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Epidemiological and experimental evidence for detrimental effects of cell phone use on semen quality is still
equivocal. And that recruiting participants from infertility clinic not from general population may raise the pos-
sibility of a selection bias. To investigate effects of cell phone use on semen parameters in a general
population,We screened and documented the cell phone use information of 794 young men from the Male Re-
productive Health in Chonggqing College students (MARHCS) cohort study in 2013, followed by 666 and 568 in
2014 and 2015, respectively. In the univariate regression analyses, we found that the daily duration of talking
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Ceﬁv;hone on the cell phone was significantly associated with decreased semen parameters, including sperm concentration
Talking [ coefficient = —6.32% per unit daily duration of talking on the cell phone (h); 95% confidence interval (CI),

—11.94, —0.34] and total sperm count (—8.23; 95% CI, — 14.38, —1.63) in 2013; semen volume (—8.37; 95%
Cl, —15.93, —0.13) and total sperm count (—16.59; 95% CI, —29.91, —0.73) in 2015]. Internet use via cellular
networks was also associated with decreased sperm concentration and total sperm counts in 2013 and decreased
semen volume in 2015. Multivariate analyses were used to adjust for the effects of potential confounders, and sig-
nificant negative associations between internet use and semen parameters remained. Consistent but nonsignif-
icant negative associations between talking on the cell phone and semen parameters persisted throughout the
three study years, and the negative association was statistically significant in a mixed model that considered
all three years of data on talking on the cell phone and semen quality. Our results showed that certain aspects
of cell phone use may negatively affect sperm quality in men by decreasing the semen volume, sperm concentra-
tion, or sperm count, thus impairing male fertility.
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1. Introduction

Cell phones provide great convenience in our daily life, and they
have become indispensable devices. However, they can emit radiofre-
quency electromagnetic waves (RF-EMWSs) when they operate on a fre-
quency band of hundreds MHz to thousands MHz. Although the stance
is controversial, many epidemiological and experimental studies have
reported that RF-EMWs have potential adverse effects on human health.
They can interfere with nervous system function and cause headache,
fatigue, impaired cognitive function, sleep disturbances, and an in-
creased risk of tumor (Huber et al., 2000; Lonn et al., 2004; Oftedal
et al., 2000); affect the cardiovascular system and increase resting

Abbreviations: MARHCS, the male reproductive health in Chonggqing College students;
RF-EMWs, radiofrequency electromagnetic waves; CASA, computer-aided sperm analysis;
NP, nonprogressive; IM, immotility; SAR, specific absorption rate.
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blood pressure (Braune et al., 1998); and interfere with the endocrine
system and decrease melatonin levels (Burch et al., 2002). Moreover,
other studies have reported that cell phone use may lead to oxidative
stress (De luliis et al., 2009; Oktem et al., 2005) and DNA strand breaks
(Lai, 1996).

According to previous reports, approximately 15% of couples of re-
productive age are infertile (Sharlip et al., 2002; Thonneau et al.,
1991), and male factors account for 50% of these cases. We have focused
on the effects of environmental and socio-psycho-behavioral factors on
male reproductive health (Han et al.,, 2011; Zhou et al., 2014), and cell
phone use is undoubtedly a contributing factor. However in the current
literature, the possible effects of cell phone use on semen quality are in-
conclusive. For example, some studies demonstrated that cell phone use
was associated with decrease the semen quality and parameters, in-
cluding sperm count, motility, viability, and normal morphology
(Agarwal et al., 2008; Fejes et al.,, 2005; Wdowiak et al., 2007). Further,
experimental animal and cell studies have also demonstrated that cell
phone radiation may affect testicular function and lead to genetic dam-
age of germ cells (Dasdag et al., 1999; Liu et al., 2013). Oppositely, the
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other scientists did not find significant difference of semen parameters
between non-users and users (Feijo et al., 2011). Moreover, we cannot
ignore the fact that recruiting participants from a fertility clinic may
cause a selection bias. Thus, the study regarding adverse effects of cell
phone usage on semen quality in general population is urgently needed.
Besides, most of the above-mentioned studies did not sufficiently
consider many potential confounding lifestyle factors, including
smoking, drinking, coffee consumption, cola consumption, fried food
consumption, the number of sexual partners, and use of condom, all of
which have been found to be associated with semen parameters
(Jurewicz et al.,, 2014; Li et al., 2011; McCready and Halkitis, 2008;
Yang et al.,, 2015). The present study was an aspect of the Male Repro-
ductive Health in Chongqing College Students (MARHCS) study con-
ducted from 2013 to 2015, which aimed to investigate the potential
effects of environmental and socio-psycho-behavioral factors on male
semen quality. The objective of the present study was to report our find-
ings regarding the adverse effects of cell phone use on semen quality in
the general student population with a high percentage of cell phone ac-
ceptance and use, and help to promote the healthy use of cell phones.

