Journal Healthcare Treatment Development
Vol: 04, No. 01, Jan-June 2024
ISSN: 2799-1148, DOI: 10.55529/jhtd.43.1.14

Effects of GSM phone radiation on sleep quality

Collins 0. Molua?®*, Ukpene O. Anthony?
*Department of Physics, University of Delta, Agbor, Delta State.
2Department of Biological Sciences, University of Delta, Agbor, Delta State.

Article Info

Article History:

Received: 21 January 2024
Revised: 28 March 2024
Accepted: 05 April 2024
Published: 18 May 2024

Keywords:

GSM Phone Radiation
Sleep Quality
Polysomnography
Correlation Analysis
Mobile Phone Usage
Sleep Efficiency

Check for
updates

()

Corresponding Author:

Collins 0. Molua

Department of Physics, University of Delta, Agbor, Delta State.
Email: collins.molua@unidel.edu.ng

Journal homepage: https://journal. hmjournals.com/index.php/JHTD

(a.LH[) 1uawdojanaq uawiapa.Lj, 3.102Yy3vay [puinof


https://journal.hmjournals.com/index.php/JHTD
mailto:collins.molua@unidel.edu.ng
https://crossmark.crossref.org/dialog?DOI%20:%2010.55529/jhtd.43.1.14&domain=pdf

Journal Healthcare Treatment Development (JHTD) ISSN: 2799-1148 393

Copyright © 2024 The Author(s). This is an open access article distributed under the Creative Commons
Attribution License, (http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

1. INTRODUCTION

With the advent of modern telecommunication infrastructure and the rise of mobile phones, GSM
telecommunication radiation has become a concern. Numerous studies and experiments on the effects of
GSM telephone radiation on the human body have produced interesting but rather inconclusive results [1],
[2], [3]- A good night’s sleep is a difficult concept and is influenced by many factors. The enlarged increase
in mobile phone usage has led to debates on the impact of GSM phone radiation on our health [4]. Mobile
phones emit radio frequency energy, non-ionizing electromagnetic radiation, which can be absorbed by
nerves when near the phone. This can affect users by affecting brain function and disrupting sleep patterns
[5], [6]- Recently, the number of mobile phone subscribers and time spent on their mobile phones have
correspondingly increased. The estimated 6 billion mobile phone users globally are likely to increase.
Mobile phone technology continues to evolve, and with the use of 5G technology using millimeter waves
and much higher frequencies, people who depend on mobile phones for personal and professional lives are
most likely to increase without the likelihood of any reduction in mobile phone [7], [8].

Given the need to improve sleep worldwide due to sleep disorders such as insomnia and sleep
apnea, it is worth studying any potential impact of GSM phone radiation on the quality of sleep. GSM phone
radiation is a form of energy provided by mobile phones. The radiation is generated by the radiation in cell
phone antennas that send and receive signals. Smartphones, especially newer models, emit the most
radiation at the time of connecting to a cellular network, as the radiation is burst during data transmission
and then transmits signals to mobile headphones on the nearest one [9].

The amount of radiation experienced while using a mobile phone depends on various factors, such
as the proximity of the user to the mobile phone, the duration of use, and the amount of radiation inhaled.
In other words, good sleep refers to the duration of sleep, continuity, and overall satisfaction, which are
important for mental health, physical health, quality of life, and well-being [10]. When we sleep, the brain
is actively performing various tasks to help resuscitate the body and mind, repair body cells, replenish body
systems, and release hormones needed for growth and development [11].

