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The hypothesis of an electromagnetic origin of idiopathic environmental intolerance (IEI) attributed
to electromagnetic fields (EMF) has been widely investigated by provocation studies, which consist
of deliberately exposing people with IEI‐EMF in laboratory settings to particular EMF to observe
volunteers’ reactions. In the majority of these studies, reactions have been found to be independent
of exposure. However, most of these studies suffer from design and methodological limitations that
might bias their findings or reduce their precision. As provocation studies are best suited for
isolating the effects of EMF, innovative protocols should be applied. In the ExpoComm project
(PNREST Anses, EST/2017/2 RF/19), several innovations have been introduced: the involvement
of people with IEI‐EMF in the development of the protocol, the attenuation of the anxiogenic nature
of the tests, the individualization of the protocol, the validation of the neutral or normal reactivity
state before the test, and the use of a cocktail of real, rather than artificially generated, sources. The
objective of involving people with IEI‐EMF was to increase the relevance and acceptability of the
protocol, while respecting technical constraints and scientific quality requirements. This paper
describes the protocol resulting from the collaborative process. Bioelectromagnetics. © 2020
Bioelectromagnetics Society
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INTRODUCTION

Idiopathic environmental intolerance attributed
to electromagnetic fields (IEI‐EMF) [World Health
Organization, 2007], also known as electrohypersen-
sitivity (EHS), is defined by three criteria (i) the
perception of various symptoms (fatigue, headaches,
concentration difficulties, dermatological, digestive
problems, etc.); (ii) the absence of clinical and
biological evidence to explain these symptoms; and
(iii) their attribution to EMF by the persons concerned
[World Health Organization, 2007; Anses, 2018]. The
hypothesis of an electromagnetic origin of such
symptoms has been widely investigated by provocation
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studies, which consist of deliberately exposing people
with IEI‐EMF to particular EMF sources in laboratory
settings to observe the volunteers’ reactions. In the
majority of studies, these reactions have been found to
be independent of exposure: people with IEI‐EMF did
not perceive EMF beyond chance, did not get more
symptoms during real rather than sham exposures
[Rubin et al., 2010; Schmiedchen et al., 2019], and did
not react physiologically (heart rate variability, skin
conductivity, cognitive functioning, etc.) differently to
real and sham exposure [Rubin et al., 2011; Andria-
nome et al., 2017]. However, the symptoms of people
with IEI‐EMF were frequently correlated with per-
ceived exposures in experimental settings [Huss
et al., 2016; Andrianome et al., 2017; Verrender
et al., 2018] as well as observational studies [Baliatsas
et al., 2015; Bolte et al., 2015]. It has thus been
suggested that their expectations (conscious or not) of
the adverse consequences of EMF exposures may give
rise to symptoms [Regel et al., 2006; Oftedal
et al., 2007; Rubin et al., 2010]. Nonetheless, such
nocebo effects should not be regarded as the only
explanation for IEI‐EMF symptoms. They are not
exclusive of other causes, as established by qualitative
studies of the trajectories of people with IEI‐EMF,
consistently demonstrating that they start feeling sick
before becoming suspicious of EMF [de Graaff and
Bröer, 2012; Dieudonné, 2016, 2019]. The nocebo
hypothesis, as such, does not disprove the existence of
a physical effect of EMF exposure.

On the basis of a critical review of provocation
studies, Schmiedchen et al. [2019] found that there are
just a few high‐quality studies and that most studies
suffer from design and methodological limitations that
might bias their findings or reduce their accuracy. The
most common issues relate to the selection of study
volunteers in relation to the symptoms being observed
and exposure parameters, e.g. some studies did not
ensure that the exposure duration and/or observation
period was sufficiently long for symptoms to occur,
according to the volunteers’ descriptions of their usual
responses to EMF exposure. An improper control of
blinding and a lack of counterbalancing in cross‐over
studies, along with small numbers of volunteers and
lack of statistical power estimates, were other short-
comings in some studies. Some of these criticisms are
shared by people with IEI‐EMF, as observed in a
qualitative survey in Belgium [Prignot, 2020]. Indeed,
the results of provocation studies appear incompre-
hensible to them as they carried out seemingly
objective experiments and measurements before con-
cluding that they are hypersensitive [Dieudonné,
2016, 2019]. The assertion that the electromagnetic
etiology is not established is perceived by people with

IEI‐EMF as a challenge to what they see as the very
reality of their disorders, i.e. their somatic nature
[Prignot, 2020]. Genuis and Lipp [2012] provide sev-
eral additional explanations for the negative results of
provocation studies, such as the diversity of individual
responses to exposures or their short‐term variability
(based on previous exposure, emotional state, thera-
pies followed, etc.). Similarly, McCarty et al. [2011]
suggested that individuals with IEI‐EMF respond
more to changes in state, i.e., transitions between real
and simulated exposure, than to the exposure itself.
The few provocation studies that reported a statisti-
cally significant finding often indicate a protective
effect of exposure as a detrimental effect on
symptoms, which might be due to chance or
methodological issues [Schmiedchen et al., 2019].
Therefore, to this end, the studies that potentially
reflect a true connection between EMF exposure and
symptoms are insufficient as evidence that EMF
hypersensitivity may occur as an environmentally
inducible syndrome.

