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Conclusions.' This first cohort study on the association between RF-EMF exposure andAbstract
health-related quality of life, using objective and well-validated exposure measures, does not

Objective: To investigate the effect of exposure to radio frequency electromagnetic fields suggest a detrimental effect of RF-EMF exposure on the development of non-specific

(RF-EMF), as produced by mobile phones and environmental far-field sources such as mobile symptoms after 1 year of exposure.

phone base stations and broadcast transmitters, on the development of non-specific symptoms

and tinnitus.

Design: Prospective cohort study.

Setting: City of Basel, Switzerland, and surrounding communities.

Participants: 1375 randomly selected participants aged 30-60. Participation rate at follow-up

(one year after the baseline survey) was 82%.

Main outcome measures: 24-item list of somatic complaints (von Zcrssen list), six-item

headache impact test (HIT-6), tinnitus.

Results: For participants in the top decile of environmental far-field RF-EMF exposure in the

baseline survey, in comparison to participants exposed below the median value, the change in

the von Zcrssen- and HIT-6-scores between the baseline and follow-up survey was -0.12

(95%-CE -1.79 to 156) and -037 (95%-CI: -1.80 to 1.07) units, respectively. Environmental

far-field exposure was computed with a validated exposure assessment model for the most

relevant RF-EMF exposure sources. The odds ratio for developing tinnitus at follow-up was

0.18 (95%-CL 0.02 to 151) for participants in the top decile of exposure in the baseline

survey compared to participants below the median. Similarly, there was no association

between non-specific symptoms or tinnitus and the use of mobile phones, information for

which was derived from mobile phone call records from mobile phone companies.

Furthermore, there was no indication that an increase in environmental far-field RF-EMF

exposure or mobile phone use between baseline and follow-up was related to the development

of non-specific symptoms or tinnitus.
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RF-EMF exposure, since such persons usually suffer more often from non-specific symptoms

Introduction

Due to the unknown biological mechanism of RF-EMFs below the thermal threshold.Radio frequency electromagnetic field (RF-EMF) emitting sources like mobile phone

if there is any at all, it is unclear what aspect of the exposure is relevant for the developmentbase stations and handsets, broadcast transmitters or wireless LAN (W-LAN) arc ubiquitous

of non-specific symptoms. It might be conceivable that exposure at the head, usually mainlyand exposure has been increasing over the past 20 years? This development has raised public

caused by sources operated close to the body (e.g. mobile and cordless phones), is mostconcerns regarding potentially detrimental health effects of this technology, especially

relevant for headache. On the oher hand, exposure from environmental far-field sources like

mobile phone base stations, which generally cause lower but whole-body exposures overSeveral studies have addressed potential health effects so far Most studies were

longer time periods and also during nights, might play a role for non-specific symptoms of illperformed in laboratories, C-g.6"*. The advantage of laboratory trials Is that the well-defined

health.exposure setting allows for the exact determination of a person’s exposure level as well as

In the framework of the QUALIFEX study (health related quality erf life and radiorandomization and double-blinding. The disadvantages are that usually only a small study

frequency electromagnetic field exposure: prospective cohort study), we performed a baselinepopulation can be investigated and that effects after prolonged exposure durations cannot be

questionnaire survey in 2008 in a random population sample. One year later, a follow-up wasstudied due to ethical and practical reasons. Such effects can only be addressed in

conducted. The aim of this study was to investigate whether RF-EMF exposure at baseline orepidemiological studies. However, sound assessment of RF-EMF exposure in everyday life is

a change of RF-EMF exposure between baseline and follow-up was associated with thehighly challenging.9 The use of crude exposure proxies, like the lateral distance to the closest

development of non-specific symptoms of ill health or tinnitus.mobile phone base station, has been shown to be inappropriate?

exposure assessment methods such as spcX or personal measurements need considerable

Methodsefforts and thus, most epidemiological studies conducted so far were of cross-sectional

