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Introduction

Alzheimer’s disease (AD) is one of the most significant public 
health and economic challenges in the present century [1]. It is 
an age-related and irreversible neurodegenerative disorder [2] 

characterized by progressive loss of memory and cognition [3]. More-
over, the formation of neurofibrillary tangles (NFTs) and accumulation 

Systematic Review

ABSTRACT
Background: Alzheimer’s disease (AD) is one of the most significant public health con-
cerns and tremendous economic challenges. Studies conducted over the past decades show 
that exposure to radiofrequency electromagnetic fields (RF-EMFs) may relieve AD symp-
toms. 
Objective: To determine if exposure to RF-EMFs emitted by cellphones affect the risk 
of AD.
Material and Methods: In this review, all relevant published articles reporting an as-
sociation of cell phone use with AD were studied. We systematically searched international 
datasets to identify relevant studies. Finally, 33 studies were included in the review. Our 
review discusses the effects of RF-EMFs on the amyloid β (Aβ), oxidative stress, apoptosis, 
reactive oxygen species (ROS), neuronal death, and astrocyte responses. Moreover, the role 
of exposure parameters, including the type of exposure, its duration, and specific absorption 
rate (SAR), are discussed. 
Results: Progressive factors of AD such as Aβ, myelin basic protein (MBP), nicotinamide 
adenine dinucleotide phosphate (NADPH) oxidase, and neurofilament light polypeptide 
(NFL) were decreased. While tau protein showed no change, factors affecting brain activity 
such as glial fibrillary acidic protein (GFAP), mitogen-activated protein kinases (MAPKs), 
cerebral blood flow (CBF), brain temperature, and neuronal activity were increased.  
Conclusion: Exposure to low levels of RF-EMFs can reduce the risk of AD by increas-
ing MAPK and GFAP and decreasing MBP. Considering the role of apoptosis in AD and the 
effect of RF-EMF on the progression of the process, this review indicates the positive effect 
of these exposures.
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of amyloid-beta (Aβ) plaques are part of the 
process of the disease accompanying neuronal 
inflammation, increased oxidative stress, and 
reduced level of neurotransmitters like ace-
tylcholine (ACh) and Butyrylcholinesterase 
(BChE), a nonspecific cholinesterase enzyme 
that hydrolyses many different choline-based 
esters [4]. 

Approximately 50 million people world-
wide live with AD and a type of dementia. 
This number has been estimated to increase to 
132 million by 2050 [5]. Furthermore, 10% of 
people over 65 suffer from AD, representing a 
worldwide epidemic [1].

Despite decades of substantial investment 
and intense research, no approved disease-
modifying therapies have been found for AD 
[6]. None of the pharmacologic treatments 
available today for AD slow or lessen the 
damage and destruction of neurons that cause 
AD symptoms and make the disease fatal [7]. 
In addition, acetylcholinesterase inhibitors 
and other drugs like N-methyl D-aspartate 
(NMDA) antagonists, which are currently in 
use, can only treat or diagnose AD symptoms 
for about one year. Due to the inability of drug 
therapies to effectively treat AD, it is impera-
tive that we explore and develop novel treat-
ments, especially non-pharmaceutical pro-
cedures that are safe and disease-modifying. 
Such interventions can be expeditiously and 
efficiently tested in the treatment of AD [8].

Radiofrequency radiation (RFR) (3 MHz 
to 300 GHz) is generated by radio and tele-
vision broadcasting antennas, Wi-Fi hotspots, 
routers, mobile phone stations, and handheld 
devices such as smartphones, tablets, and 
cordless phones [9]. This paper addresses the 
effects of low-level electromagnetic fields on 
AD. A second paper will address the impact of 
low-level ionizing radiation exposures.

Cell phones are a known source of electro-
magnetic fields (EMFs). Considering the ex-
ponential growth of the use of cell phones, it 
would be of crucial importance to study the ef-
fects of EMFs on the human brain [10]. Studies 

on the health effects of exposure to EMF and 
the issue of individual sensitivities, and the 
potential interactions between EMF and other 
environmental factors are receiving global at-
tention. Recent studies have shown that very 
heavy cell phone use may be linked to neu-
robehavioral dysfunction, cancer promotion, 
and an increase in the risk of neurodegenera-
tive disorders [11, 12]. Moreover, substantial 
evidence shows that long-term exposure to 
EMFs can increase the risk of certain cancers, 
AD, and male infertility [13]. 

On the other hand, a cumulative body of 
evidence shows that living organisms exposed 
to different carcinogens at a specific window 
of doses may demonstrate hormetically or J-
shaped dose-response relationships [14-16]. 
According to J-shaped models, the biological 
effects of low doses of a stressor may show 
beneficial or stimulatory effects. In contrast, 
high doses of the same stress may cause det-
rimental effects [17]. In light of this phenom-
enon, it is not surprising that low levels of 
RF-EMF may induce neurohormetic effects  
[18, 19]. It is worth noting that similar neuro-
hormetic effects might be observed after expo-
sure to low doses of ionizing radiation.

Based on different studies that have elucidat-
ed the relationship between EMFs and neuro-
degenerative diseases, especially AD, we de-
signed a pattern of examination that combined 
various human and animal studies concerning 
EMFs radiation. Our research aimed to evalu-
ate the effects of cell-phone radiation (between 
450 and 1800 (MHz) on the incidence of AD 
or the cells involved in the progression of this 
disease and to show its harmful or beneficial 
effects on the different stages of the disease 
and to determine the severity of these effects 
based on the duration of exposure.

Material and Methods
This study was performed according to 

Preferred Reporting Items for Systematic 
reviews and Meta-Analyses extension for 
Scoping Reviews (PRISMA-ScR) checklist 
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and explanation [20]. On 29 March 2021, 
the final protocol was prospectively regis-
tered by the Open Science Platform (OSP)  
(https://osf.io/hg8qn/).

A. Inclusion and Exclusion crite-
ria

Inclusion criteria: All published original and 
review articles reporting on the association of 
cell phones (450 to 3800 (MHz)). 

Exclusion criteria: Case reports, case series, 
letters to the editor without data, commentar-
ies, and editorials.
Participants
No limit to the study population was defined 

for this scoping review, and all human (female, 
male) and animal samples were analyzed.
Outcome measures
Finally, the effects of radiations on Aβ, oxi-

dative stress, apoptosis, reactive oxygen spe-
cies (ROS), neuronal death, responses of as-
trocytes, exposure type, duration of exposure, 
and specific absorption rate (SAR) were dis-
cussed.
Search strategy 
We systematically searched through inter-

national databases to identify relevant studies, 
including ISI Web of Science, Medline, Sco-
pus, inception, PROSPERO, ALZFORUM, 
Cochrane Library, Cumulative Index to Nurs-
ing and Allied Health Literature (CINAHL), 
Science Direct, and EMBASE, using medical 
subject headings (MeSH) terms such as “cell 
phone”, “mobile phone”, “Global System for 
Mobile (GSM)”, “radiofrequency”, “smart-
phone”, “microwave” and were combined 
with key terms like “dementia”, “Alzheim-
er’s”, “Alzheimer’s disease”, “astrocytes”, 
and “β-amyloid”. Additionally, data published 
between the years 1980-2020 was reviewed, 
and we also went through the reference lists 
manually to find relevant publications.