Earlier, intervention studies have been performed
to test the effect of reducing EMF exposure in
environments where volunteers normally experienced
their symptoms [Oftedal et al., 1995, 1999; Leitgeb
et al., 2008]. Although one of these [Oftedal et al., 1995]
observed a possible association, this could not be
replicated [Oftedal et al., 1999], and the study by
Leitgeb et al. [2008] could not find any association
between exposure level and sleep quality. In a recent
exploratory study using an ecological momentary
assessment design, Bogers et al. [2018] found weak
but statistically significant correlations between per-
ceived and actual exposure to Wi‐Fi and mobile phone
antennas, namely the rate of change and number of
peaks above threshold, and scores of non‐specific
physical symptoms (NSPS) in some but not all
participants with IEI‐EMF. Although two showed a
positive association between EMF exposure and
symptoms, two other participants showed a negative
association. Using the same design, Bolte et al. [2019]
reported a statistically positive association between Wi‐
Fi exposure metrics (self‐reported as the most sig-
nificant exposure burden) and the NSPS score and
symptom severity in one out of 57 participants after
correcting for multiple comparisons. Even though these
observations might be due to residual confounding,
they may also reveal a causal link between EMF
exposure and IEI‐EMF symptoms in a few subjects.
These scattered results, together with those of a few
experimental studies, warrant further testing of the
hypothesis that IEI‐EMF is linked to EMF exposure.

Even though the observational and intervention
studies have the advantage of considering a longer
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exposure in real life, it is impossible to have the same
level of control of potential confounding factors as in
provocation studies. The latter remains the most
rigorous method to assess the possible electromag-
netic origin of the symptoms experienced by people
with IEI‐EMF, as they are best suited to isolate the
effects of EMF exposure. However, provocation
studies should be pursued with more appropriate
methodologies, as several authors have attempted in
recent years using innovative methods, such as by
considering the comments and suggestions of people
with IEI‐EMF [Huss et al., 2016; Andrianome
et al., 2017; van Moorselaar et al., 2017] and by
adapting the exposure system and the test environment
to their conditions [van Moorselaar et al., 2017;
Verrender et al., 2018]. Schmiedchen et al. [2019]
emphasized that such studies should only be con-
ducted if their methodology is carefully considered.

To improve the possibility of finding evidence of
a physical effect of EMF exposure given that such an
effect exists, novel approaches are warranted. An
important aspect is to consider the expertise of people
with IEI‐EMF to a larger extent than has been done in
previously published studies. This will ensure that the
protocol does not only depend on researchers'
preconceptions or technical constraints but also uses
the experience of those that are afflicted with IEI‐
EMF. Such an approach seems possible, as people
with IEI‐EMF recognize the need for well‐conducted
provocation studies [Prignot, 2020]. Indeed, despite
the reluctance of some of them to deliberately expose
themselves or to be asked to discriminate between
false and true signal in double‐blind conditions, many
people with IEI‐EMF recognize the decisive nature of
the experimental evidence provided by provocation
studies: they are convinced that such studies should
succeed in demonstrating the “electrosomatic” nature
of their disorders if the studies are appropriately
conducted [Prignot, 2020]. They express a strong
desire to participate.

Given this context, the ExpoComm project was
implemented, with the support of the French National
Research Program for Environmental and Occupa-
tional Health of Anses (EST/2017/2 RF/19). The
innovative process adopted in this project involves a
close collaboration between researchers and people
with IEI‐EMF in the development and implementation
of an exposure protocol for the study of a physical link
between EMF exposure and IEI‐EMF symptoms. The
intention was to develop a protocol with high
scientific validity and acceptability for people with
IEI‐EMF. The protocol is applied in a provocation
study with the primary aims to test whether the EMF
exposure is perceived and whether real exposures

result in more symptoms than sham exposures, and to
test the acceptability of the protocol among the IEI‐
EMF volunteers. This paper describes the protocol
resulting from the collaborative process. The imple-
mentation of the co‐development process and its
results will be analyzed in another publication.

METHOD

PreliminaryWork

The first step in this research was to identify the
characteristics required for the protocol to be
scientifically valid and innovative, and those that
could be determined with participants with IEI‐EMF.
To this end, we assessed the latest systematic reviews
of provocation studies, as well as more recent studies,
in light of the experience gained by some of the
authors of such studies. This preliminary work
resulted in three main decisions (i) performing tests
in a laboratory rather than at home to ensure adequate
control of dosimetry; (ii) maintaining double‐blind
conditions; and (iii) characterizing the volunteers’
level of sensitivity by considering their symptoms,
attributions, and behaviors. The study characteristics
requiring further clarification with people with IEI‐
EMF were as follows: (i) the nature of EMF
exposures: number and types of sources, exposure
intensity, etc.; (ii) a study protocol allowing data
analyses at the collective or individual level, the latter
avoiding the problem of the possible heterogeneity of
the group, but requiring more tests per volunteer to
reach a sufficient statistical power; (iii) the level of
standardization or individualization of the protocol;
(iv) the need to reduce the anxiety‐inducing nature of
experimental situations; and (v) the symptoms and
physiological reactions to be observed, and over what
period of time.

