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ABSTRACT

Background: The World Health Organization (WHO) is bringing together evidence on radiofrequency electro-
magnetic field (RF-EMF) exposure in relation to health outcomes, previously identified as priorities for research
and evaluation by experts in the field, to inform exposure guidelines. A suite of systematic reviews have been
undertaken by a network of topic experts and methodologists to collect, assess and synthesise data relevant to
these guidelines. Following the WHO handbook for guideline development and the COSTER conduct guidelines,
we systematically reviewed the evidence on the potential effects of RF-EMF exposure on male fertility in human
observational studies.

Methods: We conducted a broad and sensitive search for potentially relevant records within the following
bibliographic databases: MEDLINE; Embase; Web of Science and EMF Portal. We also conducted searches of grey
literature through relevant databases including OpenGrey, and organisational websites and consulted RF-EMF
experts. We hand searched reference lists of included study records and for citations of these studies. We
included quantitative human observational studies on the effect of RE-EMF exposure in adult male participants
on infertility: sperm concentration; sperm morphology; sperm total motility; sperm progressive motility; total
sperm count; and time to pregnancy. Titles and abstracts followed by full texts were screened in blinded
duplicate against pre-set eligibility criteria with consensus input from a third reviewer as required. Data
extraction from included studies was completed by two reviewers, as was risk of bias assessment using the Office
of Health Assessment and Translation (OHAT) tool. We conducted a dose-response meta-analysis as possible and
appropriate. Certainty of the evidence was assessed by two reviewers using the OHAT GRADE tool with input
from a third reviewer as required. :

Results: We identified nine studies in this review; seven were general public studies (with the general public as
the population of interest) and two were occupational studies (with specific workers/workforces as the popu-
lation of interest).

General public studies.

Duration of phone use: The evidence is very uncertain surrounding the effects of RF-EMF on sperm concentration
(10/6 mL) (MD (mean difference) per hour of daily phone use 1.6 10%/mL, 95 % CI —1.7 to 4.9; 3 studies), sperm
morphology (MD 0.15 percentage points of deviation of normal forms per hour, 95 % CI —0.21 to 0.51; 3
studies), sperm progressive motility (MD —0.46 percentage points per hour, 95 % CI —1.04 to 0.13; 2 studies)
and total sperm count (MD per hour —0.44 lOé/ejaculate, 95 9% CI —2.59 to 1.7; 2 studies) due to very low-
certainty evidence. Four additional studies reported on the effect of mobile phone use on sperm motility but
were unsuitable for pooling; only one of these studies identified a statistically significant effect. All four studies
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were at risk of exposure characterisation and selection bias; two of confounding, selective reporting and attrition
bias; three of outcome assessment bias and one used an inappropriate statistical method.

Position of phone: There may be no or little effect of carrying a mobile phone in the front pocket on sperm
concentration, total count, morphology, progressive motility or on time to pregnancy.

Of three studics reporting on the effect of mobile phone location on sperm total motility and, or, total motile
count, one showed a statistically significant effect. All three studies were at risk of exposure characterisation and
selection bias; two of confounding, selective reporting and attrition bias; three of outcome assessment bias and
one used inappropriate statistical method.

RF-EMF Source: One study indicates there may be little or no effect of computer or other electric device use on
sperm concentration, total motility or total count, This study Is at probably high risk of exposure characterisation
bias and outcome assessment bias.

Occupational studies.
With only two studies of occupational exposure to RF-EMF and heterogeneity in the population and exposure

source (technicians exposed to microwaves or scamen exposed to radar equipment), it was not plausible to
statistically pool findings. One study was at probably or definitely high risk of bias across all domains, the other
across domains for exposure characterisation bias, outcome assessment bias and confounding.

Discussion: The majority of evidence identified was assessing localised RF-EMF exposure from mobile phone use
on male fertility with few studies assessing the impact of phone position. Overall, the evidence identified is very
uncertain about the effect of RF-EMF exposure from mobile phones on sperm outcomes. One study assessed the
impact of other RF-EMF sources on male fertility amongst the general public and two studies assessed the impact
of RF-EMF exposure in occupational cohorts from different sources (radar or microwave) on m{xle fertility.
Further prospective studies conducted with greater rigour (in particular, improved accuracy of exposure mea-
surement and appropriate statistical method use) would build the existing evidence base and are required to have
greater certainty in any potential effects of RF-EMF on male reproductive outcomes. Prospero Registration:

CRD42021265401 (SR3A)

1. Introduction

- |

1.1. Background

The technological applications of radiofrequency electromagnetic
fields (RF-EMF; frequencies 100 kHz to 300 GHz) have been steadily
increasing since the 1950 s. RF-EMF are used in medicine (e.g. magnetic
resonance imaging, diathermy, radiofrequency ablation), industry (e.g.
heating and welding), domestic appliances (e.g. baby monitors, Wi-Fi),
security and navigation (e.g. radar and radio frequency identification,
RFID), and especially in telecommunications (e.g. radio and TV broad-
casting, mobile telephony). These developments mean that large parts of
the global population are now exposed to an increasing range of RF-EMF
sources over increasing durations. Concern has been raised regarding
the public health consequences from exposure to RF-EMF and it is
therefore crucial to perform a health risk assessment to inform exposure
guidelines.

The World Health Organization (WHO) has an ongoing project to
assess potential health effects of exposure to RF-EMF in the general and
working population. To prioritise the assessments of potential adverse
health outcomes from exposure to these fields, the WHO conducted a
broad international survey amongst RF experts in 2018 (Verbeck et al.,
2021). Six priority topics were identified: cancer, adverse reproductive
outcomes, cognitive impairment, symptoms, oxidative stress, and heat-
related effects. ;

Survey results showed that 28 % of respondents deemed effects on
male fertility critical for decision making. As such, these outcomes were
indicated for further investigation (Verbeck et al., 2021). The reasoning
given by the respondents (RF-EMF experts) for applying these ratings
were public concern, knowledge from animal and human studies, and
burden of disease. |

WHO subsequently commissioned 10 systematic reviews of obser-
vational and experimental studies to collect, assess and synthesise the
available evidence on these topics. Two related systematic reviews were
commissioned to look at the effect of RF-EMF on adverse reproductive
outcomes, one looking at male infertility (SR3A) and the other adverse
pregnancy outcomes (SR3B). Each systematic review was registered
with PROSPERO (SR3A, CRD42021265401 and SR3B,
CRD42021266268) and had its full protocol published (Kenny et al.,
2022).Here, we report on the effects; of RF-EMF on male fertility

outcomes (SR3A). Male infertility is defined as the inability of 2 man to
cause pregnancy in a fertile female after 12 months or more of regular
unprotected sexual intercourse (World Health Organization, 2020).
Such infertility is strongly correlated with a lack of viable spermatozoa
(e.g. reduced sperm concentration or total sperm count) (Levine et al.,
2017). Declining sperm concentration has been consistently reported
and debated over the past 50 years and can be attributed to a range of
environmental and lifestyle exposures, such as pesticides, endocrine
disrupters, body mass index (BMI), or type II diabetes (Levine et al,,
2017).