The limitation of collecting exposure and health data at the same point in time is
Study population

The recruitment strategy of the baseline survey is described in detail in Mohler et al?7.
In addition, spurious exposure-outcome associations can be introduced if information bias or

In brief, in May 2008 we sent out questionnaires entitled “environment and health" to 4000
a nocebo effect, ie the development of symptoms due to concerns, is involved. Several

randomly selected residents from the region of Basel, Switzerland, aged between 30 and 60
In cross-sectional studies

years. After one year, a follow-up was conducted by sending the same questionnaire to the
even inverse associations between exposure and health may be observed, if persons claiming

respondents of the baseline survey. Non-rcsponder interviews were conducted after both
to be electrohypersensitive (EHS), ie. to develop symptoms due to RF-EMF exposure,avoid

surveys by phone.

5 6

laboratory trials have provided evidence for a nocebo effect?920

regarding effects on non-specific symptoms like headache?'5

design?

than the general population?*21

that it is difficult to draw conclusions about a causal relationship between exposure and he?’
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with the personal exposure meter EME Spy 120 and questionnaire data from these 166Written questionnaire

volunteers. We identified the following relevant exposure predictors using multiple regressionThe written questionnaire was divided into three parts: the first part consisted of

models: the modeled RF-EMF at the participants' home from the geospatial propagationquestions regarding the general health status and non-specific symptoms of ill health. The

model, modified by the type of house wall and type of window frames. Additionally, thestudy participants were asked to fill in several standardized questions, namely the 24-item list

of somatic complaints (von Zcrsscn)" and the six-item headache impact test (HIT-6)3 The ownership of wireless communication devices (W-LAN, mobile and cordless phones) and

behavioral characteristics (amount of time spent in public transport vehicles or cars, percent

full-time equivalent) were included into the model. The predictive exposure assessment modelscore from 36 (no impact) to 78 (severe impact). In addition, the participants were asked

whether they currently suffered from tinnitus. In the second part of the questionnaire, we takes into account exposure from the following sources: broadcast transmitters, mobile phone

handsets and base stations, DECT phones and wireless LAN. Exposure to mobile phoneassessed exposure to RF-EMF. Questions on exposure relevant characteristics and behaviors

(see next paragraph) like the ownership of a mobile or cordless phone were included. The last handsets and cordless phones represent phone calls of other persons, handovers of the

part of the questionnaire contained questions on socio-demographic factors (c.g. age, gender). personal or other mobile phones and the radiation of a cordless phone base station. The

We also asked the participants whether they were electrohypersensitive (EHS) (defined as personal phone use was not considered in the model.

Local exposure at the head from sources operating in close proximity of the body wasanswering “yes" to either the question “Are you electrohypersensitive?" or to the question

assessed by self-reported use of mobile and cordless phones. In addition, we asked“Do you think that you develop detrimental health symptoms due to electromagnetic pollution

in everyday life7~). participants for informed consent to obtain operator data of their private mobile phone use of

the previous 6 months of each investigation.
Exposure;

In order to evaluate the occurrence of Information bias or a nocebo effect, we asked
We assessed exposure to environmental far-field sources as well as to sources

participants to compare their exposure situation with the average Swiss population. An
operating close to the body. Regarding exposure to environmental far-field sources, we used

association between perceived exposure and health, independently of actual exposure, would
two surrogates: firstly, we calculated mean RF-EMF from fixed site transmitters (mobile

be indicative of nocebo effects or information bias.
phone base stations and broadcast transmitters) at the residency of each study participant by

means of a geospatial propagation model which had been developed and validated for the Statistical analyses

Secondly, we used a predictive exposure assessment model to predict total For the linear outcome variables (von Zerssen- and HIT-6-score), linear regression

personal RF-EMF far-field exposure. This model was developed and validated in an models were calculated and for the binary tinnitus variable logistic regression models. Four

independent study sample of 166 residents from the same study region and is explained In analyses were performed: Firstly, we conducted cross-sectional analyses for the baseline and

detail in Frei et al., 200926. Shortly, we collected exposure measurements during one week follow-up survey. Secondly, we performed a cohort analysis and a change analysis. For the

