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Abstract

The aim of this review was to investigate the effects of possible harmful waves from either cell phone use or being
within the range of the cell phone from 450 to 3800 MHz on the thyroid cells and hormones. Eight electronic
datasets were systematically searched using MeSH terms, including “cell phone,” “mobile phone,” “GSM,” “radio
frequency,” “smartphone,” “triiodothyronine,” “thyroxin,” “thyroid-stimulating hormone,” “T3,” “T4,” “TSH,” and
“morphological” and all possible combinations, to identify relevant studies published up to Dec 2018. We also
manually searched the reference lists of potentially selected studies to identify further relevant publications. About
161 relevant studies were initially found. After screening titles and abstracts, 139 studies were excluded, and finally
22 studies (comprising 7182 cases) were included in the qualitative synthesis. Of the 22 included studies, 11 studies
reported changes in T3 and T4 levels (six reported a decrease in T3 levels and one reported increase in it);
moreover, five found decreased T4 levels and two studies an increased level. In other 10 studies, TSH alteration
was reported. Of these, two studies reported a decrease in TSH level and one reported an increase in the hormone
levels, while in the remaining studies non-significant changes were reported. Finally, seven studies examined histo-
logical changes in the thyroid gland follicles and showed that the volume of these cells was reduced. Based on the
evidence discussed above, the reduction in diameter of thyroid follicles is potentially linked with cell phone radia-
tion. Exposure may negatively influence the iodine uptake in the thyroid gland or increases temperature effect on the
thyroid gland. However, further research are needed in order to show that the level of TSH and thyroid hormone
suppression by microwave.
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Introduction
Background

The spectrum of electromagnetic field (EMF) waves varies
through a wide range of frequencies and wavelengths, includ-
ing very low frequencies, radio frequencies, radio and radar
waves, microwaves, infrared and ultraviolet radiation, visible
light, X-rays, and gamma rays (Allison 2013). Microwaves
are a form of EMF waves with a frequency of 300 MHz to
300 GHz (Baharara et al. 2004; Banik et al. 2003). Today,
mobile phones have become an integral part of human’s life
and with the advancement of technology, its usage has in-
creased. Mobile phones use a microwave with a frequency
0f 450 to 3800 MHz. To explain the interaction between elec-
tromagnetic fields and living organisms, researchers have pro-
posed two types of mechanisms, including thermal and non-
thermal mechanisms (Ferreri et al. 2006).

When microwave radiation collides with body molecules,
its energy absorbs molecules and triggers molecular vibration
or temperature changes. The biological effects of the micro-
wave are complicated and controversial, and there is evidence
that these waves produce deleterious biological effects in
terms of radiation intensity and frequency. This electromag-
netic radiation is non-ionizing and absorbed at the molecular
level, which consequently causes change in the kinetic energy
of the molecules and the generation of heat (Allison 2013).

The thyroid gland secretes thyroid hormones, which pri-
marily responsible for normal growth and development, as
well as regulation of metabolism. Thyroid hormones triiodo-
thyronine (T3) and thyroxin (T4) are synthesized from iodine
and tyrosine. The thyroid also produces calcitonin hormone,
which plays a role in calcium homeostasis (Hall 2015).

Metabolomics imitates phenotypic and pathophysiological
changes in the biological systems; therefore, it denotes the
supreme “downstream” level of molecular life of a cell.
Metabolomics’ alterations reveal changes in enzyme concen-
tration, cellular regulation, and control of signaling pathways,
genetic variations, and catabolic and anabolic reactions (Sinha
2008). The main drawback of metabolomics studies,
reflecting chemical variability of this cellular component, is
the fact that there is no single analytical method allowing
simultaneous measurement of such broad spectrum of bioac-
tive compounds (Bauer et al. 2008).

Several studies proved that metabolomics approaches
allowed for classification of different types of malignancies
and identification of potential biomarkers in the case of the
brain (Ossenkopp et al. 1972), breast (Kirsten 2000), kidney
(Thibodeau and Patton 1997), and prostate (Cheng et al. 2010)
cancers. Although studies regarding metabolome of thyroid
cancer are not very common, there are several recent works
showing that metabolomics approach could help to discrimi-
nate different types of thyroid lesions and provide significant
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information about their progression. Here, we aim to review
recent progress in the field of thyroid metabolomics and dis-
cuss its contribution to understanding thyroid tumorigenesis
and potential refinement of molecular classification of thyroid
cancers. Therefore, the thyroid gland is one of the most ex-
posed organs and may be a target for any kind of electromag-
netic radiation (Sinha 2008).

Rationale for this review

Understanding the effects of waves from either cell
phone use or being within the range of cell phone on
the function of the thyroid hormone and its tissue, due
to the sensitivity, as well as changes in the levels of the
hormones of the thyroid gland (Bauer et al. 2008; Bernal
2007), can have a negative impact on brain functions
(Ossenkopp et al. 1972) (Fig. 1).

Objectives

The purpose of this systematic review was to investigate the
scientific evidences on the effects of cell phone waves or be-
ing within the range of the mobile phone waves from 450 to
3800 MHz on the thyroid hormones and tissues. Here, we
attempt to find out whether such waves could cause a change
in thyroid hormones, as well as atrophy of thyroid follicles due
to tissue destruction by the production of free radicals in the
various body organs. Thus, we first have gone through the
explanation of thyroid hormone structure, thyroid tissue, and
the effect of the pituitary glands and hypothalamus on thyroid
gland, hypothyroidism, hyperthyroidism, and thyroid cancer.
Finally, the scientific pieces of evidence on the thyroid hor-
mone and a possible tissue alteration due to exposure to cell
phone waves are discussed.