Abnormal sperm morphology can also affect a man’s ability to cause
pregnancy, especially when abnormal morphologies occur in high
quantities. Additionally, abnormally shaped sperm are usually associ-
ated with other semen irregularities, such as low sperm count or motility
(American Society for Reproductive Medicine, 2011). Healthy sperm
motility has forward progressions of at least 25 um per second, con-
taining at least 50 % grade A and B progressively motile sperm. If these
factors are not met, the sperm may have difficulty passing though the
cervical mucus, leading to failure in fertilisation (Kumar and Singh,
2015). :

Evidence exists indicating that male reproductive outcomes (e.g.
sperm motility, morphology, viability, and concentration) could
potentially be affected by RF-EMF exposure (Kesari et al., 2018). For
example, a review combining in vivo and in vitro evidence suggests
mobile phone use negatively impacts sperm quality (Adams et al., 2014).
Literature reviews have been performed to assess the evidence on RF-
EMF regarding potential adverse health effects (International Commis-
sion on Non-lonizing Radiation Protection (ICNIRP) (2020), Scientific
Committee on Emerging and Newly ldentified tealth Risks (SCENIIIR)
(2015)). However, overall, the evidence to date on RF-EMF exposure
and male fertility is unclear with conclusions to date drawn from non-
systematic reviews.

To our knowledge, there is no existing systematic review of obser-
vational studies assessing the effect of localised (e.g. mobile phones) or
whole-body (e.g. radio) exposure from RF-EMF in general living and
work environments on male reproductive outcomes. We therefore aim to
systematically review and synthesise evidence on the possible effect of
exposure to RF-EMF sources on sperm outcomes.
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2. Objectives

The review question is outlined using the Population (P); Exposure
(E); Comparator (C); Outcome (O) criteria (Morgan ¢t al., 2018) as
follows: o

Within human observational studies, what are the effects of localised
and whole-body RF-EMF exposure (E) compared to no or low level
exposure (C) in adult males (P) on male infertility, sperm morphology,
motility, concentration or count, and time to pregnancy 0)?

A secondary objective of the systematic review was to assess whether
a dose-response relationship between RF-EMF exposure and male

fertility outcomes exist.

3. Methods

This systematic review was registered in PROSPERO under
CRD42021265401 (SR3A) and the full protocol for the systematic re-
view is published (Kenny et al., 2022).

3.1. Eligibility criteria

The PECO criteria are described below (Morgan et al., 2018). For
those records deemed eligible for inclusion, the methods of exposure and
outcome assessment used were noted during data extraction and then
evaluated during risk of bias assessment. No deviations from eligibility
criteria listed in full within the protocol were made (Kenny et al., 2022).

3.1.1. Population

We considered for inclusion any. studies reporting on adult males
exposure to environmental, from occupational and non-occupational
sources, RF-EMF and the influence of this on infertility outcomes.

3.1.2. Exposures
In summary, we included studies of the effect of both whole-body

and comparatively more localised RF-EMF exposure. Specific absorp-
tion rate (SAR), expressed in watts per kilogram (W/kg), was the ide-
alised exposure metric of interest for the systematic review. However, as
it was unlikely SAR at the reproductive organs would be readily used
within studies, we also included epidemiological studies using surrogate

RF-EMF exposure measures when reliant on measured or modelled

levels of electric or magnetic fields or power density (e.g. at the par-
ticipants’ residence) or other similar exposure proxies.

Studies of mobile phone use were included when exposure assess-
ments were based on self-reporting of proxy measures such as hours of
phone use. We included studies which objectively measured and/or self-
reported phone use as these measurements are known to be well
correlated (compared to ngrwork provider data), although with some
variation dependent on the study design, participants ages and outcome
measures used (Vanden Abeele et al., 2013, Samkange-Zeeb et al.,
2004). ]

Studies assessing exposure from bas
when distance to source assessment was measured objectively (e.g.
derived from geocodes) and were excluded when distance to source
assessment was self-reported, as these measures are not well correlated
(Martens et al., 2017).

Studies using spot measurements, personal exposimeters and pre-
diction models were included.

As indicated in the protocol, we expected a large proportion of
studies to investigate occupational RF-EMF exposure sources (Kenny
et al., 2022). Occupational RF-EMF exposure occurs from use of; navi-
gation systems, broadcast and telecommunication equipment, security
and access controls, plasma discharge equipment, tape erasers, welding
equipment, and radar (Advisory group on Non-ionising radiation, 2003).
For studies of occupational exposure, measurement data based on ob-
servations, expert assessment or any combination of these were included
(Bondo Petersen el al., 2018). We also included studies of occupational

e stations, were only included
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exposure to RF-EMF within which exposure level was modelled based on
job-exposure matrices (JEMs) but not when exposure was modelled

based on job title alone.
We did not include studies where exposure to an RF-EMF source was

assessed as “exposed versus unexposed” through response to a dichot-
omous question (e.g. “have you ever owned a mobile phone?" yes/no). This
is due to the high level of imprecision created when assessing RF-EMF

exposure using this approach.
We excluded studies of RF-E
when the population of interest were patients rather th
the technology. This is because the review aims to assess the imp
RF-EMF on workers exposed on a regular basis over a longer time
duration than we would see within a patient population exposed at low
levels over a short period of time. Timing of RF-EMF
to outcome assessment was not used as an

as considered in risk of bias assessments (Bonde
, 2000, Cohen Hubal

MF exposure from medical technologies
an workers using
act of

and, or, acute
exposure comparative

exclusion criterion but w
et al.,, 2019, Anand-Ivell et al., 2018, Selevan et al.
et al.. 2014, Wigle et al., 2007, Porpora et al., 2019).

3.1.3. Comparators
We included studies comparing RF-EMF exposure in a low exposure

or non-exposure group to a “high" exposure group (i.e. utilising cate-
gorical data), as per study authors’ definition. We also included studies
comparing at least two different levels of RF-EMF of varying exposure
and duration, as well as studies presenting dose-response data with a

continuous scale of varying RF-EMF exposure.

3.1.4. Outcomes
We included studies assessing fertility and time to pregnancy out-

comes in a dichotomous manner. We included studies in which newly
diagnosed cases of male infertility were an outcome of interest when this
outcome was based on a physician’s diagnosis and in agreement with the
definition of male infertility as “the inability to cause pregnancy ina
fertile female after a specific period of follow-up®.

Studies with sperm concentration or total sperm count, morphology,
tility as outcomes of interest were included if assessment of the
aken in a quantitative manner. Studies with other
luded, as the validity
s for infertility

or mo
outcomes was undert
sperm parameters as outcomes of interest were exc
of these broader sperm outcomes as diagnostic measure
have not been established. We included studies that assessed sperm
concentration and total sperm count, sperm morphology and motility
both categorically and/or continuously. The WHO reference ranges
were used to establish normal values for these outcomes of interest

(World IHealth Organization, 2021).
Studies using self-reported outcomes of male infertility were

excluded.

