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ABSTRACT

Purpose: Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by memory loss
and cognitive decline. The relationship between AD and radiofrequency (RF) radiation emitted by
wireless devices remains under investigation. The aim of this review is to comprehensively explore
the effects of RF radiation on AD by evaluating existing literature. This review used Web of Science,
Scopus, and PubMed to find relevant studies on AD and RF radiation. This review evaluates a total
of 81 studies, including animal models, human studies, and in vitro experiments, with results
summarized in tables for clarity.

Conclusion: Some studies suggest RF aggravates AD by increasing oxidative stress, impairing
blood-brain barrier integrity, and promoting amyloid-beta deposition. Conversely, other studies
indicate RF may have protective benefits, such as enhancing brain mitochondrial functions and
reducing amyloid-beta levels. Understanding the RF-AD relationship, including parameters like
frequency and exposure time, is crucial for therapeutic strategies. The studies reviewed highlight RF
radiation’s dual effects on AD, underscoring the need for a detailed approach. Further studies are
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required to clarify these effects and inform preventive and therapeutic measures.

Introduction

Alzheimer’s disease (AD) is a neurodegenerative disorder
associated with aging and is a growing public health con-
cern worldwide. The disease is characterized by progressive
memory loss, cognitive impairments, and severe neurolog-
ical symptoms that ultimately affect an individual’s daily
life. The pathogenesis of AD is complex and not yet fully
understood. However, mechanisms such as oxidative stress,
neuroinflammation, protein aggregation, and neuronal cell
death are implicated in the development of the disease
(Firdous et al. 2024).

In recent years, the potential effects of radiofrequency
(RF) radiation on human health have been the focus of
increasing attention. RF radiation is emitted by widely used
technological devices such as wireless communication devices,
mobile phones, Wi-Fi networks, and base stations. With the
widespread use of these technologies, the potential effects of
exposure to RF radiation on the risk of neurodegenerative
diseases such as AD are increasingly being investigated
(Shirbandi et al. 2023).

The purpose of this review is to evaluate relation between
RF exposures on AD. At the First step, basic information
about the pathophysiology of AD and sources of RF radia-
tion will be defined. Secondly, the study results included in
this article will be evaluated from an objective perspective

and the relation between RF radiations on AD will be
summarized.

Therefore, aim of this review is to evaluate the findings
from current research and provide a framework to better
understand the potential effects of RF radiation on AD
pathogenesis. The role of RF exposure in the prevention or
treatment of neurodegenerative diseases such as AD will be
revealed in this article and it will serve as a guide for future
researches.

Materials and methods

In this study, we systematically reviewed the relationship
between RF radiation and AD by searching databases such as
Web of Science, Scopus, and PubMed. The search was con-
ducted using the keywords ‘Alzheimers Disease, AD;
‘Radiofrequency radiation, ‘RF exposure, ‘RF, ‘therapy, and
‘harmful effects. The inclusion criteria were carefully defined
to ensure the relevance and quality of the selected studies.
Specifically, studies published between 1994 and 2024 were
included to encompass both foundational and contemporary
findings in the field. The review focused on human and ani-
mal models investigating the effects of RF radiation on AD or
relevant biomarkers such as amyloid-beta accumulation, tau
phosphorylation, oxidative stress, and neuroinflammation.
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To ensure the reliability of the findings, only studies that
reported specific RF exposure parameters—including fre-
quency, SAR (Specific Absorption Rate), and exposure dura-
tion—were included. Additionally, selected publications were
required to demonstrate robust methodologies, appropriate
sample sizes, and transparent statistical reporting, including
the use of control groups and clear descriptions of statistical
analyses. Only English-language articles available in full-text
format were considered.

A total of 81 studies meeting these criteria were evalu-
ated in this review. The results of the included studies were
summarized in tables to enhance clarity and facilitate com-
parison. This systematic approach aimed to provide a bal-
anced and impartial analysis of the therapeutic and harmful
effects of RF radiation on AD. Moreover, our previous
review in 2020 examined the broader impacts of electro-
magnetic radiations, including ELF-MF and ionizing radia-
tion, on AD (Dasdag et al. 2020). Building on those findings,
this review narrows the focus specifically to RF radiation,
addressing the need for a more detailed understanding of
its potential effects on AD.

Results

Overview of RF radiation and Alzheimer’s disease
pathogenesis

RF radiation, emitted by wireless communication devices, is
a low-frequency component of the electromagnetic spectrum
and has become an integral part of modern life (Lin 2022).
AD is a neurodegenerative disorder characterized by amy-
loid beta (AP) plaques and neurofibrillary tangles, leading to
progressive neuronal loss and cognitive decline (Scheltens
et al. 2021). Its pathogenesis involves a complex interplay of
genetic predisposition, aging, oxidative stress, neuroinflam-
mation, and environmental factors.

AP Plaques & Neurofibrillary Tangles: AB plaques are
abnormal peptide accumulations impairing neuronal com-
munication, while tau protein misfolding leads to intracellu-
lar tangles, disrupting cellular function (Moloney et al. 2021;
Scheltens et al. 2021).

Genetic Factors & Aging: Variants in genes such as
APOE ¢4, APP, PSEN1, and PSEN2 significantly influence
AD risk (Ibanez et al. 2021; Li et al. 2023), while aging
alters neuronal function and increases disease susceptibil-
ity (Yap et al. 2024).

Oxidative stress & Neuroinflammation: Excess reactive
oxygen species (ROS) contribute to lipid peroxidation, pro-
tein/DNA damage, and neuronal dysfunction (Bai et al.
2022). Additionally, chronic inflammation accelerates neuro-
degeneration (Sharma et al. 2022).

Environmental and Lifestyle Factors: Diet, sleep, physical
activity, and cognitive engagement influence AD risk,
underlining the multifactorial nature of the disease (Guo
et al. 2020).

The complex interaction of these factors underlies AD
pathogenesis, necessitating further research to understand its
precise mechanisms.

Potential mechanisms of RF radiation impact on
Alzheimer’s disease pathogenesis

While the effects of RF radiation on AD pathogenesis remain
inconclusive, several mechanisms have been proposed:

Increase in Oxidative Stress: RF radiation may increase
free radical formation and weaken antioxidant defenses, con-
tributing to neuronal oxidative damage, a key factor in AD
progression (Bouji et al. 2020; Singh et al. 2020).

Blood-Brain Barrier (BBB) Damage: RF exposure is sug-
gested to impair BBB integrity,

potentially facilitating neurodegenerative processes (Tang
et al. 2015; Narayanan et al. 2019).

Cellular Function Impairment: Disruptions in mitochon-
drial activity and cellular signaling due to RF exposure may
negatively affect neuronal survival (Tsoy et al. 2019; Von
Niederhdusern et al. 2019).

