed a cross-sectional study with the objective of
investigating the association between EMF devices use and sleep quality and
academic performance among high school students in Bangkok. The research details

cover the following items:

4.1 Socio-Economic and Clinical Characteristic:

In this research, the researcher has collected the required data consisting of
high school students (grade 10-12) of academic year 2013, in Bangkok area, under
the supervision of the Office of the Basic Education Commission, Ministry of
Education. The total number of samples being collected were 1,080 participants,
mean age was 16.8 (SD = .94) years, 483 (44.7%) were male and 597 (55.3 %) were
female. In terms of students’ educational level, 31.4% studying at grade 10; whereas
34.5% and 34.1% studying at grade 11 and 12, respectively. In terms of Grade Point
Average (GPA), mean GPA was accounted for3.06 (SD=0.56); quartile was used to
divide the participants into groups as follows: < 2.70 (25 percentiles) 25.1%; 2.71-
3.12 (26-50 percentiles) 26.0%; 3.13-3.50 (51-75 percentiles) 24.0%; >3.50(>75
percentiles) 24.9%.

Regarding father’s educational level, 25.3% completed <elementary school;
41.1% completed secondary school through junior vocational school/ associate
degree; whereas 33.6% completed bachelor degree through post graduate degree.
Regarding mother’s educational level, 31.2% completed < elementary school; 38.5%
completed secondary school through junior vocational school/associate degree,
whereas 28.7% completed bachelor degree through post graduate degree. In terms of
father’s occupation: 3.7% being unemployed; 10.7% being government officials;

38.1% having their own business; 16.4% being company employees; 26.1% being
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general laborers; whereas 5.0% being others (nun, death, don’t know). As for
mother’s occupation: 22.2% being housewife/unemployed 9.1% being government
officials; 34.2% having their own business; 14.1% being company employees; 18.4%

being general laborers; whereas 2% being others (monk, death, don’t’ know).

Regarding family income: 7.3% earns <10,000 baht/month; 47.9% earns
10,001 - 30,000 baht/month; 24.1 % earns 30,001 - 50,000 baht/month; whereas
20.7% earns > 50,000 baht/month. As for weekly allowance: the findings found that
59.4% earns < 600 (baht/ week); while 40.6% earns >600 (baht/ week).

In terms of body mass index (BMI), those being underweight constitute
31.3%; whereas those being Normal and Overweight/Obese constitute 52.4% and
16.3%, respectively; also those having psychological disturbance constitute 22.5%.
Regarding part-time job, it was found that those working part-time job constitutes
10.4%. Concerning physical activity, it was found that those having physical activity
(>150 min./week) constitutes 47.3%. As for school activity: it was discovered that
those saying no constitutes 46.3%; whiles those having school activity (1-5 hrs/week)
constitutes 42.4%; whiles those having school activity (> 6hrs/week) constitutes
11.3%. As far as private tutoring is concerned: It was indicated that those saying no
constitutes 19.4%; while those having Private tutoring (1-5 hrs/week) constitutes
41.6%; whiles those having Private tutoring (6-10 hrs/week) constitutes 24.4%; and
those having private tutoring ( >10 hrs/week) constitutes 14.6%. As for alcohol
consumption, it was discovered that those saying “never” constitutes 47.1%; while
those saying “none over last 12 months” constitutes 10.0%; those having < once a
month and > once a month constitutes 34.7% and 8.2%, respectively. Concerning
smoking, the findings indicated that those saying “yes” constitute 13.4%. Concerning
sleep quality, the prevalence of poor sleep quality accounted for 32.0% [95%
CI=29.26-34.91] (See Table 3).



Table 3 Socio-economic and Clinical characteristic (n=1,080)

Characteristics n (%)
Gender
Male 483 (44.7)
Female 597 (55.3)
Age (Years)
15 90 (8.3)
16 333 (30.8)
17 376 (34.8)
18 and over 281 (26.0)
Mean (SD) 16.80 (0.94)
Range 15.0-19.0
Education level
Grade 10 339 (31.4)
Grade 11 373 (34.5)
Grade 12 368 (34.1)
Grade Point Average (GPA)
< 2.70 (25 percentiles) 261 (25.1)
2.71-3.12 (26-50 percentiles) 271 (26.0)
3.13-3.50 (51-75 percentiles) 250 (24.0)
>3.50 (>75 percentiles) 259 (24.9)
Mean (SD) 3.06 (0.56)
Range 1.0-4.0
Father’s education
<Elementary school 266 (25.3)
Secondary school through Junior
vocationasll school/ Asso%iate degree 433 (41.1)
Bachelor degree through Post graduate 354 (33.6)
Mother’s education
<Elementary school 337 (31.2)
Secondary school through Junior
vocationa)ll school/ Asso%iate degree 416 (38.9)
Bachelor degree through Post graduate 310 (28.7)
Father’s occupation
unemployed 40 (3.7)
Government officials 115 (10.7)
Own business 411 (38.1)
Company employees 177 (16.4)
General laborers 281 (26.1)
Others (monk, death, don’t know) 54 (5.0)

55



Table 3 Socio-demographic characteristic of participants (n=1,080) (Con.)

Characteristics n (%)
Mother’s occupation

Housewives/unemployed 240 (22.2)

Government officials 98 (9.1)

Own business 369 (34.2)

Company employees 152 (14.1)

General laborers 199 (18.4)

Others (nun, death, don’t know) 22 (2.0
Family income: (baht/month) ?

< 10,000 79 (7.3)

10,001 - 30,000 516 (47.9)

30,001 - 50,000 260 (24.1)

>50,000 223 (20.7)
Weekly allowance (baht/week)

< 600(50 percentiles) 633 (59.4)

>600 (>50 percentiles) 432 (40.6)

Mean (SD) 658.92 (312.56)

Range 100.0 - 3,000.0
Psychological disturbance (GHQ-28)

No 837 (77.5)

Yes 243 (22.5)
Body mass index (BMI)

Underweight 337 (31.3)

Normal 564 (52.4)

Overweight/Obese 176 (16.3)
Part-time job

No 968 (89.6)

Yes 112 (10.4)
Physical activity

No 569 (52.7)

Yes(>150 min./week) 511 (47.3)
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Table 3 Socio-demographic characteristic of participants (n=1,080) (Con.)

Characteristics n (%)
School activity

No 500 (46.3)

1-5 hrs/week 458 (42.4)

>6 hrs/week 122 (11.3)
Private tutoring

No 210 (19.4)

1-5 hrs/week 449 (41.6)

6-10 hrs/week 263 (24.4)

> 10 hrs/week 158 (14.6)
Alcohol consumption

Never 508 (47.1)

None over last 12 months 108 (10.0)

< Once a month 374 (34.7)

> Once a month 89 (8.2)
Smoking

No 928 (86.6)

Yes 177 (13.4)
Sleep quality

Poor sleep quality 346 (32.0)

Good sleep quality 734 (68.0)

Prevalence of poor sleep quality (95%) CI)  32.0 (29.26-34.91)

#$1 US = 35 Baht (Approx.)

4.2 EMF Devices Use:

4.2.1 Type of EMF Devices Use:

According to Table 4, the findings suggested that EMF devices used by the
participants can be classified as follows: As for mobile/smartphone, it was found that
the figure of participants using them constitutes 96.9%; whereas those using
desktop/notebook equipped with wireless internet and, tablet equipped with wireless

internet constitutes 74.1% and 24.3%, respectively.
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Regarding the number of devices use, owing to the proliferation of EMF
devices usage, a number of adolescents at present could have used more than one
device in their daily life. Likewise, those wusing mobile/smartphone and
desktop/notebook computer equipped with wireless internet accounted 53.1%; Our
result showed that the participants using only mobile/smartphone constituted 20.1%,
those using mobile/smartphone and Desktop/notebook computer and tablet equipped
with wireless internet constituted 18.5%., those using mobile/smartphone and tablet
equipped with wireless internet constituted 5.1%, those using only desktop/notebook
computer equipped with wireless internet constituted 1.8 %., whereas those using
desktop/notebook computer and tablet equipped with wireless internet accounted

only 0.6%.