B. The data extraction method and 
quality assessment

Two reviewers independently did the initial 

screening, considering the selection criteria; 
then, the data was extracted and cross-checked. 
Following this, the inconsistencies were re-
solved by consultation with other reviewers. 
The author’s name, target group, publication 
year, location, exposure, exposure time (h), 
and extracted outcomes were all included in 
the data. In addition, quality assessment of the 
selected studies was individually performed by 
two researchers using the modified Jadad scale 
for randomized controlled trial [21], Method-
ological Index for Non-randomized Studies 
(MINORS) tool for nonrandomized interven-
tional study [22], the Newcastle-Ottawa Scale 
(NOS) tool for observational research [23] and 
the Collaborative Approach to Meta-Analysis 
and Review of Animal Data from Experimen-
tal Studies (CAMARADES) tool for animal 
study [24].

Results
Finally, 472 studies were identified and re-

viewed, and after the title and abstract screen-
ing, 439 studies were excluded, and 33 stud-
ies were included for this review (Figure 1). 
Out of 33, 19 original research papers were in 
vivo [25-43], 14 studies were in vitro [44-57]. 
Also, 29 target groups were animals, two tar-
get groups were human, and two others were 
human and animal (Table 1).

Exposure equipment 
The range of frequency used was 835 MHz-

2.45 GHz with SAR 0.012-6 W/kg. The type 
of exposure equipment used included Radio-
frequency (RF) radiation, Code-division mul-
tiple access (CDMA), GSM, continuous wave 
(CW) RF radiation, and EMF.

Animal Models (in-vivo studies)
Wistar rat as an animal model used in six 

studies [25, 32, 34, 36, 38, 43]. Some experi-
mental studies suggested that no significant 
cell-phone radiation effects on increased cell 
proliferation, heat-shock protein 60 (HSP60), 
heat shock cognate 71 kDa protein (Hsc70) 
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or heat shock protein 90 (HSP90), glutamate 
transporter-1 (GLT-1), and glutamate aspar-
tate transporter (GLAST), astroglial expres-
sion and microglial marker proteins or glial 
fibrillary acid protein (GFAP), and iron in the 
brain were observed [25, 32, 36]. However, 
two studies indicated that after exposure to 
900 MHz RF radiation - Aβ, carbonyl proteins 
and malondialdehyde levels were found to be 
increased. Besides, a decrease in rno-miR107 
was related to AD [34, 38]. Yet another study 
found that cell phone radiation increased 
GFAP immunoreactivity in the cortex and hip-
pocampus [43].

Sprague–Dawley rat was used in five stud-
ies [26-28, 31, 39]. These studies have put 
forward that cell-phone radiation induces glial 
reactivity, hypertrophy of glial cells, persis-
tent astroglia activation-induced astrogliosis 
at a SAR 6 W/kg, increase in GFAP levels in 
the striatum and hippocampus and neuronal 
activation, induced astrogliosis, but no myelin 

essential protein (MBP) or Aβ1–40 expression 
in the brain [39]. Also, SAR 1.5 W/kg failed 
to increase GFAP expression in the brain [27]. 

Mice as animal models were used in five 
studies [29, 30, 33, 35, 37]. Further, long-term 
EMF effects may increase neuronal activity, 
cerebral blood flow (CBF), brain temperature, 
and reduced brain Aβ deposition [29]. But 
another study has established that 918 MHz 
radiation could reduce CBF and cerebrovas-
cular constriction induced by freeing Aβ [33]. 
On the other hand, two studies suggested that 
RF exposure increased GFAP [30, 35]. How-
ever, another study showed no change in as-
trocytic GFAP and produced no astrocytic  
reaction [37].

Two studies used pregnant female rats [40, 
42]. Nicolas Petitdant et al. in 2016 showed 
that RF-EMF radiation in the intervention 
group compared with sham-exposed and con-
trols did not show any neurobiological impair-
ment [40]. However, Mei-Li Yang et al., 2020 

Figure 1: Prisma flowchart diagram. 
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Study ID
Study design

Target group
Exposure

Exposure duration
O

utcom
es

C
ountry

K Fritze et al., 1997 [25]
Experimental (in vivo)

Animal Male W
istar rats

890-915Hz, SAR 
0.31.57.5 W

/kg
4 h

The proliferation of cells increased. The 
expression of astrocyte and microglial 

marker proteins was altered.
Germany

A Schirmacher et al., 2000 [49]
Experimental (in vitro)

Animal Astrocytes of Male W
istar rats

1.8 GHz, SAR 0.3 w/kg
4 d

GFAP mRNA levels did not rise.
Germany

Anne-Laure Mausset-Bonnefont et 
al., 2004 [43]

Experimental (in vivo)
Animal Adult male rats W

istar
900 MHz, SAR 6 w/kg

15 min
Immunoreactivity to GFAP has increased 
(in cortex, hippocampus, and striatum)

France

Jae-Seon Lee et al., 2006 [53]
Experimental (in vitro)

Animal Rat Primary Astrocytes
1763 MHz RF radiation 

CMDA, SAR 2 W
/kg

--
There was no stress response elicited by 
RF exposure. TPA-induced phosphoryla-

tion of MAPK

South 
Korea

Thorleif Thorlin et al., 2007 [47]
Experimental (in vitro)

Animal Rat Primary Astrocytes
900 MHz GSM, SAR of 

3 W
/kg

4 or 24 h
Microwave radiation has no influence 
on glial cells, astroglial morphology, or 

microglia cell morphology.
Sweden

Tian-Yong Zhao et al., 2007[44]
Experimental (in vitro)

Animal Pregnant female ICR mice, 
Primary astrocytes

1900 MHz
2h

Short-term cell phone exposure in 
astrocytes, RF radiation can upregulate 

components of apoptotic pathways.
USA

A Höytö et al., 2007 [54]
Experimental (in vitro)

Human and Animal Secondary astrocytes 
(Murine L929 fibroblasts, rat C6 glioblas-
toma cells, human SH-SY5Y neuroblas-
toma cells), and rat primary astrocytes

872 MHz CW
 RF radia-

tion, GSM
2, 8, or 24 hours

ODC activity in primary astrocytes was 
statistically considerably reduced.

Finland

Elsa Brillaud et al., 2007 [26]
Experimental (in vivo)

Animal 48 male Sprague–Dawley rats
SAR=6W

/kg, 900MHz 
signal

2, 3, 6, and 10 days
GSM induces glial reactivity. Hypertrophy 

of glial cells,
France

Mohamed Ammari et al., 2008 [27]
Experimental (in vivo)

Animal Twenty-four male Sprague 
Dawley rats

900 MHz, 1.5, and 6 
w/kg

5 days a week for 24 
weeks for 45 min/day at 
1.5 w/kg and 15 min/day 

at 6 w/kg

Short time GSM exposure induced persis-
tent astroglia activation.

France

Giovanna Del Vecchio et al., 2009 
[56]

Experimental (in vitro)
Animal SN56 septal neurons

900 MHz GSM, SAR 
0.5 w/kg

--
RF did not affect the vitality of cortical 

neurons. RF had no cooperative effects 
with glutamate or 25-35AA beta-amyloid.

Italy

Xuesen Yang et al., 2010 [45]
Experimental (in vitro)

Animal Mouse microglial cell line N9
2.45 GHz, SAR 6 W

/kg
20 min

EMF was shown to increase JAK2 and 
STAT3 phosphorylation significantly.

