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Objective: Medically unsubstantiated ‘intolerances’ to foods, chemicals and environmental toxins are com-
mon and are frequently discussed in the media. Idiopathic environmental intolerance attributed to electro-
magnetic fields (IEI-EMF) is one such condition and is characterized by symptoms that are attributed to
exposure to electromagnetic fields (EMF). In this experiment, we tested whether media reports promote
the development of this condition.
Methods: Participants (N=147) were randomly assigned to watch a television report about the adverse
health effects of WiFi (n=76) or a control film (n=71). After watching their film, participants received a
sham exposure to a WiFi signal (15 min). The principal outcome measure was symptom reports following
the sham exposure. Secondary outcomes included worries about the health effects of EMF, attributing symp-
toms to the sham exposure and increases in perceived sensitivity to EMF.
Results: 82 (54%) of the 147 participants reported symptoms which they attributed to the sham exposure. The
experimental film increased: EMF related worries (β=0.19; P=.019); post sham exposure symptoms

among participants with high pre-existing anxiety (β=0.22; P=.008); the likelihood of symptoms being
attributed to the sham exposure among people with high anxiety (β=.31; P=.001); and the likelihood of
people who attributed their symptoms to the sham exposure believing themselves to be sensitive to EMF
(β=0.16; P=.049).
Conclusion: Media reports about the adverse effects of supposedly hazardous substances can increase the
likelihood of experiencing symptoms following sham exposure and developing an apparent sensitivity to
it. Greater engagement between journalists and scientists is required to counter these negative effects.
© 2012 Elsevier Inc. All rights reserved.
Introduction

Mass media reports concerning the possible health effects of weak
electromagnetic fields (EMF) often focus on the issue of ‘idiopathic en-
vironmental intolerance attributed to electromagnetic fields’ (IEI-EMF).
People with IEI-EMF typically suffer from a diverse range of nonspecific
physical symptoms (e.g., headache, dizziness, burning skin, tingling;
[1]) that they attribute to their exposure to the EMF emitted by, for ex-
ample, mobile phones, mobile phone base stations, power lines and
WiFi [2,3]. IEI-EMF is often associated with occupational and social im-
pairments [4,5]. In its more extreme form, IEI-EMF can result in people
withdrawing almost entirely from modern society in order to avoid
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electrical devices. Peoplewith severe forms of IEI-EMF are regularly fea-
tured in news reports on the issue [6].

Less commonly featured is the strong body of evidence from ex-
perimental studies which have tested whether exposure to EMF trig-
gers symptoms [7]. Double-blind provocation studies have shown
that people with IEI-EMF are unable to detect the presence of EMF
and that their symptoms are as likely to be triggered by sham expo-
sure to EMF as by real exposure [8–10]. A number of studies have
demonstrated that these symptoms can be related to the so-called
nocebo effect [11–13]. Given this, it has been suggested that psycho-
logical mechanisms play an important role in the etiology of the con-
dition [14]. According to this theory, anxiety about EMF coupled with
an expectation that symptoms will develop following exposure to an
electromagnetic stimulus might initially cause people's symptoms to
occur via a nocebo effect. Expectations and worry may also increase
the likelihood of symptoms being attributed to the electromagnetic
stimulus and of a person deciding that they are sensitive to EMF.
There is some evidence that these effects may be more likely among
people with pre-existing negative affect or somatization, and among
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people who are prone to somatosensory amplification [13–15]. The
frequent reports carried by the mass media presumably also contrib-
ute to the development of IEI-EMF [16], although this supposition has
yet to be experimentally tested. In line with this hypothesis is the
finding from epidemiological studies that media reports in the after-
math of disasters (e.g., nuclear accidents, terrorist attacks) have sig-
nificantly increased symptom reports and health care utilization
[17–19]. Therefore, it is timely to test such associations for IEI-EMF
as well, in an experimental setting.

In this study, we tested whether watching a real television report
from the UK which promoted a link between exposure to WiFi and
symptoms would increase: concern about EMF; the likelihood of par-
ticipants developing symptoms following a sham exposure to a “new
type of WiFi signal;” the likelihood of symptoms being attributed to
the exposure; and the likelihood of a participant believing themselves
to be sensitive to EMF as a result. We also tested whether effects on
worry, symptoms or attributions were strongest in people with
pre-existing anxiety or somatization, or who were predisposed to so-
matosensory amplification. Finally, we tested whether increases in
perceived sensitivity to EMF were most evident among people who
attributed symptoms to the sham exposure.

