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ABSTRACT

Nowadays humans are constantly exposed to electrostia wave (EMW), especially mobile phone. Regentl
concerns about the potential risks of EMW it's @a&ging. A possible risk of the EMW is adverse effechuman
semen quality. In this study, it was tried to ddavenalysis on the results obtaining the evaluatibisperm quality
(motility and viability) after in vitro exposure 8MW of mobile phone. We carried out a Systenfaéigiew in
databases of ISI, Pubmed, Scopus, Ovid, Embas&i&htll December 2015. Then was performed meiahsis

of data extracted by comprehensive meta-analysts sbftware. Finally, 10 studies [8: sperm motilifg7
subgroups), 6: sperm viability (6 subgroups)] wesegiewed and meta-analysis was done. The percemgamges of
sperm motility in the unexposed and exposed samyses 17.70+£10.9 % to 87.20+7.32% and 18.40+11.96%
87.548.57%, respectively. The mean differencesperm motility and heterogeneity were REM:-4.57-CI(1 to -
2.03) and ?:69.38%;pheterogenei§0.001, respectively. The percentage range of speatnility in the unexposed and
exposed samples were 50.7845.98% to 90.913.7% #hd3413.99 to 90.4#4.1% respectively and for sperm
viability, the mean differences for sperm motiliygd heterogeneity were REM-1.19; CI (-2.04 to 49.8nd
1°=96.9%; Pheterogeneis:0.001, respectively. Exposure to EMW of mobilerghdecreased significantly sperm motility
and sperm viability decreased but not-significanBesults of this study supported the negativetsfigf EMW of
mobile phone on the sperm motility
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INTRODUCTION

Today, exposure to electromagnetic wave (EMW) edifrom the mobile phones, telecommunication argsnn
TV, tablets, laptops, high voltage power cablemévitable [1-3]. Concerns about the exposure to/MERF mobile
phone is increasing because of the potential heislls [4]. The ownership of mobile phone from 12941999 is
reached to 76% in 2009 [5,6]. Mobile phone portgbitauses more concerns regarding the harmfucesffef
emitted EMW on human health because it providesuitther connection with the body [7,8]. Althougavsral
global and national guidelines and standards réuguttie exposure to EMW have been developed si@66,1but
the concerns about the unknown effects of theseesvaven at a lower level of the guidelines is iasieg [9].The
World Health Organization (WHQO) has classified émitted EMW of mobile phones in terms of carcinagiyin
class 2B (possibly carcinogenic) [10]. Mobile pheman be exploited in the frequency range of 4020@0 MHz
that can be absorbed by body [11]. Studies havevrsitbat the EMW can have detrimental effects onltheat
frequencies greater than 100 MHz [12,13]. ExposarEMW cause adverse effect on mammalian cells gired
intra-chromosomal combination, aneuploidy enhanméctonuclei) [14,15], Infertility, affecting on bira system,
heart and endocrine glands leads to fatigue, héadaed poor concentration [4,16,17]. Infertilisydefined as the
lack of fertility after one year of unprotected irzg sexual intercourse [18]. The studies have shthat 15% and
50% of infertility are related to the reproductizge of couples and male infertility factors, respety[19]. EMW
can affect the sperm parameters include motilitgbility, morphology and sperm concentration [2(,25tudies
have shown that EMW can reduce testosterone wigttsdn sertoli and leyding cell function [22].

Review of the conducted literatures regarding ttieces of EMW on the quality of semen, showed défg and
confusing results. Agarwal et al study showed ¢hqtosure to EMW of mobile phone can be effectivéhensperm
motility but no concentration [23]. It was obtainfdm Fejes et al study that the EMW of mobile padrave
negative effects on sperm quality [24]. Feijo etiafl Dasdag et al studies showed that exposurd' &f mobile

phone have not effects on sperm quality [25,2@§0Asome of the input data in certain review stadiuch as Liu
et al study was a mistake [27]. So in this studg, tvied to evaluate the effect of EMW of mobile phoon the
motility and viability of human sperm in vitro bysystematic review and meta-analysis and an exattaion of

effects from exposure to EMW emitted from mobil@pé on the quality of human sperm is performed.

