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Electrohypersensitivity (EHS), or idiopathic environmental intolerance attributed to 
electromagnetic fields (IEI-EMF), is a condition with fluid and transient symptoms 
associated to exposure to non-ionizing radiation by people claiming to suffer 
from it. However, the scientific evidence linking the exposure to the reported 
effects to datwe has eluded researchers, and may not even exist. In the current 
perspective we outline what is objectively known about EMF as the cause for EHS 
and what is based on anecdotal information only. We discuss why randomized 
provocation trials were considered the most appropriate research methodology 
to elucidate causal links between EMF exposure and effects in a scientifically 
robust manner, what the main arguments against such studies are, and whether 
these criticisms are valid. Finally, we synthesize the evidence and beliefs around 
EHS and provide future directions of research and practice.
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“The human understanding, when it has once adopted an opinion, draws all things else to 
support and agree with it.” (Francis Bacon, Novum Organum, Book I, Aphorism 46).

Electrohypersensitivity (EHS), also known by other names including ‘microwave 
syndrome’, ‘microwave illness’, ‘electromagnetic hypersensitivity’, ‘electrosensitivity’, 
‘hypersensitivity to electricity’, or ‘Wifi allergy’, has been known for decades, but has become 
virulent in the 1980s, when office workers, especially from Scandinavia, reported health 
problems related to video display unit (VDU) work (1–4). While at that time neurasthenic and 
skin symptoms were reported most often, subsequently, over time the most commonly 
reported symptoms evolved into headaches, sleep disturbances, concentration difficulties, 
fatigue and tinnitus, among many others (5–12).

Based on self-reported population surveys, the prevalence of EHS was found to vary 
between countries and years, including for example 1.5% in Sweden in 1997 (13) and 2.6–3.2% 
about a decade later (2), 3.2% in California in 1998 (14), 2.0 and 3.5% in Austria in 1994 and 
2008 (15), 3.5% in the Netherlands in 2011 (16), 5% in Switzerland in 2004 (17), about 10% 
in Germany in 2004 (18), 13% in Taiwan in 2007 (19) and 4% in Taiwan five years later. There 
is no clear pattern with EMF exposure levels, with repeated surveys indicating the population 
prevalence to have stabilized since the early 2000s despite changing exposure patterns and 
sources (20) (although prevalence data for the last decade are scarce). Repeated surveys in the 
same individuals indicated that self-reported EHS is a relatively transient statement (21, 22). 
Cluster analyses have also not identified any specific symptom clusters that are related to 
specific EMF exposure sources or to EMF exposure in general (7). The pattern of symptoms 
is not part of any recognized syndrome (23).

Due to similarities to other forms of idiopathic environmental intolerance (IEI), such as 
multiple chemical sensitivity, EHS is more accurately referred to as IEI attributed to EMF 
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(IEI-EMF) (24, 25). For comparison, the population prevalences for 
IEI-EMF are lower than self-reported sensitivity (IEI) to noise, odor 
and chemicals (26).

A substantial part of afflicted individuals report to react to EMF 
exposure within minutes (7, 9, 27). The obvious way to study acute 
effect is thus through randomized controlled trials. In these so called 
provocation studies participants usually undergo a series of randomly 
assigned exposure and control conditions (crossover design). A recent 
review of 40 such human provocation studies concluded that under 
blinded conditions people suffering from IEI-EMF cannot identify 
exposures better than by chance nor were their symptom experiences 
different from control populations, or different from the general 
population (11, 12). There has been criticism of these provocation 
trials, which, in addition to standard methodological quality issues 
such as appropriate blinding, boil down to the following points (12, 
28, 29):

 • Provocation studies only capture short term effects on self-perceived 
health. This is correct, but triangulates with what a substantial 
proportion of EHS people report. Using a transdisciplinary 
approach, it therefore makes sense that the academic community 
has focussed on the complaints of the afflicted individuals. Using 
experimental approaches to study effects of long-term exposure 
is usually not possible due to ethical and logistic reasons. 
However, observational research on non-specific symptoms and 
long-term radiofrequency EMF exposure also did not find 
indications for an association, although with lower certainty of 
evidence (30).

