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A B S T R A C T. 
 
Objective: A systematic review of observational studies was performed to address the 

strength of evidence for an association between actual and perceived exposure to 
electromagnetic fields (EMF) and non-specific physical symptoms (NSPS) in the general 
population. To gain more insight into the magnitude of a possible association, meta-analyses 
were conducted. 

Methods: Literature databases Medline, Embase, SciSearch, PsychInfo, Psyndex and Biosis 
and additional bibliographic sources such as reference sections of key publications were 
searched for the detection of studies published between January 2000 and April 2011. 

Results: Twenty-two studies met our inclusion criteria. Qualitative assessment of the 
epidemiological evidence showed either no association between symptoms and higher EMF 
exposure or contradictory results. 

To strengthen our conclusions, random effects meta-analyses were performed, which 
produced the following results for the association with actual EMF; for symptom severity: 
Headache odds ratio (OR)=1.65; 95% confidence interval (CI)=0.88–3.08, concentration 
problems OR=1.28; 95% CI=0.56–2.94, fatigue-related problems OR=1.15; 95% CI=0.59–
2.27, dizziness-related problems OR=1.38; 95% CI=0.92–2.07. For symptom frequency: 
headache OR=1.01; 95% CI=0.66–1.53, fatigue OR=1.12; 95% CI=0.60–2.07 and sleep 
problems OR=1.18; 95% CI=0.80–1.74. Associations between perceived exposure and NSPS 
were more consistently observed but a meta-analysis was not performed due to considerable 
heterogeneity between the studies. 

Conclusions: This systematic review and meta-analysis finds no evidence for a direct 
association between frequency and severity of NSPS and higher levels of EMF exposure. An 
association with perceived exposure seems to exist, but evidence is still limited because of 
differences in conceptualization and assessment methods. 
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1.INTRODUCTION. 
 

Ongoing environmental exposures related to technological development such as air pollution, toxic 
substances and radiation give rise to people's worries about possible impact on health (Petrie et al., 2001). A 
part of the general population has concerns about potentially harmful effects from electromagnetic fields 
(EMF) emitted either by sources of near-field exposure such as mobile phones or from far-field exposure 
sources such as base stations for mobile telecommunication and high-voltage overhead powerlines (Blettner 
et al., 2009; Hutter et al., 2004; Schreier et al., 2006); in the latter case, exposure is often continuous and 
people perceive it as less controllable (Schreier et al., 2006). Not only concerns about increased risk for 
long-term conditions such as cancer are reported, but also a variety of symptoms without a clear 
pathological basis is attributed to relatively low-level exposure to EMF, such as redness, tingling and 
burning sensations (in the facial area), fatigue, tiredness, lack of concentration, dizziness, nausea, heart 
palpitation and digestive disturbances (Mild et al., 2006; WHO, 2005). The estimated prevalence of these 
nonspecific physical symptoms (NSPS) ranges between 3.5% and 10% (Blettner et al., 2009; Schreier et al., 
2006; Schrottner and Leitgeb, 2008). 
Although evidence that could support a causal association between exposure and outcome seems to be 
insufficient and inconsistent (Röösli and Hug, 2011; Röösli et al., 2010; Rubin et al., 2009), a possible 
effect of higher exposure levels cannot be ruled out yet because of methodological obstacles, primarily 
regarding bias related to exposure assessment and study design (Röösli, 2008; Röösli et al., 2010). 
Systematic reviews focusing mainly on experimental evidence suggest rather a nocebo effect which could 
imply an underlying psychological mechanism that leads to physiological responses and subsequent 
symptoms (Rubin et al., 2009). Therefore, perceived/ self-reported exposure, even poorly correlated with 
actual exposure levels (Inyang et al., 2008; Vrijheid et al., 2009) could be an important factor to investigate, 
since it is associated with NSPS (Baliatsas et al., 2011) and might have a distinct role in symptom report via 
concerns about possible health effects caused by EMF (Röösli, 2008). 
Despite the fact that the vast majority of EMF research focuses on possible associations with chronic 
medical conditions such as leukemia and glioma, during the last years the international scientific literature 
on EMF and NSPS has grown, both with respect to objectively measured and self-reported exposure. In 
order to elucidate the pathways that lead to the report of EMF-related NSPS it is necessary to systematically 
examine these two aspects of exposure. 
Observational studies are highly important due to the investigation of long-term exposure and effects in 
large population samples. Taking into consideration the methodological obstacles that epidemiological 
research on EMF and health is confronted with, important conclusions can be drawn from comprehensive 
reviews and meta-analyses rather than from a single study, as has been recently highlighted by Rothman 
(2009). 
No systematic review has been conducted yet concentrating exclusively on observational studies on various 
sources of general population exposure to EMF and NSPS, assessing the existing evidence in terms of both 
actual and perceived exposure. In addition, no metaanalysis has been performed in the past on 
epidemiological data on EMF and NSPS. 
The present paper attempts to identify the relevant observational epidemiological studies conducted in the 
last eleven years (2000–2011), in order to systematically assess the strength of evidence for an association 
between objectively measured (actual) and self-reported (perceived) exposure to EMF and NSPS. 