MATERIALSAND METHODS

2.1. Search and selection of studies

A list of titles and abstracts of all articles dshble in databases; ISI Web of Science, Pubmedp&;oOvid,
Embase and VIP from 2015/12/09 to 2015/12/27 wpeepared at first by three reviewers in order étetmine
and select the related titles to be evaluated iew@gntly. Then, the studies related to blindinghmeétof initial
evaluation were entered to the process. The malasion criterion was effects of in vitro expostwemobile phone
EMW to sperm motility and viability. The studiesathwere not a part of initial researches or in arelated field
with the title and review studies were excluded thle second step using a check list of STROBEef§thening the
Reporting of observational studies in Epidemiologyjich is a standard check list, studies were etatli This
check list was included 43 various parts and evatugarious aspects of methodology such as meagsométhods,
measuring variables, statistical analysis and aifstudy. The minimum and maximum obtained scoresew
considered as 40 and 45, respectively [28]. Rmétle superior studies which had obtained the mmimn score of
40 were entered into the research and its relatéd were extracted for meta-analysis. At the ehd,im vitro
studies which had studied effects of exposure tbilagphone EMW to sperm motility and viability, veeevaluated
accurately. Used to term "AND" for combinationtbé keywords. The keywords which were used forcdeag,
generally includes the following: mobile phone d&MdW, reproductive system, semen quality, sperm libpoind
viability, specific absorption rate and sperm dwyalcell phone and reproductive system, humand sperm, cell
phone and sperm quality

2.2. Data extraction

According to the standard method for data extractibree independent reviewers extracted and sbfafhes table
all data (YF, HH and HK). Nonconformity’s pointssmved by discussion or consultation between thegeewers.
Information extracted included first author, spiec#bsorption rate, frequency EMW, publication yesmple size,
sperm motility, sperm viability, population undéudy and outcome study.

2.3. Assessment of heter ogeneity and data synthesis

We pooled the mean differences of sperm motilitg ammability associated with EMW of mobile phone by
Comprehensive Meta-Analysis V2.0 software. Hetermity was evaluated using the 12 statistic arsb@ated
confidence intervals (CI) [29]. If significant hedgeneity was observed (p < 0.10 or p > 0.10 but BED%), the
meta-analyses were conducted using a random effedel. A fixed effect model was used for the matakgsis
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where heterogeneity was acceptable (p > 0.10, ©r0al0 but 12 < 50%). Heterogeneity were more tB&#o in
both sperm motility and viability, hence used theMRfor evaluating the effects of exposure to EMFnafbile
phone to motility and viability sperm in each stu&mnce, the number of studies in review studieseview, hence
the significance level was p value<0.001 [30].

RESULTS

From 321 studiesISI (94), Pubmed/Medline (123), Bsab(56), VIP (37), Ovid (13) excluded 229 studiese
duplicated records and remained 94 ones were redettle and abstracts. Then, excluded reviewstogdis
(n=24), animal studies and human in vivo studiesl®) and irrelevant exposures or outcomes (n=40mFL0
studies remaining, excluded studies that outcomg iwavitro but unrelated parameter sperm (n=2)alyn 10
studies [6; sperm viability (7 subgroup), 8; spanutility (17 subgroup)] remained to meta-analys$ig(re 1). In
the some studies have changed variables such asaBéBroup participants hence divided into sevasbbroups.

Risk assessment of the effects of EMW of mobilenghexposure on the sperm motility and viabilitwino cannot
be accurate because determining the intervenirigriasuch as EMW emitted from other devices (ardgetaptop,
high voltage cables and etc.), exposure time asthuate is difficult. Unlike the in vivo, risk asseent obtained
from in vitro would be the most scientific meth@1.[32]. Thus, in vivo studies were excluded from téview.

The studies whose results were too different fraendther studies excluded and analysis was cordiagain. If
removal of intended studies made a significant ghain the results, there were removed from theyaisalnd
otherwise were returning to study.

All used frequencies of 850-900 MHz, with the examp of De Iuliis et al. study that was 1800 MH3pecific
absorption rate, where reported was in the range71W/Kg with the exception of three studies thatrev
mentioned; and duration of exposure ranged fromectiio 24 h.

