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Corrigendum to: Effects of mobile phone use on semen
parameters: a cross-sectional study of 1634 men in China

Shanshan Zhang, Fengyi Mo, Yali Chang, Shufang Wu, Qing Ma, Fan Jin and Lanfeng Xing

Reproduction, Fertility and Development, 2022, 34(9), 669-678.
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The authors of the above-mentioned paper regret to inform readers that there was an error in the daily phone call duration. The
correct daily phone call duration was <0.5 h/day, 0.5-2 h/day and >2 h/day.

In the ‘Questionnaire’ section on page 671, the text should appear as below (with corrected text in bold):

The subjects were divided into different groups according to the daily habits of mobile phone usage, such as daily duration
of mobile phone use (<2 h per day (h/day), 2-4 h/day, 4-6 h/day and >6 h/day), daily phone call duration (<0.5 h/day,
0.5-2 h/day and >2 h/day), use of earphones while talking on the mobile phone (never, occasionally and always) and the
location where the mobile phone was carried (bag, coat pocket, rear trouser pocket and front pants pocket).

In the ‘Influence of daily duration of phone calls on semen parameters’ section on page 672, the text should appear as below
(with corrected text in bold):

Bonferroni pairwise comparison showed significant differences in the percentage of progressively motile spermatozoa
(P = 0.005 and P = 0.027 for >2 h vs <0.5 h and >2 h vs 0.5-2 h) and the percentage of rapid progressive motile
spermatozoa (P = 0.004 and P = 0.012 for >2 h vs <0.5 h and >2 h vs 0.5-2 h) between different groups of daily
durations of phone calls.

Table 3 should appear as below:

Table 3. Comparison of sperm parameters according to the cumulative daily call duration.

Variable <0.5h 0.5-2 h >2h P-value

n=1106 n =439 n =89 n=1634
Age (years) 31.24 £ 3572 31.92 + 3.44° 31.67 + 3.64 0.003
BMI (kg/m?) 23.25 + 3.04 23.86 +2.97° 23.84 + 2.85 0.001
DFI (%) 15.86 + 9.64 16.56 + 9.96 17.49 + 10.44 0.487
Normal forms of morphology (%) 3.22 + 1.84 321 + 1.84 278 + 1.64 0.178
Volume (mL) 3.57 + 1.41 3.59 + 1.52 349 + 145 0.823
Concentration (10 per mL) 69.12 + 44.23 72.37 + 42.86 67.41 + 47.06 0.365
Total sperm number (10° per ejaculate) 236.73 + 171.74 245.40 + 15847 221.35 + 147.51 0.406
All progressive motility (%) 40.97 + 14.72¢ 40.33 + 1551° 35.76 + 15.74 0.007
Rapidly progressive (%) 21.49 + 11.37° 21.25 + 11.85° 1741 + 11.24® 0.006
Slowly progressive (%) 19.47 + 6.92 19.15 £ 7.52 18.47 +7.89 0.362
Total motility (%) 52.52 + 17.24¢ 5224 + 1827 4771 + 18.99* 0.046

Note: analysis of variance was used to explore differences among different groups. P < 0.05 was considered statistically significant. Values with the letter a differ
significantly between the group of <0.5 h and the group of 0.5-2 h within rows (P < 0.05); values with the letter b differ significantly between the group of
0.5-2 h and the group of >2 h within rows (P < 0.05); values with the letter c differ significantly between the group of <0.5 h and the group of >2 h within
rows (P < 0.05).

BMI, body mass index; DFI, DNA fragmentation index; n, number of subjects.

We apologise for the error and any confusion this may have caused.
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ABSTRACT

Mobile phones play an irreplaceable role in modern people’s lives. However, the radiofrequency
electromagnetic radiation produced by mobile phones has also caused increasing concern.
A cross-sectional study was conducted to investigate the effect of radiofrequency electromagnetic
radiation produced by mobile phones on semen parameters in 1634 men who underwent semen
examination at the Department of Reproductive Endocrinology, Women’s Hospital, School of
Medicine, Zhejiang University, China. Analysis of variance and multivariate linear regression
were used to explore differences among different groups. A P < 0.05 was considered statistically
significant. The results showed significant associations among different groups of daily mobile
phone use time and daily duration of phone calls in the percentage of progressively motile
spermatozoa (P = 0.004 and P = 0.007), rapid progressively motile spermatozoa (P = 0.012 and
P = 0.006) and total motile spermatozoa (P = 0.004 and P = 0.046). After adjustments for the
confounding effects of age and body mass index by multiple linear regression, the results showed
that the daily duration of mobile phone use had a negative effect on sperm motility. However,
there was no statistically significant correlation between daily phone call duration and sperm
motility. Therefore, the daily duration of mobile phone use may negatively affect sperm motility
and impair male fertility.

Keywords: daily phone call duration, DNA fragmentation, fertility, mobile phone radiation,
RF-EMR, sperm concentration, sperm motility, sperm morphology.