2. Methods
2.1. Study population

The men including in the study were general college students in
Chongqing. Professional lecture and propaganda were used to recruit
volunteers. The trained staff explained that no discomfort or risks
would arise from participation in the survey. At any time for any reason,
participants could stop participating in the study. A total of 872 students
from the university town were enrolled in the Male Reproductive
Health in Chongqing College Students (MARHCS) study conducted
since June 2013 (Yang et al., 2015). Informed consent was obtained
from all volunteers. And the study was approved by approved by the
Ethics Committees of Third Military Medical University. These partici-
pants completed two additional reproductive health surveys in 2014
and 2015. Individuals were excluded if they met any of the following
criteria: <18 years old; <2 or >7 days of abstinence; a history of inflam-
mation of the urogenital system, epididymitis or testicular injury; a his-
tory of incomplete orchiocatabasis; or a history of varicocele treatment;
or if any of the following was detected by the urologist at the physical
examination stage of the investigation: an absence of prominentia
laryngea, pubis or testis; abnormal breasts or penis; epididymal knob;
or varicocele.

2.2. Semen collection and analyses

Semen samples were collected in a special semen container via
masturbation in a private room. Semen appearance was recorded by ob-
servation; semen volume was measured by weighing, assuming 1 g of
weight equals to 1 ml of volume. After the samples underwent liquefac-
tion at 37 °C in a water bath, semen parameters, including sperm con-
centration, total sperm count, and motility, were analyzed using
computer-aided sperm analysis (CASA) according to WHO guidelines
(2010). Sperm motility was graded as progressive (PR) motility, non-
progressive (NP) motility, and immotility (IM) (Yangetal,, 2015). To re-
duce the variation of assessment of sperm characteristics, all of the
semen analyses were performed by one technician, who was well
trained in semen analysis and participated in the Continuous Quality
Control System (an external quality control system established on the
basis of WHO guidelines) under the supervision of the Chongqing
Science and Technology Commission.

2.3. Questionnaires

For interviewer-interviewing, the following information about the
students' cell phone was collected via questionnaire: the number of

cell phones owned, the presence of 3rd-generation (3G) function, the
duration of cell phone use, the position in which they carry the cell
phone, the daily duration that the cell phone is turned on (within the
scope of 50 cm near the body), daily internet time or monthly data traf-
fic via cellular networks, and daily time spent talking on the cell phone
in the last three months. Because the values for the duration of cell
phone use were originally obtained from the subjects in the form of a
grouping variable, the median value selected by the participants was
used to evaluate the total duration of cell phone use. According to
the recommendation from the China Health Association, a volunteer
would be defined as a current drinker if he averagely consumes 15 g
or more ethanol per day. More detailed information about the study de-
sign and cell phone use can be found in another of our reports (Yang
etal, 2015).

24. Statistical analysis

The semen parameters and the duration of cell phone use are pre-
sented as medians or percentiles because they always have nonnormal
distributions. Both univariate and multivariate analyses were used to
evaluate the associations between cell phone use and semen parame-
ters. Nonparametric methods were chosen to compare the distributions
of cell phone use among groups. A multiple linear regression analysis
was performed to eliminate the effects of potential confounders includ-
ing age, duration of abstinence, body mass index (BMI), smoking and
drinking status, and the consumption of cola, coffee, and fried food. Fur-
thermore, a mixed-effects linear regression model was used to globally
assess all three years of data on cell phone use and semen parameters
from 2013 to 2015. The Statistical Package for the Social Sciences
(SPSS, Chicago, IL, USA) was used for the statistical analysis, and differ-
ences were considered significant if P < 0.05.