7 8

von Zersscn-score ranges from 0 (no complaints) to 72 (severe complaints), and the IHT-6-

study region.3 3:



All calculations were performed with the values for the power flux density (mW/m2).cohort analysis, we assessed the association between the exposure level at baseline and the

Statistical analyses were carried out using STATA version 10.1 (StataCorp, College Station,

TX, USA).

percentile, and the top exposure decile. In the change analysis, we examined whether the

Resultschange in exposure between baseline and follow-up resulted in a change in health outcome.

We compared the stud)' participants with the 20% largest decrease and increase with the
Study participants

remaining 60% who experienced a smaller or no change of exposure between baseline and
Response rate was 37% at baseline and 82% at follow-up (Figure 1). Reasons for non

follow-up (reference).
eligibility were severe disabilities, death, incorrect addresses, absence during study time or

AD models were adjusted for age, sex, body mass index, stress, physical activity.
language problems. Two respondents of the follow-up had to be excluded from the analyses

smoking habits, alcohol consumption, education, marital status, degree of urbanity, nightshift
because they went abroad after the baseline survey. The characteristics of the study

work, believe in health effects due to RFEMF exposure, use of sleeping drugs and general
participants of the baseline and follow-up survey included in the analyses are listed in Table

attitude towards the environment. In the cohort and change analyses, we considered the
1. There are only smaU differences between the study participants who participated in the

con founders at baseline and additionally adjusted the models for moving house between the
follow-up survey compared with those who only participated in the baseline survey. The

two surveys. Missing values in the confounder variables at baseline were replaced with the
mean age was 46 years (standard deviation (sd): 9 years) at baseline and 47 years (sd: 9 years)

information of the follow-up and vice versa. If values were missing for both, baseline and
one year later at follow-up. Around 60% of the participants were females at baseline and

follow-up, they were replaced with values of either the most common category (categorical
follow-up.

variables) or with the mean value (linear variables). In aD models for environmental far-field

RF-EMF exposureexposure sources, we included (self-reported) use of mobile and cordless phones as co

Table 2 shows medians, 90* percentiles and maximums of the different exposureexposures. Similarly, total personal far-field exposure (predictive exposure assessment model)

surrogates at baseline and follow-up. With respect to total personal far-field exposure (derivedwas used as co-exposure variable in aD models for mobile and cordless phone use, and al!

from the predictive exposure assessment model) and residential exposure to fixed site

transmitters (derived from the predictive exposure assessment model), the exposureincluded in the model for self-estimated exposure.

distributions were very similar at baseline and foDow-up. Mean total personal far-fieldAD models were tested for interaction between EHS status and the exposure measures

exposure was 0.12 mW/m2 (021 V/m) at baseline and 0.13 mW/m2 (022 V/m) at follow-up.in order to evaluate whether EHS individuals are differently affected by RF-EMF exposure.

Mean modeled residential exposure to fixed site transmitters (geospatial propagation model)The interaction term was tested with likelihood-ratio tests, and the presented coefficients and

change in health status between baseline and foDow-up. Three exposure categories were 

defined: exposure below median (reference), exposure equal or above median up to the 90ft

was 0.02 mW/m2 (009 V/m) at baseline and foDow-up. The study participants reported to use
10

three exposure variables (environmental RF-EMF, cordless and mobile phone use) were

odds ratios (ORs) represent the exposure-outcome association for the non-EHS individuals,
9



decrease of mobile phone use was accompanied with a decrease of the HIT-6-score. We foundtheir mobile phones at baseline (follow-up) on average during LI 8 hairs (1.13 hours) and

that the HIT-6-score increased most for individuals who believed to be more exposed to RF-their cordless phones during 126 hours (128 hours) per week. Persons for whom operator