China

Mohamed Ammari et al., 2010 [28]
Experimental (in vivo)

Animal Forty-eight male Sprague-Dawley 
rats

900 MHz EMF, SAR 
1.5 W

/kg
45, 15 min

A rise in GFAP expression in several brain 
regions.

France

Table 1: General characteristics of the included studies.
RF-EMF and Alzheimer’s Disease
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Study ID
Study design

Target group
Exposure

Exposure duration
O

utcom
es

C
ountry

Gary W
 Arendash et al., 2010 [29]

Experimental (in vivo)
Animal 96 mice carrying the mutant 

AβPPK670N, M671L gene (AβPPsw)
918 MHz, SAR 0.25 

w/kg
Long term EMF

Increased neuronal activity, CBF, and 
decreased amyloid- (A) in the brain.

USA

Dhiraj Maskey et al., 2010 [30]
Experimental (in vivo)

Animal Male ICR mice (6 weeks old), 
20–30 g (Orientbio Inc.) (n=20)

835 MHz with low en-
ergy (SAR=1.6 W

/kg)
8 h/d for 3 months

Increase of GFAP and abnormal astro-
cytes.

South 
Korea

Tomonori Sakurai et al., 2011 [50]
Experimental (in vitro)

Human fetus-derived astroglia cell 
SVGp12

2.45 GHz, continuous 
wave

1, 4, 24 h
RF Exposure did not affect gene expres-

sion in SVGp12 cells.
Japan

M Carballo-Quintás et al., 2011 
[31]

Experimental (in vivo)
Animal Seventy-two adult male Sprague-

Dawley rats

900 MHz EMF, SAR 
= 0.05 W

/kg mini-
mum and 0.18 W

/kg 
maximum

2 h
Elevated neuronal activation, glial reactiv-
ity, and GFAP expression. Reduced activ-
ity in the piriform and entorhinal cortices.

Spain

Aurélie W
atilliaux et al., 2011 [32]

Experimental (in vivo)
Animal Female W

istar rats
1800 MHz EMF, SAR 

1.7 to 2.5 W
/kg

--
No influence on the abundance of HSP60, 
HSC70, or HSP90, as well as serine race-
mase, glutamate transporters, or GFAP.

France

Gary W
 Arendash et al., 2012 [33]

Experimental (in vivo)
Animal 41 aged mice

918 MHz, SAR 0.25-
1.05 W

/kg
--

Lower regional CBF in the cerebral cortex. 
Freed/disaggregated Aβ was induced.

USA

Adamantia F Fragopoulou et al., 
2012 [35]

Experimental (in vivo)
Animal 18 healthy adult male mice

GSM 900 MHz, 
SAR 0.17-0.37w/kg, 

1880–1900 MHz SAR 
0.012-0.028 W

/kg

3 h daily for 8 months
EMF had a substantial impact on GFAP, 

Alpha-synuclein, GMF, and apoE.
Greece

Yu-xiao Liu et al., 2012 [52]
Experimental (in vitro)

Animal Rat astrocytes and C6 glioma 
cells

1950 MHz
12, 24, 48 h

After 48 hours of exposure, an increase in 
Caspase-3 was seen in Astrocytes.

China

Suleyman Dasdag et al., 2013 [34]
Experimental (in vivo)

Animal 17 W
istar Albino adult male rats

900 MHz
2 h / day Every week for 

10 months
A protein, protein carbonyl, and malondial-

dehyde were more significant.
Turkey

Karima Maaroufi et al., 2014 [36]
Experimental (in vivo)

Animal Subjects Twenty-four one-month-
old male W

istar rats

900 MHz EMF, SAR 
= 0.05 W

/kg mini-
mum and 0.18 W

/kg 
maximum

21
There are no synergistic effects between 

EMF and a high iron concentration.
Tunisia

Chunhai Chen et al., 2014 [57]
Experimental (in vitro)

Animal Embryonic neural stem cells 
(eNSCs) (pregnant Balb/c mice)

1800 MHz, SAR 4 W
/kg

1 and 3 days

Exposure to 1800 MHz RF-EMF affects 
eNSC neurite development but does not 

affect the ratio of eNSC differentiated 
neurons to astrocytes.

China

Kiarash Shirbandi, et al
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Study ID
Study design

Target group
Exposure

Exposure duration
O

utcom
es

C
ountry

Yonghui Lu et al., 2014 [51]
Experimental (in vitro)

Animal Mouse microglial cells (N9) and 
astroglial C8-D1A

1800 MHz RF, SAR of 
2.0 W

/kg
1, 3, 6, 12 and 24

RF irradiation elicited distinct pro-
inflammatory responses in astrocytes and 

microglia, activating STAT3 in microglia but 
not astrocytes.

China

Suleyman Dasdag et al., 2015 [38]
Experimental (in vivo)

Animal 14 W
istar Albino adult male rats

900 MHz RF, SAR 
0.0369 W

/kg
3 h per day (7 days a 
week) for 12 months

Reduced rno-miR107 and linked to AD.
Turkey

Stefan Court-Kowalski et al., 2015 
[37]

Experimental (in vivo)
Animal Three groups of mice, comprised 

of 10 animals per group
900 MHz, SAR 4 W

/kg
5 days/week 

Astrogliosis hadn’t been produced.
Australia

Nicolas Petitdant et al., 2016 [40]
Experimental (in vivo)

Animal Seventeen pregnant female rats
RF EMF 900 MHz, SAR 

0, 1.5, or 6W
/kg

45 min
Neurobiological impairment hadn’t been 

shown.
France

Amélie Barthélémy et al., 2016 [39]
Experimental (in vivo)

6-week-old Sprague Dawley male rats 
(n = 68)

900 MHz RF-EMF 0, 
1.5, 6 W

/kg
15, 45 min

Total GFAP levels were higher in the 
striatum, hippocampus, and olfactory bulb. 

RF exposure induced astrogliosis.
France

Mikko Herrala et al., 2018 [55]
Experimental (in vitro)

Animal Rat primary astrocytes
Continuous-wave (CW

) 
or GSM-type 872 MHz 
GSM, SAR 6.0 W

/kg
24

GSM exposure hadn’t induced genomic 
instability in primary astrocytes.

Finland

Aikaterina L Stefi et al., 2019 [48]
Experimental (in vitro)

Human SH-SY5Y cells
1800 MHz GSM, SAR; 

0.23 W
/kg

3 times, for 10 min, for 
2 days

Oxidative stress and cell death induction
Greece

Tsoy A et al., 2019 [46]
Experimental (in vitro)

Human and Animal W
istar rats’ astro-

cytes/Primary human astrocytes

EMF of 918 MHz/10 W
 

peak power pulsed/SAR 
0.20 W

/kg
60 min

Aß42-induced cellular and mitochondrial 
ROS in primary astrocytes are reduced by 

918 MHz EMF.

Kazakh-
stan

Marc Bouji et al., 2020 [41]
Experimental (in vivo)

Animal Samaritan rat model of AD
900MHz RF

1 month (5 days/week)

Increased hippocampus heme oxygen-
ase-1 (HO1) staining while decreas-
ing corticosterone. Memory has been 

improved after RF-EMF exposure. Higher 
hippocampal oxidative stress.