Introduction

Globally, infertile couples currently account for 7-15% of married couples of childbearing
age (Ying et al. 2017), of which the male factor accounts for approximately 50% (Agarwal
et al. 2015). Studies have shown a downward trend in the quality of human sperm, but the
reason for the decline is not clear (Levine et al. 2017; Sengupta et al. 2018). A study
published in 2017 indicated that the semen quality of young Chinese men has declined
significantly over the past 15 years (Huang et al. 2017). The sperm concentration has
also declined worldwide by an average of 57% over the past 35 years (Sengupta et al.
2017). Existing studies have confirmed a few factors that can adversely affect semen
quality, including infection (Agarwal et al. 2018), dietary factors (Hatch et al. 2018;
Falsig et al. 2019), shortened sleep duration (Wise et al. 2018), and antidepressant drug
use (Ngrr et al. 2016). The effect of radiofrequency electromagnetic radiation (RF-EMR)
from mobile phones on semen quality has been the focus of attention in recent years,
but the results have been controversial.

There is no denying that mobile phones have become an indispensable part of modern
people’s lives because of the great convenience they provide. However, mobile phone use is
also one of the main causes of exposure to RF-EMR, and the current public consensus is that
mobile phone RF-EMR is a major risk factor for sperm quality decline. The harmful effects of
RF-EMR on DNA integrity and various organs, such as the brain and heart, have been
previously reported (Agarwal et al. 2008). The World Health Organization (WHO) has
officially announced that the use of mobile phones can lead to the occurrence of brain
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cancer (Baan et al. 2011). La Vigneras et al. (2012)
demonstrated the deleterious effects of RF-EMR on
testicular stromal cells, seminal tubules, and especially
sperm. It was reported that mobile phone radiation could
suppress sperm motility and viability (Ghanbari et al. 2013).
Oxidative stress is the main cause of sperm dysfunction,
leading to male infertility and DNA damage in male germ
line (Aitken et al. 2014). This state of oxidative stress occurs
in spermatozoa, mainly due to an increase in ROS produced by
mitochondria, and Complex III of the mitochondrial electron
transport chain (ETC) as the key target of this radiation
(Houston et al. 2018). Agarwal et al. (2009) also found that
the non-thermal effects of RF-EMR could increase oxidative
stress and lead to sperm DNA damage. The latest mate-
analysis, which included 39 studies, showed that mobile
phone RF-EMR exposure could reduce the motility and
viability of mature human sperm in vitro, and the same
conclusion was drawn from the pooled results of animal
studies (Yu et al. 2021). However, the results of the current
research were contradictory. Different studies have suggested
that this type of radiation does not affect sperm concentration,
motility, or viability in rodents (Trosi¢ et al. 2013). Similarly,
Erogul et al. (2006) did not observe any direct correlation
between sperm deformation rates in men and increasing
mobile phone usage time. However, the effects of RF-EMR
generated by mobile phones on semen parameters have mostly
been examined in animal experiments and in vitro experiments
or observational studies conducted in a small number of people,
and confounding factors, such as smoking and drinking, were
not excluded in many cross-sectional surveys. Therefore, this
study aimed to investigate the influence of mobile phone use
on semen parameters based on a relatively large sample size
to provide accurate guidance for men of reproductive age to
minimise the effect of RF-EMR.

Materials and methods

Study population

In this study, a descriptive cross-sectional design was
used to conduct a questionnaire survey among 1634 men
who underwent semen examination at the Department of
Reproductive Endocrinology, Women’s Hospital, School of
Medicine, Zhejiang University, China, from May 30, 2020,
to January 13, 2021. All participants were informed of the
purpose of the questionnaire and signed an informed
consent form. This study was reviewed and approved by
the Ethics Committee of Women’s Hospital, School of
Medicine, Zhejiang University (No.: IRB-20210111-R).

The inclusion criteria were as follows: (a) men aged
between 20 and 40 years; (b) 2-7 days of abstinence; (c) an
educational level above primary school (all questionnaires
were completed online. To reduce the bias caused by

670

understanding, this criterion was included); and (d) informed
and voluntary consent to participate in the research.

The exclusion criteria were as follows: (a) a history of
genitourinary diseases; (b) liver, kidney or other serious
systemic chronic diseases; (¢) a history of testicular or
epididymal injury; (d) varicocele or other identifiable disease
that can affect semen quality; (e) inability to complete sperm
extraction by masturbation; (f) smoking; (g) daily drinking;
and (h) participation in other clinical studies.

