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Introduction: Individuals who claim to be affected by idiopathic environmental 
intolerance attributed to electromagnetic fields (EMFs) report symptoms linked 
to EMF exposure. Uncertainties about the causes of these symptoms often leave 
them seeking their own care solutions. In our connected societies, they may 
limit their exposure, leading to a spiral of avoidance that negatively impacts 
overall health. Our objective is to gain insights into the characteristics of people 
who report sensitivity to EMFs in an attempt to provide care guidance. This 
study focuses on modern health worries (MHW), behaviours, and exposure 
perceptions of people reporting various sensitivity levels to EMFs during the 
COVID-19 lockdowns, which altered habits and increased telecommunication 
device use.

Methods: We conducted two surveys during relaxed lockdown periods in 
Belgium (June/July 2020 and February/March 2021). A total of 97 and 285 
participants, respectively, answered a questionnaire on sensitivity to EMFs, 
MHW, exposure perception, and strategies to limit EMF exposure. We applied 
nonparametric descriptive and multivariate statistical analyses.

Results: Higher sensitivity to EMFs correlates with greater MHW regarding EMF 
sources and more strategies to limit EMF exposure. However, these strategies 
were inconclusive, as many still felt highly exposed to EMFs.

Discussion: Given the high distress, social isolation, and professional difficulties 
faced by some EMF sensitive individuals, the relevance of exposure avoidance 
strategies is questionable. People who perceive high sensitivity to EMFs report 
worries and avoidance behaviors, yet still feel highly exposed. The findings 
suggest exploring new care avenues.
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1 Introduction

The context of the COVID-19 pandemic, with successive imposed 
lockdowns, has led the population to change certain habits and to 
intensify the use of mobile devices (1) and screens, particularly for 
browsing social networks and the Internet for daily life needs 
(shopping, banking, administration, etc.) (2). Furthermore, the 
pandemic coincides with the roll-out of the fifth generation (5G) of 
mobile networks in several countries, which, in the absence of clear 
evidence to draw conclusions (3), has led to uncertainty and 
misinformation about the impact of 5G on human health (4).

The perception of health risks related to modern technologies is 
widespread (5–8). This is referred to as Modern Health Worries 
(MHW) (8, 9) and includes electromagnetic fields (EMFs), air 
pollutants, food additives, overuse of antibiotics, noise, and other broad 
environmental issues, such as ozone layer depletion or climate change.

Environment-related syndromes, referred to as idiopathic 
environmental intolerances (IEIs) are polymorphic (e.g., sick building 
syndrome, sensitivity to multiple physical, chemical, and biological 
agents) (9, 10) and they affect a considerable number of people. 
Worldwide, in the absence of validated objective criteria, the reported 
IEI-EMF prevalence varies considerably from one survey to another, 
ranging from 1.5 to 13% (11). IEIs refer to syndromes in which 
patients describe symptoms related to environmental exposures, 
whereas there is no detectable abnormality on clinical examination 
(10). Among the physical agents, non-ionizing EMF are at the origin 
of the so-called IEI attributed to EMF (IEI-EMF) syndrome, also 
referred to as electrohypersensitivity (EHS). People reporting IEI-EMF 
(IEI-EMF people) claim to suffer from a variety of symptoms 
attributed to EMF sources in the absence of validated clinical or 
biological evidence (11, 12). The incriminated sources are diverse, 
including the entire non-ionizing radiation (NIR) part of the 
electromagnetic spectrum, covering extremely low frequencies  - 
generated by electrical equipment and appliances - to radio frequencies 
(RF) - emitted by mobile phones, base stations, Wi-Fi, Bluetooth, etc.

Studies exploring the association between EMF exposure and 
reported IEI-EMF symptoms have failed to provide conclusive 
evidence. Indeed, Schmiedchen et  al. (13) indicated that 
methodologically sound provocation studies pointed to an unlikely 
effect of EMF exposure. Given the ubiquity of man-made EMF sources 
in our societies, physical and psychological symptoms could also 
be the consequence of adverse expectations (whether conscious or 
not) of EMF exposure (14, 15). However, such nocebo effects should 
not be  considered exclusive to other causes, as shown in several 
qualitative studies on the trajectories of IEI-EMF people showing that 
symptoms can be present before being attributed to EMF (16–18).

Regardless of the origin of the symptoms, the suffering of many of 
these people is very significant and leads into spirals of exposure 
avoidance strategies incompatible with overall health (19) and quality of 

life. In MHW, an association is repeatedly reported with symptoms, 
either directly (6, 20–22) or indirectly through, e.g., the number of visits 
to general practitioners (23) and IEI (5, 9). The results are similar for the 
IEI-EMF (24, 25). Awareness of this possible association may 
be  informative for patient support in the healthcare system (21). In 
addition, beyond the evaluation of risk perception on the MHW scale, 
it appears essential to complement the analysis with exposure perception. 
Indeed, in IEI-EMF, coping strategies most often involve exposure 
avoidance (26) by taking various protection measures, such as switching 
off home RF sources, using protective solutions, and asking relatives to 
switch off mobile phones (16, 17). Some IEI-EMF people then report an 
improvement in their quality of life, while others do not, and go further 
with exposure avoidance strategies. This results in social exclusion, work 
incapacity and financial difficulties (11, 27), often reinforced by a lack of 
understanding of the precautions taken within their family and 
professional circles (11). The effectiveness of avoidance strategies can 
be questioned and analysed in relation to exposure perception. All the 
more so as the direction of the association between exposure perception 
and the question of avoidance strategies clearly appears to be extremely 
complex, as does the association between sensitivity and concern.