3. Results
3.1. Population characteristics and cell phone use

Using the inclusion criteria mentioned above, we selected 794, 666,
and 568 men for the present study concerning the effects of cell phone
use on semen quality in 2013, 2014, and 2015, respectively. All of the
participants were undergraduate students with average ages of 20.4,
21.4, and 22.4 years, mean BMIs of 21.5, 21.6, and 22.2, and abstinence
durations of 4.3, 4.2, and 4.1 days for 2013, 2014, and 2015, respectively.
As Table 1 shows, approximately one-fifth of the subjects (21.5%, 22.1%,
and 22.5% for 2013, 2014 and 2015) were current smokers. The propor-
tions of current drinkers (74.3% and 74.5%) were increased in 2014 and
2015 compared with 2013 (47.2%). Coffee seemed to not be popular
among the Chinese students. The amounts of cola and fried food that
most of the subjects consumed did not exceed 3 bottles/wk and 1
time/wk, respectively.

For cell phone use, the median daily duration of having the phone on
was 12.5 h for all three years. Talking and internet use via cellular
networks were the two most common uses. The median daily talking
durations were 0.5, 0.3, and 0.1 h for 2013, 2014, and 2015, respectively.
The daily duration of internet use was 1.5 h in 2013. The monthly data
traffic on the cellular network was 0.2 GB and 0.5 GB for 2014 and
2015, respectively.

3.2. Cell phone use and semen quality: univariate analysis

As Table 2 shows, in univariate regression analyses, the sperm con-
centration decreased by an average of 6.32% [95% confidence interval
(CI), —11.94, —0.34] (absolute change: —4.35 million/ml; 95% CI,
—8.23, —0.23) per unit increase in the daily duration of talking on the
cell phone in 2013. The daily duration of talking on the cell phone was
also significantly associated with sperm count (percentage change:
-8.23; 95% CI, — 14.38, — 1.63; absolute change: — 19.70 million; 95%
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Table 1
Distributions of the study participant characteristics, cell phone use variables, and semen
parameters.

Characteristic or variables Values
2013 2014 2015
(n=794) (n=666) (n=568)
Age (years)? 204 +1.2 214+12 224+12
BMI (kg/m?)? 215 £ 3.2 216 +28 222429
Abstinence duration (days)? 43+ 1.7 42+ 14 41+12
Tobacco smoking®"
Never 593 (74.7) 483 (72.5) 414 (72.9)
Quit 30 (3.8) 35(5.3) 26 (4.6)
Current 171 (21.5) 147 (22.1) 128(22.5)
Alcohol drinking®"
Never 409 (51.6) 130 (19.5) 122(21.5)
Quit 10 (1.3) 41(6.2) 22 (3.9)
Current 374 (47.2) 495 (74.3) 423 (74.5)
Coffee consumption®
Never 605 (76.2) 471 (70.7) 426 (75.0)
<3 cups/wk 154 (19.4) 164 (24.6) 118 (20.8)
>3 cups/wk 35(4.4) 31(4.7) 24 (4.2)
Cola consumption®
Never 273 (344) 247 (37.1) 230 (40.5)
<3 bottles/wk 404 (50.9) 368 (55.3) 296 (52.1)
>3 bottles/wk 117 (14.7) 51(7.7) 42 (7.4)
Fried food consumption®
<1 time/wk 436 (64.5) 371 (55.7) 342 (60.2)
1-2 times/wk 273 (15.5) 217 (32.6) 168 (29.6)
>3 times/wk 85 (20.0) 78 (11.7) 58 (10.2)
Daily duration of having the cell 12.5 (2.0, 12.5 (2.7, 12.5 (6.0,
phone on (h)© 22.5) 25) 25)
Daily duration of talking on the cell 0.5(0.5,1.5) 0.3 (0.1, 0.1 (0.1,
phone (h)© 1.5) 0.8)
Internet use via cellular network®
Daily duration in 2013 (h)® 15(0.5,6.5) / /
Monthly data traffic in 2014 and / 0.2 (0.02, 0.5 (0.03,
2015 (GB)® 1) 2)
Volume (ml)¢ 34(15,6.7) 3.6(1.8, 3.6 (1.6,
6.5) 6.6)
Sperm concentration (million/ml)¢ 54 (14,194) 52 (14, 42 (10,
196) 154)
Total sperm count (million)© 184 (38, 193 (43, 159 (29,
627) 696) 510)
Progressive motility (%)¢ 55(29,83) 57(27,79) 57(24,78)

BMI = body mass index; h = hours; GB = gigabytes.
Values are presented as the mean + SD? no. (%)® or median with 5th and 95th
percentiles©.