AP Deposition & Tau Protein Aggregation: Some studies
indicate RF radiation may influence AP accumulation and
tau misfolding, both of which are hallmark features of AD
(Shirbandi et al. 2023).

Inflammation & Immune Response Modulation: RF expo-
sure has been linked to chronic neuroinflammation, which
may accelerate neurodegeneration by promoting AP plaque
accumulation and synaptic dysfunction (Lameth et al. 2017).

Although these mechanisms are actively studied, most
findings are based on in vitro and animal studies, with lim-
ited evidence from human research. Further clinical and epi-
demiological studies are needed to determine the true impact
of RF radiation on AD development.

Current literature and study classification

Existing studies report conflicting results regarding RF radi-
ation’s impact on AD:

« Neuroprotective Effects: Some studies suggest RF
exposure may mitigate AD pathology by reducing AP
accumulation and improving neuronal function.

o Neurodegenerative Effects: Others report that RF
radiation exacerbates oxidative stress, neuroinflamma-
tion, and cognitive decline.

o No Significant Effect: Certain studies find no statisti-
cally significant correlation between RF exposure and
AD progression.

To systematically evaluate these findings, this review cat-
egorizes studies into positive (Table 1), negative (Table 2),
and neutral (Table 3) effects. This classification aims to syn-
thesize existing knowledge and guide future research direc-
tions in understanding RF radiation’s role in AD pathology.

Discussion

The effects of RF exposure on AD remain inconsistent
across the literature. To better understand these variations,
this review categorized studies into positive effects, negative
effects, and no observed effects. However, while studies



Table 1. Positive effects of RF radiation on Alzheimer’s disease.
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Reference Species Frequency SAR Duration of exposure Main outcomes
Arendash et al. Transgenic mice 918 MHz 0.25 W/kg 1h/d for 8.5 months  Reduced AB accumulation, enhanced clearance, transient
(2010) (GSM) brain temperature increase.
Arendash et al. Transgenic mice 918 MHz Between 0.25 2h/d for 2 months Improved memory, reduced AB deposition, stable brain
(2012) (GSM) and 1.05 W/kg temperature, decreased cerebral blood flow.
Arendash et al. Human (Alzheimer 915MHz 1.6 W/kg Twice-daily, 1h/d, for Improved ADAS-cog and Rey AVLT scores, increased soluble
(2019) patients) 2 months CSF AB1-40/AB1-42, reduced CSF p-tau/Ap1-42 and
plasma oligomeric AP, stable-to-increased brain glucose
utilization, enhanced cingulate cortex connectivity.
Arendash et al. Human (Alzheimer 915MHz 1.6 W/kg Twice-daily, 1h/d, No adverse effects, stable cognitive function (ADAS-cog13,
(2022) patients) intermittent TEMT Rey AVLT, MMSE, ADL), reduced CSF C-reactive protein,
application over p-tau217, AB1-40/AB1-42, and balanced plasma tau
periods of 2 levels.
months, 4 months,
and 12 months,
totaling 2.5 years.
Banaceur et al. Wildtype mice and triple 2.40GHz 1.60 W/kg 2h for 1 month Enhanced cognitive behavior in 3xTg-AD mice.
(2013) transgenic mice
Bayat et al. Sprague-Dawley rat 2.45GHz From 0.0346 to  2h/d for 45 days Enhanced learning-memory performance, LTP induction,
(2023) 0.0060 W/Kg increased hippocampal CA1 neuronal density, partial
neurotransmitter recovery, reduced GABA transmission,
no effect on BST.
Cao et al. Human (Alzheimer 915MHz 1.6 W/kg Twice-daily, 1h/d, for Balanced 11 of 12 cytokine levels in blood/brain, improved
(2022) patients) 2 months cognition, reduced plasma CRP levels.
Dragicevic Transgenic (Tg) and 918 MHz 0.25—-1.05 W/kg  1h/d for T month Enhanced mitochondrial function in cognitively relevant
et al. (2011) non-transgenic (NT) (GSM) brain regions of Tg and NT mice, increased soluble
mice AB1-40 in mitochondria.
Falone et al. SH-SY5Y neuroblastoma 1950 MHz 0.3 or 1.25 W/kg Continuously for 20h  Reduced menadione-induced DNA damage.
(2018) cells UMTS
Ji Jeong et al. Tg-5xFAD mice, wild 1950 MHz 5 Wrkg 2h/d, 5 d/week for ~ Reduced AP plaques in Tg-5xFAD mice (notably in
(2015) type mice 8 months hippocampus and entorhinal cortex), decreased APP and
its carboxyl-terminal fragments, lowered AB42/AB40 ratio
in hippocampus, inhibition of B-secretase and
neuroinflammation, improved memory, altered expression
of five Ap-related genes.
Kim et al. C57BL/6 mice 835MHz 4.0 W/kg 5h/d for 4 weeks Reduced pan-calcium channel expression in hippocampal
(2018) neurons, autolysosome accumulation, increased
autophagy-related genes and proteins (e.g. LC3B-II).
Kumlin et al. Wistar rat 900 MHz 0.3 or 3.0 W/kg  2h/d, 5d/weeks for No neurodegenerative changes, neuronal loss, or blood-brain
(2007) 5 weeks barrier leakage; no differences in open field, plus maze,
or acoustic response tests; improved learning and
memory.
Mori and Transgenic (Tg) and 918 MHz 0.25—-1.05 W/kg 1h/d for 2 month Enhanced neuronal activity in the entorhinal cortex of Tg
Arendash non-transgenic (NT) (GSM) and NT mice, improved cognitive function.
(2011) mice
Park et al. HT22 mouse 1950 MHz 6 W/kg 2h/d for 3 d Reduced mRNA levels of APP, BACE1, ADAM10, and PSEN1 in
(2018) hippocampal HT22 cells; unchanged APP mRNA in SH-SY5Y cells; no
neuronal cells and differences in APP/BACE1 protein expression or secreted
SH-SY5Y human AB peptide.
neuroblastoma cells
Perez et al. Primary human brain 64, 100, 0.4, 0.6, and 0.9, 1h/d during 4, 8, 14 Reduced secreted AB40/AB42 levels, no cellular toxicity or
(2021) cultures 918 MHz W/kg or 21 days changes in secreted AP precursor protein-a.
Dasdag et al. ~ Wistar Albino 900 MHz 0.17-0.58W/kg  2h/d, 7 days a week, Low apoptosis score, stable p53 expression, oxidative stress
(2009) over a 10-month index, and total oxidant status; high total antioxidant
period capacity and catalase levels.
Sannino et al.  Human SH-SY5Y 1950 MHz 0.3 W/kg 20h Reduced menadione-induced DNA damage; no DNA damage
(2022) neuroblastoma cells (UMTS) reduction in SH-SY5Y cells inhibited by bafilomycin A1
and E64d; no adaptive response in CRISPR SH-SY5Y cells
lacking ATG7 or ATG5.
Son et al. 5xFAD mice 1950 MHz 5.0 W/kg 2h/d and 5 d/week  Improved cognitive deficits, reduced hyperactivity and
(2018) for 8 months anxiety-like behaviors, increased glucose metabolism in
the hippocampus and amygdala.
Son et al. 5xFAD mice 1950 MHz 5.0 W/kg 2h/d and 5 d/week  Improved cognitive deficits and reduced amyloid-f
(2023) for 6 months deposition; decreased lbal and CSF1R expression in the
hippocampus; reduced Csf1r, CD68, and Ccl6 levels;
downregulated Trem2, Fcgria, Ctss, and Spil gene
expression.
Sun et al. 5XFAD mice 1500 MHz 2 or 4 W/kg 2h/d, 5 d/week for  Improved learning and memory, reduced AB42 and microglia
(2022) 5 months in the hippocampus, downregulated BACET expression,
decreased anxiety-like behaviors and IL-6 mRNA levels,
increased 1L-4 and IL-10.
Zeni et al. SH-SY5Y neuroblastoma 1950 MHz 0.3 W/kg Continuously for 20h Increased HSP70 in culture medium, no change in
(2021) cells UMTS intracellular HSP70 levels, RF protection against