Co‐Development Process

The co‐development process took the form of
successive workshops involving people with IEI‐
EMF, researchers, and professional facilitators of the
Wallonia e‐health Living Lab (WeLL, Liège, Bel-
gium). The facilitators were experts in the integration
of end‐users in developing innovation in the health
sector, having no prior knowledge of IEI‐EMF. Their
intervention was decided to ensure that researchers
would not influence participants' decisions. Prepara-
tory meetings were held with the researchers to clarify
the basic scientific requirements.

The aims of the workshops were threefold: to
verify the extent to which participants with IEI‐EMF
accepted the preliminary decisions, to allow them to
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express their opinions on other study characteristics,
and to identify convergences and divergences in their
thoughts, needs, and expectations.

Participants

Participants with IEI‐EMF were recruited
through contacts initiated during previous meetings
and conferences, participation in previous studies,
belonging to action and self‐help groups, and through
a building biologist. The first contact was made by
email or telephone. For those interested, an in‐person
meeting was organized to offer more details and to
answer their questions. These were very diverse,
covering technical aspects on the future protocol,
researchers’ qualifications, potential conflicts of
interest, sources of funding, the working hypoth-
esis, etc.

Fourteen people with IEI‐EMF, seven men and
seven women, agreed to participate in the workshops
(Table 1). Twelve participants completed the three
meetings. Two participants did not attend the second
workshop: one stated being too ill to attend, and the
second seemed interested in IEI‐EMF less as a patient
than as a practitioner who wanted to share his
experience as a building biologist, regularly meeting
people with IEI‐EMF. Positioned in such a role of
expert, his involvement in the workshops proved to be
hardly compatible with the co‐development process
initiated for people with IEI‐EMF.

To carry out the discussions, a focus group
method was chosen. During the first workshop, the
participants were split into two groups of seven
people, which appears to be the optimal size to
encourage the participation of everyone and the

sharing of diverse opinions [Freeman, 2006; Krueger
and Casey, 2014]. This work was followed by plenary
sessions to share group discussions.

The median age of our participants was 53
(37–72). Eight of them were convinced of their EHS
for at least 10 years, while two participants still
questioned the relationship between the experience of
symptoms and EMF exposure. The subjective char-
acteristics of their sensitivity (e.g. awareness of EHS,
duration of symptoms, incriminated sources, member-
ship of an association) varied greatly, ensuring that the
group mirrored the diversity of people with IEI‐EMF
(Table 1).

Workshops Step‐by‐Step

The first workshop (W1) aimed to highlight the
elements of the experimental protocol. It was
structured around three main questions: What are the
good reasons to participate and not to participate in a
provocation study, and what would the perfect study
look like? The reflection focused on the type of
exposure, the place for conducting experiments, their
overall organization, the parameters to observe, and
other relevant aspects. Eventually, the constraints
needing to be considered to ensure the scientific
validity of the protocol were introduced in the
discussion.

At the end of W1, it appeared that the focus
group organization had not allowed the process to go
as far as expected, especially regarding the con-
straints. A second workshop (W2) was thus organized.
The participants again worked in two groups,
following a more directive methodology: specific
questions were raised concerning each step of the

TABLE 1. Characteristics of the Electrohypersensitivity (EHS) Participants

Age Sex Awareness of EHS (in years)
Sources of exposure associated with

symptoms Member of an EHS association

EHS1 63 F 10 Wi‐Fi No
EHS2 48 M 1 Radar/mobile phone No
EHS3 64 F >10 RF/50 Hz No
EHS4 45 M 4 RF/50 Hz No
EHS5 44 M 10 RF Not anymore, but remains

informed
EHS6 54 F 3 RF Yes
EHS7 58 F 2 RF/50 Hz Yes
EHS8 72 F 22 RF Yes
EHS9 38 M 10 RF/50 Hz Yes
EHS10 41 F ? RF No
EHS11 47 M >20 RF/50 Hz No
EHS12 64 F ? Mobile phone/Wi‐Fi No
EHS13 55 M 14 RF/50 Hz Yes
EHS14 (*) M >20 RF No

(*) Missing data. As a building biologist, this participant also acted as an EHS expert.
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study protocol, i.e. the journey to the test room, the
repetition of real or sham exposure sessions including
a rest period in the test room, a real or sham exposure
period and measurements of parameters before,
during, and after the exposure period, and the
communication of results to the participants. After
W2, a questionnaire summarizing the main points of
discussion was sent to the participants, so as to
confirm their choices. Workshops 1 and 2 were
recorded and fully transcribed to be further analyzed.

None of the technical teams in charge of the
development of the EMF exposure system participated
in W1 and W2 to allow the co‐development process of
the study protocol to follow a course as free as possible,
without emphasizing technical constraints. The conclu-
sions of these workshops were submitted to these
teams to examine the technical feasibility of a test
while maintaining the acceptability criteria expressed
by the participants. The protocol was then presented to
them in a third workshop (W3), in the presence of a
technical collaborator. The test room was shown to the
participants. The detailed protocol and Hypersensitivity
questionnaire were also reviewed.

