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Effect of cell phone usage on semen analysis in men
attending infertility clinic: an observational study
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Objective: To investigate the effect of cell phone use on various markers of semen quality.

Design: Observational study.

Setting: Infertility clinic.

Patient(s): Three hundred sixty-one men undergoing infertility evaluation were divided into four groups according
to their active cell phone use: group A: no use; group B: <2 h/day; group C: 2—4 h/day; and group D: >4 h/day.
Intervention(s): None.

Main Outcome Measure(s): Sperm parameters (volume, liquefaction time, pH, viscosity, sperm count, motility,
viability, and morphology).

Result(s): The comparisons of mean sperm count, motility, viability, and normal morphology among four different
cell phone user groups were statistically significant. Mean sperm motility, viability, and normal morphology were
significantly different in cell phone user groups within two sperm count groups. The laboratory values of the above
four sperm parameters decreased in all four cell phone user groups as the duration of daily exposure to cell phones
increased.

Conclusion(s): Use of cell phones decrease the semen quality in men by decreasing the sperm count, motility,
viability, and normal morphology. The decrease in sperm parameters was dependent on the duration of daily
exposure to cell phones and independent of the initial semen quality. (Fertil Steril® 2008;89:124-8. ©2008 by

American Society for Reproductive Medicine.)
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Cell phones have become indispensable devices in our daily
life. These phones operate between 400 MHz and 2000 MHz
frequency bands and emit radiofrequency electromagnetic
waves (EMW). Reports of potential adverse effects of radio-
frequency EMW on brain, heart, endocrine system, and DNA
of humans and animals are widely reported in the literature.
Electromagnetic waves alter brain electroencephalographic
activity and cause disturbance in sleep (1); cause difficulty
in concentration, fatigue, and headache (2); and increase re-
action time in a time-dependent manner (3). They increase
the resting blood pressure (4) and reduce the production of
melatonin (5). They are also implicated in DNA strand breaks
(6). However, the concern that cell phone use might have
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adverse impacts on the semen quality has not been exten-
sively addressed.

Infertility affects approximately 15% of couples of repro-
ductive age, and with nearly half of these cases resulting from
male factor infertility this area of research is of great interest
to both physicians and research scientists (7, 8). The relation-
ship between cell phone use and male infertility remains un-
clear. Harmful EMW emitted from cell phones may interfere
with normal spermatogenesis and result in a significant de-
crease in sperm quality. There are two reports available that
show an effect of cell phones on sperm motility in humans
(9, 10). Animal studies indicate that EMW may have a
wide range of damaging effects on the testicular function
and male germ line (11, 12). Electromagnetic waves can
affect reproductive function through both thermal and non-
thermal effects (13).

The objective of the present study was to assess the effects
of cell phone use on various sperm parameters among pa-
tients undergoing infertility evaluation at a male infertility
clinic. Our goal was to better understand the role of cell
phone use in male infertility and assess the need for any

0015-0282/08/$34.00
doi:10.1016/j.fertnstert.2007.01.166


mailto:agarwaa@ccf.org

protective measures to prevent harmful effects of EMW, if
any, on the male reproductive system.

MATERIALS AND METHODS

The study was approved by the Institutional Review Board,
and informed consent was obtained from all patients. In this
observational study we examined 361 men attending an infer-
tility clinic from September 2004 to October 2005. The age of
the study population was 31.81 + 6.12 years (mean £ SD).
Subjects with a history of smoking, chewing tobacco, alco-
hol consumption, orchitis, varicocele, tuberculosis, diabetes
mellitus, and hypertension were excluded from the study. In
addition, patients who suffered from viral/bacterial infection
in the past 4 weeks, presented with a history of cardiac, neural,
or nephrotic disease, or had a family history of any genetic
disease were also excluded.

Semen samples were collected by masturbation in a sterile
wide-mouthed calibrated container after an abstinence period
of 5 days. Semen analysis was performed according to World
Health Organization guidelines to evaluate eight sperm pa-
rameters: volume, liquefaction time, pH, viscosity, sperm
count, motility, viability, and percentage normal morphology
(14). The information on cell phone usage of the patients was
recorded and the subjects were divided into 4 groups accord-
ing to their daily active cell phone usage, i.e., talking time:
group A: no use (n = 40); group B: <2 h/day (n = 107); group
C: 2-4 h/day (n = 100;); and group D: >4 h/day (n = 114).
The technicians analyzing the semen samples were blinded to
the use of cell phones by the subjects.