T Values are presented as daily duration (h) in 2013 and as monthly data traffic (GB) in
2014 and 2015.

8 Two subjects failed to report alcohol consumption data in 2013 and 2015, respectively,
1 failed to report tobacco smoking in 2014.

Cl, —34.42, —3.90) in 2013 and with semen volume (percentage
change: —8.37; 95% CI, —15.93, —0.13; absolute change: 0.32 ml;
95% CI, —0.61, —0.005) and total sperm count (percentage change:
—16.59; 95% CI, —29.91, —0.73; absolute change: -33.76 million; 95%
Cl, —60.86, —1.49) in 2015. Moreover, the daily duration of internet
use via cellular networks was strongly associated with decreased
sperm concentration and total sperm count in 2013 (percentage
change: —2.85; 95% Cl, —4.66, — 1.00; absolute change: -1.96 mil-
lion/ml; 95% CI, —3.07, —0.69 and percentage change: —2.93; 95% (I,
—5.00, —0.81; absolute change: —7.01 million; 95% CI, —11.97,
—1.94, respectively) and with semen volume in 2015 (percentage
change: —2.22; 95% CI, —3.80, —0.62; absolute change: 0.09 ml; 95%
Cl, —0.15, —0.02). We did not find conclusive relationships between
the daily duration of having the phone on and semen parameters.

3.3. Multivariate analysis for cell phone use and semen parameters

As Table 3 shows, variables that were found to be associated with
semen parameters as confounders in our other report were included
in the multivariate analyses (Yang et al., 2015). After adjusting for age,
duration of abstinence, tobacco and alcohol consumption, BMI, and

coffee/cola/fried food consumption, we still observed that internet use
via cellular networks was associated with decreased sperm concentra-
tions and sperm count in 2013 (percentage change: —2.74; 95% (I,
—4.53, —0.91; absolute change: —1.89 million/ml; 95% CI, —3.12,
—0.47 and percentage change: -2.75; 95% CI, —4.76, —0.69; absolute
change: —6.58 million; 95% CI, —11.39, —1.65, respectively) and de-
creased semen volume in 2015 (percentage change: —2.09; 95% (I,
—3.64, —0.52; absolute change: —0.08 ml; 95% CI, —0.14, —0.02).
Consistent negative associations between the daily duration of talking
on a cell phone and semen parameters persisted throughout the
three-year study period, although the associations were not statistically
significant after adjustment. The time spent talking on a cell phone was
also found to be significantly associated with decreased sperm
counts in a mixed-effects model globally assessing all three years of
data on cell phone use and semen quality for all three study years
(percentage change: —4.87; 95% CI, —9.27, —0.27; absolute change:
—11.29 million; 95% CI, —21.49, — 3.83). The mixed model also re-
vealed that the cell phone data traffic was associated with decreased
semen volumes and decreased sperm counts (percentage change:
—1.47; 95% CI, —2.74, —0.19; absolute change: -0.06 ml; 95% CI,
—0.10, —0.01 and percentage change: —3.22; 95% CI, —5.85,
—0.52; absolute change: —7.35 million; 95% CI, —13.36, —1.19,
respectively).

Moreover, the users of 3G or more advanced telecommunication ap-
peared to have higher sperm concentrations in 2014 (Supplemental
Table 1). No valid associations were found between the other character-
istics of cell phone use and sperm parameters.

4. Discussion

In today's society, cell phones have become an indispensable part of
our lives. They provide great convenience for communication, infor-
mation acquisition, and entertainment. However, their potential det-
rimental effects on male reproduction as a result of the RF-EMWs
that they emit have also caused a growing concern. College students
form a special population with a high percentage of digital device ac-
ceptance and use, and virtually all of them have at least one cell
phone in the present study. As an aspect of the MARHCS study, research
regarding the effects of cell phone use on semen quality was relevant
and important.