EMF compared to the Swiss average at baseline (cohort analysis) or for individuals who rateddata were available used their mobile phone on average during 31 minutes per week at

their own exposure status higher at follow-up than at baseline (change analysis).baseline (n=539) and during 21 minutes per week at follow-up (n=424). The self-reported use

of the private mobile phone restricted to the persons providing operator data was 28 minutes
Tinnitus

at baseline and 30 minutes at follow -up.
128 (9%) persons reported to suffer from tinnitus at baseline and 131 (12%) at follow

up. Twenty persons reported to suffer from tinnitus only at baseline and 44 only at follow-up.Somatic complaints: the von Zerssen-score

No consistent exposure-outcome association was observed in the cross-sectional (Web tableAt baseline, the average von Zerssen-score was 12, ranging from 0 to 57. At follow

3) analyses. In the cohort and change analysis (Table 5), a slightly higher risk of developingup, it was 13, ranging from 0 to 66. Web table 1 shows the adjusted coefficients and their

tinnitus was associated with the mobile phone operator data. Most of the other associations95% confidence intervals (Cis) of the linear regression models for the cross-sectional surveys

suggest a tendency for an inverse association between RF-EMF exposure and tinnitus.(2008 and 2009). Except for slight tendencies erf an inverse association between self-reported

mobile and cordless phone use and somatic complaints, no consistent exposure-outcome
Comparison of the effect in EHS and non-EHS Individuals

association could be observed. The same bolds for the corresponding data far the cohort
There was no consistent difference between EHS and non-EHS individuals regarding

analysis (Table 3). However, this is not confirmed in the operator data. In the change analysis,
the exposure-outcome association. For the 72 tested models the likelihood-ratio test suggests

a very slight tendency could be seen in the self-reported and operator data that both, persons
a difference between the two groups in eleven (153%) of the models. In two of the cases, a

decreasing and increasing their mobile phone use, suffer less from somatic complaints. In the
more pronounced positive exposure-outcome association was found for the EHS group

cohort analysis, a trend for suffering more from somatic complaints for individuals who
compared to the non-EHS group and in eight of the cases a more pronounced positive

believed to be more exposed to RF-EMF in comparison to the Swiss average was found. This
exposure-outcome association was found for the non-EHS group. In one case, we found a

was also observed in the cross-sectional analyses.
mixed pattern in the three exposure categories.

Headache: the HIT-6-score

DiscussionThe average HTT-6-score was 46 at baseline (range: 36-78) and at follow-up (range:

36-74). In die cross-sectional analyses (Web table 2), we found rather inverse associations for Our findings do not suggest an association between RF-EMF exposure in everyday life

most analyses, except fix self-estimated exposure. In the cohort analysis (Table 4), the and the development of self-reported non-specific symptoms and tinnitus. Neither exposure to

headache score tended to increase between baseline and follow-up for the heaviest mobile environmental far-ficld sources nor to sources operating in close proximity of the body

showed an effect. No consistent evidence for a difference in the exposure-outcome
12

phone users according to the operator data at baseline. In the change analysis, both, in- and
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Another limitation was the rather low participation rate of 37% in the baseline survey.relationship between EHS and non-EHS individuals could be observed. We found an

If persons attributing health effects to RF-EMF exposure were more motivated to participateindication for a nocebo effect and/or information bias in relation with the development of

in our study, selection bias is of concern for the cross-sectional analyses. We found a similarnon-specific symptoms.

