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Introduction:  The  tendency  of  experiencing  unpleasant  symptoms  in  the  proximity  of working  electric
devices  is  called  idiopathic  environmental  intolerance  attributed  to electromagnetic  fields  (IEI-EMF).  Evi-
dence about  psychophysiological  backgrounds  of the  phenomenon  (i.e.,  detection  ability  and  mechanisms
of  symptom  generation)  is  not  yet  conclusive.
Methods:  Participants  of  the  provocation  experiment  were  29  individuals  with  self-reported  IEI-EMF
and  42  control  persons.  Participants  completed  questionnaires  (symptom  expectations,  somatosensory
amplification  – SSAS,  modern  health  worries  radiation  subscale  – MHW-R),  and  attempted  to  detect
the  presence  of  50  Hz  0.5  mT  magnetic  field  (MF)  directed  to  their  right  arm  in  20  subsequent  1-min
sessions.  Heart  rate  was  also  recorded  and  various  indices  of  heart  rate  variability  (HF,  LF/HF,  SDNN)
were  calculated.
Results:  Using  the  methodology  of the  signal  detection  theory,  individuals  with  IEI-EMF  as  opposed  to the
control  group  showed  a higher  than  random  detection  performance  (d′ differed  slightly  but  statistically
significantly  from  zero),  and  they  used  a significantly  lower  criterion  (ˇ  value)  when  deciding  about
the presence  of  the  MF.  Detection  sessions  followed  by  correct  decisions  (hits  or  correct  rejections)

were  characterized  by  higher  HRV  (SDNN  and  HF indices)  than  periods  followed  by  errors  (misses  or
false  alarms).  Previous  expectations  and  affiliation  to  the  IEI-EMF  group  were  significant  predictors  of
symptoms  reported  following  exposure.  IEI-EMF  was  closely  related  to MHW-R  and  SSAS  scores.
Conclusion:  Detection  of  MF  might  be possible  for people  with  IEI-EMF  to some  extent.  Although  height-
ened  sensibility  to MFs  may  play  a role  in  the  development  and/or  in  the  perpetuance  of the  IEI-EMF

 attrib
phenomenon,  symptoms

ntroduction

With the widespread use of electricity, concerns about possible
armful effects of extremely low frequency magnetic fields (ELF
Fs, >0–300 Hz) have increased in the last decades. Evidence is

nown about specific negative effects of MF  exposure at extremely
igh flux densities (>several 100 mT)  in animal models and cell
ultures (e.g., chromatid-type aberrations, mutations, induction of

xpression of specific genes) (Miyakoshi, 2006). Power frequency
50/60 Hz) MFs  are in everyday conditions below the occupational
eference level of 0.5 mT  (ICNIRP, 1997) and are considered harm-
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uted  to  the  MF  seem  to be  mainly  of  psychogenic  origin.
© 2012 Elsevier GmbH. All rights reserved.

less (WHO, 2007). A minority of people, however, report unpleasant
symptoms in the proximity of electric devices operating at various
frequency ranges, from ELF to radio frequency domain. This phe-
nomenon is called idiopathic environmental intolerance attributed
to electromagnetic fields (IEI-EMF) (formerly: electromagnetic
hypersensitivity – EHS or electrosensitivity) (Rubin et al., 2010).
Symptoms reported by people with IEI-EMF did not depend on the
presence or absence of the MF/EMF in several double-blind exper-
iments (Rubin et al., 2005, 2010; Seitz et al., 2005; Röösli, 2008)
and these individuals were usually not able to detect the presence
of MF/EMF (Rubin et al., 2005, 2010). Moreover, they experienced
more symptoms than the control group in studies with sham

MF/EMF exposure (Frick et al., 2005; Rubin et al., 2006; Landgrebe
et al., 2008) and the severity of the symptom reports was a function
of the believed magnitude of the field (Szemerszky et al., 2010).
Symptom reports associated with MF/EMF exposure were found

dx.doi.org/10.1016/j.ijheh.2012.05.007
http://www.sciencedirect.com/science/journal/14384639
http://www.elsevier.com/locate/ijheh
mailto:fecuska@gmail.com
dx.doi.org/10.1016/j.ijheh.2012.05.007


ne an

t
f
e
o
e
a
s
n
Z
b
2
n
O
e
c
t
2
(

m
l
o
c
e
a
d
2
c
e
(
(
d
c
(
t
1
c
u
t
m
n
p
i
o
s

r
a
l
e
r
o
o
p
s
d
1
(
u
d
n
n
a
r
S
f

F. Köteles et al. / International Journal of Hygie

o be related to certain personality traits and cognitive–emotional
actors (e.g., somatization tendency, somatosensory amplification,
levated risk perception, worries about possibly harmful features
f modern life called modern health worries or MHWs)  (Frick
t al., 2002; Rubin et al., 2008; Szemerszky et al., 2010). Therefore,
lthough studies that found a correlation between experienced
ymptoms and the presence of electric, magnetic or electromag-
etic field are also known (Rea et al., 1991; Oftedal et al., 1995;
wamborn et al., 2003), these symptoms are usually regarded to
e of psychogenic origin (Göthe et al., 1995; Staudenmayer et al.,
003) or, in other words, as of instances of the so-called nocebo phe-
omenon (Röösli, 2008; Rubin et al., 2010; Szemerszky et al., 2010).
ften mentioned mechanisms behind the nocebo phenomenon are
xpectations that induce a selective monitoring process driven by
ognitive schemata (Pennebaker, 1982), body correlates of anxiety
hat are mistakenly attributed to an external agent (Barsky et al.,
002) or more direct mechanisms called response expectancies
Kirsch, 1997).