menadione-induced DNA damage.

d: day, min: minute, h: hour.
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Table 2. Negative effects of RF radiation on Alzheimer's disease.

Reference Species Frequency SAR Duration of exposure Main outcomes
Akefe et al. C57BL/6 mice 900 MHz 1.25 W/kg 1h/d, for gestation Impaired short-term memory, increased SOD, CAT, and GPx
(2023) period and from levels, reduced TNF-a, improved neurotransmitter
days 7-28 of homeostasis (glutamate, serotonin, dopamine, GABA) in
neonatal Myrtenal-treated mice.
development
Sharma et al. ~ Swiss albino mice 10GHz 0.1790 W/kg 2h/d for 15 days Reduced body and brain weight, increased lipid peroxidation,

(2017) decreased glutathione, catalase, superoxide dismutase, and
protein levels, impaired spatial learning and memory.

B. Tan et al. 2450 MHz (CW) 12h/d, one month Increased pERK, pTau, pJNK, and pP38 levels in the brain;

(2022) before fertilization, hemorrhagic areas, irregular cellular localization, and

until the 18th day vascular abnormalities in fetal and adult female rat brains
of the gestation across all generations.
period
Bas et al. Female Wistar 900 MHz 2 W/kg For 60 min/d between Reduced total pyramidal cell number in the hippocampus.
(2009) albino rats the first and last
days of gestation.
Bouji et al. Wistar rat 900 MHz 6 W/kg 45min/d for 1 month No differences in emotional memory, spatial memory,

(2016) (GSM) locomotor activity, cerebral IL-1b and IL-6 levels, or GFAP
expression in the cortex and hippocampus; reduced
anxiety-related behaviors in the elevated plus maze.

Bouiji et al. Samaritan rat 900MHz (GSM) 1.5W/kg, 6W/kg  15min/d, and No memory changes in AD or control rats; increased in

(2020) model 45min /d for hippocampal heme oxygenase-1 (HO1) and reduced

1 month. corticosterone in AD rats.
Buttiglione Human SH-SY5Y 900 MHz (GSM) 1 W/kg 5, 15 and 30min, Anti-proliferative activity; increased Egr-1 mRNA levels and

et al. (2007) neuroblastoma 6 and 24h MAPK subtype activation; decreased Bcl-2 and survivin

cells mRNA levels; G2-M arrest.
Chaturvedi Mice (Parkes 2.45GHz 0.03561 W/Kg 2h/d for 30 days Increased erythrocytes and leucocytes, significant DNA

et al. (2011) Strain) continuous single-strand breakage in brain cells, and impaired spatial
memory in mice.

Daniels et al. ~ Sprague-Dawley ~ 840MHz NC 3h/d for 13 days No change in learning ability, reduced locomotor activity,

(2009) rat increased grooming and freezing behavior; tendency for
higher corticosterone levels.

Dasdag et al. ~ Wistar Albino rat 900 MHz 0.17-0.58 W/kg 2h/d 10 months Increased beta amyloid protein, protein carbonyl, and

(2012) malondialdehyde levels.

Dasdag et al. ~ Wistar Albino rat  2.4GHz 1414 24hours/d for 12 3.65- and 3.3-fold decrease in miR-106b-5p and miR-107

(2015) uW/kg months levels, respectively; unchanged miR-9-5p, miR-29a-3p, and
miR-125a-3p levels.

Deshmukh Fischer rat 900 MHz 8.5x10° W/kg 2h/d for 30 days Cognitive impairment, increased MDA and protein carbonyl
et al. (2013) levels, unchanged GSH.
Deshmukh Fischer rat 900, 1800 and  5.953x10~* W/kg, 2h/d for 180 days Reduced cognitive function, increased HSP70 levels and DNA
et al. (2015) 2450 MHz 5.835x 107 W/ damage.
kg, 6.672x 107
Wrkg
Elamin et al. Wistar albino rats 900 MHz NC 1h/d, for 28 days Reduced total hippocampal pyramidal neurons, increased SOD
(2020) and CAT activity
El-Kafoury Wistar rats 850 and NC 2h/d for 3 weeks Shorter latency to reach the platform, reduced spatial

et al. (2023) 1900 MHz long-term memory consolidation, decreased Ach, glutamate,
and MDA levels, increased Sirt1 and Atg7 gene expression
in the hippocampus.

Ertilav et al. Female Wistar rats 900, 1800MHz 0.1 W/kg 1h/d for 1 year Increased mitochondrial oxidative stress, programmed cell

(2018) (5 d/week) death, and Ca?* entry via TRPV1 activation in hippocampal
and dorsal root ganglion neurons.

Garvanova Human GSM 0.36 W/kg 15-20 min/d Altered brainwave frequency.

et al. (2020)

Gupta et al. Charles—Foster 900, 1800, 0.0227, 0.030 and  1h/d for 28 Cognitive deficit with mitochondrial dysfunction, impaired

(2018) albino male 2450 MHz 0.0616 W/kg consecutive days cholinergic function, and increased amyloidogenesis.

rats
Li et al. (2015) Wistar rat 2.856 GHz NC For 6min three times Impaired spatial learning and memory, inhibited brain
a week up to 6 electrical activity, hippocampal neuronal degeneration,
weeks altered amino acid levels, increased 5-HT, and upregulated
5-HT1AR and 5-HT2CR expression.
Hasan et al. Swiss albino mice 2400 MHz 2.7 W/kg 40 and 60minutes/d  Increased anxiety-like behavior, hippocampal degeneration,

(2022) for 60 days and reduced pyramidal and granule neurons.