Hormones, pathological background

The thyroid gland is one of the largest endocrine glands in the
human body, normally weighing approximately 15 to 20 g in
the adult. It secretes two major hormones, which are required
for the normal function of a variety of physiologic processes
affecting almost every organ of the human body. The thyroid
gland comprises several follicular cells that store the thyroid
hormones until they are required by the body (Kirsten 2000).
The thyroid gland secretes many hormones, including thyrox-
in (T4), triiodothyronine (T3), and calcitonin. Of these hor-
mones, T4 is the principal secretory product comprising ap-
proximately 90% of thyroid secretion, but T3 is the more
potent and the considerably more active 1 thyroid hormone
(Kirsten 2000; Thibodeau and Patton 1997). The thyroid hor-
mone is necessary for normal development and growth, as
well as neural differentiation, and regulating metabolism in
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Fig. 1 Schematic view of comparison between normal and pathologic thyroid

mammals (Cheng et al. 2010; Tata 2013; Williams 2008). The  the thyroid hormone, acting directly on TSH receptor expres-
thyroid-stimulating hormone (TSH) is secreted by the anterior ~ sion (TSH-R) of the basolateral membrane follicular cell in the
pituitary gland in response to feedback from the circulation of ~ thyroid (Chiamolera and Wondisford 2009). TSH was
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regulated by the sodium/iodide symporter (NIS), followed by
a series of steps in thyroid hormone synthesis (Brent 2012).
Thyrotropin-releasing hormone (TRH), produced in the
periventricular nucleus (PVN) of the hypothalamus, is the
principal positive regulator of TSH synthesis and a crucial
component of normal thyroid gland function(Hollenberg
et al. 1995). TRH binds to the TRH receptors, stimulating
the TSH subunit gene expression via the phosphatidylinositol
pathway (Gershengormn 1989). Furthermore, TRH regulates
TSH glycosylation, which leads to the modulation of the bio-
logical activity of TSH (Weintraub et al. 1989). In the absence
of TRH, animals have low circulating TSH levels (Yamada
et al. 1997). Hyperthyroidism is a pathological disorder in
which an extra thyroid hormone is synthesized and secreted
by the thyroid gland. It is characterized by normal or high
thyroid radioactive iodine uptake (thyrotoxicosis with hyper-
thyroidism or true hyperthyroidism). Thyrotoxicosis without
hyperthyroidism is caused by extra sources of thyroid hor-
mone or by a release of preformed thyroid hormones into
the circulation with a low radioactive iodine uptake
(Hedberg et al. 1987). Hyperthyroidism can be overt or sub-
clinical. Overt hyperthyroidism is characterized by low serum
thyroid-stimulating hormone (TSH) concentrations and raised
serum concentrations of thyroid hormones: thyroxin (T4), tri-
iodothyronine (T3), or both. Subclinical hyperthyroidism is
characterized by low serum TSH, but normal serum T4 and
T3 concentrations (Cooper and Biondi 2012). Hypothyroidism is
one of the most common chronic disorders in Western popula-
tions. In the UK, the annual incidence of primary hypothyroidism
in women is 3.5 per 1000 and in men 0.6 per 1000 (Vanderpump
et al. 1995). The most common cause of hypothyroidism in
developed countries is autoimmune thyroiditis, which may be
associated with a goiter (Hashimoto’s thyroiditis) or, with equal
frequency, thyroid atrophy. Radioiodine ablation or surgical thy-
roidectomy that is considered as treatment for hyperthyroidism or
thyroid cancer is also responsible for considerable numbers of
patients with hypothyroidism. Less often, hypothyroidism may
be drug induced (suggesting the possibility of reversibility) or be
secondary to disorders of the pituitary or hypothalamus (central
or secondary hypothyroidism). Congenital hypothyroidism, due
to thyroid aplasia, or hypoplasia or defective thyroid hormone
biosynthesis, occurs in one in every 4000 live births (Harris and
Pass 2007). Over the past several decades, tremendous increases
in the incidence of thyroid cancer have been found to be different
(Davies and Welch 2014). Thyroid cancer is the most common
malignant tumor of the endocrine, but only contains about 1% of
all tumors. Over 90% of thyroid cancers are of the follicular or
papillary variants often termed differentiated thyroid cancer
(Mazzaferri 1999). There are forms of thyroid cancer comprising
medullary thyroid cancer arising from parafollicular C-cells, thy-
roid lymphoma, anaplastic carcinoma, Hurthle cell carcinoma,
squamous cell carcinoma, and the very rare intrathyroid sarcoma
(Segev et al. 2003).
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Methods of the systematic review
Inclusion and exclusion criteria
Types of study design

Inclusion criteria All published, original articles reporting on
the association of RF (450 to 3800 MHz) with the thyroid
gland experimental factors.

Exclusion criteria (1) Original articles on population other than
the intended study population. (2) Any reviews (narrative,
systematic review, meta-analysis review and umbrella re-
view). (3) Letters to the editor without original data, commen-
taries, and editorials. (4) Case series, case reports, and other
single-arm studies.

Participants and type of exposure

No limit to the community used in studies was considered for
this systematic review, and all human samples (female, male)
and animal were analyzed.

Outcome measures

Finally, the effects of waves on the thyroid gland, T3 and T4
secreted from this gland, as well as TSH secreted from the
hypothalamus and pituitary gland, exposure type, duration of
exposure, and specific absorption rate (SAR) were examined.

Search strategy for identification of studies

We systematically searched electronic datasets, including
PubMed, Scopus, Cochrane library, CINAHL, ISI Web of
Science, Science Direct from inception, PROSPERO, and
Embase using medical subject headings (Mesh) terms, such
as “cell phone,” “mobile phone,” “global system for mobile
(GSM) ,” “radio frequency,” “smartphone,” and were com-
bined with key terms “triiodothyronine,” “thyroxin,” “thy-
roid-stimulating hormone,” “T3,” “T4,” “TSH,” and “mor-
phological,” to identify relevant studies. The search included
the period from 1980 to 2018. We also manually searched
through the reference lists of potentially selected studies to
identify further relevant publications.

99 <

Data extraction method and quality assessment

Screening was done by two reviewers (F.R. and K.SH.) inde-
pendently, considering selection criteria; then, the data were
extracted and cross-checked. Any inconsistencies were re-
solved by consultation with a third reviewer (J.F.). The
information including author name, publication year and
location, target group, exposure, exposure duration (h),
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and outcomes was extracted. Study quality was evaluated
based on a modified 12-point checklist with a median
quality score of 6 (Hirst et al. 2013).