The main psychogenic origin of nocebo symptoms does not
ean that they cannot have an impact on the human body. Pro-

onged fear and anxiety evoked by expectation and/or experience
f symptoms influence the vegetative nervous system (VNS) which
an lead to altered functioning of various organs and to height-
ned peripheral physiological arousal. In chronic cases, sensation
nd misinterpretation of these processes may  contribute to the
evelopment of functional somatic symptoms (Rief and Barsky,
005; Tak et al., 2009). Alterations in the functioning of the VNS
an be assessed by measurement of heart-related parameters,
.g., heart rate (HR) and various indices of heart rate variability
HRV). HRV in the so-called high frequency (0.15–0.40 Hz) domain
HRV-HF) mainly reflects parasympathetic (vagal) activity, while
isagreement exists in respect to the low frequency (0.04–0.15 Hz)
omponent (HRV-LF) (for a review, see TFESC, 1996). Their ratio
HRV-LF/HF) is considered by some investigators to mirror sympa-
hovagal balance or to reflect the sympathetic modulations (TFESC,
996). SDNN, the most widely used index of HRV reflects all the
yclic components responsible for variability, thus it cannot be
sed to distinguish vegetative components influencing the func-
ioning of the heart. Various indices of HRV are widely used to

easure the functioning of the VNS. In a recent meta-analysis, con-
ection between functional somatic disorders (FSD) and decreased
arasympathetic activity was reported (Tak et al., 2009). Although

ndividuals with IEI-EMF usually do not reach the diagnostic criteria
f FSD, a heightened sympathetic activity (at least in a threatening
ituation) can be assumed in their case.

Ability to detect EMFs is not necessarily related to symptom
eports. The phenomenon is called electrosensibility (ES) (Leitgeb
nd Schröttner, 2003). Reports about people who are able to detect
ow levels of electric and magnetic fields are known (Andersson
t al., 1996; Flodin et al., 2000; Mueller et al., 2002), however, these
esults are usually regarded as methodically inferior. In the majority
f provocation studies, a rather small sample was  involved and/or
nly a few repetitions were included which leads to poor statistical
ower. Methodology of the signal detection theory (SDT) repre-
ents a more sensitive approach that is able to demonstrate slight
ifferences in the statistical detection threshold (Green and Swets,
966; Swets, 1996). To characterize detection ability, the system
usually a human observer) is presented with a series of noisy stim-
li, some of which contain a weak signal, and the observer has to
ecide in each case whether the stimulus contained the signal or
ot (more sophisticated protocols are also used). As the signal is
ot easy to detect, the observer makes errors (false alarms in the

bsence and misses in the presence of the signal). Based on the
esults of the trials, two  parameters are calculated (for details, see
wets, 1996; Wickens, 2002). The first, called d′, describes the dif-
erence between the means of the noise and of the noise-and-signal
d Environmental Health 216 (2013) 362– 370 363

distribution. This parameter measures how readily the signal can
be detected by the system. When d′ is near zero, the two distri-
butions are nearly identical to the observer, thus they cannot be
differentiated. When d′ is larger, the two  distributions are sepa-
rated thus more or less distinguishable. The second parameter, ˇ,
describes the position of the decision criterion (or bias) applied by
the observer in ambiguous cases. If the detection of all signals is of
great importance (e.g., when looking for tumours in an X-ray pic-
ture), the observer will be more prone to suppose the presence of
the signal in ambiguous cases, thus the  ̌ will be lower and the rate
of both false and correct alarms (hits) will be higher. If the main
goal is to avoid false alarms (e.g., when deciding about the inno-
cence or delinquency of the defendant), the observer will tend to
reject ambiguous cases (a higher  ̌ will be used) but it is only pos-
sible at the expense of more missed signals. While the value of d′ is
a more or less stable parameter of a given detection system,  ̌ can
change over time or over conditions. The SDT approach and these
two  parameters are widely used to identify sensory thresholds and
to describe characteristics of the observers (Swets, 1996).

The present work aimed at simultaneous experimental investi-
gation of detection ability and symptom reporting of people with
IEI-EMF. More specifically, it was  hypothesized that (1) people with
IEI-EMF are able to detect 50 Hz 0.5 mT  MF  to a given extent (using
the terminology of the SDT: their d′ values are greater than zero),
(2) people with IEI-EMF adopt a lower decision criterion (ˇ) when
deciding about the presence of the MF,  (3) people with IEI-EMF
show a heightened sympathetic activity during exposure, (4) peo-
ple with IEI-EMF experience more unpleasant symptoms than the
control group, and (5) some of these symptoms can be explained
by previous expectations. In addition, a relationship between IEI-
EMF  and the trait-like personality characteristics of somatosensory
amplification and modern health worries was  hypothesized.

Materials and methods

Participants

Participants were volunteers recruited by advertisements in a
popular daily advertising paper. In one series of advertisements,
individuals with IEI-EMF (defined as experiencing unpleasant
symptoms in the presence of electromagnetic fields, see below)
who  were willing to participate in an MF-related experiment were
recruited. In an other series, simply participants for an MF-related
experiment were sought. Applicants were excluded if they were
left-handed or they reported major medical disorders, acute health
problems or symptoms (e.g., PMS, common cold, etc.). One indi-
vidual’s data were excluded from the control group because he
was  able to detect the MF  almost perfectly (for details, see ‘Results’
section) and this performance was  replicated in a further session.
Moreover, he stated that he had received a specific “bioenergetic”
training in the past and this was  the cause of his superior detection
ability. Further investigations with this individual are planned.

Finally, data of 29 individuals with self-reported IEI-EMF and
of 42 control people were included in the analysis. Participants
received 3000 HUF (approx. 15 USD) for their participation.

Questionnaires

Somatosensory Amplification Scale (SSAS) (Barsky et al., 1988,
1990): a 10-item scale that measures the tendency to experience
somatic sensations as intense, noxious, and disturbing. Answers
were given on a 5-point rating scale from 0 (=not at all) to 4
(=fully). Higher SSAS scores indicate increased tendency to amplify

normal body sensations as well as pathological symptoms. The
Hungarian version proved to be valid in previous studies (Köteles
et al., 2009; Szemerszky et al., 2010). Its internal consistency (Cron-
bach’s  ̨ coefficient) was  0.68 in the present study.