Table 4 Type of EMF devices use (n=1,080)

Type of EMF devices use n (%)

Type of devices use

Mobile/smartphone 1,046 (96.9)

Desktop/notebook equipped with wireless internet 800 (74.1)

Tablet equipped with wireless internet 262 (24.3)
Number of devices use

Mobile/smartphone and Desktop/notebook 574 (53.1)

equipped with wireless internet

Mobile/smartphone 217 (20.1)

Mobile/smartphone and Desktop/notebook and Tablet 200 (18.5)

equipped with wireless internet

Mobile/smartphone and Tablet equipped with 55 (5.1)

wireless internet

Desktop/notebook equipped with wireless internet 19 (1.8)

Desktop/notebook and Tablet equipped with 7 (0.6)

wireless internet
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4.2.2 Mobile/smartphone use:

Table 5 shows the distribution of mobile/smartphone use across gender of
students. It was found that, among all the mobile/smartphone users, totaling 1,074
(96.9%), 75.4% of them using mobile/smartphone without small talk/Bluetooth;
whereas only 21.4% using mobile/smartphone with small talk/Bluetooth. Moreover,
on school days, among those using mobile/smartphone, the participants’ total time
spent per day were illustrated as follows: mean time spent of both genders was
accounted for 3.50 (SD = 2.47) hrs., range = 0.00 — 12.7 hrs.; while male spending
2.96 (SD=2.27) hrs.; female spending time was accounted for 3.92 (SD=2.54) hrs.;
those spending < 1 hour was accounted for 21.4%; whiles those spending > 1-3 hours
constituted 30.6%; those spending > 3-5 hrs. was accounted for 28.3%; whereas those

spending > 5 hrs. was accounted for 19.7%.

On non-school days, the findings indicated that, among those using
mobile/smartphone, the total time spent per day were illustrated as follows: mean
time spent of both genders was accounted for 4.93 (SD = 3.56) hrs., range = 0.00 —
14.0 hrs.; male spending time constituted 4.05 (SD=3.30) hrs; whiles female
spending time was accounted for 5.63 (SD=3.60) hrs; those spending < 1 hour
constituted 18.4%; whereas those spending > 1-3 hours constituted 20.2%; those
spending > 3-5 hrs. constituted 21.3%; while those spending > 5 hrs. was accounted

for 40.1%.

As regards with “Used over 30 min./day without small talk/bluetooth”, mean
times of both genders was accounted for 2.50 (SD = 2.01) hrs., range = 0 — 10 times;
it was found that those answering “Never” constituted 17.7%; while those answering
“1-2 times per day” constituted 38.5%; whereas those answering ““ 3-4 times per day”

constituted 25.1%; those saying > 5 times per day was accounted for 18.8%.

As far as “used mobile phone in the classroom/time/day” is concerned, the
outcomes suggested that mean times of both genders was accounted for 2.41 (SD =

2.68) hrs., range = 0 — 20 times; it was discovered that those answering “Never”
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constituted 28.5%; while those answering “1-2 times per day” was accounted

for33.1%; whereas those answering “ 3-4 times per day” constituted 21.2%:; those

answering > 5 times per day was accounted for 17.2%.

Regarding Internet used through smartphone, the findings found that those

using smartphone with online internet when needed constitutes 55.3%; while those

using Internet offline before bedtime constitutes 12.9%; and those using Internet

online all the time constitutes 31.8%.

In terms of location of smartphone at bedtime, it was indicated that those

placing their smartphone beside pillow constitutes 18.9%; whereas those placing their

smartphone on bed constitutes 52.4%; and placing their smartphone in bedroom

constitutes 22.2%; whiles placing their smartphone outside bedroom constitutes 6.5%.

Table 5 Mobile/smartphone use (n=1,080)

4l Male cender Female
Mobile/smartphone Use (n=1,074) (n=483) (n=597)
n_ (%) n_ (%) n_ (%)
Mobile/smartphone use (n=1,074)
None 34 (3.2 27 (5.6) 7 (1.2
Yes, without small talk/Bluetooth 810 (75.4) 375 (78.1) 435 (73.2)
Yes, with small talk/Bluetooth 230 (21.4) 78 (16.2) 152 (25.6)
Mobile/smartphone use (n=1,080)
No 34 (3.1) 27 (5.6) 7 (1.2
Yes 1,046 (96.9) 456 (94.4) 590 (98.8)
Total time spent per day (school day)
(n=1,040)
<1 hour 223 (21.4) 123 (27.2) 100 (17.0)
>1-3 hours 318 (30.6) 159 (35.1) 159 (27.1)
>3-5 hours 294 (28.3) 111 (24.5) 183 (31.2)
> 5 hours 205 (19.7) 60 (13.2) 145 (24.7)
Mean (SD) 350 (247) 296 (2.27) 3.92 (2.54)
Range 0.00-12.17 0.00 - 11.00 0.00 - 12.17
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Table 5 Mobile/smartphone use (n=1,080) (Con.)

Al Male cender Female
Mobile/smartphone Use (n=1,080) (n=483) (n=597)
n (%) n (%) n (%)
Total time spent per day (non-school day)
(n=1,040)
<1 hour 191 (18.4) 118 (26.0) 73 (12.4)
>1.0-3 hours 210 (20.2) 102 (22.5) 108 (18.4)
>3.0-5 hours 222 (21.3) 99 (21.9) 123 (21.0)
> 5 hours 417 (40.1) 134 (29.6) 283 (48.2)
Mean (SD) 493 (3.56) 4.05 (3.30) 5.63 (3.60)
Range 0.00 - 14.00 0.00 - 14.00 0.00 - 14.00
Used over 30 min./day without small
talk/Bluetooth (n=810)
Never 143 (17.7) 89 (23.7) 54 (12.4)
1-2 per day 312 (38.5) 159 (42.9) 153 (35.2)
3-4 per day 203 (25.1) 80 (21.3) 123 (28.3)
> 5 per day 152 (18.8) 47 (12.5) 105 (24.1)
Mean (SD) 250 (2.01) 210 (1.97) 2.84 (2.00)
Range 0-10 0-10 0-9
Used mobile/smartphone in the
classroom (n=1,040)
Never 296 (28.5) 157 (34.7) 139 (23.7)
1-2 per day 344 (33.1) 148 (32.7) 196 (33.4)
3-4 per day 221 (21.2) 72 (15.9) 149 (25.4)
> 5 per day 179 (17.2) 76 (16.8) 103 (17.5)
Mean (SD) 241 (2.68) 224 (2.92) 2.54  (2.46)
Range 0-20 0-20 0-20
Internet use thru smartphone (n=674)
Use smartphone with online 373 (55.3) 166 (57.0) 207 (54.0)
internet when needed
Internet offline before bedtime 87 (12.9) 30 (10.3) 57 (14.9)
Internet online all the time 214 (31.8) 95 (32.6) 119 (31.1)
Location of smartphone at bedtime
(n=811)
Beside pillow 128 (18.9) 39 (13.4) 89 (23.2)
On bed 354 (524) 162 (55.5) 192 (50.0)
In bedroom 150 (22.2) 70 (24.0) 80 (20.8)
Outside bedroom 44 (6.5) 21 (7.2) 23 (6.0)
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Based on Table 6, the first 3 main reasons for using smartphone among

participants are: 1) For social networks, i.e. FB/Twitter/Line/IG (77.2%); and it

appeared that the number of male using social networks was less than that of female

participants (61.2% vs. 80.8%); 2) For communication purpose which accounts for

61.4%; it appeared that the number of male and female using social networks was

quite close (60.7% vs. 61.9%); 3) For watching films & listening to music which

accounts for 48.3%, and it appeared that the number of male and female watching

films & listening to music was quite close (49.6% vs. 47.4%).