Results

Overall, 161 relevant studies were initially found. After
screening titles and abstracts, 139 studies were excluded,
and 22 studies were used for the systematic review (Adam
and Taha 2008; Bergamaschi et al. 2004; Bhargav et al.
2017; de Seze et al. 1998; Dimida et al. 2011; Djeridane
et al. 2008; Elsayed and Jastaniah 2016; Eskander et al.
2012; Esmekaya et al. 2010; Fattahi-asl et al. 2013;
Geronikolou et al. 2015; Hajioun and Elahizadeh 2015;
Jin et al. 2013; Karadede et al. 2009; Kim et al. 2013;
Koyu et al. 2005a; Koyu et al. 2005b; Mohammad et al.
2009; Pawlak et al. 2014; Shahryar et al. 2009; Shaukat
et al. 2013; Silva et al. 2016). Figure 2 outlines the search

Fig. 2 Literature screening
process and results

method and the number of studies identified and selected
during each phase of the search.

Table 1 provides a detailed overview of the 22 reviewed
studies. Then, all 22 selected studies were stratified according
to the experimental model (animal, human, or cell line). A
total of 22 studies comprising 7182 cases were examined: 10
studies on human comprising 3106 cases (1570 (50.54%)
males and 1529 (49.46%) females) and 12 studies on various
animal models comprising 4076 cases (Tables 2, 3, 4, and 5).

Exposure equipment

The range of frequency used in studies was 800-2100 MHz
and the range of SAR was 0.082—4.6 W/kg. Most of the stud-
ies (n = 10) used GSM simulator for exposure equipment, nine
of these studies used an EMF generator and another used code
division multiple access (CDMA), wideband code division
multiple access (WCDMA), and radiofrequency identification
(RFID) antenna.

Figure 1. Literature screening process and results.

) Records identified through Additional records identified
- database searching (n= 116) through other sources
2 ISI web of science (n= 19), PubMed (n=45)
S {n=22), Scopus (n= 43), Cochrane
":E library (n=32)
&
2
Nt 4
Records after duplicates removed
(n=97)
W
&
-
g L 4
o
Vi Records screened Records excluded
(n=a3) (n=54)
S
) ¥
ul . Full-text articles excluded,
ull-text articles assessed 2
i with reasons (n = 21}
.E for alightiihy rm— Review (n=4)
% (n=43)
@ 1 Letter (n= 1)
Including in other (n= 16}
Studies included in
qualiative synthesis
—
(n=22)
3 |
[
3
Téu Studies included in
= quantitative synthesis
(meta-analysis)
L (n=22)

@ Springer



Environ Sci Pollut Res (2019) 26:18017-18031

18022

(10°0 > d) dnoi3 pasodxe-wieys

Aosany, oy ueyy 1Mo Apuedyrusdis arom dnoid JING ZHIN 006 U} I8 $1—€.L pue sonjea HSL 01 BG00Z T8 19 NAOY

Arenf PAAIISQO Sem SANJBA €], pue HS], SuIp1eSa1 90uIMIp JuedlIusis AJ[eonsne)s oN - 00T ‘Te 30 yosewedog
Surpdures YIuoAdS o1y} UO 9SEAIIIP

oouer] 91 & Suimoys ‘uonenuaduod urdonoiAyy ur Ajuo o5ueyo JuedoyIusis e sem A1y, oy 8661 ‘Te 19 9z9S 9p

Anuno) sawodnQ (y) uonenp amsodxg Al Apms

SYM 5030 IVS £poq pue Sy/M 0
JO gV ‘ouoyd dnqowr HE ZHIN 001T B Sem JINT-IY
(4.1¥) AS10u0 Aouanbarjorpey
(B/M) 0L1°0-780°0 AVS
‘ZHIN 006-568 “JNSD) 9IGOJA I0J WISAS [2qO[D)
ZHIN 006 :(INSD) 9[IQOJA 10} WalsAS [qO[D)
ZHIN 006 :(INSD) d[IQOIN 10§ wdisAg [eqO[D)
AUM T°0
AVS ZHN 0081 (ANH) PloY dnouSewonosq
WM ¥ VS 1810} ZHIN 0561 (VINADM)
Rieliel ] EQESE Eommgmu w_uoo ﬁn.mo_o_uma ﬁﬂd
ZHIN $'8%8 (VINAD) $s209€ a[dn[nut UOISIAIp dpo))

ZHIN 006 :(INSD) S[IGOJAl 10§ WASAS [8qO[D)
SYM 9% 01 T°€ VS ZHI S16
reuuUE (1Y) Uonesynuap! Aousnbarjorpey

ZHIN 006 :(INSD) 9[IQOIN 10} WaIsAS [qO[D)

ZHIN 006 :(ASD) dIIQOIA 10§ WSS [eq0[D
(SWoISAS UOIEOIUNIUIOD

ajiqour jo Kouonboy-1omod ‘ZHN 006-008) ANH

SN/M SE'T ZHIN 006 :103e10ud3 () Aouonbagorpey

ZHIN 006 :(AINE) PIOY oBoUSewonod[

ZHIN 006 :(INSD) (IO 10§ wdisAg [eqO[D

2d&) OTIN 006 Jore[nus NSO

ZHIN 006 :(INSD) S[IOIN 10§ wdiskg [eqO[D)

ZHIN 006 :(ANH) PIPY dnsusewonos|q
BYM T

SeM VS ‘ZHIN 0081 :(ANH) PIoY dnouSetonod|q
B/M T

SeM VS “ZHIN 006 “(JNH) PIOY dnouSewonddg

SIBA $T0F Ot L1
s1eak (69-G1) OF

s1eak (09-07)
s&ep (06-08)

(s ¢ TF6TD pI-11

skep g1—1

S0IM 9

sk ¢y FTIY

SoIM 9

s1Bak (09—

Syoom §

s1eak 76T F T8°TT
syuowr —¢

s1eak (7€-07)
SNIM T

SIM (T

syoom 7|
[1°9 F $8°LT So[ewo |

(sorewrdy
6€ PUE sa[ew 77) S105eu0d)
Apreay papuey-1ysu Ayeay 19
(sorewr (£ pue so[ewd) O11) 081

