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Abstract

Background: The pervasive presence of low-frequency electromagnetic fields (LF-EMF) and
radio waves in modern environments has raised concerns regarding potential health risks. This
umbrella review systematically evaluates and synthesizes findings from meta-analyses and
systematic reviews on the health risks associated with LF-EMF and radio waves exposure.

Methods: A comprehensive literature search was conducted in PUBMED and SCOPUS
databases for studies published between 2014 and 2024. Included studies focused on health
outcomes such as cancer incidence, neurological disorders, cardiovascular diseases, and
reproductive health issues. Data extraction and quality assessment were performed using
standardized tools, and meta-analyses were conducted where data allowed.

Results: Twenty systematic reviews and meta-analyses met the inclusion criteria. Mixed
findings were observed across various health outcomes. Cancer risk was slightly increased but
not significantly associated with LF-EMF exposure. Significant associations were found between
LF-EMF exposure and neurological disorders, particularly cognitive decline. Cardiovascular
disease risk showed non-significant associations, while reproductive health outcomes
demonstrated significant adverse effects, particularly on sperm quality and birth outcomes.

Conclusion: The evidence suggests potential health risks associated with LF-EMF and radio
waves, particularly in neurological and reproductive health domains. Further research with
standardized methodologies is heeded to clarify these associations.
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Introduction

Background

The omnipresence of low-frequency electromagnetic fields (LF-EMF) and radio waves in today's
technologically driven world has become a topic of growing concern regarding potential health
risks. LF-EMF, typically defined as electromagnetic fields with frequencies up to 300 Hz,
emanate from a variety of sources, including power lines, electrical appliances, and humerous
electronic devices. The rapid proliferation of these sources has led to widespread human
exposure, sparking scientific and public interest in understanding the potential adverse health
effects.

Electromagnetic fields (EMF) are categorized into different frequency ranges, with low-
frequency fields being one of the most common in residential and occupational settings. Radio
waves, which fall within the radiofrequency (RF) range, are extensively used in
telecommunications and broadcasting. Given the ubiquity of these fields, even minor adverse
health effects could have substantial public health implications due to the vast number of
individuals exposed.

Rationale

Several studies have been conducted to investigate the health effects of LF-EMF and RF
exposure, producing mixed and often conflicting results. Some research suggests potential
links to various health conditions, including cancer, neurological disorders, cardiovascular
diseases, and reproductive health issues. However, the inconsistency in findings, variations in
study quality, and differences in exposure assessment methodologies have led to uncertainty
and debate within the scientific community.

Previous systematic reviews and meta-analyses have attempted to synthesize the evidence, but
the rapidly evolving nature of the field necessitates a continuous and comprehensive re-
evaluation of the available data. This umbrella review aims to consolidate and critically appraise
the findings from recent systematic reviews and meta-analyses to provide a more definitive
understanding of the health risks associated with LF-EMF and RF exposure.

Objectives

The primary objective of this umbrella review is to systematically evaluate and synthesize the
findings from meta-analyses and systematic reviews concerning the health risks of LF-EMF and
radio waves. Specifically, this review aims to:

1. Assess the potential health risks associated with LF-EMF and RF exposure, focusing on
cancer incidence, neurological disorders, cardiovascular diseases, and reproductive
health issues.

2. Provide a comprehensive synthesis of findings from existing systematic reviews and
meta-analyses to offer a clearer picture of the associated health risks.

3. Identify gaps in the current research and suggest directions for future studies to address
these gaps.

By addressing these objectives, this review seeks to contribute to the ongoing discussion on
EMF exposure and public health, providing a foundation for informed decision-making and
future research endeavors.



Methods
Eligibility Criteria
Inclusion Criteria:

e Study Design: Meta-analyses, systematic reviews, and other reviews synthesizing
existing evidence on the health effects of LF-EMF and radio waves.

e Population: Individuals of any age, gender, or demographic group exposed to LF-EMF
and radio waves from various sources such as power lines, electrical appliances, or
electronic devices.

¢ Exposure: Studies examining exposure to LF-EMF and radio waves.

e Outcomes: Studies reporting on one or more of the main outcomes, including cancer
incidence and prevalence, neurological disorders, cardiovascular diseases, and
reproductive health issues.

Exclusion Criteria:
e Studies not available in English.
e Studies not focusing on human populations.

Information Sources: A comprehensive literature search was conducted using the PUBMED
and SCOPUS databases, covering studies published from 2014 to 2024. The search strategy
aimed to capture a wide array of studies on the health effects of LF-EMF and radio waves
exposure.

Search Strategy: The search strategy involved keyword combinations related to
electromagnetic fields and health outcomes. Filters were applied to select reviews published
within the specified timeframe.

PUBMED: ("electromagnetic fields"[MeSH Terms] OR "electromagnetic fields" OR "EMF" OR
"electromagnetic radiation" OR "radiofrequency radiation" OR "microwave radiation") AND
("humans"[MeSH Terms] OR "human" OR "individual" OR "population" OR "person") AND
("health"[MeSH Terms] OR "health effects" OR "health impact" OR "adverse effects" OR
"biological effects" OR "physiological effects" OR "clinical effects" OR "health outcomes")

SCOPUS: TITLE-ABS-KEY(("electromagnetic fields" OR "EMF" OR "electromagnetic radiation" OR
"radiofrequency radiation" OR "microwave radiation") AND ("health effects" OR "health impact"
OR "adverse effects" OR "biological effects" OR "physiological effects" OR "clinical effects" OR
"health outcomes") AND (humans OR human OR individual OR population OR person))

filters applied: review from 2014 to 2024

Selection Process: Two reviewers independently screened titles, abstracts, and full texts of
identified studies to determine eligibility. Discrepancies were resolved through discussion or
consultation with a third reviewer. A PRISMA flow diagram was used to document the selection
process.



Data Collection Process: Data extraction was conducted independently by two reviewers
using a standardized form to capture essential details, including study characteristics,
population details, exposure characteristics, comparator information, outcomes assessed, and
results. Discrepancies were resolved through discussion or consultation with a third reviewer.

Data Items:
e Outcomes:
e Cancerincidence and prevalence
e Neurological disorders
e Cardiovascular diseases

e Reproductive health issues

e Other Variables:
e Participant characteristics
e Exposure characteristics
e Studydesign
e Funding sources

Study Risk of Bias Assessment: The risk of bias for included studies was assessed using the
AMSTAR and ROBIS tools. Discrepancies were resolved through discussion or, if necessary,
consultation with a third reviewer. Quality assessment results were documented and
summarized.

Effect Measures: For each outcome, the effect measures (e.g., risk ratios, mean differences)
used in the synthesis or presentation of results were specified. Thresholds used to interpret the
size of effect were stated, and any re-expression of results to different effect measures was
reported.

Synthesis Methods

Eligibility for Synthesis: Studies were eligible for synthesis if they provided quantitative effect
estimates for the specified health outcomes.

Preparing for Synthesis: Data were prepared by handling missing summary statistics and
performing necessary data conversions.

Tabulation and Graphical Methods: Results were displayed in detailed tables and forest plots,
showing individual study effect sizes, pooled estimates, and measures of heterogeneity.

Statistical Synthesis Methods: Random-effects models were used for meta-analyses to
account for variability. The I” statistic and Chi-squared test assessed statistical heterogeneity.
Subgroup analyses and meta-regression explored sources of heterogeneity and the impact of
study-level covariates on effect sizes.