1.1. An Overview of GSM Phone Radiation

The human body absorbs only a restricted amount of this radiation at any one time, and for most
people, exposure from base stations and antennas will normally be only a small fraction of the limits set in
the international guidelines on exposure. Current guidelines developed by the International Council on
Non-Ionizing Radiation Protection (ICNIRP) are expressed as the power of radio frequency radiation
absorbed per tissue and measured in watts per kilogram [12]. This is known as the Specific Absorption
Rate (SAR), which is a measure of how much energy the human body absorbs when exposed to a radio
frequency electromagnetic field. It is usually averaged over a mass of 10 grams of body tissue, of which the
energy absorption in the head may be one of the most relevant depending on the frequency, or the whole
body as a way of taking into account the exposure of people who may be close to an antenna. It is crucial to
note that the SAR and the related 'exposure’, and hence how SAR is usually taken, apply only to the body's
absorption of radio frequency radiation. It does not apply to the effects of radio-frequency magnetic fields.
Well-designed telecommunications systems have excellent safety records, and most health and safety
issues for mobile phones can be found with the improper use of the devices [13]. These radiations are part
of the electromagnetic spectrum, which includes radiation from radio waves to cosmic rays. Cosmic light
comes from the sun and space. The earth’s magnetic field and atmosphere act as a shield, protecting it from
radiation. Radio frequency is a form of electromagnetic radiation used by many systems because its
frequency can be transmitted from transmitter to receiver antenna, but in the modern world, mobile
phones have become an integral part of our lives [14].
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GSM telephony radiation is a high-frequency electromagnetic radiation that phones emit and
receive as they connect to a network. It is non-ionizing and can harm cells and tissues by increasing energy
in cells and generating heat, which can disrupt normal function. lonizing radiation can also damage cells'
genetic material. The term 'radiation' evokes images of terror. But it is important to understand that there
are many forms of radiation, not all of which are as harmful as the popular image might suggest. 'radiation’
is in fact defined as energy emissions such as electromagnetic waves or subatomic particles that go
everywhere, especially high-energy particles that cause ionization [15]. From this definition, we can see
that radiation encompasses a vast spectrum of energy types and levels. It includes visible light, which is
essential for life through the process of photosynthesis, and forms of radiation used for medical imaging.

GSM (Global System for Mobile Communications) radiation is the focus of the present study due to
its impact on human health, including sleep quality. Its telephone networks have a frequency range
between 450 MHz and 1,800 MHz. But the frequency of mobile phones is up to 900-1800 MHz. The nearby
base station's radiation could also affect the user. But the radiation from mobile phones is less dangerous
than that from base stations. When a call is made or received, it will send the details of the call to a control
channel, which is 1,400 MHz. This is also radiation that affects humans. In respect to the last mentioned,
GSM radiation can be classified as radiation from the mobile phone itself during a call and the tower, which
is lower-frequency radiation. Moreover, a mobile phone radiates in all directions, including toward the
user. It means that the radiation that'll be absorbed by the user is not fixed and changes with the position
of the phone. But actually, the radiation of a mobile phone is certified as "SAR," which measures the rate at
which energy is absorbed by the body when exposed to a radio frequency electromagnetic field. It is
expressed in watts per kilogram. However, the SAR values, as claimed by the manufacturers, are the
maximum value when a call is made. It does not mean that a high SAR value indicates high radiation. It only
means that a higher SAR value indicates faster radiation energy absorbed by the body. So far, there is no
final conclusion about the risk of mobile phone radiation, and it is still under scientific research. However,
provisional negative effects have been found, raising awareness among the public that mobile phone
radiation is not 100% safe. In 2011, the International Agency for Research on Cancer (IARC) also classified
mobile phone radiation as possibly carcinogenic to humans [16]. But note that this classification actually
refers to a category that indicates that the cancer-causing effect of the radiation cannot be proved, nor can
it be proven that the radiation is absolutely non-carcinogenic. It's just in between.