Table 6 Reason for using smartphone (n=896)

All Male Female
Reasons (n=896) (n=369) (n=527)
n (%) n (%) n (%)
Social networks 692 (77.2) 226 (61.2) 426 (80.8)
(FB/Twitter/Line/IG)
For communication by phone 550 (61.4) 224 (60.7) 326 (61.9)
Watching film & listen to music 433 (48.3) 183 (49.6) 250 (47.9)
online
Search for academic information 389 (43.9) 136 (36.9) 253 (48.0)
Search for non-academic 304 (33.9) 131 (35.5) 173 (32.8)
information
For playing games online 218 (24.3) 119 (32.2) 99 (18.8)
Share assignment solution online 192 (21.4) 67 (18.2) 125 (23.7)
Downloading film and music 189 (21.1) 81 (22.0) 108 (20.5)
Download / upload to YouTube 167 (18.6) 69 (18.7) 98 (18.6)
Watching TV online 76 (8.5) 35 (9.5 41 (7.8)
For sending-receiving E-mail 60 (6.7) 30 (8.1) 30 (5.7)
Send text messages 59 (6.6) 25 (6.8) 34 (6.5)
Doing E-business online 54 (6.0) 27 (7.3) 27 (5.1)

4.2.3 Desktop/notebook equipped with wireless internet use:

Based on Table 7, given the use of desktop/notebook equipped with wireless

internet, it was discovered that the number of male users was accounted for 67.7%:;

whereas that of female users being 79.2%. On school days, the findings indicated
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that, among those using desktop/notebook via wireless internet, the total time spent
per day were classified as follows: mean time spent for both genders was accounted
for 2.61 (SD = 1.88) hrs., range = 0.00 — 8.00 hrs.; while male spending time
constituted 2.41 (SD=1.79) hrs.; female spending time was accounted for 2.79
(SD=1.94) hrs.; those spending < 1 hour constituted 28.2%; whereas those spending
> 1-3 hours constituted 40.2%; those spending > 3-5 hrs. was accounted for 23.1%;
while those spending > 5 hrs. constituted 8.4%.

As far as using desktop/notebook equipped with wireless internet on non-
school days is concerned, the findings indicated that the total time spent per day can
be described as follows: mean time spent for both genders was 5.02 (SD = 3.28) hrs.,
range = 0.17 — 15.00 hrs.; whiles male spending time constituted 5.55 (SD=3.33)
hrs.; female spending time was accounted for 4.56 (SD=3.17) hrs.; those spending < 1
hour constituted 12.0%; whereas those spending > 1-3 hours was accounted for
24.4%; those spending > 3-5 hrs. constituted 27.8%; while those spending > 5 hrs.

was accounted for 35.9%.



64

Table 7 Desktop/notebook equipped with wireless internet use (n=1,080)

Al Gender
Desktop/notebook equipped with (n=1,080) Male Female
wireless internet o (n=483) (n=597)
n (%) n (%) n (%)
Desktop/notebook equipped with
wireless internet use
No 280 (25.9) 156 (32.3) 124 (20.8)
Yes goo (74.1) 327 (67.7) 473  (79.2)
Total time spent per day (school
day) (n=800)
<1 hour 226 (28.2) 114 (30.2) 112 (26.5)
>1-3 hours 322 (40.2) 160 (42.4) 162 (38.3)
>3-5 hours 185 (23.1) 83 (22.0) 102 (24.1)
> 5 hours 67 (8.4) 20 (5.3) 47  (11.1)
Mean (SD) 2.61 (1.88) 241 (1.79) 2.79 (1.94)
Range 0.00 - 8.00 0.00 - 8.00 0.25 - 8.00
Total time spent per day (non-school
day) (n=800)
<1 hour 96 (12.0) 35 (9.3) 61 (14.4)
>1-3 hours 195 (24.4) 76 (20.2) 119 (28.1)
>3-5 hours 222 (27.8) 98 (26.0) 124 (29.3)
> 5 hours 287 (35.9) 168 (44.6) 119 (28.1)
Mean (SD) 5.02 (3.28) 555 (3.33) 456 (3.17)
Range 0.00 - 15.00 0.00 - 15.00 0.00 - 14.00

Based on Table 8, the first 3 main reasons for using desktop/notebook
equipped with wireless internet can be summarized as follows: 1) For social networks
interaction, i.e. FB/Twitter/Line/IG (59.4%); and it appeared that the percentage of
male users was close to that of female users (59.2% vs. 59.6%); 2) For searching
academic information (57.9%); and the findings showed that the percentage of female
users was two times higher than that of male users (67.6% vs. 31.0%); 3) For playing
games online (46.3%), it was found that the percentage of male users was two times
higher than that of female users (67.9% vs. 27.0%).



65

Table 8 Reason for using Desktop/notebook equipped with internet use (n=800)

All Male Female
Reasons (n=800) (n=377) (n=423)
n (%) n (%) n (%)
Social networks 475 (59.4) 223 (59.2) 252 (59.6)
(FB/Twitter/Line/IG)
Search for academic information 463 (57.9) 117 (31.0) 286 (67.6)
Watching film & listen to music 417 (52.1) 235 (62.3) 236 (55.8)
online
For playing games online 370 (463) 256 (67.9) 114 (27.0)
Search for non-academic information 283 (35.4) 142 (37.7) 141 (33.3)
Downloading film and music 213 (26.6) 106 (28.1) 107 (25.3)
Download / upload to YouTube 178 (22.3) 80 (21.2) 98 (23.2)
Share assignment solution online 177 (22.1) 80 (21.2) 98 (23.2)
Watching TV online 114 (14.3) 56 (14.9) 58 (13.7)
For sending-receiving E-mail 97 (12.1) 39 (10.3) 58 (13.7)
Doing E-business online 50 (6.3) 22 (5.8) 28 (6.6)

4.2.4 Tablet equipped with wireless internet use:

Based on Table 9, the findings illustrated that the number of male using tablet
equipped with wireless internet was accounted for 21.1%; whereas that of female
users was accounted for 26.8%. As for the total time spent per day, on school day, the
findings indicated as follows: mean time spent for both genders was 1.97 (SD = 1.63)
hrs., range = 0.00 — 8.00 hrs.; while male spending time constituted 1.99 (SD=1.80)
hrs.; female spending time constituted 1.96 (SD=1.51) hrs.; those spending < 1 hour
per day constituted 46.9%; whereas those spending > 1-2 hours per day constituted

22.1%; and those spending >2 hours constituted 30.9%.

As far as on non-school days is concerned, the findings indicated that mean
time spent for both genders constituted 2.91 (SD = 2.60) hrs., range = 0.00 — 12.00
hrs.; while male spending time constituted 2.54 (SD=2.41) hrs.; female spending
time constituted 3.14 (SD=2.70) hrs.; those spending < 1 hour per day constituted
33.2%; whereas those spending > 1-2 hours per day constituted 22.1%; those
spending > 2 hours per day constituted 44.7%
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Table 9 Tablet equipped with wireless internet use (n=1,080)

All Gender
Tablet equipped with wireless (n=1,080) Male Female
internet usage o (n=483) (n=597)
n (%) n (%) n (%)
Tablet use
No 818 (75.7) 381 (789) 437 (732)
Yes 262 (24.3) 102 (21.1) 160 (26.8)
Total time spent per day (school
day) (n=262)
<1 hour 123 (46.9) 48 (47.1) 75 (46.9)
> 1- 2 hours 58 (22.1) 24 (23.5) 34 (21.2)
> 2 hours 81 (30.9) 30 (29.4) 51 (31.9)
Mean (SD) 1.97 (1.63) 1.99 (1.80) 1.96 (1.51)
Range 0.00 - 8.00 0.00 - 8.00 0.00 - 7.00
Total time spent per day (non-
school day) (n=262)
<1 hour 87 (33.2) 38 (37.3) 49 (30.6)
>1- 2 hours 58 (22.1) 24 (23.5) 34 (21.2)
> 2 hours 117 (44.7) 40 (39.2) 77 (48.1)
Mean (SD) 291 (2.60) 254 (2.41) 314 (2.70)
Range 0.00 - 12.00 0.00 - 12.00 0.00 - 12.00