Our primary aim is to gain new knowledge about the 
characteristics of IEI-EMF people in an attempt to provide guidance 
for care. More specifically, in this work, we  investigated the 
associations between EMF sensitivity and MHW, exposure perception 
and avoidance strategies. Three hypotheses are explored:

Hypothesis 1: The more people reported being EMF sensitive, the 
greater their worries, particularly on the EMF items of the 
MHW scale.

Hypothesis 2: The more people reported being EMF sensitive, the 
greater they adopted avoidance strategies.

Hypothesis 3: The more people adopt exposure avoidance 
strategies, the lower their perceived exposure to EMF sources.

2 Methods

2.1 Survey, recruitment and data collection

This study took place in two distinct periods, during the relaxation 
of lockdown conditions after the first and second waves of 
COVID-19  in Belgium, respectively, while the roll-out of 5G in 
Belgium was launched in April 2020, which led to numerous protests 
among the concerned citizens.

The survey was developed under.Net (C#) with storage in an 
internal Structured Query Language (SQL) server database. In the first 
period (P1), the survey was published online in French (June 2020) 
and in Dutch (July 2020) and was available online for 3 weeks. This 
period corresponds to the relaxation of the lockdown measures 
following the first COVID-19 wave. In the second period (P2), it was 
published in French (February 2021) and in Dutch (March 2021) and 
was available online for 4 weeks. This second period corresponds to 
the post-COVID-19 lockdown period, although less strict, linked to 
the second wave of COVID-19 (Table 1).

Respondents who did not wish to complete the survey digitally 
could request a paper format to be filled in by hand and sent by post. 

Abbreviations: 2G, 4G, 5G, The second, fourth and fifth generations of mobile 

network; DEGURBA, The degree of urbanization; EMF, Electromagnetic field; IEI, 

idiopathic environmental intolerance; IEI-EMF, idiopathic environmental intolerance 

attributed to electromagnetic fields; ISSeP, Institut Scientifique de Service Public; 

HVPL, High voltage powerlines; MHW, Modern health worries; NIR, Non-ionising 

radiation; P1, Period 1; P2, Period 2; PMT, Protection motivation theory; RF, Radio 

frequencies.
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The final anonymized dataset includes one hand-filled form in P1 and 
two in P2.

2.2 Questionnaire survey

The survey included the following domains (see details in 
Supplementary material S1).

Demography includes questions related to age, gender, 
municipality, and employment (possibly temporarily interrupted). The 
degree of urbanization (DEGURBA) was assigned based on the 
municipality (28). The classification identifies three zones (level 1): 
cities, towns and suburbs, and rural areas.

Health status: Respondents were asked to evaluate their health on 
a 5-point Likert scale (from very good to very poor—Health_status) 
and to report the frequency over time of symptoms common in the 
IEI-EMF (migraine, insomnia, fatigue, memory problems, heart 
palpitations, joint pain, digestion problems, itching, depressed mood, 
and irritability) in four categories (from never to every day). The 
symptom score was calculated by averaging the answers related to 
symptoms (SymptomScore).

Risk Perception, by way of the MHW scale (8, 20): The scale was 
translated into French and Dutch and used to assess how concerned 
respondents perceive the impact of various aspects of modern life on 
their health. Translations were independently proofread by two 
members of the research team in both languages. The scale initially 
consists of 24 items, with scores ranging from 0 (not at all concerned) 
to 4 (extremely concerned). Two items were added to consider new 
issues: risk perceptions linked to “5G antennas” and “COVID-like 
viruses,” while due to technical issues, the item on genetically modified 
food was removed (Supplementary material S2). MHW scores were 
calculated by summing the answers. This resulted in an overall MHW 

score (25 items), a specific score for items related to radiation (4 items: 
mobile phones, 2G-4G antennas, 5G antennas, high voltage powerlines 
(HVPL)—EMF_worries score) and an MHW score excluding 
radiation items (21 items—noEMF_worries score), ranging from 0 to 
100, 0 to 16 and 0 to 84, respectively. The four items related to EMF 
sources were also considered separately, each ranging from 0 to 4 
(mobile phone-worries, 2G-4G antennas-worries, 5G antennas-
worries, and HVPL-worries).

Exposure perception: The level of exposure perception to the 
various agents of the MHW scale was evaluated by the following 
question: “Are you very exposed to this agent?” (yes/no). Exposure 
scores were calculated, assigning 1 to “yes” and 0 to “no” answers, 
resulting in two exposure scores ranging from 0 to 4 and 0 to 21 for 
items related to EMF (EMF_exposure) or not (noEMF_exposure), 
respectively. The perception of exposure to the four items on EMF 
sources was also considered one by one, ranging from 0 to 1.