Ikinci et al. Female Sprague 900 MHz NA 1h/d, from the 13th  Histopathological changes in the hippocampus and impaired

(2013) Dawley rat to 21st days of learning behavior.

pregnancy
Jeong et al. C57BL/6 mice 1950 MHz 5.0 W/kg 2h/d and 5 d/week  In 20-month-old RF-exposed mice: reduced time spent in the
(2020) for 8 months central region (open field test), impaired memory (Y-maze

and novel object recognition test). No significant behavioral
or memory changes in the 10-month RF exposure group.
Chronic RF exposure altered 15 neurogenesis-related genes
in the hippocampus,with increased Epha8 and Wnt6
expression but no significant changes in the other 13
genes.

(Continued)
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Reference Species Frequency SAR Duration of exposure Main outcomes
Singh et al. Wistar rat 2115MHz 1.51 W/kg 8h Increased lipid peroxidation and carbon-centered lipid radicals
(2023) in the brain, single-stranded DNA damage, reduced
BrdU-positive cells in the dentate gyrus, neuronal loss and
degeneration in DG, CA3, CA1, and cerebral cortex, with no
change in Pro-caspase3 activity.
Keles et al. Male Sprague 900 MHz 0.01 W/kg 1h/d for 25 days Impaired pyramidal and granular cell structures, with no
(2018) Dawley rat changes in learning, memory or locomotor behavior.
Kim et al. Human SH-SY5Y 1760 MHz 4 W/kg 4h/d for 4 days Reduced growth rate and proliferation, delayed G0/G1 phase,
(2021) neuroblastoma increased Akt and mTOR phosphorylation, elevated total
cells and phosphorylated p53 levels.
Lai et al. Sprague-Dawley 2450 MHz, 0.6 W/kg 45min/d for 10 days Impaired spatial working memory.
(1994) rat (pulsed)
Li et al. (2008) Wistar rats 2.45GHz 0.7 W/kg 3h/d for 30 days Significant deficits in spatial learning and memory, increased
(pulsed) plasma corticosterone, GR nuclear translocation, and
hippocamal apoptosis. Reduced cognitive impairment and
neuronal loss with GR antagonist RU486.
Lu et al. (2012) Male Wistar rats ~ 2.45GHz- 0.7 W/kg 3h/d, for 30 days Impaired spatial memory.
(pulsed)
Luukkonen Human SH-SY5Y  872MHz (GSM 5 W/kg Th CW RF increased ROS production by menadione, while GSM
et al. (2009) neuroblastoma and CW) signal had no effect on ROS and DNA damage.
cells
Marjanovic Human SH-SY5Y 1800 MHz 1.6 W/kg 10, 30 and 60 minutes Increased ROS, lipid and protein damage.
Cermak neuroblastoma
et al. (2018) cells
Odaci et al. Female Wistar 900 MHz 2 W/kg For 60 min/d between Reduced granule cell count in the dentate gyrus.
(2008) albino rats the first and last
days of gestation.
Shahin et al. ~ Swiss strain male  2.45GHz 0.0146 W/kg 2h/d for 15, 30, and  Increased oxidative/nitrosative stress and apoptosis in
(2015) mice (continuous) 60 days hippocampal neurons and non-neuronal cells. Learning and
spatial memory deficits worsened with RF exposure
duration (15<30<60 days), linked to reduced hippocampal
neuronal arborization and dendritic spines.
Shahin et al. Swiss albino mice 2.45GHz 0.0146 W/Kg 2h/d for 15, 30, and  Slow learning, increased working and reference memory errors,
(2018) (continuous) 60 days elevated serum corticosterone, and upregulated CRH,
CRH-R1 and i-NOS. Downregulated iGluRs, n-NOS, PSD-95,
PKCe, PKA, ERK-p-ERK, CREB and p-CREB.
Sharma et al. ~ Wistar rats 900 MHz 0.231 W/kg 1,2, and 4h for 90  Increased MDA, decreased SOD, CAT and redox enzymes (GSH,
(2020) days GPX, GR, GST, G-6PDH). Reduced AChE, altered
neurotransmission, hippocampal degeneration, and
impaired working memory.
Sharma et al.  Wistar rat 2100 MHz 0.453 W/kg 4h/d, 5 d/week for 3 Increased serum triglycerides and cholesterol, disrupted
(2022) months glutathione homeostasis, elevated oxidative stress, altered
pro- and anti-inflammatory cytokines, and hippocampal
degeneration.
Spandole-Dinu  BALB/c mice 2.45GHz 17.86 mW/kg 16 weeks Increased locomotor activity with no structural or
et al. (2023) morphological changes. Reduced global DNA methylation.
Stefi et al. SH-SY5Y human 1800 MHz 0.23 W/kg 3 times, for 10min,  Increased ROS levels, a-syn monomers, and APP
(2019) neuroblastoma for 2 days amyloidogenic fragment formation.
cells
Tan et al. Wistar Rat 2.856 and 1.7 and 1.8 W/kg; 6min Impaired spatial learning and memory, fluctuating brain
(2017) 1.5GHz 3.3 and 3.7 W/kg electrical activity, hippocampal morphological changes,
reduced neuronal Nissl content, disrupted cholinergic
metabolism, cytokine imbalance, altered energy
metabolism, and oxidative stress-related protein
dysregulation in the hippocampus.
Tang et al. Sprague-Dawley 900 MHz 0.016 (whole 3h/d for 14 or 28 Reduced platform crossings and target quadrant time, cellular
2015 rat body) and 2 days edema, neuronal organelle degeneration, blood-brain
W/kg (locally barrier disruption with albumin and HO-1 extravasation in
in the head) the hippocampus and cortex, increased mkp-1 expression,
and ERK dephosphorylation.
Joubert et al.  Primary cortical 900MHz (CW) 2 W/kg 24h Apoptotic pathway activation via AIF, independent of caspase.
(2008) neurons
Wang et al. Wistar rat 2.856 GHz 35,7 and 35 W/kg 6min Impaired spatial learning and memory, reduced population
(2013) (pulsed) spike amplitudes, hippocampal neuron degeneration,
decreased synaptic vesicles, and blurred synaptic intervals.
Wang et al. Wistar rat 2.856 GHz 35 W/kg 6min Impaired spatial learning and memory, reduced amino acid
(2015) (pulsed) neurotransmitters, hippocampal neuronal degeneration,
increased postsynaptic density, blurred synaptic gaps, and
decreased NR1 and NR2B expression.
Wang et al. Wistar rat 2.856 GHz 175,35 and 7 6min/d, 5 d/week Impaired spatial learning and memory abilities and EEG
(2017) W/kg and up to 6 weeks disturbances, structural and ultrastructural hippocampal
changes, reduced NR2A, NR2B, and p-NR2B expression.
Zhang et al. C57BL/6 mice 1800 MHz 2.2 W/kg 6h/day for 4 weeks, No changes in depression-like behavior, spatial memory, or
(2017) brain histology; increased anxiety and reduced GABA and

Asp levels.

