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bstract

The aim was to analyze the subjective experiences of Finns who describe themselves as suffering from electromagnetic hypersensitivity
EHS), their symptoms, self-perceived sources of the health complaints and the effectiveness of medical and complementary alternative
herapies. A total of 395 questionnaires were mailed to self-diagnosed EHS persons. Of the participants 345 belonged to a Finnish self-help
roup and 50 came from outside of the group. The return rate of the study was 52.1% (206) and 80.9% of the respondents were women. Before
he onset of EHS the most common health complaints were different types of allergies (35.1%, 68). During the acute phase of EHS the most
ommon symptoms were nervous system related: “stress” (60.3%, 117), “sleeping disorders” (59.3%, 115) and “fatigue” (57.2%, 111). The
ources that were most often reported to have triggered EHS were: “personal computers” (50.8%, 94) and “mobile phones” (47.0%, 87). The
ame devices were also claimed to cause the most symptoms during the acute phase. After the acute phase of EHS had passed, the respondents
till claimed to react to these same digital and wireless devices while their reactions to basic electrical appliances were reduced. According to
6% of 157 respondents the reduction or avoidance of electromagnetic fields (EMF) helped in their full or partial recovery. The best treatments
or EHS were given as: “dietary change” (69.4%), “nutritional supplements” (67.8%) and “increased physical exercise” (61.6%). The official
reatment recommendations of psychotherapy (2.6%) and medication (−4.2%) were not significantly helpful. According to the present results
he official treatment protocols should take better account the EHS person’s own experiences. The avoidance of electromagnetic radiation and

elds effectively removed or lessened the symptoms in EHS persons.

 2013 Elsevier Ireland Ltd. All rights reserved.
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.  Introduction

According to World Health Organization (WHO) elec-
romagnetic hypersensitivity (EHS) manifests as a variety
f non-specific symptoms and differs between individuals.
HO does not consider EHS as a medical diagnosis and the

ollection of symptoms is not associated with any known syn-
rome. The most common symptoms associated with EHS
re dermatological, neurasthenic and vegetative symptoms.
or long-lasting symptoms WHO recommends therapy for
ersons suffering from EHS and also notes that physicians
Please cite this article in press as: M. Hagström, et al., Electromagnetic hy
a questionnaire study, Pathophysiology (2013), http://dx.doi.org/10.1016

hould not be overly concerned about the reduction of elec-
romagnetic fields (EMF) based on the individual’s requests
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928-4680/$ – see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.pathophys.2013.02.001
1]. In Finland the officially recommended treatment for EHS
s psychotherapy [2].

Previous studies have typically focused on population
ased surveys and the prevalence of EHS has been estimated
t 1.5% in Sweden [3], 5% in Switzerland [4], 3.2% in Cal-
fornia [5], 3.5% in Austria [6] and 4% in the UK [7]. In
aiwan the prevalence of EHS in the general population has
een estimated at a surprisingly high percentage, 13.3% [8].
t has been suggested in the research literature that different
thnicities may have variable EHS risk [5].

For this study the prevalence of EHS in the general popu-
ation was not addressed nor was the study group compared
o the general population. This study did not seek to prove a
persensitive Finns: Symptoms, perceived sources and treatments,
/j.pathophys.2013.02.001

ausal relationship between EHS symptoms and electromag-
etic field exposure (EMF).

Our study aim was to analyze the subjective reported
xperiences of Finnish people who describe themselves as

dx.doi.org/10.1016/j.pathophys.2013.02.001
dx.doi.org/10.1016/j.pathophys.2013.02.001
mailto:Marjukka.Hagstrom@turkuamk.fi
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 M. Hagström et al. / Path

uffering from EHS as there have been no previous stud-
es about EHS symptoms and treatments in Finland. Similar
tudies have already been made in Switzerland (2004) [9]
nd Japan (2012) [10]. The questionnaire was designed to
nd answers to three main questions about the participants
nd their EHS related symptoms: the types of symptoms, the
elf-perceived sources for their symptoms, and the scope and
ffectiveness of different kinds of medical care and comple-
entary alternative medicine (CAM) therapies.