Semen collection and analyses

The participants collected their semen in a special wide-
mouth container by masturbating in a private sperm
collection room next to the laboratory. After the semen was
collected, the sample was placed in an incubator at 37°C
and gently mixed or rotated on a two-dimensional shaker.
The semen analysis was usually performed 30 min after
ejaculation when the semen was liquefied. The liquid status
and appearance of the semen were mainly evaluated
visually. Semen volume was measured by weighing the
semen in a pre-weighed container. Microcell slides were
prepared with 10 pL semen samples, and six field or at least
200 spermatozoa were observed. Semen concentration,
total sperm count (TSC), motility and morphology were
calculated by computer-aided semen analysis (CASA) and
validated by technicians. Sperm chromatin structure
analysis (SCSA) was used to detect the DNA fragmentation
index (DFI). Single-stranded DNA fragments fluoresced red
when combined with acridine orange, while intact double-
stranded DNA fluoresced green when combined with
acridine orange. The proportion of red fluorescent sperm in
the total number of sperm was calculated to obtain the
sperm DFI. Proprietary software was used to analyse flow
cytometer data. Semen analysis was performed according to
the WHO Laboratory Manual for the Examination and
Processing of Human Semen, 5th Edition (World Health
Organization (WHO) 2010). All analyses were performed
by experienced technicians at the Andrology Laboratory of
the Women’s Hospital, and all technicians were unaware of
the research.

The semen parameters observed in this study included
the DFI, percentage of normal forms of morphology, volume,
sperm concentration, total sperm number, percentage of
progressively motile spermatozoa, percentage of rapid progres-
sively motile spermatozoa, percentage of slow progressively
motile spermatozoa and percentage of total motile
spermatozoa.

Questionnaire

A self-designed questionnaire was used in this study.
The questionnaire was formulated by the researchers (SSZ,
FYM, FJ and LFX) after consulting relevant studies in the
literature and modified after discussion between the
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research group and five andrology experts. The questionnaire
consisted of two parts: basic demographic information and
daily habits of mobile phone usage. The subjects were
divided into different groups according to the daily habits
of mobile phone usage, such as daily duration of mobile
phone use (<2 h per day (h/day), 2-4 h/day, 4-6 h/day
and >6 h/day), daily phone call duration (<0.5 h/day,
1-2 h/day and >2 h/day), use of earphones while talking
on the mobile phone (never, occasionally and always) and
the location where the mobile phone was carried (bag, coat
pocket, rear trouser pocket and front pants pocket). The
questionnaire data were collected online in this study.
Before the survey, all researchers were provided with relevant
training, including regarding matters needing attention in
filling out the questionnaire, providing unified instructions,
and questionnaire quality control. The questionnaire was
completed online before semen extraction, and the answers
were collected and reviewed by the same researchers. To
avoid repeat submissions, only one questionnaire could be
submitted for each internet protocol address. Upon reviewing
the daily questionnaires, incomplete data were eliminated.
The semen report was checked by the participant’s medical
record number, and the medical history was checked. The
results were double-checked and recorded by two researchers.

Statistical analysis

Statistical software (IBM SPSS Statistics, version 25.0;
IBM Corp.) was used for statistical analysis of the data.
Measurement data are described by the mean plus or minus
standard deviation. Due to the large sample size in this study,
the dependent variable was a continuous variable, and the
independent variable was a combination of classified and
ordered variables. Analysis of variance was performed to
explore differences among different groups. Multiple linear
regression analysis was used to eliminate the influence of

potential confounders, including age and body mass index
(BMI). P < 0.05 was considered statistically significant.

Results

Basic clinical information of research subjects

In this study, a total of 1712 questionnaires were collected,
78 of which were eliminated because they were invalid,
and 1634 participants were included in the final analysis,
giving a recovery rate of 95.4%. Table 1 shows the basic
clinical information of the participants. The mean age of
the subjects was 31.45 + 3.55 (20-40) years, and the
mean BMI was 23.45 + 3.03 (14.17-35.16) kg/m?. The
mean DFI, volume, sperm concentration, total sperm
number, percentage of progressively motile spermatozoa
and total motile spermatozoa were all within the normal
range of WHO guidelines (World Health Organization
(WHO) 2010), while the percentage of normal forms of
morphology was low (3.20 + 1.83%).

Influence of daily mobile phone use time on
semen parameters

According to our results (Table 2), there were significant
differences among the different groups of daily mobile
phone use time in terms of sperm motility, including the
progressively motile spermatozoa rate (P = 0.004), rapid
progressively motile spermatozoa rate (P = 0.012) and total
motile spermatozoa rate (P = 0.004). The results indicate
that sperm motility gradually decreased with increasing
mobile phone use duration. However, there were no
significant differences in the DFI (P = 0.579), normal forms
of morphology (P = 0.170), sperm volume (P = 0.208),
concentration (P = 0.689), total sperm number (P = 0.729)