Methods to Explore Heterogeneity: Subgroup analysis and meta-regression were used to
explore possible causes of statistical heterogeneity. Analyses were conducted using study-level
variables, within-study contrasts, or a combination of both.

Sensitivity Analyses: Sensitivity analyses were performed to test the robustness of the main
analysis by removing studies at high risk of bias or using alternative meta-analysis models.

Results

Study Selection: A comprehensive literature search and review process identified 20
systematic reviews and meta-analyses that met the inclusion criteria for this umbrella review.
These studies were systematically reviewed and synthesized to assess the health risks
associated with low-frequency electromagnetic fields (LF-EMF) and radio wave exposure.
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Study Characteristics: The studies included in this umbrella review were conducted between
2014 and 2024, covering diverse populations and settings. Key characteristics of these studies
are summarized in Table 1.

Risk of Bias: The risk of bias for the included studies was assessed using the AMSTAR and
ROBIS tools. Overall, the methodological quality was moderate to high. Most studies
demonstrated rigorous literature search strategies, appropriate methods for combining
findings, and consideration of publication bias. The results of the quality assessment are
presented in Table 2.

Qualitative Synthesis

Cancer Incidence and Prevalence: A comprehensive review of the systematic reviews on
cancer incidence associated with LF-EMF and radio waves revealed mixed findings. Several
studies indicated a significant association between long-term exposure to electromagnetic
fields and an increased risk of various types of cancers, particularly brain tumors.

1. Mobile Phone Usage and Brain Tumors:

e Hardell et al. (2013) conducted a meta-analysis incorporating 19 studies and
found a significant increase in the risk of glioma and acoustic neuromain
individuals using mobile phones for over 10 years (OR = 2.0, 95% ClI: 1.2-3.4 for
glioma; OR =2.4, 95% CI: 1.1-5.3 for acoustic neuroma).

e The INTERPHONE study reported no significant increase in the risk of brain
tumors with mobile phone use, but did note a potential risk with heavy long-term
use (OR=0.98, 95% CI: 0.73-1.30 for acoustic neuroma).

2. Occupational Exposure:

o Hakansson et al. (2002) investigated cancer in workers exposed to high levels of
magnetic fields and found an increased incidence of kidney, pituitary gland,
liver, and biliary cancers among men, and astrocytoma among women in high
exposure categories.

3. Childhood Leukemia:

e Zhouetal. (2014) reported a significant association between magnetic field
exposure and childhood leukemia (OR = 1.57, 95% CI: 1.03-2.40 when
comparing exposures > 0.4 pTto < 0.1 pT).

o Draperetal. (2005) observed a correlation between residential proximity to high-
voltage power lines and an increased risk of childhood leukemia.

Neurological Disorders: Studies on neurological disorders and LF-EMF exposure consistently
showed an association with cognitive decline and other adverse neurological effects.

1. Cognitive Decline:

¢ A meta-analysis of studies on cognitive function found a significant association
with LF-EMF exposure, resulting in a standardized mean difference (SMD) of -
0.35 (95% CI: -0.50 to -0.20), indicating cognitive impairment associated with LF-
EMF exposure.

2. Neurodevelopmental Effects:



e Studies have suggested that prenatal and early childhood exposure to
electromagnetic fields can lead to neurodevelopmental issues, although more
research is needed to confirm these findings.

Cardiovascular Diseases: The evidence for cardiovascular effects of LF-EMF exposure was
less conclusive.

1. Heart Rate Variability and Blood Pressure:

e Some studies reported changes in heart rate variability and blood pressure
associated with LF-EMF exposure, but these findings were inconsistent across
different studies.

2. Cardiovascular Disease Incidence:

e The pooledrisk ratio (RR) for cardiovascular diseases from the meta-analysis
was 1.08 (95% CI: 0.92-1.26), indicating no significant increase in risk.

Reproductive Health Issues: There was significant evidence linking LF-EMF exposure to
adverse reproductive outcomes.

1. Sperm Quality:

e Several studies reported decreased sperm motility and increased sperm DNA
damage associated with mobile phone radiation exposure (OR = 1.45, 95% Cl:
1.10-1.90 for low birth weight).

2. Birth Outcomes:

e Meta-analyses showed an increased risk of low birth weight and other adverse
birth outcomes in populations exposed to high levels of electromagnetic fields
during pregnancy.

Quantitative Synthesis (Meta-Analysis)

Cancer Incidence:
¢ Pooled Risk Ratio (RR): 1.12 (95% CI: 0.98-1.28)
e Heterogeneity (I’): 75%

o Interpretation: The pooled analysis suggests a slight but non-significant increase in
cancer risk associated with LF-EMF exposure. The high heterogeneity indicates
variability in study results, necessitating caution in interpretation. Differences in
population characteristics, exposure levels, and study designs might contribute to this
heterogeneity.

Neurological Disorders:
e Pooled Standardized Mean Difference (SMD): -0.35 (95% CI: -0.50 to -0.20)
e Heterogeneity (I’): 65%

¢ Interpretation: There is a significant association between LF-EMF exposure and
cognitive decline. The negative SMD indicates that higher exposure is linked to worse
cognitive outcomes. The moderate heterogeneity suggests that the effect is relatively



consistent across studies but could still be influenced by differences in exposure
duration and levels.

Cardiovascular Diseases:
e Pooled Risk Ratio (RR): 1.08 (95% CI: 0.92-1.26)
e Heterogeneity (1’): 80%

¢ Interpretation: The association between LF-EMF exposure and cardiovascular diseases
is non-significant. The substantial heterogeneity implies considerable variability among
studies, which might be due to differences in population characteristics, types of
cardiovascular outcomes measured, and study quality.

Reproductive Health:
o Pooled Odds Ratio (OR) for Low Birth Weight: 1.45 (95% CI: 1.10-1.90)
e Heterogeneity (1*): 70%

¢ Interpretation: There is a significant association between LF-EMF exposure and adverse
reproductive health outcomes, specifically low birth weight. The moderate-to-high
heterogeneity indicates some variability in effect sizes, potentially due to differences in
study populations, exposure levels, and risk of bias.
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Forest Plot for Cancer Incidence: The forest plot for cancer incidence shows the individual
study effect estimates (risk ratios) along with their 95% confidence intervals (Cls). The red
dashed line represents the pooled effect size. Here are the key observations:

¢ Most studies have effect sizes around the null value (RR = 1), indicating no strong
evidence for increased or decreased cancer risk associated with LF-EMF exposure.

e The pooled effect size (RR =1.12) suggests a slight but non-significant increase in cancer
risk.

e Significant heterogeneity (I2 = 75%) indicates substantial variability in the study results,
likely due to differences in study design, population, and exposure assessment.



Forest Plot for Neurological disorders
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Forest Plot for Neurological Disorders: The forest plot for neurological disorders displays the
standardized mean differences (SMD) in cognitive function associated with LF-EMF exposure:

¢ Most studies show negative effect sizes, indicating a decrease in cognitive function with
LF-EMF exposure.

e The pooled effect size (SMD = -0.35) shows a significant association between LF-EMF
exposure and cognitive decline.

e Moderate heterogeneity (I> = 65%) suggests some variability in the study results, but the
overall effect remains significant.



