
J Biomed Phys Eng

The Influence of Mobile Technologies on 
the Quality of Sleep

Zuzana Slezáková (PhD)1 , Jozef Baláž (PhD)2* , Soňa 
Wimmerová (PhD)2, Martina Valachovičová (PhD)1

1Faculty of Nursing and 
Professional Health 
Studies, Slovak Medical 
University in Bratislava, 
Slovakia
2Faculty of Public Health, 
Slovak Medical Universi-
ty in Bratislava, Slovakia

*Corresponding author: 
Jozef Baláž 
Faculty of Public Health, 
Slovak Medical Universi-
ty in Bratislava, Slovakia
E-mail:  
jozef.balaz@szu.sk
Received: 20 November 2023
Accepted: 23 January 2023

Introduction

Individuals have encountered Electromagnetic fields (EMF) from a 
variety of sources, including both natural occurrences, such as the 
Earth’s magnetic field, and artificial sources, like electric fields cre-

ated by the accumulation of electric charges in the atmosphere during 
storms. Additionally, sunlight carries electromagnetic energy across a 
range of frequencies, including visible light, infrared, and ultraviolet 
radiation. 

While advancements in technology have undoubtedly enhanced our 
quality of life, apprehensions regarding potential health effects associ-
ated with long-term exposure to EMF are on the rise. Numerous studies 
have been conducted to investigate the impact of EMF on human health, 
with some suggesting potential connections to health issues, such as 
cancer, reproductive problems, and other physiological changes. The In-
ternational Agency for Research on Cancer (IARC) recently categorized 
exposure to radiofrequency radiation (RF EMF) as a “possible carcino-
gen” (Group 2B). Moreover, there is supportive evidence indicating a 
potential correlation between extremely low-frequency electromagnetic 
fields and leukemia in children [1].

EMF sources have contributed to the existing natural exposure 
to electromagnetic radiation, which originates from the sun, the  
universe, atmospheric discharges, and storms. Of particular interest is 
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electromagnetic radiation, including radiofre-
quency waves, as it has been associated with 
various short-term effects such as headaches, 
fatigue, tinnitus, concentration problems, 
depression, memory loss, irritability, chest 
pain, immune disorders, and hormonal imbal-
ances. Furthermore, prolonged exposure to 
electromagnetic fields has been linked to an 
increased risk of developing cancer [2]. The 
human body can absorb these waves, particu-
larly from mobile phones, as smartphones are 
often used in close proximity to our bodies. In 
recent times, the duration of smartphone usage 
has escalated, among not only adults but also 
young individuals, including young children 
[3].

As a result, there have been increasing pub-
lic concerns about the potential health effects 
resulting from RF-EMF exposure. According 
to several representative surveys of the popu-
lation conducted in Europe, prevailing health 
complaints related to RF-EMF exposure are 
mainly associated with sleep disorders. Sever-
al studies propose that exposure to high levels 
of EMF in close proximity to the bedroom can 
adversely affect sleep quality. EMF can also 
disrupt the body’s natural biorhythms, leading 
to difficulties in falling asleep, insomnia, or 
disruptions in sleep patterns [4]. 

Sufficient and restorative sleep can signifi-
cantly decrease the likelihood of respiratory 
infections and lower the risk of developing 
serious health issues, including diabetes, heart 
disease, and other chronic conditions. Sleep 
deprivation impacts memory, mood, and over-
all mental well-being [5].

In addition to studies that support the cor-
relation between radiofrequency radiation and 
sleep quality, there are also numerous studies 
that fail to confirm this association. For in-
stance, the findings from the study conducted 
by Tettamanti [6] contradict the hypothesis 
that long-term use of RF-EMF mobile phones 
has an impact on sleep quality.

Furthermore, Eeftens et al. [7] conducted a 
comprehensive study known as the SPUTNIC 

study, which aimed to examine the potential 
links between non-ionizing radiation from 
mobile phones and various aspects of human 
health, including cognitive abilities, quality 
of life, and sleep patterns. The research did 
not find any connections between temporary 
markers of RF-EMF and cognitive abilities, 
health-related quality of life, or the duration 
and quality of sleep.

Material and Methods
In the current study, a total of 36 students 

from the Faculty of Nursing and Health Pro-
fessional Studies participated. The participants 
were divided into four groups, with 9 students 
each from the fields of nursing, physiotherapy, 
midwifery, and radiological technology. All of 
the students were in their first year of study 
and had not yet commenced clinical practice. 
Participation in the study was voluntary, and 
students with chronic sleep problems or those 
who used sleeping pills were excluded from 
the study.