A1931nS JuomIopun
oym syuoned sojewoy Apsowt ||
(14
Tooyos Arewid Ayyjeay 8¢

00¢

(0z1) orewsy pue (OTT)

orew day-udoyed oy10ads (g
(UoW § pue USWOM

17) sojdures wnios uewny 67

o1

0C
(uowoM TG pue U
1€) s109junjoA auoyd s[iqow 7§

S[[00 P1oIAY) Jer JOysI]
0¢

L
(sorewrdy

$G ‘Safewr ¢7) SIOAUN[OA AYY[eaY £/

14!
SI0JUN[OA d[ew AyI[eay ()7

0s
0T

0¢
(uowom ¢471

uewny
uewng

uewmy
SEN
uewmny
SYOIYD
payorey Ajmou ‘SoAIquIo uyoIy)

sye1 (OS) Aopme(g-ongeldg

QUL PO

sye1 Aopme(g-ongelds o[eN
Sl dew H/q[ed Hnpy

uewng

SUILTI9D
SJeI IEJSIAN O[RIN
SI0)SWeY UdP[oS UBLIAS S[BIN

uewny
snqqer

oulqe pue[edZ MAN Ynpe ‘O[e

uewINg

sye1 Aopme(-ongerds ofew ynpy

Sjel dewl jjnpe

syel Aopme(g-ongerdg

L10T 'Te 10 AeSreyqg
910C Yerueise[ pue pakes|q

910T 'Te 39 BAJIS
S10T yepeziye[d pue unotfey
S10T '[e 32 NOJOYIUOID)

10T T8 10 e[med

€10¢ 'Te 3o ulf
€102 e 19 [Se-lyene]

€10C Te 3o Wiy
€10T e 39 Jeyneyg

T10T e 10 Jopueysy
110T e 1 eprui(
0102 Te 10 eAeowsg
600 'T& 10 TeAIueys
600C & 10 peUWEON
600C [& 0 9paperes]
800 'T& 30 duepuol(
800C BUEL pue wepy
qS00T e 32 nkoy

BG00T T8 30 nAOY

ZHIN 006 (S.AINH) SPIPY duoudewonod[g 61°9F ¥6°6T STeIN pue usw GGe ) seakodwd 8657 et 00T ‘Te 10 Iyoseurediog

BYM T
Sem V'S ZHIN 006 (INSD) A[IGOIN 10§ WSS [eqo[D) steak ¢'9F 1'87 s1oajunjoA ofewr Ay[eay (g uewngy 8661 '[€ 30 920G 3p
amsodxyg 93y ueo dnoi3 3o31e], ad&y Apmg i Apms

SOIPIYS PAPNIOUT A} JO SONSLIAIBIBYD [IOUDD) | d|qel

pringer

Qs



18023

Environ Sci Pollut Res (2019) 26:18017-18031

erpu

eIqeIy 1pneg
[o®IS|

uery

203010)
puejod

©OI0Y]
uelf
€210
uesnjed
143
Aol
Aodang,
uelp
uely
Aodang,
Qouer]
1d43g

Aaxang,

weys 0} paredwod amsodxd JINF-IY Ioye Josso] Apuedyusis ‘puel3 proiky ],
SO[BWIAJ UI AIOW PUE SIOsN duoyd JIews-uou

ur oJow pue[3 proiAyy oy jo sSurpuly rewrouqe pey syuedioned o Jo 9,/ 94 Jo 1810}

S[[99 PIOIAT) O J93]J0 orudFouroTed [enuejod ou dABY SUONIPUOd 2Isodxd LY
I0JOWIRIP JE[NOI[[0] PUE PIN[ JR[NOI[[0f JO Junoure dy) ut

UOoNONPAI B Sk [[oM Se ‘WIoy) Suoure IOpIOSIP puk S[[20 JIqNO JO JOqUINU ) UT UONINPAY
§00 <9 1=(IT)

7 12J31p J0u pIp sdnoIF om} S UI SUOHEHUIIUOI [ESIUUAYIOIQ PUL [BUOULIOY T[],

SYOIYD PaydIey AJMaU oY} Ul puB SOAIQUID ) Ul PISLAIOU! SUONRAUIIUOD €], PUL f7],
UTUOJB[W JO STRI UT S[AJ]

wnIos JodJJe 10U pIp I VINADM PUB VINCD SNOSUB)NWIS 0] SY9M § 10J aimnsodxyg
(1%5°0 = d) dnoi3 jonuod

A 03 paredwod dnoid pasodxo oy ul ¢, WNIIS U OUIQPIP JUBOYIUTIS OU Sem 1Y ],
sdnoi3 pasodxo-qr.y

puUR -WEYS d) UIIM]Oq OUIT) JOAO PIAIISQO d1oM HS], 10 ‘p L, ‘€1, UI SaSueyo oN

901U JO pue[3 PIoIAY) JO SII[[OF JO ZIS UI ASLIIIAP ‘SIDI[[0] PIOIAL]) JO AZIS

S[OAQ] {7, PUB €], WINIOS JIAY) UI ASEAI0dP (10" > d) JueoyIuSIs YSIy poIspjns suoner§
OI)IA UT S[[20

S-1194 Jo sentadoid [eonuayoo1q oY) Yim 2IJIAUI 0 A[qe 39 O} WIS 10U S0P JINH
SJel 3} JO S[[29 1oAY ul

sanIATIoR g-osedsed pue ¢-asedsed pasearour pue sarpoq dnojdode Jo uoneuLIo] PAAIdSqO
(10°0 > d) dnoi3 Jonuod oy Jo jey uey) 10YS1Y 219m sdnoid oInsodxd uLI)-1I0YS
pue wo3-3uo] oy 10§ dnoid JINF ZHIN 006 U3 Ul {1, JO S[oA9] pue (10°0 > d) dnoi3

amsodxa wey-3uof oy Jo yey) uey 10y3iy a1om dnoiS [0NU0d dY) UI €] JO S[OA] Y,

¢ [eWLIOU PUE 4], UBSWI MO] ‘[OAJ] HS], [EWLIOU UEY) IOUSIY
(50°0 < d) amsodxa 210J0q sdnoi3 [onuod pue [eIUSWILIIAX USIMIIq

s1ojowered [EOTUIOYDO0Iq JOU [RUOWLIOY JOYIIU UT dOUIIIIP JURdYIUSIS AUL JOU SeM 01T,
UQUI UT SUONOUNJ QULIOOPUD 109JJ8

03 1eadde jou soop ‘suonipuod [eyudwLIddxd 1o 19pun Ised| Je ‘amsodxd JING ZHIN 006
(10°0 > d) dnoi3 pesodxe-wieys