Forest Plot for Reproductive health
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Forest Plot for Reproductive Health: The forest plot for reproductive health shows the odds
ratios (OR) for adverse reproductive outcomes:

e Most studies indicate increased odds of adverse reproductive outcomes, such as low
birth weight and reduced sperm quality, associated with LF-EMF exposure.

e The pooled effect size (OR = 1.45) indicates a significant increase in adverse
reproductive outcomes.

 Significant heterogeneity (1> = 70%) suggests considerable variability in the study results,
likely due to differences in exposure assessment and study populations.



Forest Plot for Cardiovascular diseases
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Forest Plot for Cardiovascular Diseases: The forest plot for cardiovascular diseases presents
the risk ratios for cardiovascular outcomes:

e The effect sizes are close to the null value, indicating no strong evidence for increased
cardiovascular risk associated with LF-EMF exposure.

e The pooled effect size (RR =1.08) is not significant, suggesting no clear association.

e Substantial heterogeneity (I> = 80%) indicates high variability in study results, reflecting
differences in study design and population characteristics.



Exploring Heterogeneity

Subgroup Analysis: Subgroup analyses were conducted to identify potential sources of

heterogeneity:

1. CancerIncidence:

Occupational vs. General Population:

e Occupational: Pooled RR = 1.20 (95% Cl: 1.05-1.37), I = 60%

e General Population: Pooled RR = 1.05 (95% CI: 0.90-1.22), I’ = 70%
High vs. Low Exposure:

e High Exposure: Pooled RR = 1.25 (95% Cl: 1.10-1.42), I* = 65%

e Low Exposure: Pooled RR = 1.02 (95% CI: 0.87-1.20), I> = 75%
High vs. Low Risk of Bias:

« High Risk of Bias: Pooled RR = 1.15 (95% ClI: 0.98-1.35), I = 80%

e Low Risk of Bias: Pooled RR =1.10 (95% Cl: 0.95-1.28), I* = 65%

Interpretation: Occupational exposure and high exposure levels are associated
with a higher risk of cancer incidence. Studies with high risk of bias show slightly
higher effect estimates, suggesting potential overestimation in these studies.

2. Neurological Disorders:

Occupational vs. General Population:
e Occupational: Pooled SMD =-0.30 (95% CI: -0.45to0 -0.15), I>=50%

e General Population: Pooled SMD =-0.38 (95% Cl: -0.55 to -0.20), I* =
70%

High vs. Low Exposure:
e High Exposure: Pooled SMD = -0.40 (95% Cl: -0.55 to -0.25), I = 55%
e Low Exposure: Pooled SMD =-0.28 (95% CI: -0.45t0 -0.10), 1> = 65%
High vs. Low Risk of Bias:
e High Risk of Bias: Pooled SMD = -0.33 (95% Cl: -0.50 to -0.15), I> = 75%
e Low Risk of Bias: Pooled SMD =-0.35 (95% CI: -0.50 to -0.20), I = 60%

Interpretation: The effect of LF-EMF exposure on cognitive decline is more
pronounced in the general population and at higher exposure levels. The
heterogeneity is lower in occupational studies, suggesting more consistent
findings in this subgroup.

3. Cardiovascular Diseases:

Occupational vs. General Population:

e Occupational: Pooled RR = 1.15 (95% Cl: 0.98-1.35), I = 70%



e General Population: Pooled RR = 1.05 (95% ClI: 0.85-1.29), I = 85%
e Highvs. Low Exposure:

e High Exposure: Pooled RR = 1.18 (95% Cl: 0.98-1.42), I* = 75%

e Low Exposure: Pooled RR = 1.02 (95% CI: 0.80-1.29), I = 80%
e High vs. Low Risk of Bias:

¢ High Risk of Bias: Pooled RR=1.12 (95% CI: 0.95-1.33), 1> = 85%

e Low Risk of Bias: Pooled RR = 1.06 (95% Cl: 0.90-1.25), I* = 75%

¢ Interpretation: The association between LF-EMF exposure and cardiovascular
diseases shows more consistent results in occupational settings and high
exposure levels. High heterogeneity in general population studies suggests
diverse findings possibly due to varied exposure assessments and population
characteristics.

4. Reproductive Health:
e Occupational vs. General Population:
e Occupational: Pooled OR = 1.50 (95% CI: 1.20-1.88), I*=60%
e General Population: Pooled OR = 1.40 (95% ClI: 1.10-1.77), I = 75%
e Highvs. Low Exposure:
o High Exposure: Pooled OR =1.55 (95% CI: 1.22-1.97), I>=65%
e Low Exposure: Pooled OR = 1.35 (95% CI: 1.08-1.70), I> = 70%
e Highvs. Low Risk of Bias:
o High Risk of Bias: Pooled OR = 1.48 (95% Cl: 1.18-1.86), I = 80%
e Low Risk of Bias: Pooled OR = 1.42 (95% Cl: 1.10-1.83), I = 65%

¢ Interpretation: Adverse reproductive health effects are more pronounced in
occupational settings and at higher exposure levels. High heterogeneity in
general population studies suggests varied findings, which may be influenced by
differences in study design and quality.

Meta-Regression: Meta-regression analyses further explored the impact of study-level
covariates on effect sizes. Results:

e CancerlIncidence: Year of publication (p = 0.03) and sample size (p = 0.05) were
significant predictors, with more recent and larger studies showing smaller effect sizes.

¢ Neurological Disorders: Geographic location (p = 0.02) was a significant predictor, with
studies conducted in Europe showing stronger associations.

e Cardiovascular Diseases: Study design (p = 0.04) influenced effect sizes, with cohort
studies showing weaker associations than case-control studies.



¢ Reproductive Health: Year of publication (p =0.01) was a significant predictor, with
more recent studies showing stronger associations.

¢ Interpretation: These findings highlight that newer studies and larger sample sizes tend
to show smaller effect sizes, suggesting improvements in study design and data quality
over time. Geographic differences indicate regional variability in findings, which could
be due to different environmental factors or study methodologies.

Sensitivity Analyses: Sensitivity analyses confirmed the robustness of the main findings across
different scenarios:

1. Removing Studies at High Risk of Bias:

Pooled estimates remained consistent, indicating robustness to the exclusion of
high-risk studies.

Interpretation: The main findings are not significantly influenced by high-risk
studies, suggesting the overall results are reliable.

2. Using Alternative Meta-Analysis Models:

Results were consistent between fixed-effect and random-effects models, but
random-effects models provided a better fit due to observed heterogeneity.

Interpretation: The consistency across models reinforces the reliability of the
findings, with random-effects models appropriately accounting for study
variability.

3. Assessing the Impact of Excluding Studies with Extreme Effect Sizes:

Excluding extreme effect sizes did not significantly alter the pooled estimates.

Interpretation: The main results are not driven by outliers, indicating a stable
association across studies.

4. Re-evaluating Pooled Estimates After Sequentially Excluding Each Study:

Sequential exclusion of each study showed no single study disproportionately
influenced the overall results.

Interpretation: The findings are robust, as no individual study had an undue
impact on the pooled estimates.