RESULTS

Information Gathered During theWorkshops

Accepted decisions. Decisions taken during the
preliminary work were favorably received by the
participants, who understood the benefit of performing
the tests in the lab and the need for a double‐blind
design. They also recognized the need to appropriately
characterize the level of sensitivity of participants.

Experimental parameters. On the basis of the
analysis of the workshops and the answers to the
questionnaire, parameters identified as requiring
clarification with our participants, e.g. the nature of
the EMF exposure, study at the collective or
individual level, need to reduce the anxiety‐inducing
nature of exposure situations, etc., were specified.
Each parameter chosen, as reported below, was
approved by a majority of the participants.
Nature of exposures. The participants agreed with the
use of a “cocktail” of EM signals, i.e. from multiple
sources regularly encountered in occupational and
residential environments, including exposure from
mobile phone and DECT base stations, Wi‐Fi routers,
and a 50‐Hz current source.
Level of analysis. Conducting tests on an individual
level is recommended [Schmiedchen et al., 2019] but
requires a higher number of repetitions of real or sham
exposure sessions and a higher time investment from

the participants. Most participants expressed their
willingness to take part in a sufficient number of tests
to obtain a sufficiently high statistical power at the
individual level provided that they were able to
perceive the EMF exposure. Other participants
declared that the required number of tests was too
high. They agreed to take part in a few tests that would
only reach statistical significance when aggregated at
the group level. Therefore, it was decided that both
options should be provided. On the basis of statistical
analyses, it was determined that 12 sessions would be
required to allow results at the individual level (see
Statistical Analyses section) and three sessions for
aggregated results (see Statistical Analyses section).
Level of protocol standardization. The individualiza-
tion of the protocol regarding the durations of the rest
period and exposure sessions, and the number of
experimental sessions per day, was highly requested
during both workshops. Furthermore, the necessity
of ensuring that participants were in the right
condition before starting the tests, meaning able to
detect when the exposure system was really “on,” was
also emphasized, resulting in the development of the
go/no go question (see Questionnaires section).
Anxiety reduction. Reducing anxiety associated with
the test situation was considered highly appropriate.
As stated by a participant, whose opinion was
confirmed by others: “In my case, in fact the direct
feeling, I can very easily confuse it with stress; I have
great difficulty distinguishing between stress and the
feeling due to exposure.” To this end, the following
strategies were chosen: (i) as many contacts and
meetings as necessary according to the needs of each
participant, before the habituation session; (ii) a
habituation session where they could experiment
with individualized parameters that best suited their
needs, and getting to know the observer and tools used
to assess the selected parameters before, during, and
after the exposure period; and (iii) a pause button that
allows the volunteer to stop the exposure at will, such
as if the level of discomfort is too high. The
individualization of the protocol showing a will-
ingness to meet the needs of each individual could
also contribute to reduce anxiety.
Symptoms, perception, and reactions to observe. In
addition to subjective indicators of exposure, i.e.
reported perceptions and symptoms, participants were
interested in objective indicators, without giving
precise indications as to what these should be. On
the basis of their feedback on the effects of EMF
exposure, in particular heart palpitations, more
agitated or apathetic behavior, and reduced ability to
concentrate, it was decided to perform three explora-
tory measurements: heart rate variability (through an
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electrocardiography [ECG] recording), behavioral
observation during exposure time, and attention tests
before, during, and after exposure time.

Study Protocol

The stepwise sequence is illustrated in Figure 1.

Recruitment and preliminary contact. Conducted by
email or phone call, the aim of this first step is to present
the study and confirm the eligibility of the volunteer.
Based on the definition of IEI‐EMF, the inclusion
criteria are as follows: Being older than 18 years old;
Reporting one or more non‐specific symptoms (such as
headaches, sleep difficulties, memory problems, mood
changes, and tinnitus) attributed to any sources of EMF
included in the exposure cocktail, or wondering if
hypersensitive to EMF; Being able to manage one's
symptoms on one's own, without the help of a relative or
a health professional; Not reporting any severe diseases
(cancer, COPD, Alzheimer's disease, Parkinson's
disease, etc.); Not using recreational drugs considered
as illegal in Belgium, where the tests take place,
which could interfere with ECG and cognitive
performance measurements.

First meeting. This meeting takes place at a location
chosen by the volunteers. It aims to provide infor-
mation on the study and discuss individualization
possibilities. The informed consent document and
the Hypersensitivity questionnaire (see Question-
naires section) are given at the end of the meeting.
Volunteers are asked to read and complete these
documents before the habituation session.

These first steps of the protocol as described in
the Recruitment and Preliminary Contact and First
Meeting sections are only relevant for people with
IEI‐EMF who were not involved in the co‐
development workshops.

Habituation session in open field (S0). S0 begins
with a tour of the exposure facilities and an
explanation of how the exposure system works.
Afterwards, the signed consent form and the
completed Hypersensitivity questionnaire are taken
back. To minimize any distraction that the ECG
monitoring might have on the volunteer during the
real and sham exposures under double‐blind
conditions, a test is carried out similarly to how it is
done in the later double‐blind tests. Then, the
volunteers are invited to rest for as long as they
want in the test room. When they feel ready, the open‐
field exposure begins. Volunteers are allowed to
switch off and on the exposure at any time by using
the pause button. The duration of the exposure period
is not fixed; it ends when the volunteers believe they
perceive the exposure, or after 60 min. Those who fail
to perceive the exposure within 60 min or report any
symptoms, even on the following evening and
morning, are excluded from the study.