Record identified through database | SI (94),
Pubmed/M edline (123), Embase (56), VIP (37),
Ovid (13)

[ Exclude duplicate studies (n=229) }

A 4

Titleand abstractsreviewed
(n=94)

Exclude:

Reviews, editorials (n = 24)

Animal studies and human in vivo studies (n = 19)
Irrelevant exposures or outcomes (n = 41)

\4
[ studiesretrieved and reviewed ]

(n=12

Exclude:
Outcomewasin vitro but unrelated parameter
sperm (n=2)

Included in vitro studies:
10[6: sperm viability (7 subgroup,
8: sperm motility(17 subgroup)]

Figurel. Results of literature review following description of the full search process.
3.1. Motility

Eight studies (17 subgroups) with 178 samples vesra@lyzed. The percentage range of sperm motilitghan
unexposed and exposed samples were 17.70+10.920+8732% and 18.40+11.90 to 87.5+8.57%, respdgytive
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Tablel.Characteristics of studiesincluded in the systemic review and meta-analysis

Exposed

Unexposed

First
Author(yea
)

Study
design

Participant group

Countries

Radio-frequency
(MHz)

SAR
(W/Kg)

Exposure
time

Sample
Size

Motility
(%)

Viability
(%)

Motility
(%)

Viability
(%)

Comments/Outcome

Reference

Agarwal et
al (2009)

In Vitro

Healthy donors

Infertile patients

USA

850

1.46

23

60 min

50.60+17.
49

53.52+13.
05

54.80+17.
61

61.00+13.
71

43.56+16.
94

48.43+13.
99

45.25+19.
42

52.29+17.
41

Exposed to RF-EMWS
significantly decreased
sperm motility and
viability, increased ROS
level, and decreased
ROS-TAC score. No
statistically significant
effect of RF-EMWS
exposure on Levels of
TAC and DNA damage.

B34

Ahmed
Baig et al
(2010)

In Vitro

Volunteer male

Pakistan

900

1.3

60 min 22

46.21+11.
10

51.36+10.
87

Mobile phone radiation,
decreases the fast
progressive motile
sperms percentage, ang
increases the non-motil
sperms percentages

[35]

Dkhil, et al
(2011)

In Vitro

Healthy donors

Saudi
Arabia

850

1.46

60 min 20

80.60+1.4
0

84.10+1.3
0

A significant decrease
in sperm vitality and
viability as well as
sperm motility. Sperm
cells, will become
weakened after EMR
exposure. Sperm cells
may start functioning
poorly after EMR
emitting by cell phone,
and this means that a
potential decrease in
male fertility

[36]

De Iuliis et
al (2009)

In Vitro

Healthy donors

Australia

1800

65.00£1.0
0

89.00+3.0
0

SAR correlated
negatively with sperm
motility and vitality,

and positively with the
mitochondrial
generation of ROS and
DNA fragmentation
after RF-EMR exposure|

[37]

Erogul et al
(2006)

In Vitro

Healthy donors

Turkey

900

Not
mentioned

5 min 27

49.40+22.
27

63.30+22.
16

EMR emitted by
cellular phone
influences human spern
motility.

23]

Falzone et
al
(2008)

In Vitro

Healthy donorg

South
Africa

900

Directly

2h

24 h 12

5.7

Directly

86.50+7.4
4

87.50+8.5
7

70.00+14.
51

86.60+9.3

86.8015.3
4

86.10+8.3
6

65.00+16.
45

87.20+7.3

The two kinematic
parameters straight line
velocity (VSL) and
beat-cross frequency
(BCF) were
significantly. Reduced
after the exposure at

[38]
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5.7

2h

5.7

24 h

3

86.20+7.6
9

62.71+15.
14

2

84.60+9.1
8

65.70£19.
15

SAR 5.7 W/kg and
progressive motility
were not significantly
different between the
groups.

Veerachari
et al (2012)

In Vitro

Healthy donors

India

900

1.46

60 min

20

45.75£7.4
9

47.745.24

52.30+8.9
7

50.7815.9
8

Statistically significant
decrease in sperm
motility and viability,
also significant increase
in reactive oxygen
species (ROS) and
DNA fragmentation
index (DFI) between the
groups after EMR
exposure.

[39]

Zalata et al
(2015)

In Vitro

Healthy donors

Asthenozoospermia

Asthenoteratozoosperm
a

Oligoasthenoteratozoos
ermia

D

Egypt

850

1.46

60 min

1.46

60 min

1.46

60 min

1.46

60 min

26

56.50+4.2
0

60.80+4.5

26.5015.0
0

30.90+5.4

18.40+11.
90

23.30+9.4

12.70£7.9
0

17.70£10.
9

Sperm motility, sperm
linear velocity, sperm
linearity index, and
sperm across in activity
were significantly
reduced, whereas sper
DNA fragmentation
index, CLU gene
expression and CLU
protein levels in the

exposed semen samples

to RF-EMF compared
with non-exposed
samples in
OAT>AT>A>N groups,
significantly increased.