Table 1: Characteristics of Included Studies

Study Year Population Exposure Outcomes Key Findings
Shah et al. 2014 | Physiotherapists LF-EMF Reproductive Increased risk of spontaneous
health abortion, low birth weight,
congenital malformations
Kim et al. 2021 | General Mobile Sperm quality Reduced motility, viability,
population phones concentration
Shah and 2013 | Occupational RF-EMF Cardiovascular Increased risk of cardiovascular
Farrow exposure diseases diseases
Kim et al. 2021 | General RF-EMF Neurological Cognitive decline associated with
population disorders long-term exposure
Hansson 2014 | General LF-EMF Cancer No significant association with
Mild et al. population incidence overall cancer risk
Ahlbom et 2016 | Occupational LF-EMF Leukemia Increased risk of leukemia
al. exposure
Schiiz et al. 2015 | Children and RF-EMF Brain tumors Possible increased risk of brain
adolescents tumors
Hardell et 2017 | Adults RF-EMF Acoustic Significant association with
al. neuroma acoustic neuroma
Vijayalaxmi 2018 | General RF-EMF Genotoxicity Inconsistent findings on
etal. population genotoxic effects
Juutilainen 2019 | General LF-EMF Cardiovascular | No clear evidence of increased
etal. population diseases risk
Redmayne 2020 | Children and RF-EMF Coghnitive Possible cognitive impairment
etal. adolescents effects
Huss et al. 2021 | Occupational LF-EMF Cancer Elevated cancer risk in high
exposure incidence exposure occupations
Roodslietal. | 2022 | General RF-EMF Reproductive Adverse effects on male fertility
population health
Bortkiewicz 2023 | General LF-EMF Cardiovascular Mixed results, some studies
etal. population diseases suggest increased risk
Dode et al. 2014 | Residents near LF-EMF Cancer Increased risk of childhood
power lines incidence leukemia
Carlberg 2015 | Adults RF-EMF Glioma Significant association with
and Hardell glioma
Sato et al. 2016 | General LF-EMF Neurological Increased risk of Alzheimer's
population disorders disease
Zhang et al. 2017 | General RF-EMF Coghnitive No significant cognitive effects
population effects
Thomas et 2018 | Occupational LF-EMF Reproductive Increased risk of adverse
al. exposure health pregnancy outcomes
Eskelinenet | 2019 | General LF-EMF Cancer No significant association
al. population incidence




Table 2: Quality Assessment of Included Studies

Study AMSTAR Score ROBIS Score Risk of Bias
Shah et al. High Low Moderate
Kim et al. Moderate Low Low
Shah and Farrow Moderate Moderate High
Kim et al. High Low Low
Hansson Mild et al. High Low Low
Ahlbom et al. High Low Low
Schiiz et al. Moderate Moderate High
Hardell et al. High Low Low
Vijayalaxmi et al. Moderate Moderate High
Juutilainen et al. High Low Low
Redmayne et al. Moderate Moderate High
Huss et al. High Low Low
Roo6sli et al. Moderate Moderate High
Bortkiewicz et al. High Low Low
Dode et al. High Low Low
Carlberg and Hardell High Low Low
Sato et al. Moderate Moderate High
Zhang et al. High Low Low
Thomas et al. Moderate Moderate High
Eskelinen et al. High Low Low




Table 3: Summary of Qualitative Synthesis

Health
Outcome

Cancer
Incidence and
Prevalence

Study/Focus

Mobile Phone Usage
and Brain Tumors

Key Findings

Hardell et al. (2013) found significant increase in glioma and
acoustic neuroma risk with long-term mobile phone use (OR =2.0,
95% CI: 1.2-3.4 for glioma; OR = 2.4, 95% CI: 1.1-5.3 for acoustic
neuroma). INTERPHONE study noted potential risk with heavy long-
term use (OR =0.98, 95% CI: 0.73-1.30 for acoustic neuroma).

Occupational
Exposure

Hakansson et al. (2002) found increased incidence of kidney,
pituitary gland, liver, and biliary cancers among men, and
astrocytoma among women in high exposure categories.

Childhood Leukemia

Zhou et al. (2014) reported a significant association between
magnetic field exposure and childhood leukemia (OR =1.57, 95% CI:
1.03-2.40 when comparing exposures > 0.4 puT to < 0.1 pT). Draper et
al. (2005) observed increased risk of childhood leukemia near high-
voltage power lines.

Neurological

Cognitive Decline

Meta-analysis found significant association with LF-EMF exposure

Diseases

Disorders and cognitive decline (SMD =-0.35, 95% CI: -0.50 to -0.20).
Neurodevelopmental | Studies suggest prenatal and early childhood exposure to
Effects electromagnetic fields can lead to neurodevelopmental issues, but
more research is needed.
Cardiovascular | Heart Rate Some studies reported changes in heart rate variability and blood

Variability and Blood
Pressure

pressure associated with LF-EMF exposure, but findings were
inconsistent.

Cardiovascular
Disease Incidence

Pooled RR for cardiovascular diseases from meta-analysis was 1.08
(95% CI: 0.92-1.26), indicating no significant increase in risk.

Reproductive
Health

Sperm Quality

Studies reported decreased sperm motility and increased sperm
DNA damage associated with mobile phone radiation exposure.

Birth Outcomes

Meta-analyses showed increased risk of low birth weight and other
adverse birth outcomes in populations exposed to high levels of
electromagnetic fields during pregnancy.




Table 4: Meta-Analysis Results

Section

Cancer Incidence

Details

Pooled Risk Ratio (RR): 1.12 (95% CI: 0.98-1.28) <br> Heterogeneity (Iz): 75% <br> Interpretation: Slight but
non-significant increase in cancer risk. High heterogeneity suggests variability in study results.

Neurological
Disorders

Pooled Standardized Mean Difference (SMD): -0.35 (95% CI: -0.50 to -0.20) <br> Heterogeneity (Iz): 65% <br>
Interpretation: Significant association with cognitive decline. Moderate heterogeneity indicates consistent
but variable effects.

Cardiovascular
Diseases

Pooled Risk Ratio (RR): 1.08 (95% CI: 0.92-1.26) <br> Heterogeneity (1%): 80% <br> Interpretation: Non-
significant association with cardiovascular diseases. High heterogeneity indicates variability among
studies.

Reproductive Health

Pooled Odds Ratio (OR) for Low Birth Weight: 1.45 (95% CI: 1.10-1.90) <br> Heterogeneity (1%): 70% <br>
Interpretation: Significant association with adverse reproductive outcomes. Moderate-to-high
heterogeneity suggests variability.

Exploring
Heterogeneity -
Cancer Incidence

Occupational vs. General Population: <br> Occupational: RR =1.20 (95% CI: 1.05-1.37), 1>=60% <br>
General Population: RR = 1.05 (95% Cl: 0.90-1.22), I> = 70% <br> High vs. Low Exposure: <br> High: RR = 1.25
(95% CI: 1.10-1.42), I> = 65% <br> Low: RR = 1.02 (95% CI: 0.87-1.20), I> = 75% <br> High vs. Low Risk of Bias:
<br> High: RR = 1.15 (95% ClI: 0.98-1.35), I* = 80% <br> Low: RR = 1.10 (95% ClI: 0.95-1.28), I* = 65% <br>
Interpretation: Higher risk with occupational and high exposure levels. Higher estimates in high-risk bias
studies.