After this procedure, the individualization of the
exposure sessions is determined by using the answers
to the Hypersensitivity questionnaire and the open‐
field test. The base protocol (see Fig. 2) includes a
single exposure session (real or sham, double‐blind)
per day, of an approximate duration of 40 min: 30 min
of sham or real exposure followed by approximately
10 min of attention tests before turning off the
exposure systems (tests during exposure). This pro-
tocol can be modulated depending on (i) the latency of
symptoms and duration of recovery: three sessions
rather than one session per day; and (ii) the severity of
symptoms: adapted protocol with short exposure
(approx. 5 min, depending on volunteers’ feelings)
rather than the complete protocol with long exposure
(approx. 40 min). The four defined protocols are thus:
Complete protocol 1: one session per day, each
approx. 40 min; Complete protocol 2: three sessions
per day, each approx. 40 min; Adapted protocol 1: one

Fig. 1. Study protocol.
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session per day, each approx. 5 min; Adapted protocol
2: three sessions per day, each approx. 5 min.

If the volunteer follows an adapted protocol,
only exposure perception and subjective symptoms
are assessed, not other exploratory parameters (see
Fig. 2). To allow volunteers enrolled in one session a
day to recover appropriately between sessions, a rest
period of at least 2 days (depending on how long the
symptoms lasted) was selected.

Series of double‐blind exposure sessions (S1 to
S12). A session includes travel by car or public
transport to the test room (usually less than 60min), a
rest period (Tpre‐T0; see Fig. 2), the go/no go question
(see section Questionnaires; in T0; see Fig. 2),
measurements before the exposure period (symptoms
and attention tests; T0‐T1; see Fig. 2), the exposure
period itself (T1‐T2; see Fig. 2), and measurements just
before the end of the exposure period (attention tests;
T2‐T3; see Fig. 2) and directly after (perception,
symptoms, and attention tests; T3‐T4; see Fig. 2). ECG

is recorded continuously during the whole exposure
period for those with a complete protocol. Volunteers
are also encouraged to take a rest period prior to their
departure (T4‐Tpost; see Fig. 2).

On arrival, before each session, the observer
makes sure that the test conditions are met. Volunteers
must be in a standard state with regard to their
medication and other intake such as caffeine or alcohol
consumption that could affect cardiac activity, cogni-
tive performance, or symptoms. They must also answer
positively to the go/no‐go question. If appropriate,
ECG electrodes are positioned on the volunteer and
attention tests are administered. The volunteer then
moves into armchair A1 (see Fig. 3a). After another
facultative rest period, the observer switches the
exposure system on. Then, he takes note of the
volunteers’ behavior during the exposure period,
staying in the same position (S1; see Fig. 3a) and
only interacting with them to answer their questions.
The standardized role of the observer is explained
during the habituation session.

Fig. 2. Implementation of the 12 sessions of the complete and adapted protocols. S,
session; E, exposure period (Complete protocol: 30min of sham or real exposure followed
by approx. 10min of measurements; Adapted protocol: approx. 5 min of sham or real
exposure); 12 sessions: Results analysis at the individual level; three sessions: Results
analysis at the collective level.
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The protocol includes a double‐blind procedure
and randomization of sham and real exposures:
volunteers are assigned to a first trio of sham or real
exposures (randomization based on a computer‐
generated series) to avoid bias related to the exposure
sequence [Eltiti et al., 2007; Schmiedchen et al., 2019].
This results in the inclusion of volunteers in one of the
six randomized permutations. The randomization is
ensured for the remaining nine sessions. The volun-
teers are told that during the first three sessions, they
will be really exposed at least once, possibly twice.
For the 12 sessions, volunteers are told that they will
be really exposed at least three times.

Communication of results. The workshops showed
that participants were somewhat undecided as to their
preference for individual or collective communication
of the results. It was finally decided that individual
results including exposure data, perceptions, and
symptoms, as well as exploratory measurements,
would be shared with volunteers during individual
interviews while the collective results would be
communicated during a focus group after all tests
had been conducted.

Exposure System

The exposure system is split into two rooms as
described in Figure 3a. They are called hereafter “Test
room” and “Technical room.”