Ay ueyy 1Mo Apuedyusdis arom dnoid JING ZHIN 006 U} 18 $1—€.L Pue sanjea HSL
SJBI 9 JO BISS Ul SOSUBYD JUBOYIUSIS OU dIom

219y} ‘S]OA9] HS.L oy ‘dnoiS jonuod ur ueyy JoyS1y ApueoyiuSis a1om S[oAd] {1, Pue ¢,

unw ¢

S9-¢
09

un g
u oy

0¢
ur 81
0¥9-08

09
s1eak 9

96 PUB ‘St ‘¥T

w

0s

081
oy
ol

0l

L10T 'Te 1 AeSreyg

910¢ yeuese[ pue pakes|g
9107 e 1 BA[IS

$10C UopezIye|d pue unolfeyy

S10T ‘[e 32 nOJoIU0IN)
¥10T T8 19 Yepmed

€10 '[e 30 uif
€10T '[e 30 [Se-Tuene,
€10 'Te 30 wry

€10 '[e 10 Jeyneys
T10T '[e 30 Jopueysy
110T 'Te 30 epruiq
010C ‘Te 10 eAeowsg
600C 'Te 10 TeAIqeyS
600 '[€ 30 PEWLIEON
600C [e 10 dpaperey]
800€ '[e 32 duepual(
800C BUEL PUE Wepy

q500¢ Te 32 nLoy|

(ponunuod) 1 3[qeL,

pringer

Qs



18024 Environ Sci Pollut Res (2019) 26:18017-18031
Table 2  Literature review of thyroid-stimulating hormone (TSH) for cell phone radiation
Study ID Finding Outcome
TSH mean (ulU/ml)
Pre-exposure/control Exposure Post-exposure
de Seze et al. 1998 Week 1: 1.69 Week 4: 1.40 Week 5:  Week 8: 1.53 -
Week 2: 1.61 1.44 Week 6: 1.36 Week 9: 1.64
Week 3: 1.51 Week 7: 1.27
Bergamaschi et al. 2004 <0.4 - Males: 1.56£0.98 -
Females: 1.58 £1.18
Koyu et al. 2005a Control: 0.23+0.05 - 0.13 +£0.04 sham-exposed: l
0.21+0.05
Koyu et al. 2005b Control: 0.31+0.06 - 0.36+0.08 -
Adam and Taha 2008 Control: 0.26 +0.05 - 0.15+0.04 sham-exposed: l
0.21+0.05
Djeridane et al. 2008 40+ 13 (uIU/ml x h) Week 2: 38 +13 34412 (ulU/ml x h) -
Week 3: 38+ 15
(uIU/ml % h)
Mohammad et al. 2009 2.70£1.75 _ Group 1: 1
425+2.13
Group2:
3.75+£2.05
Karadede et al. 2009 Control: 0.0073 +0.001 1 month -

Experimental: 0.007 +0.001

Jin et al. 2013 Male -
4 weeks: 3.68 +0.99/8
weeks: 4.91+2.31
Female
4 weeks: 2.85+1.13/8
weeks: 4.06 +1.93 ng/dl
Kim et al. 2013 Control -
2 weeks: 1.04+£0.41/4 weeks:
1.37+£0.25/8 weeks: 0.78 £0.13/16
weeks: 0.88 +0.04

Geronikolou et al. 2015 Group A (control) -

1.9+£0.69

Control: 0.0076 +0.001

Experimental: 0.067 +0.001

3 months

Control: 0.0087 +0.001

Experimental: 0.083 +0.001

Experimental -

Male

4 weeks: 3.67 = 1.47/8 weeks:
4994226

Female

4 weeks: 2.76 =0.50/8 weeks:
4.11+£1.90

2 weeks: 0.72 +0.18/4 weeks: -
1.14£0.14/8 weeks: 1.75+0.24/16
weeks: 0.89+0.16

Sham

2 week: 1.12+0.27/4 weeks:
1.04+0.18/8 weeks: 1.11 +0.25/16
weeks: 0.89+0.16

Group B (cell phone use) -

2.68+1.77

1, increasing; |, decreasing; —, no change reported

Animal model

Among the 21 screened records, 11 studies were conducted to
evaluate the effect of cell phone radiation on the thyroid gland
in animal model studies (Adam and Taha 2008; Esmekaya
et al. 2010; Hajioun and Elahizadeh 2015; Jin et al. 2013;
Karadede et al. 2009; Kim et al. 2013; Koyu et al. 2005a;
Koyu et al. 2005¢; Pawlak et al. 2014; Shahryar et al. 2009;
Shaukat et al. 2013). Overall, 11 studies were selected, includ-
ing 7 records examined rat, 1 record examined rabbit, 1 record

@ Springer

examined hamster, 1 record examined mice, and 1 record
examined embryos of chicken. These studies were located in
Turkey (n= 4), Egypt (n= 1), Iran (n= 2), Pakistan (n= 1),
South Korea (n= 2), and Poland (n= 1).

