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Abstract 
Background: This review aimed to emphasize the effects, 
mechanisms involved, conditions required to trigger impacts, and the 
adapted responses of EMF on thyroid gland. 
Methods: The included literatures were collected from the Oceania 
Radiofrequency Scientific Advisory Association (ORSAA) database 
which were published before April 2021. The searched was then 
refined with keyword ‘thyroid’. 
Results: A total of 15 experimental studies, 10 observational studies, 4 
review articles, and 1 medical hypothesis were included. 
Hypothyroidism is the most reported functional abnormality. The 
identified morphological abnormalities of the thyroid gland include 
increased follicular epithelial and interfollicular tissue, decreased 
colloid volume of cubic cells, follicular fluid, interfollicular space, 
changes in lysosomes, granular endoplasmic reticulum, cell nuclei, 
changes in glandular structures including cell hypotrophy, glandular 
hypertrophy, and increased apoptosis via caspase-dependent 
pathways. The observational studies reported an increase in thyroid 
cancer incidence and the diameter of the left anteroposterior of the 
thyroid gland. Postulation that thyroid cancer is associated with 
thyroid cancer EMF exposure, is suggested by a medical hypothesis 
paper. The possibilities of hypothyroidism, thyroid cancer, and cell 
apoptosis due to EMF exposure have been highlighted in the review 
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articles. 
Conclusion: Despite these findings, critical elements, such as the 
effects and mechanisms of EMF exposure on thyroid hormone 
transporters, genomic and non-genomic actions, conditions required 
for the effect to occur, and the resultant adapted responses, have not 
been explored suggesting the need of further research.
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Introduction
Thyroid abnormalities, including functional (hypothyroidism/hyperthyroidism) and anatomic (benign nodules/thyroid
cancer) disorders, had affected 200million of theworld population in 2013.1 This situation is demonstrated by incidences
of hypothyroidism and hyperthyroidism that have reached 226/100,000 population per year (5% prevalence) and
51/100,000 population per year (2% prevalence), respectively.1 Thyroid nodules are found in 12% of the global general
population in which the incidence rises among older population.2 At least 50% of individuals have one thyroid nodule at
60 years old, where 90-95% of them are benign.2 There are 3.2 million patients with thyroid cancer worldwide, generally
dominated by women, with an incidence of more than 560,000 new cases per year.3 Some of the triggering factors for
thyroid abnormalities are iodine, selenium, vitamin D deficiency, smoking, pathogen infection, drugs, chemicals, and
external radiation.4 It has been suggested that an increase in thyroid dysfunctions is due to radiation exposure.5

Radiation is categorized into ionizing and non-ionizing. Ionizing radiation (i.e. X-ray or gamma-ray exposure) breaks
molecular bonds due to its high frequency, whilst non-ionizing radiation (i.e. infrared, microwave, or radiofrequency
waves) damages cells by altering chemical reactions and inducingmechanisms related to heat and electricity. Owing to its
frequent use, non-ionizing radiation is likely to cause thyroid abnormalities.6 A study suggested that increased cell phone
use is a contributing factor to higher incidence rate of thyroid cancer in Sweden and other Nordic countries.

The exposure to non-ionizing electromagnetic fields (EMF) in human cells may lead to several events, including
cyclotron ion resonance, parametric resonance, electromagnetic field interaction with electrons, wave stabilization and
quantum coherence, resonance and polarization frequency, resonance recognition, electron excitation inwatermolecules,
and increase of free radical concentration, which can affect the body.7–9 The aforementioned events are followed by an
increase of calcium (Ca2+) efflux, formation of reactive oxygen species, deoxyribonucleic acid (DNA) strand breaks,
increased activities of ornithine decarboxylase (ODC) and protein kinase (PKC), disturbances in Na+/K+ phosphatase
activities, decreased levels of melatonin, impaired histone kinase activities, and increased protein misfolding if
adapted responses do not occur.10 These events will eventually cause genotoxic and carcinogenic effects under certain
conditions.11–14