EMF sensitivity: The respondents’ perceptions of their sensitivity 
to EMF were examined using five categories (from not sensitive 
to hypersensitive).

Exposure avoidance strategies: These strategies could be used to 
reduce exposure (Supplementary material S3). A score was calculated: 
for each strategy, 1 or 2 points were assigned if the strategies had been 
in place for less or more than 1 month, respectively, to give more 
weight to those strategies adopted over a longer period of time. An 
avoidance score was derived by summing the answers to the 15 
questions, ranging from 0 to 30.

2.3 Statistical analyses

Univariate statistics were processed with Stata/SE 15.1. Fisher’s 
exact test was used to compare the characteristics of the participants 
between the two periods, as well as to compare the questionnaires 
included/excluded due to missing information on sensitivity to EMF 
and MHW. The distribution of results between the different sensitivity 
categories was also examined using this test.

Comparisons of health status and EMF sensitivity by period were 
performed by ANOVA. Comparisons related to EMF sensitivity were 
performed by ANOVA. The distribution of the results among the 
different categories of sensitivity was explored by the chi-squared test.

Multivariate analyses were conducted to integrate the 
contributions of the different variables to the varying levels of EMF 
sensitivity reported by respondents: (1) ordered logistic regression 
(OLR) with Stata/SE 15.1 and (2) exploratory multivariate analyses 
using gradient boosting machine (GBM) analysis within the R 
environment (R version 4.1.2, The R Foundation for Statistical 
Computing). GBM modeling is a machine learning technique of 
interest in managing possible non-linear relationships between 
independent and dependent variables, without requiring explicit 
model specifications. The boosting approach used in boosted 
regression trees has its origins within machine learning (46), but 
subsequent developments in the statistical community reinterpret it as 
an advanced form of regression (45) [(29), p.803]. As recommended 
by Elith et al. (29), we were able to fit GBM models with at least 1,000 
trees. A Poisson distribution fits the EMF-sensitivity variable. The 
GBM prediction models were fitted following the gbm.step routine 
in the gbm package version 2.1.8 and dismo package version 1.3–5. 
The trees were built with default parameters: a tree complexity of 5, 

TABLE 1 Summary table of periods and total data collection.

P1 P2

French language June 2020

During 3 weeks

February 2021

During 4 weeks

Dutch language July 2020

During 3 weeks

March 2021

During 4 weeks

Total respondents 153 446

Included participants 97 285

Recruitment Direct contact with 

individuals who had been 

involved in previous projects 

on the IEI-EMF, either 

sensitive or not

contact with regional 

institutions

contact with associations 

representing the interests of 

people with EMF sensitivities 

and other environmental or 

health prevention 

associations

researchers’ social networks

The same contacts were 

used

information was also 

sent to new contacts, 

for the most part in 

Flanders

information was also 

shared through highly 

followed institutional 

channels (to increase 

the visibility of the 

survey in social 

networks)

P1: Period 1; P2: Period 2.
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a learning rate of 0.001 and a bag fraction of 0.5. To enable analyses 
to be replicated, the seed was set at 123.

In both multivariate analyses, the dependent variable was EMF 
sensitivity, while the independent variables were gender, age, 
employment, region, and urbanization as generic variables; symptom 
score and health status as health variables; and MHW, exposure 
perception and avoidance scores as specific variables, based on 
our hypotheses.

2.4 Study samples

We used a convenience sampling method. In P1 and P2, 153 and 446 
people, respectively, participated in the survey. However, as a number of 
them did not complete the questions on sensitivity to EMF and the 
MHW scale, they were excluded from further analysis. Thus 97 
participants were included in P1 (57.5% female and 42.5% male) and 285 
(52.6% female and 47.4% male) in P2 (see Supplementary material S4).

In P1, no significant differences were found between the general 
characteristics of the included and excluded participants 
(Supplementary material S4). In P2, the proportions of women 
(p = 0.037) were slightly higher in the excluded participants group.

In the included participant group, the respondents’ age category 
distribution, and sex distribution were similar between the two 
periods (Supplementary material S4). However, the distribution of 
living areas (Region variable) differed between the two periods 
(p < 0.001), with a higher proportion of Walloon residents in P1 and 
higher proportions of Brussels and Flemish residents in P2 due to the 

more intensive recruitment in those regions, especially in Flanders. 
The difference in the degree of urbanization distributions (p = 0.001) 
follows the regional characteristics, as indicated by the population 
density in the three regions of 488, 7,511, and 216 inhabitants/km2 in 
Flanders, Brussels and Wallonia, respectively (30). Approximately 
70% of the respondents, in both periods, declare themselves 
professionally active.