France

Mei-Li Yang et al., 2020 [42]
Experimental (in vivo)

Animal Pregnant rats
850-1 900 MHz mobile 

phone

6 h/d and 24 h/d mobile 
phone radiation for 1-17 

days

MBP and NF-L expression were down-
regulated, whereas GFAP expression was 

up-regulated.
China

M
A
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itogen-activated protein kinases, O
D

C
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W

: C
ontinuous w
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m
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D

: A
lzheim
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F-EM

F: R
adiofrequency electrom

agnetic fields, R
O
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eactive oxygen species, R
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M
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 oxidase, ER
K
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ide adenine dinucleotide phosphate, STAT3: Signal transducer and activator of transcription 3, eN
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lobal System

 for M
obile, p38M
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PK

: p38 m
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conducted a study on long term cell-phone 
radiation group, MBP. It revealed that neuro-
filament light polypeptide (NFL) expressions 
were decreased, and GFAP expression was 
increased. Also, in male rat offspring, myelin 
and axon damage with the activity of astro-
cytes in the cerebellum was observed [42].

Marc Bouji et al., 2020 exposed 900 MHz 
RF to a Samaritan rat model with AD. After the 
exposure, results revealed that its memory was 
modified, oxidative stress in the hippocampus, 
hippocampal heme oxygenase-1 (HO1) was 
increased, and corticosterone reduction was 
reduced [41].

In-vitro Studies
Six studies used cell-cultured astrocytes 

[44, 46, 47, 49, 52-55]. Cell-phone radiation 
did not increase GFAP messenger RNAs, 
stress response, 12-O-tetradecanoylphorbol 
13-acetate (TPA)-induced mitogen-activated 
protein kinases (MAPKs) phosphorylation, 
damage-related factors in glial cells, morphol-
ogy, on microglia, and genomic instability  
[47, 49, 53-55]. However, other studies have 
demonstrated that RF radiation can increase 
caspase-3 that is detected dependently with 
bax and bcl-2, up-regulates apoptotic path-
ways, induces differential pro-inflammatory 
responses, and increases mitochondrial mem-
brane potential astrocytes [44, 46, 51, 52]. 
Also, RF radiation can suppress H2O2 induced 
phosphorylation of p38 mitogen-activated 
protein kinases (p38MAPK), Aß42 activation 
of nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase, and extracellular 
signal-regulated kinases (ERKs) ½ [46] 

In microglia, RF radiation generated multi-
ple pro-inflammatory cytokines and activated 
the signal transducer and activator of transcrip-
tion 3 (STAT3) [45, 51]. Also, it increased the 
expression of CD11b, tumor necrosis factor-a 
(TNF-a), and inducible nitric oxide synthase 
(iNOS), the production of NO, and Janus fam-
ily of tyrosine kinases (JAK) 2 [45].

Furthermore, cell phone radiation inhib-

its neurite development of embryonic neural 
stem cells (eNSCs) but does not affect the ra-
tio of eNSC developed neurons [57]. Also, the  
900 MHz GSM signal did not change the vi-
ability of cortical neurons and Aβ fragment  
25-35 (Aβ25-35) in Dulbecco’s modified Ea-
gle’s medium [56]. 

We found no evidence that exposure to RF 
fields affected humans. Also, gene expression 
in a normal human glial cell line, SVGp12 
cells [50], but a study by Aikaterina L Stefi 
et al. suggested that RF radiation alters amy-
loid precursor proteins, introduces changes in 
monomeric alpha-synuclein (α-syn) accumu-
lation, and induces oxidative stress in human 
SH-SY5Y cells [48].

Discussion
Some studies have shown that cell phone ra-

diation can help improve memory in patients 
with AD [58-60]. Also, there has been research 
regarding the correlation between Aβ and AD 
[61]. Misfolded peptides appear to play an im-
portant role in several degenerative diseases, 
and may play a key part in the aggregation of 
Aβ in the brain during the pathogenesis of AD 
[62]. Exposure to EMFs enhances the Blood-
Brain Flow (BBF) and neuronal cells activi-
ties such that Aβ clearance increases, and the 
chance of AB aggregation decreases [33]. In 
2019, Andrey Tsoy et al. exposed that ordi-
nary radiation of a cell phone (918 MHz) en-
hances the BBF and reduces oxidative stress 
and Aβ accumulation. Following this, Aβ by 
activating NADPH causes mitochondrial dys-
function, resulting in the formation of super 
oxidative astrocytes [46]. More so over, some 
studies have reported no changes [39], while 
other studies have elicited an increase of Aβ 
accumulation in EMFs [38].

Additionally, misfolded Aβ and tau pro-
tein aggregation due to amyloid plaques and 
neurofibrillary tangles (NFTs) are the leading 
cause of AD pathology [63]. Deposition of Aβ 
plaques and tau protein in the CNS increases 
AD chances [64]. The studies we analyzed 
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RF-EMF and Alzheimer’s Disease
have shown a decrease in Aβ, in most cases 
by exposure to EMF, so we have deduced that 
EMF generated by cell phones reduces the 
likelihood of AD (Table 2, Figure 2).

The movement and transportation of 
biomolecules in eukaryotes occur with the 
help of protein kinases type 3 and 5, respec-
tively. Also, motor KIF13B and Eg5, MAPKs 
(type 3&5) help myelination regulate p38 
[65]. Recently, scientists have claimed to 
find a new way to treat AD by targeting p38 
MAPK. Moreover, inhibition of p38 MAPK 
conduces to a new hope of AD treatment [66]. 
In 2019, Tsoy et al. claimed that EMF does 
not influence suppressing p38 MAPK and 
extracellular regulation kinase 1,2 (ERK1,2); 
it could be because of the second ROS-inde-
pendent downstream pathway [46]. Exposure 
to EMF had no significant effect on MAPK 
phosphorylation in either human T-lympho-
cytes or rat astrocytes in Lee et al.’s study in 
2006 [53]. Based on our review of the impact 
of EMF on MAPK, it appears that this expo-

sure has no apparent effect on MAPK levels  
(Table 2, Figure 2).

Glial fibrillary acidic protein (GFAP) is one 
of the human body’s proteins and is a medium-
length protein expressed in various body cells, 
including astrocytes. GFAP regulates cerebral 
blood flow (CBF) and suppresses neuronal 
cell proliferation [67].