HIT-6-score and even slightly lower von Zerssen-score in comparison to a recent German
Strengths and limitations

So far, in no other study a cohort design was applied to study potential RF-EMF
very high (85%).n Therefore there is no evidence that persons suffering from more symptoms

exposure effects on non-specific symptoms, which allows for more robust conclusions.
were more likely to participate. As we had a very high participation rate of 82% in the follow-

Although self-reported, the subjective symptoms that we assessed (von Zcrsscn and HIT-6)
up, selection bias is less of a problem for the cohort and the change analyses.

were based on standardized questions. To our knowledge, our study used the most

Interpretationcomprehensive exposure assessment method by considering potential effects of both exposure

In general, we found no evidence that exposure to RF-EMF in everyday life isto environmental far-field sources and sources operating close to the body. For both types of

associated with the development of non-specific symptoms or tinnitus. We observed onlyexposure, we used objective exposure data. The elaborate predictive exposure assessment

very few statistically significant effects, which were not consistent. Given the numerous testsmodel includes all relevant RF-EMF exposure sources in everyday life in the frequency range

we performed, a few statistically significant effects can be expected by chance. We conductedof 88-2500 MHz. It is based on the geospatial propagation model that includes very accurate

parameters from all fixed site transmitters of the study region, complemented with data on

low dose range, it was unclear which aspect of exposure might be relevant for healthrelevant behaviors. The feasibility and reproducibility of the prediction model as well as of

disturbances, if any at all. We did not apply a formal multiple endpoint correction (e.g.From 392% of the study

Bonferroni correction). Instead we checked the consistency and biological plausibility ofparticipants at baseline and of 37.8% at follow-up, we collected objective traffic records of all

similar analyses. The statistical power of the study was adequate to detect relatively smallingoing and outgoing calls of the previous 6 months of cadi investigation from the mobile

changes of the health outcome: a post-hoc power analysis revealed that a change of 1.6 pointsphone operators, which has to our knowledge not been done in previous studies investigating

in the von Zerssen-score and of 14 point in the HIT-6-score could be detected with a powerthe effect of mobile phone use on the development of non-specific symptoms Unfortunately,

of 80%. To compare, the von Zcrsscn and HIT-6-score of persons who felt disturbed by noisewe were only able to obtain traffic records of private, but not business-related phone calls.

of their neighbors were higher by 5.1 and 2.8 points, respectively, in comparison to personsAbout 25% of the individuals who agreed to provide their traffic records at baseline and

who did not feel disturbed.follow-up owned a business mobile phone as well. This may have led to some exposure

With regard to environmental far-field sources, our findings are in line with laboratorymisclassification.

trials investigating acute effects of whole-body mobile phone base station exposure.27 In

1413

a large number of analyses because in the absence of a known biological mechanism in the

study, where persons were selected from a nationwide survey and the participation rate was

the geospatial propagation model was previously demonstrated.2526



therefore only state that effects due to the small exposures and exposure changes that areepidemiological studies on environmental far-field sources, there is a tendency that effects

experienced nowadays are unlikely. However, we cannot draw conclusions about healthwere found in studies where crude or subjective exposure surrogates were used (c.g. the

lateral distance to the closest mobile phone base station24 while for studies using objective effects which might occur due to exposure changes in the future or at levels close to the

standard limits.

Due to the fact that EHS individuals might have a complex behavior regarding EMFexcept for one

exposure, we included an interaction term for EHS individuals which allowed for differentstudy, where a higher headache score was found after applying a 3h mobile phone-like

exposure.’ Our self-reported data on mobile phone use show rather an inverse association exposure effects for EHS and non-EHS individuals. We expected that RF-EMF avoidance

behavior and nocebo would be present in particular in EHS individuals. However, nowith non-specific symptoms and our results contradict earlier cross-sectional epidemiological

consistent differences between EHS and non-EHS individuals in die exposure-outcomestudies, where positive associations were found for non-specific symptoms1

association and therefore no indication that EMF exposure is more harmful for EHSfor this discrepancy might be that the participants in our study were more accurate in

reporting their mobile phone use because they were aware that we collected the data from individuals was found. Information bias is expected to be present for EHS and non-EHS

individuals. We found a tendency for EHS as well as non-EHS individuals who estimatedtheir mobile phone operators as well. Thus, information bias may have been prevented.