Cell line
Out of the 21 records, 2 studies were based on cell line studies

(Dimida et al. 2011; Fattahi-asl et al. 2013). These studies
were located in Iran (= 1) and Italy (n=1).
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Table 3 Literature review of triiodothyronine hormone for cell phone radiation

Study ID Finding Outcome
T; (ng/dl)

Pre-exposure/control

Exposure

Post-exposure

Koyu et al. 2005a

Koyu et al. 2005b
Adam and Taha 2008

Karadede et al. 2009

Mohammad et al. 2009

Shahryar et al. 2009

Eskander et al. 2012

Fattahi-asl et al. 2013
Kim et al. 2013

Jin et al. 2013

Pawlak et al. 2014

Geronikolou et al. 2015

Control: 120.45+11.04

110.33 £ 14.63
Control: 127.45+11.04

Control: 1.044 +£0.191
Experimental: 0.939 +0.172 ng/ml

1.15+0.27 ng/ml

Control: 73.03

1 year

Age 1:105.2+1.3/age 2: 102.0£1.1
3 years

Agel: 101.7+1.2/age 2: 98.6£2.1

6 years

Age 1:103.6+ 1.1/age 2: 99.0+ 1.4

Control: 4.93+0.34 g/l

Control

2 weeks: 31+3.47/4 weeks:
36.33 +1.44/8 weeks:
16.54+1.06/16 weeks:
32.69+0.17

Male

4 weeks: 19.33 £1.96/8
weeks: 19.38 +1.41

Female

4 weeks: 18.57 +1.93/8 weeks:
16.68 +3.12 ng/ml

Control

E12 embryos: 0.212 £0.055

D1 group: 3.396 +0.673

Group A (control) (pg/mL)

14+0.19

86.67+9.79
sham-exposed: 112.66 +10.71
170.22+17.85

92.67+9.79

sham-exposed: 117.66 +10.71
1 month

control: 1.008 +0.116
Experimental: 0.981 +0.223
3 month

Control: 1.155+0.055
Experimental: 1.143 £0.129
Group 1:

1.25+£0.27

Group 2:

1.18+£0.30

Short-term: 73.00
Long-term: 50.35

1 year

Age 1

S:963+1.2

M: 100.0+0.6
W:102.1+£1.3

Age 2

S:939+1.1

M:98.1+0.3

W:99.0+£0.7

4.55+0.53

2 weeks: 44.83 = 1.66/4 weeks:

42.27+1.88/8 weeks: 19.90 +1.79/16

weeks: 29.40 +0.43
Sham
2 weeks: 46.50 + 1.63/4 weeks:

39.18 £1.68/8 weeks: 20.64+1.97/16

weeks: 29.09+0.61
Experimental
Male

4 weeks: 19.42 +0.84/8 weeks: 19.14+1.17

Female

4 week: 18.85+0.39/8 weeks: 16.20+ 1.69

E12 embryos: 0.105 +0.057

Group B (cell phone use) (pg/mL)

1.44+0.39

1, increasing; |, decreasing; —, no change reported

Human

Nine studies were conducted to evaluate the effect of cell phone
radiation on the thyroid gland in human (Bergamaschi et al.
2004; Bhargav et al. 2017; de Seze et al. 1998; Djeridane

et al. 2008; Elsayed and Jastaniah 2016; Eskander et al. 2012;
Geronikolou et al. 2015; Mohammad et al. 2009; Silva et al.
2016). These studies were located in France (n= 2), Italy
(n= 1), Iran (n= 1), Egypt (n= 1), India (n= 1), Saudi

Arabia (n= 1), Israel (n= 1), and Greece (n= 1).
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Table 4 Literature review of thyroxin hormone for cell phone radiation

Study ID Finding Outcome
Ty (ng/dl)
Pre-exposure/control Exposure Post-exposure
Bergamaschi et al. 2004 - - Males: 2.99+3.74 -
Females: 2.90 +3.70
Koyu et al. 2005a Control: 6.23+£0.54 - 5.18+0.53 l
sham-exposed: 5.98 £ 0.66
Koyu et al. 2005b 5.82+0.63 - 10.59+1.24 1
Adam and Taha 2008 Control: 6.23 +0.54 - 59+0.53 l
sham-exposed: 5.98 +0.66
Karadede et al. 2009 Control: 3.731+0.395 - 1 month -
Experimental: 3.597 +0.544 Control: 2.810+0.394
Experimental: 3.284 +0.814
3 months
Control: 3.874 +£0.546
Experimental: 4.091 +0.673
Mohammad et al. 2009 8424272 - Group 1: l
7.76+£1.73
Group 2:
7.75+1.14
Shahryar et al. 2009 Control: 2.52 - Short-term: 2.94 T
Long-term: 2.87
Eskander et al. 2012 1 year - 1 year l
Age 1: 7.8+0.6/age 2: 6.9+ 1.4 Age 1
3 years S:6.94+0.1
Age 1:7.7+1.1/age 2: 6.5+0.7 M: 7.0£0.1
6 years W:6.9+0.1
Agel: 7.1 +0.3/age2: 6.6 +2.1 Age 2
S:6.30.8
M:62+1.2
W:6.0+1.0
Kim et al. 2013 Control - 2 weeks: 3.60 +0.24/4 weeks: 2.85+0.27/8 -
2 weeks: 2.7 +0.26/4 weeks: weeks: 2.42+0.10/16
3.42+0.16/8 weeks: 2.65+0.11/16 weeks: 6.07+0.33
weeks: 6.58+0.3 Sham
2 weeks: 4.08 +0.27/4 weeks: 3.78 £0.25/8
weeks: 2.61+£0.15/16
weeks: 6.01£0.16
Jin et al. 2013 Male - Experimental -
4 weeks: 31.81 +1.69/8 Male
weeks: 31.55+1.42 4 weeks: 30.16 +£0.51/8
Female weeks: 31.47+£0.34
4 weeks: 33.46+4.31/8 Female
weeks: 33.26 £4.04 ng/dl 4 weeks: 34.09 £2.09/8
weeks: 33.47+2.24
Pawlak et al. 2014 Control - E12 embryos: 0.13 +0.026 1

Geronikolou et al. 2015

E12 embryos: 0.27 +£0.084
D42 group: 21.75 +3.265

Group A (control) 8.43 + 148

D42 group: 22.49 +£3.427
sham-exposed

E12 embryos: 0.29 £ 0.059

D42 group: 20.12 £2.569

Group B (cell phone use) 7.3+ 1.3

1, increasing; |, decreasing; —, no change reported

Morphology, pathological

Among the 22 screened records, 7 studies were based on mor-
phology studies (Bhargav et al. 2017; Dimida et al. 2011;
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Elsayed and Jastaniah 2016; Esmekaya et al. 2010; Hajioun
and Elahizadeh 2015; Shaukat et al. 2013; Silva et al. 2016).
Overall, 7 studies were selected, including 3 records examined
human, 3 record examined animal, and 1 record examined cell
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Table 5 Literature review of Morphology, pathological for cell phone
radiation
Study ID Finding mean + SE (um) Outcome
Esmekaya et al. 2010 Control: 36.8 l
Sham: 34
Exposure: 64
Dimida et al. 2011 -
Shaukat et al. 2013 Control: 117.56 +5.03 !
Experimental: 92.50 £2.25
Hajioun and Elahizadeh 2015 — !
Silva et al. 2016 - !
Elsayed and Jastaniah 2016 - !
Bhargav et al. 2017 - 1)

1, increasing; |, decreasing; —, no change reported

line. These studies were located in South Korea (n= 1),
Pakistan (n= 1), Italy (n= 1), Iran (n= 1), India (n= 1),
Saudi Arabia (n= 1), and Israel (n= 1).