Each student was provided with a fitness 
bracelet (Garmin Vivosmart 4, USA) to wear 
for a duration of one year. The Garmin device 
monitored four different sleep stages, which 
included awake times, Rapid eye movement 
(REM) sleep, light sleep, and deep sleep. Par-
ticipants created online accounts and uploaded 
data related to their sleep patterns, including 
awake times, REM sleep, light sleep, deep 
sleep, average oxygen saturation levels (SpO2), 
lowest SpO2, average pulse during sleep, aver-
age pulse during the day, and number of steps 
taken. This data was securely stored in a dedi-
cated cloud space. The Garmin Connect app 
was utilized by participants to track and ana-
lyze their sleep patterns. As part of the study 
protocol, participants alternated between two-
week periods of sleeping near a mobile phone 
and sleeping without a mobile phone. When 
sleeping, the mobile phone was positioned at 
a distance of 1 meter from the student’s head.

In line with previous studies conducted 
by leading scientists [8,9], we also took into  
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account the potential impact of blue light. All 
participating students had the sleep mode acti-
vated on their mobile phones from 11:00 p.m. 
until 5:00 a.m. During this mode, the mobile 
phones did not emit any light or sound when 
pressed. Additionally, students refrained from 
using their cell phones for at least 60 minutes 
before going to bed. Throughout the entire 
study period, blue light filters were automati-
cally activated on their devices, operating 24 
hours a day.

It is important to note that none of the stu-
dents included in the study were using sleep-
ing pills or melatonin tablets.

Statistical Analysis
The Shapiro–Wilk test was used to deter-

mine the normal distribution of the variables. 
The pair t test was used to compare differenc-
es between the different setups. Wilcoxon test 
was used for comparisons in different setups 
if the requirements had not been met for nor-
mal distribution. IBM SPSS software (version 
28.0) was used for statistical analysis, and the 
significance level was considered at 0.05.

Results
In this study, no significant difference was 

Figure 1: Deep sleep-in minutes

found in time awake, REM, light sleep, and 
deep sleep. Deep sleep is very important for 
physical recovery. Figure 1 displays the dura-
tion of deep sleep when participants slept with 
a mobile phone and when they slept without 
a mobile phone. The data indicates that there 
were no significant differences between the 
two conditions.

However, the initial hypothesis suggested 
that RF-EMF would have an impact on sleep, 
this hypothesis was not confirmed in the study. 
Also, the findings revealed that RF-EMF did 
have a significant effect on both the minimum 
and average blood oxygen saturation levels 
(Figures 2 and 3).

Discussion
There is indeed a considerable body of re-

search focused on investigating the impact 
of RF-EMF on sleep, with many studies con-
ducted under controlled laboratory conditions 
utilizing precise evaluation methods, such 
as polysomnographic recordings [4,5]. Such 
studies are generally considered to be more 
accurate compared to the use of smartwatches 
or fitness bracelets for assessing sleep qual-
ity. However, there are advantages to using  
smartwatches in studies like ours. Laboratory 
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sleep studies can be associated with discom-
fort for participants who sleep in an unfamiliar 
environment while being connected to multi-
ple devices. Furthermore, long-term monitor-
ing is often not feasible in a laboratory setting, 
whereas our study spanned a duration of one 
year. It is worth noting that the need for sleep 
in a laboratory environment can significantly 
affect the quality of sleep.

Regarding the accuracy of fitness bracelets, 

any systemic errors or inaccuracies inherent 
in these devices would manifest consistent-
ly when measuring sleep quality, regardless 
of whether the mobile phone was present or 
absent. By evaluating the differences in mea-
sured values, we were able to compensate for 
these systemic errors to a large extent.

As per the available literature, there is a 
slight prevalence of studies that do not con-
firm a correlation between RF-EMF and sleep 

Figure 3: Average blood oxygen saturation

Figure 2: Minimum blood oxygen saturation
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quality [6,7]. It is important to recognize that 
many websites aggressively promote the no-
tion of significantly negative effects of ra-
diofrequency electromagnetic radiation on 
sleep, which we believe can be more harmful 
in terms of sleep disturbance compared to the 
electromagnetic radiation itself.

Additionally, emerging evidence suggests a 
potential link between RF-EMF and neurode-
generative diseases, particularly Alzheimer’s 
disease [10]. While the impact of RF-EMF 
on sleep quality may contribute indirectly 
to the development of Alzheimer’s disease, 
there is also a possibility of a direct associa-
tion. It would be desirable to address this issue 
in further studies. The calcium hypothesis of 
Alzheimer’s disease suggests that an exces-
sive intracellular calcium concentration plays 
a role in the disease’s development, leading 
to various factors including oxidative stress, 
inflammation, and excessive signaling. Elec-
tromagnetic fields can further amplify these 
effects.

In summary, while there are studies that sup-
port a correlation between RF-EMF and sleep 
quality, there are also studies that do not con-
firm this association. The use of smartwatches 
and fitness bracelets in our study has its ad-
vantages, and it is important to consider the 
wider context and potential effects of RF-EMF 
on neurodegenerative diseases like Alzheim-
er’s. Further research is needed to gain a better 
understanding of these complex interactions 
[10].