. Subjects  and  methods

The questionnaire was designed to survey EHS related
ealth complaints, the environments and electrical equip-
ents the subjects associated with their symptoms and the

fficacy of medical or alternative remedies in subjects who
ad sought to get help in their symptoms.

In March 2011 a pilot questionnaire was arranged and
ailed to 50 participants in order to test the questionnaire
aterial for unforeseen omissions or problems in the phras-

ng of questions. Out of the 50 participants 23 returned their
uestionnaire i.e. the return rate was 46%. The returned mate-
ial was helpful and minor adjustments were made to the
uestions.

The adopted questionnaire was mailed to the participants
etween July 2011 and January 2012. Initially the participants
ere selected from the membership registry of a self-help
roup, but later approximately 50 additional people claiming
o suffer from EHS, but not directly involved with the self-
elp group who had heard of the study by word of mouth and
sked to participate in the study. The questionnaire forms
ere sent to all who requested it. In total 395 forms were
ailed and the return rate was 52.1% as 206 returned ques-

ionnaires. In this group 12 forms were disqualified from the
tudy due to either being inadequately filled or the respondent
id to not suffer from EHS themselves.

Out of the 194 valid responses 80.9% (157) were from
omen and 19.1% (37) were from men. The average age
f the respondents was 55.4 years (27–98). The percentages
f age-groups were (20–29) 1.1%, (30–39) 13.4%, (40–49)
9.9%, (50–59) 22.0%, (60–69) 29.0%, (70–79) 13.4% and
.1% in age group (80–99) (Fig. 1).

In previous studies EHS symptoms have been typically
elated to skin conditions of the face and chest and various
eurovegetative symptoms [11,12]. In the present study a list
f 68 varied health complaints were reported. In addition
o the typical EHS symptoms the list also included many
eneric health symptoms, which are generally not associated
ith EHS. The symptoms were grouped into 10 different

ategories. Symptoms of the nervous system, dermatological
Please cite this article in press as: M. Hagström, et al., Electromagnetic hy
a questionnaire study, Pathophysiology (2013), http://dx.doi.org/10.1016

ymptoms, symptoms generally located around the head as
ye and ear symptoms, symptoms of the mouth, heart and
ung symptoms, symptoms of the airways, muscle and joint
ymptoms and other problems.

s
a
c
e

Fig. 1. Age distribution of respondents (n = 186).

The participants were requested to answer to which phase
f EHS the symptoms were related. The questions were given
s multiple choices for each symptom. The possible answers
ere ‘none’, ‘before the onset of EHS’, ‘during the acute
hase of EHS’ and ‘currently persisting’. The frequency and
everity of the symptoms was not assessed further in the ques-
ionnaire. The concept of the acute phase of EHS exists in
ome member questionnaires of self-help groups [13] but is
eldom found in peer-reviewed literature. In practice we have
nterviewed many people who have described to having expe-
ienced an ‘acute phase’ in their EHS syndrome. In this study
e wanted to use this definition in order to analyze symptoms

nd reactions to different sources EMFs at different stages of
HS.

The questionnaire included two questions about the elec-
rical devices and sources associated with the EHS symptoms.
n open question asked which devices or sources they
rst associated with the onset of health complaints. It was
ollowed by a multiple selection question with a list of 50 typ-
cal electrical home appliances (vacuum cleaners, electrical
eating elements, refrigerators), electronic devices (personal
omputers, flatscreen TVs, compact fluorescent lights) wire-
ess devices (mobile phones, wireless internet routers, mobile
hone base station towers) and other types of commonplace
lectromagnetic emission sources. The answer options were
bout the perceived sources for symptoms during the dif-
erent phases of the progression of EHS: none, before the
mergence of EHS, during the acute phase of EHS or still
ersisting.