The Oceania Radiofrequency Scientific Advisory Association (ORSAA) is an organization composed of scientists from
various academic disciplines who are investigating the scientific research that relates to the effects of artificial EMF
radiation on humans, animals and the environment. ORSAA database contains all information on the effects of non-
ionizing EMF radiation on human, animals and the environment from 2015 to present. The importance of this database is
derived to the fact that the number ofmobile phone users has reached 7 billion people or 97% of the world's population. In
Southeast Asia alone, the number of cellular phones used is more than twice the population, reaching 600 million in
2014.15 The thyroid gland plays an important role in the growth process and metabolism; however, it has a high risk of
being exposed to non-ionizing radiation because of its superficial and close location to the cellular phonewhen in use.16,17

The exposure may cause abnormalities in thyroid gland morphology and thyroid hormone functions.16,17 Abnormality
of thyroid hormones are associated with some diseases.16,18 In addition, it is also suspected to affect thyroid hormone
actions, either the transporters or genomic and non-genomic actions, which in turn will disrupt the physiological
response.15,17,19–21

This systematic review examined data from experimental research (both in vivo and in virtro), observational studies,
reviews, and medical hypotheses published in the database to map and identify the relationship between non-ionizing
EMF radiation and thyroid dysfunctions. This systematic review aimed to answer the following research questions:

(1) Could non-ionizing EMF radiation impact thyroid gland and its hormones?

(2) What are parameters influencing the impact of non-ioninzing EMF radiation against thyroid gland and its
hormones?

(3) How is the advancement of the research perataining to non-ionizing EMF radiation impact on the thyroid?

Methods
Information sources
All studies containing information on the effect of non-ionizing EMF exposure on thyroid cells and their functions were
collected from theORSAAdatabase. TheORSAAdatabase is a comprehensive database of bio-effects from non-ionizing
radiation by ORSAA, an organization consisting of researchers and science practitioners, that investigates the effects of
electromagnetic radiation on humans, animals, and the environment. The members also continuously collect all articles
published in other databases such as PubMed, Google Scholars and others that specific on the effects of bio-effects from
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non-ionizing radiation. The organization was founded in 2015 by a group of academics and researchers in Australia more
information can be found here. The sources of ORSAA database are from all articles from PubMed database, Google
Scholars, the Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) technical series documentation
and their monthly literature survey on electromagnetic radiations, and the EMF-Portal of Rheinisch-Westfälische
Technische Hochschule (RWTH) Aachen University. The ORSAA database was used because it is comprehensive
and it covers all studies published in other databases but specific on effects of electromagnetic radiation on humans,
animals, and the environment. This ensured that all articles related to the topic were covered but in smaller number of
datasets. In addition, the database easy to search, unbiased, and accessible online free of charge.

Eligibility criteria and screening
The searcheswere conducted using keyword “thyroid” onORSAAdatabase between 20March and 1April 2021.All data
from the database were included without year restriction. All cross-sectional, prospective or retrospective studies in
humans were considered eligible. Only articles written in English were included. In this article, reviews, commentaries
and hypothesis were considerate not eligible. We followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) to provide the workflow for the search strategy for each step.73

Data extraction and selection process
Bibliometric data including the author, year of publication, title, journal and other important information were
transferred to EndNote version X9 (Thompson Reuters, Philadelphia, PA, USA). All articles were reviewed based on
title and abstract based on inclusion and exclusion criteria manually. Those article who did not meet the criteria were
excluded from the EndNote library. Full-text of article that met the inclusion criteria were read and critical data were
extracted and summarized in the tables manually. For observational and experimental studies, extracted data included the
number and type of subjects, exposure parameter (i.e., power density, frequency duration, distance), thyroid-related
variables, and results. As for the observational studies, the aim of the study was also summarized in the table.

Results
Study eligibility results
The ORSAA database has 3,914 publications related to the exposure of non-ionizing radiation as of 1 April 2021. Out of
the total, 3,871 were excluded because they were not relevant (the studies did not consist the word of “thyroid”) leaving
43 articles that were related the exposure of non-ionizing radiation on thyroid (Figure 1). After reading the full-texts of the
43 articles, additional 18 articles were excluded with reasons: not related to thyroid (n=2),22,23 different study purposes
(n=6)24–29 and full-text unavailable (n=5).30–34 In addition, four review articles (two discussing the effect of non-ionizing
EMF on thyroid gland abnormalities,35,36 while the two others discussing the effect of non-ionizing EMF on thyroid
hormone functions)37,38 and one hypothesis article elaborated the impact of non-ionizing radiation on the likelihood of

Figure 1. PRISMA diagram showing the steps to obtain included literatures.
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thyroid cancer39 were also excluded (Figure 1). A total of 25 studies consisted of 15 experimental40–54 and
10 observational,6,55–63 respectively, were included in this systematic review (Figure 1).