In 2012, Adamantia F Fragopoulou et al. 
exposed adult male mice to radiation three 
hours a day for eight months. Data obtained 
at the end of the study showed an increase in 
GFAP [35]. In various studies performed by 
Anne-Laure Mausset-Bonnefont et al., 2004, 
Mohamed Ammari et al., 2010, Mei-Li Yang et 
al., 2020 and Amélie Barthélémy et al., 2016 
have shown that GFAP levels would increase 
with exposed to EMFs [28, 29, 42, 43]. On the 
contrary, studies from A Schirmacher et al., 
2000; Aurélie Watilliaux et al., 2011; Stefan 
Court-Kowalski et al., 2015 concluded that 
there had been no apparent changes for GFAP 
in EMFs [32, 37, 49]. Human and animal-

Factors Human Animal
Strength of Evidence

Human Animal
Aβ ↓ [46, 29] ↓ [46] Poor Strong

tau protein - - - -
MAPKs ↑ [46, 53] - - Fair
GFAP ↑ [28, 29, 43, 42] ↑ [35] Poor Hight
MBP - ↓ [28] - Poor
NF-L - ↓ [28] - Poor

NADPH oxidase - ↓ [46] - Poor
Apoptotic - ↑ [52, 44] - Poor

CBF - ↑ [29] - Poor
Brain temperature - ↑ [29] - Poor
Neuronal activity - ↑ [29] - Poor

α-syn ↑ [48] - Poor -
Oxidative stress ↑ [48] - Poor Poor

BBF ↑ [46] - Poor -
Aβ: Amyloid-beta peptide, MAPK: Mitogen-activated protein kinases, GFAP: Glial fibrillary acidic protein, CBF: Cerebral blood 
flow, NADPH: Nicotinamide adenine dinucleotide phosphate, MBP: Myelin basic protein, NF-L: Neurofilament-L, BBF: Blood-
Brain Flow, up and down arrows show increase and decrease, respectively

Table 2: Factors change related to Alzheimer’s Disease.
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modeled studies based on the effect of EMFs 
on GFAP were reviewed (Table 2, Figure 2).

Among the selected studies in our study, 
MBP changes have been considered in two 
studies. Amélie Barthélémy et al., 2016 did 
not report apparent differences, but Mei-Li  
Yang et al., 2020 showed a decrease in MBP 
and neurofilament-L (NF-L) expression along 
with the increase of GFAP expression in EMF 
[37, 42] (Table 2, Figure 2).

Apoptosis is a natural phenomenon that oc-
curs in the human body through molecular 
pathways in the mitochondria and endoplas-
mic reticulum. Various factors influence this 
phenomenon, for example, in neurodegenera-
tive diseases such as AD, Aβ, tumor necrosis 
factor-α reactive oxygen species, etc. [68]. 
Two in vitro studies, Tian-Yong Zhao et al., 
2007 and Yu-xiao Liu et al., 2012, were de-
signed to expose the animal model to 1900 and  
1950 MHz, respectively. In the first study, af-
ter 12 hours, and in the second study, after 48 
hours, there were significant changes in the en-

hancement of apoptosis [44, 52]. Pathways as-
sociated with necrosis and apoptosis followed 
by cell death are events in AD [69]. Therefore, 
following the review of animal studies on the 
effect of EMFs on apoptosis and increasing 
the rate of apoptosis as a mechanism of cell 
death in AD, it seems that EMFs contribute to 
the progression of AD by increasing apoptosis 
(Table 2, Figure 2).

The lack of further studies on the effects of 
EMF on the human body was our most sig-
nificant limitation. It is recommended that in 
the future and by designing other human stud-
ies and the relatively large number of animal 
studies in this field, making a significant con-
tribution to EMF on the human body is posi-
tive or negative.

Conclusion
Studies included in this review show that 

exposure to RF-EMFs act as a double-edged 
sword. While the findings of some studies in-
dicate a reduced incidence of AD, other stud-

Kiarash Shirbandi, et al

Figure 2: Mechanism pathways of cell-phone radiation on Alzheimer’s Disease (AD).
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ies show an acceleration of the course of the 
disease. We believe that parameters such as 
the level of exposure (e.g., specific absorp-
tion rate, exposure duration, cumulative ex-
posure, etc.) can determine if the response to 
RF-EMFs will prove beneficial or detrimental. 
A future research effort should be conducted 
to determine if there is an optimum range of 
SAR values or radio frequency ranges that 
affect AD either positively or negatively. 
Moreover, it is crucial to determine how the 
animal data can be translated into human ef-
fects. Therefore, further studies in this field are 
clearly warranted.

Authors’ Contribution
K. Shirbandi conceived the idea. The intro-

duction of the paper was written by N. Sade-
ghian, S. Adiban and M. Khalafi gathers the 
images and the related literature and help with 
the writing of the related works. The meth-
od implementation was carried out by SAR. 
Mortazavi, F. Bahaeddini Zarandi and SH. 
Mortazavi. The whole project was supervised 
by SMJ. Mortazavi, JJ. Bevelacqua and JS. 
Welsh. SMJ. Mortazavi and JS. Welsh have 
equally contributed to this work. All the au-
thors read, modified, and approved the final 
version of the manuscript.

Conflict of Interest
None

References
 1. Mander BA, Winer JR, Jagust WJ, Walker MP. 

Sleep: A Novel Mechanistic Pathway, Biomarker, 
and Treatment Target in the Pathology of Alzheim-
er’s Disease? Trends Neurosci. 2016;39(8):552-66. 
doi: 10.1016/j.tins.2016.05.002. PubMed PMID: 
27325209. PubMed PMCID: PMC4967375.

 2. Lee JK, Kim NJ. Recent Advances in the Inhibition of 
p38 MAPK as a Potential Strategy for the Treatment 
of Alzheimer’s Disease. Molecules. 2017;22(8):1287. 
doi: 10.3390/molecules22081287. PubMed PMID: 
28767069. PubMed PMCID: PMC6152076. 

 3. Canter RG, Penney J, Tsai LH. The road to restoring 
neural circuits for the treatment of Alzheimer’s dis-
ease. Nature. 2016;539(7628):187-96. doi: 10.1038/
nature20412. PubMed PMID: 27830780.

 4. Agrawal M, Ajazuddin, Tripathi DK, Saraf S, Saraf S, 
Antimisiaris SG, et al. Recent advancements in lipo-
somes targeting strategies to cross blood-brain bar-
rier (BBB) for the treatment of Alzheimer’s disease. 
J Control Release. 2017;260:61-77. doi: 10.1016/j.
jconrel.2017.05.019. PubMed PMID: 28549949. 

 5. Irwin K, Sexton C, Daniel T, Lawlor B, Naci L. 
Healthy Aging and Dementia: Two Roads Diverg-
ing in Midlife? Front Aging Neurosci. 2018;10:275. 
doi: 10.3389/fnagi.2018.00275. PubMed PMID: 
30283329. PubMed PMCID: PMC6156266.

 6. Wes PD, Sayed FA, Bard F, Gan L. Targeting microg-
lia for the treatment of Alzheimer’s Disease. Glia. 
2016;64(10):1710-32. doi: 10.1002/glia.22988. 
PubMed PMID: 27100611.

 7. 2020 Alzheimer’s disease facts and figures. Alzheim-
ers Dement. 2020. doi: 10.1002/alz.12068. PubMed 
PMID: 32157811. 

 8. Berg-Weger M, Stewart DB. Non-Pharmacologic 
Interventions for Persons with Dementia. Mo Med. 
2017;114(2):116-9. PubMed PMID: 30228557. 
PubMed PMCID: PMC6140014. 

 9. Chiaramello E, Bonato M, Fiocchi S, Tognola G, 
Parazzini M, Ravazzani P, et al. Radio Frequency 
Electromagnetic Fields Exposure Assessment in 
Indoor Environments: A Review. Int J Environ 
Res Public Health. 2019;16(6):955. doi: 10.3390/
ijerph16060955. PubMed PMID: 30884917. 
PubMed PMCID: PMC6466609. 

 10. Bouji M, Lecomte A, Hode Y, De Seze R, Villégier 
AS. Effects of 900 MHz radiofrequency on corticos-
terone, emotional memory and neuroinflammation 
in middle-aged rats. Exp Gerontol. 2012;47(6):444-
51. doi: 10.1016/j.exger.2012.03.015. PubMed 
PMID: 22507567.

