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Hypersensitivity and vulnerable populations in environmental epidemiology 
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Summary 

Individuals are reacting to environmental stressors differently owned to various factors such 

as genetic predisposition, metabolism, co-exposures, socioeconomic status, health literacy 

etc. In public health, protection of vulnerable populations has received substantial attention in 

the last few decades. On the top of this natural variation, the existence of so-called 

hypersensitivity phenomenon has been suggested for various environmental exposures such 

as chemicals, noise or electromagnetic fields. The basic idea behind is that affected 

individuals react to substantially lower exposure levels outside the typical variation in the 

population, similar to individuals with an allergy. Implications for research and therapy are 

discussed.  

Abstract 

Introduction 

Individuals are reacting to environmental stressors differently owned to various factors such 

as genetic predisposition, metabolism, co-exposures, socioeconomic status, health literacy 

etc. Typically, population response is expected to roughly follow a Gaussian distribution. For 

this reason, there is no fixed exposure threshold for occupational and environmental 

exposures, which determines development of a disease for everybody. Exposure-response 

curves are thus used in environmental epidemiology to express how much the likelihood to 

develop a disease is increasing with increasing exposure in a given population. On the top of 

this variation, the existence of so-called hypersensitivity phenomenon has been suggested 

for various environmental exposures such as chemicals, odor, noise or electromagnetic fields 

(EMF). Studies found indications that this kind of self-reported hypersensitivity to various 

exposures is correlated within subjects.1, 2  

The term "electromagnetic hypersensitivity" (EHS) dates back to the 1980s, when office 

workers reported health problems related to screen work. Due to similarities to other forms of 

idiopathic environmental intolerance (IEI) it is also referred to as IEI attributed to EMF (IEI-

EMF).3, 4 Types of reported symptoms vary between individuals. The most commonly 

reported symptoms are headaches, sleep disturbances and tinnitus, among many others.5-8 

Cluster analyses have not identified that specific symptom clusters are related to specific 

EMF exposure sources or to EMF exposure in general 5 and the pattern of symptoms is not 

part of any recognized syndrome.9  

Prevalence of IEI-EMF was found to vary between countries and years such as 1.5% in 

Sweden in 1997,10 3.2% in California in 1998,11 2.0% and 3.5% in Austria in 1994 and 

2008,12 3.5% in The Netherlands in 2011,13 5% in Switzerland in 2004,14 about 10% in 

Germany in 2004,15 13% in Taiwan in 2007 16 and 4% in Taiwan five years later.17 One 

longitudinal study inquired self-declaration of EHS in an adult population over time and found 

little persistence within the same person within one year (2008 and 2009).18 In both surveys 

about 8% declared to be EHS, thereof 40% stated to be EHS in both surveys, 34% only in 

2008 and 26% only in 2009.  
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In the following, three entities are differentiated with different consequences for research and 

treatment: 

1. Self-reported ability to perceive RF-EMF exposure without suffering from EMF 

exposure 

2. Symptoms attributed to EMF exposure (EHS or IEI-EMF) 

3. Vulnerable to EMF without noticing it 

These entities should not considered as mutual exclusive and a person could belong to more 

than one group. For instances a large proportion of EHS individuals states to perceive EMF 

exposure in their everyday environment.19, 20 

1. Self-reported ability to perceive RF-EMF exposure without suffering  

A part of the population claims to be able to perceive EMF below regulatory limits with no or 

little symptoms and thus not suffering.14 Schröttner and Leitgeb [12] have thus proposed to 

differentiate between electromagnetic sensibility describing the ability to perceive low levels 

of EMF, and sensitivity referring to the development of health symptoms from EMF exposure. 

As long people are not suffering, perception of EMF may not be critical, but these individuals 

may be at higher risk to develop EHS.  