(Continued)
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Table 2. Continued.

Reference Species Frequency SAR Duration of exposure Main outcomes
Li et al. (2020) Pregnant Wistar 1800 and NC 12h/d for 21 days Earlier eye opening, shorter total path length, delayed
rats 2400 MHz stopping time, tendency for increased path length,
duration, entries and stopping time in the central area.
Down-regulated NR2A and NR2B; upregulated NR2D, NR3A,
NR3B, NR1, and NR2C in the WiFi group.
Zheng et al. Male C57BL/6 N 2650 MHz 2.06 W/kg 4h/d for 28 days No morphological changes in hippocampal cells; increased
(2023) mice serum corticosterone; reduced hippocampal BDNF and GR;
no changes in GABA, spatial memory, or depression-like
behavior; associated with anxiety like behavior.
Zielinski et al.  Murine N9 935MHz 4 W/kg 2 and 24h Time-dependent increase in ATG5; no changes in apoptosis,
(2020) microglial and LC3B-I/1l, pERK, hydrogen peroxide and cytochrome c.
human
SH-SY5Y
neuroblastoma
cells
NC: Not calculated.
CW: continuous wave.
d: day, min: minute, h: hour.
Table 3. No effect of RF radiation on Alzheimer’s disease.
Reference Species Frequency SAR Duration of exposure Main outcomes
Ammari et al. (2008) Male Sprague-Dawley 900 MHz (GSM) 1.5 or 6 W/kg 15min/d or 45min/d  No changes in spatial memory.
rat for 8 or 24 weeks
Cassel et al. (2004) Sprague-Dawley rat 2450 MHz, (pulsed) 0.6 W/kg 45min/d for 10 days No impairment in spatial working
memory.
Cosquer et al. (2005)  Sprague—-Dawley rat 2450 MHz (pulsed) 0.6 W/kg 45min/d for 10 days No impairment in spatial working
memory.
Cosquer et al. (2005)  Sprague—-Dawley rat 2450 MHz (pulsed) 0.6 W/kg 45min/d for 10 days No effect on anxiety responses.

Dubreuil et al. (2002)
Dubreuil et al. (2003)
Kang et al. (2014)

Klose et al. (2014)

Merola et al. (2006)

Shirai et al. (2014)

Sienkiewicz et al.
(2000)

Joubert et al. (2007)

Von Niederhausern
et al. (2019)

Male Sprague-Dawley
rat

Male Sprague-Dawley
rat

U87, PC12 and SH-SY5Y

Wistar rat

Human neuroblastoma
cell line LAN-5

Sprague-Dawley rat

C57BL/6) mice

Primary cortical neurons

SH-SY5Y neuroblastoma
cells

900 MHz-(GSM)
900 MHz-(GSM)

837 MHz (CDMA) and
1950 MHz (WCDMA)
900 MHz (GSM-modulated)

900 MHz (GSM)

2.14GHz (WCDMA)

900 MHz
900 MHz (GSM)

935MHz

1 and 3.5 W/kg
1 and 3.5 W/kg

2 W/kg

0.7, 2.5 and 10 W/kg.

1 W/kg

high (<0.2 4 W/kg),
low (<0.08 W/kg)

0.05 W/kg
0.25 W/kg

4 W/kg

45 min/d, for 10 and
14 days

45 min/d, for 10 and
14 days

2h

2h/d, 5 d/week, from
an age of 14 days
to 19 months

24, 48, and 72h

20h/d

45min/d for 10 days
24h

24h

No changes in spatial learning.

No changes in spatial and
non-spatial memory.
No change in intracellular ROS.

No harmful effects on
development, learning or
behavior.

No change in proliferation,
differentiation, or apoptosis.

No abnormalities in biological
parameters, including
neurological function.

No effect on spatial learning and
working memory.

No change in Caspase-3 activity or
apoptosis.

No changes in neuronal
phenotypes, MAPK, p-Erk1/2,
Akt, GSK3B, or Wnt/B-catenin
signaling.

d: day, min: minute, h:

hour.

often report different outcomes, no clear independent rela-
tionship between SAR levels or frequency and AD-related
effects has been identified. Instead, the findings suggest that
RF exposure outcomes are influenced by multiple interacting
factors, including modulation type, exposure duration, and
biological conditions.

Although attempts have been made to analyze SAR and
frequency separately, the available data does not support a
simple dose-response relationship or a linear correlation
between these parameters and AD progression. Instead, some
studies with similar SAR values report opposite effects, while
others with different frequency exposures yield comparable
results. This highlights the importance of experimental con-
ditions, biological variability, and methodological differences
in shaping RF-induced effects on neurodegeneration.

To provide a more structured evaluation, the following
sections discuss the studies grouped by their reported effects:
those suggesting positive outcomes, those indicating negative
consequences, and those showing no significant impact.

Studies demonstrating positive effects

Research investigating the effects of RF radiation on AD has
yielded promising results, suggesting potential therapeutic
benefits. Several studies suggest that ‘RF radiation may exert
neuroprotective effects in AD, particularly through mecha-
nisms such as autophagy activation, mitochondrial enhance-
ment, inflammation modulation, and oxidative stress
reduction. Research by Kim et al. (2018) demonstrated that
‘RF exposure promotes autophagy in hippocampal neurons,



leading to decreased AP deposition and lower apoptotic activ-
ity’ (Kim et al. 2018). This aligns with findings from Arendash
et al. (2010, 2012) who observed that long-term RF exposure
reduced AP accumulation in AD transgenic mice, improved
cognitive function, and increased neuronal activity, with ben-
efits achieved independently of hyperthermia’ (Arendash et al.
2010; 2012). Similarly, Dragicevic et al. (2011) and Mori and
Arendash (2011) reported that ‘RF exposure enhances mito-
chondrial function and memory performance, suggesting its
role in counteracting early neuronal hypofunction in AD’
(Dragicevic et al. 2011; Mori and Arendash 2011).

Beyond its effects on amyloid pathology, RF exposure has
been linked to cognitive improvements and neuroinflamma-
tion modulation. Sun et al. (2022) found that ‘RF exposure
led to a significant reduction in AP42 levels, downregulation
of BACEI expression, and improved learning and memory in
AD mice (Sun et al. 2022). Meanwhile, Son et al. (2018,
2023) reported that ‘long-term RF exposure increased glucose
metabolism in the hippocampus and amygdala while reduc-
ing microgliosis and inflammatory markers such as IL-1p,
Csflr, CD68, and Ccl6, indicating a potential anti-inflammatory
effect’ (Son et al. 2018, 2023). Supporting this, Banaceur et al.
(2013) observed that ‘RF exposure improved cognitive behav-
ior in Alzheimer-like transgenic mice’ (Banaceur et al. 2013),
while Bayat et al. (2023) demonstrated enhanced memory
and synaptic function in vascular dementia models following
chronic Wi-Fi exposure (Bayat et al. 2023).