Exploring
Heterogeneity -
Neurological

Occupational vs. General Population: <br> Occupational: SMD = -0.30 (95% CI: -0.45 to -0.15), I> = 50% <br> General

Population: SMD =-0.38 (95% ClI: -0.55 to -0.20), I> = 70% <br> High vs. Low Exposure: <br> High: SMD = -0.40 (95% ClI: -
0.55 to -0.25), I* = 55% <br> Low: SMD = -0.28 (95% Cl: -0.45 to -0.10), I* = 65% <br> High vs. Low Risk of Bias: <br> High:
SMD =-0.33 (95% ClI: -0.50 to -0.15), I* = 75% <br> Low: SMD = -0.35 (95% Cl: -0.50 to -0.20), I* = 60% <br> Interpretation:

Disorders
More pronounced effect in the general population and at higher exposure levels. Lower heterogeneity in occupational
studies.

Exploring Occupational vs. General Population: <br> Occupational: RR = 1.15 (95% CI: 0.98-1.35), I> = 70% <br> General Population:

Heterogeneity -
Cardiovascular
Diseases

RR =1.05 (95% CI: 0.85-1.29), I = 85% <br> High vs. Low Exposure: <br> High: RR =1.18 (95% CI: 0.98-1.42), I? = 75% <br>
Low: RR = 1.02 (95% Cl: 0.80-1.29), I = 80% <br> High vs. Low Risk of Bias: <br> High: RR = 1.12 (95% CI: 0.95-1.33), I’ =
85% <br> Low: RR = 1.06 (95% CI: 0.90-1.25), I> = 75% <br> Interpretation: More consistent results in occupational
settings and high exposure levels. High heterogeneity in general population studies.

Exploring
Heterogeneity -
Reproductive Health

Occupational vs. General Population: <br> Occupational: OR = 1.50 (95% CI: 1.20-1.88), I’ = 60% <br>
General Population: OR =1.40 (95% CI: 1.10-1.77), I?=75% <br> High vs. Low Exposure: <br> High: OR =1.55
(95% CI: 1.22-1.97), I> = 65% <br> Low: OR = 1.35 (95% CI: 1.08-1.70), I> = 70% <br> High vs. Low Risk of Bias:
<br> High: OR =1.48 (95% CI: 1.18-1.86), I* = 80% <br> Low: OR = 1.42 (95% CI: 1.10-1.83), I = 65% <br>
Interpretation: More pronounced effects in occupational settings and at higher exposure levels. High
heterogeneity in general population studies.

Meta-Regression

Cancer Incidence: Year of publication (p = 0.03) and sample size (p = 0.05) were significant predictors. More
recent and larger studies showed smaller effect sizes. <br> Neurological Disorders: Geographic location (p
=0.02) was a significant predictor, with stronger associations in Europe. <br> Cardiovascular Diseases:
Study design (p = 0.04) influenced effect sizes, with cohort studies showing weaker associations than case-
control studies. <br> Reproductive Health: Year of publication (p = 0.01) was a significant predictor, with
more recent studies showing stronger associations. <br> Interpretation: Newer studies and larger sample
sizes tend to show smaller effect sizes, suggesting improvements in study design and data quality over
time. Geographic differences indicate regional variability in findings.

Sensitivity Analyses

Removing High Risk of Bias: Consistent pooled estimates, indicating robustness. <br> Using Alternative Models:
Consistent results between fixed-effect and random-effects models. Random-effects better fit due to observed
heterogeneity. <br> Excluding Extreme Effect Sizes: No significant change in pooled estimates, indicating stability. <br>
Sequential Exclusion: No single study disproportionately influenced overall results. <br> Interpretation: The findings are
robust, with no undue influence from high-risk studies, outliers, or individual studies. Random-effects models
appropriately account for study variability.




Discussion

Interpretation of Results: This umbrella review and meta-analysis systematically evaluated the
health risks associated with low-frequency electromagnetic fields (LF-EMF) and radio wave
exposure. The findings indicate potential associations with various health outcomes, with
significant associations observed for neurological and reproductive health effects, while
evidence for cancer and cardiovascular diseases remains mixed and inconclusive.

Cancer Incidence and Prevalence: The review highlighted mixed findings regarding cancer risk.
Some studies, such as Hardell et al. (2013), reported significant increases in glioma and
acoustic neuroma risks with long-term mobile phone use. Conversely, the INTERPHONE study
found no significant increase in brain tumor risk, except for potential risk with heavy long-term
use. Occupational studies showed increased cancer incidences in high exposure categories,
and studies on childhood leukemia indicated significant associations with residential magnetic
field exposure. The pooled risk ratio (RR =1.12, 95% CI: 0.98-1.28) suggests a slight but non-
significant increase in cancer risk, with high heterogeneity (1> = 75%) reflecting variability across
studies.

Neurological Disorders: A significant association was found between LF-EMF exposure and
cognitive decline, with a standardized mean difference (SMD) of -0.35 (95% CI: -0.50 to -0.20)
and moderate heterogeneity (I> = 65%). The evidence also suggests potential
neurodevelopmental effects from prenatal and early childhood exposure to electromagnetic
fields, though further research is needed to confirm these findings.

Cardiovascular Diseases: The evidence for cardiovascular effects of LF-EMF exposure was
inconclusive. While some studies reported changes in heart rate variability and blood pressure,
the pooled risk ratio (RR = 1.08, 95% CI: 0.92-1.26) indicated no significant increase in
cardiovascular disease risk. High heterogeneity (I> = 80%) suggests considerable variability
among studies.

Reproductive Health Issues: There was significant evidence linking LF-EMF exposure to
adverse reproductive outcomes. Studies reported decreased sperm motility and increased
sperm DNA damage associated with mobile phone radiation exposure (OR =1.45, 95% ClI: 1.10-
1.90). Meta-analyses also showed increased risks of low birth weight and other adverse birth
outcomes in populations exposed to high levels of electromagnetic fields during pregnancy.

Limitations of Evidence: Several limitations were identified in the evidence included in this
review:

1. Heterogeneity: High heterogeneity in many pooled estimates indicates variability in
study designs, populations, and exposure assessments.

2. Exposure Assessment: Variations in exposure assessment methods across studies
could affect the reliability of the findings.

3. Publication Bias: Potential publication bias was noted, particularly in studies reporting
positive associations.

4. Confounding Factors: Many studies did not adequately control for confounding factors,
which could influence the observed associations.



Limitations of Review Processes: The review processes also had limitations:

1.

Search Strategy: Although comprehensive, the search strategy may have missed
relevant studies not indexed in PUBMED and SCOPUS.

Study Selection: The reliance on English-language studies could introduce language
bias.

Data Extraction: Despite efforts to standardize data extraction, inconsistencies might
have occurred.

Quality Assessment: The use of AMSTAR and ROBIS tools highlighted variability in study
quality, affecting the robustness of the conclusions.

Implications for Practice and Policy: The findings suggest that LF-EMF and radio wave
exposure may pose health risks, particularly in neurological and reproductive health domains.
These results have several implications for practice and policy:

1.

Public Health Measures: Efforts should be made to minimize LF-EMF exposure,
especially in vulnerable populations such as children and pregnant women.

Regulatory Standards: Regulatory bodies should review and potentially revise exposure
limits to reflect current evidence on health risks.

Occupational Safety: Enhanced safety measures and monitoring in occupational
settings with high LF-EMF exposure are recommended.

Recommendations for Future Research: Future research should focus on the following areas:

1.

Standardized Exposure Assessment: Future studies should employ standardized and
validated methods for assessing LF-EMF exposure to improve comparability.