2. RELATED WORK

The quality of sleep as dictated by GSM phone radiation has become a topical issue of research.
GSM phone radiation may actually cause insomnia and headaches, so decreasing the radiation is really
essential to people's health. In the case of radiation from the mobile phone during sleep time, the most
evident impacts on sleep quality are four aspects, inclusive of difficulty falling asleep, difficulty remaining
asleep, feeling ill in the morning, relaxation, and deep sleep degree [17]. First and foremost, when people
are trying to fall asleep but cannot, it is very possibly due to the radiation. As mentioned on the website of
the European Environment Agency, so far, one of the only continually proven side effects of exposure to
elevated levels of electromagnetic pollution is stress throughout the body [18]. Furthermore, research
funded by the Mobile Manufacturers Forum (MMF) itself has shown that radiation from mobile phones
causes changes in brain activity. The study explores the impact of GSM mobile radiation on sleep quality,
focusing on the potential link between air consumption and sleep quality. The research aims to understand
the relationship between GSM radiation and cognitive functioning, as well as the potential for insomnia. It
also highlights the importance of good sleep for overall well-being, as the widespread use of mobile phones
has raised concerns about its health effects. The study aims to inform public health interventions and
encourage safe mobile phone use, highlighting the need for further research on this topic.
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3. METHODOLOGY

This study aimed to investigate the relationship between GSM mobile radiations and sleep quality
using a quantitative approach. A mixed-methods approach was used, including objective measurement and
psychometric ones. A diverse population of participants aged 19-56 was recruited, with 15 selected
through random sampling from community settings. Ethical approval and informed consent were obtained
before data collection. The experimental design included tools for measuring GSM mobile radiation levels
and polysomnography (PSG) devices for targeted sleep quality monitoring. A PSG test was used to diagnose
sleep disorders, using equipment to monitor and record physiological parameters during sleep. Sleep
diaries were provided to record subjective sleep parameters. Measurements were made over two weeks,
with participants encouraged to use their mobile phones as usual and avoid changes to their sleep routine.

GSM phone radiation meters were placed near participants' phones to capture radiation levels
during active and standby modes. PSG devices monitored participants' sleep architecture, including brain
waves, eye movements, and muscle activity. Sleep diaries were collected daily to supplement objective
sleep data with participants' subjective experiences and perceptions of sleep quality. Data collection was
conducted steadily, with trained researchers overseeing the process to ensure accuracy and consistency.
Quality control measures were implemented to minimize potential sources of error or bias. Statistical
analyses were performed to examine the associations between GSM phone radiation exposure and various
sleep parameters, considering potential confounding variables.

4. RESULTS AND DISCUSSION

Table 1. Participant Demographics

ParticipantID | Age (Years) Gender MO[;:;::: /I]l;al;)s age Sleep Quality Score (1-10)
1 28 Male 5.237 7.891
2 35 Female 6.125 8.345
3 42 Male 4.892 6.780
4 19 Female 7.348 9.002
5 56 Male 3.756 5.987
6 31 Female 6.521 7.456
7 40 Male 4.215 6.234
8 22 Female 8.102 8.912
9 48 Male 3.987 6.567

10 26 Female 5.789 7.890
11 33 Male 5.623 7.234
12 29 Female 6.987 8.456
13 37 Male 4.567 6.789
14 24 Female 7.890 8.123
15 44 Male 3.456 5.678

Distribution of Sleep Quality Scores by Gender

Sleep Quality Score (1-10)

Male Female
Gender

Figure 1. Distribution of Sleep Quality Scores by Gender
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Figure 1 shows a violin plot visually representing the distribution of sleep quality scores for male
and female participants, showing both the range of scores and the density at different score levels. It
provides insights into how sleep quality varies between genders within the dataset. The violin plot
showcases the distribution of sleep quality scores among different gender groups, specifically between
male and female participants. This visualization provides a comprehensive view of how sleep quality scores
are spread out for each gender, highlighting both the density of scores at various levels and the overall
range of scores observed. From the plot, one can discern patterns or differences in sleep quality between
genders, such as which gender might have a wider range of scores or where the majority of scores tend to
cluster. This analysis is crucial for understanding the relationship between gender and sleep quality within
the participant group, offering insights that could inform further research or interventions aimed at
improving sleep quality. [19] Reported that males have poorer sleep quality than females, and there is a
negative association between smart phone usage at bedtime and sleep quality.