Method

Study design

We used a between-groups experiment. Participants were ran-
domly assigned after enrollment into the study to watch either a tele-
vision report about the adverse health effects of WiFi or a control
condition involving a report of the same length but relating to the se-
curity of mobile phone data transmission. Randomization was
performed by using a computerized random number generator.
After watching the report, all participants received the same 15 minute
sham exposure to a WiFi signal. Testing took place between January
and June 2012 at King's College London.

Participants

We recruited participants by sending a circular email to people
registered on a university database of potential research volunteers
and to students and staff of King's College London. Participants were
required to be 18 or over and speak English. A power calculation for
linear regression analyses was based on an alpha level of 0.05, a
power of 0.80 with up to 9 independent variables, and a minimum
R2 of 0.10. For this analysis, a sample size of 150 is recommended
[20]. Ethical approval of the current study was provided by the King's
College London Psychiatry, Nursing and Midwifery Research Ethics
Committee (research ethics reference number: PNM/11/12-18).

Questionnaires

We assessed symptoms with a modified state version of the
checklist for symptoms in daily life (CSD) [21]. This comprised 34
items with a 5-point Likert scale ranging from “not at all” to “ex-
tremely.” Factor analyses of our data revealed 3 factors of anxiety re-
lated symptoms, head and concentration symptoms, and tingling
sensations. As well as using the total CSD score in our analyses, we
calculated the mean scores for those symptoms loading on each factor
for use as subscales.

We assessed symptom attributions by asking “Please indicate how
much the sensations and symptoms you may have experienced are
attributable to the electromagnetic field.” Response options were
“not at all”, “somewhat”, “quite a bit”, and “a great deal.”

We used the EMF version of the Sensitive Soma Assessment Scale
(SSAS) [22] to assess perceived sensitivity to EMF. This consists of five
statements such as “my body is very sensitive to the effects of
electromagnetic fields,” rated on 5-point scales from “1=strongly
agree” to “5=strongly disagree.”

We assessed worries about the health effects of EMF by using the
three-item radiation subscale of the Modern Health Worries Scale
(MHW-R) [23]. This assesses the degree to which people are
concerned about health risks associated with mobile phones, mobile
phone base stations and powerlines by using three 5-point scales
ranging from “no concern” to “extreme concern.”

We assessed state anxiety with a 6-item short version of the State
Trait Anxiety Inventory (STAI-6) [24], somatization by using the
15-item Patient Health Questionnaire (PHQ-15) [25] and somatosen-
sory amplification by using the Somatosensory Amplification Scale
(SSA) [26].

Procedure

We sent an information sheet to people who responded to our re-
cruitment email. This informed participants that “This project will as-
sess whether a new type of electromagnetic field, which will be used
in future mobile phone and WiFi systems, can cause short term phys-
ical symptoms such as fatigue or headaches.”We asked people willing
to participate to make an appointment to come to our laboratory.

The experimental session lasted 60 min. Prior to watching the
television report, participants provided informed written consent, an-
swered demographic questions and provided baseline (Time 1 (T1))
measures of the MHW-R, SSAS, PHQ-15, SSA and STAI-6. We then ran-
domly assigned participants to one of two television reports. In the
experimental group, people viewed a 9 minute section from a televi-
sion documentary screened in the UK by BBC One in 2007 concerning
the potential health effects of WiFi [27]. This included statements
from concerned scientists and members of parliament about the po-
tential health risks of mobile phone and WiFi signals and included in-
terviews with people suffering from IEI-EMF. In the control group,
participants viewed a 9 minute BBC News report discussing the secu-
rity of internet and mobile phone data [28]. This contained no health
related content. We told participants that we wanted them to watch
the film as part of a memory test and that we would ask questions
about the film at the end of the experiment.