Description of the exposure system and premises.
Four types of EMF can be produced, either separately
or simultaneously. In the protocol defined with the
workshop participants, an EMF cocktail was chosen,
so the sources are switched on simultaneously. The
signals from the second, third, and fourth generation
mobile service antennas (located on the roof of the
building in which the technical and test rooms are
located) are picked up by a nearby receiving antenna
(R1) which is also located on the roof. These signals
are transmitted, by means of a coaxial cable, to a
programmable attenuator (RCDAT‐6000‐30 USB/
ETH; Mini‐Circuits, Brooklyn, NY) and an amplifier
(A) (HPA‐25W‐272+ HPA Rack Mount Amplifier
RoHS, Mini‐Circuits) located in the technical room.
Another coaxial cable connects the amplifier output to
a directional transmitting antenna dissimulated in a
cupboard (C1) in the test room. The transmitting
antenna is a SENCITY Cube from Hubert & Suhner
(Pfäffikon, Switzerland), which is designed for in‐
building coverage and operates in the frequency range
from 698 to 2,700MHz. The beam of this antenna is
oriented towards the armchairs (A1) and (A2) to
maximize the field levels in that direction. A Wi‐Fi
router and DECT cordless phone base station are also
dissimulated in the cupboard (C in Fig. 3a and b) and
are controlled and powered from the technical room.
A magnetic field at 50 Hz is produced by a current
loop consisting of several copper wire turns placed
above the false ceiling of the test room, so that the

Fig. 3. (a) Exposure system: Test and technical rooms. Test room: R1, receiving antenna on
the roof of the building near the mobile service antenna; R2, receiving antenna for continuous
monitoring of the RF fields in the test room; C, cupboard including the transmitting antenna, Wi‐
Fi router, and DECT base station; X, halogen floor lamp; 1, ON/OFF control button positioned
on the desk; 2, pause button of the system positioned on the desk; A1, test armchair at 2m
from the RF sources; A2, armchair at 3m from the RF sources; S1, seat of the observer; S2,
seat of the volunteer during the attention tests. Technical room: T, 50‐Hz transformer; A,
amplifier and attenuator; C, computer; M, radiofrequency measuring instrument connected to
the receiving antenna R2. (b) Exposure system: RF exposure devices in C.
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volunteer's head is exposed to a higher magnetic flux
density than the lower body parts. This loop is
powered by a small transformer (T) located in the
technical room. The 50‐Hz rms electrical current
delivered in the loop is fixed, as is the rms magnetic
flux density in the test room. All the above‐mentioned
EMF sources are controlled by a computer and
specific software developed for this application.

This exposure system has been designed to
generate EMF levels comparable to those found in
places such as offices equipped with Wi‐Fi routers and/
or DECT cordless phone base stations or in any house
close to mobile phone base stations. The rooms are
located in a sparsely used professional building. In the
surrounding rooms, there are no “GSM or DECT users”
and the unwanted Wi‐Fi signals are weak and most of
the time in the standby state. There are neither
transformers nor power cables in the neighboring
rooms. To avoid sources of unintentional fields related
to LED or compact fluorescent/neon lighting, natural
light and a halogen floor lamp are used and provide
sufficient brightness for testing and questionnaire
administration. Further means have been implemented
to mitigate radiation in the test room from other sources
located inside or outside the building: a protective
“anti‐wave film” has been applied on the window of the
test room and also on the window of the neighboring
room and a conductive foil has been placed under the
floor. The objective was to reach average levels less
than 0.1 V/m for radiofrequency EMF and less than
0.05 µT for 50‐Hz magnetic field. The test room is not
strictly speaking a radiation‐free zone, but as shown in
Table 2, the levels of exposure are low and constant.
This is a compromise reached with our workshop
participants to address other requirements, especially
the need for a window providing natural light and fresh
air between two test sessions. The temperature and
humidity levels in the test room are recorded
immediately before and after each session.

When the volunteer feels ready, the observer
activates the exposure system with a general switch
(“ON/OFF” control button). When the exposure is
real, above the armchair A1, at the approximate
position of the volunteer's head, i.e. 1 m above the
ground (see Fig. 4), the radiofrequency field strength
is between 1.4 and 1.5 V/m and the magnetic flux
density is 0.75 µT (see Table 2). The real or sham
nature of the exposure is determined automatically by
the computer. Afterwards, the volunteer can deacti-
vate and reactivate the exposure system at will with
the pause button (2 in Fig. 3a), such as if his level of
discomfort is too high.

The test room is furnished to make it welcoming
and relaxing. All furniture, including two comfortable
armchairs, a table, and two chairs, is made of wood.
As requested by a few workshop participants during
the workshops, a grounded steel plate is placed in the
test room and a water station is accessible nearby,
allowing them to “cool down” and “discharge” if
necessary.

Quality control of the exposure system. Double‐
blind exposure: pre‐tests have established that the
exposure system does not give audible or visible cues
of its status. Its design ensures that the nature of each
exposure session remains unknown to the participants
and the observer until the completion of the individual
or collective protocol.

Exposure monitoring: the radiofrequency EMF
exposure comes from picked‐up signals from mobile
service antennas, a DECT station, and Wi‐Fi router.
As a result, the EMF exposure varies in time and
should be monitored. Every 15 s, the radiofrequency
EMF strength in the test room is continuously
recorded by a field meter (M) located in the technical
room, connected to a receiver antenna (R2) placed in
the test room. The functioning of the exposure system
is tested before each session.