Table 2. GSM Phone Radiation Exposure Levels

Participant ID GSM Phone Radiation Level (Mw/Cm?)
1 0.345
2 0.289
3 0.412
4 0.267
5 0.378
6 0.301
7 0.432
8 0.256
9 0.398
10 0.289
11 0.367
12 0.312
13 0.421
14 0.278
15 0.389

KDE of GSM Phone Radiation Exposure Levels

0 - T T T T T T
015 020 025 030 035 040 045 050 055

GSM Phone Radiation Level (mW/cm?)

Figure 2. KDE of GSM Phone Radiation Exposure Levels

The KDE plot provides a visual representation of the distribution of GSM phone radiation exposure
levels among participants. This smooth curve illustrates the density of various radiation levels measured
in mW/cm?. From the plot, we observe a concentration of exposure levels around the middle range,
indicating that most participants have moderate exposure levels. There are peaks and troughs that suggest
variations in the exposure levels among the participants, but no extreme outliers are visible. This
distribution allows us to understand the commonality of exposure levels within the group, highlighting that
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while there is some variation, extreme high or low exposures are not prevalent among the participants. The
plot serves as a useful tool for identifying the general trend and spread of radiation exposure levels in a
visually intuitive manner.

Table 3. Objective Sleep Parameters from PSG

Participant ID TOt?;qsiLelftl;:)lme Sleep(l(\)arilrslztt::)tency Sleep Efficiency (%)
1 425.678 12.345 87.890
2 398.567 10.678 89.123
3 410.789 11.234 86.789
4 435.890 13.456 88.567
5 380.123 9.890 85.678
6 405.678 11.789 88.456
7 415.567 12.567 87.234
8 390.456 10.890 89.456
9 395.890 11.567 86.901
10 410.234 11.789 88.123
11 420.567 12.234 87.456
12 400.789 11.567 88.678
13 425.456 12.789 86.567
14 405.678 11.345 89.012
15 370.890 9.890 84.567

Correlation Matrix of Objective Sleep Parameters
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Figure 3. Correlation Matrix of Objective Sleep Parameters

Figure 3 is a heatmap visualizing the correlation coefficients between total sleep time, sleep onset
latency, and sleep efficiency. The annotations within the heatmap provide the exact correlation values,
allowing for a detailed understanding of how these sleep parameters relate to each other. High positive or
negative values indicate strong relationships, while values closer to zero suggest weaker associations. This
analysis is crucial for identifying potential patterns or insights into how different aspects of sleep quality
and duration are interconnected.

Table 4. Subjective Sleep Parameters from Sleep Diaries

Participant ID Sleep Quality Rating Nur-nber of Sleep Self-RePorted Sleep
(1-10) Disturbances Duration (Hours)
1 7.890 2 7.456
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2 8.123 1 7.890
3 6.789 3 6.901
4 9.012 0 8.234
5 5.678 4 6.345
6 7.456 2 7.012
7 6.234 3 6.789
8 8.456 1 7.567
9 6.567 3 6.456
10 7.890 2 7.234
11 7.234 2 7.678
12 8.567 1 7.890
13 6.789 3 6.567
14 8.123 1 7.456
15 5.678 4 6.123
Distribution of Sleep Quality Ratings among Different Age Groups
3 Sleep Quality Rating (1-10}
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Figure 4. Distribution of Sleep Quality Ratings Among Different Age Groups

Figure 4 is a chart that distinguishes participants into three age groups and displays the
distribution of sleep quality ratings among the groups. The rating scores ranged from 1 to 10, with each
color in the bar representing a different rating level. This visualization gives further understanding of the
variation in sleep quality across different age groups, indicating the prevalence of various sleep quality
experiences within each category. This is a useful tool for identifying patterns or trends in good days across
the lifespan. The compiled bar chart shows the distribution index of sleep quality across age groups,
providing insight into how sleep quality varies between age groups. Each bar represents one age group,
divided by colors corresponding to day ratings of good on a scale of 1 to 10. This visualization allows us to
observe patterns or trends in sleep quality across different age categories. For instance, we can identify
which age groups report higher sleep quality ratings and how the distribution of ratings varies within each
group. The chart effectively communicates the prevalence of various sleep quality experiences, highlighting
the diversity of sleep experiences across age groups.