Conclusion
During sleep, the deep sleep phase is con-

sidered crucial for physical recovery as it fa-
cilitates the release of growth hormones and 
regeneration of organs, muscles, and cells. 
In our study, we did not observe any statisti-
cally significant differences in the durations of 
wakefulness, REM sleep, light sleep, and deep 
sleep. However, we did find that RF EMF had 
a significant impact on minimum and average 
blood oxygen saturation levels. These findings 

emphasize the importance of conducting fur-
ther comprehensive research in this area.

Authors’ Contribution
Z. Slezáková conceived the idea. The intro-

duction of the paper was written by J. Baláž. 
The method implementation was carried out 
by M. Valachovičová. Results and Analy-
sis were carried out by J. Baláž and S. Wim-
merová. The research work was proofread and 
supervised by Z. Slezáková. All the authors 
read, modified, and approved the final version 
of the manuscript.

Ethical Approval
The Research Ethics Committee of the Slo-

vak Medical University in Bratislava approved 
the project in accordance with the rules and 
guidelines for human research before the start 
of research in 2022 (No. 5/2021).

Informed Consent
Participants were informed about the devel-

opment of the research and those who agreed 
to participate signed an informed consent form 
in duplicate, one of which was given to the 
student.

Funding
This research was funded by project of Slo-

vak internal grant (SVG1) number 08/2021 of 
the Slovak Medical University in Bratislava.

Conflict of Interest
None

References
 1. Zhao L, Liu X, Wang C, Yan K, Lin X, Li S, et 

al. Magnetic fields exposure and childhood leuke-
mia risk: a meta-analysis based on 11,699 cases 
and 13,194 controls. Leuk Res. 2014;38(3):269-
74. doi: 10.1016/j.leukres.2013.12.008. PubMed 
PMID: 24388073.

 2. Jagetia GC. Genotoxic effects of electromagnetic 
field radiations from mobile phones. Environ 
Res. 2022;212(Pt D):113321. doi: 10.1016/j.en-
vres.2022.113321. PubMed PMID: 35508219.

 3. Kim JH, Lee JK, Kim HG, Kim KB, Kim HR. Pos-

V



J Biomed Phys Eng

Zuzana Slezáková, et al

sible Effects of Radiofrequency Electromagnetic 
Field Exposure on Central Nerve System. Biomol 
Ther (Seoul). 2019;27(3):265-75. doi: 10.4062/
biomolther.2018.152. PubMed PMID: 30481957. 
PubMed PMCID: PMC6513191.

 4. Mohler E, Frei P, Fröhlich J, Braun-Fahrländer C, 
Röösli M. Exposure to radiofrequency electromag-
netic fields and sleep quality: a prospective cohort 
study. PLoS One. 2012;7(5):e37455. doi: 10.1371/
journal.pone.0037455. PubMed PMID: 22624036. 
PubMed PMCID: PMC3356284.

 5. Shamard Charles M. Why a Good Night’s Sleep Is 
Important for Your Health. 2023. Available from: 
https://www.verywellhealth.com/why-you-should-
never-regret-a-good-night-s-sleep-5088198. 

 6. Tettamanti G, Auvinen A, Åkerstedt T, Kojo K, Ahl-
bom A, Heinävaara S, et al Long-term effect of 
mobile phone use on sleep quality: Results from 
the cohort study of mobile phone use and health 
(COSMOS). Environ Int. 2020;140:105687. doi: 
10.1016/j.envint.2020.105687. PubMed PMID: 
32276731. PubMed PMCID: PMC7272128.

 7. Eeftens M, Pujol S, Klaiber A, Chopard G, Riss A, 
Smayra F, et al The association between real-life 

markers of phone use and cognitive performance, 
health-related quality of life and sleep. Environ 
Res. 2023;231(Pt 1):116011. doi: 10.1016/j.en-
vres.2023.116011. PubMed PMID: 37127107.

 8. Mortazavi SMJ, Mortazavi SAR, Habibzadeh P, 
Mortazavi G. Is it Blue Light or Increased Elec-
tromagnetic Fields which Affects the Circadian 
Rhythm in People who Use Smartphones at Night. 
Iran J Public Health. 2016;45(3):405-6. PubMed 
PMID: 27141511. PubMed PMCID: PMC4851763.

 9. Mortazavi SAR, Parhoodeh S, Hosseini MA, Arabi 
H, Malakooti H, Nematollahi S, et al. Blocking Short-
Wavelength Component of the Visible Light Emit-
ted by Smartphones’ Screens Improves Human 
Sleep Quality. J Biomed Phys Eng. 2018;8(4):375-
80. PubMed PMID: 30568927. PubMed PMCID: 
PMC6280115.

 10. Pall ML. Low Intensity Electromagnetic Fields Act 
via Voltage-Gated Calcium Channel (VGCC) Activa-
tion to Cause Very Early Onset Alzheimer’s Dis-
ease: 18 Distinct Types of Evidence. Curr Alzheim-
er Res. 2022;19(2):119-32. doi: 10.2174/1567205
019666220202114510. PubMed PMID: 35114921. 
PubMed PMCID: PMC9189734.

VI