2. METHODS. 

2.1. Data sources and searches. 
 

The following electronic databases were searched to detect relevant studies that were published between 
January 2000 and April 2011: Medline (US National Library of Medicine, Bethesda, Maryland), Embase 
(Elsevier B.V., Amsterdam, The Netherlands), SciSearch (Institute for Scientific Information, The 
Thomson Corporation, Stamford, Connecticut), PsychInfo (American Psychological Association, 
Washington, DC), Psyndex (German Institute of Medical Documentation and Information, Cologne, 
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Germany) and Biosis (The Thomson Corporation, Stamford, Connecticut). There was no language 
restriction. 
A wide range of keywords was used, related to EMF exposure and symptoms, which is presented in Table 
1. In addition to the electronic database searches, the reference sections of previous systematic reviews, key 
papers, international reports on EMF and health and research databases of websites focused on the issue of 
EMF such as the “EMF Portal” and the WHO webpage were checked for potentially relevant articles. 

2.2. Inclusion criteria. 
 
For paper selection, four criteria were used: 

I. An exposure criterion. Only studies examining symptom report in relation to general 
population exposure to radio-frequency (RF) EMF which did not exceed the levels established 
by the International Commission of Non-ionizing Radiation (ICNIRP) (1998) were considered 
as eligible for the review, covering a wide range of frequencies such as GSM, UMTS, FM 
radio, TDAB, WiMAX/LTE, analog TV and DVB-T, TETRA, DECT and WLAN/WIFI. The 
exposure could be either actual/objectively measured when an indicator of actual exposure 
levels was assessed (e.g. field strength), or perceived/self-reported when it was assessed by 
self-reported instruments. Studies on occupational exposure are not covered in this review. 

II. A symptom report criterion. Studies should examine a range of self-reported physical/somatic 
symptoms without a diagnosed pathological or psychopathological cause. Since this review 
focuses on somatic symptoms as an outcome, results regarding mental health outcomes (e.g. 
depression) that are possibly presented by some of the reviewed studies are not 
included.Studies focusing on a possible association between EMF and chronic medical 
conditions (e.g. cancer) were also excluded. Moreover, studies focusing exclusively on 
ergonomic problems (such as musculoskeletal symptoms related to posture of computer users) 
are not covered in this paper. 

III. A population criterion. The eligible studies recruited samples of healthy individuals being at 
least 12 years old. Studies focusing only on individuals with self-reported idiopathic 
environmental intolerance attributed to EMF (IEI-EMF) were not included. 

IV. A study criterion. Only primary observational studies (not reanalyses, conference 
presentations or reviews) from the peer-reviewed literature, investigating a potential 
exposure– response relationship (and not being restricted to descriptive analyses) were 
considered as suitable for inclusion. The term “observational” refers to non-experimental 
studies such as cross-sectional, case control and cohort studies, in which the possible 
association between EMF and NSPS was investigated without an attempt to affect the 
exposure or the outcome. In the case of so-called “natural experiments” which combine both 
experimental and observational design, only the baseline results were included (if given). 
Case (individual) studies were excluded. 

[TABLE 1]. 

2.3. Evaluation of the quality of information  
 

The adequacy of the information provided in the articles was assessed based on the “Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE)” statement (Vol Elm et al., 2007). 