3 ene an

(
p
t
h
o
c
s
a
i
f
o
a
p

i
A
o
r
v
m
t

n
n
e
p
(
i
h

c
s
o
s
p
a
t
m
2

o
e

t
(
v
p
s
s
f
l
2
t
p
s
e
w

M

d
c
w
p

64 F. Köteles et al. / International Journal of Hygi

Modern Health Worries Scale Radiation subscale (MHW Radiation)
Petrie et al., 2001): the MHW  scale is a 25-item scale that measures
eople’s concerns about the possibly harmful nature of the fea-
ures of modern life affecting their health. The extent of perceived
ealth threats (e.g., amalgam dental fillings, overuse of antibiotics
r air pollution) were rated on 5-point Likert scales from 0 (“no
oncern”) to 4 (“extreme concern”). The scale consists of four sub-
cales: Environmental pollution, Toxic interventions, Tainted food,
nd Radiation. The Hungarian version of the MHW  scale was used
n a previous study (Köteles et al., 2011), Cronbach’s  ̨ values for the
our subscales ranged between 0.79 and 0.93. In the present study
nly the 3-item Radiation subscale (assessing concerns about radi-
tion from cell phones, radio or cell phone towers and high tension
ower lines) was used and its internal consistency was 0.83.

State Anxiety Inventory (STAI-S) (Spielberger et al., 1970): a 20-
tem questionnaire which measures the current level of anxiety.
nswers are given on a 4-point rating scale with the anchor points
f 0 (=not at all) and 3 (=fully). The sum of the scores on the 20 items
eflects the level of the actually experienced anxiety. The Hungarian
ersion of the scale (Sipos et al., 1994) has been widely used for
ore than 10 years. Its internal consistency values (T0 and T1) in

he present study were 0.88 and 0.87, respectively.
Idiopathic Environmental Intolerance attributed to electromag-

etic fields (IEI-EMF): one single yes-or-no question about being or
ot being sensitive to electromagnetic fields (“Many people experi-
nce unpleasant symptoms (e.g., headache, nausea, concentration
roblems, palpitation, etc.) when staying in electromagnetic fields
e.g., near electric devices, computers, electric power lines, or dur-
ng mobile phone calls). This phenomenon is called electromagnetic
ypersensitivity. Do you consider yourself to be electrosensitive?”).

Motivation to cooperate (CoMotiv): a 6-item scale to control the
ooperativity bias of participants. The items (e.g., “This experiment
eems very well organized”  and “I can cooperate with the researchers
f the study very well”) assess the perceived cooperativity, profes-
ionalism and personal likeability of the researcher and the overall
rofessionalism of the whole study on 5-point Likert scales with the
nchor points 0 (=not at all) and 4 (=fully). The higher the sum score,
he more pronounced the motivation to cooperate in the experi-

ent. The scale was used in a previous study (Szemerszky et al.,
010) and its internal consistency was 0.73 in the present study.

Expectations: a single question about the estimated probability
f experiencing unpleasant symptoms attributed to the magnetic
xposure during the experiment (0 = not at all to 4 = certainly).

Experienced symptoms:  a 19-item list containing 18 often men-
ioned somatic symptoms related to the central nervous system
CNS) (headache, dizziness, tremor), to the sensory organs (blurred
ision, tinnitus, dryness of mouth), and to visceral functions (pal-
itation, sweating) or felt in the right (exposed) hand (burning
ensation/crawly feelings/itching/irritation/warm feelings on the
kin; cold palm; warm feelings/pain/crawl/muscle tension in the
orearm or in the hand). The checklist was based on data from the
iterature (Röösli et al., 2004; Eltiti et al., 2007; Szemerszky et al.,
009, 2010). An ‘other’ category for symptoms that had not fit into
he previously mentioned categories was also included. Partici-
ants were asked to rate severity of each symptom on a 4-point
cale (0 = no symptom at all; 1 = mild; 2 = definite; 3 = severe) as
xperienced during the exposure sessions. Scores for symptoms
ere summarized to form the total experienced symptom score.

agnetic field (MF)

MF  was generated by a standard Helmholtz coil apparatus. The

evice consisted of two solenoids (diameter: 42 cm)  placed on a
ommon axis spaced apart at a distance equal to their radii (21 cm)
ith equal currents flowing in the same direction. Helmholtz coils
roduce a vertical and homogenous field in the space between
d Environmental Health 216 (2013) 362– 370

the coils. The coils were constructed of glaze-insulated copper
wire (d = 1.4 mm)  and had 240 turns (DC resistance was  2.9 �).
A sinusoidal current with 1.6 A magnitude and 50 Hz frequency,
generated by a 230 V, 180VA adjustable toroidal transformer, was
fed into the coils, producing an oscillating magnetic field. Magni-
tude of the MF  was  measured by a hand-held Electric and Magnetic
Field Meter (Maschek-ESM-100, Bad Wörishofen, Germany) and
the amplitude of magnetic induction was set at 500 ± 25 �T. Mea-
surements and adjusting were carried out after mounting of the
shielding apparatus described below. Participants had to put their
right hand between the coils. Exposure of other body parts was pre-
vented by an iron plate (dimensions: 800 mm × 500 mm × 2 mm)
positioned between the coils and participants’ body and by cover-
ing the coils with a special fabric containing copper fibers. Shielding
factor of the iron plate and the copper-based fabric was 0.63 and
0.76, respectively. Magnetic induction measured at the distance of
participants’ heart and brain was 6 and 3.6 �T, respectively. As a
laptop computer was  used in the experiment, measurements of
ambient background level were carried out with this computer
turned on. Measured ambient magnetic induction near to the key-
board of the computer and at participants’ brain was  4.5 �T and
2.5 �T, respectively.