In addition to its effects on cognitive function and neuroin-
flammation, RF exposure may also play a role in A process-
ing at the molecular level. Park et al. (2018) investigated the
effects of 1950 MHz RF exposure on key genes involved in Af
metabolism in mouse hippocampal and human neuroblastoma
cells. Their findings suggest that ‘RF exposure decreased
mRNA levels of APP, BACE1l, ADAM10, and PSEN1 in hip-
pocampal neurons, although protein levels remained unchanged,
highlighting the need for further research into its molecular
mechanisms’ (Park et al. 2018). Similarly, Ji Jeong et al. (2015)
found that ‘chronic RF exposure (1950 MHz, 5W/kg, 8 months)
significantly altered AP pathology in AD transgenic mice, but
had no effect on normal brains, suggesting a selective impact
on disease-related processes'(Ji Jeong et al. 2015).

RF radiation has also been implicated in reducing oxida-
tive stress and protecting against DNA damage. Dasdag
et al. (2009) showed that ‘RF exposure increased catalase
activity and total antioxidant capacity while reducing apop-
tosis in brain glial cells, suggesting a protective role in oxi-
dative stress regulation’ (Dasdag et al. 2009). Additionally,
studies by Zeni et al. (2021), Falone et al. (2018), and
Sannino et al. (2022) highlighted that ‘RF exposure attenu-
ates menadione-induced DNA damage in SH-SY5Y neuro-
blastoma cells, potentially through heat shock protein 70
(Hsp70) induction and autophagy activation’ (Falone et al.
2018; Zeni et al. 2021; Sannino et al. 2022). Furthermore,
Kumlin et al. (2007) reported that ‘young male rats exposed
to 900MHz RF radiation for five weeks showed no neuro-
degenerative changes but exhibited significantly improved
learning and memory abilities in maze tests, suggesting
potential cognitive benefits even in the absence of direct
neuroprotective effects (Kumlin et al. 2007).
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Transcranial electromagnetic treatment (TEMT)

Transcranial ~ Electromagnetic =~ Treatment (TEMT) has
emerged as a potential neuromodulatory approach for com-
bating AD. Unlike traditional electromagnetic stimulation
techniques, TEMT utilizes RF waves to target pathological
features of AD, including AP and tau oligomers (Cao et al.
2022). Preclinical studies in AD transgenic mice suggest that
RF radiation can dissipate intraneuronal AP and tau aggre-
gates, potentially through the weakening of hydrogen bonds
and dipole-dipole interactions between oligomeric proteins
(Arendash et al. 2010; Dragicevic et al. 2011; Mori and
Arendash 2011; Arendash et al. 2012). Additionally, TEMT
has been associated with mitochondrial enhancement and
neuroinflammation modulation, contributing to its proposed
neuroprotective effects (Arendash et al. 2022).

Clinical applications of TEMT have been explored using
MemorEM, a noninvasive device allowing patients to undergo
RF treatment at home. A study by Arendash et al. (2019)
demonstrated that twice-daily TEMT for two months in
mild-to-moderate AD patients led to significant improvements
in ADAS-cog and Rey AVLT scores, as well as increases in
soluble AP1-40 and AP1-42 in cerebrospinal fluid (CSF),
reduced p-tau/AP1-42 ratios, and altered plasma oligomeric
AP levels. Furthermore, functional brain imaging showed
increased connectivity in the cingulate cortex, a key region for
cognition (Arendash et al. 2019). Long-term safety assessments
indicate that TEMT is well tolerated with no adverse effects
over a 2.5-year period (Arendash et al. 2022). Extended TEMT
exposure has been linked to reduced CSF levels of p-tau217,
AP1-40, and APB1-42, as well as plasma tau regulation. Notably,
TEMT has also been associated with a reduction in C-reactive
protein (CRP), a marker of systemic inflammation, suggesting
its broader anti-inflammatory potential. The exact mechanisms
underlying these effects remain unclear, but hypotheses suggest
that TEMT may influence cytokine secretion from microglia
and astrocytes, modulating neuroinflammation (Gary and
Chuanhai 2023). A related study investigated Repeated
Electromagnetic Field Stimulation (REMEFS) in human brain
cultures, revealing that REMES significantly reduced AP40 and
AP42 peptide levels without inducing cellular damage or
affecting secreted AP precursor protein-a (sAPPa) levels (Perez
et al. 2021). These findings highlight the potential for
electromagnetic-based therapies in mitigating AD pathology
through noninvasive, biologically targeted mechanisms.

Overall, TEMT represents a promising therapeutic avenue
for AD, demonstrating potential benefits in reducing Ap
burden, modulating inflammation, and enhancing brain con-
nectivity. However, further clinical trials and mechanistic
studies are needed to validate its long-term efficacy and elu-
cidate its precise biological effects.

Studies demonstrating negative effects

Various studies have highlighted the potential neurodegenera-
tive effects of RF exposure on AD. The hippocampus, one of
the first brain regions affected in AD, plays a crucial role in
memory and learning. RF exposure has been linked to oxida-
tive stress, neuronal apoptosis, mitochondrial dysfunction, and
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neurotransmission disturbances, potentially exacerbating AD
symptoms.

Ertilav et al. (2018) demonstrated that ‘900 and 1800 MHz
RF exposure elevated TRPV1 currents, induced mitochon-
drial depolarization, increased oxidative stress, and triggered
apoptosis in hippocampal and dorsal root ganglion neurons,
along with caspase-3 and caspase-9 activation’ (Ertilav et al.
2018). Similarly, Gupta et al. (2018) found that 2450 MHz RF
exposure led to cognitive impairment, disrupted mitochon-
drial function, increased amyloid-beta levels, cytochrome-c
release, apoptotic factor activation, acetylcholine depletion,
and acetylcholinesterase overactivity’ (Gupta et al. 2018).
Sharma and Shukla (2020) linked RF exposure to heightened
oxidative stress, reduced redox enzyme levels, neurotransmis-
sion alterations, hippocampal degeneration, and working
memory deficits (Sharma and Shukla 2020). Prolonged expo-
sure to 2100MHz RF caused hippocampal myelin loss
through oxidative stress, compromising neural communica-
tion (Sharma et al. 2022).