Minimal quality criteria were:  
a) Provision of adequate information regarding study design, sample size, recruitment and characteristics. 
b) Clear description of the methods that were followed for the assessment of the exposure and outcome. 
c) Provision of adequate information regarding the performed statistical analyses including confounding 
adjustment (which should be at least for age and gender). 
In case a selected article did not meet the forenamed basic criteria, further information was requested from 
the original authors. If there was no response, the article was excluded. 

2.4. Procedure  
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For each included study, the following data were abstracted: references, study design, respondents' 
characteristics (including selection, sample size, response rate, age range or mean, gender distribution and 
country), exposure source and intensity recalculated in volts per meter (V/m), exposure assessment, 
outcome assessment, variables included as potential confounders and statistically significant associations 
between exposure and outcomes (Tables 2 and 3). 
The literature search, evaluation of inclusion and exclusion criteria and evaluation of the quality of 
information in the articles were conducted by the first two authors, with uncertainties resolved through 
consultation with the rest of the co-authors. 
More specifically, in the first stage the titles and abstracts that were derived from the search process were 
independently screened, to evaluate whether they met the exposure and symptom criteria. 
The abstracts or titles were examined. Next, the hard copies of the publications fulfilling the inclusion 
criteria were assessed in terms of the population and study criteria. Finally, an article quality evaluation was 
performed. 

2.5. Data synthesis and analysis  
 

After paper selection and data extraction, the included studies were screened for meta-analysis suitability. 
Studies were considered eligible if they assessed the same symptoms, or outcomes of similar meaning (e.g. 
fatigue and exhaustion), employed comparable methods to assess exposure and used comparable 
instruments and cut-off points to assess the outcome(s). Based on these parameters, it was decided to 
conduct meta-analyses on the effect of objectively measured electromagnetic field strength on different 
NSPS. The risk of bias due to exposure misclassification, selective participation and confounding was 
assessed for the relevant studies (Table 4), as proposed by Grimes and Schulz (2002). Studies with a high 
risk of one or more of the basic categories of bias were not included in the meta-analyses; the method of 
rating was broadly based on schemes used by previous systematic reviews (Röösli et al., 2010). Finally, 
studies were included only if the adjusted odds ratios (OR) (risk for reference exposure category versus risk 
for highest exposed category) and 95% confidence interval (95% CI) for the association were given or 
derivable. 
Studies were grouped on the basis of the investigated symptoms and assessment (frequency/chronicity or 
severity/acuteness). For each reported outcome the log-transformed OR value and standard error were 
calculated. Effect sizes were weighted using the inverse variance method (Sutton et al., 2000). 
DerSimonian–Laird random effects meta-analyses (DerSimonian and Laird, 1986) were performed to 
calculate the pooled OR estimates and their 95% CI. Two measures of heterogeneity were used: The 
Squared tau (τ2) value which indicates the underlying betweenstudy variability (Rücker et al., 2008) and the 
I2 quantity which describes the percent variation across studies due to heterogeneity rather than chance 
(Higgins et al., 2003); low, moderate and high heterogeneity levels correspond to I2 values of 25%, 50% 
and 75% respectively. 
Publication bias was assessed by Egger's regression test (level of significance: pb0.05) (Egger et al., 1997). 
Where possible, we also performed a number of sensitivity analyses to evaluate the stability of the results. 
Meta-analyses were performed using the MIX software version 1.7 (Bax et al., 2006). 

2.6. Definitions  
 

In the present paper, three main terms are consistently used to describe the exposure and outcome: Actual 
EMF Exposure, Perceived EMF Exposure and Non-specific Physical Symptoms (NSPS). 
Actual Exposure refers to EMF levels assessed by objective exposure indicators/proxies such as 
measurements of field strength. Perceived Exposure is determined as the subjective estimation of the 
magnitude of being exposed to EMF (sources), assessed by selfreported instruments. In this review, 
perceived exposure is investigated as an indicator of a nocebo effect and not as a proxy for actual exposure. 
NSPS refers to the health outcomes, as a general and neutral term which does not imply any causal link 
with a particular pathogenic source. 