Longitudinal Studies: Long-term studies are needed to better understand the chronic
effects of LF-EMF exposure.

Control for Confounders: Studies should adequately control for potential confounding
factors to ensure more reliable results.

Mechanistic Studies: Research into the biological mechanisms underlying the
observed health effects would provide valuable insights into causality.

Conclusion: This comprehensive synthesis highlights the need for continued investigation into
the health effects of LF-EMF and radio wave exposure. While significant associations were
found for neurological and reproductive health outcomes, the evidence for cancer and
cardiovascular risks remains inconclusive. Public health measures and regulatory standards
should be informed by ongoing research to mitigate potential health risks.



Other Information
Registration and Protocol
Registration

This review was registered in the PROSPERO database, registration number:
CRD42024547871.

Protocol

The review protocol can be accessed at PROSPERO Registration.
Amendments

one amendment was made to the original protocol.

Support

This review did not receive any specific financial or non-financial support. The authors
conducted the review independently without any external funding sources. The funders had no
role in the design, conduct, data collection, analysis, or interpretation of the review, nor in the
preparation, review, or approval of the manuscript.

Competing Interests

The authors declare no competing interests. All authors have completed the ICMJE uniform
disclosure form and declare no support from any organization for the submitted work. No
financial relationships with any organizations that might have an interest in the submitted work
in the previous three years. No other relationships or activities that could appear to have
influenced the submitted work.

Availability of Data, Code, and Other Materials

For access to any additional materials used in this review, please contact the corresponding
author at oussama.lamzouri03@gmail.com . Data, analytic code, or other materials will be
made available upon request under reasonable circumstances.

Declaration of generative Al and Al-assisted technologies in the writing process

During the preparation of this work the author(s) used chatgpt 3.5 in order to correct language
imperfections. After using this tool/service, the author(s) reviewed and edited the content as
needed and take(s) full responsibility for the content of the publication.


mailto:oussama.lamzouri03@gmail.com

References

1.

10.

11.

12.

13.

14.

Terzi M, Ozberk B, Deniz OG, Kaplan S. The Role of Electromagnetic Fields in
Neurological Disorders. J Chem Neuroanat. 2016;75:77-84.

Mattsson M-0, Simké M. Is There a Relation between Extremely Low Frequency
Magnetic Field Exposure, Inflammation, and Neurodegenerative Diseases? A Review of
in Vivo and in Vitro Experimental Evidence. Toxicology. 2012;301:1-12.

Lai H. Genetic effects of non-ionizing electromagnetic fields. Electromagn Biol Med.
2021 Apr 3;40(2):264-273. doi: 10.1080/15368378.2021.1881866. Epub 2021 Feb 4.
PMID: 33539186..

Saliev T, Begimbetova D, Masoud A-R, Matkarimov B. Biological Effects of Non-lonizing
Electromagnetic Fields: Two Sides of a Coin. Prog Biophys Mol Biol. 2019;141:25-36.

Wyszkowska J, Jankowska M, Gas P. Electromagnetic Fields and Neurodegenerative
Diseases. Przegl Elektrotechniczny. 2019;1:129-133.

Hosseinabadi MB, Khanjani N, Ebrahimi MH, Haji B, Abdolahfard M. The Effect of
Chronic Exposure to Extremely Low-Frequency Electromagnetic Fields on Sleep Quality,
Stress, Depression, and Anxiety. Electromagn Biol Med. 2019;38:96-101.

Touitou Y, Selmaoui B, Lambrozo J. Assessment of Cortisol Secretory Pattern in Workers
Chronically Exposed to ELF-EMF Generated by High Voltage Transmission Lines and
Substations. Environ Int. 2022;161:107103.

Touitou Y, Lambrozo J, Mauvieux B, Riedel M. Evaluation in Humans of ELF-EMF
Exposure on Chromogranin A, a Marker of Neuroendocrine Tumors and Stress.
Chronobiol Int. 2020;37:60-67.

Reilly JP. Peripheral Nerve Stimulation by Induced Electric Currents: Exposure to Time-
Varying Magnetic Fields. Med Biol Eng Comput. 1989;27:101.

Wyszkowska J, Pritchard C. Open Questions on the Electromagnetic Field Contribution
to the Risk of Neurodegenerative Diseases. Int J Environ Res Public Health. 2022 Dec
2;19(23):16150. doi: 10.3390/ijerph192316150. PMID: 36498223; PMCID: PMC9738318..

Garcia AM, Sisternas A, Hoyos SP. Occupational Exposure to Extremely Low Frequency
Electric and Magnetic Fields and Alzheimer Disease: A Meta-Analysis. IntJ Epidemiol.
2008;37:329-340.

Hug K, R6dsli M, Rapp R. Magnetic Field Exposure and Neurodegenerative Diseases—
Recent Epidemiological Studies. Soz-Praventivmedizin. 2006;51:210-220.

Zhou H, Chen G, Chen C, Yu Y, Xu Z. Association between Extremely Low-Frequency
Electromagnetic Fields, Occupations, and Amyotrophic Lateral Sclerosis: A Meta-
Analysis. PLoS ONE. 2012;7

Savitz DA, Checkoway H, Loomis DP. Magnetic Field Exposure and Neurodegenerative
Disease Mortality among Electric Utility Workers. Epidemiol Camb Mass. 1998;9:398-
404.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Haakansson N, Gustavsson P, Johansen C, Floderus B. Neurodegenerative Diseases in
Welders and Other Workers Exposed to High Levels of Magnetic Fields. Epidemiology.
2003;14:420-426.

Feychting M, Jonsson F, Pedersen NL, Ahlbom A. Occupational Magnetic Field Exposure
and Neurodegenerative Disease. Epidemiology. 2003;14:413-419.

Huss A, Spoerri A, Egger M, R66sli M, Study SNC. Residence near Power Lines and
Mortality from Neurodegenerative Diseases: Longitudinal Study of the Swiss Population.
Am J Epidemiol. 2009;169:167-175.

Andel R, Crowe M, Feychting M, Pedersen NL, Fratiglioni L, Johansson B, Gatz M. Work-
Related Exposure to Extremely Low-Frequency Magnetic Fields and Dementia: Results
from the Population-Based Study of Dementia in Swedish Twins. J Gerontol Ser Biomed
Sci Med Sci. 2010;65:1220-1227.

Park JS, Kim DW, Chung JW, Kwon JY, Park YW, Cho HY. Safety of Exposure From
Extremely Low Frequency Magnetic Fields During Prenatal Ultrasound Examinations in
Clinicians and Pregnant Women. Medicine (Baltimore). 2015 Jul;94(29):e1194. doi:
10.1097/MD.0000000000001194. PMID: 26200630; PMCID: PMC4603025

Pedersen C, Poulsen AH, Rod NH, Frei P, Hansen J, Grell K, Raaschou-Nielsen O, Schuz
J, Johansen C. Occupational Exposure to Extremely Low-Frequency Magnetic Fields and
Risk for Central Nervous System Disease: An Update of a Danish Cohort Study among
Utility Workers. Int Arch Occup Environ Health. 2017;90:619-628.

Hardell L. World Health Organization, Radiofrequency Radiation and Health — A Hard
Nut to Crack (Review). IntJ Oncol. 2017;51:405-413.

Hardell L, Carlberg M. Mobile Phones, Cordless Phones and the Risk for Brain Tumors.
IntJ Oncol. 2009;35:5-17.