The perceived efficacy of medical and complementary
lternative treatments in regards to EHS was evaluated by

 multiple choice question. The medical treatments included:
sychotherapy, medications, removal of dental amalgam
llings, dietary changes, vitamin B12 and other supple-
ents, increased physical exercise. The CAM treatments

ncluded: natural dietary supplements, solarium, acupunc-
ure, chiropractic/naprapathy/osteopathy, traditional bone
etting therapy, physiotherapy, homeopathy, reflexology, shi-
persensitive Finns: Symptoms, perceived sources and treatments,
/j.pathophys.2013.02.001

tsu. Participants were given the answering choices ‘Helped
onsiderably’, ‘Helped somewhat’, ‘No effect’ and ‘Wors-
ned the situation’. These were respectively given weighing

dx.doi.org/10.1016/j.pathophys.2013.02.001
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oefficients of 1, 0.5, 0 and −1 for the purpose of calculat-
ng a weighed effect percentage for each treatment. Each of
he weighed percentages was calculated from the sum of the
nswer options multiplied by the respective weighing coeffi-
ients and dividing it by the number of people who have tried
he specific treatment.

The weighed effect percentage was calculated from the 4
nswer options for each treatment after assigning a different
eighing multiplier for each option. The number of treated

or each option was multiplied with the weighing multiplier
nd an average percentage was calculated. ‘Helped consid-
rably’ is given a weighing factor of 1, ‘Helped somewhat’
.5, ‘No effect’ 0 and ‘Worsened the situation’ −1.

. Results

.1.  Reported  symptoms

The participants were asked about their subjective symp-
oms which they had during the different stages of their EHS
yndrome progression. A total of 68 different symptoms were
isted. The average number of symptoms per person before
he onset of full EHS symptoms was 10.5. In the acute phase
he average number of reported symptoms was increased up
o 26.8.

The 10 most common symptoms (typically associated
ith EHS syndrome and) experienced by the participants
efore the onset of EHS are shown in Table 1. The most typi-
al symptoms which were reported to have existed before the
nset of EHS were different types of allergies i.e. in 35.1%
68) of the subjects. Unlike the most reported symptoms the
umber of allergies only rose to 37.1% (72) in the acute phase.
he data show a high increase in average individual symptom

ncidence after the onset of EHS compared to the situation
efore. The pre-existing symptoms did not disappear and new
ymptoms appeared. For example the incidence of stress rose
Please cite this article in press as: M. Hagström, et al., Electromagnetic hy
a questionnaire study, Pathophysiology (2013), http://dx.doi.org/10.1016

rom 34.0% (66) to 60.3% (117) and sleeping disorders rose
rom 23.7% (46) to 59.3% (115).

During the acute phase of the EHS syndrome the
ost prevalent reported symptoms were related in nervous

b
t
r
E

able 1
he prevalence of symptoms common before the onset of EHS and the comparative

Symptom Before the onset of EHS symptoms 

Proportion of respondents (%) Number 

1 Allergies 35.1 68 

2 Stress 34.0 66 

3 Back ache 32.5 63 

4 Abnormal fatigue 32.0 62 

5 Muscle tension 31.4 61 

6 Skin dryness 27.3 53 

7 Sore joints 26.3 51 

8 Migraine and similar headaches 25.8 50 

9 Photosensitivity 24.7 48 

0 Sleeping disorders 23.7 46 
logy xxx (2013) xxx–xxx 3

ystem. Among the most common ones were stress (60.3%,
17), sleeping disorders (59.3%, 115), fatigue (57.2%, 111),
oncentration problems (56.7%, 110), memory problems
54.6%, 106) and anxiety (52.6%, 102). Common were also
uscle and joint issues, symptoms of the head region, der-
al problems and heart complaints. Table 2 lists the incidence

ates of the 20 most reported symptoms after the EHS onset
nd also compares them to the rates before the onset of EHS.
he highest increases in incidence rates were burning sen-
ation of the skin (386%), hot sensation of the head region
368%), nausea (343%), dizziness (342%) and heavy sensa-
ion in the head (273%).