Based on Table 10, the first 3 main reasons for using tablet via wireless
internet by Gender among participants are: 1) Social networks, i.e.
FB/Twitter/Line/IG (55.3%); and it appeared that the percentage of female
participants was close to that of male participants (53.8% vs. 57.8%); 2) Watching
film & listen to music online (54.6%); and it showed that the percentage of female
participants was close to that of male participants (58.8% vs. 48.0%); 3) Search for
academic information (39.3%); and it was found that the percentage of female is
slightly higher than that of male participants (45.0% vs. 30.4%).
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Table 10 Reason for using tablet equipped with wireless internet (n=262)

All Male Female
Reasons (n=262) (n=102) (n=160)
n (%) n (%) n (%)
Social networks 145 (55.3) 59 (57.8) 86 (53.8)
(FB/Twitter/Line/1G)
Watching film & listen to music 143  (54.6) 49 (48.0) 94 (58.8)
online
Search for academic information 103 (39.3) 31 (30.4) 72 (45.0)
For playing games online 100 (38.2) 45 (44.1) 55 (34.4)
Search for non-academic 82 (31.3) 37 (36.3) 45 (28.1)
information
Download / upload to YouTube 62 (23.7) 29 (28.4) 33 (20.6)
Downloading film and music 61 (23.3) 21 (20.6) 40 (25.0)
Watching TV online 55 (21.0) 23 (22.5) 32 (20.0)
Share assignment solution online 28 (10.7) 11 (10.8) 17 (10.6)
Doing E-business online 15 (5.7) 3 (2.9) 12 (7.5)
For sending-receiving E-mail 14 (5.3) 5 (4.9 9 (5.6)

4.3 EMF Devices on Sleep Quality:

Based on table 11, according to socio-economic and clinical characteristics,
when comparing between good and poor sleep quality, the findings indicated that
father’s occupation and weekly allowance were associated with sleep quality. Those
students whose fathers working as company employees having poor sleep quality
constituted 70 (20.2%), whiles those having good sleep quality constituted 107
(14.6%). As for weekly allowance, those students with > 600 baht/week having poor
sleep quality constituted 141 (47.1%); whiles those having good sleep quality
constituted 271 (37.5%).



Table 11 Comparison between good and poor sleep quality by Socio-Economic and
Clinical Characteristics

All Poor sleep Good sleep
quality quality
Characteristics (n=1,080) (n=346) (n=734) p-value
n (%) n (%) n (%)

Gender 0.053

Male 483 (44.7) 140 (40.5) 343 (46.7)

Female 597 (55.3) 206 (59.5) 391 (53.3)
Age (Years) 0.561

15 90 (8.3) 25 (7.2) 65 (8.9)

16 333 (30.8) 107 (30.9) 226 (30.8)

17 376 (34.8) 129 (37.3) 247 (33.7)

18 and over 281 (26.0) 85 (24.6) 196 (26.7)
Father’s education 0.642

<Elementary school 266 (25.3) 84 (24.7) 182 (25.5)

Secondary school

through Junlor vocational 433 (41.1) 135 (39.7) 298 (41.8)

school/ Associate degree

Bachelor degree through

Post graduate degree 354 (33.6) 121 (35.6) 233 (32.7)
Mother’s education 0.185

<Elementary school 337 (31.7) 106 (31.0) 231 (32.0)

Secondary school

through Junior vocational 416 (39.1) 124 (36.3) 292 (40.5)

school/ Associate degree

Bachelor degree through

Post graduate degree 310 (29.2) 112 (32.7) 198 (27.5)
Father’s occupation 0.037

Unemployed /Others

(monk, death, don’t 94 (8.7) 27 (7.8) 67 (9.2)

know)

Government officials 115 (10.7) 45 (13.0) 70 (9.6)

Own business 411 (38.1) 125 (36.1) 286 (39.1)

Company employees 177 (16.4) 70 (20.2) 107 (14.6)

General laborers 281 (26.1) 79 (22.8) 202 (27.6)
Mother’s occupation 0.266

Housewives/unemployed

/ Others (nun, death, 262 (24.3) 73 (21.1) 189 (25.7)

don’t know)

Government officials 98 (9.1) 35 (10.1) 63 (8.6)

Own business 369 (34.2) 121 (35.0) 248 (33.8)

Company employees 152 (14.1) 57 (16.5) 95 (12.9)

General laborers 199 (18.4) 60 (17.3) 139 (18.9)
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Table 11 Comparison between good and poor sleep quality by Socio-Economic and
Clinical Characteristics (Con.)

All Poor sleep Good sleep
quality quality
Characteristics (n=1,080) (n=346) (n=734) p-value
n (%) n (%) n (%)
Family income: (baht/month)® 0.827
< 10,000 79 (7.3) 25 (7.2 54 (7.4)
10,001 - 30,000 516 (47.9) 160 (46.4) 356 (48.6)
30,001 - 50,000 260 (24.1) 83 (24.1) 177 (24.1)
>50,000 223 (20.7) 77 (22.3) 146 (19.9)
Weekly allowance (baht/week) # 0.003
< 600(50 percentiles) 633 (59.4) 181 (52.9) 452 (62.5)
>600 (>50 percentiles) 432 (40.6) 161 (47.1) 271 (37.5)
Body mass index (BMI) 0.160
Underweight 337 (31.3) 120 (34.7) 217 (29.7)
Normal 564 (52.4) 167 (48.3) 397 (54.3)
Overweight/Obese 176 (16.3) 59 (17.1) 117 (16.0)

P-value from Chi-square test. * $1 US = 35 Baht (Approx.)

Based on table 12, according to stimulant use, when comparing between good
and poor sleep quality, the findings indicated that those answering “None over last 12
months” having poor sleep quality constituted 178 (51.4%); whiles those having good
sleep quality constituted 438 (59.8%). Regarding smoking, it was found that those
smoking with poor sleep quality constituted 61 (17.7%); whiles those with good sleep
quality constituted 83 (11.4%).
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Table 12 Comparison between good and poor sleep quality by stimulant use

All Poor sleep Good sleep
quality quality
Characteristics (n=1,080) (n=346) (n=734) p-value
n (%) n (%) n (%)
Alcohol consumption 0.006
None over last 12 months 616 (57.1) 178 (51.4) 438 (59.8)
> Once a year 463 (42.9) 168 (46.6) 295 (40.2)
Smoking 0.003
No 928 (86.6) 283 (82.3) 645 (88.6)
Yes 144 (13.4) 61 (17.7) 83 (11.4)

P-value from Chi-square test

As per table 13, given an association between EMF devices use and sleep
quality among high school students; when comparing with those students using
mobile/smartphone < 1.93 hour (< 25 percentiles), the findings discovered that those
using 1.93-3.57 hours (26-50 percentiles) were likely to have 1.45 times poorer sleep
quality (unadjusted OR=1.45 [95% CI=0.98-2.12]); those using > 3.57-5.57 hours
(51-75 percentiles) were likely to have 1.20 times poorer sleep quality (unadjusted
OR=1.20 [95% CI=0.82-1.74]); those using > 5.57 hours (> 75percentiles) were
likely to have 1.59 times poorer sleep quality (unadjusted OR=1.59 [95% CI=1.10-
2.29)).