Histopathological analyses revealed hippocampal neuronal
damage despite unchanged cognitive functions (Keles et al.
2018). Long-term RF exposure led to increased locomotor
activity but reduced global DNA methylation without mor-
phological changes in the brain (Spandole-Dinu et al. 2023).
Chaturvedi et al. (2011) reported that 2.45GHz RF exposure
in Parkes mice induced DNA strand breaks, elevated erythro-
cyte and leukocyte counts, and caused spatial memory defi-
cits’ (Chaturvedi et al. 2011). Garvanova et al. (2020) analyzed
EEG alterations following RF exposure and found that ‘hold-
ing a mobile phone close to the ear increased left-side brain-
wave frequencies to 15Hz. This suggests RF radiation may
modulate cortical excitability and neural oscillations
(Garvanova et al. 2020). Wang et al. (2017) further demon-
strated that ‘continuous RF exposure impaired spatial mem-
ory and induced EEG abnormalities alongside hippocampal
structural damage in a dose-dependent manner, implicating
NMDAR subunit reductions and NR2B phosphorylation in
RF-induced cognitive deficits’ (Wang et al. 2017).

Exposure to 2400 MHz RF for 60days resulted in reduced
pyramidal neuron count in the cornu ammonis region,
increased anxiety-like behaviors, and hippocampal neuronal
degeneration (Hasan et al. 2022). Similarly, 900MHz RF
exposure led to structural alterations and hippocampal pyra-
midal neuron depletion, while Garcinia kola and curcumin
provided neuroprotection against these effects (Elamin et al.
2022). Lu et al. (2012) and Lai et al. (1994) demonstrated that
2.45GHz RF exposure impaired spatial memory, delayed
learning, and involved cholinergic and opioid neurotransmit-
ter systems in cognitive decline’ (Lai et al. 1994; Lu et al
2012). Zhang et al. (2017) found that ‘1.8 GHz RF exposure
increased anxiety-like behavior and reduced GABA and aspar-
tic acid levels, though spatial memory and depression-related
behaviors remained unaffected’ (Zhang et al. 2017).

El-Kafoury et al. (2023) examined the role of lipoic acid
(LA) in counteracting RF effects in juvenile rats and found
that ‘RF-exposed rats initially showed enhanced learning but
exhibited long-term deficits in memory consolidation, hip-
pocampal acetylcholine and glutamate imbalances, and
upregulation of Sirtl and Atg7 genes, suggesting RF-induced

cognitive alterations may be modulated by LA (El-Kafoury
et al. 2023).

Sharma et al. (2017) investigated the effects of 10 GHz RF
radiation on brain development and reported that ‘RF expo-
sure led to significant reductions in body and brain weight,
increased lipid peroxidation, decreased antioxidant enzyme
levels, and spatial learning deficits within 15days of expo-
sure’ (Sharma et al. 2017). Singh et al. (2023) further demon-
strated that ‘adolescent Wistar rats exposed to 2115MHz RF
for 8hours exhibited enhanced carbon-centered lipid radical
formation, nuclear DNA damage, and impaired neurogene-
sis, contributing to hippocampal neuronal degeneration’
(Singh et al. 2023).

Chronic stress-induced cortisol elevation may accelerate
AD onset and symptom progression (Do et al. 2024). Zheng
et al. (2023) found that ‘RF exposure raised serum cortisol
levels, decreased hippocampal BDNF and glucocorticoid
receptor expression, and induced anxiety-like behavior’
(Zheng et al. 2023). Shahin et al. (2018) reported learning
impairments, increased memory errors, elevated corticoste-
rone levels, and upregulated CRH, CRH-R1, and iNOS
expression, suppressing hippocampal memory mechanisms
(Shahin et al. 2018). Similarly, Li et al. (2008) suggested that
‘low-intensity RF exposure increased plasma corticosterone
levels and altered hippocampal glucocorticoid receptor func-
tion, contributing to cognitive decline’ (Li et al. 2008).

Research on aging and AD progression suggests that RF
exposure may exacerbate neurodegeneration. Bouji et al
(2016) found that ‘900 MHz RF exposure did not worsen
age-related neurobiological deficits, though older rats dis-
played spatial memory impairment, anxiety, and increased
hippocampal inflammatory markers’(Bouji et al. 2016). In
another study, Bouji et al. (2020) reported that ‘RF exposure
increased hippocampal oxidative stress while reducing corti-
costerone levels in AD-model rats, suggesting enhanced sus-
ceptibility to neurodegeneration’ (Bouji et al. 2020).

Deshmukh et al. (2013, 2015) found that ‘900, 1800, and
2450 MHz RF exposure led to cognitive impairment, oxida-
tive stress, HSP70 upregulation, and DNA damage’
(Deshmukh et al. 2013, 2015). Tang et al. (2015) demon-
strated that ‘RF exposure disrupted blood-brain barrier
integrity, impaired spatial memory, and activated the mkp-1/
ERK pathway (Tang et al. 2015). Shahin et al. (2015)
reported that ‘prolonged RF exposure resulted in learning
deficits, hippocampal neuronal degeneration, oxidative stress,
and p53-mediated apoptosis’ (Shahin et al. 2015). Daniels
et al. (2009) found that ‘early RF exposure altered behavioral
patterns in rat pups and increased corticosterone levels
(Daniels et al. 2009), while prenatal 2.45GHz RF exposure
disrupted MAPK pathways associated with cognitive pro-
cesses (Tan et al. 2022).

Oxidative stress resulting from RF exposure led to lipid
and protein damage, contributing to neurodegenerative
changes (Marjanovic Cermak et al. 2018). RF exposure
enhanced ROS production and DNA damage in neuroblas-
toma cells (Luukkonen et al. 2009). Chronic RF exposure
activated the Akt/mTOR and p53 pathways, inducing cellular
senescence (Kim et al. 2021). Similarly, cell cycle disruptions
associated with AD were observed following RF-induced



alterations in MAPK, Bcl-2, and survivin expression, leading
to apoptosis and G2-M arrest (Buttiglione et al. 2007).

Long-term studies indicate that ‘RF exposure may influ-
ence AD-related molecular mechanisms. Jeong et al. (2020)
found that 20-month RF exposure altered neurogenesis-related
gene expression and impaired memory in mice’ (Jeong et al.
2020). Chronic 2.4GHz RF exposure reduced miR-106b-5p
and miR-107 levels, contributing to neurodegenerative
changes (Dasdag et al. 2015). Long-term 900 MHz RF expo-
sure elevated beta-amyloid levels, oxidative stress, and pro-
tein damage in the brain (Dasdag et al. 2012).

Tan et al. (2017) reported that ‘RF-induced cognitive impair-
ment was power-dependent rather than frequency-dependent’
(Tan et al. 2017). Wang et al. (2013, 2015) observed persistent
spatial memory deficits, hippocampal synaptic degeneration,
neurotransmitter imbalances, and NMDAR subunit downreg-
ulation following RF exposure (Wang et al. 2013, 2015). Li
et al. (2015) linked chronic RF exposure to serotonin system
disruption, potentially contributing to cognitive impairment
(Li et al. 2015).