Regarding health, EMF sensitivity, symptoms and (Table 2), 26.8% 
of the P1 respondents and 33.7% of the P2 respondents stated that 
they were not sensitive to EMF, 46.3% of the P1 respondents and 46% 
of the P2 respondents were not very sensitive or somewhat sensitive, 
while 26.8% of the P1 respondents and 19.6% of the P2 respondents 
stated that they were very sensitive or hypersensitive to EMF. There 
were no significant differences in the sensitivity distribution across the 
different categories between P1 and P2.

In P1, a higher proportion of people in the excluded participants 
group rated their health as very good. In P2, both the proportions of 
women (p = 0.037) and of the most sensitive individuals (p = 0.028) 
were slightly higher in the excluded group.

3 Results

3.1 Hyp 1: the more EMF sensitive people 
are, the greater the worries

MHW assessment did not reveal an extreme concern, with the 
highest averages ranging from moderate to very much in P1 for air 

TABLE 2 Health, perceived EMF sensitivity and symptoms reported by participants: comparisons between included and excluded participants (due to 
missing data on sensitivity and MHW), and between P1 and P2 (included only).

P1 P2

Included Excluded Inc/Exc Included Excluded Inc/Exc P1/P2 
(included)

n = 97 n = 56 p-value n = 285 n = 161 p-value p-value

Health status (%)

Very good 7.5 22.7 0.037 18.1 20.4 0.531 0.434

Good 51.9 42.3 49.0 44.2

Fair 35.2 23.7 22.8 28.1

Poor 5.6 11.3 9.4 6.3

Very poor 0 0 0.7 1.1

Perceived EMF sensitivity (%)

No sensitive 26.8 3.6 0.311 33.7 3.1 0.028 0.484

Not very sensitive 21.6 12.5 18.9 3.1

Somewhat sensitive 24.7 5.4 27.7 5.0

Very sensitive 16.5 1.8 11.9 5.0

Hypersensitive 10.3 1.8 7.7 3.7

(Missing) 75 80.1

Symptom score

Never to almost once a week 33.3 42.3 0.09 33.7 35.8 0.693 0.525

Once a week to almost every week 61.9 43.3 52.9 48.1

Every week to every day (or almost) 4.8 14.4 13.5 16.1

P1: Period 1; P2: Period 2; Inc/Exc: Included versus Excluded.
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pollution, pesticides in food, additives in food, pesticide sprays and 
mobile phone antennas, and in P2 for pesticides in food, air pollution, 
additives in food, climate change and antibiotics in food (Figure 1). In 
relation to the COVID-19 pandemic-related variables, concerns are 
less than moderate.

The MHW and EMF worries showed significantly different 
values in the respective EMF sensitivity categories in the two 
periods: respondents who considered themselves more sensitive 
showed greater concern than those who considered themselves not 
sensitive or somewhat sensitive, both in terms of the MHW and 
EMF worries scores (Table  3), as well as in terms of the items 
related to EMF sources considered one by one (Table 4). Greater 
differences between the EMF sensitivity categories were observed 
for mobile phones and 2G-4G antennas, with mean scores ranging 
from less than 1 for not at all sensitive to 4 or close to 4 for 
extremely sensitive respondents.

3.2 Hyp 2: the more EMF sensitive people 
are, the greater their adoption of avoidance 
strategies

In P1, 44.3% of participants reported adopting strategies to limit 
their exposure at least once in the past month, while 27.3% did so in 
P2. Regardless of the period, the three most common strategies to 
avoid exposure were to eliminate or reduce the use of RF devices, to 
go to places that people considered to be unexposed to recover and 
recharge, and to avoid going to exposed places or only when there 
were fewer people (Figure 2).

The avoidance score was significantly different for the five EMF 
sensitivity categories in both periods (P1: F (4,92) = 20.04; p < 0.001; 
P2: F (4,280) = 97.46; p < 0.001) (Figure 3). The greater the reported 
sensitivity to EMFs, the greater the number of avoidance strategies.

3.3 Hyp 3: the more people adopt exposure 
avoidance strategies, the lower their 
exposure perception to EMF sources

3.3.1 Exposure perception
The highest exposure perceptions were observed for mobile 

phones, 2G-4G antennas and climate change/greenhouse effects, and 
the lowest were observed for the overuse of antibiotics and bacteria in 
air conditioning systems, both in P1 and P2 (Figure 4).

FIGURE 1

Histogram of MHW (from 0 “not at all concerned” to 4 “extreme concern”) in P1 and P2.

TABLE 3 MHW and EMF_worries scores, by period (mean [95% CI]).