3.1.5. Types of studies
3.1.5.1. Inclusion criteria. We considered cohort (including analysis
conducted using dose-response methods) and case-control studies to be

eligible for inclusion.

3.1.5.2. Exclusion criteria. Cross-sectional studies of male infertility

were excluded because in these studies no temporality can be inferred
meaning no inference on causality can

between exposure and outcomes,
s from an unidentified

be made. Studies with self-selection of participant
study population, e.g. through advertisement, were excluded. Pre-
clinical and in vitro studies were excluded.

3.1.5.3. Years considered. We did not exclude any studies based on year
of publication. Searches, as outlined below, were designed to include
publications from inception of databases to the search conduct date.

3.1.5.4. Publication language. We included studies written in any
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nge provided that an English trandation could be obtained
lanpie ¢
1.55 publication OPes. We nimed 1o include
41.5.¢

accompanying record(s) for completeness and accuracy flagging any
. ped reports of studies which adhered 1o the eli
Hshed

discrepancy using the Excel comments feature. ‘The reviewers then
published and unpub. o an c

2ibilit : resolved any discrepancy by discussion; and where needed a third
1. Given this, conference proceedings abstra 7 Stiteria already reviewer was involved to resolve conflict. We contacted study authors
i jdelines and reports from public I' |' €18, theses/disser. for missing information or data as required.
i 'H“ﬂ(lﬂ nq. well ns research Pnblicnu‘m pillon radiation pro- .
pn  HOAIE ) ons were
:::‘:"\‘r!s were excluded. included. Case 3.5. Risk of bias assessment
Risk of bias assessments were conducted at study and outcome level
. nation sources and search gt jes”
3.2. Infor o using the “Risk of Bias Rating Tool for Human and Animal Studies
Jigible studies were identified by 1 developed by the National Toxicology Program Office of Health
';L:.Nl" and Embase. The EMF po ¥ literature searches through Assessment and Translation (Ottice of Health Assessiment and Trans
hj-l;.mmc‘lilcrmurc B il cn_erml, a dedicated database of the lation (OHAT) (2019), Rooney et al,, 2014). Seven domains were
;':-‘Ids‘ (hitps://www.emf-portal.org s f‘s of exposure to clectromagnetic assessed: selection/participation bias; exposure measurement errors;
sln,,“;.gy was developed i‘Cmtivlcl;)b'a:)dwas also searched. The search inaccurate outcome assessment; uncontrolled confounding; incomplete
i i < ¢d upon ion; i tcome
review question and incorporates keywordpg concepts integral to the outcome assessment due to attrition/exclusion; fe!ectwe ho:]n com
as well as outcome measures identifiedq c:rms and subject headings reporting; and other potential threats to internal validity. Each domain
mentary File 1). No language or d ed by clinical experts (see Supple- was rated with one of four options: definitely low, probably low, prob-
h.” whicl ) ate restrictions were applied ably high, and definitely high risk of bias. Assessments were docu-
search, WHICh was originally ran in Novemb Hle Vel 10 (he Y d 1 forms using the Excel
December 2021 and then in January 2023 ‘TI“]GI 2020, updated in mented within mutually agreed piloted Excel form g
exported into EndNote and duplicat - ihe search results were comments feature as required. . & —
commenced. ales removed before screening The following critical confounder relationships have been i ent‘x) Z
i -EMF fi : age, ethnicit 0
Grey literature was identified during Apri by experts in the RF-EMF field and were assessed: age, g ¥ ﬁ
OpenGrey, focusing on widelt 8 April 2021 through searching of mass index (BMI), socioeconomic status (SES), smoking s}atus, an
radiation protection bodiges th nes and reports from public health and alcohol intake. The following confounders were considered 1mporta'nt,
(conference abstracts) and ,Im:eses and EMF conferences. Web of Science but not critical: geographical location, co-exposures (e.g., occupation
literature of relevarnce at thi E Xplore® were searched to identify grey exposure to hazardous substances and heat), environmental noise, and
January 5052 s5d J’lnuartynzsot:;;e, and these scarches were updated in air pollution. Lack of confounding control was not a reason for exclu-
- - OpenGrey was n i i founders identified during data
i : o longer sion. The importance of any further confounders ide 4
the time of the update searches jn lieu of whict s e . y
advanced search function

1 an internet search usin

. . g
et allt}/ in .Google was conducted. The updated
Ehgele asingle study in this review and we therefore believe the
current trajectory of the research would not require further literat
searching updates. e

These searches were supplement

extraction were considered.
search yielded

3.6. Synthesis methods

Pairwise meta-analyses and dose-response meta-analyses were
" "’ ed by screening reference lists of completed using RStudio (R Core Team, 2020; v4.0.4). Where the same
previous systematic and narrative reviews of RF-EMF exposure on male outcome was reported on the same scale, a standardised mean difference
fertfllty and female reproductive outcomes, as far as such reviews were (SMD) was considered to combine different metrics (e.g. means and
available. Screening of references and citations of included studies was regression-coefficients) and scales (e.g. hours and years). However, we
also completed. Individual reports of studies highlighted by topic ex-
perts were also evaluated for inclusion.

did not perform SMD meta-analyses as we could not assume that the
difference was due only the outcome scale and not differences in the
reliability of the outcome measures or variability amongst the study
populations.(Higgins et al., 2023) The studies where a mean difference
" (MDBJ ot be' et ated Werd them eonsTaered ingVarying degreds St

W BxborR e CHATPTRAG N ote and(duplieates:’ removéed i béfore" screening o |

De-dupli - exposure comparisons as per the protocol (e.g. high vs no exposure, all

for scre:xfi]ricaz(e)d s?jdr?h‘re‘s;ﬂtiwe.re exported frox:n EndNote to Rayyan levels of exposure vs no exposure). However, there was significant
§ touzzani ct al.,, 2016). Pairs of reviewers independently heterogeneity between the studies, and it was not deemed plausible to

checked the relevance of the identified records based on titles and ab- incl dg 4 I -

stracts (from RPWK, EEJ, AMA). We excluded irrelevant records that did meluge tuese et 1n dus ceview,

not fulfil at least one of the inclusion criteria. Full texts of records

The dose-response meta-analyses was able to be completed as there
included at this stage were then sourced. Pairs of reviewers (from RPWK,

was less heterogeneity present in the model, thereby providing more
; aningful results than the pairwise meta-analysis. The package dos-
EEJ, AMA) then independently assessed included records based on full . ; i i
: 3 : . = resmeta was used to perform a meta-analysis exploring possible dos-
texts. This resulted in a final list of included and excluded studies. We - ; 1 L
undertook the same screening process for results of grey literature
searches.

e-response where at least two studies reported the same exposure
quantification and outcomes (Crippa and Orsini, 2016). All analyses
Across all steps, disagreements between reviewers were resolved by

were conducted using linear and non-linear quadratic models. Model fit
. 3 . y was assessed by the x? test for goodness-of-fit, log likelihood, Akaike
discussion. A third reviewer was consulted if no consensus could be
reached (CC, FP).