Hardell L, Walker MJ, Walhjalt B, Friedman LS, Richter ED. Secret Ties to Industry and
Conflicting Interests in Cancer Research. Am J Ind Med.
https://doi.org/10.1002/ajim.20357.

Hug K, Grize L, Seidler A, Kaatsch P, Schuz J. Parental Occupational Exposure to
Extremely Low Frequency Magnetic Fields and Childhood Cancer: A German Case-
Control Study. Am J Epidemiol. 2010;171:27-35.

Kheifets L, Afifi AA, Shimkhada R. Public Health Impact of Extremely Low Frequency
Electromagnetic Fields. Environ Health Perspect. 2006;114:1532-1537.

Kheifets L, Ahlbom A, Crespi CM, Draper G, Hagihara J, et al. Pooled Analysis of Recent
Studies on Magnetic Fields and Childhood Leukemia. BrJ Cancer. 2010;103:1128-1135.

Kheifets L, Monroe J, Vergara XP, Mezei G, Afifi AA. Occupational Electromagnetic Fields
and Leukemia and Brain Cancer: An Update to Two Meta-Analyses. J Occup Environ
Med. 2008;50:677-688.

Kroll ME, Swanson J, Vincent TJ, Draper GJ. Childhood Cancer and Magnetic Fields from
High-Voltage Power Lines in England and Wales: A Case-Control Study. BrJ Cancer.
2010;103:1122-1127.



29. Li P, McLaughlin J, Infante-Rivard C. Maternal Occupational Exposure to Extremely Low
Frequency Magnetic Fields and the Risk of Brain Cancer in the Offspring. Cancer Causes
Control. 2009;20:945-952.

30. Lowenthal RM, Tuck DM, Bray IC. Residential Exposure to Electric Power Transmission
Lines and Risk of Lymphoproliferative and Myeloproliferative Disorders: A Case-Control
Study. Int Med J. 2007;1-6.

31. Fink NE. Conflicts of Interest and An Approach to Managing Them. EJIFCC. 2020 Nov
20;31(4):292-301. PMID: 33376469; PMCID: PMC7745299..

32. Malagoli C, Fabbi S, Teggi S, Calzari M, Poli M, et al. Risk of Hematological Malignancies
Associated with Magnetic Fields Exposure from Power Lines: A Case-Control Study in
Two Municipalities of Northern Italy. Environ Health. 2010;9:16.

33. Marcilio I, Gouveia N, Pereira Filho ML, Kheifets L. Adult mortality from leukemia, brain
cancer, amyotrophic lateral sclerosis and magnetic fields from power lines: a case-
control study in Brazil. Rev Bras Epidemiol. 2011 Dec;14(4):580-8. doi: 10.1590/s1415-
790x2011000400005. PMID: 22218657.

34. Mejia-Arangure JM, Fajardo-Gutierrez A, Perez-Saldiva ML, Gorodezky C, Martinez-
Avalos A, et al. Magnetic Fields and Acute Leukemia in Children with Down Syndrome.
Epidemiology. 2007;18:158-161.

35. Mizoue T, Onoe Y, Moritake H, Okamura J, Sokejima S, Nitta H. Residential Proximity to High-
Voltage Power Lines and Risk of Childhood Hematological Malignancies. J Epidemiol.
2004;14:118-123.

36. Graham C, Cook MR, Cohen HD, Riffle DW, Hoffman S, Gerkovich MM. Human exposure
to 60-Hz magnetic fields: neurophysiological effects. Int J Psychophysiol. 1999 Aug;33(2):169-
75. doi: 10.1016/s0167-8760(99)00031-8. PMID: 10489081.

37. Pedersen C, Raaschou-Nielsen O, Rod NH, Frie P, Poulsen AH, et al. Distance from
Residence to Power Line and Risk of Childhood Leukemia: A Population-Based Case-Control
Study in Denmark. CCC Cancer Causes Control. 2014;25:171-177.

38. Pearce MS, Hammal DM, Tevhik Dorak M, McNally RJQ, Parker L. Paternal Occupational
Exposure to Electromagnetic Fields as a Risk Factor for Cancer in Children and Young Adults: A
Case-Control Study from the North of England. Pediatr Blood Cancer. 2007;49:280-286.

39. Rahman HI, Shah SA, Alias H, Ibrahim HM. A Case-Control Study on the Association
between Environmental Factors and the Occurrence of Acute Leukemia among Children in
Klang Valley, Malaysia. Asian Pac J Cancer Prev. 2008;9:649-652.

40. Reid A, Glass DC, Bailey HD, Milne E, de Klerk NH, Downie P, et al. Risk of Childhood Acute
Lymphoblastic Leukemia Following Parental Occupational Exposure to Extremely Low
Frequency Electromagnetic Fields. BrJ Cancer. 2011;105:1409-1413.

41. Salvan A, Ranucci A, Lagorio S, Magnani C, the SETIL Research Group. Childhood Leukemia
and 50 Hz Magnetic Fields: Findings from the Italian SETIL Case-Control Study. IntJ Environ Res
Public Health. 2015;12:2184-2204.



42. Schuz J, Girgat JP, Brinkmann K, Michaels J. Residential Magnetic Fields as a Risk Factor for
Childhood Acute Leukemia: Results from a German Population-Based Case-Control Study. IntJ
Cancer. 2001;91:728-735.

43. Schuz J, Grell K, Kinsey S, Linet MS, Link MP, et al. Extremely Low-Frequency Magnetic Fields
and Survival from Childhood Acute Lymphoblastic Leukemia: An International Follow-Up Study.
Blood Cancer J. 2012;2

44. Schuz J, Svendsen AL, Linet MS, McBride ML, Roman E, Feychting M, et al. Nighttime
Exposure to Electromagnetic Fields and Childhood Leukemia: An Extended Pooled Analysis. Am
J Epidemiol. 2007;166:263-269.

45. Sermage-Faure C, Demoury C, Rudant J, Goujon-Bellec S, Guyot-Goubin A, Deschamps F,
Hemon D, Clavel J. Childhood leukaemia close to high-voltage power lines--the Geocap
study, 2002-2007. Br J Cancer. 2013 May 14;108(9):1899-906. doi: 10.1038/bjc.2013.128. Epub
2013 Apr 4. PMID: 23558899; PMCID: PMC3658518.

46. Soffritti M, Tibaldi E, Padovani M, Hoel DG, Giuliani L, Bua L, et al. Synergism between
Sinusoidal-50 Hz Magnetic Field and Formaldehyde in Triggering Carcinogenic Effects in Male
Sprague-Dawley Rats. Am J Ind Med. 2016;59:509-521.

47. Soffritti M, Tibaldi E, Padovani M, Hoel DG, Giuliani L, Bua L, et al. Lifespan Exposure to
Sinusoidal-50 Hz Magnetic Field and Acute Low-Dose Gamma Radiation Induce Carcinogenic
Effects in Sprague-Dawley Rats. Int J Radiat Biol. 2016;92:202-214.

48. Sohrabi MR, Tarjoman T, Abadi A, Yavari P. Living Near Overhead High Voltage Transmission
Tower Lines as a Risk Factor for Childhood Acute Lymphoblastic Leukemia: A Case-Control
Study. Asian Pac J Cancer Prev. 2010;11:423-427.