3. RESULTS  

3.1. Study characteristics  
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The database investigation yielded 640 abstracts in total: 400 from Medline and 240 from the other 5 
electronic databases. The citations that were derived from Medline were complete including both title and 
abstract, while only the title was available for a considerable amount of citations in the other databases. 
Whenever necessary, we sought for further information by requesting the full articles. Overall, 608 studies 
were excluded, because they did not meet the inclusion criteria (Fig. 1). A further search in additional 
bibliographic sources yielded 9 studies, which all appeared to be eligible. Forty-one articles were found to 
be eligible for the review; evaluation with regards to article quality of reporting led to a further exclusion of 
21 studies (Appendix A). Finally, 20 research articles from the peer-reviewed literature were accepted for 
this review, representing 22 studies (Tables 2 and 3); eighteen of cross-sectional design, three longitudinal 
and one case–control study. 
Ten studies investigated NSPS in relation to actual exposure, 9 studies on perceived exposure and 3 studied 
both aspects. Response rates were given in 17 studies, ranging from 37% to 88% for the studies on actual 
exposure and from 36% to 75% for the studies on perceived exposure. Sample sizes ranged between 54–
420 095 (actual exposure studies) and 132–4520 subjects (perceived exposure studies). The percentage of 
female participants ranged between 15%–66% and 10%–66% respectively. 
Inmost of the studies on actual exposure,mobile phone base stations constituted the EMF source of primary 
concern in the investigation (n=8),whilemost of the studies providing data on the effect of perceived 
exposure on NSPS, focused on mobile/wireless phone use (n=9). The majority of the studies was conducted 
in Europe (n=20). 

3.2. Actual exposure and NSPS  
 

Thirteen studies in total provided data on the association between actual exposure and NSPS; eleven of 
cross-sectional design, one longitudinal study and one registrybased cohort (Table 2). Exposure (24 h) 
assessment was based on field strength spot measurements (n=7 studies), use of personal dosimeters during 
waking hours (n=4), exposure prediction modeling (n=1) and geo-coded distance to base stations (n=1). 
The time weighted average electric field strength in these studies could be approximately estimated as ≤0.1 
V/m for the reference (low/unexposed) group of participants and did not exceed the 5 V/m for the 
individuals being considered as highly exposed. 
Eight studies used standardized instruments to assess NSPS (Altpeter et al., 2006; Berg-Beckhoff et al., 
2009; Blettner et al., 2009; Heinrich et al., 2010; Heinrich et al., 2011; Hutter et al., 2006; Mohler et al., 
2010; Thomas et al., 2008). The “Von Zerssen complaint list” (Von Zerssen, 1976) was the most 
consistently used symptom scale. 
Overall, the most frequently investigated outcomes were headache, sleep problems, dizziness-related 
symptoms (such as vertigo), fatigue-related symptoms (such as exhaustion) and concentration problems. 
The majority of the studies did not show a significant effect of exposure on fatigue related-symptoms (n=4 
versus n=1) and concentration difficulties (n=3 versus n=1). 
Findings for headache were contradictory, since n=4 studies reported a significant association with higher 
exposure levels, while n=3 suggested no association. Results for sleep problems and dizziness-related 
symptoms were also found to be contradictory (n=4 versus n=5 and n=3 versus n=3 respectively). Two 
studies used symptom total scores as outcome (Berg-Beckhoff et al., 2009; Blettner et al., 2009); one did 
not find any exposure effect while the other showed a weak association, although only geo-coded distance 
to base stations was employed (Blettner et al., 2009), which is a not a sufficient proxy for actual exposure 
(Frei et al., 2010). 
Evidence regarding other NSPS (e.g. migraine and memory problems) was limited and inconsistent. Studies 
employing more advanced exposure characterization methods such as personal dosimeters and exposure 
prediction modeling were less likely to find significant associations (Heinrich et al., 2010, 2011; Mohler et 
al., 2010; Thomas et al., 2008). Apart from age, gender and socio-economic status, the most examined 
potential confounders were perceived mobile phone use, urbanization level,  
smoking habits and risk perception/concerns related to possible health effects caused by EMF exposure. 
It should be mentioned that although the studies of Heinrich et al. (2010, 2011) and Milde-Busch et al. 
(2010) investigate different outcomes (e.g. acute versus chronic symptoms), they are based on the same 
sample. 
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[TABLE 2-3-4]. 