information criterion and Bayesian information criterion. After assess-

ment the best model fit was used which for each analysis was linear. We
therefore used random-effects linear models to assess the MD in dos-
3.4. Data collection process

e-response. To do so, we precalculated the MDs between dose-response
levels, represented by a proxy of mobile phone minutes usage or talk
A standardised set of details were extracted from included studies, time and the corresponding standard deviation (SD) for individual cat-
full details on which is reported in the protocol (Kenny et al., 2022), egories. To accomplish this, a single exposure value was assigned to eact
Using mutually agreed piloted Excel forms for data extraction, one category and for closed categories, the midrange score was used. For the
reviewer (of RPWK, EEJ and AMA) extracted and recorded the relevant (uppermost) open-ended categories, a value based on the lower bounc
features of each included study. A second reviewer (of RPWK, EEJ and and the width of the previous (second-to-highest) interval was calcu
AMA) checked the extracted study information against the

lated (I’yasova et al,, 2005). When studies only reported the regressios
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o to the Limite udies in cach
Z“rm any subgroup of sensitivity analyses, N:‘::Lnysis. we could not

pt:m’ ) was calculated using the restricted maxi study heteroge-
TREML) method. We also report the 17 percentage um Wkelihood
. where it was not possible 1o perform mrm-nn"ﬂ

pcted 2 narrative synthesis to give ysis, we have solely

o 4 ; asummary of the &1
ki ek b 1rent state of
cond questions to the best of our ability

. "hlich(‘d ata (Pepay et al., 2007 Syn

e .2 ). We have utilis

d @ ; sed i

; v“ "1'( h,c‘n‘nn.nl)5|s (SWiM) reporting guidelines (omcc oy d‘h':uls
rrative synthesis and approach transparently (Campbell : ? p Y
witho Aar ell et al., 2020).

3.7 Reporting bias assessment

pDue to a lack of data identified, no analyses for publicati
ication or

reporting bias were undertaken (see deviation
reporting b s from protocol for further

3.8. Certainty assessment

wWhere possible, we examined th ; : X

with a dose-response analysis usinget}f: r(;:l{?\t'l)‘,glf{:g(ljiencihfor et
Health Assessment and Translation (OHAT) (20]9);“60;{0: tatpeee
rates the certainty of the evidence in epidemiological a.nd T GMDE
studies by assessing the following domains: imprecision; {0’:F010g1ca1.
inconsistency; publication bias; risk of bias; magnitude (;fmffxre?m‘ess,
sible Fonfounding; dose response. However, we did note aii‘:sp ?:-
domain of consistency across models or study design. As indicated isn the
protocol and after extensive discussion with the OHAT ande-
GRADE experts, Dr Rooney and Dr Morgan, we decided that the use of
the extra domain was not appropriate for this review. In accordance
with OHAT GRADE guidance, a single reviewer (EEJ) made an initial
assessment of what level the evidence assessment would start at for each
outcome (very low, low, moderate or high), which was checked by
another reviewer (RPWK). Two reviewers (RPWK and EEJ) then inde-
pendently assessed the certainty of evidence based on each domain.
Disagreements were resolved by discussion and where needed with
input from a third reviewer (FP) before a final confidence rating was
assigned to each outcome. We used the phrasing recommended by
santesso et al (2020) to frame results in terms of their overall OHAT
GRADE rating.(Santesso et al., 2020) Where dose-response meta-anal-
ysis was not possible, we considered the risk of bias across studies
reporting on an outcome. i ‘

3.9, Deviations from protocol

No additional data was gained from study authors and no imputation
of missing data was conducted.

It was not feasible to statistically assess publication bias conducting
the Egger’s test for categorical outcomes, Or the method proposed by
Doleman et al for continuous outcomes (Doleman et al., 2020) or the
arcsine test for dichotomous outcomes (Riicker et al., 2008).

RF-EMF exposure from differing sources was considered separately
rather than similarly in the narrative synthesis. It was not possible to

' statistically combine study findings and present sub-group analyses to

explore exposure source.

When sufficient data was available, we conducted dose response
analyses and did not perform traditional meta-analysis as doses in
studies were not consistently reported;at similar levels allowing for
standardised comparison of high and low/no exposure. Had we con-
ducted traditional meta-analysis we could have presented assessment of
MDs per hour with heterogeneity visually. Between-study heterogeneity
and the 12 percentage were calculated and reported but other assess-
ments of statistical heterogeneity were not conducted.
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No sensitivity analyses were conducted to test review process as-
sumptions or the effect of risk of bias on review findings.

4. Results

4.1. Resulrs of the search

Database searching lead to 20,329 records (after de-duplication)
being screened at the title and abstract stage. Of these, 278 were
sought for full text assessment and nine were not retrievable. Other
documented search methods lead to a further 43 records being identified
and assessed.

Eight studies were included in this review: six were related to general
public exposure to RF-EMF, while the remaining two studies assessed
exposure in occupational settings. The PRISMA diagram provides a
breakdown of the study selection process (See Fig. 1). A full list of
excluded studies can be seen in Supplementary File 2.

4.2. Excluded studies

This section reports exclusion reasons for both the male and femnale
reviews as literature searching and screening was conducted simulta-
neously. Studies were excluded for the following reasons: wrong popu-
lation (e.g. cancer patients, animal studies, n = 23); wrong exposure (e.
g. not RF-EMF, ELF, n = 67); wrong outcome (e.g. cancer risk, motor
development, n = 16); wrong study design (e.g- cross-sectional, n = 86);
and wrong publication type (e.g. conference abstracts that lacked detail
and results, n = 92).

4.3. Study characteristics

General characteristics of the studies reporting on male fertility
outcomes are presented in Table 1.

Seven studies were focused on the general public (Chen et al., 2022,
Feijo et al., 2011, Hatch et al., 2021, Jurewicz et al., 2014, Lewis et ali
2017, Rago et al., 2013, Zhang et al., 2016), while two were occupa-
tional studies (Lancranjan et al., 1975, Ye et al., 2007). For the occu-
pational studies, men were seamen exposed to radar (Ye et al., 2007) or
described as technicians exposed to microwaves (Lancranjan et kg
1975).

Seven studies were cohorts (Chen et al., 2022, Feijo et al., 2011,
Hatch et al., 2021, Jurewicz et al., 2014, Lewis et al., 2017, Rago et als;
2013, Ye et al,, 2007, Zhang et al., 2016). Lancranjan ct al. (1975)
appeared to be a case-control study, but its reporting regarding study
design was unclear. The smallest study recruited 31 participants (Lan-
cranjan et al,, 1975), while the largest recruited 3100 (Hatch et al.,
2021). ;

The studies were conducted in: China (Chen et al.,, 2022, Ye ct al.,
2007, Zhang et al., 2016); both the USA and Denmark (Hatch et al.
2021); Brazil (Feijo et al., 2011); Poland (Jurewicz et al., 2014); the US/
(Lewis et al., 2017); Romania (Lancranjan et al., 1975); and Italy (Rag
et al., 2013). In general, the age of participants was between 30 and 3
in five studies (tlatch et al., 2021, Jurewicz et al., 2014, Lancranja
et al., 1975, Lewis et al., 2017), between 20 and 29 in two (Zhang et al
2016), and was not reported in one (Feijo et al., 2011). In one stuc
Rago et al. (2013), mean ages ranged from 27.5 to 30 while in anoth

Ye et al. (2007), the youngest participant was 22 and the oldest was ¢

The education level, alcohol intake, smoking status and abstiner
rate of participants were either not reported or reported hetero
neously across the studies; details are reported in Supplement
Table 2.