Table I. Basic clinical information of research subjects.
Variable N Minimum value Maximum value Mean + s.e.m. WHO normal range
Age (years) 1634 20 40 31.45 + 3.55 /
BMI (kg/m?) 1634 14.17 35.16 23.45 + 3.03 /
DFI (%) 650 1.86 70.20 16.15 +9.77 <30
Normal forms of morphology (%) 1215 0.00 11.40 3.20 + 1.83 >4
Volume (mL) 1634 0.10 13.70 357 + 1.44 >1.5
Concentration (10 per mL) 1634 1.10 255.40 69.90 + 44.02 >15
Total sperm number (10° per ejaculate) 1634 2.10 1258.70 238.22 + 167.02 >39
All progressive motility (%) 1634 0.00 72.80 40.51 + 15.03 >32
Rapid progressive (%) 1634 0.00 57.20 21.20 + 11.52 /
Slow progressive (%) 1634 0.00 42.80 1933 +7.14 /
Total motility (%) 1634 0.00 83.30 52.18 + 17.64 >40

Note: WHO normal range, according to the WHO Laboratory Manual for the Examination and Processing of Human Semen, 5th edition.
N, number of subjects; s.e.m., standard error of the mean; BMI, body mass index; DFI, DNA fragmentation index; /, no normal range provided in WHO guidelines.

671


https://14.17�35.16
www.publish.csiro.au/rd

S. Zhang et al.

Reproduction, Fertility and Development

Table 2. Comparison of sperm parameters according to the duration of mobile phone use.
Variable <2h 2-4h 4-6 h >6 h P-value
n =54 n =432 n =580 n =568 n=1634
Age (years) 3131 +3.09 31.67 +3.39 3141 + 3.6l 31.33 + 3.65 0.491
BMI (kg/m?) 23.13 £2.97 2322 +297 23.44 + 3.07 23.66 + 3.03 0.113
DFI (%) 15.01 +10.28 1541 + 8.90 16.24 + 9.42 16.70 + 10.70 0.579
Normal forms of morphology (%) 295+ 1.50 339+ 1.91 3.4+ 1.79 3.13 £ 1.85 0.170
Volume (mL) 3.90 + 1.73 3.59 + 1.43 3.60 + 1.43 3.50 + 1.43 0.208
Concentration (10 per mL) 68.66 + 50.02 72.03 + 4441 68.78 + 42.84 69.54 + 44.37 0.689
Total sperm number (10° per ejaculate) 237.33 + 169.64 24349 + 161.36 24041 + 174.88 232.07 + 163.00 0.729
All progressive motility (%) 41.12 + 15.00 4270 + 14.35% 39.81 + I5.14° 39.50 + 15.29° 0.004
Rapid progressive (%) 2091 £ 11.55 2276 + 11.46® 20.82 + 11.38° 20.45 + 11.62° 0.012
Slow progressive (%) 2021 +£7.22 19.94 + 6.87 1899 £ 7.11 19.13 +7.35 0.127
Total motility (%) 51.72 + 17.50 54.80 + 16.73% 51.35 + 18.05° 51.09 + 17.75° 0.004

Note: analysis of variance was used to explore differences among groups. P < 0.05 was considered statistically significant. Values with the letter a differ significantly
between the group of 2—4 h and the group of 4-6 h within rows (P < 0.05); values with the letter b differ significantly between the group of 2—4 h and the group of 4-6 h

within rows (P < 0.05).
BMI, body mass index; DFI, DNA fragmentation index; n, number of subjects.

or slow progressively motile spermatozoa rate (P = 0.127).
Bonferroni pairwise comparison showed significant
differences in the percentage of progressively motile
spermatozoa between different groups of daily mobile
phone use times (P = 0.015 and P = 0.005 for 2-4 h vs
4-6 h and 2-4 h vs >6 h, respectively). Similar results were
observed in the percentage of rapid progressive motile
spermatozoa (P = 0.048 and P = 0.010 for 2-4 h vs 4-6 h
and 2-4 h vs >6 h, respectively) and the percentage of total
motile spermatozoa (P = 0.012 and P = 0.006 for 2-4 h vs
4-6 h and 2-4 h vs >6 h, respectively).

Influence of daily duration of phone calls on
semen parameters

Table 3 shows that there were significant differences in sperm
motility among the three groups of different accumulated daily
call times, including the progressively motile spermatozoa
rate (P = 0.007), rapid progressively motile spermatozoa rate
(P = 0.006) and total motile spermatozoa rate (P = 0.046).
Bonferroni pairwise comparison showed significant differences
in the percentage of progressively motile spermatozoa
(P = 0.005 and P = 0.027 for >2 h vs <0.5 h and >2 h vs