Correlation was determined between eight sperm parame-
ters by Pearson correlation coefficients. Multivariate analysis
of covariance (MANCOVA) was used to assess the eight
sperm parameters among four groups of cell phone users si-
multaneously, adjusted by patient age (as covariate). When
age as a covariate in the MANCOVA was found to be nonsig-
nificant (F = 0.92; P=.4975), subsequent analysis was done
by multivariate analysis of variance (MANOVA). Sperm
parameters were transformed to multivariate normals where

appropriate before analysis, and results were reported on
a back-transformed scale unless otherwise indicated.

Because patients are often grouped as normal or abnormal
based on the sperm count, we also assessed if sperm param-
eters differed among cell phone use groups within sperm
count groups. This was accomplished by dividing our study
population into two groups: normospermic (=20 million/mL;
n = 297) and oligospermic (<20 million/mL; n = 64). We
also reclassified the subjects into two cell phone user groups
based on their frequency of active cell phone use: >4 h/day
(n = 114) and <4 h/day (n = 247) to use a two-way MAN-
OVA for statistical evaluation. Difference in each sperm pa-
rameter between these groups was assessed using Bonferroni
simultaneous confidence intervals with a significance level at
a=.05. Statistical software packages R (Version 2.3.0; R
Foundation for Statistical Computing, Vienna, Austria) and
SAS (Version 9.1, SAS Institute, Cary, NC) were used.

RESULTS

A strong correlation was seen between sperm count, motility,
viability, normal morphology, and pH; motility and viability
were almost perfectly correlated. Semen analysis in the four
cell phone user groups showed a decrease in sperm count, mo-
tility, viability, and normal morphology with the increase in
daily use of cell phone (Table 1; Fig. 1). The difference between
cell phone user groups for each sperm parameter was assessed
simultaneously using Bonferroni simultaneous confidence in-
tervals (SCI). The 95% Bonferroni SCI for each variable
showed that sperm count, percentage motility, viability, and
normal morphology differ significantly among most cell phone
use groups (Table 2). A significant difference was seen in the
sperm parameters motility, viability, and normal morphology
among the two sperm count groups (F = 21.86; P<.0001)
when evaluated by using two-way MANOVA (Table 3).

DISCUSSION

Currently there are over 700 million cell phone users in the
world. These phones operate at different frequencies in

TABLE 1

Semen analysis results in four cell phone use groups (values are mean * SD).

Parameters Group A Group B Group C Group D
Volume (mL) 2.86 + 1.67 3.16 £+ 1.62 2.83 +£1.40 3.37 £+ 1.80
Liguefaction time (min) 20.00 & 3.58 20.04 & 3.18 20.85 4 3.56 20.39 £ 4.11
pH 7.67 4+ 0.20 7.67 - 0.18 7.76 & 0.19 7.78 & 0.16
Viscosity 3.00 & 1.01 2.98 4+ 1.03 3.11 £ 1.21 2954 1.14
Sperm count (x10%/mL) 85.89 + 35.56 69.03 + 40.25 58.87 + 51.92 50.30 + 41.92
Motility (%) 67.80 + 6.16 64.57 + 8.47 54.72 + 10.97 44.81 + 16.30
Viability (%) 71.77 £ 6.75 68.21 + 8.65 57.95 + 11.28 47.61 £+ 16.67
WHO morphology (% normal) 40.32 £+ 13.06 31.24 £ 12.24 21.36 & 10.12 18.40 4+ 10.38

Agarwal. Cell phone usage and male infertility. Fertil Steril 2008.

Note: Group A: no use (n = 40); group B: <2 h/day (n = 107); group C: 2-4 h/day (n = 100); and group D: >4 h/day (n = 114).
Means and SD were based on data on the original scale; all analyses were done with appropriately transformed data.
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TABLE 3

Difference between two sperm count groups within cell phone use groups evaluating seven sperm

parameters.

Simultaneous confidence

Group 1,2 Group 2,° intervals of difference

Sperm Parameters mean = SD mean = SD between groups 1 and 2
Volume (mL) 2.75 +1.57 3.17 + 1.64 —0.078 to 0.029
Liquefaction time (min) 20.39 + 3.81 20.37 £ 3.61 —1.85t0 1.85
pH 7.80 +£ 0.17 7.71 £0.18 —0.01t0 0.15
Viscosity 2.90 +1.43 3.03 + 1.03 —0.72 t0 0.49
Motility (%) 42.00 + 17.16 58.96 + 12.35 —59.49 to —10.31°¢
Viability (%) 44.62 + 17.47 62.41 £ 12.77 —62.58to —11.45 °
WHO morphology (% normal) 14.98 £+ 9.11 27.71 £13.11 —1.69 to —1.05°

3 Group 1: sperm count: 9.26 + 5.54 x 10%/mL (n = 64).
P Group 2: sperm count: 73.57 + 41.57 x 10%/mL (n = 297).

Agarwal. Cell phone usage and male infertility. Fertil Steril 2008.