4.4. Exposure characteristics

General characteristics of exposures assessed within the st
reporting on male fertility outcomes are presented in Table 2.
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Fig. 1. PRISMA flow diagram.

The source of EMF exposure was: mobile phones in six studies (Feijo
etal., 2011, Hatch et al., 2021, Jurewicz et al., 2014, Lewis et al., 2017,
Rago ct al., 2013, Zhang ct al., 2016); mobile phones, computers and
other electronic equipment in one (Chen et al., 2022); radar equipment
in one (Ye et al., 2007); and was not reported in one (Lancranjan ct al.,
1975). The exposure metric was: hours or minutes of mobile phone use
in two studies (Lewis et al., 2017, Zhang et al., 2016); hours of usage per
day in one (Chen et al., 2022); hours/minutes of talking on a mobile
phone in two (Feijo et al., 2011, Rago| et al., 2013); years of mobile
phone use in one (Jurewicz et al., 2014); hours of keeping a mobile
phone in the front pocket of trousers in one (Iatch et al., 2021); number
of participants who kept a phone in trouser pocket in two (Lewis et al.,
2017, Rago et al., 2013); and both hours of daily mobile phone use and
data traffic in terms of gigabytes (GB) of data used monthly in one
(Zhang et al., 2016). No studies reported on exposure distribution or
background exposure levels, while exposure location across the body,

strength and the co-exposures considered by studies were either not
reported or were reported heterogeneously; see Table 1.

|
4.5. Risk of bias in studies !

Table 3 shows the risk of bias for all studies reporting on male
fertility outcomes, ranked from the study with the most assessments of
“definitely low" to the study with the most “‘probably and, or, definitely
high and, or, N assessments. For all studies, concerns were noted across
all domains of the OHAT tool, with no single domain being mostly free
from risk of bias. However, there are specific concerns about exposure
characterisation bias, with no studies assessed as being at definitely low
risk and only two judged to be at probably low risk of bias (Feijo et al.,
2011, Hatch et al., 2021); the remaining studies were judged as at
probably high (Chen et al., 2022, Lewis et al., 2017, Lancranjan et al.,
1975, Rago et al., 2013, Ye et al., 2007, Zhang et al., 2016) or definitely
high risk of bias (Jurewicz et al., 2014) for this domain. There are also
pecific concerns about outcome assessment bias, with only two studies
udged to be at definitely low risk of bias (Jurewicz et al., 2014, Lewis
t al.,), the rest judged to be at probably high risk of bias (2017 Chen

h etal., 2021, Lancranjan et al., 1975,

011, Hatc .
Three studies were

et al., 2022, Feijo et al., 2

Rago et al., 2013, Ye ct al., 2007, Zhang ct al., 2016). Fhx
deemed to have used inappropriate or insufficient stau.stlcal :.'ne-thods (e.
g. they did not appropriately adjust for confounders in sta:xsncal anal-
ysis) (Feijo et al,, 2011, Lancranjan et al., 1975, Ye et al., 2007).

4.6. Certainty of the evidence

Table 4 shows the OHAT GRADE evidence profile across all outcomes
where dose-response and pairwise meta-analyses were possible. In
general, all outcomes were judged to be of very low-certainty, with
concerns regarding inconsistency due to large amounts of statistical
heterogeneity on 12 and indirectness, given that talk time is a proxy for
overall minutes used and exposure may be too far away from the

genitalia.

4.7. Synthesis

4.7.1. General public studies

All seven general public studies reported the effect of mobile phone

exposure on sperm outcomes but not all were sufficiently comparable to
include in individual dose-response analyses. Only one study assessed
time to pregnancy (Hatch et al., 2021). The study by Zhang etal. (20106)
could not be included in the dose-response analyses and is not included
further in the narrative report as it did not clearly state a comparator or
reference group. A list of all outcomes reported in the individual studies

can be found in Table 1.

4.7.1.1. Sperm concentration (1 0%/mL). Five studies reported the effect:
of mobile phone exposure on sperm concentration (Feijo et al., 2011
Jurewicz et al., 2014, Hatch et al., 2021, Lewis et al., 2017, Rago et al
2013). One study reported the effects of mobile phone, computers, an
other electronic devices on sperm concentration (Chen et al., 2022).

Duration of phone use.
Three studies could be combined for dose response meta-analys
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(continued on next page)
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2015 Normal sperm 45 i loss: 37 (46.3 43 (53.8 %)
| %) Ever smoked
Above 12 (less than 10
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‘eijo et al., 2011, Lewis et al., 2017, Rago et al., 201 3). The dos-
response analysis, based on time of usége/contact with mobile phone,
as categorised between 0 and 300 min. The evidence is very uncertain
out the effect of using a mobile phone for one hour per day compared
th no usage on sperm concentration (MD 1.6 10%/mL; 95 % CI —1.7 to
), n = 713, P = 0.34, see Fig. 2; very low-certainty evidence). Het-
geneity was observed to be high (I = 89.9 %, T = 0.0472). It is worth
ting that Rago et al. (2013) report sperm concentration as sperm
nsity, with their definition of sperm density matching our definition
sperm concentration, As:such, this study was included in‘the analysis
the effect of mobile phone exposure on sperm concentration.

Two other studies reported on sperm concentration but looked at the
pact of exposure sources using alternate metrics and could not be
luded in the meta-analysis (Jurewicz Lr al., 2014, Chen et al., 2022).

-.. samples provided by. each, individuak patienti.p 7o), =

In an adjusted analysis, Jurewicz et al reported that there was no sta:
tistically significant difference between using a mobile phone for 0-5
years or using for 1 1-25 years in terms of sperm cortcentration per 108,
mL (p =-0.33,P = 0.14) (Jurewicz et al., 201 4). In an adjusted analysi
Chen et al reported 3.1 to 4.5 h of use and > 4.5 h of use per day were nc
statistically significantly different to using 3 h or less per day (pe:
centage change —1.2, 95 % CI —10.2 to 8.7; and —2.5,95 % CI —10.5 ¢
6.2 respectively) (Chen et al,, 2022). However, data in this study was ne
reported at participant level, rather as an average across all seme
st RILE

Phone position.