Electrocardiography

To obtain the ECG-data, an InnoMed IMH-5 device (produced
by InnoMed, Budapest, Hungary) and the modified lead II elec-
trode placement (distal end of the right collarbone and lower left
rib) were used. Raw data were recorded with the MatLab software
package (v7.0.4; The MathWorks, Natick, MA).

Procedure

The study has been approved by the Institutional Ethical Review
Board of the Eötvös Loránd University, Budapest, Hungary. Par-
ticipants were tested one by one in a separate room. Upon
arrival, participants were asked to confirm that they regard
themselves as electrosensitives/not electrosensitives using the def-
inition described above, then they read and signed an informed
consent form. They were told that the aim of the study was  to
investigate their ability to detect a magnetic field of low magni-
tude. Participants were equipped with ECG-electrodes and then
they were asked to sit on the experimental seat and to put their
right hand onto an ergonomic support placed between the two
magnetic coils. After completing the described actions, the experi-
menter left the room and the participants followed the instructions
of a computer program during the whole experimental session (for
an overview, see Fig. 1). As their right hand remained between
the coils during the whole session, they had to handle the com-
puter with the left hand. In the first phase of the experiment,
sociodemographic and personality variables, motivation to cooper-
ate, symptom expectations, ECG-baseline data (2 min), and baseline
(T0) state anxiety data were recorded. In the second phase, par-
ticipants were informed that they had to attempt to detect the
presence/absence of a MF  of low magnitude in 20 subsequent ses-
sions. Before the detection task they had to complete state anxiety
scale once again (T1). During the 20 detection sessions, the power
supply of the coils was enabled or disabled by the computer soft-
ware in a quasirandom pattern (ten times on and ten times off) for
60 s. After each session, participants were asked to guess whether
the field was  enabled or disabled. Detection sessions were sepa-

rated by 30-s relaxation periods. In the third phase, participants
were asked to complete the experienced symptoms questionnaire.
At the end of the experiment, participants were assured that the
experienced symptoms were transient and harmless, and they
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of the d′-indices did not differ significantly from zero in the control
group (M = 0.225, SD = 0.751; t(35) = 1.8; p = .081; d = 0.300), while
significant difference was  found in the IEI-EMF group (M = 0.296,
SD = 0.634; t(28) = 2.515; p = .018; d = 0.467). It is worth mention-

Table 1
Means and standard deviations of hits and false alarms for the two groups.
Fig. 1. The three main phases of the experimental session.

eceived the reward for their work. No persistent symptoms or
ong-term health consequences were reported.

teps taken to exclude indirect cues

To minimize additional exposure and to exclude auditory cues,
he power supply of the coils and the control switch were located
n an adjacent room equipped with a sound-proof door. Coolers of
he power supply were operating during the whole experiment,
ot just in the appropriate 1-min periods of the trials. As the coils
ere covered with an isolating plastic material, no changes in tem-
erature were measurable (with a tolerance of 0.1 ◦C) even on the
urface of the coils in a 5-min period (duration of the trials in
he experiment was 1 min). Therefore, sensation of warming could
e excluded. Possible auditory cues generated by the coils were
lso effectively reduced by the isolating material. According to the
esults of the control measurement carried out using a Brüel & Kjaer
250 Light handheld device (Brüel & Kjaer, Naerum, Denmark),
hange in noise level after turning on the power supply of the coils
as under 0.1 dB (A-weighted average) which is clearly under the
uman discrimination threshold. To prevent transmission of vibra-
ions to participants’ hand, the isolating metal plate and the flexible
and support were fixed independently from the coils. In fact, even
irect touching of the coils caused no feeling of vibration.

tatistical analysis

Statistical analyses were performed using the SPSS 17.0 soft-
are package (IBM, Somers, NY). Total scores of the questionnaires
ere calculated after reverse-scoring of items, if necessary. State

nxiety change scores (STAI diff) were obtained by subtracting the
aseline (T0) anxiety score from the second (T1) score. Total experi-
nced symptom score was calculated as the sum of the 19 symptom
cores. Mean age and gender ratio of the IEI-EMF and the control
roup were compared by two-sample t-tests.

Following the methodology of the signal detection theory (SDT),

it rates and false alarm rates were calculated from the results of
he 20 detection sessions (hit rate = number of hits/10, false alarm
ate = number of false alarms/10). Discriminability indices (d′) and
riterion values (ˇ) were calculated for every participant using the
d Environmental Health 216 (2013) 362– 370 365

tables published by Hochhaus (1972),  then individual indices were
averaged within the two groups (Wickens, 2002). One-sample t-
tests were used to check whether means of d′ indices differ from
zero in the IEI-EMF and the control groups, respectively. Mean ˇ-
values of the two groups were compared by two-sample t-test.

In the analysis of the ECG-data, spikes of QRS-complexes were
identified, then data were examined for abnormal beats and any
found artefacts were removed. Heart rate variability (HRV) anal-
ysis was  executed using the PhysioNet’s HRV Toolkit software
(Cambridge, MA)  (Niskanen, 2004). Heart rate (HR) and various
HRV-indices (SDNN, HF, LF/HF) were determined for the baseline
and for every 1-min detection session. Baseline HR- and HRV-values
of the two  groups were compared by two-sample t-tests. To deter-
mine differences among the four possible outcomes (hit = correct
alarm; false alarm; miss; correct rejection) of the detection task,
data from the appropriate 1-min sessions were averaged, then
mixed model three-way ANOVAs (2 × 2 × 2) were performed for
the HR and the various HRV indices. Design of the ANOVAs
was  as follows: [within-subject] actual presence/absence of the
MF × [within-subject] participants’ belief about presence/absence
of the MF  × [between-subject] IEI-EMF vs. control group.