After watching the film (T2), participants completed the CSD,
MHW-R and STAI-6. We then attached our exposure equipment to
the participant's head. This consisted of an antenna mounted on a
headband which was “meant to bring the signal as close to your
body as possible.” The antenna was seemingly connected to a WiFi
router which in turn was connected to a laptop. Participants were
asked to monitor for possible symptoms that might develop during
the exposure andwere told that they could ask to terminate the expo-
sure if any symptoms became too strong. Following this instruction,
the experimenter left the room for the duration of the exposure. We
instructed participants to activate the exposure by pressing a button
on the laptop as soon as the experimenter left the room. After press-
ing the button, a flashing WiFi symbol appeared on the laptop screen
in front of the participants for 15 min. After this period, the experi-
menter removed the equipment and asked the participants to com-
plete the CSD, symptom attribution, SSAS, STAI-6 and MHW-R (T3).

After the final measure was taken, we used a funnel debriefing
procedure [29] for a subsample of our participants (n=133) to assess
whether they had believed our cover story. We then told all partici-
pants the true nature of the study and provided them with monetary
compensation.

Data analysis

Positively skewed symptom reports and questionnaire data were
log-transformed where necessary.

To test the effects of the television report on concerns about EMF,
we used a linear regression analysis with the difference score of the
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MHW-R (T2 minus T1) as the dependent variable and the television
report condition as the main independent variable. We also included
STAI-6, SSA and PHQ-15 scores together with their two-way interac-
tions with the television report condition as predictors.

We used T-tests to test the difference in symptom scores before
and after our sham exposure, and used Cohen's d as a measure of ef-
fect size (d=0.20: small effect; d=0.50: medium effect; d=0.80:
large effect). We also used differences in log-transformed total symp-
tom scores from T2 to T3 as the dependent variable in a linear regres-
sion, which included the television report as the main predictor,
together with scores for the STAI-6 (at T2), SSA (T1), PHQ-15 (T1),
MHW-R (T1) and their corresponding two-way interaction effects
with the film condition. Because head and concentration symptoms
were particularly common following our exposure, we repeated this
regression by using the head and concentration subscales of the
CSD. Identical regressions were also used to predict symptom attribu-
tion as a dependent variable.

We analyzed increases in self-reported sensitivity to EMF by
subtracting log-transformed mean scores of the sensitive soma as-
sessment scale (SSAS) at T3 from those at T1. We used a linear regres-
sion to test whether increases in SSAS scores would be predicted by
the attribution of symptoms toWiFi in our exposure, by the television
report condition, or by the interaction between these variables. The
interaction analysis within the multiple linear regression analysis
was based on the approach described by Aiken and West [30].
Multicolinearity was assessed but was unproblematic throughout
the analyses.

Data were analyzed by using IBM SPSS Statistics (Version 20.0.01).
Results

We enrolled 150 participants. Two were excluded from our final analysis due to
equipment failure and one was excluded due to implausibly rapid responses to our
questionnaire. Tables 1 and 2 show the personal characteristics for the 147 participants
included in the analyses and their mean scores on our questionnaires.
Effect of the television film on worries about EMF

Watching the WiFi film significantly increased MHW-R scores (Fig. 1, part A; main
effect of WiFi film: β=0.19; P=.019) and this effect was strongest in people with
higher levels of state anxiety at T2 (Fig. 1, part B: interaction between WiFi film and
STAI-6: β=0.22; P=.012). Additionally, higher state anxiety (main effect of
STAI-6T2: β=0.17; P=.051) and higher scores on somatosensory amplification
(main effect of SSA T1: β=0.18; P=.056) were marginally significantly related to in-
creases in MHW-R scores. Repeating the analysis by including age, sex, and level of ed-
ucation as additional predictor variables revealed equivalent results for the reported
effects. In addition, age was negatively associated with increases in MHW-R scores
(β=−0.17; P=.043) suggesting that lower age was associated with stronger in-
creases in worries about EMF. No significant effect was observed for the other demo-
graphic variables.
Table 1
Personal characteristics for the two experimental groups watching a film on health re-
lated dangers of WiFi or a film on mobile phone data transmission security (control
film)

Experimental film conditions Test statistic for differences
between groups

WiFi film
(n=76)

Control film
(n=71)

Number of female
participants (%)

51 (67.1%) 48 (67.6%) χ2b0.01 (P=.95)

Mean age (standard
deviation)

31.25 (11.44) 28.30 (8.83) T(145)=1.74 (P=.08)