 11. Schuermann D, Mevissen M. Manmade Electro-
magnetic Fields and Oxidative Stress-Biological Ef-
fects and Consequences for Health. Int J Mol Sci. 
2021;22(7):3772. doi: 10.3390/ijms22073772. 
PubMed PMID: 33917298. PubMed PMCID: 
PMC8038719.  

 12. Khan MM. Adverse effects of excessive mo-
bile phone use. Int J Occup Med Environ Health. 
2008;21(4):289-93. doi: 10.2478/v10001-008-
0028-6. PubMed PMID: 19228576. 

 13. Belyaev I, Dean A, Eger H, Hubmann G, Jandriso-
vits R, Kern M, et al. EUROPAEM EMF Guideline 
2016 for the prevention, diagnosis and treatment 
of EMF-related health problems and illnesses. Rev 
Environ Health. 2016;31(3):363-97. doi: 10.1515/
reveh-2016-0011. PubMed PMID: 27454111. 

 14. Cox LA Jr. Universality of J-shaped and U-shaped 
dose-response relations as emergent proper-
ties of stochastic transition systems. Dose Re-
sponse. 2006;3(3):353-68. doi: 10.2203/dose-

RF-EMF and Alzheimer’s Disease

13



J Biomed Phys Eng 2023; 13(1)

response.0003.03.006. PubMed PMID: 18648616. 
PubMed PMCID: PMC2475946. 

 15. Ricci PF, Straja SR, Cox AL Jr. Changing the Risk 
Paradigms Can be Good for Our Health: J-Shaped, 
Linear and Threshold Dose-Response Models. Dose 
Response. 2012;10(2):177-89. doi: 10.2203/dose-
response.11-020.Ricci. PubMed PMID: 22740780. 
PubMed PMCID: PMC3375485. 

 16. Chapman KE, Hoffmann GR, Doak SH, Jenkins GJS. 
Investigation of J-shaped dose-responses induced 
by exposure to the alkylating agent N-methyl-
N-nitrosourea. Mutat Res. 2017;819:38-46. doi: 
10.1016/j.mrgentox.2017.05.002. PubMed PMID: 
28622829. 

 17. Mortazavi SAR, Shojaei-Fard M, Haghani M, 
Shokrpour N, Mortazavi SMJ. Exposure to mo-
bile phone radiation opens new horizons in Al-
zheimer’s disease treatment. J Biomed Phys Eng. 
2013;3(3):109-12. PubMed PMID: 25505755. 
PubMed PMCID: PMC4204502. 

 18. Mortazavi SAR, Tavakkoli-Golpayegani A, Haghani 
M, Mortazavi SMJ. Looking at the other side of the 
coin: the search for possible biopositive cognitive 
effects of the exposure to 900 MHz GSM mobile 
phone radiofrequency radiation. J Environ Health 
Sci Eng. 2014;12:75. doi: 10.1186/2052-336X-12-
75. PubMed PMID: 24843789. PubMed PMCID: 
PMC4004454. 

 19. Bevelacqua JJ, Mortazavi SMJ. Alzheimer ‘s Disease: 
Possible Mechanisms Behind Neurohormesis In-
duced by Exposure to Low Doses of Ionizing Radia-
tion. J Biomed Phys Eng. 2018;8(2):153-6. PubMed 
PMID: 29951441. PubMed PMCID: PMC6015644. 

 20. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun 
H, Levac D, et al. PRISMA Extension for Scoping 
Reviews (PRISMA-ScR): Checklist and Explanation. 
Ann Intern Med. 2018;169(7):467-73. doi: 10.7326/
M18-0850. PubMed PMID: 30178033. 

 21. Oremus M, Wolfson C, Perrault A, Demers L, Mo-
moli F, Moride Y. Interrater reliability of the modified 
Jadad quality scale for systematic reviews of Al-
zheimer’s disease drug trials. Dement Geriatr Cogn 
Disord. 2001;12(3):232-6. doi: 10.1159/000051263. 
PubMed PMID: 11244218. 

 22. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, 
Chipponi J. Methodological index for non-random-
ized studies (minors): development and validation of 
a new instrument. ANZ J Surg. 2003;73(9):712-6. 
doi: 10.1046/j.1445-2197.2003.02748.x. PubMed 
PMID: 12956787. 

 23. Deeks JJ, Dinnes J, D’Amico R, Sowden AJ, Sa-
karovitch C, Song F, et al. Evaluating non-ran-
domised intervention studies. Health Technol As-
sess. 2003;7(27):1-173. doi: 10.3310/hta7270. 
PubMed PMID: 14499048. 

 24. Macleod MR, O’Collins T, Howells DW, Don-
nan GA. Pooling of animal experimental data re-
veals influence of study design and publication 
bias. Stroke. 2004;35(5):1203-8. doi: 10.1161/01.
STR.0000125719.25853.20. PubMed PMID: 
15060322. 

 25. Fritze K, Wiessner C, Kuster N, Sommer C, Gass 
P, Hermann DM, et al. Effect of global system for 
mobile communication microwave exposure on 
the genomic response of the rat brain. Neurosci-
ence. 1997;81(3):627-39. doi: 10.1016/s0306-
4522(97)00228-5. PubMed PMID: 9316016. 

 26. Brillaud E, Piotrowski A, De Seze R. Effect of an acute 
900MHz GSM exposure on glia in the rat brain: a 
time-dependent study. Toxicology. 2007;238(1):23-
33. doi: 10.1016/j.tox.2007.05.019. PubMed PMID: 
17624651. 

 27. Ammari M, Brillaud E, Gamez C, Lecomte A, Sakly M, 
Abdelmelek H, De Seze R. Effect of a chronic GSM 
900 MHz exposure on glia in the rat brain. Biomed 
Pharmacother. 2008;62(4):273-81. doi: 10.1016/j.
biopha.2008.03.002. PubMed PMID: 18424058. 

 28. Ammari M, Gamez C, Lecomte A, Sakly M, Abdelmelek 
H, De Seze R. GFAP expression in the rat brain follow-
ing sub-chronic exposure to a 900 MHz electromag-
netic field signal. Int J Radiat Biol. 2010;86(5):367-
75. doi: 10.3109/09553000903567946. PubMed 
PMID: 20397841.

 29. Arendash GW, Sanchez-Ramos J, Mori T, Mamcarz 
M, Lin X, Runfeldt M, et al. Electromagnetic field 
treatment protects against and reverses cognitive 
impairment in Alzheimer’s disease mice. J Alzheim-
ers Dis. 2010;19(1):191-210. doi: 10.3233/JAD-
2010-1228. PubMed PMID: 20061638.

 30. Maskey D, Pradhan J, Aryal B, Lee CM, Choi IY, 
Park KS, et al. Chronic 835-MHz radiofrequency 
exposure to mice hippocampus alters the dis-
tribution of calbindin and GFAP immunoreactiv-
ity. Brain Res. 2010;1346:237-46. doi: 10.1016/j.
brainres.2010.05.045. PubMed PMID: 20546709.