Differences in scores of individual symptoms in the two
groups were analysed by a repeated measures analysis of vari-
ance (ANOVA) with group affiliation as between-subject factor
(19 symptoms × 2 groups). Multiple linear regression analysis was
used to identify independent predictors of total experienced symp-
tom score (Table 4). After checking data for multicollinearity and
independence of the residuals, variables were entered in three
steps: (Step 1) sociodemographic variables (age; gender: 0 = males,
1 = females; educational qualification), (Step 2) trait-like personal-
ity variables (IEI-EMF: 0 = no, 1 = yes; SSAS; MHW  Radiation), and
(Step 3) situational variables (motivation to cooperate; change in
anxiety; symptom expectation).

Differences between the means of measured variables were
investigated via independent samples t-tests (Table 5). Personal-
ity predictors of IEI-EMF were analysed by multiple binary logistic
regression analysis. Variables were entered into the regression
equation in three steps: (Step 1) age and gender, (Step 2) SSAS
scores, and (Step 3) MHW  Radiation subscale scores (Table 6).

Results

Age and gender ratio

Mean age of the two  groups did not differ significantly (IEI-
EMF: 26.7 ± 9.25 years; control: 29.9 ± 10.56 years; t-value = 0.229,
df = 69; p = .820). No significant difference in the gender ratio was
found either (IEI-EMF: 16 males; control: 22 males; t-value = 1.292,
df = 69; p = .201).

Detection of the MF

Means and SDs of hits and false alarms for the two groups are
presented in Table 1. According to the results of the t-tests, mean
Group Number of hits
(mean ± SD)

Number of false alarms
(mean ± SD)

IEI-EMF 5.97 ± 1.721 4.90 ± 1.205
Control 4.45 ± 2.350 3.90 ± 2.239
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ng, however, that significance values and effect sizes are quite close
o each other, thus in practical terms there were no major differ-
nces between the detection performance of the two groups. Mean
-values of the two groups also showed a significant difference

IEI-EMF group: M = 0.917, SD = 0.138; control group: M = 1.052,
D = 0.270; t(62) = 2.424; p = .018; d = 0.577).

Note: As it was previously mentioned, one person in the control
roup showed near-perfect detection performance in the experi-
ent. This performance led to a d′ index of 3.608 that was  outside

f the range of mean ± 4 SDs, therefore it was treated as a statistical
utlier and was excluded from the analysis. As identification and
xclusion of outliers is always a questionable practice, results of the
tatistical analysis of the control group are also presented with this
ndividual’s data included. Using this data set, the control group also
howed a slightly better than zero detection performance (mean
′ = 0.288, SD = 0.835; t(36) = 2.103; p = .043; d = 0.345). Difference
etween mean ˇ-values of the two groups remained statistically
ignificant (IEI-EMF group: M = 0.917, SD = 0.138; control group:

 = 1.050, SD = 0.267; t(63) = 2.431; p = .018; d = 0.626).

eart rate (HR) and heart rate variability (HRV)

No significant differences between the baseline HR and HRV
SDNN, HF, LF/HF) values of the IEI-EMF and the control group were
ound (Table 2). According to the results of the ANOVAs, no signif-
cant field, belief or group main effects were found (Table 3). The
eld × belief interaction terms, however, were highly significant for
wo HRV-indices (SDNN and HF). According to the post hoc analy-
es, trials followed by correct decisions (hits or correct rejections)
ere characterized by higher HRV than periods followed by errors

misses or false alarms).

xperienced symptoms

In the IEI-EMF group, each participant reported at least one
ymptom that was attributed to the MF  exposure, 62.1% reported
ore than five symptoms out of 20, and 6.9% (5 people) reported
ore than ten. In the control group, 7.1% (3 people) did not report

ny symptom, 16.7% reported more than five symptoms, and only
.4% (1 person) reported more than ten.

In the repeated measures ANOVA, a significant (F(1) = 22.829;
 < .001) group main effect (average symptom score of the IEI-EMF

roup was higher than that of the control group) and a signifi-
ant (F(18) = 32.612; p < .001) symptom main effect were found. The
roup × symptom interaction was also significant (F(18) = 2.929;

 < .001). For details, see Fig. 2.

able 2
esults of two-sample t-tests comparing baseline values of HR and of various HRV-indice

Index IEI-EMF group (means ± SDs) Contr

HR 0.784 ± 0.1155 0.789
HRV-SDNN 0.099 ± 0.0477 0.096
HRV-HF 0.004 ± 0.0046 0.004
HRV  LF/HF 1.305 ± 1.5018 1.703

able 3
-values and significance levels of main effects and of Field × Belief interaction for HR and fo
resence/absence of the MF;  Belief = participants’ belief about the presence/absence of t
MF/control group. Notes: df = 1 for all F-values; interactions between Group and the other
ffects  are marked in bold.

Index Field: F; p Belief: F; p 

HR 0.432; .514 0.734; .395 

HRV-SDNN 0.809; .372 0.198; .658 

HRV-HF 1.156; .287 0.548; .462 

HRV  LF/HF 0.031; .861 2.152; .148 
Fig. 2. Means of the reported symptom scores in the IEI-EMF and in the control
group. *p < .05; ***p < .001 (Bonferroni corrections were applied). Abbr.: CNS: central
nervous system; SENS: sensory organs; VISC: visceral organs.

In the last step of the multiple linear regression analysis, IEI-
EMF  and expectation score proved to be significant predictors
of total experienced symptom scores even after controlling for
participants’ gender, age, educational qualification, anxiety state,
motivation to cooperate, and SSAS and MHW  Radiation scores.
The final regression equation explained 39.4% of the total variance
(Table 4).

Personality variables

Descriptive statistics of the measured personality variables in
the two  groups and results of tests are summarized in Table 5.

After controlling for participants’ age and gender, SSAS score
proved to be a significant predictor of IEI-EMF in the binary logistic
regression analysis (Step 2, for details see Table 6). After entering
the MHW  Radiation subscale score (Step 3), somatosensory amplifi-
cation lost its statistical significance, and the MHW Radiation score
remained the only significant predictor in the equation.