Table 3. Comparison of sperm parameters according to the cumulative daily call duration.
Variable <0.5h I-2h >2h P-value
n=1106 n =439 n =89 n= 1634
Age (years) 31.24 + 3.57° 31.92 + 3.44° 31.67 + 3.64 0.003
BMI (kg/m?) 2325 + 3.04° 23.86 + 2.97° 23.84 + 2.85 0.001
DFI (%) 15.86 + 9.64 16.56 + 9.96 17.49 + 10.44 0.487
Normal forms of morphology (%) 322 + 1.84 321 + 1.84 2.78 + 1.64 0.178
Volume (mL) 3.57 + 1.41 3.59 £ 1.52 349 £ 1.45 0.823
Concentration (10 per mL) 69.12 + 44.23 7237 + 42.86 67.41 + 47.06 0.365
Total sperm number (10° per ejaculate) 236.73 + 171.74 245.40 + 15847 221.35 + 147.51 0.406
All progressive motility (%) 40.97 + 14.72¢ 4033 + 1551° 3576 + I5.74% 0.007
Rapidly progressive (%) 21.49 = 11.37¢ 21.25 + 11.85° 1741 + 11.24® 0.006
Slowly progressive (%) 19.47 + 6.92 19.15 + 7.52 18.47 + 7.89 0.362
Total motility (%) 52.52 + 17.24° 52.24 + 18.27 4771 + 18.99* 0.046

Note: analysis of variance was used to explore differences among different groups. P < 0.05 was considered statistically significant. Values with the letter a differ
significantly between the group of <0.5 h and the group of 1-2 h within rows (P < 0.05); values with the letter b differ significantly between the group of 1-2 h
and the group of >2 h within rows (P < 0.05); values with the letter c differ significantly between the group of <0.5 h and the group of >2 h within rows (P < 0.05).

BMI, body mass index; DFI, DNA fragmentation index; n, number of subjects.
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1-2 h) and the percentage of rapid progressive motile
spermatozoa (P = 0.004 and P = 0.012 for >2 h vs <0.5 h
and >2 h vs 1-2 h) between different groups of daily
durations of phone calls. There were also significant
differences among the three groups in age (P = 0.003) and
BMI (P = 0.001).

Influence of earphone use during mobile phone
use on semen parameters

As Table 4 shows, regardless of whether earphones were used
for mobile phone calls, there were no differences in the DFI,
normal forms of morphology, volume, sperm concentration,
total sperm number, or sperm motility (P > 0.05).

Influence of mobile phone location on semen
parameters

As shown in Table 5, there were no differences among the
groups in the DFI, normal forms of morphology, volume,
sperm concentration, total sperm number or sperm motility
(P > 0.05) according to different mobile phone locations.

Muiltiple linear regression results for mobile
phone use and semen parameters

As shown in Table 6, factors affecting semen quality from
univariate analysis results were included in multiple linear
regression analysis. After adjusting for the confounding

Table 4. Comparison of sperm parameters according to earphone use during mobile phone calls.

Variable Never Occasionally Always P-value
n=1232 n =278 n=124 n=1634
Age (years) 31.56 + 351 31.16 + 3.66 30.98 + 3.66 0.075
BMI (kg/m?) 2337 + 3.04 23.61 +2.99 23.85 +2.99 0.145
DFI (%) 16.35 + 10.12 1574 + 9.14 14.87 + 6.77 0.572
Normal forms of morphology (%) 3.19+ 1.80 3.1+ 1.79 343 +228 0.392
Volume (mL) 3.58 + 1.45 346 + 1.39 373 + 1.37 0.184
Concentration (10 per mL) 70.46 + 44.14 69.14 + 44.62 66.03 + 41.50 0.538
Total sperm number (10° per ejaculate) 239.47 + 163.42 231.00 + 168.14 242.10 + 198.21 0.721
All progressive motility (%) 40.60 + 15.24 40.19 + 14.37 40.32 + 14.48 0.910
Rapidly progressive (%) 21.30 + I1.65 20.61 = I1.14 21.58 + 11.12 0.620
Slowly progressive (%) 1933 +7.22 19.58 + 6.94 18.74 + 6.79 0.546
Total motility (%) 5233 £ 17.82 51.79 £ 17.02 51.55 + 17.33 0.825
Note: analysis of variance was used to explore differences among different groups. P < 0.05 was considered statistically significant.
BMI, body mass index; DFI, DNA fragmentation index; n, number of subjects.
Table 5. Comparison of sperm parameters according to mobile phone placement.
Variable Bag Coat pocket Back pants pocket Front pants pocket P-value
n=39 n=295 n=292 n = 1408 n= 1634
Age (years) 32.62 + 3.66 31.43 £3.72 32.05 £ 3.51 31.38 +3.53 0.058
BMI (kg/m?) 2351 +£2.55 22.86 + 3.04 23.28 +2.95 23.50 + 3.04 0.234
DFI (%) 20.05 + 11.25 14.88 + 9.33 18.34 + 12.18 16.01 +9.59 0.200
Normal forms of morphology (%) 3.74 £ 2.57 3.19+ 1.70 3.00 £ 1.85 320+ 1.82 0317
Volume (mL) 343 + 1.56 372+ 1.34 3.68 + 1.46 3.56 + 1.44 0.564
Concentration (10° per mL) 72.85 + 52.99 63.45 + 41.55 68.58 + 46.23 70.34 + 43.78 0.487
Total sperm number (10° per ejaculate) 237.03 + 197.71 214.82 + 133.73 235.11 + 157.38 240.04 + 168.77 0.559
All progressive motility (%) 40.21 + 18.09 39.50 £ 15.19 37.95 £ 16.78 40.75 + 14.81 0.323
Rapidly progressive (%) 2042 + 12.66 2024 + 11.13 20.00 + 11.85 21.37 = 11.50 0.544
Slowly progressive (%) 19.79 + 7.76 19.26 +7.19 17.94 +7.30 1941 +7.11 0.282
Total motility (%) 5151 +19.28 51.66 + 17.95 48.48 + 20.62 5248 + 17.35 0.205

Note: analysis of variance was used to explore differences among different groups. P < 0.05 was considered statistically significant.