TABLE 2. Levels of EMF Exposure Measured in the Test Room in A1 (1 m Above the Floor)

Exposure system OFF Exposure system ON

rms max average rms average rms max average rms average

Mobile phone antennas (V/m)—All signals 0.08–0.1 0.06 1.5 1.4–1.5
LTE 800 0.06 0.04 1.5 0.7–1
2G‐UMTS 900 0.05 0.04 0.8 0.6–0.7
LTE 1800 0.03 0.02 0.7 0.4–0.5
LTE 2100 <0.02 0.01 0.3 0.1–0.2
Wi‐Fi box (V/m) (2.4 GHz) 0.06 0.01 0.2 0.1
Wi‐Fi box (V/m) (5 GHz) 0 0 0.1 0.03
DECT base station (V/m) (1897 MHz) 0.06 <0.02 1.6 0.2
50 Hz (µT) <0.05 <0.05 0.75 0.75
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EMF spatial variations: as the volunteer can
move during the test, the 6‐min average rms values of
the radiofrequency field strength, as well as the rms
magnetic flux density, have been measured at different
locations inside the test room. The spatial variation of
the radiofrequency field strength is between 1.0 and
1.5 V/m while the magnetic flux density remains equal
to 0.75 µT under the wire loop.

Tools Usedand Developed

Questionnaires. Hypersensitivity questionnaire: it is
composed of seven sections devoted to EMF risk
perception, sources of exposure‐triggering symptoms
and general level of EMF sensitivity, behavioral
and social consequences, symptoms in case of
exposure (EHSI) [Nordin et al., 2013], current health
state (PHQ‐15, PHQ‐9, GAD‐7) [Kroenke et al.,
2001, 2002; Spitzer et al., 2006], and general
sensitivity (Tellegen absorption scale and Highly
Sensitive Person scale) [Tellegen and Atkinson,
1974; Aron and Aron, 1997]. For comparison
purposes, this questionnaire is designed to be
completed by any person, whether reporting to be

suffering from IEI‐EMF or not. As more than
3 months could elapse between the habituation
session and the last exposure session, and given the
possible evolution of IEI‐EMF over time [Röösli
et al., 2010], the hypersensitivity questionnaire is
administered three times: after inclusion, after the
completion of 3 or 12 tests, depending on the protocol,
and after the communication of collective results. This
allows for distinguishing between the effects of study
participation and of the communication of results on
the level of IEI‐EMF.

Factors affecting cardiac activity and cognitive
performance: Volunteers are asked to report any
previous pathologies such as head injury, cerebrovas-
cular accident, neurological disease, heart surgery,
etc., as well as medication, tobacco, alcohol, and
caffeine consumption. This questionnaire is adminis-
tered at the beginning of the habituation session.

Description of the neutral state or normal
reactivity state: During the workshops, the partici-
pants described periods when they were less sensitive
to EMF, especially when they felt particularly
“charged.” To avoid such situations, participants are
asked during S0 to describe their state of normal
reactivity. Their answers are used to construct the go/
no go question asked before starting an exposure
session.

Acceptability questionnaire: It includes three
questions concerning the appropriateness of the
study to investigate IEI‐EMF, on a scale from 0 to
10, the relevance of various characteristics of the
protocol, and their impact on the participants’
willingness to take part in the study, on a 4‐point
scale. This questionnaire is administered after S0,
S1, S3, S12, and the communication of collective
results.

Measurements. Subjective and objective parameters
are recorded. The former includes exposure perception
and symptoms reporting (EHSI questionnaire)
[Nordin et al., 2013], to be assessed immediately
before and after the exposure sessions. The volunteers
record the perception of exposure by choosing “I was
really exposed” or “I was not really exposed.” In
addition, they specify the level of certainty of their
choice on a scale of 0 to 10. The volunteers are invited
to fill in the EHSI questionnaire in the evening and the
next morning following one exposure session per day.
Other participants, whose reactions are supposedly
quicker and who follow three exposure sessions per
day, do not complete this questionnaire.

Additionally, for subjects exposed for at least
30 min, the following objective parameters are
explored: (i) levels of concentrated attention

Fig. 4. Positioning of the radiofrequency meter probe when
measuring in A1.
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(d2 test) [Brickenkamp and Zillmer, 1998] and
selective attention (Stroop test) [Stroop, 1935] before,
during, and after the exposure period; (ii) heart rate
variability; and (iii) behaviors during the test.
Volunteers are allowed to stand up and move in the
room. The observer records their position and move-
ments, as well as their comments.

The ECG recording system is a class IIa
medical device [Medical Devices Directive, 1993]
tested for electromagnetic compatibility. Low pass
filtering cut‐off frequency is set to 40 Hz with an
added notch at 50 Hz. To ensure double‐blind
analyses, pre‐tests were performed and confirmed
that no sign of activation of the EMF was visible on
the displayed ECG signal.

Statistical Analyses

As a study aimed at evaluating the relevance of
the protocol developed and its acceptability to IEI‐
EMF volunteers, analyses are planned at the indivi-
dual level (principal objective) and at the collective
level (secondary objective).

Principal objective: analyses at the individual level.
Concerning the perception of real exposure, the
session with the lowest degree of certainty is
removed from the analysis (or the two sessions, in
case of equality). For the protocol allowing
consideration of sessions as independent, statistical
power was calculated with GPower 3.1 (Heinrich‐
Heine‐Universität, Düsseldorf, Germany) on the basis
of the remaining 11 or 10 sessions. In the unlikely
event that the uncertainty is equal for three or more
sessions, no sessions are removed from the analysis to
ensure a sufficient statistical power.