Discussion

The most important findings of the present study are: (1) indi-
viduals with IEI-EMF were able to detect the presence of 50 Hz MF

of 0.5 mT  to a small extent while controls’ performance did not dif-
fer from random guessing, (2) elevated parasympathetic activity
facilitated the detection of the MF,  (3) people with IEI-EMF used
a significantly lower decision criterion when they had to decide

s of the two  groups. Abbr.: t: t-value; df: degrees of freedom.

ol group (means ± SDs) t(df) p

 ± 0.0941 0.163(57) .871
 ± 0.0413 −0.228(57) .820
 ± 0.0043 −0.080(59) .936
 ± 2.2347 0.784(59) .436

r the different HRV indices (results of 2 × 2 × 2 mixed model ANOVAs). Field = actual
he MF;  Field × Belief = interaction term; Group = participants’ affiliation to the IEI-

 variables are not presented (none of them were statistically significant); significant

Field × Belief: F; p Group: F; p

0.724; .399 0.113; .739
13.048; .001 0.631; .431
13.127; .001 0.651; .423
0.029; .866 0.002; .967
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Table  4
Parameters of the three steps of the multiple linear regression analysis predicting total experienced symptom score (for the final equation R2 = 0.394; p < .001). Significant
predictors in the consecutive steps are highlighted in bold. Abbr.: SSAS = Somatosensory Amplification Scale; MHW-Radiation = radiation subscale of the Modern Health
Worries  Scale; STAI diff = state anxiety change (STAI-S; T1–T0); Expectations = expected symptoms.

B ± S.E. Standardized beta (95% C.I.) p

Step 1: �R2 = 0.68; p = .205
Gender (male = 0; female = 1) 1.341 ± 1.361 0.119 (−1.376/4.059) .328
Education 1.563 ± 1.333 0.141 (−1.099/4.225) .245
Age  −0.117 ± 0.072 −0.197 (−0.260/0.026) .107

Step  2: �R2 = 0.222; p < .01
Gender (male = 0; female = 1) 1.374 ± 1.232 0.122 (−1.089/3.838) .269
Education 0.884 ±  1.201 0.080 (−1.517/3.285) .464
Age −0.093  ± 0.065 −0.157 (−0.224/0.037) .159
IEI-EMF  (no = 0; yes = 1) 4.699 ± 1.447 0.412 (1.807/7.591) <.01
SSAS  0.087 ± 0.106 0.097 (−0.125/0.299) .415
MHW-Radiation 0.096 ± 0.262 0.048 (−0.427/0.620) .715

Step  3: �R2 = 0.104; p < .05
Gender (male = 0; female = 1) 1.038 ± 1.186 0.092 (−1.334/3.410) .385
Education 0.695 ± 1.151 0.063 (−1.608/2.998) .548
Age  −0.063 ± 0.065 −0.105 (−0.193/0.067) .339
IEI-EMF  (no = 0; yes = 1) 3.560 ± 1.457 0.312 (0.644/6.475) <.05
SSAS  0.082 ± 0.101 0.091 (−0.119/0.283) .418
MHW-Radiation −0.098  ± 0.256 −0.049 (−0.610/0.414) .703
STAI  diff 0.172 ± 0.198 0.106 (−0.225/0.570) .389
Expectations 2.351 ± 0.778 0.359 (0.793/3.909) <.01
Motivation 0.099 ± 0.254 0.046 (−0.409/0.607) .699

Table 5
Descriptive statistics of measured variables in the IEI-EMF (N = 29) and the control (N = 42) group and results of independent samples t-tests comparing means of variables.
Significant differences are marked in bold. Abbr.: SSAS = Somatosensory Amplification Scale; MHW-Rad = radiation subscale of the Modern Health Worries Scale; STAI
diff  = state anxiety change (STAI-S; T1–T0); CoMotiv = motivation to cooperate scale; Expectations = expected symptoms; Symptoms = experienced symptom score.

IEI-EMF groupMean ± SD Control groupMean ± SD t-Value (df = 69) p

SSAS 24.93 ± 5.830 20.93 ± 6.380 2.690 <.01
MHW-Rad 4.83  ± 2.752 2.12 ± 2.391 4.410 <.001
STAI  diff −0.10 ± 3.801 0.29 ± 3.330 −0.457 .649

1.88 ±
1.10 ±
6.09 ±

a
E
s
r
n

D

h
d
b
w
o

T
P
s

CoMotiv 21.62 ± 2.426 2
Expectations 1.93 ± 0.799 

Symptoms 11.83 ± 5.947 

bout the presence of the MF,  (4) people who belonged to the IEI-
MF  group and who expected more symptoms experienced more
ymptoms at the end of the experiment, and (5) IEI-EMF was closely
elated to concerns about possible harmful effects of electromag-
etic radiation and to somatosensory amplification.

etection of ELF-MF

Mean of the d′-indices of the IEI-EMF group was significantly
igher than zero which means that these people were able to

etect the presence of the MF  (50 Hz 0.5 mT)  slightly better than
y random guessing. This finding seems to be surprising as people
ith IEI-EMF usually were not able to decide about the presence

r absence of the EMF/MF above the random level in double-

able 6
arameters of the three steps of the multiple binary logistic regression analysis predicti
teps  are marked in bold. Abbr.: SSAS = Somatosensory Amplification Scale; MHW-Rad = r

B ± S.E. 