.2.  Sources

Participants were asked about which electromagnetic
ources they perceived to first have triggered their EHS syn-
rome. This was presented as an open question. Out of the 185
espondents the most common triggering sources listed were:
ersonal computers (50.8%, 94), mobile phones (47.0%, 87),
ight sources (21.1%, 39), television sets (14.6%, 27) and

obile phone base stations (7.0%, 13). Many responders
ave several first sources they found. The two most common
ources, personal computers and mobile phones, appeared
ogether in 50 responses.

The 10 most common reported electrical sources for EHS
ymptom complaints during the acute phase and the propor-
ional rates for them during and after the acute phase are
iven in Table 3. The most common device complaints dur-
ng the acute phase were due to GSM mobile phones (63.4%,
23), personal computer displays (61.3%, 119) and fluores-
ent tube lighting (54.6%, 106). The rates of change from the
cute phase to after the acute phase for these complaints were
19.2% for personal computer screens, +4.9% for mobile

hones and +6.6% for fluorescent lights. The complaint rates
f some electronic devices had clearly increased after the
cute phase. So the complaints about compact fluorescent
persensitive Finns: Symptoms, perceived sources and treatments,
/j.pathophys.2013.02.001

ulbs increased by +17.8% and local wireless area network
ransmitters by +27.5%. In contrast to these the complaint
ates due to basic electrical appliances reduced after the acute
HS phase. The rate changes were −27.5% for vacuum

 figures in the acute phase.

During the acute phase of EHS symptoms

of respondents Proportion of respondents (%) Number of respondents

37.1 72
60.3 117
48.5 94
57.2 111
55.7 108
35.6 69
58.2 113
43.8 85
54.1 105
59.3 115

dx.doi.org/10.1016/j.pathophys.2013.02.001
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Table 2
The prevalence of health problems common during the acute phase of EHS and the comparative values before the onset of acute EHS symptoms.

Symptom Before the onset of EHS symptoms During the acute phase of EHS symptoms

Proportion of respondents (%) Number of respondents Proportion of respondents Number of respondents

1 Stress 34.0 66 60.3 117
2 Sleeping disorder 23.7 46 59.3 115
3 Sore joints 26.3 51 58.2 113
4 Heavy sensation in the head 15.5 30 57.7 112
5 Muscle weakness 21.1 41 57.7 112
6 Abnormal fatigue 32.0 62 57.2 111
7 Concentration problems 21.6 42 56.7 110
8 Muscle tension 31.4 61 55.7 108
9 Burning sensation of the skin 11.3 22 55.2 107

10 Memory problems 19.1 37 54.6 106
11 Stinging sensation of the skin 16.5 32 54.6 106
12 Dizziness 12.4 24 54.6 106
13 Photo sensitivity 24.7 48 54.1 105
14 Hot sensations of the head region 11.3 22 53.1 103
15 General sensation of illness 20.1 39 53.1 103
16 Anxiety and restlessness 21.6 42 52.6 102
17 Additional heartbeats 16.5 32 52.6 102
18 Arrhythmia 18.0 35 48.5 94
19 Back aches 32.5 63 48.5 94
20 Nausea 10.8 21 47.9 93

Table 3
Perceived symptom sources during and after the acute phase of EHS.

EMF source During the acute phase of EHS symptoms After the acute phase of EHS symptoms

Proportion of respondents (%) Number of respondents Proportion of respondents (%) Number of respondents

1 Mobile phones (GSM) 63.4 123 66.5 129
2 Personal computer displays 61.3 119 49.5 96
3 Fluorescent lights 54.6 106 58.2 113
4 Television set 53.6 104 40.7 79
5 Powerlines 52.6 102 46.4 90
6 Personal computer central unit 47.9 93 44.8 87
7 Laptop computer 42.3 82 50.0 97
8 Mobile phone basestation 42.3 82 41.8 81
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9 Microwave oven 39.7 7
0 Newly made cars 39.7 7

leaners, −21.3% for refrigerators, −30.2% for incandes-
ent bulbs, −22.8% for washing machines and dishwashers,
16.9% for microwave ovens, −24.1% for television sets,
33.1% for AC powered radio receivers and −38.0% for
i-Fi stereo sets.