Education
O level (or lower) 4 (5.2%) 5 (7.0%) χ2=0.21 (P=.98)
A levels 19 (25.0%) 17 (23.9%)
Degree 27 (35.5%) 25 (35.2%)
Postgraduate 26 (34.2%) 24 (33.8%)
Effect of the television film on symptoms after sham exposure

In comparison to baseline scores at T2, scores at T3 (both scores log-transformed)
were significantly higher for total CSD (T(146)=7.75; Pb .001; d=0.53), and for anx-
iety (T(146)=4.46; Pb .001; d=0.30), head/concentration (T(146)=8.54; Pb .001;
d=0.62) and tingling (T(146)=4.46; Pb .001; d=0.53) subscales (Fig. 2, part A).
Our linear regression with total CSD score as the outcome suggested a significant inter-
action between the film condition and STAI-6 scores (β=0.22; P=.008), with symp-
tom reports increasing most in people with higher levels of anxiety who watched
the WiFi film. Concerns about EMF also contributed significantly to the prediction of
symptom scores (main effect MHW-R at T1: β=0.33; Pb .001). We found no significant
main effect of the film condition (β=0.05; P=.47) or of any other predictor. Head and
concentration symptoms following exposure increased as a function of watching the
WiFi film (main effect: β=0.14; P=.054), especially in people with higher anxiety
(interaction between film condition and STAI-6: β=0.31; Pb .001; see Fig. 2, part B).
A greater tendency towards somatosensory amplification (main effect SSAS: β=
0.18; P=.046) and more concerns about EMF (main effect MHW-R at T1: β=0.34;
Pb .001) were also positively related to increases in head and concentration symptoms.
Repeating the analyses by including age, sex, and level of education as additional pre-
dictor variables revealed equivalent effects and none of these demographic variables
had a significant effect on the total symptom reports or the head and concentration re-
lated symptom reports after the sham exposure.

Effect of the television film on symptom attribution

Data regarding symptom attribution following the WiFi exposure were available
for 124 participants. Five participants did not receive this question and 18 reported
no symptoms following the exposure. 82 participants (55.8%) attributed symptoms
to our sham exposure “somewhat,” “quite a bit” or “to a great deal.” Attributions of
symptoms to the WiFi exposure were strongest in people who watched the WiFi film
and who also had higher levels of state anxiety (interaction between WiFi film and
STAI-6: β=.31; P=.001; Fig. 3) and among people with high levels of somatization
(main effect of PHQ-15: β=.19; P=.056), higher state anxiety at T2 (main effect of
STAI-6: β=.18; P=.039), and more concerns about EMF at T1 (main effect of
MHW-R: β=.24; P=.003). We observed no significant main effect of the WiFi film
on symptom attribution (β=.06; P=.485) or of any other predictor. Repeating the
analysis by including age, sex, and level of education as additional predictor variables
revealed equivalent effects, but in addition, being female was significantly associated
with stronger symptom attributions to the sham exposure (β=.17; P=.029).

Effect of the television film on perceived sensitivity to EMF

We detected no main effect of the WiFi film on increases in SSAS scores (β=.04;
P=.629). However, the attribution of symptoms to WiFi did significantly predict in-
creases in SSAS scores (β=0.29; Pb .001), an effect which showed a significant interac-
tion with the television film (β=0.16; P=.049; Fig. 4) with people who watched the
WiFi film and who attributed symptoms to WiFi showing the largest increases in
self-reported sensitivity. Repeating the analysis by including age, sex, and level of ed-
ucation as additional predictor variables revealed equivalent results. In addition, being
female was marginally associated with higher perceived sensitivity to EMF (β=.15;
P=.070).

Participant acceptance of our sham exposure

Our funnel debriefing suggested that 115 of the 133 participants asked (86.4%) be-
lieved they had indeed been exposed to a WiFi signal during the experiment. This in-
cluded two participants who asked to terminate their exposure early because of the
high level of symptoms they had experienced. 14 participants (10.5%) thought they
might have been taking part in a randomized controlled trial with a 50% chance of
being exposed to a signal. Four participants (3.0%) did not believe that they had been
exposed to any signal.