 31. Carballo-Quintás M, Martínez-Silva I, Cadarso-
Suárez C, Alvarez-Figueiras M, Ares-Pena FJ, López-
Martín E. A study of neurotoxic biomarkers, c-fos 
and GFAP after acute exposure to GSM radiation at 
900 MHz in the picrotoxin model of rat brains. Neu-
rotoxicology. 2011;32(4):478-94. doi: 10.1016/j.
neuro.2011.04.003. PubMed PMID: 21524663. 

 32. Watilliaux A, Edeline JM, Lévêque P, Jay TM, Mal-
lat M. Effect of exposure to 1,800 MHz electro-
magnetic fields on heat shock proteins and glial 
cells in the brain of developing rats. Neurotox Res. 
2011;20(2):109-19. doi: 10.1007/s12640-010-
9225-8. PubMed PMID: 21042961.

 33. Arendash GW, Mori T, Dorsey M, Gonzalez R, Tajiri 
N, Borlongan C. Electromagnetic treatment to old 

Kiarash Shirbandi, et al

14



J Biomed Phys Eng 2023; 13(1)

Alzheimer’s mice reverses β-amyloid deposition, 
modifies cerebral blood flow, and provides selected 
cognitive benefit. PLoS One. 2012;7(4):e35751. 
doi: 10.1371/journal.pone.0035751. PubMed PMID: 
22558216. PubMed PMCID: PMC3338462. 

 34. Dasdag S, Akdag MZ, Kizil G, Kizil M, Cakir DU, 
Yokus B. Effect of 900 MHz radio frequency ra-
diation on beta amyloid protein, protein car-
bonyl, and malondialdehyde in the brain. Elec-
tromagn Biol Med. 2012;31(1):67-74. doi: 
10.3109/15368378.2011.624654. PubMed PMID: 
22268730.

 35. Fragopoulou AF, Samara A, Antonelou MH, Xantho-
poulou A, Papadopoulou A, Vougas K, et al. Brain 
proteome response following whole body exposure 
of mice to mobile phone or wireless DECT base 
radiation. Electromagn Biol Med. 2012;31(4):250-
74. doi: 10.3109/15368378.2011.631068. PubMed 
PMID: 22263702. 

 36. Maaroufi K, Had-Aissouni L, Melon C, Sakly M, 
Abdelmelek H, Poucet B, et al. Spatial learning, 
monoamines and oxidative stress in rats exposed 
to 900 MHz electromagnetic field in combination 
with iron overload. Behav Brain Res. 2014;258:80-
9. doi: 10.1016/j.bbr.2013.10.016. PubMed PMID: 
24144546. 

 37. Court-Kowalski S, Finnie JW, Manavis J, Blumbergs 
PC, Helps SC, Vink R. Effect of long-term (2 years) 
exposure of mouse brains to global system for mo-
bile communication (GSM) radiofrequency fields 
on astrocytic immunoreactivity. Bioelectromagnet-
ics. 2015;36(3):245-50. doi: 10.1002/bem.21891. 
PubMed PMID: 25703451. 

 38. Dasdag S, Akdag MZ, Erdal ME, Erdal N, Ay OI, Ay 
ME, et al. Long term and excessive use of 900 MHz 
radiofrequency radiation alter microRNA expression 
in brain. Int J Radiat Biol. 2015;91(4):306-11. doi: 
10.3109/09553002.2015.997896. PubMed PMID: 
25529971. 

 39. Barthélémy A, Mouchard A, Bouji M, Blazy K, Puig-
segur R, Villégier AS. Glial markers and emotional 
memory in rats following acute cerebral radiofre-
quency exposures. Environ Sci Pollut Res Int. 
2016;23(24):25343-55. doi: 10.1007/s11356-016-
7758-y. PubMed PMID: 27696165. 

 40. Petitdant N, Lecomte A, Robidel F, Gamez C, Blazy 
K, Villégier AS. Cerebral radiofrequency exposures 
during adolescence: Impact on astrocytes and brain 
functions in healthy and pathologic rat models. Bio-
electromagnetics. 2016;37(5):338-50. doi: 10.1002/
bem.21986. PubMed PMID: 27272062. 

 41. Bouji M, Lecomte A, Gamez C, Blazy K, Villégier 
AS. Impact of Cerebral Radiofrequency Exposures 
on Oxidative Stress and Corticosterone in a Rat 
Model of Alzheimer’s Disease. J Alzheimers Dis. 

2020;73(2):467-76. doi: 10.3233/JAD-190593. 
PubMed PMID: 31796670. 

 42. Yang ML, Hong SY, Huang HH, Lyu GR, Wang LX. 
The effects of prenatal radiation of mobile phones on 
white matter in cerebellum of rat offspring. Zhong-
guo Ying Yong Sheng Li Xue Za Zhi. 2020;36(1):77-
81. doi: 10.12047/j.cjap.5880.2020.017. PubMed 
PMID: 32476377.

 43. Mausset-Bonnefont AL, Hirbec H, Bonnefont X, 
Privat A, Vignon J, De Sèze R. Acute exposure 
to GSM 900-MHz electromagnetic fields induces 
glial reactivity and biochemical modifications in 
the rat brain. Neurobiol Dis. 2004;17(3):445-54. 
doi: 10.1016/j.nbd.2004.07.004. PubMed PMID: 
15571980. 

 44. Zhao TY, Zou SP, Knapp PE. Exposure to cell 
phone radiation up-regulates apoptosis genes 
in primary cultures of neurons and astrocytes. 
Neurosci Lett. 2007;412(1):34-8. doi: 10.1016/j.
neulet.2006.09.092. PubMed PMID: 17187929. 
PubMed PMCID: PMC2713174. 

 45. Yang X, He G, Hao Y, Chen C, Li M, Wang Y, et 
al. The role of the JAK2-STAT3 pathway in pro-
inflammatory responses of EMF-stimulated N9 
microglial cells. J Neuroinflammation. 2010;7:54. 
doi: 10.1186/1742-2094-7-54. PubMed PMID: 
20828402. PubMed PMCID: PMC2945324. 

 46. Tsoy A, Saliev T, Abzhanova E, Turgambayeva 
A, Kaiyrlykyzy A, Akishev M, et al. The Effects of 
Mobile Phone Radiofrequency Electromagnetic 
Fields on β-Amyloid-Induced Oxidative Stress in 
Human and Rat Primary Astrocytes. Neurosci-
ence. 2019;408:46-57. doi: 10.1016/j.neurosci-
ence.2019.03.058. PubMed PMID: 30953670. 

 47. Thorlin T, Rouquette JM, Hamnerius Y, Hansson E, 
Persson M, Björklund U, et al. Exposure of cultured 
astroglial and microglial brain cells to 900 MHz mi-
crowave radiation. Radiat Res. 2006;166(2):409-21. 
doi: 10.1667/RR3584.1. PubMed PMID: 16881742. 

 48. Stefi AL, Margaritis LH, Skouroliakou AS, Vassilaco-
poulou D. Mobile phone electromagnetic radiation 
affects Amyloid Precursor Protein and α-synuclein 
metabolism in SH-SY5Y cells. Pathophysiol-
ogy. 2019;26(3-4):203-12. doi: 10.1016/j.patho-
phys.2019.02.004. PubMed PMID: 30850244. 