3.3. Perceived exposure and NSPS  
 

Twelve studies provided data on the association between perceived exposure and NSPS; ten of cross-
sectional design, one case–control study and one cohort (Table 3). 
Perceived exposure was measured based mainly on the daily mobile phone use. 
Seven studies used standardized instruments to assess symptoms (Heinrich et al., 2010, 2011; Herr et al., 
2005; Hutter et al., 2010; Milde-Busch et al., 2010; Mohler et al., 2010; Thomée et al., 2011). The most 
consistently examined outcomes were headache, dizziness, sleep problems, fatigue-related symptoms, 
concentration problems, burning sensations in the facial area, ears or body and tinnitus. Most of the studies 
showed an effect of perceived exposure on concentration problems (n=4 versus n=2) and headache (n=5 
versus n=3), while no statistically significant effect was demonstrated for the majority of the studies on 
sleep problems (n=4 versus n=1) and dizziness (n=5 versus n=2). 

[FIGURE 1]. 
 
Results were contradictory for fatigue-related symptoms (n=4 studies reported significant associations 
versus n=3 that did not report significant results), tinnitus (n=2 versus n=1) and burning sensations (n=2 
versus n=2). Again, evidence regarding other NSPS was limited and inconsistent. Apart from age, gender 
and socioeconomic status, there was a quite consistent adjustment for video display terminal (VDT) use, 
stress-related variables and urbanization level as potential confounders. 

3.4. Meta-analyses  
 

Overall, 5 studies were excluded from the meta-analyses (Abdel-Rassoul et al., 2006; Abelin et al., 2006; 
Altpeter et al., 2006; Blettner et al., 2009; Preece et al., 2007), primarily due to high risk for bias and lack 
of comparability. One study was excluded because it was not possible to obtain the OR and 95% CI (Berg-
Beckhoff et al., 2009). Finally, depending on the outcome, 2 to 4 studies of cross-sectional design were 
included in the meta-analyses (Heinrich et al., 2010, 2011; Hutter et al., 2006; Mohler et al., 2010; Thomas 
et al., 2008) (Table 5). Most of the studies characterized exposure levels using personal dosimeters 
(Heinrich et al., 2010, 2011; Thomas et al., 2008). The investigated NSPS were headache, concentration 
problems, fatiguerelated problems, dizziness-related problems and sleep problems. Since studies used self-
reported scales to measure either the frequency of symptoms (labeled as “chronic”) or severity (labeled as 
“acute”), apart from the classification of the studies on the basis of the investigated symptom, they were 
also grouped based on these types of measures in order to enhance their comparability. All the “acute” 
NSPS were measured with items from the “Von Zerssen complaint list” (Von Zerssen, 1976). Among the 3 
studies assessing these symptoms (Heinrich et al., 2010; Hutter et al., 2006; Thomas et al., 2008), two used 
the same cut-off points (Heinrich et al., 2010; Hutter et al., 2006); a symptom was considered to be present 
if it was “at least of weak intensity”, while in the study of Thomas et al. (2008) if it was “at least moderate”. 
Regarding the “chronic” NSPS, although the two eligible studies (Heinrich et al., 2011; Thomas et al., 
2008) employed different standardized scales (Fahrenberg, 1975; Haugland and Wold, 2001) they used 
similar cut-off points (a symptom was considered to be present if occurred “nearly once every week” and 
“at least twice a month” respectively) and the same time reference (“during the last six months”). For the 
assessment of sleep problems, most of the analyzed studies used summarized items on sleep quality (Hutter 
et al., 2006; Mohler et al., 2010; Thomas et al., 2008). 
In the study of Hutter et al. (2006) a median split was applied for the total score of sleep quality (OR and 
95% CI were available after personal communication with the original authors). In the study of Mohler et 
al. (2010) a number of questions about subjective sleep quality were summarized into a binary sleep quality 
score (ranging between 0 and 12); a score of ≤8 was considered as an indication of having sleep problems. 
The time reference for these two studies was “during the last month” and “during the last four months” 
respectively. The scales and cut-off points for the studies of Thomas et al. (2008) and Heinrich et al. (2011) 
were the same as for the measurement of “chronic” NSPS which were previously described. 
There were between 919 and 1897 study participants included in each analysis. 
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The publication dates of the studies included ranged between 2006 and 2011. The forest plots for 
summarizing the meta-analyses for the 7 outcomes are shown in Figs. 2 and 3. Heterogeneity was 
negligible to moderate for the NSPS that were measured based on their severity (acute) and negligible to 
low for the NSPS that their assessment was based on their frequency (chronic). There was no publication 
bias apparent. 
Analyses did not show a significant effect of higher exposure levels on any of the examined outcomes 
(Table 5, Figs. 2 and 3). 
Two of the analyzed studies on acute NSPS investigated symptom report in relation to exposure during both 
morning and afternoon hours (Heinrich et al., 2010; Thomas et al., 2008); since in the abovementioned 
meta-analyses we used the ORs for symptoms occurring during morning hours, additional analyses were 
performed replacing these ORs with the ones for symptoms reported in the afternoon. Statistically 
significant results were observed for headache (OR=1.9; 95% CI=1.07–3.49, p=0.03) and dizziness-related 
problems (OR=1.54; 95% CI=1.02–2.31, p=0.04), while the risk estimate for the rest of the acute outcomes 
remained non-significant (concentration problems: OR=1.4; 95% CI=0.81–2.41, p=0.22, fatigue-related 
problems: OR=0.92; 95% CI=0.48–1.77, p=0.82). 
An extra sensitivity analysis was performed by integrating the OR of the studies excluded from the meta-
analyses (based on the quality and comparability criteria) into the principal analyses. This was possible for 
2 studies assessing headache based on its frequency (Abdel-Rassoul et al., 2006; Preece et al., 2007) and 2 
assessing sleep problems (Abdel-Rassoul et al., 2006; Abelin et al., 2006); the recalculated pooled estimate 
remained non-significant for chronic headache (OR=2.03; 95% CI=0.79– 5.19, p=0.14) and for sleep 
problems was OR=1.65; 95% CI=1.00–2.72, p=0.05. In line with the qualitative evaluation, there were very 
high levels of statistical heterogeneity (I2=89% and I2=70%), which demonstrate the incomparability of 
these studies, since the exposure characterization methods, self-reported symptom scales and especially the 
cut-off points varied considerably. 