P1 P2

Modern Health Worries

EMF-

sensitivity

Not at all 36.04 [28.8–43.28] 30.15 [25.9–34.39]

Somewhat 48.14 [36.21–60.08] 44.22 [38.44–50]

Moderately 52.54 [42.69–62.4] 52.61 [48.36–56.86]

Very much 64.88 [54.73–75.02] 53.62 [45.89–61.34]

Extremely 58.5 [42.02–74.98] 47.32 [34.72–59.92]

p-value F(4,92) = 4.4; 

p < 0.01

F(4,280) = 14.55; 

p < 0.001

EMF-worries

EMF-

sensitivity

Not at all 4.04 [2.39–5.69] 3.15 [2.35–3.94]

Somewhat 8.67 [6.23–11.1] 7.69 [6.62–8.75]

Moderately 11.67 [10.14–13.2] 10.24 [9.4–11.08]

Very much 13.13 [11.82–14.43] 13.12 [12.07–14.16]

Extremely 13.7 [11.76–15.64] 12.68 [11.09–14.28]

p-value F(4,92) = 18.52; 

p < 0.001

F(4,280) = 69.58; 

p < 0.001

P1: Period 1; P2: Period 2.
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Among EMF sources, exposure to mobile phones was generally 
perceived as high, closely followed by exposure to 2G-4G antennas 
and then exposure to 5G antennas and high-voltage power lines, both 
in P1 and P2 (Table 5).

3.3.2 Exposure perception to EMF sources vs. 
EMF sensitivity

In both periods, there were differences in the EMF_exposure 
score according to EMF-sensitivity: an increase in exposure perception 
was observed as sensitivity increases.

In P1, there was no difference in the distribution of the various 
levels of EMF-sensitivity of the participants reporting no or high 
exposure to EMF sources (Table 6). In contrast, in P2, significant 
differences were found for each source: the most sensitive participants 

more often reported high exposure than did the non-sensitive 
respondents. Regardless of the source, the proportion of people in P2 
who reported not being sensitive was greater among those who 
reported not being highly exposed, while the proportion of people 
who were more sensitive followed an opposite pattern (Table 6).

3.4 Multivariate analyses in relation to 
hypotheses

3.4.1 Ordered logistic regression
Overall regressions were statistically significant for P1 (LR chi2 

(17) = 124.06, p < 0.001) and P2 (LR chi2 (18) = 330.98, p < 0.001). As 
shown in Supplementary material S5, for both periods, the analyses 
indicated that the SymptomScore was associated with EMF-sensitivity, 
followed by EMF_worries. Age in P1 and living in the Flemish region 
in P2 had significant impacts on EMF sensitivity. The Avoidance score 
also played a significant role in both periods. On the other hand, in 
P2, noEMF_worries was slightly inversely related to EMF sensitivity.

In contrast, other variables, including gender, urbanization, 
employment, health status, EMF_exposure and noEMF_exposure in 
both periods, region and noEMF worry in P1, and age in P2, did not 
significantly predict the rating of EMF sensitivity. However, we must 
consider this with caution since it is quite complex to consider the 
direction of the association between worries and sensitivity, and 
between perception of exposure and avoidance strategies.

3.4.2 GBM analyses
In both periods, the most important variables in the models for 

EMF-sensitivity were Avoidance score, SymptomScore and EMF_
worries, which together accounted for 74.1 and 79.1% of the variance 
in P1 (Figure  5) and P2 (Figure  6), respectively. However, in P2, 
Avoidance score was by far the most important variable, accounting 
for more than half of the model’s explanation. The relationship was 
quasi-linear in both periods for EMF_worries, while a plateau was 
reached for Avoidance and EMF_worries (in both periods at scores of 
approximately 15 and 3, respectively).

In P1, Age accounted for 9.4% of the model, while the variables 
noEMF_worries, noEMF_exposure and Health_status each accounted 
for approximately 3–4% (Figure 5). In P2, the same proportions applied 
to the variables noEMF_worries, Region and Age (Figure 6). The age 
curve in P1 showed a predicted relationship that increased sharply 
between the ages of 35 and 40 and then stabilized, whereas this increase 
was less obvious in P2. The noEMF_worries curve should be interpretated 
with caution due to the lack of concordance between P1 and P2 analyses.

In both periods, generic variables such as employment, urbanization 
and gender played a minor role in explaining the model, including 
region in P1. Among the specific variables, perceived EMF_exposure 
did not noticeably contribute to the rating of EMF sensitivity in either 
P1 or P2, not following the response curve of avoidance.

4 Discussion

4.1 Main findings

The aim of this study was to collect data to improve knowledge of 
the characteristics of people who report different levels of sensitivity 

TABLE 4 EMF source worries vs. perceived EMF-sensitivity, by period 
(mean [95% CI]).

P1 P2

Mobile phone-worries

EMF-

sensitivity

Not at all 0.96 [0.53–1.39] 0.86 [0.66–1.07]

Somewhat 2.1 [1.53–2.66] 1.91 [1.65–2.16]

Moderately 2.88 [2.46–3.29] 2.61 [2.39–2.83]

Very much 3.25 [2.91–3.59] 3.53 [3.28–3.78]

Extremely 3.7 [3.28–4.12] 3.45 [3.05–3.86]

p-value F(4,92) = 20.43; 

p < 0.001

F(4,280) = 74.78; 

p < 0.001

5G antennas-worries

EMF-

sensitivity

Not at all 1.19 [0.66–1.72] 0.89 [0.63–1.14]

Somewhat 2.19 [1.48–2.9] 1.89 [1.56–2.22]

Moderately 2.92 [2.32–3.51] 2.71 [2.45–2.96]

Very much 3.31 [2.69–3.93] 3.29 [2.88–3.71]