Given the related confounding factors of an association between EMF devices
use and sleep quality among high school students based on socio-economic and
clinical characteristics and stimulant use, the findings showed that confounding
variables constituted father’s occupation, weekly allowance, alcohol consumption and
smoking. After controlling for the confounding variables (father’s occupation, weekly
allowance, alcohol consumption and smoking), it was found that when comparing
with those students using mobile/smartphone < 1.93 hour (< 25 percentiles), those
using 1.93-3.57 hours (26-50 percentiles) were likely to have 1.47 times poorer sleep
quality (adjusted OR=1.47 [95% CI1=0.99-2.18]); those using > 3.57-5.57 hours (51-
75 percentiles) were likely to have 1.08 times poorer sleep quality (adjusted OR=1.08
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[95% CI1=0.73-1.60]); those using > 5.57 hours (> 75percentiles) were likely to have
1.52 times poorer sleep quality (adjusted OR=1.52 [95% CI1=1.04-2.23]).

Table 13 Unadjusted Odds Ratio, Adjusted Odds Ratio and 95% CI of association
between EMF devices use and sleep quality

Poor sleep Good sleep
Mobile/ smart quality Quality Unadjusted OR Adjusted OR®
phone use (n=332) (n=708) (95% CI) (95% CI)
n (%) n (%)
<1.93 hour 71 (214) 195 (275) Ref. Ref,

(< 25 percentiles)

1.93-3.57 hours 80 (24.1) 152 (21.5) 1.45 (0.98-2.12) 1.47 (0.99-2.18)
(26-50

percentiles)

>3.57-5.57 hours 84 (25.3) 193 (27.3) 1.20 (0.82-1.74) 1.08 (0.73-1.60)
(51-75

percentiles)

> 5.57 hours 97 (29.2) 168 (23.7) 159 (1.10-2.29) 1.52 (1.04-2.23)
(> 75percentiles)

®Each odds ratio is adjusted for father’s occupation, weekly allowance, alcohol consumption,
and smoking

4.4 EMF Devices on Academic performance:

Based on table 14, according to stimulant use, when comparing between GPA
< 2.70 (25 percentiles) and GPA > 2.70 (> 25 percentiles) by socio-economic and
clinical characteristic, the findings indicated that father’s education, mother’s
education, mother’s occupation, family income, and psychological disturbance were
associated with academic performance. Those students whose fathers completing
bachelor degree through postgraduate having GPA < 2.70 (25 percentiles) constituted
55 (22.0%), whiles GPA > 2.70 (> 25 percentiles) constituted 288 (37.5%). As for
those students whose mothers completing bachelor degree through postgraduate
having GPA < 2.70 (25 percentiles) constituted 48 (19.0%), whiles GPA > 2.70 (> 25
percentiles) constituted 254 (32.9%). As for those students whose mothers being
general laborers having GPA < 2.70 (25 percentiles) constituted 78 (30.1%), whiles
GPA > 2.70 (> 25 percentiles) constituted 193 (24.7%). As for those students’ family
income > 50,000 baht/month having GPA < 2.70 (25 percentiles) constituted 31
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(11.9%), whiles GPA > 2.70 (>25 percentiles) constituted 187 (24.0%). Also, those
students with psychological disturbance having GPA < 2.70 (25 percentiles)

constituted 70 (26.8%), whiles GPA > 2.70 (> 25 percentiles) constituted 166
(21.3%).

Table 14 Comparison between GPA <2.70 (25 percentiles and GPA>2.70 (>25
percentiles) by socio-economic and clinical characteristic

All GPA<2.70 GPA>2.70
(25 percentiles) (>25
Characteristics percentiles) p-value
(n=1,002) (n=245) (n=754)
n (%) n (%) n (%)

Father’s education <0.001
<Elementary school 259 (25.5) 85 (34.0) 174 (22.7)
Secondary school 415 (40.8) 110 (44.0) 305 (39.8)
through Junior
vocational school/

Associate degree
Bachelor degree through 343 (33.7) 55 (22.0) 288 (37.5)
Post graduate degree

Mother’s education <0.001
<Elementary school 324 (31.6) 104 (41.1) 220 (28.5)
Secondary school
through Junior vocational 400 (39.0) 101 (39.9) 299 (38.7)
school/ Associate degree
Bachelor degree through
Post graduate degree 302 (29.4) 48 (19.0) 254 (32.9)

Father’s occupation 0.210
Unemployed/ Others
(monk, death, don’t 92 (8.9) 26 (10.0) 66 (8.5)
know)

Government officials 109 (10.5) 21 (8.1) 88 (11.3)
Own business 397 (38.2) 98 (37.8) 299 (38.3)
Company employees 170 (16.4) 36 (13.9) 134 (17.2)
General laborers 271 (26.1) 78  (30.1) 193 (24.7)

Mother’s occupation 0.005
Housewives/unemployed
/ Others (nun, death, 256 (24.6) 55 (21.1) 201 (25.8)
don’t know)

Government officials 94 (9.0 20 (7.7) 74 (9.5)
Own business 352 (33.8) 88 (33.7) 264 (33.8)
Company employees 146 (14.0) 30 (11.5) 116 (14.9)

General laborers 193 (18.5) 68 (26.1) 125 (16.0)
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Table 14 Comparison between GPA < 2.70 (< 25 percentiles and GPA>2.70 (> 25

percentiles) by socio-economic and clinical characteristic (Con.)

All GPA <2.70 GPA>2.70
. (<25 percentiles) (> 25 percentiles) i
Characteristics (n=1,002) (n=245) (n=754) p-value
n (%) n (%) n (%)

Family income: <0.001
(baht/month) ?

< 10,000 74 (7.1) 28 (10.7) 46 (5.9)

10,001 - 30,000 494  (47.5) 145 (55.6) 349 (44.8)

30,001 - 50,000 254 (24.4) 57 (21.8) 197 (25.3)

>50,000 218 (21.0) 31 (11.9) 187 (24.0)
Weekly allowance 0.481
(baht/month) ?

< 600(50 percentiles) 615 (59.8) 151 (59.4) 464 (59.9)

>600 (>50 percentiles) 414  (40.2) 103 (40.6) 311 (40.1)
Psychological disturbance 0.040
(GHQ-28)

No 805 (77.3) 191 (73.2) 614 (78.7)

Yes 236 (22.7) 70 (26.8) 166 (21.3)

P-value from Chi-square test. ® $1 US = 35 Baht (Approx.)

Based on table 15, according to stimulant use, when comparing between GPA

< 2.70 (< 25 percentiles) and GPA > 2.70 (> 25 percentiles) by stimulant use, the

findings indicated that those answering “None over the last 12 months” having GPA <
2.70 (< 25 percentiles) constituted 119 (45.8%); whiles those having GPA > 2.70 (>
25 percentiles) constituted 477 (61.2%). Regarding smoking, it was found that those
smoking with GPA < 2.70 (< 25 percentiles) constituted 68 (26.5%); whiles those
with GPA > 2.70 (> 25 percentiles) accounted for 69 (8.9%).
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Table 15 Comparison between GPA <2.70 (25 percentiles and GPA>2.70 (>25
percentiles) by stimulant use

All GPA<2.70 GPA>2.70
. (25 percentiles)  (>25 percentiles) i
Characteristics (n=1,002) (n=245) (n=754) p-value
n (%) n (%) n (%)
Alcohol consumption <.001
None over last 12
months 596 (57.3) 119 (45.8) 477 (61.2)
> Once a month 444 (42.7) 141 (54.2) 303 (38.8)
Smoking <.001
No 896 (86.7) 189 (73.5) 707 (91.1)
Yes 137 (13.3) 68 (26.5) 69 (8.9)

P-value from Chi-square test.

As per table 16, given an association between EMF devices use and academic
performance among high school students; when comparing with those students using
mobile/smartphone < 1.93 hour (< 25 percentiles), the findings discovered that those
using 1.93-3.57 hours (26-50 percentiles) were likely to have 1.30 times poorer
academic performance (GPA < 2.70 (< 25 percentiles)) (unadjusted OR=1.30 [95%
Cl=0.86-1.96]); those using > 3.57-5.57 hours (51-75 percentiles) were likely to have
1.15 times poorer academic performance (unadjusted OR=1.15 [95% CI1=0.77-1.71]);
those using > 5.57 hours (> 75percentiles) were likely to have 0.92 times poorer
academic performance (unadjusted OR=0.92 [95% CI1=0.61-1.39]).