Note: Means and SD were based on data on the original scale; all analyses were done with appropriately transformed data.

¢ Significant (P<.05) using two-way MANOVA and Bonferroni simultaneous confidence intervals.

group using cell phones for longer periods of time. When we
tried to evaluate the effects of cell phone use within two dif-
ferent sperm count groups (normospermic and oligospermic),
we found that the sperm motility, viability, and morphology
were still significantly different in subjects using cell phone
for less than 4 h/day than those who were using it more.
Our initial data have led us to believe that the effect of cell
phone use on sperm parameters do not depend on the initial
semen quality of the subjects.

In a recent study done by Fejes et al. (9) on 371 men un-
dergoing infertility evaluations, the duration of possession
and the daily transmission times of cell phones correlated
negatively with the proportion of rapid progressive motile
sperm and positively with the proportion of slow progressive
motile sperm, although there were no changes in the total mo-
tility. Therefore they concluded that prolonged use of cell
phones might have negative effects on sperm motility. Da-
voudi et al. (10), in a prospective study involving 13 men
with normal semen analysis, also found that using GSM
phones for 6 h/day for 5 days decreased the rapid progressive
motility of sperm. The present results are in accordance with
these authors, although we found that not only motility but
also sperm count, viability, and morphology are negatively
affected by the use of cell phones.

In their study on mice, Aitken et al. (12) suggested that
radiofrequency EMW might have a genotoxic effect on epi-
didymal spermatozoa, which needs further investigation
(12). Contrary to this, Malyapa et al. (17) were unable to
find any damaging effects of Code Division Multiple Access
phones, with frequency modulation 847.74 MHz, on mouse
fibroblasts and human glioblastoma cells. Dasdag et al. (18)
also failed to report any adverse effect of cell phone exposure
on sperm count, morphology, and histologic structure of tes-
tis in rats. However, it is impractical to compare a rat model to
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humans because of its small testicular size, nonpendulous
scrotum, and the fact that its testis can migrate between the
abdomen and scrotum in the inguinal canal (19).

Although the present study suggests the role of cell phones
in male infertility, the mechanism of action of EMW emitted
from cell phones on male reproductive system is still unclear.
Electromagnetic waves can possibly affect reproductive
function via three mechanisms: 1) an EMW-specific effect;
2) a thermal molecular effect; or 3) a combination of these
(13). Wang et al. (20) suggested in their study on mice that
Leydig cells are among the most susceptible cells to EMW,
and injury to Leydig cells may affect spermatogenesis. In-
crease in tissue or body temperature on exposure to EMW
may also cause reversible disruption of spermatogenesis
(21-23). Electromagnetic wave—dependent decrease in mel-
atonin (5) an antioxidant, can predispose sperm to oxidative
stress. Because a negative correlation is seen between sperm
motility and sperm chromatin damage (24), and EMW have
been shown to effect sperm motility, another possible mech-
anism of effects of EMW on sperm is DNA damage. Further
research is needed to identify the mechanism of action
of EMW emitted from cell phones on the male reproductive
system.

The present study has a few limitations. We relied only on
the self-perceived history of the subjects and did not validate
their cell phone use. We did not take into account the occupa-
tional history of the subjects and EMW exposure from other
sources such as radiotowers, PDAs, Bluetooth devices, com-
puters, etc. We also did not consider the effects of cell phone
possession in standby position. Inability to analyze covariates
other than age is also a limiting factor. Because each cell
phone model has a different specific absorption rate, differen-
tiating between the effects of various models is also impor-
tant. We are trying to address these issues in a follow-up
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study. Nevertheless, the present study has revealed significant
findings which pave way for future research in this area.

In conclusion, our results suggest that the use of cell
phones by men is associated with a decrease in semen quality.
The decrease in sperm count, motility, viability, and normal
morphology is related to the duration of exposure to cell
phones. These effects may not depend on the initial semen
quality of the subjects. More studies are needed to identify
the mechanism involved in the reduction of semen quality.

Acknowledgments: The authors gratefully acknowledge the support and con-
tributions of the staff of Glickman Urological Institute, Cleveland Clinic
Foundation, Ohio, in the implementation of this study.

REFERENCES

1. Huber R, Graf T, Cote KA, Wittmann L, Gallmann E, Matter D, et al.
Exposure to pulsed high-frequency electromagnetic field during waking
affects human sleep EEG. Neuroreport 2000;11:3321-5.

2. Oftedal G, Wilen J, Sandstrom M, Mild KH. Symptoms experienced
in connection with mobile phone use. Occup Med (Lond) 2000;50:
237-45.