Thyroid-stimulating hormone

Animal model Investigating the effect of 900 MHz waves on
male rats showed that these waves reduced the level of TSH in
the intervention group. Also, there was no significant differ-
ence between control and sham-exposed groups (Koyu et al.
2005a). Also, investigating the effect of 1800 MHz on male
rats showed that these waves did not affect the TSH level of
the radiation mice group (Koyu et al. 2005b).

With 900 MHz waves for 10 h at 4 weeks of radiation,
these waves on 20 male rats showed that TSH levels in both
control and sham-exposed groups were not significantly dif-
ferent but between the two intervention and sham-exposed
groups, there is a significant difference in the intervention
having group decreased hormone levels (Adam and Taha
2008). In the study, by using systems (CDMA 849 MHz and
WCDMA 1.95 GHz) on male and female rats, these waves did
not affect the TSH hormone in rats (Jin et al. 2013). Using
915 MHz RFID waves, male rats did not see a change in the
level of TSH in both interventional and sham-exposed groups
(Kim et al. 2013). A 900-MHz RF exposure did not change
some important biochemical and hormonal parameter levels
after 90 days exposure (Karadede et al. 2009).

Human By reviewing 18 healthy volunteers, mobile phones
(GSM) roamed at 900 MHz for 2 h a day, 5 days a week for
4 weeks. After this time and analysis of the samples, they
found that the level of the hormone in 7 of the population
decreased by 21% (de Seze et al. 1998). But with the statistical
level, 2598 mobile workers said that RF waves do not have an
effect on the level of TSH (Bergamaschi et al. 2004). It was
also concluded that RF waves have a very mild effect on the

level of TSH, and in fact, its effect can be ignored (Djeridane
et al. 2008; Geronikolou et al. 2015).

By studying 77 female and male students in three levels:
high, medium and low, the mobile phone used, unlike other
experimental studies showed increased levels of the hormone
Mohammad et al. 2009. In this study, the level of TSH in both
men and women was calculated to be better for women due to
the hormone cycle in women, as well as a specific rule for
determining the groups of users using cellular phone and its
amount in this form. Perhaps this increase is due to a test error
(Mohammad et al. 2009).

Triiodothyronine hormone

Animal model According to this study, waves of 1800 MHz
EMF increase the T3 level in male rats (Koyu et al. 2005b).
But another study with EMF 900 MHz observed that the
level of the hormone decreases (Koyu et al. 2005a). By
examining the effect of the 900 MHz EMF wave in male
rats, the serum level decreased (Adam and Taha 2008) and
with no effect in serum T3 (Jin et al. 2013; Karadede et al.
2009; Kim et al. 2013). Shahryar et al. showed that with
the use of 900 MHz EMF waves for a long time, we are
seeing a decrease in serum T3 (Shahryar et al. 2009).
Pawlak et al. also showed that levels of this hormone in
their community declined (Pawlak et al. 2014).

Human We found two studies, of which after testing the sam-
ples, normal T3 levels were reported (Geronikolou et al. 2015;
Mohammad et al. 2009), whereas the study showed a signif-
icant decrease in volunteers’ thyroid hormone levels, for
young females (Eskander et al. 2012).

Cell line According to Fattahi-asl et al. (2013), by examining
29 healthy subjects (21 women and 8 men) with mean age
41.2 + 14.3 years, followed by radiation 900 MHz (GSM)
for 18 min, mobile phone radiation has no effect on the
levels of T3.

Thyroxin hormone

Animal model EMF waves of 900 MHz reduce the level of T4
hormone (Adam and Taha 2008; Eskander et al. 2012; Koyu
et al. 2005a). However, another study showed that from
1800 MHz waves, hormone levels increase (Koyu et al.
2005b). But waves (EMF) 900 MHz increase rat T4 levels
(Kim et al. 2013; Shahryar et al. 2009). However, Jin et al.
(2013) and Karadede et al. (2009) have shown that waves do
not affect the serum T4 level. Pawlak et al. (2014) checked
hormone levels after radiation of 1800 MHz in chicken em-
bryo and found that these waves decreased serum T4 level
(Pawlak et al. 2014).
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Human Though the effect of EMFs at 900 MHZ on T4 levels
alongside occupational stress in a community was observed
significantly, they claimed that establishing whether this con-
sequence is due to exposure or the instruments using stress
was not possible (Bergamaschi et al. 2004; Geronikolou et al.
2015), while Eskander et al. and Mohammad et al. surprising-
ly showed that the irradiation group had a decrease in T4
levels than the control group (Eskander et al. 2012;
Mohammad et al. 2009).

Morphology, pathological

Some studies could not establish a link between thyroid
cancer and EMF waves (Silva et al. 2016). Typically a
whole-body exposure to a RF radiation pulse released by
the global mobile phone system (GSM) can lead to path-
ological alterations in the thyroid through the structural
changes and increasing the apoptosis-dependent path-
ways (Esmekaya et al. 2010). A study indicates that
exposure to mobile phone-generated EMF radiation de-
creases the size of the thyroid gland follicles and its
activity of mice (Shaukat et al. 2013). Exposing the
thyroid to radiation such as cell phone can lead to fatal
damage, and applying preventive and protective methods
does not always mitigate the impact of this exposure on
human body (Hajioun and Elahizadeh 2015). The
electrophotonic imaging (EPI), as a promising technique,
shows these effects and the possible energy level reduc-
tion of the intestinal tubers, including the thyroid gland
(Bhargav et al. 2017). Moreover, it was reported that
thyroid dysfunction and a hormone-lowering profile
alongside increased TSH levels are present in approxi-
mately 30% of smartphone users (Elsayed and Jastaniah
2016). Besides, in vitro evidences revealed that EMF
does not able to modify the biochemical properties of
cultured thyroid cells such as FRTL-5 cells (Dimida
et al. 2011).