.3.  Medical  and  CAM  treatments

The questionnaire clarified also how the medical treat-
ents and CAM therapies had subjectively helped people in
HS. Of the total 194 respondents 154 people had tried vari-
us treatments for their EHS symptoms. The average number
f treatments tried per person was 5.4. The total amounts of
ifferent treatments tried and their weighed effectiveness are
iven in Table 4.
Please cite this article in press as: M. Hagström, et al., Electromagnetic hy
a questionnaire study, Pathophysiology (2013), http://dx.doi.org/10.1016

According to the subjective experiences of the respon-
ents the best treatments were (in weighted percentages):
ietary change (69.4%), nutritional supplements (67.8%),
ncreased physical exercise (61.6%) and physical treatments

T
s
a

33.0 64
42.3 82

f the body. These included such therapies as shiatsu (64.3%),
raditional bone setting (63.0%), chiropractic (48.1%) and
eflexology (45.9%) therapies. They were well received by
HS sufferers and seemed to improve their well-being.

Out of all the working age i.e. under 65-years old respon-
ents (145) 51.7% (75) were in the work force. Some
reatments such as psychotherapy (2.6%) and medications
ased on established medical therapies (−4.2%) were not
ignificantly helpful in EHS disorder related symptoms. Of
he people who had tried psychotherapy for their EHS symp-
oms and were of working age 42.4% (19) were still in the
ork force.
In the questionnaire an open question presented asked

bout the actions they had taken and which had led to full
r partial recovery. Out of the 157 responses to this question
6% (119) indicated that they had reduced or avoided EMFs.
persensitive Finns: Symptoms, perceived sources and treatments,
/j.pathophys.2013.02.001

he most common ways were the avoidance of using per-
onal computers or mobile phones and permanently moving
way from city areas.

dx.doi.org/10.1016/j.pathophys.2013.02.001
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Table 4
Weighed effects of medical and CAM therapies.

Form of therapy Weighed effectivity (%) Number of responses

1 Change of diet 69.4 85
2 Nutritional supplements 67.8 115
3 Shiatsu 64.3 21
4 Traditional bone setting 63.0 27
5 Increased physical exercise 61.6 95
6 Removal of dental amalgams 55.3 94
7 Chiropractic/naprapathy/osteopathy 48.1 52
8 Reflexology therapy 45.9 61
9 B12 injections 45.5 22

10 Homeopathy 44.4 62
11 Acupuncture 40.8 60
12 Physiotherapy 27.4 42
13 Psychotherapy 2.6 38
14 Solarium treatment 0.0 4
1
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5 Medicinal therapy 

.  Discussion

The questionnaire was sent to people who self-assessed
hemselves as suffering from EHS and EMFs in their envi-
onment. In total 395 questionnaires were sent and out of
hose 345 were mailed to members of the Finnish EHS self-
elp association and 50 to people were independent of the
ssociation influence. It is important to note that in this study
here were significant numbers of respondents from outside
he self-help association, because it is likely that the members
f such an association share considerable amounts of spec-
lative information about symptoms, treatments and EMF
ources biasing their responses. As also in several previous
HS studies the clear majority of respondents were women
nd this might have also affected the results [5,6,10].

The first question was to clarify what health symptoms
HS sufferers claimed to attribute to their EHS. The preva-

ence of typical symptoms was charted out both before and
fter the onset of major EHS complaints. The majority of
ymptoms before the acute phase were allergies (35.1%, 68),
ut they increased only 6% in acute phase. This result might
rovide some insight into the shared backgrounds of EHS
ufferers.