Given the related confounding factors of an association between EMF devices
use and academic performance among high school students based on socio-economic
and clinical characteristic and stimulant use, the findings found that confounding
variables constituted father’s education, mother’s education, mother’s occupation,
family income, psychological disturbance, alcohol consumption and smoking. After
controlling for the confounding variables (father’s education, mother’s education,
mother’s occupation, family income, psychological disturbance, alcohol consumption
and smoking), the findings discovered that when comparing with those students using

mobile/smartphone < 1.93 hour (< 25 percentiles), those using 1.93-3.57 hours (26-50
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percentiles) were likely to have 1.06 times poorer academic performance (GPA < 2.70
(25 < percentiles)) (adjusted OR=1.06 [95% CI=0.69-1.63]); those using >3.57-5.57
hours (51-75 percentiles) were likely to have 0.93 times poorer academic performance
(adjusted OR=0.93 [95% CI=0.61-1.42]); those using > 5.57 hours (> 75percentiles)
were likely to have 0.79 times poorer academic performance (adjusted OR=0.79 [95%
Cl=0.52-1.22]).

Table 16 Unadjusted Odds Ratio, Adjusted Odds Ratio and 95% CI of association
between EMF devices use and academic performance

GPA<270  GPA>2.70
(25 (>25

i ; : b

Mobile/smart phone percentiles) percentiles) UnadJL;sted OR Adjusged OR
use (n=245) (n=757) (95% ClI) (95% ClI)
n (%) n (%)

< 1.93 hour
(< 25 percentiles) 59 (24.1) 197 (26.0) Ref. Ref.
1.93-3.57 hours
(26-50 percentiles) 63 (25.7) 162 (21.4) 1.30 (0.86-1.96) 1.06 (0.69-1.63)
>3.57-5.57 hours
(51-75 percentiles) 68 (27.8) 198 (26.2) 1.15 (0.77-1.71) 0.93 (0.61-1.42)
> 5.57 hours

PEach odds ratio is adjusted father’s education, mother’s education, mother’s occupation,
family income, psychological disturbance, alcohol consumption and smoking
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CHAPTER V

DISCUSSIONS, CONCLUSION & RECOMMENDATIONS

This cross-sectional research’s objective was to investigate the association
between EMF devices use and sleep quality and academic performance among high
school students in Bangkok. The researcher employed random sampling technique
covering 1,080 samples consisting of students of 10-12" grade of 10 high schools in
Bangkok area for academic year 2013. This quantitative study’s questionnaires
included 6 parts: socio-Economic and clinical characteristic Information;
communications devices use; Sleep Patterns; Pittsburgh Sleep Quality Index (PSQI);
General Health Questionnaire 28 (GHQ-28); alcohol and caffeine consumption;

5.1 General information of participant:

In this research, the researcher has collected the required data consisting of
high school students (grade 10-12) of academic year 2013, in Bangkok area, under
the supervision of the Office of the Basic Education Commission, Ministry of
Education. The total number of samples being collected were 1,080 participants,
mean age was 16.8 (SD = 0.94) years, 483 (44.7%) were male and 597 (55.3 %) were
female. In terms of students’ educational level, 31.4% completed grade 10; whereas
34.5% and 34.1% completed grade 11 and 12, respectively. Also, the majority of their
parents completed a minimum of secondary school level, i.e., father constitutes 74.7%

whiles mother constitutes 72.1%.

As for psychological disturbance, those having history disease related sleep
problems constitutes 22.5%. Overweight/Obese (>25) constitute 13.7%, respectively.
Regarding part-time job, it was found that those working part-time job constitutes
10.4%. Concerning physical activity, it was found that those having physical activity
(> 150 min./week) constitutes 43.7%.
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Regarding school activity, it was discovered those engaging in school activity
constitute 53.7% As far as private tutoring is concerned, the findings indicated that
those saying yes constitutes 80.6%; likewise, those drinking alcohol > once a month
constitute 42.9%. Concerning smoking, the findings indicated that those saying yes
constitute 13.4%. As for caffeine consumption, those consuming caffeine constitutes

90.6%.

The issue of mental health among adolescents has been increasingly
recognized as globalized problem (212), as adolescents to date are deemed potentially
high-risk prospects owing to various kinds of stressors they are facing (213).
Therefore, it has undoubtedly appeared to be one of the main public health concerns,
as a number of studies attempted to investigate the impacts of mental health on
adolescents, particularly those in the western countries (214, 215). According to our
study, it was found that nearly 25% of participants had psychological disturbances;
this well corresponded with previous study conducting in Thailand on grade 10" -12™
students showing that about 20-21% experienced depression (216). Furthermore,
some other evidences found that internet overuse resulted in psychological symptoms

(217, 218).

Thus, it is most likely that, based on our results, one of the key factors
contributes to adolescent’ psychological disturbances is the over-exposure to EMF
device use; our participants used smart/mobile phones approximately 3.5 hrs./day on

school days; and 5 hrs./day on non-school days.

5.2 EMF Devices Use:

Based on our research findings, an exploration of EMF devices use among
high school students in Bangkok, we want to illustrate the students’ behavior and
objectives in using EMF devices on school days and non-school days. The main

outcomes of the study are to be discussed below:
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5.2.1 Overall EMF use:

Our study found that nearly 100% of respondents (96.9%) in Bangkok have
widely used mobile/smart phone on a regular basis. This corresponds with a study in
that 88% of American teenagers, aged 13-18 years old, have accessed to their
mobile/smart phones; besides, sub-group wise, aged 15-17 years old, accountings for
92%, have accessed mobile/smart phones (219). Additionally, the findings of a
research entitled “Ownership and Use of Mobile Phone — a Population Based Study
Physical Education and Sport College Students in Turkey” found that the participants,
aged 17-22 years old, accounting for 98.5% have used mobile phones (220).
Therefore, we can conclude that teenagers all over the world can conveniently and
easily access to mobile/smart phones. This well corresponded with a survey on

Thailand Internet User Profile 2015” which suggested that the smartphone users
constituted 82.1% (221).

In terms of desktop/notebook computer used via wireless internet, our
findings discovered that the respondents accounting for 74.1% have accessed to
desktop/notebook computers via wireless internet on a regular basis. this well
corresponded with a survey on “Thailand Internet User Profile 2015” suggesting
that 54.7% and 45.2% of users had access to desktop and notebook computers,
respectively (221). Interestingly, our findings seemed to well correspond with a study
on teenagers in America that 87% of them had access to their desktop/notebook

computers regularly (219).

Regarding the use of tablet equipped with wireless internet, our findings
discovered that the respondents accounting for 24.3% used their tablet on a regular
basis; this well corresponded with a survey on Thailand Internet User Profile 2015”
which suggested that the tablet users constituted 21.1% (221). However, other study
in America found that 58% of teenagers can access to their tablet regularly (219).

According to our study, mobile/smart phones are the most popular EMF
devices among Thai teenagers accounting for over 80%; which corresponds well with

other findings showing that over 92% of American teenagers used mobile/smart
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phones. The reasons for such popular usage can be explained that mobile/smart
phones are vital instrument for surviving in their society, they are very portable and
innovative in various situation like social networks engagement, searching for
required information, shopping/doing business online, and for a variety of

entertainment like watching films, listening to music.

Given a number of devices use, it is necessary to mention that, owing to the
proliferation of EMF devices usage, today’s adolescents may have used or accessed
to more than one devise on a regular basis. Earlier study on “Adolescent Sleep
Patterns and Night-Time Technology Use: Results of the Australian Broadcasting
Corporation’s Big Sleep Survey” found that over 70% of adolescents reported having
2 or more electronic devices in their bedroom at night (222), which corresponded
with our findings that approximately 80% of the participants reported using 2 or more
EMF devices in their daily life. By the same token, due to the fact that the use of
electronic devices is increasing by leaps and bounds, such devices as computers,
tablets, mobile/smartphones have been implicated in adolescents’ sleep quality, for
example, a number of studies linked the mere presence of those devices in the
bedroom with later bedtimes, less time in bed, shorter sleep duration and daytime
sleepiness (12, 42, 222, 223).