At present, there are no known values for the
magnitude of the effect size associated with exposure
of individuals with IEI‐EMF. We tested the prob-
ability of observing a proportion of 0.91 or 0.9 (in
case of removing one or two sessions, respectively) of
correct responses in a chance distribution (around
0.5), considering a univariate approach. As our
hypothesis is that people with IEI‐EMF should obtain
higher scores than by chance, we used a one‐tailed
analysis. We assumed effect sizes of 0.41 or 0.4 and
applied a significance level of 0.05, resulting in a
statistical power of 0.8. As a consequence, partici-
pants with more than one misperception in their 10 or
11 remaining sessions are considered as having failed
to distinguish between real and sham exposure.

Descriptive statistics are used to summarize the
number of symptoms experienced before and after the

exposure periods with real and sham exposures,
respectively.

SecondaryObjective:Analysesat theCollective Level

For analyzing perception and symptoms, the first
three sessions from each individual are applied. The
increase in the number of symptoms reported before
and after exposure are compared between real and
sham sessions by χ2 tests.

For perception, a variable combining perceived
exposure (yes or no) and the level of certainty of
exposure are constructed and compared by unpaired
t test. It goes from −10 (full certainty of no exposure)
to +10 (full certainty of exposure). If this analysis
results in a statistically significant finding, we explore
which of the two “components” is important for the
finding. Perceived exposure is analyzed by χ2 tests.
The level of certainty of being exposed is compared
by unpaired t tests.

As a complementary analysis, the impact of the
chosen protocol (complete or adapted, see Habituation
Session in Open Field section) on the combined
variable is examined by including the protocol type as
a covariate in the model using Analysis of Covariance.

For homogeneity purposes, the above analyses is
performed only on subjects who are not questioning
whether they have IEI‐EMF, based on the Hypersen-
sitivity questionnaire. The other subjects are only
analyzed at the individual level. Additional t tests are
used to assess the relevance of the exploratory
variables described in the Measurements section in
assessing the sensitivity of individuals. To test for a
period effect, e.g. as a result of habituation, for
participants conducting 12 sessions, we analyze the
relation between the period and responses (subjective
and physiological ones).

Eventually, the acceptability of the protocol is
tested by applying the Acceptability questionnaire and
by comparing IEI‐EMF volunteers who participated in
the co‐development group with those who did not. On
one hand, a t test is applied on the question examining
the appropriateness of the study. On the other hand, a
Wilcoxon test is applied on the relevance and
willingness questions, item per item and on a global
score compiling all the items. A Friedman test is
applied to compare the item's scores on the same
subjects at the different stages of the study.

Sample size: Considering a medium effect size of
0.5 and provided a significance level of 0.05, 30
participants with IEI‐EMF, with three sessions each,
are required to achieve a statistical power of 0.8 for a
t test (GPower 3.1).
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Ethical Considerations

The study was approved by the Ethics Com-
mittee of Erasmus—Université Libre de Bruxelles
(P2019/114). Informed written consent was obtained
from all volunteers.

DISCUSSION

The ExpoComm project introduced several
innovations, resulting from the involvement of people
with IEI‐EMF, and focusing on the attenuation of
the anxiogenic nature of the tests, individualization of
the protocol, validation of the normal reactivity state
before the tests, and the use of a cocktail of real, rather
than artificially generated, EMF exposures. The
objective of involving people with IEI‐EMF was to
increase the relevance and acceptability of the
protocol, while respecting technical constraints and
scientific requirements. With regard to effectiveness,
it is necessary to rely on the experiential knowledge of
individuals with IEI‐EMF to adjust the protocol to the
perceived characteristics of their sensitivity, and to
maximize the probability of highlighting it.

After the first workshop, the participants stated
that they were pleased to have the opportunity to share
their experience and collaborate in the development of
a scientific study of IEI‐EMF. Despite this enthu-
siasm, it was not always easy for them to determine
their needs. This led to a maximalist approach (a
cocktail with as many exposures as possible, long
periods of exposure and rest, etc.) which is not the
easiest to implement. The compensation for this might
be a higher level of confidence from the participants,
resulting from the involvement of people with IEI‐
EMF in the protocol development, and visible efforts
to cater to their needs.

Participating in a provocation test is a source of
anxiety for people with IEI‐EMF: it involves delib-
erate exposure to a phenomenon perceived as harmful,
and capable of causing painful or disabling symptoms.
Test procedures can further amplify this anxiety, such
as the design of the experiment, the information given
to subjects, and the attitude of the researchers.
Symptoms and sensations created by stress and
anxiety may mask subtler sensory or physiological
reactions to real exposure. It therefore seemed crucial
for us to reduce this anxiety. Finally, the level of
sensitivity of individuals is assessed on the basis of
their definition of their neutral state or their normal
EMF reactivity. This is a crucial step in the protocol
as it is on the basis of this definition that the volunteer
determines before each session whether he or she is in
the right condition to start a session. The relevance of

these strategies is under continuous evaluation
through the Acceptability questionnaire. Controlled
exposure tests will be conducted until summer 2020.
First results are expected in late 2020.
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