Talking has been traditionally regarded as a type of cell phone use
that influences semen quality. We confirmed a previous report on the
negative effects of time spent talking on a cell phone on sperm concen-
tration and total sperm count. In that study, daily cell phone use (for
talking) was reported to be associated with decreased sperm counts in
an infertility evaluation of 361 males (Agarwal et al., 2008). Another re-
cent study also showed that talking for >1 h/day was associated with
higher rates of abnormal semen concentration (Zilberlicht et al.,, 2015).

Furthermore, we found that internet use via cellular networks is an-
other vital function of cell phones that has not received adequate atten-
tion in previous population studies. Because of increasing demands for
web browsing, chatting (e.g., on QQ and WeChat in China), and viewing
videos, cell phone users consume a large amount of data via cell phone
networks every day. In the present study, the daily duration of internet
use via cellular networks was found to be associated with decreased
sperm concentrations and decreased sperm counts in 2013. Further-
more, data traffic, an accurate quantification of internet use via cellular
networks, was found to be associated with decreased semen volumes
and decreased sperm counts in 2014 and 2015. This result indicated
that internet access via cellular networks should be sufficiently taken
into account in future studies concerning the effects of cell phone use
on semen quality.

3G-cell phones are believed to emit more electromagnetic radiation
because they run on a higher frequency than 2G phones (Aydogan et al.,
2015). In addition, 3G-cell phones can emit continuous RF-EMWs
(Dogan et al., 2012). However, for the 2014 data from our study, those
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Table 2

Unadjusted regression coefficients of cell phone use and semen parameters using a linear regression analysis.

Variables Volume', ml

Sperm concentration’, million/ml

Total sperm count’, million Progressive motile sperm’,%

3 coefficient Pvalue 3 coefficient

Pvalue 3 coefficient Pvalue 3 coefficient Pvalue

Daily duration of having
the cell phone on (h)

2013 0.19 (—0.24,0.62) 0390 —0.40(—1.12,0.32)
2014 0.30 (—0.14,0.75) 0.677 0.52 (—0.28,1.33)
2015 —0.35(—0.86,0.17) 0.188  —0.28 (—1.21,0.65)

Daily duration of talking
on the cell phone (h)

2013 —2.08 (—5.60, 1.57) 0.259

2014 0.79 (—2.88,4.60) 0.677 —1.23 (—7.64,5.62)

2015 —8.37(—15.93,—-0.13) 0.047 —8.85(—22.03,6.55)
Internet use via cellular

network

Daily duration in 2013 (h) 032 (—0.82,1.47) 0.587

Monthly data traffic in —3.04 (—7.52,1.65) 0200 —1.70(—9.75,7.08)

2014 (GB)

Monthly data traffic in —222(—3.80,—062) 0.007 —1.02(—3.91,1.95)

2015 (GB)

—6.32(—11.94, —0.34) 0.039

—2.85(—4.66, —1.00) 0.003

0.274 —0.33 (—1.14, 0.49) 0.433 0.17 (—0.13,048) 0.269
0.200 0.80 (—0.08, 1.70) 0.075 0.25(—0.17,0.66)  0.240
0.554 —0.61 (—1.64,0.43) 0.247 0.43 (—0.02,0.88) 0.063

—823(—14.38, —1.63) 0.015
0717  —033(—744,7.34) 0931
0244 —16.59 (—29.91,—0.73) 0.041

—1.95(—4.52,069) 0.146
1.08 (—2.37,4.65) 0.545
—6.06 (—12.85,1.27) 0.103

—2.93 (—5.00,—0.81) 0.007
0.695 —4.88 (—13.44, 4.54) 0.299

048 (—033,1.29)  0.249
030 (—4.05,484) 0.896

0.495 —3.20 (—6.34,0.04) 0.053 0.57 (—0.86,2.01) 0437

h = hours; GB = gigabytes.

The results in bold indicate that the variable was significantly associated with changes in semen parameters (P < 0.05).
T Log10-transformed. The results are presented as back-transformed regression coefficients (percentage change per 1-unit increase in cell phone use) with 95% confidence intervals

using a linear regression analysis without any adjustment.

who used 3G or more advanced telecommunication devices appeared to
have a higher sperm concentration than those who used 2G devices.
This unexpected finding may have occurred because better signals and
advanced technology have enabled a decrease in the operating power
of 3G-cell phones, thus decreasing electromagnetic radiation. However,
the actual radiation dose remains to be determined.