4. DISCUSSION  
The present systematic review identified the observational epidemiological studies conducted during the 
last eleven years on the effect of actual and perceived EMF exposure on the report of NSPS in the general 
population. Using sensitive search strategies and strict quality criteria, we distinguished the most examined 
NSPS and assessed the strength of evidence for an association with higher exposure levels. Meta-analyses 
were conducted to quantify the associations. 
The review showed that there is no consistent association between actual exposure to EMF and occurrence 
of NSPS in the general population. Most of the studies suggested either no significant effect of higher 
exposure levels as in the case of fatigue-related symptoms and concentration difficulties, or contradictory 
results as in the case of dizziness-related symptoms, sleep problems and headache. It was also observed that 
methodological quality was an important component for the strength of the associations, since studies with 
a higher risk of bias, mainly regarding exposure assessment and sample selection, reported more significant 
associations. 
More recent studies which tend to employ advanced exposure characterization methods did not suggest a 
significant effect; this is in agreement with the findings of Röösli and Hug (2011). Studies on perceived 
exposure showed generally stronger symptomatic effects and more consistent patterns, indicating an 
association with concentration problems and headache, while most of them yielded nonsignificant or 
contradictory results for sleep problems, dizziness, fatigue-related symptoms and tinnitus. Differences in 
the conceptual framework of perceived exposure and variation in symptom and exposure assessment 
prevented us from conducting a meta-analysis of these studies. 

[TABLE 5]. 
 