Another factor which might have played an important role in previous epidemiological studies themselves to be less exposed to RF-EMF compared to the general Swiss population to suffer

less from non-specific symptoms and for those who estimated their own exposure to be higherwhere effects were found is selection bias and nocebo. Selection bias, information bias and

to suffer more from non-specific symptoms. A more detailed analysis of the characteristicsnocebo, are of less concern in our cohort and change analyses

and exposure effects in the EHS collective of this survey is given in RSSsli ct al., submitted54.In the mobile phone operator data, the cohort analysis suggests a slightly increased

To conclude, we did not find evidence for a detrimental effect of exposure to RF-EMFheadache score for persons in die top exposure decile at baseline. This, however, is not

confirmed in the change analysis. With regard to tinnitus, we found a tendency in the cohort in everyday life on the development of non-specific symptoms or tinnitus. These results.

analysis that individuals above the 5O'h percentile of mobile phone use (operator data) at however, are only valid for relatively small levels of RF-EMF exposure that occur today. We

baseline bad a higher risk of suffering from tinnitus at follow-up. This tendency could also be cannot make firm conclusions about higher exposure levels or more dramatic changes of

observed in the change analysis. However, these results are based on only 25 and 14 tinnitus exposure that might be induced by the future technical development.

cases, respectively. Previous research does not suggest an effect of RF-EMF exposure on the

Generally, the mean exposure levels to environmental far-field RF-EMF sources in our

study population were by several orders of magnitude below the current standard limits. Also,

we observed only small exposure differences between baseline and follow-up. We can
15 16

development of tinnitus.1454 55

t1’ One reason

effects of mobile phones like exposure were observed in laboratory trials 20)235

exposure surrogates no effect were found.5 15 145051 Regarding close to body sources, no acute
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Tables

Table I: Characteristics of study participants at baseline and follow-up

5454

29.6 265297

357

468478

Female 798 580 678

42.0 444Male 577

Health statu*

89.71223

122 8.9

1419

6.6 57None

48.5 523

45.0 515

6.0

77.7

16.3224 195

294

20.8256 186 233

397

492

6S

164

2221

Two responders of the follow-up were excluded from the analyses because they went abroad 
after the baseline survey.

407 

490 35.6

34.8

29.3

41.9

983

112

60.4

39.6

5.2

47.8

47.0

77.9

17.4

57.2

22.0

35.4

43.9

6.1

14.6

Baseline 
survey 

(n»1375)

89

663

60.0

21.4

Follow-up 
survey 

(n=1122)‘

53

874

642

247

31.8

41.7

88.6

10.1

1.3

(Very) good 

Hat-hall

7.6

21.2

(Very) bad

Educational level

Doni know/m'sslng

Electromagnetic hypersensltMty

No 825

Yea

Don't knoWmissing

Seif-estimated RF-EMF exposure*
Lower 403

Equal 576

Higher 105

Doni know/mtssing 291

Age (years) 

<41 

41-50

bQuestion: "Do you believe that there are persons who develop adverse health effects due to 
electromagnetic pollution in the everyday environment” 
cIn comparison with the average Swiss population

>51

Sox

Apprenticeship

Higher education 615

Believe In health effect* due to RF-EMF exposure”

No 82

Yes 1069



Table 2: Exposure levels to different exposure sources in the study participants at baseline and Table 3: Results of the cohort analysis and change analysis showing the association between

follow-up and change between baseline and follow-up. the different exposure surrogates and the von Zcrssen-score (regression coefficients and 95%

confidence intervals (CI) of the three exposure categories adjusted for relevant confoundersa).
Change (n=1122)Follow-up 

(n=1122) Negative coefficients indicate an inverse association and positive coefficients a positiveDecrease No change Increase

Total personal tarOeM exposure (mW/m’)* association between exposure and somatic complaints.