Discussion

Mass media reports concerning the possible adverse health effects
of modern technologies are common [16]. Our study demonstrated
that these reports not only elevate levels of concern among the pub-
lic, they can also increase the likelihood of someone reporting symp-
toms following exposure to an innocuous substance and increase the
likelihood of them attributing their symptoms to that substance. In
line with previous reports [13,31], these effects were strongest in
people with higher pre-existing levels of anxiety, greater tendency
towards somatosensory amplification and more worries about the
health effects of EMF. While these data demonstrate that media
stories about novel health threats can have a short-term negative im-
pact on well-being, our study also suggested that longer-term effects
are possible: participants who attributed their symptoms to the sham



Table 2
Questionnaire data (mean (standard deviation)) for the two experimental groups

Experimental film conditions Group differences
WiFi vs. Control

WiFi film (n=76) Control film (n=71)

T1 T2 T3 T1 T2 T3

Somatic symptoms (CSD) – 1.18 (0.24) 1.36 (0.49) – 1.14 (0.19) 1.30 (0.44) T2: P=.23; T3: P=.35
Head/concentration symptoms (CSD subscale) – 1.36 (0.41) 1.79 (0.83) – 1.33 (0.38) 1.60 (0.63) T2: P=.59; T3: P=.16
Anxiety related symptoms (CSD subscale) – 1.11 (0.22) 1.20 (0.45) – 1.06 (0.14) 1.16 (0.42) T2: P=.10; T3: P=.39
Tingling sensations (CSD subscale) – 1.16 (0.30) 1.29 (0.47) – 1.12 (0.22) 1.34 (0.57) T2: P=.55; T3: P=.68
Sensitive Soma Assessment Scale (SSAS) 1.91 (0.75) – 2.06 (1.08) 1.95 (0.78) – 1.98 (0.86) T1: P=.77; T3: P=.93
Radiation worries (MHWS) 1.88 (0.77) 2.18 (0.93) 2.36 (1.14) 1.94 (0.78) 2.00 (0.84) 2.20 (1.04) Ps(T1, T2, T3)>0.22
State anxiety (STAI-6) 1.42 (0.38) 1.55 (0.58) 1.57 (0.65) 1.55 (0.47) 1.51 (0.46) 1.50 (0.48) Ps(T1, T2, T3)>0.08
Somatization (PHQ-15) 1.35 (0.28) – – 1.40 (0.28) – – P=.28
Somatosensory amplification (SSA) 2.43 (0.65) – – 2.59 (0.67) – – P=.13

T1=Assessment before watching the film; T2=Assessment after the film and before the EMF sham exposure; T3=Assessment after the EMF sham exposure.
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WiFi exposure in our experiment were more likely to believe them-
selves to be sensitive to EMF if they had watched the WiFi film. Had
we not debriefed participants at this stage, it is possible that this be-
lief would have made future symptomatic reactions to electromag-
netic stimuli more likely.

Several previous studies have demonstrated that sham exposures
can elicit symptoms in healthy participants [7,9,32] and people with
various forms of IEI [12,33], and that this process might be facilitated
by leaflets produced by an IEI support group [31]. However, another
study failed to find, probably due to the small sample size and the
lack of statistical power, a significant effect of written positive or neg-
ative information on expectations, cognitive performance, and symp-
tom reports after a real or sham exposure to an EMF [34]. Compared
to these previous studies, ours is the first experimental study to di-
rectly test the impact of media reporting on this process. A strength
is that our experimental condition used a genuine television report
originally watched by 4.6 million people in the UK [35]. While the
program was later censured for giving “a misleading impression of
Part A: EMF worries as a function of 
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Fig. 1. Part A (left): mean values of modern health worries related to electromagnetic fields
WiFi or a control film on mobile phone data transmission safety. Error bars represent stan
health worries by state anxiety. The three lines represent regression lines for mean levels
minus one standard deviation) levels of state anxiety.
the state of scientific opinion” [36], subsequent media reports
concerning the health effects of EMF have continued to present EMF
as likely to cause symptoms and IEI-EMF [37]. We believe that due
to the high ecological validity of the chosen television report our find-
ings are generalizable to a real-world context and consequently, peo-
ple with predisposing characteristics that served as a significant
moderator in our analysis (e.g., higher levels of somatosensory ampli-
fication and negative state affect) are likely to develop symptoms in
response to similar television reports.