Hatch et al. (2021) reported that keeping the mobile phone in t
front pocket for 3-7 h and eight or more hours was not statistical

significantly different to keeping the mobile phone in the front pock
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for 0-2 h (adjusted percentage difference 9.6 % (95 % CL: —13.7 to 39.2
%), 13.8 % (95 % Cl: —7.4 to 39.7 %) réspectively). Additionally, Chen
et al found no statistically significant ;effects of carrying the mobile
(percentage change —0.3, 95

phone in the pants on sperm concentration
2022). Two other studies also reported no

%Cl: —7.61t07.7) (Chen et als; 2
statistically significant effects on sperm concentration when comparing
carrying a phone in the pocket to other locations (e.g., shirt, belt) or to

non-users (Lewis ¢t al., 2017, Rago ¢t al., 2013). However, these studies

|
|
i
!

number of people carrying their phone in different

only reported on the
n on exposure time from a phone kept in such

locations, rather tha
locations.

our studies reported the effects of mobile
hology in terms of percentage of normal

Rago

al., 2014, Lewis et al.,, 2017, 1

4.7.1.2. Sperm morphology. F
phone exposure on sperm morp
forms (Feijo et al., 2011, Jurewicz et

er al., 2013).
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Y reported sperm head, neck and tail at:normalities as
dnot chh;ded in the analyses (Jurewicz
1? Positive association between more
Wwhen compared to zero up to five years
pical sperm (beta co-efficient = 19; p =

rm head abnormalities (beta ¢ i

5 the ) o-efficient =
17.58; p 0.01) but not neck or tail abnormalities (Jurewicz et al
2014) nor when comparing 6-10 years ' : ars

use (Jurewicz et al., 2014). :mobxle phone use to 0-5 years
Phone position. f

et al., 2014). This study showe
than 11 years mobile phone use
use and: the percentages of aty;
0.002), the percentage of spe

. When cons.ldermg the number of pfeople carrying their phone in
different locations, rather than on exposure time from a phone kept in
such locations Rago et al. (2013) and Lérwis et al. (2022) found no sig-
nificant differences in sperm morphology. Respectively, carrying a
mobile phone in the trousers (n = 125; mean 9 % normal forms)
compared with carrying in the shirt (n =! 8; mean = 11 % normal forms)
(Rago ct al., 2013) and carrying a mobile phone in a trouser pocket
compared to no use (beta co-efficient'= 0.96, 95 %, CI 0.77-1.18)
(Lewis., 2022).

4.7.1.3. Sperm total motility (%). Four studies reported the effects of
mobile phone exposure on sperm total motility (Chen et al., 2022, Hatch
et al., 2021, Jurewicz et al., 2014, Lewis et al., 2017).

Duration of phone use.

No studies were suitable for statistical pooling. A study conducting
adjusted analysis suggested that there may be little difference in sperm
motility between men who did not use a mobile phone, those who use
one for less than two hours per day (f = 6.38 percentage points, 95 % CL:
—1.2 to 14), and those who use one for one to two hours or more per day
(B = 3.59 percentage points, 95 % CI: |—6.61 to 13.79) (Lewis et al.,
2017). Another study conducting adjusted analysis also suggested little
difference in sperm motility between me:n who use a mobile phone from
3.1 to 4.5 h and > 4.5 h per day when compared to those who use for 3h
or less per day (percentage change 1.7, 95 % Cl —3.1 to 6.8; —0.9, 95 %
Cl: —5.2 to 3.5, respectively) (Chen ct al., 2022). However, another
study conducting an adjusted analysis, (Jurewicz et al., 2014) indicated
there may be a statistically significant difference in the level of sperm
motility between men who have been using mobile phones for 0-5 years
compared to those who have been usiﬁg for 11-25 years (p = -11.08
percentage points, P = 0.02).

10

Phone position.

Hatch et al. (2021) suggested there may be little difference in sperm
motility between those keeping their phone in their pocket for 3-7 h
(adjusted mean difference _3.6 percentage points, 95 % CI: 4.6 to 8.8.) or
more than eight hours (adjusted mean difference —0.3 percentage points,
95 % CI: 11.9 to 12.9) when compared to those keeping their phone in
their pocket for 0-2 h.

Chen et al. found no statistically significant effects of carrying the
mobile phone in the pants on total motility (percentage change 1.4,95%
CI —2.5 to 5.4).

Lewis et al. (2017) also reported no statistically significant changes
in adjusted analysis between non-users and those_carrying a mobile
phone in the trouser pocket (P 6.2 percentage points, 95 % CI:

—1.32-13.71) or other locations (p = 3.56 percentage points, 95 % CI:

—7.38-14.5). They did report a statistically significant increase in total
motile sperm count for those carrying in the trouser pocket compared
with no use (B = 1.65 percentage points, 95 % CI: 1.02-2.67).

4.7.1.4. Sperm progressive motility (%). Two studies reported the effects
of mobile phone exposure on sperm progressive motility (Feijo et al.,
2011, Rago et al., 2013). One study reported the effects of mobile phone,
computers, and other electronic devices on sperm progressive motility
(Chen et al., 2022).

Duration of phone use. i

Two studies were included in the dose-response analysis (Feijo et al.,
2011, Rago et al., 2013). Time of usage was categorised between 0 and
300 min. The evidence is very uncertain on the effects of using a mobile
phone for one hour per day compared with no use on sperm progressive
motility (MD —0.46 percentage change; 95 % CI —1.04 t0 0.13, n = 560,
P = 0.1307, see Fig. 4; very low-certainty evidence). There was no
observable heterogeneity in the analysis (1% =0 %, t=0).

Chen et al., 2022 presented adjusted analyses showing no statisti-
cally significant differences in sperm progressive motility when assessed
by number of semen samples between hours of use for mobile phones,
3.1 to 4.5 h of use and > 4.5 h of use per day were not statistically
significantly different to using 3 h or less per day (percentage change
1.2, 95 % CI —3.8 to 6.4; and —0.9, 95 % CI —5.3 to 374 respectively).

Phone position.

Additionally, Chen et al found no statistically significant effects of
carrying the mobile phone in the pants on total motility (percentage
change = 1.4, 95 % CI: —2.5 to 5.4). :

4.7.1.5. Total sperm count ( 106/ejaculate). Three studies reported the
effects of mobile phone exposure on total sperm count (Hatch et al.
2021, Lewis et al., 2017, Rago ct al., 2013). One study reported the ef-
fects of mobile phone, computers, and other electronic devices on sperm
concentration (Chen et al,, 2022).

Duration of phone use.