BMI, body mass index; DFI, DNA fragmentation index; n, number of subjects.
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Table 6. The multiple linear regression analysis of adjusted estimates (95% CI) of mobile phone use and semen parameters.

Variables All progressive motility (%)

Rapidly progressive motility

(%)

Total motility (%)

p coefficient P-value p coefficient P-value P coefficient P-value
Daily duration of mobile phone use —1.29 (-2.16, —0.43) 0.004 —0.88 (—1.54, -0.21) 0.010 —1.47 (-2.49, —0.44) 0.005
The cumulative daily call duration —1.14 (=242, 0.15) 0.083 —0.86 (—1.85,0.12) 0.086 —0.77 (-2.28, 0.74) 0317
Earphone use during mobile phone calls —0.45 (—1.65, 0.75) 0.459 —0.29 (—1.21, 0.63) 0.540 —0.71 (-2.12, 0.70) 0.323
Mobile phone placement 0.61 (—0.48, 1.69) 0.275 0.50 (—0.34, 1.33) 0.241 0.68 (—0.61, 1.96) 0.301

Note: regression coefficients were adjusted for age and BMI. The results are presented as § coefficient with 95% confidence intervals using a multiple linear regression
analysis. P < 0.05 was considered statistically significant. Correlated indexes for the regression model of all progressive motility (%): R* = 0.025, adjusted R? = 0.022,
F=17.072, P < 0.05. Correlated indexes for the regression model of rapidly progressive motility (%): R? = 0.024, adjusted R? = 0.020, F = 6.572,P < 0.05. Correlated
indexes for the regression model of total motility (%): R* = 0.020, adjusted R* = 0.016, F = 5.412, P < 0.05.

BMI, body mass index.

effects of age and BMI, the results showed that the daily
duration of mobile phone use had a statistically significant
effect on sperm motility. When the daily duration of
mobile phone use increased by 1 unit, the percentage of
progressively motile spermatozoa decreased by 1.29%
(95% CIL: —2.16, —0.43; P = 0.004), the percentage of rapid
progressive motile spermatozoa decreased by 0.88% (95%
CI: —1.54, —-0.21; P = 0.010), and the percentage of total
motile spermatozoa decreased by 1.47% (95% CI: —2.49,
—0.44; P = 0.005). However, the effect of daily duration of
phone calls on semen parameters was no longer significant
(P > 0.05).

Discussion

There are more than 186 million infertile people in the world,
mainly from developing countries (Louis et al. 2013), and
male factors account for approximately 50% of these cases
of infertility (Agarwal et al. 2015). Sperm concentrations
have declined worldwide by an average of 57% in recent
years (Sengupta et al. 2017). Huang et al. (2017) analysed
sperm samples from 30 636 young Chinese men who
donated between 2001 and 2015. In the time period from
2001 and 2005 and from 2011 to 2015, the average sperm
concentration dropped from 68 million/mL to 47 million/mL,
the progressively motile sperm count dropped from 34 million
to 21 million, and the percentage of normal forms of
morphology dropped from 31.8% to 10.8%. The average
percentage of sperm with normal morphology of the
subjects in this study was 3.20% (+1.83), lower than the
normal range of WHO guidelines (>4%), while the average
value of other semen parameters was within the normal
range, which may be related to the fact that most of the
subjects in our study were part of the infertile population.
In this study, we found that the average daily mobile phone
use duration was negatively correlated with the progres-
sively motile spermatozoa rate, rapid progressively motile
spermatozoa rate, and total motile spermatozoa rate. Sperm