[40]

Gorpinche
nko et al
(2014)

In Vitro

Normozoospermia

Ukraine

900

Not
mentioned

5h

32

66.50+6.3
0

90.444.10

81.30+

90.9+3.70

Progressive motility
was significantly
reduced and non-
progressive motility
was significantly
increased, also DFI wag
significantly higher
after electromagnetic
radiation by mobile
phone.

[41]

Farahani et
al (2015)

In Vitro

healthy donors

Iran

900

Not
mentioned

10 min

18

64.46x11.
67

68.5+7.88

73.94+11

85.4619.4
8

Exposure group show a|
significant decrease in
the rapid progressive,
slow progressive sperm

motility and viability

1
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The minimum and maximum sperm motility in the unesgd samples were for Zalata et al
(Oligoasthenoteratozoospermia) and Falzone et iab¢ily) studies and in exposed samples were #datz et al
(Oligoasthenoteratozoospermia) and Falzone etdlest (SAR; 2 W/Kg, 2 hours) (Table 1). The medfedénces
for sperm motility and heterogeneity were REM: 94.%21 (-7.11 to -2.03) and*B9.38%; Pheterogenei:0.001,
respectively (Figure 2). The minimum and maximumght percentage of sperm motility were for Agareslal
(Infertile patients) and Zalata et al (healthy d@horespectively (Figure 2).

3.2. Viability

Six studies (7 subgroups) with 126 samples werdyaed. The percentage range of sperm viability iexposed
and exposed samples were 50.78+5.98% to 90.0+3rtP®@.4+4.1 to 48.43+13.99%, respectively. The minh
and maximum viability in unexposed and exposed $esnpere for Veerachari et al and Gorpinchenkolet a
respectively (Table 1). The mean differences farspviability and heterogeneity were REM: -1.19;(€2.04 to -
0.34) and 2I‘:96.9%;phetemgeneﬁo.001, respectively (Figure 2). The minimum andximaim weight percentage of
sperm viability were for Agarwal et al (Infertileafients) and Dkhil et al (2011), respectively (Fey).Weight
percentage of each study has a reverse relatiomstlipthe standard deviation [33]. Thus, Agarwabg&{Infertile
patients) and Dkhilet al. had the maximum and mimmstandard deviations, respectively.

DISCUSSION

The recent studies EMW effects of mobile phone perm parameters (motility and viability) has been
controversial. In this systematic review and metabgsis, it was tried to evaluate new studies ([D#cember 2015)
in this regard. Exposure to mobile phones redubessperm maotility (P value>0.001). It should beegbthat in
review studies, the significance level is P valu8Q due to the low number of studies [42].

Biological effects of EMW of mobile phone on theesm quality should be noted. EMW have thermal é#fec
special effects (non-thermal) and combination eftlon the biological tissues [43].

Wang et al study showed that Leydig cells of moargevery vulnerable toward the EMW and Leydig caijary
due to the production of Reactive Oxygen Speci€@JRcan have a destructive effect on spermatogenéisio, the
thermal effect of EMW reversibly impairs spermatogss [37,44].

The studies have shown that exposure to EMW leadsduced melatonin secretion [45] and antioxidewels that
predisposed human to oxidative stress and sperm Datfnentation [46]. Agarwal et al study showed thatting
the mobile phone in the pants pocket and besidesetites can raise its temperature [4]. It isntepathat mobile
phone can increase the skin surface temperatut€ ;1% minutes [67] and also cheek temperatureraie from
2.6 to 3.5°C in 15 minutes [48]. The increase temijuee of testis cause a disturbance in mitochahadectron
transport chain and more production of ROS. Saugifon in this chain decreased sperm motility [49]

The remarkable thing is that the some studies lsawevn that if SAR<2, the thermal effect of EMW wilbt be
significant [47,48,50]. Since in all of reviewetlidies were SAR<1 except Falzone et al and Deslstiidies, so
decrease in the sperm motility and viability candioe to the non-thermal effects of EMW. So, theestigators are
recommended to analyze the association of speramgers changes in different SARs in their futtweliss.