Pooling the risk estimates of studies with a smaller chance of exposure misclassification and selection and 
confounding bias, the performed meta-analyses yielded no significant risk difference between low exposed 
and highly exposed individuals regarding symptom frequency and severity. In a sensitivity analysis of 
“acute” symptoms, when we pooled the ORs for exposure measurements “during afternoon hours” instead 
of exposure “during morning hours” for two of the studies, analyses yielded statistical significance only for 
headache and dizziness-related problems. This is probably due to the nearly significant OR in the study 
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with the most power (Heinrich et al., 2010). Since this was the case for a number of associations in that 
study, the authors attributed it to multiple testing, stating that after considering exposure as a 90% cut-off in 
the analyses (data were not available), any significant association disappeared. 
It is notable that while 9 out of 13 reviewed studies on actual exposure data suggest an association for at 
least one symptom, when we qualitatively examined these associations per symptom group, only the effect 
on headache was slightly more often significant. In this qualitative assessment we did not exclude studies of 
higher chance of bias which are prone to effect overestimation. In the meta-analysis, where those studies 
were excluded, all the associations were found to be non-significant. Since quality assessment in meta-
analysis is often controversial, in an additional sensitivity analysis we pooled the risk ratio of studies with 
higher probability of bias in the principal analyses; the summary effect was higher but heterogeneity was 
striking. Despite the non-significant results, it is noteworthy that the vastmajority of the exposure–symptom 
associations in the studies on actual exposure show a positive association. Independently of the study 
quality, exposure and outcome measures and examined symptoms, people who are exposed to higher levels 
of EMF, tend to report NSPS more frequently or severely than their “unexposed” counterpart. Possible 
explanations for this phenomenon could be just chance, selection bias leading to overestimation of the 
effect, positive-outcome bias in peerreview literature (Emerson et al., 2010), the lack of sufficient exposure 
contrast which could mask an exposure–outcome association if one existed, or the small prevalence in the 
general population of people sensitive to EMF, which could reduce the power for the detection of a 
significant effect. Additionally, possible exposure misclassification effects cannot be dismissed due to the 
existing limitations in exposure characterization (Röösli and Hug, 2011). 

[FIGURE 2-3]. 
The strengths of this systematic review include a comprehensive search strategy, the examination of 