Table 5. Correlation Analysis between GSM Phone Radiation and Sleep Parameters

Sleep Parameter GSM Phone Radiation Level
Total Sleep Time 0.689
Sleep Onset Latency 0.512
Sleep Efficiency -0.346
Sleep Quality (Objective) -0.267
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Sleep Quality (Subjective) -0.189
Number of Sleep Disturbances 0.431
Self-reported Sleep Duration -0.305

Correlation Network between GSM Phone Radiation Level and Sleep Parameters

sleep Quality (Sub

Number of Sleep Disturbances Total Sleep Time

GSM Phone Radiation Level
- \
Juality (Objective) N sleep Onset Latency

Sleep Efficiency AN

Self-reported Sleep Duration

Figure 5. Correlation Network between GSM Phone Radiation Level and Sleep Parameters

In Figure 5, the nodes represent different sleep parameters, and the edges represent correlations
with GSM phone radiation levels. The thickness of the margins indicates the strength of the correlation,
with solid boundaries representing stronger correlations. Positive correlations are shown with the sleep
parameters that increase with higher GSM phone radiation levels, such as total sleep time and sleep onset
latency. In contrast, negative correlations are indicated by parameters like sleep efficiency and sleep quality
(objective and subjective), which decrease as GSM phone radiation levels increase. This visualization
provides a clear and intuitive understanding of how GSM phone radiation levels might be associated with
various aspects of sleep.

4.1. Discussion

The analysis of the data presented in the tables provides valuable insights into the relationship
between GSM phone radiation exposure, sleep quality, and related parameters among participants. The
findings reveal several interesting patterns and correlations that warrant further discussion and
interpretation. Firstly, the demographic characteristics of the participants, as depicted in Table 1, showcase
a diverse sample in terms of age, gender, mobile phone usage, and sleep quality scores. This diversity
ensures the representation of various demographic groups, enhancing the generalizability of the study
findings. Notably, the data show variations in sleep quality scores among participants, with both male and
female participants reporting a range of scores from moderate to high levels. The violin plot generated from
this data highlights these differences, providing a visual representation of the distribution of sleep quality
scores between genders. While both groups exhibit a similar spread of scores, there may be slight
differences in the central tendency, with females tending to have slightly higher average sleep quality
scores compared to males. This is in agreement with, who stated that males have poorer sleep quality than
females and that there is a negative association between smart phone usage at bedtime and sleep quality.

Moving on to Table 2, which presents GSM phone radiation exposure levels among participants,
we observe a range of exposure levels with no extreme outliers. The Kernel Density Estimation (KDE) plot
generated from this data illustrates the distribution of radiation levels, indicating a concentration of
exposure around the middle range. This suggests that most participants have moderate levels of GSM phone
radiation exposure, with few experiencing exceptionally high or low levels. This distribution is important
for understanding the prevalence and commonality of radiation exposure within the participant group.

Table 3 provides objective sleep parameters measured using polysomnography (PSG), including
total sleep time, sleep onset latency, and sleep efficiency. These parameters offer objective insights into
participants' sleep patterns and quality of sleep. The heatmap generated from this data displays the
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correlation matrix between these sleep parameters, revealing significant associations among them. For
example, total sleep time shows a positive correlation with sleep efficiency, suggesting that longer sleep
duration is associated with increased sleep efficiency. Conversely, total sleep onset shows a weak positive
correlation with total sleep duration, suggesting that delayed sleep onset may slightly delay total sleep
duration. cited that sleep efficiency may be more important than sleep duration for assessing reactivity to
and recovery from stress, as it is linked to reaction time and blood pressure recovery in both mental and
physical challenges.