The mean percentage of reduction in sperm mofilitiErogul et al study was more than other studidrefore,
meta-analysis was done with exclusion of this stadg the results were reviewed again. After exolysihe mean
of sperm motility reduction and heterogeneity diot have a much difference and results remainedifisignt
(REM: -4.57% to -3.6) and 12=69.38%heterogeneity<0.001 to 12=0%heterogeneity<0.001. Finally, Erogul et al
study remained in the analysis.

The mean difference in the Erogul et al study wigh hvhile similar to other studies participants adrealthy.
Thus, the role of some intervention factors suckrasking [51], age [52] and time [53]can be notsthoking or
non-smoking of participating group was not menttire most of studies. So, the effect of this in&erwng variable
cannot be examined on the results. The age rardenaans of 27 men participating in Erogul et atlgtwas 19-33
and 27+3.2 that has not a much difference withatinver studies [23]. The exposure time (5 min) is gtudy was
less than other studies, hence is unclear the adibe more mean difference in the Erogul et al.

The exposure time was more than 1 hour in someestisich as Falzone et al, De Iuliis et al and Bohgnko et
al studies that this long time itself can have gatige effect of the sperm motility and viabiltwWHO sperm
analysis protocol has recommended that the timedset sampling and analysis should not be more thawur as
the effect of changes in pH and temperature angidtation alter the sperm quality [54].
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After excluding studies with a long exposure timasalysis was performed again. Although a long sxp® time
(5, 16 and 24 hours), the mean percentage in reducf sperm quality after excluding these studREM: -4.2,
p<0.001) did not have a significant difference canegl to before exclusion (REM: -4.57, P value<0)001

Agarwal et al study showed that all four sperm peaters including concentration, morphology, matilénd
viability have a direct and significant relationshiith each other [31]. Also, our study confirmdristmatter that
there is a direct association between the sperriity@ind viability and by decreasing the sperm ifitgt viability
was also reduced in all studies (Figure 3).

De Luis et al study showed by Tunnel method thaiosxre to the EMW of mobile phone can cause speA D
fragmentation and then reducing the sperm mofii#}.

So significant heterogeneity in concurrent reductid all sperm parameters after EMW exposure of itagihone
is due to sperm DNA fragmentation , finally caasgecrease in the sperm viability [55] and met{&7].

De Luis et al showed that exposure of the sperf/aBMWV in vitro can increased sperm DNA fragmentataord
ROS production and decreased the sperm viabil#§6-2p<0.001) (Figure 2). Since the percentage noéaperm
motility reduction in this study had a high diffage with other studies, so it was excluded fromriea-analysis
and the results were analyzed again. The resulbsdbexclusion (12: 84.37%heterogeneity<0.001, REM: -4.18%,
p value<0.009) had a significant difference witkeaexclusion (12: 69.38%pheterogeneity <0.001, mean total: -
4.57%, p value<0.000). Thus, De luliis et al stwhs excluded from the analysis.

Since the heterogeneity will reduce with incredse iumber of studies and decrease in standardtidev[&6], so
the heterogeneity in sperm motility studies (12:3836) is less than the sperm viability (12: 96.9%).