674

motility is crucial to male fertility and has been the focus of
recent studies on the effect of RF-EMR from mobile phones
on male semen quality. In a study of 371 men who were
assessed for infertility, Fejes et al. (2005) found that the
time spent on mobile phones was inversely associated with
the rapid progressively motile spermatozoa rate and
positively associated with the slow progressively motile
spermatozoa rate. An in vitro study showed that RF-EMR
from mobile phones resulted in a slight decrease in both rapid
progressively and slow progressively motile spermatozoa
(Erogul et al. 2006). This is similar to our results, except
that we did not find an association between mobile phone
use duration and slow progressively motile spermatozoa
rate. Our results are consistent with the findings of two
meta-analyses in 2014 showing that mobile phone use was
associated with the total motile spermatozoa rate but not
with other semen parameters (Adams et al. 2014; Liu et al.
2014). Clinical data from manual sperm motility assessments
and computer-assisted sperm analysis suggest that the
distinction between rapidly progressing sperm is biologically
and clinically important. The evidence includes in vivo
conception (Barratt et al. 1992), artificial insemination
(Bollendorf et al. 1996), donor insemination (Irvine and
Aitken 1986) and in vitro fertilisation (Sifer et al. 2005).
The motility of healthy sperm has forward progressions of
at least 25 pm/s, and the percentages of grade A and
grade B progressively motile sperm are at least 50%. If
these parameters are not met, the sperm may have
difficulty passing through cervical mucus, resulting in
fertilisation failure (Kumar and Singh 2015). In our study,
it was observed that the percentage of all progressive
motility and total motility dropped from 42.70 + 14.35% to
39.50 + 15.29% and 54.80 + 16.73% to 51.09 + 17.75%
with a duration of 2-4 h and >6 h of mobile phone use,
respectively, and this remained statistically significant
after multiple linear regression. The percentages of all
progressive motility and total motility decreased (P < 0.05),
albeit only slightly. We believe that mobile phone RF-EMR
may be the main cause of sperm motility decline. These
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trends suggest that recent concerns about long-term exposure
to RF-EMR from mobile phones should be taken more
seriously, given the growing trend of deterioration of the
male reproductive system. Thus, the duration of mobile
phone use should be reduced in daily life in order to avoid
further declines in sperm motility, affecting fertility,
especially in men of reproductive age with asthenospermia.
The extent of progressive sperm motility is related to
pregnancy rates (World Health Organization (WHO) 2010).
It was also found that sperm motility was the most
significant parameter in predicting the chance of natural
conception in a study based on 358 semen samples from a
group of men representing the general male population
(Larsen et al. 2000). Similarly, the multivariate analysis of
an earlier study showed that the best prognostic indicator
of fertility was given by the percentage of motile sperm,
particularly in patients with primary infertility (Jouannet
et al. 1988). In another study, using mobile phones for
more than 4 h a day or carrying them in back pant pockets
resulted in a slight increase in the DFI (Rago et al. 2013).
However, in our study we did not find any difference in the
DFI according to mobile phone use duration. In addition,
we did not find differences in the percentage of normal
forms of morphology, volume, sperm concentration, or total
sperm number according to mobile phone use duration,
similar to the findings of a US study involving 153 infertile
subjects, in which there were no associations between daily
mobile phone use duration and semen parameters (Lewis
et al. 2017).

The daily phone call duration has been shown to negatively
affect the sperm concentration and sperm count in previous
studies. In a study assessing infertility in 361 men, the daily
phone call duration was found to be associated with a
drop in the total sperm number (Agarwal et al. 2008).
A study in 2015 also found that a daily talking duration
>1 h was associated with an abnormal semen concentration
(Zilberlicht et al. 2015). A cross-sectional study involving
794 young men in China showed that the mean semen
volume, sperm concentration, and total sperm number
decreased slightly with increasing daily talking time on
a mobile phone (Zhang et al. 2017). Interestingly, in
univariate analysis results of this study, the progressively
motile spermatozoa rate, rapid progressively motile
spermatozoa rate, and total motile spermatozoa rate were
significantly different among different groups of daily
duration of phone calls, but the differences were no longer
significant in the multiple linear regression analysis.
Similarly, no differences were found in the DFI, the
percentage of normal forms of morphology, volume, sperm
concentration, total sperm number, or slow progressively
motile spermatozoa rate.

We did not observe any correlation of semen quality with
the use of a headset while talking on the phone or the location
where the mobile phone was carried. This is consistent
with the findings of Lewis et al. (2017), who found no

correlation of mobile phone placement or earphone with
semen parameters. Studies have shown that the anomalies
caused by RF-EMR depend on physical parameters such as
exposure time, distance from the source of radiation, power
density and penetration depth (Kesari et al. 2018). Front
trouser pocket exposure was one of our prior exposures of
interest, which was considered to have the greatest
biological justification for the potential effects of RF-EMR
on testicular function due to proximity, and most men
tended to keep their phones in the front pant pockets. In
this study, no significant differences were observed among
the different groups of mobile phone placement, which was
similar to previous studies. A cross-sectional study in China
found little correlation between different mobile phone
locations (mainly the front pant pocket compared to other
locations) and semen parameters (Zhang et al. 2017). Hatch
et al. (2021) found little evidence of an overall link
between mobile phone use and fertility or semen quality in
men. Although mobile phone placement in the front pants
pocket was associated with lower fecundability in thinner
men with BMI < 25 kg/m?, this association did not increase
with prolonged exposure to RF-EMR. There were also some
different conclusions. Rago et al. (2013) found that placing
the mobile phone in the back pant pocket led to a slight
increase in the sperm DNA fragmentation rate. However,
we did not obtain a similar result.