Detailed extracted data from the included literature reporting non-ionizing EMF effects on human thyroid are presented
in Table 1 (for experimental studies) and Table 2 (for observational studies). There were 15 experimental stud-
ies40,42,43,45–49,51–54 included with five studies examining the effect of non-ionizing EMF on thyroid hormone
functions,42,45,46,52,54 nine studies examining the changes of the histocellular morphology,40,43,47–49,51–53 and one study
examining both parameters44 (Table 1). The observational studies consisted of ten studies; four of them assessed the
effect of non-ionizing EMF on thyroid hormone function,55,56,58,63 five studies assessed the association with thyroid
cancer incidence,6,39,57,59,61 and one study examined the impact both on the thyroid glandmorphological changes and the
thyroid hormone functions60 (Table 2). Most of the experimental research publications were from Sweden49,51,52 which
predominantly published in 200546,49 (see Table 1). As for the observational studies, the highest number of publications
was recorded in 201657,60 with most of the authors were from the United States59,61,62 (see Table 2).

Experimental studies
Out of fifteen experimental studies included,40–54 ten studies assessed the morphological and histocellular changes of
thyroid gland40,43,44,47–53 and six studies assessed hormonal function (T3, T4, and thyroid-stimulating hormone
(TSH)).41,42,44–46,54 Out of ten experimental studies that assessed the effect of EMF exposure on morphological and
histocellular changes,40,43,44,47–53 some indicators were used to assess the effects of EMF exposure including changes in
the number of NPY-containing nerve fibers, changes in thyroid mast cells,50 changes in volume density of the follicular
epithelium and interfollicular tissue, capillary volume density,51 thyroid activation index, and alterations in colloid
volume density.49 The presence of several EMF-exposed colloid droplets in the thyroid follicular cells on the same
thyrocytes with some large-diameter droplets was also reported as a parameter.51 Moreover, the evaluation based on the
alterations of lysosomes, granular endoplasmic reticulum, and cell nuclei have been used.51 A study also included the
changes in glandular structures, including those deriving from cell hypotrophy and increased apoptosis via caspase-
dependent pathways.43 Other parameters such as the changes of predominance follicles and thyrocytes, changes of
thyroid interfollicular space,52 the level of heat shock protein (HSP-90) and HSP-70,47 recovery rate of HSP-90 basal
level,40 the number of cubic cells on thyroid gland,44 and the fluid volume and follicular diameter have been used.44 The
methods of the studies are presented in Table 1.

Out of ten experimental studies that assessed the effect of EMF exposure on morphological and histocellular
changes,40,43,44,47–53 eight of them showed significant effects,40,43,44,47–51 while the remaining two studies showed no
effect.52,53 Studies that demonstrated significant changes of thyroid gland reported the alterations of thyroid vasculature
(increased number of neuropeptide Y-containing nerve fibers),50 increased the number and volume density of mast
cells,49 increased the density of follicular and interfollicular tissue, capillaries, and thyroid activation index,51 increased
the number of hypotrophy cells and cell apoptosis,43 decreased the level of HSP-90 and HSP-70,40,47 reduced the normal
follicular diameter,44 and induced the glandular hypertrophy.48 Detailed of results from all studies are presented in
Table 1.

Among six studies assessing hormone function, three showed significant effects, with hypothyroidism being the most
found condition.44,46,54 One study showed the decreased serum levels of T3, T4, and thyroid-stimulating hormone (TSH)
(central hypothyroidism).64 Another study reported low T3 syndrome indicated by an increased level of T4 and a normal
level of TSH.54 A study reported an increase in TSH but a decrease in T3 and T4 levels, hence the primary
hypothyroidism.44 Detailed of results from all studies are presented in Table 1.