Step 1: p = .415; Cox & Snell R2 = 0.024; Nagelkerke R2 = 0.033
Gender (male = 0; female = 1) −0.75 ± 0.491 

Age  −0.033 ± 0.026 

Step  2: p < .05; Cox & Snell R2 = 0.121; Nagelkerke R2 = 0.164
Gender (male = 0; female = 1) −0.281 ± 0.524 

Age  −0.035 ± 0.028 

SSAS  0.113 ± 0.045 

Step  3: p < .001; Cox & Snell R2 = 0.275; Nagelkerke R2 = 0.371
Gender (male = 0; female = 1) −0.077 ± 0.588 

Age  −0.053 ± 0.031 

SSAS 0.074 ± 0.049 

MHW-Radiation 0.407 ± 0.124 
 2.760 −0.410 .683
 0.759 4.465 <.001
 4.172 4.778 <.001

blind conditions in previous studies (Röösli, 2008; Rubin et al.,
2010). However, as it is well known from the signal detection
theory, detection ability does not necessarily mean that the sen-
sation reaches the level of consciousness, i.e., that observers are
always able to consciously perceive the stimulus and decide cor-
rectly. Conscious perception of ambiguous (e.g., visceral or of low
intensity external) stimuli partly depends on the actual state of the
individual. In a calm external environment or when the attention
is focused on internal events (e.g., in the state of private self-
awareness) (Fenigstein et al., 1975), ambiguous internal stimuli can

be perceived more accurately than in the state of intensive external
stimulation (competition of cues) (Pennebaker and Lightner, 1980;
Pennebaker, 1982). Top-down cognitive processes (e.g., expectan-
cies) can also play a role in perception – sometimes people perceive

ng self-reported IEI-EMF (0 = no; 1 = yes). Significant predictors in the consecutive
adiation subscale of the Modern Health Worries Scale.

Exp(B) (95% C.I.) p

0.928 (0.354–2.429) .879
0.968 (0.919–1.018) .205

0.755 (0.270–2.106) .591
0.965 (0.914–1.020) .208
1.120 (1.026–1.223) <.05

0.926 (2.93–2.928) .895
0.948 (0.893–1.007) .086
1.077 (0.978–1.186) .131
1.502 (1.177–1.917) <.01
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hat they expect to perceive (Kirsch, 1997; Brown, 2006). More-
ver, although perception thresholds are quite stable over time
nder normal conditions, they can be modified by biofeedback and
ther learning techniques, at least to a given extent (Ádám, 1998).
heoretically, a similar sensitizing process can also take place in
ndividuals with IEI-EMF, as MFs  and EMFs represent an important
nd fearful component of the environment for them.

Consequently, as far as we have no decisive findings from
ethodologically adequately sensitive experiments, the possibil-

ty of (at least subliminal) detection of the MF  with frequency of
0 Hz in people with IEI-EMF should not be excluded.

A further issue related to the detection problem is that as the
uman body has no dedicated receptors to sense MFs, there is
o consensus on the underlying biological mechanisms. It is well-
nown that certain animals (e.g., rats, mice, various bird species,
tc.) are able to detect the presence of low levels of ELF electric fields
NIEHS Working Group, 1998), presumably due to the effects of
lectric charge generating on the surface of the skin. As far as human
etection is concerned, vibration of body hair caused by surface
harge and crawling of the skin can be directly sensed at higher flux
ensities (Reilly, 1998). Data about magnetic fields are more con-
radictory (Smith et al., 1994; Stern, 1995). Many migratory species
e.g., birds, bees) use specific receptors containing magnetite crys-
als to navigate using Earth’s magnetic field. The existence of similar
receptor neurons” in the human brain is another hypothesis yet to
e proven (Kirschvink et al., 1992; ICNIRP, 2003).

A second difference between the two groups was  that the mean
riterion value of the IEI-EMF group was significantly lower than
hat of the control group. This means that people with IEI-EMF
ot only had slightly better detection abilities than controls, but
hey were also more prone to maximize hit rate at the expense
f false alarms in ambiguous cases. As a result, people with IEI-
MF  do perceive the presence of MFs  more often than normal (i.e.,
on-IEI-EMF) individuals.

eart rate (HR) and heart rate variability (HRV)

Contrary to our expectations, people with IEI-EMF did not show
n elevated baseline HR, or any increase in HRV indices that are
ensitive to sympathetic activity. During the provocation sessions,
ifferences in HR and HRV indices when participants assumed/did
ot assume the presence of the MF  or any differences between
he IEI-EMF and the control group were not found either. In other
ords, possible (assumed) presence of the MF  did not cause sym-
athetic activation even among people with IEI-EMF, not to speak
f the control group. These results are in line with the finding that
articipants’ did not show any increase in state anxiety before the
F exposure (detection sessions) in the present and in a previous

tudy (Szemerszky et al., 2010).
Sessions with elevated vagal activity (higher HRV-HF index)

ere accompanied by more correct guesses about the presence
r absence of the MF  in the study. To the authors’ knowledge,
o experimental findings about the relationship of HRV and
ensational–perceptual abilities in any modality exist. However,
eightened parasympathetic activity is a characteristic of relax-
tion and mental relaxation improved various cognitive abilities
n several studies (Nava et al., 2004; Hanslmayr et al., 2005). Fur-
hermore, people with elevated levels of HRV (as assessed by the
MSSD index which is closely related to HF) showed a better cog-
itive performance in tests involving executive functions (working
emory, continuous performance; Hansen et al., 2003, 2009). Prac-

ice of Zen meditation which directs attention to a specific spot

nside the body caused parasympathetic activation (as assessed by
ncreased HF and decreased LF and LF/HF components of HRV) in

 recent study (Wu and Lo, 2008). Taking into consideration these
ndings, the possibility that a more relaxed state may  allow a better
d Environmental Health 216 (2013) 362– 370

allocation of attention which can in turn lead to better detection
performance appears to be quite plausible.

Reported symptoms

Participants of the experiment were asked to report those symp-
toms only that they attribute to the MF  exposure. Although they
received no specific suggestion about the possible harmful effects
of the MF  they were going to be exposed to, persons in both groups
reported a surprisingly high number of symptoms following the
exposure. This clearly shows that MF  exposure is closely associ-
ated with harmful effects in people’s mind. Mean expectation and
symptom scores in the IEI-EMF group were significantly higher than
in the control group and people with higher previous expectations
reported more symptoms after the exposure which signifies top-
down cognitive processes. In other words, a considerable portion
of the reported symptoms might have been due to the so-called
nocebo effect as it was  reported in previous studies with sham MF
exposure (Szemerszky et al., 2010).