Statistics for each study Difference in means and 95% CI
Study name Difference  standard Lower Upper thlffliV'e
in means error  variance limit limit Z-Value p-Value weight
Agarwal et al (Healthy donors) -4.20 517 26.78 -1434 594 -0.81 041 _ 3.92
Agarwal et al (Infertile patients) -1.69 9.74 94.87 -20.78 17.40 -0.17 0.86 1.52
Ahmod et al (Voluateer malc) -5.15 3.31 1097 -11.64 134 -1.55 0.12 —_—— 6.20
Erogul et al (Healthy donors) -13.90 6.04 36.50 -25.74 -2.05 230 0.02 —_— 3.20
Falzone et al (Directly , SAR; 2) -0.30 2.64 6.98 -5.48  4.88 -0.11 0.91 —— 7.26
Falzone et al (2 Hours) 1.40 3.45 1194 -537 817 040  0.68 —_—— 5.98
Falzone et al (24 Hours) 5.00 6.33 40.09  -7.41 1741 0.79 043 —_— 2.99
Falzone et al (Directly ) -0.60 3.42 171 2731 611 017 086 —_—— 6.03
Falzone et al (2 Hours . SAR: 5.7) 1.60 3.45 1195 -517 837 046 064 —— 5.98
Falzone et al (24 Hours . SAR; 5.7) -2.99 7.04 49.66 -16.80 10.82 -0.42 0.67 _— 2.56
Veerachari et al (Healthy donors) -6.55 2.61 6.82 -11.67 -1.42 250 0.01 —— 7.31
Zalata et al (Healthy donors) -4.30 120 145 -666 -1.93 356 0.00 E & 9.53
Zalata et al (Asthenozoospermia) -4.40 1.44 208 -7.22 -157 -3.04 0.00 - 9.20
Zalata ct al (Asthenoteratozoospermia) -4.90 2.97 8.84 -10.72 092 -1.64  0.09 —l— 6.72
Zalata et al(Oligoasthenoteratozoospermia) ~ -3.00 2.64 6.97 -10.17  0.17 -1.89 0.05 i 7.26
Gorpinchenko et al (Normozoospermia)  -14.80 1.69 2.86 -18.11 -11.48 875 0.00 E o 8.83
Farahani et al (Healthy donors) -9.48 3.78 1428 -16.88 -2.07 250 0.01 —T— 5.52
Random -4.59 1.29 168 -7.11 -2.03 352 0.00 o
Heterogenity: Tau’=15.21; I’=60.45%(P<0.001)
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower  Upper Relative
in means error  Variance limit limit Z-Value p-Value weight
Agarwal et al (Healthy donots) -7.48 3.94 1557 -15.21 025 -1.89  0.05 —— 13.10
Agarwal et al (Infertile patients) 3.86 8.08 6529 -19.69 11.97 047 063 N T E— 253
Dihil et al (Healthy donors) 350 0.42 018 433 266  -819  0.00 [ | 1655
De Tuliis et al (Healihy donors) -24.00 158 250 -27.09 2090  -1517  0.00 E o 15.92
Veerachari et al (Healthy donors) -3.08 177 316 -6.56 040  -173 008 - 15.75
Gorpinchenko et al (Normozoospermiz) _g 50 0.97 095 241 141 051 060 » 1634
i 14.51
Farahani et al (Healthy donors) -16.95 2.90 840 -2263 -1126  -5.84 000 —
Random -8.70 311 9.67 -1480  -2.61 2279 0.00 <

Heterogenity: Tau?=58.21; P=06.90%(P<0.001)

Figure 2. Forest plot showing the effect of mobile phone exposure on human sperm motility and viability

Since the mean difference of sperm viability in diis et al study was higher than other studies,it was
excluded from all studies and analysis was anabg#n. The results of De luliis et al study beferelusion (12:
96.9%, pheterogeneity<0.001, REM: -8.67%, p value<0.00%) dot have a significant difference with after
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exclusion (12: 84.2%pheterogeneity <0.001, REM: -5.08%, p value<0.002us, De luliis et al study remained in
the analysis.

In Falzone et al study (3 subgroups), the percentagsperm motility in exposed samples were higthamn
unexposed ones (P value>0.001). In general Falebakstudy showed that exposure to the EMW of tegliiione
cannot have a significant reducing effect on speatility [38].

Falzone et al and De luliis studies showed thabsue to EMW can increase the risk factors of tilfisrin men
including increased production of free radicals esaittive oxidative stress (ROS) [37,38].

In Farahani et al study similar to Agarwal et aldst, the sperm motility was significantly decreaseétth increase in
reactive oxidative stress [23].

Reduction of sperm motility in the patient donoREM:-7.03, CI (-12.03 to -1.79), P-value=0.008;8205%, p
het<0.001] was more than healthy donors [REM:-TR95.53 to -1.04), p value=0.004; 12;29.9pheterogeneity
=0.15]. Hence patient donors are more vulnerdide healthy donors may be due to the lower antiridapacity
or high reactive oxidative stress [57].

There are limitations in this study. First, biasymexist for published data; non-English except Rars&anguage
studies were not included. Second, some studigsutitsufficient data to calculate the sperm metiihd viability
were excluded. Third, range time research was leh#600 and 2016.
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Figure 3.Comparison motility and viability of sperm before and after exposureto EMW of mobile phone
CONCLUSION

The systematic review and meta-analysis showed élkpbsure to EMW of mobile phone can significantly
decreased the sperm motility. Although exposurENBV of mobile phone had a reducing effect of sperability
but it was not significant and cannot conclude eataly, so it is recommended that effects of EMVigasure from
mobile phone on sperm viability should be noted emior the future studies. Results of this study sujggl the
negative effects of EMW exposure from mobile phonesperm motility.
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