5.2.2 Mobile/smartphone use:

It has been evident that, currently, the use of EMF devices has been rapidly
growing and widespread by leaps and bounds all over the world. Those exposed to
EMF devices nowadays are clearly younger in age but longer in time usage. Over-
exposure to EMF devices can result in different forms of negative impacts (224).
Within the realm of academic interest, we hope that the study of EMF devices usage
patterns and behavior among high school students, especially in Bangkok area, can
contribute to a better understanding of teenagers’ general usage of mobile/smart
phone in their daily life, apart from raising awareness of all concerned regarding the
effect of EMF devices use on sleep quality and academic performance that could arise

among those students.
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Our evidence indicated that 810 (75.4%) of the participants using
mobile/smart phone without small talk/Bluetooth. Of this figures, it was discovered
that 667 (82.3%) participants used their mobile/smart phone over 30 min./period, at
least once a day. Some studies suggested that using EMF devices for 35 min/period
can lead to acute effects on blood pressure (225); other indicated that EMF can cause
heating and thermal changes in the user’s body, as well as cataract, auditory effects,
headache, depression, sleeplessness. However, it is advisable that the microwave
exposure limit for occupational and general users should be on the average 6
min./period and 30 min/period, respectively (226). Interestingly, our findings found
that “Used over 30 min/period/day without small talk/Bluetooth”, mean times for
both genders was 2.50 (SD = 2.01) hrs., range = 0 — 10 times. Thus, from the result
above, it was obvious that the participants exposed to EMF radiation averagingly 2.5
times per day. Besides, those participants would have greater chance of being affected
by more exposure to EMF devices since, based on our results; most users (71.1%)

placed their smart/mobile phones beside pillows/on bed at bedtime.

Also, our evidence discovered that the total time spent per day on school days
and non-school days was accounted for 3.50 (SD = 2.47) hrs., and 4.93 (SD = 3.56)
hrs., respectively. The findings corresponded to the survey outcome on adolescents’
use of microwave communication wireless device, which found that Thai adolescents
spent 3.1 hrs./day, including computer/mobile for online games and, when comparing
to other Asian adolescents, it was regarded as the highest total time spent on
microwave communication wireless device (8). Worth mentioning is that an evidence
based on internet survey regarding “Thailand Internet User Profile 2015” found that,
among 10,434 respondents, 80% of them using smartphone approximately 5.7
hrs./day (221).



81

Based on our evidence, approximately 70% of participants placed their
mobile/smartphones on the bed while sleep, rather close to their body, which can lead
to adverse health effects, given that effects of electromagnetic wave can be based on
direct genotoxic effects, though the energy level is not high enough to damage DNA.

Instead, a study was carried out whether EMF is cocarcinogenic (24, 60).

Earlier study convincingly elaborated key reasons resulting in a rapid growing
of mobile/smartphone users, i.e. fast technological developments in the last decade
leading to devices transmitting electromagnetic waves such as videophone and
different options becoming part of our daily life (220, 227). Nevertheless, our study
(See Table 6) found that the first 3 main objectives for the participants to use
mobile/smartphone include: 1) For social networks engagement, i.e.
FB/Twitter/Line/IG (77.2%); 2) For communication purposes (61.4%); and 3) For
watching films & listening to music (48.3%). It is notable that a previous internet
survey in Thailand recently indicated that the top 3 main reasons for the public in
general to use smartphone were: 1) For social media networking (82.7%); 2) For
searching online information (56.6%); and 3) For updated news and events follow-
up/e-book reading (52.2%) (221). At the same time, it was discovered that American
teenagers were as enthusiastic as social media users (76%) (219). Briefly, fast
development of internet and social networks have exerted great impacts on most, if
not all, teenagers of our globalized society, as has been reported that, for example,
Facebook had at least 1 billion active users reaping humerous benefits as free access,

facilitating communication, apart from sharing information (228, 229).

5.3 Prevalence of poor sleep quality among high school students in Bangkok:

The prevalence of poor sleep quality among high school students, based on
this study, is 32.0% when comparing with other studies using the PSQI to evaluate.
However, evidences from previous studies on poor sleep quality among students in
colleges showed that the prevalence of poor sleep quality was between 48.1% to
62.4% (97-102). As far as the study on the prevalence of poor sleep quality conducted
in Thailand is concerned, the result of this study is found to be consistent with the

research findings of Lohsoonthorn et al. (99) derived from a survey conducted among
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college students in Thailand (32.0% vs. 48.1%). Nevertheless, for results discovered
so far in other Asian countries, particularly in Hong Kong and Korea, it was found
that the prevalence of poor sleep quality among college students are likely to be
higher than that of college students in Thailand.

5.4 Association between EMF devices use and sleep quality among high school

students in Bangkok:

Our study found that there is association between EMF devices use and sleep
quality among high school students in Bangkok after adjusting for the following
variables: father’s occupation, weekly allowance, alcohol consumption, and smoking.
Our results showed that when comparing with those students using
mobile/smartphone < 1.93 hour (< 25 percentiles), those using > 5.57 hours (> 75
percentiles) were likely to have 1.52 times poorer sleep quality (adjusted OR=1.52
[95% CI=1.04-2.23]). This corresponded with other two studies conducted in Peru

and Turkey: “Association between Facebook Dependence and Poor Sleep Quality: A

Study in a Sample of Undergraduate Students in Peru” that indicated a significant
association between Facebook dependence and poor sleep quality (PR=1.31; 95% CI:
1.04, 1.67), after controlling for age, sex, and years in the faculty (230); also, a study
conducted in Turkey on “Evaluation of mobile phone addiction level and sleep quality
in university students”, aiming to compare mean of sleep quality between those using
mobile phone < 1 hr/day and those use >5_hrs/day, found that those using >5_hrs/day

experienced poorer sleep quality than those use <1 hr/day (231).

5.5 Association between EMF devices use and academic performance among high

school students in Bangkok:

Our study discovered that EMF devices use is not associated with academic
performance among high school students in Bangkok after adjusting for the following
variables: father’s education, mother’s education, mother’s occupation, family

income, psychological disturbance, alcohol consumption and smoking.
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Generally, academic achievement can be attributable to a number of factors,
for example, working while attending school, ethnicity, family obligations, distance
from home, family or personal finances, and engagement with the institution (232,
233). Previous studies discovered that family socioeconomic status played key role in
students’ academic achievement, because those with good socioeconomic background
had better opportunity and able to learn better (191, 234). Also, many findings
suggested that students’ learning achievement was based on their engagement in
learning activities (235). Given a classic case study for instance, in Taiwan, only
those from well off family had better chance taking summer learning activities;
whereas those unable to afford financially were experiencing learning achievement
gaps (235).

More interestingly, most students in Thailand shared the so-called after-school
tutoring as those in Taiwan and several countries in Asia. Clearly, those high school
students’ study patterns are somewhat different from those in Western countries in
that after-school tutoring requires additional fees not subsidized by the government.
Since tuition fees for such programs are more expensive than regular school

activities, students coming from poor families would miss such opportunity.

In summary, since there are a number of factors affecting academic
performance as mentioned above, it is then not surprising that, in our research
findings, there is no association between EMF devices use and academic
performance. On the contrary, the findings discovered that such variables as father’s
education, part-time job, school activity, private tutoring, alcohol consumption and

smoking, are associated with academic performance.