Therewere 12 in vivo studies in animalmodels,40,43–52,54 wheremost of them (n=10) usedmicemodel40,43–49,51,52,54 with
the number of animals ranged from 2054 to 24045 and age ranged from 25 days52 to 90 days/12 weeks.44,46 Some studies
used male mice,43,46,49,51,52 female mice40,47,48 or both male and female mice.44,45 One study used male rat as model.50

Two studies were conducted on human subjects with number of samples of 20 and 30 individuals and aged between
18 and 40 years.41,42 Only one study was in vitro.53

There are various types of EMF exposure measured in experiment studies. Three studies used real mobile phone as the
source of EMF exposure,41,42,44 while others used EMF exposure produced from various simulation devices.40,43,45–54

Those who used the real phone, investigated the radiation transmitted from the European GSM-standard commercial
cellular phones, namely Motorola,41 Motorola 8200,42 and Nokia 1200.44 In the two studies using human subjects, the
cell phone was made in ‘calling’ modes.41,42 Another study using the mice exposed the cellular phone transmission
through various modes (i.e. calls, unanswered calls, and connected calls (no talking)).44 The simulation devices with
various antenna were used as sources of radiation in 12 studies,40,43,45–54 of which three studies carried the experiment in
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gigahertz transverse electromagnetic (GTEM) chambers,40,47,48 one study in reverberation chamber,45 one study in an
5% CO2 incubator,53 and seven others in an open experimental arena.43,46,49–52,54 In four studies, the antenna was
replaced with a single coil of the solenoid as a radiofrequency source.7,49,51,52 In one study, the antenna was placed on top
of the animal holders and in another study was placed on the ceiling of the incubator above the plate.53 In two studies, the
cage was placed above the midline of horn antenna43 and above the dipole antenna.46

Most studies continuously exposed their subjects with the radiation for 30 minutes40,47,48 though there was a study
employing 65-hours continuous exposure.53 In the case of the exposure intermittent duration, it is varied across studies
(from 20 minutes43 to 4 hours49,51,52). Based on the frequency, most studies performed the exposure up to four hours per
day and seven days a week for four weeks (n=4).49,51,52

Out of fifteen experimental studies included,40–54 only nine studies included specific absorption rate (SAR) as a
considered variable.40,42,43,45–48,53,54 However, only four studies provided the formula of how SAR value was calculated
(either using Equation 140,47,48 and Equation 243):

SARE ¼ SARS � WS=WE (1)

Or

SAR¼ ρ=σ ERMS
2

� �
W=kgð Þ (2)

Where, SARE is the predicted experimental SAR value, SARS is the value obtained from the simulation, WS (g) is the
mouse model’s weight, and WE (g) is the weight of the experimental mouse. ERMS is the root mean square value of the
electric field (V/m), σ is the mean electrical conductivity of the tissues in Siemens/meter (S/m), and ρ is the mass density
(kg/m3). Apart from those equations, studies that used various simulators as the source of EMF exposure, estimated
the SAR values using computational simulations, namely finite difference time domain40,47,48,54 and RF simulation
techniques.53

Power density43,46,53,54 and distance43,49,51–54 between the EMF source and the subjects were among other considered
experimental parameters.Meanwhile, radiationwave frequencies werementioned in all the experimental studies. A study
determined the average value of power density on initial exposure using a specific reference point.43 The power decreased
uniformly with distance from the antenna axis.43 The studies used frequencies varying from low (50 Hz)49,51,52 to ultra-
high (2.45 GHz),40,47,48 with a majority used 900 MHz (n = 6).41–44,53 Studies had the distance of 10 cm43

—40 cm,53

where most of them employed 12-cm distance.49,51,52

Observational studies
Six studies investigated the effects of non-ionizing EMF radiation on the morphology and histocellularity of the thyroid
gland6,57,59–62 (Table 2). A disagreement was found among the studies; two studies reported an association,60,62 two
studies – no association.,59,61 while two others required further research for conclusive findings.6,57 A study reported a
significant increase in the left anteroposterior diameter of the thyroid gland associated with the exposure of high-
frequency voltage transient.60 A link between RF-EMF exposure and thyroid cancer incidence among Swedish and
Nordic populations was suggested by two studies.6,57