Prenatal and early-life RF exposure studies suggest devel-
opmental risks. Maternal 900MHz RF exposure impaired
hippocampal neuronal development (Odaci et al. 2008; Bas
et al. 2009). Li et al. (2020) found that ‘Wi-Fi and RF expo-
sure altered hippocampal NMDAR expression in offspring,
affecting cognitive and behavioral outcomes’ (Li et al. 2020).
Similarly, prenatal 900 MHz RF exposure impaired learning
and memory (Ikinci et al. 2013), while myrtenal showed
protective effects against RF-induced neurodevelopmental
damage (Akefe et al. 2023).

RF exposure has been linked to neurodegenerative path-
ways, including beta-amyloid accumulation, oxidative stress,
and apoptosis. Stefi et al. (2019) found that ‘1800 MHz RF
exposure increased amyloidogenic activity and oxidative
stress in neuroblastoma cells’ (Stefi et al. 2019). RF exposure
induced autophagy but not apoptosis in neuronal cells
(Zielinski et al. 2020), while continuous wave RF activated
caspase-independent apoptosis pathways (Joubert et al. 2008).

Collectively, these studies demonstrate that ‘RF exposure
induces oxidative stress, apoptosis, neurotransmitter imbal-
ances, structural damage, and cognitive decline, particularly
targeting hippocampal neurons. While further research is
required to define safe exposure levels, these findings sug-
gest that RF radiation may contribute to AD progression
and neurodegenerative mechanisms.

Studies showing no effect

Several studies indicate that RF exposure does not signifi-
cantly impact mechanisms associated with AD, suggesting
that RF radiation is not a contributing factor to its onset or
progression.

Oxidative stress is a key driver in AD pathology. However,
exposure to 837 MHz CDMA and 1950 MHz WCDMA RF
radiation (SAR: 2W/kg, 2hours) did not alter intracellular
ROS levels in neuronal cells (U87, PC12, and SH-SY5Y),
either alone or in combination with oxidative stress inducers
(Kang et al. 2014). Similarly, 900MHz RF exposure for
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24hours did not affect apoptosis rates in primary cultured
neurons from embryonic Wistar rats, with no significant
changes observed immediately post-exposure or 24hours
later (Joubert et al. 2007). Likewise, neuroblastoma cells
exposed to 900 MHz RF radiation for up to 72hours showed
no alterations in proliferation, differentiation, or apoptosis
(Merola et al. 2006).

Behavioral studies also reported no significant cognitive
effects. Rats exposed to 2.45GHz RF radiation for a shorter
duration at a lower SAR level showed no anxiety-related
changes in the elevated plus maze test (Cosquer, Galani,
et al. 2005). Similarly, 900MHz RF radiation had no effect
on spatial learning or working memory in mice performing
food-motivated tasks (Sienkiewicz et al. 2000). Other studies
confirmed that RF exposure did not impair spatial working
memory in rats (Cassel et al. 2004; Cobb et al. 2004;
Cosquer, Kuster, et al. 2005). Furthermore, head-only expo-
sure to 900MHz RF for 45minutes per day did not affect
spatial learning or non-spatial memory in rats (Dubreuil
et al. 2002, 2003). Long-term exposure to GSM 900 MHz RF
(45min or 15min, SAR: 1.5W/kg or 6 W/kg) did not cause
spatial memory deficits in the radial-arm maze (Ammari
et al. 2008).

Lifespan studies also support the absence of RF-induced
cognitive impairment. In a study tracking rats across juve-
nile, adult, and presenile stages, RF exposure at high SAR
values showed no detrimental effects on development, learn-
ing skills, or behavior (Klose et al. 2014). Similarly,
three-generation exposure (FO, F1, F2 mothers and F1, F2,
F3 offspring) to 2.14GHz W-CDMA signals (20hours/day)
did not induce neurological or biological abnormalities
(Shirai et al. 2014).

Mitochondrial dysfunction is a critical factor in AD pro-
gression. However, SH-SY5Y cells exposed to 935MHz RF
radiation showed no alterations in signaling pathways related
to neuronal differentiation, neurodegeneration, or mitochon-
drial function (Von Niederhdusern et al. 2019). While RF
exposure under glucose deprivation conditions impaired
mitochondrial respiration, glutathione levels and mitochon-
drial fission/fusion markers remained unchanged, suggesting
that RF effects may only emerge under conditions of extreme
metabolic stress.

Overall, these findings indicate that ‘RF radiation does
not significantly impact spatial learning, memory, apoptosis,
neuronal proliferation, differentiation, oxidative stress, or
mitochondrial dysfunction in AD models: While further
research on cumulative and stress-enhanced RF exposure is
warranted, current evidence does not support a causal link
between RF radiation and AD pathology.

Conclusion

The studies examining the impacts of RF radiation on the
pathogenesis of AD present diverse and sometimes conflict-
ing findings. Some research suggests that RF exposure may
have adverse effects on AD development, potentially exacer-
bating the condition through mechanisms such as oxidative
stress, blood-brain barrier damage, impairment of cellular
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functions, and aberrant build-up of tau and amyloid beta
proteins. Conversely, several studies indicate that RF radiation
might offer protective or therapeutic benefits, such as improv-
ing brain mitochondrial function and enhancing cognitive
performance, thereby positively impacting AD pathology.

The variability in these findings underscores the intricate
nature of RF radiation’s influence on neurodegenerative dis-
eases. Further clinical research and epidemiological studies
are essential to comprehensively comprehend the long-term
effects of RF radiation on health outcomes, particularly in
relation to AD. Understanding the mechanisms of these
impacts can pave the way for innovative strategies to miti-
gate and manage such diseases.

This review synthesizes current findings and aims to provide
a comprehensive framework for future research. By emphasizing
the complex interactions between RF radiation and AD, we
hope to guide future studies toward more conclusive evidence
regarding the role of RF exposure in the pathogenesis of AD.

Continued investigation into the mechanisms underlying
these effects, including oxidative stress, blood-brain barrier
integrity, and cellular function, will be crucial. As scientific
work in this area progresses, a clearer understanding of RF
radiation’s impact on AD can be developed, potentially lead-
ing to improved prevention and treatment strategies for neu-
rodegenerative disorders.

Finally, it can be suggested that evaluating both the
harmful and therapeutic effects of radiofrequencies together
is a more useful approach. Because, when the articles dis-
cussed in this review are evaluated in general, they indicate
that parameters such as duration, frequency, amplitude,
exposure time, modulation, etc. have important roles in the
harm or benefit duo.
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