Extremely 3.4 [2.61–4.19] 3.09 [2.41–3.78]

p-value F(4,92) = 8.43; 

p < 0.001

F(4,280) = 38.01; 

p < 0.001

2-4G antennas-worries

EMF-

sensitivity

Not at all 0.92 [0.48–1.36] 0.77 [0.56–0.99]

Somewhat 2.14 [1.56–2.73] 1.98 [1.68–2.29]

Moderately 3.17 [2.76–3.57] 2.57 [2.33–2.81]

Very much 3.5 [3.19–3.81] 3.50 [3.23–3.77]

Extremely 4 3.59 [3.17–4.01]

p-value F(4,92) = 27.41; 

p < 0.001

F(4,280) = 68.03; 

p < 0.001

High voltage power line-worries

EMF-

sensitivity

Not at all 0.96 [0.59–1.33] 0.63 [0.44–0.81]

Somewhat 2.24 [1.55–2.92] 1.91 [1.61–2.21]

Moderately 2.71 [2.29–3.13] 2.35 [2.10–2.61]

Very much 3.06 [2.5–3.62] 2.79 [2.36–3.22]

Extremely 2.6 [1.52–3.68] 2.55 [1.86–3.23]

p-value F(4,92) = 9.58; 

p < 0.001

F(4,280) = 39.40; 

p < 0.001

P1: Period 1; P2: Period 2.
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to EMF by assessing their MHW, perception of exposure and 
avoidance strategies.

The analysis of MHW items showed, contrary to Baliatsas et al. 
(20) and Bailer et al. (5), that all EMF sources considered, especially 
2G-4G antennas, are among the greatest worries. This could be related 
to the characteristics of our population, which includes a larger 

proportion of people who consider themselves to be EMF sensitive, as 
was intended during recruitment.

We observed differences between P1 and P2 regarding the 
percentages of participants from different regions (with a larger 
proportion of Flemish participants in P2) and the level of urbanization 
(consistent with regional proportions) (Supplementary material S4). 

FIGURE 2

Proportion of respondents who adopted different avoidance strategies at least once a month by period.

FIGURE 3

Avoidance score versus EMF sensitivity by period.
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However, there were no differences in participant characteristics 
related to health, sensitivity, and symptoms (Table 2) between the 
two periods.

Our first hypothesis was based on the positive association between 
reporting higher levels of EMF sensitivity and higher MHW scores, 
particularly on the EMF items of the MHW scale. The results of this 
study confirmed this hypothesis.

Considering our second hypothesis, we observed more frequent 
avoidance strategies for those reporting greater EMF sensitivity.

Finally, regarding our third hypothesis that the adoption of 
exposure avoidance strategies would lead to lower exposure 
perceptions of EMF sources, our results suggest that this hypothesis 
should be  rejected. Indeed, despite the more frequent avoidance 
strategies of those reporting sensitivity, there is no indication of a 
reduction in the exposure perception among the most EMF sensitive 
individuals or in relation to the increased EMF sensitivity. This was 
confirmed in the multivariate analysis, where EMF exposure did not 
account for EMF exposure in the model. The hypothesis of lower 

exposure perception is thus not confirmed. However, despite the 
apparent lack of effect on their perception of being exposed, individuals 
express setting up exposure avoidance strategies. It is recognized that 
avoidance strategies can lead to social exclusion, work incapacity and 
financial difficulties (27), which need to be considered (11).

The use of GBM models provided complementary insights to 
the ordered logistic regression analyses. For example, GBM analyses 
highlighted that avoidance strategies accounted for the largest share 
of variance in EMF sensitivity, particularly in P2, where they 
represented over 50% of the model’s explanatory power. This 
finding underscores the central role of behavioural responses in 
perceived EMF sensitivity. Additionally, the non-linear relationships 
identified by the GBM models—for instance, the plateau effect 
observed for the symptom score and avoidance strategies—
provided deeper insights into how these factors influence sensitivity 
at different levels.

4.2 How to explain contradictions between 
exposure perception and avoidance 
strategies

Our results showed that the most sensitive people perceived 
themselves to be more exposed than did the other participants. This 
can be interpreted in two directions.

First, the exposure perception of highly sensitive people could 
be influenced by their avoidance strategies. To reduce their symptoms 
and to make their avoidance strategies as effective as possible, they are 
forced to look for - and in some ways find - what they consider to 
be  the potential origin of these symptoms. By focusing on them, 
highly sensitive people may become aware of the wide diversity of 
EMF sources in their surroundings. This could explain why these 
avoidance strategies, as they are implemented, are not sufficient to 

FIGURE 4

Histogram of MHW exposure perception (from 0 “No” to 1 “Yes, very exposed”) in P1 and P2.

TABLE 5 Scores of exposure perceptions and items related to EMF source 
exposure in P1 and P2 (means [95% Conf. Interval]).