 • The effect of EMF is diluted or masked because there are too 
many participants enrolled in these studies who are not “true 
EHS” or only experience EHS to some lesser degree. This claim 
has been discussed by Bosch-Capblanch et  al. (11), who 
highlight that this has been tested directly through the 
application of individualized tests (in which no susceptible 
individual was identified) (31–34) and through provocation 
studies with so-called open provocations (32, 35–38), where 
study participants were informed about the true exposure 
status. These studies unequivocally demonstrated that study 
participants reported symptoms if they were aware of the 
EMF exposure status, but no EMF effect was observed by the 
same participants under blinded conditions (11). In some 
experiments (39, 40) study participants even reported 
symptoms if they were falsely told they were exposed to EMF 
while in truth they were not. There is also substantial 
evidence showing that experimentally induced expectations 
of harmful EMF leads to elevated symptom reports (40–42). 
Altogether these findings demonstrate that for IEI-EMF 
psychogenic reactions play an important role.

 • Provocation studies used a single exposure specification with respect 
to frequency and intensity, while people with EHS claim to each 
respond to different characteristics of the EMF exposure. Indeed 
most studies applied only one to two exposure conditions. 
However, some studies addressed this concern using an 
individualized exposure set-up, where exposure specifications 
were determined together with the study participants. But these 
studies did also not identify sensitive individuals (11, 32). 
Further, contemporary provocation studies (11, 32, 35–38) 
included non-blinded, so-called open, assessments to determine 

the individual exposure characteristics participants were sensitive 
to, prior to the blinded provocation trials.

 • Provocation trials cause too much pressure to succeed for 
participants. It has been argued that this distress may mask any 
effects from the EMF exposure. Some pressure to succeed for 
study participants is comprehensible. For this reason, 
contemporary provocation studies have been conducted with 
pre-trial acclimatization sessions or even conducted all trials in 
participants’ homes (11). There was no indication that such a 
study provided different results (32).

 • Provocation studies test the wrong biological mechanism. For 
example, it has been proposed that repeated low dose exposures 
to EMF of sensitized individuals leads to enhanced responses 
which, it has been argued, operates through excessive oxidative 
stress (43). There is no empirical evidence that convincingly 
proves this hypothesis, nor does this triangulate well with the 
reported pattern of symptom development reported by IEI-EMF 
individuals and on which the idea of using provocation studies 
was based. Nonetheless, there may be  some value in further 
investigating such protracted mechanisms.

 • People with “real” EHS will not participate in such provocation 
studies because they do not trust the medical establishment to do 
such studies well. In the absence of any method of distinguishing 
“real” from “false” EHS, there is no way of solving this 
conundrum. In principle such studies could, of course, also 
be  conducted by patient groups as long as they adhere to 
scientific standards.

The above refuting of the main criticisms of EHS provocation 
trials is not done to dismiss IEI-EMF may be  related to EMF 
exposure in favor of a psychogenic explanation. Rather, 
we  outlined these points above to emphasize that, at present, 
there is no robust empirical evidence that favors EMF as the 
causal agent (29, 44). Indeed, although through the scientific 
method it is not possible to prove that a single EHS individual 
does not exist, it has also not proven that such an individual does 
exist. This does not automatically imply that differences in 
susceptibility to EMF do not exist. As with many pathologies, 
differences in sensitivity to causative factors may well exist for 
exposure to EMF as well. For instance, research has demonstrated 
a broad variability, but not hypersensitivity, in the population 
when it comes to the perception of static electric fields (45–47) 
or to electric current perception thresholds (48). For 
hypersensitivity to biological agents, most notably various 
allergies, the biological mechanism is well understood. For many 
environmental agents such as noise or chemicals, the most 
established pathway for hypersensitivity is psychological via 
perception processing (49).

There are case reports of people who reported health 
complaints related to EMF exposure [for example (50)]: and 
indeed sometimes it is claimed without being aware that they 
have been exposed to EMF. These are sometimes considered as 
proof for a causal association (51). In contrast, there are also case 
studies concluding IEI-EMF was related to psychological stress 
(52). It is well known that anecdotes can be very convincing, and 
that often their impact trumps that of more robust evidence; 
quantitative or other. However, it has also been well established 
that anecdotes and case studies are extremely susceptible to 
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various forms of bias and should not be used to infer causality. 
Generally, there is always a selection behind which anecdotes are 
put forward, or which cases are reported on, and which relies on 
reported effects and assumed association with the exposure above 
any other considerations. Thus, anecdotes and case studies can 
be good starting point for further experiment or other study, but 
cannot by themselves serve as causal proof (51, 53, 54).