3. Preece AW, Iwi G, Davies-Smith A, Wesnes K, Butler S, Lim E, et al.
Effect of a 915-MHz simulated mobile phone signal on cognitive func-
tion in man. Int J Radiat Biol 1999;75:447-56.

4. Braune S, Wrocklage C, Raczek J, Gailus T, Lucking CH. Resting blood
pressure increase during exposure to a radio-frequency electromagnetic
field. Lancet 1998;351:1857-8.

5. Burch JB, Reif JS, Yost MG, Keefe TJ, Pitrat CA. Nocturnal excretion of
a urinary melatonin metabolite among electric utility workers. Scand J
Work Environ Health 1998;24:183-9.

6. Lai H, Singh NP. Single- and double-strand DNA breaks in rat brain cells
after acute exposure to radiofrequency electromagnetic radiation. Int J
Radiat Biol 1996;69:513-21.

7. Sharlip ID, Jarow JP, Belker AM, Lipshultz LI, Sigman M, Thomas AJ,
et al. Best practice policies for male infertility. Fertil Steril 2002;77:
873-82.

8. Thonneau P, Marchand S, Tallec A, Ferial ML, Ducot B, Lansac J, et al.
Incidence and main causes of infertility in a resident population
(1,850,000) of three French regions (1988-1989). Hum Reprod
1991;6:811-6.

Agarwal et al. Cell phone usage and male infertility

10.

11.

12.

13

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Fejes 1, Zavaczki Z, Szollosi J, Koloszar S, Daru J, Kovacs L, et al. Is

there a relationship between cell phone use and semen quality? Arch An-
drol 2005;51:385-93.

Davoudi M, Brossner C, Kuber W. The influence of electromagnetic
waves on sperm motility. Urol Urogynaecol 2002;19:18-22.

Dasdag S, Ketani MA, Akdag Z, Ersay AR, Sari I, Demirtas OC, et al.
Whole-body microwave exposure emitted by cellular phones and testic-
ular function of rats. Urol Res 1999;27:219-23.

Aitken RJ, Bennetts LE, Sawyer D, Wiklendt AM, King BV. Impact of
radio frequency electromagnetic radiation on DNA integrity in the
male germline. Int J Androl 2005;28:171-9.

. Blackwell RP. Standards for microwave radiation. Nature 1979;282:360.
14.

World Health Organization. WHO laboratory manual for the examina-
tion of human semen and sperm-cervical mucous interaction. 4th ed.
Cambridge: Cambridge University Press, 1999.

British Medical Association Board of Science and Education. Mobile
phones and health: an interim report. BMA Policy Report 2001;1-15.
Federal Communications Commission. News release: safety guide-
lines for hand held cellular telephones. Federal Communications
Commission, 1999. Available at http://www.FCC.Gov/Bureaus/Wireless/
News_Releases/1999/nrw19044 .html.

Malyapa RS, Ahern EW, Straube WL, Moros EG, Pickard WF, Roti
Roti JL. Measurement of DNA damage after exposure to electromagnetic
radiation in the cellular phone communication frequency band (835.62
and 847.74 MHz). Radiat Res 1997;148:618-27.

Dasdag S, Zulkuf Akdag M, Aksen F, Yilmaz F, Bashan M, Mutlu
Dasdag M, et al. Whole body exposure of rats to microwaves emitted
from a cell phone does not affect the testes. Bioelectromagnetics
2003;24:182-8.

Cairnie AB, Harding RK. Cytological studies in mouse testis irradiated
with 2.45-GHz continuous-wave microwaves. Radiat Res 1981;87:100-8.
Wang SM, Wang DW, Peng RY, Gao YB, Yang Y, Hu WH, et al. [Effect
of electromagnetic pulse irradiation on structure and function of Leydig
cells in mice.]. Zhonghua Nan Ke Xue 2003;9:327-30 (Chinese).
Saunders R, Sienkiewicz Z, Kowalczuk C. Biological effects of electro-
magnetic fields and radiation. J Radiol Prot 1991;11:27-42.

Kandeel FR, Swerdloff RS. Role of temperature in regulation of sper-
matogenesis and the use of heating as a method for contraception. Fertil
Steril 1988;49:1-23.

Jung A, Schill WB. [Male infertility. Current life style could be respon-
sible for infertility.] MMW Fortschr Med 2000;142:31-3 (German).
Giwercman A, Richthoff J, Hjollund H, Bonde JP, Jepson K, Frohm B,
et al. Correlation between sperm motility and sperm chromatin structure
assay parameters. Fertil Steril 2003;80:1404—12.

Vol. 89, No. 1, January 2008



	Effect of cell phone usage on semen analysis in men attending infertility clinic: an observational study
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	References