studies on both actual and perceived exposure and the performance of meta-analyses. Important publication 
bias as a result of preferential publication of studies with significant findings is unlikely to have occurred as 
Eggers's test on bias also indicated. However, in some cases Egger's test could not calculate the bias risk 
due to the limited number of studies. Among the articles excluded due to inadequacy of the provided 
information and lack of minimal confounding adjustment, only one concerned actual exposure, suggesting a 
positive significant association with various NSPS (Eger and Jahn, 2010). All the other excluded studies 
focused on perceived exposure, with the vast majority reporting a significant effect, which was not adjusted 
for confounders (Appendix A). 
This is the first time that a meta-analytic study is conducted for the effect of EMF on NSPS. The only 
formal meta-analysis to date in this research field focused on the individual ability to perceive short-term 
EMF exposure tested by randomized double-blind trials (Röösli, 2008; Röösli et al., 2010), including only a 
small number of studies. In the present meta-analyses, a considerable number of subjects were included, 
and all the analyzed studies were considered comparable in terms of study design, type of exposure source, 
exposure and outcome assessment. Although there was some variation in the measured exposure levels 
across the studies, they all were much lower than the safety limits as established by ICNIRP (1998). 
Our meta-analysis has a number of limitations, such as the small number of comparable studies available 
for analysis, which however reflects that there are only a few comparable high quality studies addressing 
this issue. This prevented us from performing a metaregression with other explanatory variables. Another 
shortcoming might be the fact that the study with the most statistical power was restricted to the age groups 
between 13 and 17 years old, which could constitute a source of heterogeneity. Nevertheless, 
epidemiological studies on actual exposure often set the 15 years of age or even lower as age limit for 
participation (Berg-Beckhoff et al., 2009; Blettner et al., 2009) and no important differences between 
adolescents and young adults have been shown in terms of symptom patterns, even for larger age contrasts 
(Yzermans and Oskam, 1990). 
Finally, some between-study variation was expected due to the classification of symptoms in groups and a 
few differences in cut-off points as was described in detail in the Results section. 
This review included studies on actual as well as perceived exposure to EMF. Since people are not able to 
accurately self-estimate the magnitude of personal exposure to EMF sources (Frei et al., 2010; Inyang et al., 
2008; Vrijheid et al., 2009), we used perceived exposure as an indicator of a nocebo phenomenon that could 
possibly indicate underlying psychological processes. The subjective belief of being exposed to a hazardous 
environmental source could reinforce the alertness for the presence of potential exposure indicators, the 
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expectations of symptom occurrence and consequently the development and report of symptoms 
(Landgrebe et al., 2008). In the broader literature a number of studies have accentuated the role of 
psychologically-oriented factors in the report of NSPS attributed to environmental exposures (Johansson et 
al., 2010; Landgrebe et al., 2008; Osterberg et al., 2007; Persson et al., 2008; Rubin et al., 2006, 2008). 
However, most of the reviewed studies used perceived exposure as a proxy for actual exposure. This may 
explain the inconsistency across results. More recently published studies on actual exposure (Heinrich et 
al., 2010, 2011; Mohler et al., 2010) investigated the effect of perceived exposure as well, together with 
some psychological components such as environmental worries as confounders, but evidence regarding 
psychological determinants of NSPS related to EMF is still very limited and consensus about a conceptual 
framework on their mediating or moderating role is lacking. 
Although, in terms of design, experimental studies are preferable for the clarification of causal 
relationships, observational studies allow the investigation of longer-term exposures and outcomes and  
evaluation of possible mediating determinants in larger population samples. Exposure assessment remains a 
major challenge. On the one hand, methods such as self reported exposure or geo-coded distance are not 
sufficient surrogates for personal exposure, and spot measurements provide only limited knowledge on 
exposure for specific locations (Frei et al., 2010). On the other hand, personal exposure measurements with 
exposimeters come with biases due to calibration issues, arrival angle dependent response, and body 
shielding, which lead to underestimation of the actual exposure (Bolte et al., 2011; Mann, 2010). Also, 
performing personal exposure measurements in large groups is very time consuming and expensive and 
therefore may not be feasible for large, especially cohort, studies. 
Nevertheless, personal exposure measurements are recommended, as they are actually measuring one's 
exposure during all activities at all locations (Neubauer et al., 2007). If it is not feasible to measure every 
group member, a prediction model based on modeled exposure of fixed transmitters and exposimeter 
measurements may be the best compromise (Frei et al., 2009, 2010). 
Since the restriction of sources of bias is of vital importance, future epidemiological studies should be 
particularly careful regarding the sample selection and data collection; the combination of electronic 
medical records from general practices and self-reported health data in conjunction with exposure data, 
would be an important step forward in this field of research. For future research, it is also suggested that 
instead of adopting either the psychogenic or the bioelectromagnetic hypothesis for the explanation of 
NSPS in relation to EMF, the exposure–outcome association should be considered as a product of an 
interaction between actual exposure, the perception of the magnitude of being exposed and psychological 
factors, consonant to a psychobiological approach. 
In light of this systematic review, and taking findings from systematic evaluation of experimental evidence 
into account (Röösli and Hug, 2011; Röösli et al., 2010; Rubin et al., 2009) it is concluded that there is no 
direct association between actual exposure to EMF and NSPS. An association between NSPS and perceived 
exposure seems to be stronger and more consistent, but striking heterogeneity regarding the conceptual 
framework and assessment of exposure and outcome prevents from more solid conclusions. The 
establishment of an international protocol of harmonization of concepts and exposure–outcome 
characterization would minimize the methodological obstacles in epidemiological research on EMF and 
NSPS and strengthen the interpretations of future metaanalytic studies. 

5. CONCLUSIONS  
There are no indications for an association between higher levels of actual EMF exposure and frequency or 
severity of NSPS in the general population. An association with perceived exposure seems to exist, but 
evidence is still scarce mainly because of between-study differences in the conceptual framework and 
measurement. More epidemiological studies are needed, using comparable methods and instruments to 
assess exposure and outcome and investigating the role of perceived exposure and mediating psychological 
components in conjunction with actual exposure. Studies on long-term effects of residential EMF exposure 
are of particular importance in order to enhance our knowledge. 
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Fig. 1. Flow diagram outlining the study selection process. 
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Fig. 2. Forest plots of random-effect meta-analyses of observational studies on the association between 

actual EMF exposure and NSPS for 4 self-reported outcomes based on 
severity. 
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Fig. 3. Forest plots of random-effect meta-analyses of observational studies on the association between 

actual EMF exposure and NSPS for 3 self-reported outcomes based on 
frequency. 
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