A strength of the present study is its adjustment for potential
confounders, including age, duration of abstinence, tobacco and al-
cohol consumption, BMI, and coffee/cola/fried food consumption,
all of which have been considered valuable contributors to changes
in semen quality in our other study and in previous studies (Jensen
et al., 2010; Jurewicz et al., 2014; Kidd et al., 2001; Yang et al.,
2015). In those studies and ours, age and lifestyle demonstrated
strong relationships with semen quality; therefore, they should be
adjusted for to evaluate the effects of other factors on semen quality.
We also analyzed the potential effects of the number of sexual partners
and use of condom on semen quality, both of which were suggested to
predispose to sexually transmitted infections, thus causing alterations

Table 3

in seminal parameters (McCready and Halkitis, 2008). However, we
did not find valid adverse relationship between them. In the present
study, negative associations remain after adjustment for confounders.
Collectively, this evidence indicates that certain aspects of cell phone
use may negatively affect semen volume, sperm concentration, and
sperm count.

These positive results may be interpreted to indicate that exposure
to RF-EMWs from cell phones may affect certain testicular functions
or structures and cause disorders of spermatogenesis (Kesari et al.,
2010). The mechanism by which the EMWs emitted from cell phones
cause damages to the testes remains unclear, but may be explained as
follows. First, the optimal function of human testes requires a physiolog-
ical temperature 2 °C lower than the body temperature, and an elevated
temperature may be detrimental to spermatogenesis (Kandeel and
Swerdloff, 1988; Zorgniotti, 1991); furthermore, several studies have
shown that the damage that RF-EMWs cause to the spermatogenic
epithelium and semen parameters may be related to an increase in
testicular temperature (Saunders and Kowalczuk, 1981; Varma and

Adjusted estimates (95% CI) of cell phone use and semen parameters using a multiple linear regression analysis and a mixed-effects linear regression model.

Variables Volume', ml

million/ml

Sperm concentration',

Total sperm count’, million Progressive motile sperm’,%

{3 coefficient Pvalue p coefficient

Pvalue {3 coefficient Pvalue {3 coefficient Pvalue

Daily duration of talking
on the cell phone (h)

2013 —1.27 (—4.80,2.38) 0489  —453(—10.24,1.54) 0.141 —561(—11.79,1.01) 0.095 —2.46(—5.00,0.15) 0.065
2014 —0.11 (—4.71,4.72) 0965 —1.88(—9.75,6.69) 0.657 —1.79 (—10.41,7.67)  0.700 0.17 (—4.18,4.73)  0.939
2015 —746(—15.03,0.78) 0.075 —7.54(—20.62,7.70) 0313 —14.38(—2743,1.02) 0.066 —6.64(—13.46,0.72) 0.076
Mixed-effects model —2.19 (—4.39,0.06) 0.056  —2.90(—6.91,1.27) 0.170 —4.87 (—9.27,-0.27) 0.038 —0.77 (—2.71,1.22) 0445

Internet use via cellular network
Daily duration in
2013 (h)
Monthly data traffic
in 2014 (GB)
Monthly data traffic
in 2015 (GB)
Mixed-effects model
(2014 and 2015)

0.42 (—0.71, 1.56) 0.472
—3.11 (—7.65, 1.65) 0.197
—2.09 (—3.64, —0.52) 0.009

—1.47 (—2.74, —0.19) 0.025

—2.74 (—4.53,—-091) 0.004
136 (—6.92,1038) 0.756
—0.67 (—347,221) 0645

—1.65 (—4.04, 0.80) 0.185

—2.75 (—4.76, — 0.69) 0.009 0.51(—0.29,1.32) 0213

—1.95(—10.71,7.68)  0.680 0.10 (—4.33,4.74)  0.964
—2.72 (—5.69,0.35) 0.082 0.57 (—0.85,2.02) 0431

—3.22 (—5.85, —0.52) 0.020 0.19 (—1.08,1.48) 0.770

h = hours; GB = gigabytes.