In an earlier Swedish EHS study from the 1990s the skin
ymptoms were the leading health complaints and the symp-
oms of the nervous system were less common [12]. In the
resent study the nervous system symptoms dominated in the
cute phase i.e. stress, sleeping disorders, fatigue, concentra-
ion problems and memory problems were among the ten
ost typical symptoms during the acute phase. In a similar

apanese questionnaire study in the self-help group (n  = 75)
n 2012 the symptoms of the nervous system such as fatigue,
ifficulty in concentration, sleeping disorder, irritation and
nxiety were also among the 10 most common symptoms
10]. In the Japanese study no additional information about
Please cite this article in press as: M. Hagström, et al., Electromagnetic hy
a questionnaire study, Pathophysiology (2013), http://dx.doi.org/10.1016

he phases of EHS was asked in relation to the major symp-
oms. The EHS symptom prevalence was, however, similar
n Japan and Finland.

[

a

−4.2 48

In this study the suspected EHS onset triggers were
sked in an open question. The most common triggers
iven were personal computers (50.8%, 94), mobile phones
47.0%, 87) and light sources (21.1%, 39). The compa-
able percentages for the Japanese study were lower and
he clearly most common onset source reported in that
tudy was mobile phone base stations and personal handy
hones (PHS) (37.3%). Neither mobile phone base stations
7.0%) nor PHS systems (2.7%) were the major symptom
nset contributors in the present study. These results cannot
irectly be compared because PHSs and mobile base sta-
ions have been combined under one category in the Japanese
tudy. The apparent discrepancy in the percentage for PHS
ystems could at least partially be explained by the differ-
nt popularities of the technologies in these two countries.
HS systems for example have never been very popular in
inland.

Common sources for complaints especially during the
cute phase were wireless devices and digital electronic
evices which are known to radiate purposeful EMFs
r incidental electromagnetic noise. These include mobile
hones (GSM) (63.4%, 123), personal computer displays
61.3%, 119) and fluorescent lights (54.6%, 106). The
obile phones (GSM) and fluorescent lights complaints

emained at same levels both during the EHS acute phase
nd also after the acute phase had passed. In contrast to
his especially the complaints about basic electrical appli-
nces such as vacuum cleaners, plugged in radio receivers,
ncandescent light bulbs, refrigerators and microwave ovens
ecome fewer after the acute phase. A majority of persons
laimed that their EHS symptoms were reduced notice-
bly and their life-quality had improved after they had
educed to use of these appliances which were the major
ources of EMF and avoided locations with high EMFs.
imilar results were also reported in the Swiss study
persensitive Finns: Symptoms, perceived sources and treatments,
/j.pathophys.2013.02.001

9].
Our respondents had tried a wide variety of medical

nd complementary alternative therapies. The treatments

dx.doi.org/10.1016/j.pathophys.2013.02.001


ARTICLE IN PRESSPATPHY-765; No. of Pages 6

6 ophysio

r
s
1
(
c
t
t
s
f
1
p
c
k
s

f
i
d
i
a
T
n
t
a

5

E
t
o
r
t

A

t

R

[

[

[

[

[

 M. Hagström et al. / Path

eported to work the best were dietary change, nutritional
upplements and increased physical exercise. In this study
15 respondents tried nutritional supplements and 94%
108) found them very helpful or somewhat helpful. The
ategory ‘nutritional supplements’ included a broad spec-
rum of supplements including antioxidants suggesting
heir need in tissue repairs. The efficiency of antioxidant
upplements alone at treating EHS symptoms have been
ound ineffective in a Swedish randomized controlled trial on
6 EHS from 2001 [14]. Considering this and the subjective
ositive effect of nutritional supplements in our study it
ould be interesting to further break down the different
inds of supplements that people have taken for their EHS
ymptoms.

In a previous review of EHS treatments psychotherapy was
ound to be varyingly beneficial. In three of the four stud-
es reviewed psychotherapy offered some help to patients
escribing themselves as EHS sufferers [15]. The persons
n our study who tried medical treatment and psychother-
py found them generally unhelpful and often even harmful.
hese experiences combined with the reported commonplace
egative attitudes of the medical establishment could explain
he high rate of persons experimenting with CAM therapies
nd lifestyle changes.

.  Conclusion

The officially recommended psychotherapy treatment for
HS was not effective. The treatment protocols should

hus take better into account the patients’ perception
f their own condition. The avoidance and already a
eduction of EMFs effectively alleviated experienced symp-
oms.
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