49. Starkey SJ. Inaccurate Official Assessment of Radiofrequency Safety by the Advisory Group
on Non-lonizing Radiation. Rev Environ Health. 2016;31:493-503.

50.Sul,ZhaoC,lJinY, LeiY, LuL, Chen G. Association between Parental Occupational
Exposure to Extremely Low Frequency Magnetic Fields and Childhood Nervous System Tumors
Risk: A Meta-Analysis. Sci Total Environ. 2018;642:1406-1414.

51. Sun JW, Li XR, Gao HY, Yin JY, Qin Q, Nie SF, Wei S. Electromagnetic Field Exposure and
Male Breast Cancer Risk: A Meta-Analysis of 18 Studies. Asian Pac J Cancer Prev. 2013;14:2809-
2815.

52. Zhang ZW, Matkin CC. Occupational Electric and Magnetic Field Exposure and Leukemia. A
Meta-Analysis. J Occup Environ Med. 1997;39:1074-1091.

53. Adams JA, Galloway TS, Mondal D, Esteves SC, Mathews F. Effect of Mobile Telephones on
Sperm Quality: A Systematic Review and Meta-Analysis. Environ Int. 2014;70:106-112.

54. Agarwal A, Desai NR, Makker K, Varghese A, Mouradi R, Sabanegh E, Sharma R. Effects of
Radiofrequency Electromagnetic Waves (RF-EMW) from Cellular Phones on Human Ejaculated
Semen: An In Vitro Pilot Study. Fertil Steril. 2009;92:1318-1325.

55. Aitken RJ, Bennetts LE, Sawyer D, Wiklendt AM, King BV. Impact of Radio Frequency
Electromagnetic Radiation on DNA Integrity in the Male Germline. Int J Androl. 2005;28:171-179.



56. Aitken RJ, De luliis GN, Gibb Z, Baker MA. The Simmet Lecture: New Horizons on an Old
Landscape - Oxidative Stress, DNA Damage, and Apoptosis in the Male Germ Line. Reprod
Domest Anim. 2012;47(Suppl 4):7-14.

57. Al-Akhras MA, Darmani H, Elbetieha A. Influence of 50 Hz magnetic field on sex
hormones and other fertility parameters of adult male rats. Bioelectromagnetics. 2006
Feb;27(2):127-31. doi: 10.1002/bem.20186. PMID: 16304700.

58. Al-Bayyari N, Jabr AA, Abu-Khdair Al. The Effect of Cell Phone Usage on Semen Quality and
Fertility Among Jordanian Males. Middle East Fertil Soc J. 2017;22:178-182.

59. Alkis ME, Bilgin HM, Akpolat V, Dasdag S, Yegin K, Yavas MC, Akdag MZ. Effect of 900-,
1800-, and 2100-MHz radiofrequency radiation on DNA and oxidative stress in brain.
Electromagn Biol Med. 2019;38(1):32-47. doi: 10.1080/15368378.2019.1567526. Epub 2019
Jan 22. PMID: 30669883.

60. Behari J, Rajamani P, Kesari KK, Kumar S. Mobile Phone Usage and Male Infertility in Wistar
Rats. Indian J Exp Biol. 2010;48:987-992.

61. Sungjoon Kim, Donghyun Han, Jiwoo Ryu, Kihun Kim, Yun Hak Kim, Effects of mobile phone
usage on sperm quality — No time-dependent relationship on usage: A systematic review and
updated meta-analysis, Environmental Research, Volume 202, 2021, 111784, ISSN 0013-9351,
https://doi.org/10.1016/j.envres.2021.111784.
(https://www.sciencedirect.com/science/article/pii/S0013935121010781)

62. Campisi A, Gulino M, Acquaviva R, Bellia P, Raciti G, Grasso R, Musumeci F, Vanella A,
Triglia A. Reactive Oxygen Species Levels and DNA Fragmentation on Astrocytes in Primary
Culture After Acute Exposure to Low Intensity Microwaves. Neurosci Lett. 2010;473:52-55.

63. Gorpinchenko I, Nikitin A, Banyra O, Shulyak A. The Influence of Direct Mobile Phone
Radiation on Sperm Quality. Cent European J Urol. 2014;67:65-71.

64. Hamada A, Singh A, Agarwal A. Cell Phones and Their Impact on Male Fertility: Fact or
Fiction. Open Reprod SciJ. 2011;3:125-137.

65. Houston BJ, Nixon B, King BV, De luliis GN, Aitken RJ. The Effects of Radiofrequency
Electromagnetic Radiation on Sperm Function. Reproduction. 2016;152

66. Kesari KK, Kumar S, Behari J. Effects of Radiofrequency Electromagnetic Wave Exposure
from Cellular Phones on the Reproductive Pattern in Male Wistar Rats. Appl Biochem
Biotechnol. 2011;164:546-559.

67. Daryoush Fatehi, Maryam Anjomshoa, Mohsen Mohammadi, Mohammad Seify, Ayoob
Rostamzadeh, Biological effects of cell-phone radiofrequency waves exposure on fertilization in
mice; an in vivo and in vitro study, Middle East Fertility Society Journal, Volume 23, Issue 2,
2018, Pages 148-153, ISSN 1110-5690, https://doi.org/10.1016/j.mefs.2017.10.002.
(https://www.sciencedirect.com/science/article/pii/S1110569017301875)

68. Merhi ZO. Challenging Cell Phone Impact on Reproduction: A Review. J Assist Reprod Genet.
2012;29:293-297.

69. Wdowiak A, Wdowiak L, Wiktor H. Evaluation of the Effect of Using Mobile Phones on Male
Fertility. Ann Agric Environ Med. 2007;14:169-172.


https://doi.org/10.1016/j.envres.2021.111784
https://www.sciencedirect.com/science/article/pii/S0013935121010781
https://doi.org/10.1016/j.mefs.2017.10.002
https://www.sciencedirect.com/science/article/pii/S1110569017301875

70.Yildirim M, Kaynar M, Badem H, Cavis M, Karatas OF, Cimentepe E. What is Harmful for Male
Fertility: Cell Phone or the Wireless Internet? Kaohsiung J Med Sci. 2015;31:480-484.

71.Yu G, Tang Z, Chen H, Chen Z, Wang L, Cao H, et al. Long-term Exposure to 4G Smartphone
Radiofrequency Electromagnetic Radiation Diminished Male Reproductive Potential by Directly
Disrupting Spock3-mmp2-btb Axis in the Testes of Adult Rats. Sci Total Environ.
2020;698:133860.

72. Zalata A, El-Samanoudy AZ, Shaalan D, El-Baiomy Y, Mostafa T. In Vitro Effect of Cell Phone
Radiation on Motility, DNA Fragmentation, and Clusterin Gene Expression in Human Sperm. Int J
Fertil Steril. 2015;9:129-136.

73. Zayed FA, Alfifi Z, Mahmoud AA. Effect of Electromagnetic Waves on the Frequency of
Micronucleated Polychromatic Erythrocytes and the Sperm Morphology of Rats (Rattus
norvegicus). Cytologia. 2012;77:23-383.

74.Zhang G, Yan H, Chen Q, Liu K, Ling X, Sun L, et al. Effects of Cell Phone Use on Semen
Parameters: Results from the MARHCS Cohort Study in Chongqing, China. Environ Int.
2016;91:116-121.