P1 P2

MHW_exposure 8.14 [6.95–9.34] 9.64 [8.89–10.39]

noEMF_exposure 6.18 [5.17–7.18] 7.54 [6.90–8.18]

EMF_exposure 1.97 [1.71–2.23] 2.10 [1.95–2.26]

Mobile phone-exposure 0.73 [0.64–0.82] 0.75 [0.70–0.79]

2-4G antennas-exposure 0.68 [0.59–0.77] 0.71 [0.66–0.76]

5G antennas-exposure 0.29 [0.20–0.38] 0.33 [0.28–0.39]

HVPL-exposure 0.27 [0.18–0.36] 0.31 [0.25–0.36]

P1: Period 1; P2: Period 2; MHW: Modern Health Worries; HVPL: High voltage power line.
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reduce their exposure perception. Second, they use avoidance 
strategies, but these strategies are not effective. Based on Dieudonné 
(31) and Van den Bergh et al. (32), several potential explanations 
are possible:

 1. Avoidance strategies are ineffective because IEI-EMF people do 
not know exactly the sources of their symptoms (33). However, 
they are sufficiently convinced that EMF affect their health; 
therefore, they adopt ‘random’ adaptive behaviors without 

seeing the benefits. Indeed, by not knowing exactly what 
sources of exposure they are sensitive to, strategies may 
be ineffective in not specifically targeting the actual sources 
causing their symptoms or the whole of them. Additionally, as 
their symptoms do not disappear in a perennial way, they may 
conclude that they are indeed exposed to something without 
being able to say what. This would explain their high perception 
of exposure, equally as high as that of less or not sensitive 
individuals, despite the strategies they put in place;

 2. Avoidance strategies are ineffective because these strategies are 
not systematic. This is not because individuals adopt avoidance 
strategies that they adopt enough to feel less exposed to. 
Indeed, since the sources of exposure are multiple and 
everywhere around them, the strategies in place are not 
effective, not because of their capacity to prevent the effects of 
waves but because of the overwhelming multiplicity of sources. 
In other words, these strategies could be  effective if they 
were systematic;

 3. Avoidance strategies could be ineffective because the increased 
attention people pay to the sources of exposure in their 
immediate environment could increase short-term nocebo 
reactions and long-term negative conditioning (32, 34);

 4. Avoidance strategies are ineffective because they are 
disconnected from the real sources of their symptoms, which 
could be due to something different than the EMF they target 
as the cause of those symptoms, leading to a mistaken 
attribution (35).

4.3 Limitations of the study

The sample in this study could be a point of concern. Indeed, 
particularly in P1, the number of respondents, notably the proportion 
of Flemish citizens, is quite low due to limited access to contact 
persons or institutions likely to relay survey information during this 
period. This may limit the generalizability of the findings and their 
applicability as clinical guidance. Future research should aim for larger 
and more diverse participant pools to strengthen the reliability of 
the conclusions.

Moreover, in contrast to previous surveys dealing with MHW and 
IEI-EMF (20, 24), which included a larger number of participants, the 
recruitment of individuals was directed primarily towards IEI-EMF 
people. As a result, there was a greater proportion of people with this 
profile in this study, which was relevant for the analysis of their 
behavioral characteristics. Furthermore, this study does not follow a 
longitudinal design; therefore, it does not allow us to identify a 
genuine evolution of the sensitivity or of its characteristics, as Traini 
et al. (36), Martens et al. (37) or Röösli et al. (38).

Our analysis revealed regional differences between the P1 and P2 
populations, particularly in terms of levels of urbanization. These 
differences may influence perceptions of EMF exposure, as urban 
areas often have visible EMF infrastructure, such as transformers, 
electricity cables, and mobile phone masts. In fact, ordered logistic 
regressions showed a significant impact of living in Flanders on the 
rating of EMF sensitivity in P2, with a higher proportion of Flemish 
inhabitants. However, this was not linked to the degree of urbanization, 
as evaluated here based on postal codes. Moreover, GBM analyses did 
not confirm this. One of the limitations of our study is the lack of data 

TABLE 6 Proportion of people reporting being highly or not exposed to 
EMF (EMF_exposure score) and EMF sources vs. EMF-sensitivity, by period 
(p-values refer to the comparison between the proportion of participants 
reporting being highly or not exposed to the different EMF sources, in P1 
and in P2).

P1 P2

No Yes No Yes

Mobile phone-exposure

Categories N = 26 N = 71 N = 70 N = 215

EMF-

sensitivity 

(%)

Not at all 30.8 25.4 55.7 26.5

Somewhat 34.6 16.9 10 21.9

Moderately 19.2 26.8 15.7 31.6

Very much 3.8 21.1 10 12.6

Extremely 11.5 9.9 8.6 7.4

p-value 0.102 <0.001

5G antennas-exposure

Categories N = 69 N = 28 N = 190 N = 95

EMF-

sensitivity 

(%)

Not at all 29.0 21.4 39.5 22.1

Somewhat 23.2 17.9 22.1 12.6

Moderately 24.6 25.0 26.8 29.5

Very much 14.5 21.4 5.8 24.2

Extremely 8.7 14.3 5.8 11.6

p-value 0.749 <0.001

2-4G antennas-exposure

Categories N = 31 N = 66 N = 83 N = 202

EMF-

sensitivity 

(%)