Two studies were included in the dose-response analysis (Lewis
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4% 23 g &2 £o g Heterogeneity was observed to be high (I = 90 %, t = 0.0246). j
E ;‘—; € g g‘o S ¢ g g g In the other study not meta-analysed (Chen et al., 2022), an adjusted l
2Eg g §§ g i g § = analyses showed no statistically significant differences (when assessed :
E % ;: ; 5 ; T ; 3 = by number of semen samples rather than by individuals) between hours ’
% % . § _: g § ga g §° ;._. of use for mo!)il.c phones, 3.1 to 4.5 h of use and > 4.5 h of use per day
s g €8 g v l‘& § % g glg were not statistically significantly different to using 3 h or less per day i
g 33z 3% 2 25 b4 . 2 (percentage change —7.6, 95 % CI —18.2 to 4.3 and ~.5.6,95%CI —15.4 fid
?’3 582 o5 l&8 a3 8% g to 51;121’ respectively). |
50 one position. |
= ks %, 2“; % = R g Qne study ‘suggested that, when compared to those keeping their l!
z S g 2 £ < £ 2 s\ 5 anbllC phone in a front pocket for 0 to 2 h, there may be some _dccrenic
4 _E 5 E Bl E 5 g g b in total sperm count per 10¢/ejaculate compared to 3-7 h (a'd)usted Yo
g \l -é difference -10.6, 95 % CI -13.7 to 41.8) or for more thz'm elglht;:)cil{r)s
e 50 ‘. © E - = (ad_lusFed % difference —8.7, 95 % CI -1 2.2 to 34.7) (Hi; na‘nft Aeé'fe(ct; ;)n
’g & = ;“’:i s = 2 5 .2 Neither of the analysed studie.s observ?d any 51§m 'CI A7 RAgY "
- ) é %‘; =i o Eli 3 {,9'. 3 total sperm count related to car‘rymg locat.lon (Lewis C(; (;K-; ;tatis‘ticaivly t
% ; Y e o gg S¢ L <9 E et al., 2013). Adjusted regression coefficients showe T pants 5
g :: P g w e %oll‘ '2 T GOl =) [ T‘-‘;’ significant differences in total sperm count between non-use ool tamad :
pE S &< HTl =< Bl g pocket carriers (p 1.25, 95 % C10.94 t0 1.67) 07 other carrying locations |
| :2_ ! % (B 1.02, 95 % CI 0.68 to 1.55) (Lewis et al., 2017)- Nc: ;z:,t;au};usgr
: 5 £ 2 ! 2 nificant differences were observed gor FOtal sperm coun et carriers (n =
zs & '. ) carriers (n = 12; mean = 182.8 10 /e_)aculate)’)VQ‘SUS S
E % E .“?‘8 ps] et : 3 ) g 8; mean = 205.5 10%/ejaculate) (Rago et al., 2013). i
Zez e = B W S _’3 : 4 assessed the im.pact of carrying a ¢
o i _'g_ 4.7.1.6.' Time to pregnancy- Ox?e study as CHatcH et al,, 2021).
£z ] g g g | phone in the front pocket on time to pregnancy, Lt 4
H é E B K 3 Fz,; Phone position and duration of phone use- T (il ;
5‘ a z & 2 ;'a“t 2 g Z % 5 Compared with men who did not keep the_if PhOT}e ;n ttheol:e e !
I 2 pocket (reference value), the adjusted fecundablht;/ ‘11'21:,1:5 31'89 (05 % Cl i
g o ol & - a2 their mobile phone in their front pocket for <1 to4 e 9 S tan
2 k 3! ks 2| = 0.78 to 1.02), 1.00 for 3-7 h (95 % CI 0.88 to 1.14), : |
Sal s g 3 g g 3 gl = (95 % C1 0.8 to 1.06) (Hatch et al- 2021). . :
g3 z 3 z 3! 23 28|
i i S 4.7.2. Occupational studies ¢ '
| s ] ‘ °i‘ ] L] —“;: Due to lfeterogeneity in population assesse_d_, exposg(xi"eAsou;;:: aanblcé
2 'i iy g‘ % E 4‘; outcome assessment, neither of the two o?cupa!honal stuflesfl\;\;ther ey
| “é' ° % o g\ ° % 90 %: £ to be pooled into a dose—x;e;gor\l}se ztneilyil; é;"(;e Table 2 for
" = Z S Z '°\ Gig _—.‘; Zs| g tails) (Lancranjan et al., 1 ,Yeetal, 2 d
1 E -E' § s e ea SPS NS L N 5 Lo oAt Y a2 O P TTY
o E A BT o i ;%; P i e o2 R 3 perma Conéentrati "rf-(JOé/rnL): ‘~Bthh-‘.studxes“_Tsug(»)g;s;e::;hﬁie_J-” H
£ g 5. - b2 B2 E“ 5. g .,;_’_ may be a statistically s%gnxﬂcant difference between exp e g 3 ‘
2 EY ZE Y B - £2| 538 exposed participants, with those une?cposed to.E«Mf g_enfrfll vl et ?
= 2R: 28% %£8 g aaiE B higher sperm concentration (Lancranjan et al., 1975, Ye et al.é 2( 3 :
; E - g @8 one study, male technicians had a mean concentration per 10°/mL of 50
z g ix 2\2’. < ?‘é R (SD 24), while those not exposed had a mean of 60 (SD34; P < 0.(?2) ‘
S g 23 | 4 E I=eml & g (Lancranjan et al., 1975). In the “ther study, male seamen working |
\ 2 E"% 8 §°“’u g g = %"’3 E ; across five submarines had a mean concentration ranging from‘22.06 i
| E § = ;% & é\‘ % 2 E RE| S } (SD 2.38; submarine 2) to 25.16 (SD 2.07; submarine 5) (Ye et ;él.. 2007). __
?«éN @N | B ‘éN ':«} =S In the two non-exposed groups, sperm conc«.entlratlon per 10°/mL was |
.g e g% B -“é :,i_i‘é 2 ‘Z 32.61 (SD 2.94) and 22.61 (SD 2.34) respectively. ;
5 |gb fe o i7 2P |if |
% @3 & 3 73 2 2 S g 4.7.2.2. Sperm morphology. One study suggested that there may be a !
2 § e ‘::": el ?, & ?, 3 %o = statistically significant difference in sperm morpholdgy between groups, t
Y 2 2 o “ 2 > % o =2 ;: with technicians exposed to microwaves having fewer normal forms (70 ;
| 818 2. %‘ i:"; g8 %‘ Bl g5t g = %, SD 6) compared to non-exposed controls (82 %, SD 7; P < 0.001) :
g % g’ % % g “E- 'é \ % E % 'g % ?:, (Lancranjan et al., 1975). |
¢ Tl : - . ol | ! ¢
:% % ?5 E: g \ ?5 ?5 —?“ g 4.7.2.3. Sperm motility (%). Both studies suggested there may be a i
; gl s g g 2 ! é é e \-: statistically significant difference between exposed and unexposed in
E % & 22|8ax T o { e B~ § ‘é terms of percentage of motile sperm (Lancranjan et al., 1975, Ye et al,,
1
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percentage of moti :
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! sicant (P < 0.05).

4724, Total sperm count (106/ejacula;te). No occupational study re-
| ported on total sperm count. !

1
T
0 50 100 - : . : |
! 150 200 250 300 |
) Mobile Phone Usage (mins d) l
 pose-res ponse met‘i;atr}l,ael}f’;::eze;::: ::::1 Z‘ssc;)cxlalti:xl).of mobile phone usage and sperm morphology (percentage of normal forms) ;based on the linear model.
n ; dashed lines represent the 95% confidence intervals. (For interpretation of the references to colour in this figure !