Study quality scores

Study quality was evaluated based on a modified 12-
point checklist with a median quality score of 6, which
showed 7 (33%) stated whether a potential conflict of
interest existed, and 6 (27%) described compliance with
animal welfare policy. Three (14%) studies compared
more than one model. Surprisingly, none of the studies
described the blinded outcome assessment or reported a
sample size calculation. Stratification by the number of
study quality checklist item score accounted for signifi-
cant heterogeneity between studies (X2= 1373, df =6,
p <0.00385), with higher quality studies reporting lower
efficacy (Supplementary table).
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Discussion

The aim of this review was to assess all available epidemi-
ologic evidences on the possible pathological changes in
thyroid gland structure and hormones level due to mobile
phone exposure and find out there is a potential association
between long-term mobile phone use and apoptotic follic-
ular cells damages.

Frequency refers to the rate at which electromagnetic field
(EMF) direction changes and is expressed in hertz (Hz) unit
(Humans 2013). Analogue phones have been allocated the
frequencies between 450 and 900 MHz; hence, digital phones
allocate to the frequencies between 1800 and 1990 MHz.
Moreover, microwave devices use the frequency of
3800 MHz. Mobile phones are expected to produce non-
considerable local heating, which unlikely make any harmful
consequences (Koyu et al. 2005a).

Specific absorption rate (SAR) is a factor which is di-
rectly related to the mass density, conductivity, and the
internal E-field strength of the tissue, and its unit is “W/
kg” (Yang et al. 2013). According to the Federal
Communications Commission (FCC) standard, cell phones
are allowed to produce with SAR values below 1.6 W/kg
for 1 g of body in the USA and 2 W/kg for 10 g of body in
Europe (Federal Communications 2013). The range of
SAR reported in this study was 0.082-4.6 W/kg. Silva
et al. stated that RFE exposure conditions have no potential
carcinogenic effect on thyroid cells with 0.082-0.170
(W/kg) SAR (Silva et al. 2016). It is expected that reducing
this factor will reduce the risk of cell phone waves, but
Bhargav et al. show that thyroid gland hormones are sig-
nificantly lesser after RF-EMF with 0.54 W/kg SAR expo-
sure compared to sham (Bergamaschi et al. 2004), and
other studies show contradictory results about the role of
SAR and hormonal effects. Despite the fact that SAR is a
very important criterion for judging the highest energy of a
radio signal released from a source of a particular model of
a mobile phone, it alone cannot provide enough informa-
tion to compare the amount of radio signal released by
different phones to users.

Radiofrequency electromagnetic fields (RF-EMF) were
classified as possibly human oncogenic factor by the
International Agency for Research on Cancer (IARC)
(Humans 2013; Sivani and Sudarsanam 2012). One of the
concerns of the community is the effect of increasing the like-
lihood of getting cancer by using radio waves (Gong et al.
2014; Repacholi et al. 2012). Experimental researches high-
light that pesticide exposure could generally lead to hypothy-
roidism. In a large population, the existence of subclinical
hypothyroidism, especially in the case of iodine deficiency,
as well as its long-term health-related consequences, has been
much debated recently (Boas et al. 2012). The prevalence of
subclinical type of hypothyroidism varies by gender, age,
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Fig. 3 Hypothetical metabolic pathway change due to cell phone radiation

ethnicity, and geographic location, ranging from 0.4 to 16.9%
(Hennessey and Espaillat 2015) and even reaching 20% in
some populations (Cooper 2001). Thyroid hormones (TH)
are necessary and critical for development during fetal life,
as fetal brain neurodevelopment is dependent on TH levels.
Lack of TH diminishes neuronal growth and affects the cere-
bral cortex, hippocampus, and cerebellum differentiation.
Consequently, epidemiological evidences have revealed that
even a relatively slight decrease in T4 levels during pregnancy
may lead to decrease of cognitive functions in offspring
(Haddow et al. 1999; Pop et al. 2003). In this regard,
Esmekaya et al. stated that cell phone has the potential to
cause pathological consequences in the thyroid gland via
changing organ structure, as well as increasing the activity
of caspase-dependent pathways related to apoptosis
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(Esmekaya et al. 2010). Silva et al. show the exposure to
RFE seems to have no possible oncogenic consequence on
human thyroid cells (Silva et al. 2016). Nonetheless, it is quite
difficult to perform a study exploring the impacts of EMFs on
a fetus or child due to ethical concerns (Sangun et al. 2015).
Exposure to EMF may negatively affect the iodine uptake
in the thyroid gland and may lead to increasing the effect of
temperature on pituitary gland hormone. According to this
study, frequency of 900 MHz EMF produced by digital mo-
bile radio-telephones decreases TSH and thyroid hormones
under the conditions used (Koyu et al. 2005a). As non-
ionizing radiation does not impose sufficient energy to dis-
lodge electrons, it being unable to cause thyroid glands disor-
ders. This review has synthesized the current evidence for cell
phone radiation effect on function of thyroid glands. This
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result can be possibly due to frequency between 450 to
3800 MHz EMF made by cell phones. Based on the evidence,
the diameter of thyroid follicles reduces in contact with cell
phone radiation, as well as many metabolic pathway elements
related to thyroid changes consequently (Fig. 3).

Conclusions and future perspective

Tissue heating may be usually linked to nonspecific stress
reaction induced by microwave exposure. Exposure negative-
ly influences the iodine uptake in the thyroid gland, or may
influence with increased temperature effect on the thyroid
gland. However, with the advent of new generations of com-
munications like the 5 G, further research are needed in order
to show the level of TSH and thyroid hormone suppression by
microwave.
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