The decrease in sperm quality caused by RF-EMR is likely
to be related to oxidative stress due to increased levels of free
radicals or superoxide anions, as increases in the superoxide
anion concentration can trigger decreases in sperm motility
(Agarwal et al. 2009). De Iuliis et al. (2006) found in their
study that spontaneous superoxide produced by human
spermatozoa originated from nonmitochondrial sources and
was shown to result in both severe sperm motility loss and
DNA damage. A meta-analysis in 2020 found that the
nonthermal effects of RF-EMR were limited to specific
rapidly growing and poorly differentiated cells, such as
human sperm cells (based on 19 reported experiments,
P = 0.002) and human epithelial cells (based on 89
reported experiments, P < 0.0001) (Halgamuge et al. 2020).
Previous studies have confirmed that continuous mobile
phone use will lead to excessive reactive oxygen species
(ROS) production, which will lead to DNA damage in sperm
(Kumar et al. 2014). De Iuliis et al. (2009a) found that
RF-EMR in both the mobile phone power density and
frequency range enhances the production of reactive
oxygen species in the mitochondria of human spermatozoa,
reducing the motility and vitality of these cells while
stimulating the formation of a DNA base adduct and resulting
in DNA fragmentation. In the same year, they found in another
study that the efficiency of chromatin remodelling and the
formation of 8-hydroxy-20-deoxyguanosine (80HdG) were
highly correlated with DNA damage in human spermatozoa
(De Iuliis et al. 2009b). Similarly, Kesari et al. (2018) have
shown, based on existing research evidence in vitro and
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in vivo, that RF-EMR may cause oxidative stress and increase
the level of ROS, which may lead to infertility. This suggests
that exposure to RF-EMR has a negative effect on sperm
quality. Several animal and human studies have found that
prolonged exposure to RF radiation can lead to a reduced
total sperm count and reduced sperm motility (Salama et al.
2010; Adams et al. 2014). However, a few recent studies
have found that there seems to be little relationship
between the two (Mortazavi et al. 2017). Mobile phones
produce low levels of RF radiation in the range of 800-
2600 MHz, and human exposure to RF radiation from
mobile phones is measured by specific absorption rates
(SARs). Some people believe that due to the strict
regulatory standards for SAR and the operating power of
mobile phones, the increase in heat during mobile phone
use has little effect on nearby tissues and is unlikely to
affect semen quality. Some in vitro studies have shown that
2.45-GHz RF-EMR has effects on sperm motility and DNA
fragmentation in human semen (Avendafio et al. 2012).
However, the short-term effects of RF radiation are not
sufficient to cause any genomic changes, as such damage
may be the result of cumulative effects of repeated exposure
(Agarwal et al. 2011). Therefore, there is no final conclusion
regarding the effect of RF-EMR from mobile phones on semen
quality worldwide, and the effect of short-term direct RF
radiation on semen quality in vitro is different from that of
long-term RF radiation due to carrying mobile phones.

This study has some limitations. First, since the most
common way to collect data on mobile phone use in a
cross-sectional study is through patient statements, it is
inevitable that there will be some information bias, which
may be unavoidable in all observational studies. This study
collected information on mobile phone use in the more
recent past, and the mobile phone’s built-in software was
used to view the relevant information about the users’ mobile
phone use situation, likely resulting in less recall bias. In
addition, other sources of RF radiation in the environment
cannot be explained or excluded (Chiaramello et al. 2019).
The subjects of our study were all from the Department of
Reproductive Endocrinology, Women’s Hospital, School of
Medicine, Zhejiang University, China. Therefore, the
subjects of our study were limited, and the influence of
regional differences could not be excluded. Sperm vitality is
a key standard semen analysis parameter. However, as our
study population comprised those who underwent semen
examination in the Andrology clinic, most of them were
patients who underwent premarital examination or prenatal
examination, so the semen indicators of the vast majority
of men were normal. Thus, sperm viability is not a routine
item in our Andrology clinic. Considering the large
differences in sample sizes of different semen indicators,
sperm vitality was excluded in this study. However, the
results of our study have certain clinical significance, which
can provide accurate guidance on mobile phone use for
men of reproductive age to minimise the effect of RF-EMR
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produced by mobile phones on semen quality and provide
original data for future related research. This study is a
cross-sectional study. The relationship between the study
factors and the conclusions is exploratory, and the causal
relationship needs to be confirmed by further prospective
studies.

Conclusion

Our results suggest that the average daily cell phone use
duration may affect sperm motility to some extent, leading
to a decrease in sperm motility. Therefore, we recommend
that men of reproductive age avoid prolonged durations of
using mobile phones. In addition, more well-designed cross-
sectional investigations and mechanistic studies are needed
in the future to clarify the effects of RF-EMR produced by
mobile phones on male semen quality.
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