Conceptually, our findings are in line with cognitive–psychological
and cognitive–behavioral models of symptom formation that have
been proposed for medically unexplained symptoms and somatoform
disorders [38,39]. Based on these models, we have previously proposed
a cognitive–behavioral approach to IEI [40,41], in which certain informa-
tion (e.g.,media reports, information fromphysicians or relatives) trigger
and amplify symptom focused attention, catastrophizing cognitions
(e.g., “EMF are dangerous/harmful and must be strictly avoided”),
and result in safety-seeking and avoidance behavior regarding suspected
Part B: Moderation of wifi film effect on  
EMF worries by state anxiety (STAI-6)

ß (interaction term) = .24
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(EMF worries) before (T1) and after (T2) watching a film on health related dangers of
dard errors of the mean. Part B (right): moderation of the WiFi film effect on modern
of state anxiety, as well as high (mean plus one standard deviation) and low (mean



Part B: Moderation of total symptom 
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Fig. 2. Part A (left): symptom reports before and after sham WiFi exposure (symptom total score and subscales of anxiety, head-related, and tingling symptoms). Error bars rep-
resent standard errors of the mean. Part B (right): moderation of the association between the WiFi film condition and the symptoms reported after the sham WiFi exposure
according to levels of state anxiety. The three lines represent regression lines for mean levels of state anxiety, as well as high (mean plus one standard devation) and low
(mean minus one standard deviation) levels of anxiety.
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IEI trigger substances that maintain this vicious circle via negative rein-
forcement. According to thismodel, IEI and other functional somatic syn-
dromes are the result of both, more general (e.g., negative affectivity,
somatosensory amplification) and rather specific (e.g., specificmedia re-
ports related to IEI) factors. We believe that such a cognitive–behavioral
approach is applicable not only to the etiology and pathogenesis of IEI
but also to the more specific condition of IEI-EMF. This model may stim-
ulate the development of promising treatment options that go beyond
telling people to simply avoid EMF or other potential triggers thereby
fostering social isolation and further symptom focused attention.

In terms of limitations, because we did not use a ‘no exposure’
control condition we cannot definitively say that the increase in
symptoms observed in our study was the result of a nocebo effect
caused by our sham exposure. However, given that symptom in-
creases were relatively large and showed expected associations with
somatosensory amplification, modern health worries and our experi-
mental condition, it seems unlikely that the mere passage of time
during the testing session was responsible. To rule out this possibility,
future studies should include a no-exposure control condition in
which participants are instructed to focus attention on their body
and to carefully monitor any kind of symptom. An alternative possi-
bility is that some symptom reports were influenced by the demand
characteristics of the study rather than reflecting actual symptom ex-
perience. Future studies could therefore try to assess symptom expe-
riences more objectively, for example, by using video monitoring of
possible expressions of symptoms (e.g., scratching; [42]). Additional-
ly, because we did not systematically assess the current and previous
medical and psychiatric conditions of our participants, we cannot rule
out the possibility that these factors might have influenced our re-
sults, e.g., in terms of the symptom reports. However, the fact that
the participants were randomly assigned to the two film conditions
and the pre-post-test design we applied renders a strong causal influ-
ence of any preexisting medical or mental condition as primary ex-
planation for our findings is unlikely.

For economical reasons, state symptom reports were only assessed
twice, directly before and after the WiFi sham exposure. Due to the
lack of a baselinemeasure of state symptom reports before thefilm con-
dition, it is impossible to exactly quantify any possible influence of the
WiFi film on the state symptom reports (although the participants of
the two film conditions did not differ significantly in their first assess-
ment of symptom reports that took place after watching the film and
before conducting the sham exposure; Table 2).

If inaccurate media portrayals of novel technologies or substances
can produce adverse effects on the wellbeing of vulnerable members
of the public, one obvious implication is that journalists should endeav-
or to provide more accurate reporting. Calls from scientists for better
science and health reporting are nothing new, however [7,43] and any
change is likely to come slowly. In the meantime, we can only urge sci-
entists working in these areas to stay engagedwith themedia to ensure
that stories about the potential health impact of new technologies are
adequately informed by the best available evidence.
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