Not at all 32.3 24.2 50.6 26.7

Somewhat 29.0 18.2 20.5 18.3

Moderately 22.6 25.8 19.3 21.2

Very much 12.9 18.2 6 14.4

Extremely 3.2 13.6 3.6 9.4

p-value 0.391 0.001

High voltage power line-exposure

Categories N = 71 N = 26 N = 198 N = 87

EMF-

sensitivity 

(%)

Not at all 29.6 19.2 39.9 19.5

Somewhat 19.7 26.9 16.7 24.1

Moderately 25.4 23.1 27.3 28.7

Very much 15.5 19.2 9.1 18.4

Extremely 9.9 11.5 7.1 9.2

p-value 0.818 0.006

P1: Period 1; P2: Period 2 – N: number of participants.
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on the visibility of infrastructure, which could affect participants’ 
perceptions. Future research should include questions on the 
proximity and visibility of these infrastructures in order to better 
understand their impact on perception and behavior.

Another limitation that could also be  mentioned is the 
classification of respondents as more or less sensitive to EMFs based 
on a single question. Indeed, Szemerszky et  al. (39) proposed 
complementing the sensitivity assessment commonly used in surveys 
with additional questions considering the ratio of symptoms and the 
impact of sensitivity on people’s lives. More specificity in the definition 
of EMF sensitive people could have provided more accurate 
information for comparisons between groups. Finally, multivariate 
analyses by GBM applied for exploratory purposes, which are still not 

widely used in this type of analysis, revealed their interests, but 
adjustments could improve their performance.

4.4 For further investigations

We have observed that risk perception and avoidance strategies 
are important variables in defining the level of sensitivity. However, 
avoidance strategies have been shown to be ineffective in reducing 
perceived exposure to EMF sources, while often leading to substantial 
financial costs and significant social and professional consequences 
(40). These behaviors, which reflect a response to a perceived threat, 
can be analysed through the prism of Protection Motivation Theory 

FIGURE 5

Response curves between EMF sensitivity as the dependent variable and generic, health and specific variables (the latter based on our hypotheses) for 
period 1 (P1); The Y-axis, labeled ‘Fitted function,’ represents the predicted contribution of each independent variable to the dependent variable, as 
modeled by the GBM algorithm.
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(PMT) (41), which provides a framework for understanding how 
individuals assess threats and adapt their protective behaviors. Indeed, 
four elements are expected to play a role in how individuals are driven 
to react in a protective way towards a perceived threat, such as NIR 
and its possible health implications: the perceived severity of the hazard 
and its likelihood of occurring decide on their “threat appraisal,” while 
their sense of being able to cope with the threat, the so-called “coping 
appraisal,” is influenced by both their response efficacy (the belief that 
the threat can be mitigated) and their perceived self-efficacy (the belief 
in their own ability to take action to mitigate the threat).

On the basis of the PMT, we could hypothesize that self-efficacy 
and response effectiveness scores are low in these individuals, due to 
the ubiquity of EMFs (difficult to avoid completely) and the perceived 
lack of control over exposure. This ineffectiveness of avoidance 

strategies raises questions about their relevance in reducing perceived 
exposure and associated symptoms. Our results highlight the need for 
empirical verification of weak coping appraisals in IEI-CEM 
individuals to better tailor interventions. It would also be relevant to 
explore other approaches, such as cognitive-behavioral interventions, 
to reinforce the feeling of control and self-efficacy (42). Confirming 
this hypothesis would highlight the need to critically evaluate 
avoidance strategies and their psychological impact, which could 
inform more effective interventions for highly sensitive individuals.

Beyond these questions, there is a need to focus on the resources 
and capacity to improve the quality of life of IEI-EMF people. 
Whatever the reasons for the ineffectiveness  - or very relative 
effectiveness - of their avoidance strategies to feel less exposed, as 
described in Section 4.2, their suffering requires effective care to 

FIGURE 6

Response curves between EMF sensitivity as the dependent variable and generic, health and specific variables (the latter based on our hypotheses) for 
period 2 (P2); The Y-axis, labeled ‘Fitted function,’ represents the predicted contribution of each independent variable to the dependent variable, as 
modeled by the GBM algorithm.
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reduce the impact of symptoms on their daily lives. Therefore, despite 
the limited evidence to date, cognitive behavioral therapies (CBTs) 
could be an interesting research prospect for developing therapeutic 
tools (43). Nevertheless, other strategies should also be tested on the 
basis of new IEI-EMF models, for example, the comprehensive model 
explaining the onset of symptoms and their link with environmental 
agents developed by Van den Bergh et al. (32, 44). It may offer new 
perspectives for helping people with IEI-EMF to cope with their 
symptoms, but further work is needed to test their validity.

5 Conclusion

People who perceive themselves as highly sensitive to EMFs 
report worries about EMF sources and exposure avoidance behaviors, 
but exposure perceptions remain high. Given the distress, social 
isolation and professional difficulties of some of these people, it is 
necessary to consider the relevance of avoidance strategies.
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