4.7.2.5. Time to pregnancy. No occupational study reported on time to

pregnancy.
5. Discussion
5.1. Summary of the evidence and interpretation of the results |

In total, nine studies were identified; seven general public studies
and two occupational studies. The evidence is very uncertain regarding
the effects of RF-EMF from mobile phones on sperm concentration,
morphology, progressive motility and total sperm count in the general
public due to very low-certainty evidence. We did not pool findings from
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o timitations of the evidence

e are multiple limitations with :ithe evide'nce base of human
Ltional studies assessing the effeft of lf)c'alxsed and whole-body
#01F exposure in adult males on the!lr fertility, sperm morphology,
. |uilty, concentration or count, and time to conception. There are a
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lack of studies assessing the effect of RF-EMF on male fertility outcomes
of interest. Most general public studies did not assess sources of RF-EMF
exposure other than mobile phones (such as WiFi, local wireless net
works or base stations). There were only two occupational studies eac!
looking at a single exposure source (microwave and radar). This mear
we cannot assess the effects of the many other RF-EMF occupation
€xposure sources on male infertility (e.g. medical scanners, broadcasti
and telecommunication devices, security and remote sensing devices

All included studies were rated as probably or definitely at high

of bias for at least two domains on the OHAT risk of bias tool. Sever

the nine included studies were at probably or definitely high ris!

exposure characterisation bias (Lancranjan et al., 1975, Lewis et
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- mndu(‘“‘d a comprehensive search for lucrmurv. c
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forwards i he possibili rele
Lapic experts to llmit“‘ 1 lo v ofrelevant eligible studies being
M (ed. Screening was comple ted in l)l||)(|(~(l duplicate, with plloting of
is$eC across all screening pairs (o redyce 3

onducted both
It information from

= the chance of incons

ning rect g nconsistent
.&m;ion making on study cligibility. However, the use of different
:ﬂc&‘ ning pairs means there could havg been lnconslsu\ncy In judge-

made. Data extraction was compldted by a single
nts ompared to double data extractjon may have increased errors
iwhen C“i etal., 2000). However, a s¢cond reviewer'checked the data for
‘ksu»‘“'c (o ameliorate this risk. All OHA'T risk of bias and OHAT GRADE
ccurd )nlﬁ were conducted by two indcfpcndcm reviewers with ratings
essm:;“(;ugh consensus across the authorship team.
r“‘:;gexpt’c“'d many more s}udics to assess the effect of occupational
re to RF-EMF on male fertility. However, numerous studies were
ded from this systematic review due to the way the measurement of
txd:xposufe was conducted or reportedj for example, bece
e - |
P’ reported based on job title alon‘(..

reviewer, which

ause exposure
as

'4 Implications for biological plausibility

One of the main concerns with the (Jfl)sc~rcsponsc meta-analysis was

he assessment of RE-ELMF exposure Milllin the included studies was
e indirect proxy measure (minutes or hours of usage of mobile
'o::devices when the device is some distance from the reproductive
ans). Results of mobile phone stu.dics’includcd in this: review suggest
at exposure to RF-EMF from mobile pllmne usage, voice call and, or,
er functions, or from being idle in a pocket does not lead to a
uction in sperm parameters linked to male fertility. The included
udies assess very low levels of Rl’-‘-l::M“‘ exposure to the reproductive
gans, either due to the distance lo!the source or the infrqqucnt
smissions during idle mode. The dis,cussion of the effect of RF-EMF
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andd human speom in vifro wad beyand o
WHO cammissioned setle
hese modets (Conlellb ot ol

o more Bt asarnalte the
Ve of the eurrent ey iew “'m"".u 1
Al Ve oot i ayatematie review ataas A}

JYAY

ES bepluarien for revenreh

vry low-
The o peapeinies analyees conducted in this r»vlrw'u'r':v‘u:f,:“‘r'}" o
entrainty and domandtrate & need for higher ""f'",',:;‘,_‘",:, Sty gunuri]
Wevtive retedareh ta evibuate the effects of “:'”l;( setting, researchers
PUBlEe and accupational settings (na general pu « majority of evi-
ANONTE adiett 4 grenter range of techualogles, with the l|||£ e oa fiat
tenee cuveantly hating an eepoanies to BE EME from mn:-l "1 ) . .wI'I"‘VNL
example, far field evpaaures (e g bade atations) SR 'h' :x:mrmm"!l'
Detall of expoture metrica astetred, and clene units of ;” ‘w HE-EMFE
Mhould be provided For example, the atrength of mobile p um; ol
hae varted over thme and, where passible, this uhnulrll he ‘; ',':L)hun(‘
auvantified and reparted. Additionally, when using metrics sue Il 1 'ld(‘””;
usage, this should he maore apecifically defined with report u.g o
fying clearly what it encompasses (og. talk time, app umwl{'ml wo-
ocoupational setting, greater effort should be made up'.-:nugn.( “,,L"rc
spective studies where multiple job roles, with varying {RE-EME 'L‘K[) e
levels and duration of exposure are nssessed. All studies shoulc (‘:”},pm
how the reproductive organs are exposed by the ¢-¢|ulpmer;‘ "”.w:{
assessed and the biological plausibility of the effect glven the (‘1.,”";
duration and strength of the exposure, Studles umldhu'm (I(.', n%
outcome set for Infertillty research to lmprove the ;nnshlcrll‘yme
outcome selection, collection and reporting across studies "ml; (‘»r,(“ =
emergent core outcome set for male fertility both part of ll('lvi‘l";
Outcome Measure for Infertility ‘Trials (COMMIT) Initiative (U "|'|
2022, Rimmier ot al,, 2022), All studies should also collect and l'(,:p(ll’t(;l
available demographic, exposure and analysis data tr:nnu).nre:rw):i
Finally, any potential confounders (e.g. age or other (q}vlﬂlfllll‘-’ th
exposures) should be included In a multivariate analysls. Such r‘:fqm:'cer
would enhance the quallty of evidence avallable and allow for urrl(l)r-n
evaluation of the potentlal effects of RE-EMF on male fertility I:t-r
localised and whole-body exposures in which we could have greate
certainty,

5.6. Conclusions

Overall, the evidence Is very uncertaln about the ‘effect of RF-EMF on.
male fertllity outcomes. Where dose-response  meta-analysis wa’s
possible, the evidence was rated as very low-certainty on OHAT GRADE,
while the majority of Included studies were at risk of bias and un.ly a
small number of studies reported on cach outcome of interest. Given
this, we cannot be confident in what the current body of research con-
cludes about the effect of RI-EMI* on male fertility. .

Further prospective studies conducted with greater rigour (in
particular, improved accuracy of exposure measurement and appro-
priate statistical method use) are required to build on the existing evi-

dence base and provide greater certainty in any potential effects of RF-
EMF on male reproductive outcomes. i

6. Other information
6.1. Registration and protocol

The protocol was published in Environment International (Kenny
et al., 2022) and an abridged version is also available on PROSPERO
(CRD42021265401; referred to as SR3A).
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