The results in bold indicate that the variable was significantly associated with changes in semen parameters (P < 0.05).
Regression coefficients were adjusted for age, duration of abstinence, BMI, smoking and drinking status, and cola, coffee, and fried food consumption.
T Log10-transformed. The results are presented as back-transformed regression coefficients (percentage change per 1-unit increase in cell phone use) with 95% confidence intervals

using a multiple linear regression analysis and a mixed-effects linear regression model.
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Traboulay, 1975). Second, oxidative stress has also been considered a
factor in the damage that cell phones cause to testicular functions or
structures. Experimental studies, both in vivo and in vitro, suggest that
cell phone radiation can increase the ROS level in spermatozoa
(De Iuliis et al., 2009; Mailankot et al., 2009). Third, researchers have
suggested that changes in the levels of sexual hormones may be another
factor (Gutschi et al., 2011). Cell phone radiation has also been found to
alter sperm cell membrane potential, signal transduction, apoptosis, and
DNA damage (Agarwal et al., 2011). Unlike the thermal effects, these
other changes can be considered nonthermal or EMW-specific effects,
and they may contribute individually or jointly to the abovementioned
damage to testes.

In contrast with the abovementioned studies (Agarwal et al., 2008;
Sajeda and Al-Wattar, 2011), we did not find significant associations be-
tween cell phone use and sperm motility. Nevertheless, sperm motility
is vital for male fertility and was the focus of many studies regarding
effects of cell phone radiation on male reproduction. In a population
study that enrolled 371 men undergoing infertility assessments, Fejes
et al. (2005) reported the duration of cell phone ownership and the
daily transmission time correlated negatively with the proportion of
rapid progressive motile sperm but positively with the proportion of
slow progressive motile sperm. An in vitro study showed that cell
phone radiation caused a subtle decrease in rapid progressive and
slow progressive sperm movement and also caused an increase in the
non-motile category of sperm movement (Erogul et al., 2006).

Despite the positive results mentioned above, epidemiological and
experimental evidence of detrimental effects of cell phone use on
semen quality is still equivocal, even when taken from a meta-analysis
(Dama and Bhat, 2013; Liu et al., 2014). A crude comparison between
some recent cross-sectional studies and ours is shown in the Supple-
mental Table 2 (Feijo et al., 2011; Rago et al., 2013). We can observe
the conflicting results of studies of cell phone radiation on sperm
count, motility, viability, normal morphology. A variety of factors can
affect human results and could contribute to the discordance among
studies. First, the semen analysis criteria referenced by different studies
differed because of ongoing changes to the related guidelines. Second,
considerable variation exists in semen analysis methodologies and
practices among different laboratories. Furthermore, the times and du-
rations used to categorize cell phone use were diverse. For example,
some studies included only the time spent talking on the cell phone,
while other studies defined use patterns more broadly to include
talking, internet use, or game playing. Similarly, variations in the dosage,
duration, frequency, and pattern of exposure to RF-EMWs from cell
phones may explain the differences between the results of human stud-
ies and the results of animal and in vitro studies. Compared with animal
and in vitro studies, human studies provide the best evidence to clarify
these issues; nonetheless, they are limited by difficulties with organiza-
tion and performance. However, unified grouping variables or parame-
ters for cell phone use and standardized experimental methods are
critically needed in human studies.

There are limitations to this study. The cell phone use data were
obtained via self-review, which raises the possibility of information
bias. We did not consider the effects of the cell phone brand, which
may result in differences in the specific absorption rate (SAR). The
age of the study population vary within a small scale, and these pos-
itive results need be further validated in other populations with dif-
ferent ages. Sperm culture or urethral swabs should have been
performed to exclude the effects of urogenital inflammation on
semen quality. And the lack of hormonal and glycemic measure-
ments weakened the exclusion of subjects with endocrine disorders
such as abnormal thyroid and adrenal function and diabetes mellitus,
which may alter sperm parameters. Nevertheless, the fact that the
participants were recruited from the general student population
and not from a typical infertility population made the study typical
and relevant. Furthermore, the present study provides directions for
further research.

5. Conclusion

Our results suggest that certain aspects of cell phone use may nega-
tively affect sperm quality in men by decreasing the semen volume,
sperm concentration, or sperm count, thus impairing male fertility. Es-
pecially, internet access via cellular networks should be sufficiently
taken into account in future studies. We advise men with a pregnancy
plan to avoid extensive use of cell phones. To identify the effects of
cell phone use on semen quality, additional well-designed population
studies are needed.
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