Five observational studies revealed significant relationships between EMF exposure and alteration of thyroid functions
with common occurrence of hypothyroidism.55,56,58,60,63 A study among 2598 employees of EMF-related workplaces
found that the workers who having frequent cellular phone conversations more than 33 hours/month had chance to had
TSH level less than 0.4 U/I compared to those with cellular phone conversations less than 19 hours/month.56 A six years
observational study revealed that the decrease in T3 and T4 levels were more pronounced in subjects using cellular phone
frequently or those living near a phone tower.58 Similarly, a decrease in FT4 among electrical workers who worked in
high-voltage electric transmission lines (HVETL) compared to controls who did not work on the workplace60 and an
increase in TSH levels were observed significantlymore prevalent in frequent cellular phone users, regardless their family
histories of thyroid disease.55 None of observational studies assessed the actions of thyroid hormone, either related to
transporters or genomic and non-genomic actions. Furthermore, the mechanism of how EMF affects the thyroid gland
remained vague.

The highest number of subjects included in observational studies were 89,527 participants,59 and the least were
77 participants63 with an age range of 1458—80+ years old.6,57 The indicators can be total hours of cellular phone use
in conversation mode per month,56 duration of daily call mode or mobile phone use,55,61,63 or cumulative cellular phone
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use for years.57,58 Parameters including radiation frequency56,58,62 and SAR (based on the mobile phone type) were
scarcely considered in the studies.55 In a study, SAR values from each of the cell phones used by participant were
retrieved to calculate total radiation exposure.55

Discussion
Out of total studies included, some examined the effects of EMF exposure to the morphology and histocellularity of the
thyroid gland6,57,59–62 and some examined its effects on hormone functions.55,56,58,60,63 However, no study focused on
the effects of EMF exposure on thyroid hormone transporters, as well as genomic and non-genomic actions of thyroid
hormones. None of the studies describe the conditions that may trigger the effects and the thyroid's adapted response
mechanisms.

A group led by Mancini discovered the effect of electromagnetic wave exposure from cellular phones on estrogen
receptors, including an estrogen receptor α (ERα) gene methylation.65 The exposure is also associated with an absence of
adapted responses, namely DNA repair, cell cycle regulation, antioxidant formation, and p53 suppression in colonic
cells.65 This finding stresses the importance of studying the effect of EMF on thyroid hormones since they also act on
nuclear receptors, the same way as estrogen.66

The power released by non-ionizing radiation when making a call using a cellular phone also depends on the level of
coverage received from the base station.67 Cellular phones or base stations are designed to transmit the minimum amount
of power to maintain calls.67 The technology used to establish communication between the cellular phone and the base
station depends on the system used by the cellular phone operator.67 Studies identified ROS as a dominant pathway and
used HSP-70, HSP-90, and ROS as markers.47,48,53 A study showed a significant transient reduction of HSP-90 and
HSP-70 after exposure to EMF and slower recovery of HSP-90 actions at 3W exposure power.47 The result is consistent
with the theory that transcription and translation in several genes (JUN, HSP 70, andMYC) are caused by excessive ROS
production in tissues due to exposure to ionizing/non-ionizing radiation.68

Several experimental studies have described the mechanism of thyroid abnormalities due to EMF exposure.44,46,54 EMF
can affect iodine uptake in the thyroid gland, increase the pituitary gland temperature,46 and trigger a rise in serum cortisol
levels, inhibiting the conversion of T4 to T3.44 It may also cause glandular tumors due to a rise in ornithine carboxylase.54

The deleterious effect of EMF on thyroid follicles is also associated with increased caspase-dependent apoptotic
pathways.44

A study demonstrated that thyroid cell apoptosis in exposed mice occurs through the induction of caspase-4 and caspase-
9-dependent apoptotic pathways and can be observed by the loss of mitochondrial cristae. The anti-apoptotic function of
HSP-90 is observed in regions close to protein kinases, in follicular and parafollicular cells, and also between lobular and
capsular membranes.48 The mechanism for the disruption of thyroid gland morphology and thyroid hormone functions
due to non-ionizing exposure has been described in previous experimental studies;43,48 however, full explanations are
still needed including the biomolecular pathways. Moreover, the effects on thyroid hormone transporters and genomic
and non-genomic actions are not well understood. A previous review has suggested that non-ionizing EMF may act as
endocrine disruptors (EDs) and might interfere with thyroid hormone at any level, including its functions, actions, and
structural abnormalities of the gland.69