Another interesting perspective put forward is that 
vulnerability in itself cannot be directly perceived by people. For 
example, people cannot know whether they are sensitive to 
ionizing radiation or whether they will get lung cancer after years 
long smoking, both established risk factors. It has thus been 
proposed that one should study correlations between EMF 
exposure and acute or long-term effects on biomarkers such as 
oxidative stress, hormones or protein alterations (29, 55). It 
would thus be valuable to conduct such studies to try and identify 
any biological markers of EMF-susceptibility independent of self-
reports. Many studies have addressed objective biomarkers and 
could not identify any association with EMF below regulatory 
limits (56–60). If such research is conducted explicitly in the 
frame of IEI-EMF, a number of problems arise: The search for 
such biomarkers suffers from circular reasoning in that to test 
biomarkers one needs to identify people with EHS for comparison 
with people without EHS, which in the absence of biomarkers can 
only be  identified through self-reports; the initial problem 
we  were trying to solve. An alternative strategy describes an 
agnostic approach of screening a large group of people for a 
plethora of biological responses following exposure (or at 
different levels of EMF exposure) and explore whether some 
biological responses are more frequent in some individuals or 
differ between exposure conditions. Such studies have been 
conducted and some of these found indications that EHS 
individuals have higher sympathetic activity such as higher pulse 
rates, higher skin conductance (61). However, these studies, by 
design, are not able to distinguish whether the difference is 
caused by physical exposure or by distress, since IEI-EMF 
individuals feel continuously threated by EMF in their daily life. 
Moreover, this approach may identify individual variability in 
biological responses to EMF, but says little about adverse health 
effects. If such approaches are used to discriminate between true 
and false EHS, they would additionally require study population 
sizes orders of magnitude larger than any studies conducted to 
date to determine any biological signal with some scientific 
confidence. Obviously, specificity and sensitivity would be low, 
unless a very novel marker is identified. A common biological 
marker would also inevitably fall foul of the criticisms of the 
provocation trials highlighted above.

And finally, it has been put forward that EHS has been 
acknowledged by some authorities, e.g., by paying disability 
compensations (28). However, to the best of our knowledge, such 
decision is not evaluating disease causation but rather takes into 
account the functional impairment of IEI-EMF and the impact it 
can have on individuals’ life (62).

Considering the above, there are a several observations 
relevant going forward. Provocation studies have convincingly 
demonstrated that EMF exposure cannot be felt by people with 
EHS better than chance or the general population, and that EMF 

exposure is not causally related to short-term effects of relevant 
magnitude exceeding background variability from, for example, 
stress. In the absence of a causal link between IEI-EMF and EMF 
various alternative explanations for the development of IEI-EMF 
has been proposed (63, 64): the sensory processing hypothesis 
assumes a general higher sensitivity of sensory processing 
independent of EMF exposure. The cognitive hypothesis assumes 
that occurrence of symptoms results from the belief in EMF 
harmfulness, promoting nocebo responses to perceived EMF 
exposure. According to the attributive hypothesis, individuals 
suffering from pre-existing conditions search for an explanation 
and discover EMF as a potential cause resulting in being 
convinced to be exposed to EMF. Recent work indicates that the 
latter may be the most relevant (65).

In terms of IEI-EMF symptoms and EMF exposure, there is 
little value in continuing the same research. It would therefore 
be prudent to consider other provocation designs, for example the 
single-case repeated design (66), above labeled as individualized 
tests. Alternatively, we propose an exposure-disease model that 
relies on long-term exposure rather than relatively short high 
exposures and focusses on the whole population rather than on 
self-perceived hypersensitivity.

Nevertheless, such research does not mean that we should not 
care about people feeling affected by EMF exposure. In fact, 
despite observed EHS prevalences in the range of a few percent, 
only a small minority is severely suffering in their daily life. For 
instance, in a three-year environmental counseling study in the 
German part of Switzerland only 70 individuals per year asked 
for medical advice despite advertising the study to relevant 
stakeholder groups (67). Recently, in Switzerland a consultation 
project for EHS individuals was initiated (https://www.mednis.
ch/de). In the first year of operation (autumn 2023 to 2024) about 
60 patients asked for a specialized consultation. For the treatment 
of EHS individuals, no guidelines have been developed so far. 
From the above mentioned Swiss counseling project (67) it was 
concluded that focus should be on the treatment of the disease 
independent of the patient’s causal model. For some patients who 
are anxious owed to their daily EMF exposed, cognitive 
behavioral therapy has been beneficial (68). In practice it may 
be  prudent for society to try and make amendments, within 
reason, where family, friends, colleagues or staff identify as 
suffering from EHS; regardless of whether the underlying 
mechanism is biophysical or psychological in nature.
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