The ability to perceive EMF exposure is best investigated in randomized double-blind 

crossover studies, so called provocation studies, where the same individuals is repeatedly 

exposure to sham and EMF or various EMF conditions. These studies provide high evidence 

that, on a group level, perception of EMF below regulatory limit is unlikely.19, 21, 22 It has been 

hypothesized that a rare minority of sensible individuals may be missed in studies analyzing 

data for the whole group.22 Further, it has been speculated that individuals may react to 

different types of EMF exposure which is not taken into account by using the same exposure 

conditions for everybody. An alternative is thus individualized EMF provocation studies, 

which could also be conducted at home with less distress for study participants. To date only 

one such study has been conducted.20 Among 42 tested individuals, nobody was able to 

perceive EMF under blinded conditions, although all participants stated to perceive the 

individualized exposure conditions in a prior open provocation shortly before the double-blind 

testing. 

2. Symptoms attributed to EMF exposure (EHS or IEI-EMF) 

This group attributes a variety of non-specific symptoms to exposure to EMF.3 Strikingly, a 

substantial part of EHS individuals reports to react to EMF exposure within minutes.23 Such 

individuals are thus also eligible for provocation studies. Overall, these studies provide a high 

level of evidence against the occurrence of non-specific symptoms as a result of short-term 

exposure to EMF.7, 20, 21, 23, 24 It has been repeatedly documented in experimental studies that 

the mere expectation of being exposed, regardless of the actual exposure, can lead to the 

emergence of symptoms. This phenomenon is called the nocebo effect, in contrast to the 

positive placebo effect. Evidence for nocebo reaction comes from studies that applied an 

open provocation, i.e. study participants were informed about the presence and absence of 

RF-EMF exposure during the experiment, in addition to a blinded provocation 25, 26 or as a 

recruitment instrument.20, 27  

Another question is whether there are constitutional differences between persons with and 

without EHS besides the health complaints, which could explain a higher vulnerability of the 
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former group. In various studies, a tendency was seen for EHS individuals to have increased 

sympathetic tone and general increased excitability.23, 28, 29 There is some uncertainty as to 

whether these differences actually exist or whether this is the consequences (and not the 

cause) of attributing symptoms to EMF. It is further not clear whether these differences also 

exist outside of experimental conditions.30 Any differences are small and lie within 

physiological norms, so that no objective diagnostic criteria for EHS can be derived from 

them.  

3. Vulnerable to EMF without noticing it 

The question of long-term effects of EMF exposure on well-being cannot be investigated in 

randomized double-blind studies and needs observational studies. Of note, EHS individuals 

take measures to reduce their RF-EMF exposure when developing symptoms. If not 

adequately considered in a longitudinal design, this would produce a bias towards a false 

protective effect of RF-EMF, because occurrence of symptoms would be negatively 

correlated with exposure status (reverse causality). This implies that reliable observational 

EMF studies in EHS individuals are virtually impossible to be conducted and such research 

has been done almost exclusively in general population samples.  

These observational studies that addressed the association between RF-EMF exposure in 

the everyday environment and occurrence of symptoms did not indicate the presence of a 

very sensitive subgroup.13, 31-35 Also epidemiological research for other diseases has not 

confirmed health effects below regulator limits, which would have to be expected, in case 

such a highly vulnerable group would exist.36-38 However, it cannot be excluded that health 

effects in a very small minority of highly vulnerable individuals would be missed with the 

current studies, since this small minority would dissolve in the statistical noise of the general 

population. Thus, further research could use biomarkers in relation to EMF exposure to 

identify potentially highly vulnerable subgroups in the population. Many studies have already 

applied an experimental design to address acute EMF effects on biomarkers such as EEG,39 

hormones,40 skin conductance41 etc.  

Conclusions 

There is little evidence that individuals exist, who are substantially more vulnerable to EMF 

exposure than what would be expected from the typical variability in a population. Targeted 

research approaches to further reduce corresponding uncertainties include individualized 

provocation tests and large longitudinal population studies addressing various outcomes 

including biomarkers in relation to long term EMF exposure. 

In terms of therapeutic options for self-declared EHS individuals, exposure reduction was 

found to improve self-reported health, which is explained by a placebo effect. Cognitive 

behavioral therapies may be helpful in some situation if accepted by the patients.42 Besides, 

no effective treatment options could be identified so far. Individualized exposure testing 

studies including providing feedback may be an option to alter the level of self-perceived 

EHS. It should also be checked whether such approaches could be combined more formally 

with cognitive behavioral therapy.  
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