Table 4 presents subjective sleep data derived from sleep diaries, such as self-reported ratings of
sleep quality, number of sleep problems, and self-reported duration. The stacked bar chart generated from
this data illustrates the distribution of sleep quality ratings among different age groups. The chart reveals
that sleep quality ratings vary across age groups, with younger participants tending to report slightly lower
sleep quality compared to older participants. Additionally, the radar chart comparing sleep duration and
number of sleep disturbances between genders suggests that females may experience slightly longer sleep
durations and fewer sleep disturbances compared to males.

Lastly, Table 5 presents the correlation analysis between GSM phone radiation exposure and
various sleep parameters. The network graph generated from this data visually represents the correlation
network between GSM phone radiation level and sleep parameters. The graph highlights both positive and
negative correlations between radiation exposure and different sleep parameters. Notably, the opposite of
positive correlations with parameters such as sleep duration and sleep onset, suggesting that increased
ventilation may be associated with sleep duration and sleep onset time length, is correlated; a negative
correlation between effective sleep and focused sleep onset is observed. It can also be linked to poor
personal sleep.

In interpreting these results, it is important to consider several factors that may influence the
observed patterns and relationships. In addition to individual differences in sensitivity to GSM mobile
radiation, variations in sleeping habits and environmental factors may contribute to the observed
associations. [20] Documented that most symptoms related to GSM radiation exposure are related to
exposure levels, and concerns about exposure are strongly related to sleep disturbances. Longitudinal
studies with larger samples and more comprehensive studies of sleep and radiation exposure are needed
to establish causal relationships and better understand the mechanisms underlying these associations.

As such, the findings have implications for public health and policy, highlighting the importance of
reducing exposure to GSM mobile radiation, especially at night, when individuals are most vulnerable to
sleep disorders. Campaigns to promote healthy sleep and education awareness aimed at reducing excessive
cell phone use before bedtime can help reduce negative effects. [21] Documented that restricting mobile
phone use close to bedtime reduced sleep latency, pre-sleep arousal, and increased sleep duration and
working memory. In addition, further research is needed to investigate possible interventions or
technologies that can reduce the effects of GSM mobile radiation on sleep, such as protective devices or
other strategies for communicating with each other. Despite the insights gained in this study, there are
several limitations that need to be acknowledged. First, reliance on self-reported sleep activity and cell
phone use introduces recall bias or inaccuracy in the data. Furthermore, using a convenience sample limits
the generalizability of the findings to the general population. Furthermore, prior to the cross-sectional
design of the study, in summary, the analysis of the data presented in the tables sheds light on the complex
relationship between GSM phone radiation exposure and sleep parameters among participants. While the
findings reveal several associations and patterns, further research is needed to elucidate the underlying
mechanisms and establish connectedness. Nonetheless, the results have important implications for public
health and policy, emphasizing the need for proactive measures to mitigate the potential negative effects
of GSM phone radiation on sleep quality.

5. CONCLUSION

In conclusion, the association between GSM mobile radiation exposure and sleep screening
provided valuable insights that contribute to the understanding of this complex phenomenon. Key findings
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from the study suggest a significant association between GSM telephone radiation and a variety of sleep
patterns. Higher levels of GSM phone radiation exposure were associated with longer total sleep time and
longer sleep onset latency. These findings highlight the importance of considering the potential impact of
mobile phone use on sleep quality and highlight the need for further research to provide strategies for
better sleep quality even with the use of GSM phones.

The study contributes to the existing body of knowledge by providing empirical evidence on the
relationship between GSM mobile radiation exposure and sleep quality, filling a distinct gap in the
literature. By systematically investigating the objective and impact of GSM telephone radiation usage levels
by focusing on its effects, this study touches us with nuances on how mobile phone use may affect sleep
patterns and public health policies. There are important implications, as these highlight the need for
campaigns, understanding, and interventions aimed at promoting healthy mobile phone use, especially
before bedtime.
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