Conclusion:

In broader term, this cross-sectional study aimed to investigate the association
between EMF devices use and sleep quality and academic performance among high
school students in Bangkok. In conducting this research, we used random sampling
method including 1,080 samples studying at 10-12"™ grade from 10 high schools in

Bangkok area, academic year 2013, under the supervision of the Office of the Basic
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Education Commission, Ministry of Education.. The study questionnaires focused on
6 important areas, for instance, socio-economic and clinical characteristic
information, communications devices use; sleep patterns, Pittsburgh Sleep Quality
Index (PSQI), General Health Questionnaire 28 (GHQ-28), alcohol and caffeine

consumption.

In specific term, out of 1,080 samples being collected, our findings found that
mean age was 16.8 (SD = 0.94) years, 483 (44.7%) were male and 597 (55.3 %) were
female. In terms of students’ educational level, 31.4% studying at grade 10; whereas
34.5% and 34.1% at grade 11 and 12, respectively. The majority of their parents
completed a minimum of secondary school level: the number of father and mother’s

educational level was accounted for 74.7% and 72.1%, respectively.

As for psychological disturbance, those having history disease related sleep
problems constituted 22.5%. Overweight/Obese (BMI >25) constituted 13.7%.
Regarding part-time job, those working part-time job constituted 10.4%. Concerning
physical activity, it was found that those having physical activity (>150 min./week)
constituted 43.7%.

Given school activity, those engaging in school activity constituted 53.7%;
whereas those having private tutoring constituted 80.6%. Likewise, those drinking
alcohol > once a month constituted 42.9%; while those smoking constituted 13.4%;
and those consuming caffeine constituted 90.6%. The students’ behavior and
objectives in using EMF devices on school days and non-school days can be
illustrated below: In terms of EMF devices use, our findings indicated that 96.9% of
respondents used mobile/smart phone regularly; while 74.1% used desktop/notebook
computer equipped with wireless internet on a regular basis. Nevertheless, only
24.3% of them use tablet equipped with wireless internet regularly. Interestingly,
75.4% of them used mobile/smart phone without small talk/Bluetooth. Of this figure,
it was discovered that 82.3% used mobile/smart phone over 30 min/period at least
once a day. It is necessary to point out that, those users would experienced acute

effects on blood pressure if using EMF devices for 35 min/period (225); whiles
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others indicated that EMF can cause heating and thermal changes in the user’s body,

as well as cataract, auditory effects, headache, depression, sleeplessness.

However, it is advisable that the microwave exposure limit for occupational
and public should be about 6 min./period and 30 min/period, respectively (226). Also,
our findings found that the users having “used over 30 min/period/day without small
talk/Bluetooth”, mean times of both genders was 2.50 (SD = 2.01) hrs., range = 0 —
10 times. Thus, it is evident from our study that, the participants exposed
approximately to EMF radiation 2.5 times per day and, consequently were at greater
chance of being affected by more exposure to EMF devices, given that 71.1% of them
placed their smart/mobile phones beside their pillows/on bed at bedtime. The total
time spent per day on school day and non-school day accounted for 3.50 (SD =2.47)
hrs, and 4.93 (SD = 3.56) hrs., respectively. We found that the first 3 main reasons for
using smartphone included the following: 1) For social networks, i.e.
FB/Twitter/Line/IG (77.2%); 2) For communication purposes which was accounted
for 61.4%; and 3) For watching films & listening to music which constituted for
48.3%.

Given the prevalence of poor sleep quality, the findings indicated that the
prevalence of poor sleep quality constituted 32.0% when comparing with other
studies using the PSQI to evaluate. Regarding an association between EMF devices
use and sleep quality, when adjusting for confounding variables (father’s occupation,
weekly allowance, alcohol consumption and smoking), it was found that when
comparing with those students using mobile/smartphone < 1.93 hour (< 25
percentiles), those using > 5.57 hours (> 75percentiles) were likely to have 1.52
times poorer sleep quality (adjusted OR=1.52 [95% CI=1.04-2.23]). Our study found
that EMF devices use was not associated with academic performance among high
school students in Bangkok after adjusting for the following variables: father’s
education, mother’s education, mother’s occupation, family income, psychological

disturbance, alcohol consumption and smoking.

Generally, academic achievement can be attributable to a number of factors,

for example, working while attending school, ethnicity, family obligations, distance
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from home, family or personal finances, and engagement with the institution (232,
233). Previous studies discovered that family socioeconomic status played key role in
students’ academic achievement, because those with good socioeconomic
backgrounds had better opportunity and able to learn better (191, 234). Also, many
findings suggested that students’ learning achievement was based on their
engagement in learning activities (235). Given a classic case study, for instance, in
Taiwan, only those from well off family had better opportunity taking summer
learning activities; whereas those unable to afford financially were experiencing
learning achievement gaps (235). More interestingly, most students in Thailand
shared the so-called after-school tutoring as those in Taiwan and several other
countries in Asia. Nonetheless, the study patterns of Asian high school students are
somewhat different from that of Western countries as after-school tutoring requires
additional fees not subsidized by the government. Thus, since tuition fees for such
programs are more expensive than regular school activities, students coming from

poor families would miss such opportunity.

Recommendations:

It is not surprising that, based on an increasing use and exposure to the EMF
devises, especially among the youngsters, the magnitude of negative impacts towards
the EMF devices users would be unavoidable and beyond imagination and
expectation. Therefore, the researcher would like to advise and recommend that in the

future, it is necessary and imperative that...

e As problematic issue over exposure EMF devices use has taken
momentum globally, in terms of psychological health concern, it is one
of the high priorities for educational institutions, government and
private organizations to initiate campaigns educating both parents and
students of all ages to be aware of the consequences of EMF devices

exposure.

e Given the health concerns and the majority of adolescents today

reported having/using 2 or more electronic devices in their daily life,
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apart from placing mobile/smartphones on bed or nearby their body
during sleep, attempts should be made in developing evidence-based
guidelines for EMF devices users and concerned parties, in order to

enhance their understanding of how and when to use their devices

properly.

Attempts should be made by researchers to build more subjective and
reliable instrument, i.e., the scale and extent of exposure to EMF
devices use; this would certainly lead to fruitful area for inter-
disciplinary research and development. Also, a co-operation and efforts
between electronic engineering fields and public health agencies are
required to come up with innovative software specifically designed for

mobile/smart phone users.

In addition to sleep quality-based questionnaire, and to get more
reliable results, laboratory confirmation on sleep should be established.
Therefore, further studies should take into consideration the

measurement of melatonin levels in the urine, saliva or blood.

Study samples should specifically cover more various age groups and
different careers and behavior, i.e., toddlers and babies, young
children, pregnant women, business and professional workers, etc. so
that a better understanding of the effects of EMF devices use among
those samples, apart from an association between certain variables can

be successfully established.

Concerned parties and individuals such as government’s related
agencies, private/business organizations, educational institutions,
especially parents and EMF devices users, should be educated and
equipped with practical guidelines and knowledge of how and when to

use EMF devices in a safe and sound manner.
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In conducting this cross-sectional study, the issues and limitations of this

research can be described as follows:

Causal relationship issue: Given causal relationship, it is necessary to
mention that, based on the study designed, these findings were unable
to explain the causal relationship; instead, they could present only the

association.

Study questionnaires limitation: This study used self-administered
questionnaires to collect required information; it was possible that
certain extent of error could be generated owing to some subjective
questionnaire items, for instance, students self-report could have been
positively or negatively biased, due to memory error and lack of

awareness of their exposure to EMF devices and actual time spent.

Sensitive issue: Some items like the respondents’ weekly allowance
and GPA were presumably highly sensitive and, thus, it was most likely
that certain questions would get distorted answers resulting in certain
extent of erroneous information. Therefore, we resorted to anonymous
questionnaires to address this issue and were confident that the issue

can be reduced, to a greater degree.

Generalisability: Size alone cannot guarantee generalization, despite
having a large sample size, since 1,080 participants were all drawn
from high school students of grade 10-12 studying in high schools in
Bangkok area, under the supervision of the Office of the Basic
Education Commission, Ministry of Education. To address this
limitation, future research should include more and varied samples (i.e.,

include private high schools, rural area settings).
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