 49. Schirmacher A, Winters S, Fischer S, Goeke J, 
Galla HJ, Kullnick U, et al. Electromagnetic fields 
(1.8 GHz) increase the permeability to sucrose of 
the blood-brain barrier in vitro. Bioelectromagnetics. 
2000;21(5):338-45. PubMed PMID: 10899769. 

 50. Sakurai T, Kiyokawa T, Narita E, Suzuki Y, Taki 
M, Miyakoshi J. Analysis of gene expression in a 
human-derived glial cell line exposed to 2.45 GHz 
continuous radiofrequency electromagnetic fields. 
J Radiat Res. 2011;52(2):185-92. doi: 10.1269/

RF-EMF and Alzheimer’s Disease

15



J Biomed Phys Eng 2023; 13(1)

jrr.10116. PubMed PMID: 21343680. 

 51. Lu Y, He M, Zhang Y, Xu S, Zhang L, He Y, et 
al. Differential pro-inflammatory responses of as-
trocytes and microglia involve STAT3 activation in 
response to 1800 MHz radiofrequency fields. PLoS 
One. 2014;9(9):e108318. doi: 10.1371/journal.
pone.0108318. PubMed PMID: 25275372 PubMed 
PMCID: PMC4183530. 

 52. Liu YX, Tai JL, Li GQ, Zhang ZW, Xue JH, Liu HS, 
et al. Exposure to 1950-MHz TD-SCDMA elec-
tromagnetic fields affects the apoptosis of astro-
cytes via caspase-3-dependent pathway. PLoS 
One. 2012;7(8):e42332. doi: 10.1371/journal.
pone.0042332. PubMed PMID: 22870319. PubMed 
PMCID: PMC3411641. 

 53. Lee JS, Huang TQ, Kim TH, Kim JY, Kim HJ, Pack 
JK, et al. Radiofrequency radiation does not in-
duce stress response in human T-lymphocytes 
and rat primary astrocytes. Bioelectromagnet-
ics. 2006;27(7):578-88. doi: 10.1002/bem.20235. 
PubMed PMID: 16838270. 

 54. Höytö A, Juutilainen J, Naarala J. Ornithine decar-
boxylase activity is affected in primary astrocytes 
but not in secondary cell lines exposed to 872 MHz 
RF radiation. Int J Radiat Biol. 2007;83(6):367-74. 
doi: 10.1080/09553000701317341. PubMed PMID: 
17487676. 

 55. Herrala M, Mustafa E, Naarala J, Juutilainen J. 
Assessment of genotoxicity and genomic in-
stability in rat primary astrocytes exposed to 
872 MHz radiofrequency radiation and chemi-
cals. Int J Radiat Biol. 2018;94(10):883-9. doi: 
10.1080/09553002.2018.1450534. PubMed PMID: 
29528766. 

 56. Del Vecchio G, Giuliani A, Fernandez M, Mesirca P, 
Bersani F, Pinto R, et al. Effect of radiofrequency 
electromagnetic field exposure on in vitro models 
of neurodegenerative disease. Bioelectromagnet-
ics. 2009;30(7):564-72. doi: 10.1002/bem.20507. 
PubMed PMID: 19479910. 

 57. Chen C, Ma Q, Liu C, Deng P, Zhu G, Zhang L, et 
al. Exposure to 1800 MHz radiofrequency radia-
tion impairs neurite outgrowth of embryonic neu-
ral stem cells. Sci Rep. 2014;4:5103. doi: 10.1038/
srep05103. PubMed PMID: 24869783. PubMed 
PMCID: PMC4037711. 

 58. Zubko O, Gould RL, Gay HC, Cox HJ, Coulson MC, 
Howard RJ. Effects of electromagnetic fields emitted 
by GSM phones on working memory: a meta-analy-
sis. Int J Geriatr Psychiatry. 2017;32(2):125-35. doi: 
10.1002/gps.4581. PubMed PMID: 27645289. 

 59. Guerriero F, Ricevuti G. Extremely low frequency 
electromagnetic fields stimulation modulates autoim-
munity and immune responses: a possible immuno-
modulatory therapeutic effect in neurodegenerative 

diseases. Neural Regen Res. 2016;11(12):1888-95. 
doi: 10.4103/1673-5374.195277. PubMed PMID: 
28197174. PubMed PMCID: PMC5270416. 

 60. Pritchard C, Silk A, Hansen L. Are rises in Electro-
Magnetic Field in the human environment, interact-
ing with multiple environmental pollutions, the trip-
ping point for increases in neurological deaths in the 
Western World? Med Hypotheses. 2019;127:76-83. 
doi: 10.1016/j.mehy.2019.03.018. PubMed PMID: 
31088653.

 61. Vivekanandan S, Brender JR, Lee SY, Ramamoorthy 
A. A partially folded structure of amyloid-beta(1-40) 
in an aqueous environment. Biochem Biophys 
Res Commun. 2011;411(2):312-6. doi: 10.1016/j.
bbrc.2011.06.133. PubMed PMID: 21726530. 
PubMed PMCID: PMC3148408. 

 62. Moreno-Gonzalez I, Soto C. Misfolded protein 
aggregates: mechanisms, structures and po-
tential for disease transmission. Semin Cell 
Dev Biol. 2011;22(5):482-7. doi: 10.1016/j.
semcdb.2011.04.002. PubMed PMID: 21571086. 
PubMed PMCID: PMC3175247. 

 63. Gandy S, DeKosky ST. Toward the treatment and 
prevention of Alzheimer’s disease: rational strategies 
and recent progress. Annu Rev Med. 2013;64:367-
83. doi: 10.1146/annurev-med-092611-084441. 
PubMed PMID: 23327526. PubMed PMCID: 
PMC3625402. 

 64. Oddo S, Caccamo A, Kitazawa M, Tseng BP, LaFerla 
FM. Amyloid deposition precedes tangle formation 
in a triple transgenic model of Alzheimer’s dis-
ease. Neurobiol Aging. 2003;24(8):1063-70. doi: 
10.1016/j.neurobiolaging.2003.08.012. PubMed 
PMID: 14643377. 

 65. Liang YJ, Yang WX. Kinesins in MAPK cascade: 
How kinesin motors are involved in the MAPK 
pathway? Gene. 2019;684:1-9. doi: 10.1016/j.
gene.2018.10.042. PubMed PMID: 30342167.

 66. Munoz L, Ammit AJ. Targeting p38 MAPK pathway 
for the treatment of Alzheimer’s disease. Neurophar-
macology. 2010;58(3):561-8. doi: 10.1016/j.neuro-
pharm.2009.11.010. PubMed PMID: 19951717. 

 67. Brenner M. Role of GFAP in CNS injuries. Neu-
rosci Lett. 2014;565:7-13. doi: 10.1016/j.neu-
let.2014.01.055. PubMed PMID: 24508671. PubMed 
PMCID: PMC4049287. 

 68. Obulesu M, Lakshmi MJ. Apoptosis in Alzheimer’s 
disease: an understanding of the physiology, pa-
thology and therapeutic avenues. Neurochem Res. 
2014;39(12):2301-12. doi: 10.1007/s11064-014-
1454-4. PubMed PMID: 25322820. 

 69. Behl C. Apoptosis and Alzheimer’s disease. J 
Neural Transm (Vienna). 2000;107(11):1325-44. 
doi: 10.1007/s007020070021. PubMed PMID: 
11145007. 

Kiarash Shirbandi, et al

16