Non-ionizing EMF can interact with the thyroid at certain levels and affect the thyroid gland structure and the functions
and actions of thyroid hormones.13,63,70,71 EDs affect processes, such as thyroperoxidase iodine symporter, hepatic
uridine diphosphate-glucuronosyltransferases (UPDGTs), and deiodinase, causing changes in serum T3 and T4 levels
and a decrease in TSH. The foregoing hormones’ level alterations could lead to thyroid hyperplasia/tumors. In addition,
EDs affect cellular transporters' action and decrease the T4-TTR binding and thyroid receptors, resulting in T3 tissue
changes and ultimately disrupting growth and development processes (congenital disorders).72

Various EDs mechanisms and their effects on the thyroid have been described, such as competition/blocking of the
sodium/iodide symporter (NIS) and inhibition of thyroid peroxidase (TPO), leading to a decrease in the synthesis of T3
and T4.72 Inhibition of sulfotransferases (SULTs) can also decrease peripheral T3 synthesis.72 Additionally, EDs disrupts
hepatic catabolism through upregulation of glucuronosyltransferases or SULTs (via CAR/PRX or AhR) and hepatic
transport through upregulation of organic anion transporting polypeptides (OATPs) or monocarboxylate transporters
(MCTs) (via CAR/PRX or AhR). The mechanisms eventually increase the biliary elimination of T3 and T4.72 EDs also
induce impaired binding to serum transport proteins, but their effect on the thyroid remains unknown since no studies are
available. EDs can also interfere with the binding between thyroid hormone receptor and thyroid response element (TR-
TRE), both directly and indirectly, resulting in gene transcription-dependent thyroid hormone activation disruptions.
Summary of the impacts of non-ionizing EMF exposure on the thyroid has been presented in Figure 2.
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This systematic review has its strengths and limitations. It is the first comprehensive review regarding the effects of EMF
on the thyroid. The previous reviews only discuss the overall effect of EMFon human organs, while the specific impact on
the thyroid has not been well emphasized. The limitations include an absence of non-English studies, unrepresentative

Figure 2. Schematic diagram summarizing the effect of non-ionizing electric andmagnetic fields on thyroids.
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results due to the heterogeneity of the studies, and the low number of studies on the specific topic and low number of
studies originally searched as a curated database was used rather than searching the entirety of existing literature. Thus,
future studies should focus more on the above aspects.

Conclusions
A number of studies have found significant effects of non-ionizing EMF radiation on thyroid gland and its hormones, but
disagreements remained present. Each study has varying standards or procedures related to the instrument, sample size,
dosimetry, and wave parameters, such as frequency, distance, and duration of exposure. Currently, there is no valid and
standardizedmethod or procedure for assessing the effect of non-ionizing radiation exposure on the thyroid when, in fact,
EMF is frequently used daily. Such variations have lead to disputable results.

To date, studies examining the effects of non-ionizing radiation exposure in thyroid hormone transporters and genomic
and non-genomic actions is limited. However, further studies with an adequate control group, high sensitivity methods
in detecting hormone levels with better protocols are required. Some of the highlighted suggestions for future research
are a larger sample size, longer exposure durations, and adjustments of different frequencies. Due to a lack of data, studies
explaining the effect of EMF and its relationships with other elements, such as thyroid hormone transporters, genomic and
non-genomic actions, and several compensatory mechanisms, require further investigation. Accurate predictive models,
such as selection of biomarkers, development of predictive models that can estimate compensatory mechanisms,
exposure to external materials, minimization of methodological bias, and other complex factors related to experiments
in humans and animals, should be considered in future research.

Data availability
All data underlying the results are available as part of the article and no additional source data are required.

Reporting guidelines
Figshare: Do electromagnetic fields significantly affect thyroid cells and their functions? – a systematic review from
ORSAA database, https://doi.org/10.6084/m9.figshare.21587394.v4.73

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).
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