A further possibility is that local symptoms which were induced
by the not fully ergonomic positioning of the arm (e.g., crawl, mus-
cle tension in the arms) or which were consequences of the focused
attention (e.g., warm feelings, itching on the skin) were mistakenly
attributed to the MF  exposure. Misattribution of normal body sig-
nals (or labelling, Schachter and Singer, 1962; Lipowski, 1970) is
an often mentioned mechanism of symptom generation (Barsky,
1979; Barsky et al., 2002). However, as no changes in state anxiety
and HR were found, symptoms cannot be explained as misinter-
preted signs of anxiety or elevated sympathetic activation.

A proportion of the reported symptoms might have been
caused by the magnetic exposure. Although the magnetic induction
applied in this experiment was obviously not enough for conscious
perception, subliminal stimuli can also have an effect on percep-
tion and other conscious processes (Ádám, 1998). For example, they
can influence one’s mood, and the negative mood state (or nega-
tive affect) is known to be closely related to symptom generation
(Pennebaker, 1994; Aronson et al., 2006). Moreover, as the way
of detection of MFs  is not yet completely understood, other more
direct mechanisms cannot be excluded either. It is also worth men-
tioning that the background level of magnetic induction was quite
high in the study, thus it might have had an effect on symptom
reports, particularly in sensitized individuals.

Beyond expectancies, affiliation to the IEI-EMF group was also
an independent predictor of total symptom score in the linear
regression analysis – people who  considered themselves as elec-
tromagnetic sensitive reported more and more serious symptoms.
As electromagnetic hypersensitivity was  simply defined as a prone-
ness to experience unpleasant symptoms in the proximity of
electric devices, this finding itself cannot help us to explain pos-
sible underlying mechanisms. For a better understanding of the
phenomenon, we  have to take a closer look at the personality back-
ground of IEI-EMF.

Personality variables behind IEI-EMF

In line with the findings of a previous study (Szemerszky
et al., 2010), SSA was significantly related to IEI-EMF. Higher SSAS
scores refer not to lower sensation thresholds but to an elevated
cognitive–emotional reaction to perceived somatosensory informa-
tion (Nakao et al., 2007). Somatosensory amplification (SSA) proved
to be closely related to hypochondriasis, health anxiety and to neg-
ative affect in previous studies (Barsky et al., 1990; Speckens et al.,

1996; Aronson et al., 2001), thus its higher mean in the IEI-EMF
group might reflect these people’s heightened introspection and
self-inspection tendency and their elevated proneness to interpret
various body sensations as signs of pathological processes.
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In contrast to the SSAS, the Radiation subscale of the MHW
cale assesses health-related worries that are EMF-specific, thus
t remained the only significant predictor of IEI-EMF in the logistic
egression equation after controlling for participants’ age, gender,
nd SSAS scores.

Unfortunately, no appropriate longitudinal or experimental
tudies about the personal development of the IEI-EMF phe-
omenon are known. Therefore, it cannot be decided whether
ensational–perceptual sensitivity is the primary factor and peo-
le label themselves as sensitives because of the accumulating
npleasant personal experiences (a bottom-up cognitive process)
r they acquire EMF-related knowledge and fears from other people
nd they use the phenomenon to find causes for their symp-
oms (misattribution). Nevertheless, we have evidence of the latter

echanism: modern health worries were predictors of symptoms
ttributed to a pesticide spraying but not to all symptoms in a study
Petrie et al., 2005), and people attributed various symptoms to
on-existing (sham) electromagnetic exposure in an experimental
tudy (Szemerszky et al., 2010). Acquired EMF-specific knowledge
r EMF-specific concerns also focus attention on internal processes
introspection) and they thereby lower sensation thresholds, acti-
ate symptom-related schemas (selective monitoring) or trigger
he symptom generation process in other ways (top-down mech-
nisms). In addition, the latter two mechanisms (misattribution
nd introspection/selective monitoring) can reinforce each other
nd thereby generate a vicious circle. Stable changes in perceptual
ensitivity due to introspection and learning cannot be excluded
ither.

imitations

The present study obviously has several shortcomings. First
f all, because of the sampling method, neither the IEI-EMF nor
he control group can be regarded as psychologically represen-
ative of their respective populations, thus the generalizability of
he results is limited. Moreover, participants in the IEI-EMF group
ere not diagnosed IEI-EMF patients but individuals with self-

eported IEI-EMF, therefore this group was quite heterogeneous
egarding severity of symptoms or general impairment in every-
ay functioning. Symptom reports were obtained retrospectively
i.e., following exposure sessions, not during sessions), thus they

ight have been biased. Although careful steps to avoid indirect
ues from other sensory modalities (warming and vibration of coils,
perating noise of power supply, etc.) were taken, the possibility
hat other ways than direct sensation of the MF  lie behind dif-
erences in detection performance cannot be excluded. Based on
urrent hypotheses about biological mechanisms of detection of
Fs, the exposure was directed onto participants’ hand and fore-

rm, as these body parts are sensitive to skin-related stimulation.
f the sensors or receptors are located in the brain (magnetite crys-
al hypothesis, see ‘Introduction’ section), stimulation of hands and
orearms cannot lead to positive results. The possible relationship
etween parasympathetic activation and detection ability needs
ore detailed experimental investigation. Finally, as the present

ndings about the detection of the MF  are quite novel, and statis-
ical significance of the differences of SDT parameters were at the

 < .05 level only, replication of the provocation experiment would
learly be desirable.

onclusions
Detection of MF  might be possible for people with IEI-EMF to
ome extent. Although heightened sensibility to MFs  may  play a
ole in the development and/or in the perpetuance of the IEI-EMF
d Environmental Health 216 (2013) 362– 370 369

phenomenon, symptoms attributed to the MF  seem to be mainly of
psychogenic origin.
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