Median 0.12 0.12 -0.04 0.00 0.05

0.17 0.18 •0.07 003 0.09

0.40 •021 0.03 0.180.47

0.01 0.00 0.00 0.000.01

0.03005 0.05 -0.02 000
0 0

1.43 ■021 0.62Maximum 1.43 000

Mobile phone use (self-reported) (IVweck)

000 1.05023 022 -0.94 0 0.18 -024 031 0
-403 0083.50 350 6.42 (•0.79J1.15) (-1.8911.41) (-1.1611.18)

21.00 -21.06 0.15 17.50

-050 -0.01 0.150.16 0.16
0 •0.44 0

133 0.76 -1.61 0.02 0.50
Maximum 851 607 -3.18 004 5.38

Cordless phone use (sett-reported) (h/week)' 0 0
Median 035 035 -0.88 0.00 1.75

-4.61467 4.67 035 4.67
0 -0.26 0933933 -928 058 9.33

(-1.410.89)

equal

Self-estimated 0

(-1.46i1.13)exposure

23 24

Median 

90* percentile

Close to body exposure

Mobile phone use 

(self-reported)

COHORT ANALYSIS 
(n=1058)

0.25 

(•0.95:1.46)

CHANGE ANALYSIS 
(n=1042)

■0.17 

(-13211.18)

0.12 

(-1.0811.31)

0.82 
(-0.420.06)

Median 

90* percentile

Maxim um

90* percentile

Maxim txn

Exposure to fixed 

site transmitters

Mobile phone use 

(operator data)"

Baseline
(n=13T5)

Cordless phone use 

(self-reported)

Decrease 
(95%-CI)

No 
change

■1.19 
(■Z38-.-0.00)

•1.13

(-32511.00)

-1.43 
(-Z67;-O.18)

■0.60
(-2.67,-1 .46)

<50th 
perc.

lower 
(95%-Ci)

-0.04
(-1.03,0.95)

lower 
(95%-CI)

-0.17

equal

0

higher 
(95%-CI)

2.25 
(0.03:4.46)

higher 
(95%-CI)

•0.02
(-1.2611.22)

Increase
(95%-CI)

50th-90th 
percentile 
(95%-CI)

050 0.01

(-0.46)1.46) (-3.0113.04)

29.75

Mobile phone use (operator data) (Wweek)b

-0.99 0.12
(-2.46,0.47) (-2.582.83)

-1.79
(-1550.66) (-3J6;-0.02)

0.64 -0.12
(-037;1.66) (-1.791156)

'adjusted for age, sex, body mass index,stress, physical activity, smoking habits, alcohol 
consumption, education, marital status, degree of urbanity, nightshift work, believe in health 
effects due to RF-EMF exposure, use of sleeping drugs, general attitude towards the 
environment and for moving house between the two surveys.
bdata from 441 (cohort analysis) and 280 (change analysis) persons

*Mean exposure to relevant far-fieid exposure sources excluding personal use of mobile and 
cordless phones
bn=539/424 at baseline/follow-up
‘similar values due to the use of categories in the questionnaire

Far-field environmental exposure

Total personal far- 
fleld exposure

>90th 
percentile 
(95%-CI)

90* percentile

Maximixn

Residential exposure to fixed site transmitters (mfflm1)

Median

90* percentile



Table 4: Results of the cohort analysis and change analysis showing the association between Table 5: Results of the cohort analysis and change analysis showing the association between

the different exposure surrogates and the HIT-6-score (regression coefficients and 95% the different exposure surrogates and tinnitus (odds ratios (OR) and 95% confidence intervals

confidence intervals (CI) of the three exposure categories adjusted for relevant confounders”. (CI) of the three exposure categories) adjusted for relevant confounders**. ORs<I indicate an

Negative coefficients indicate an inverse association and positive coefficients a positive inverse and >1 a positive association between exposure and tinnitus.

association between exposure and headache.

1.34

(0323-49)
00

0.94 139 1.671.77

(039325) (0.363.41) (0.68;4.61) (038;4.80)
1.01 0.520 0.91 0 0.06

(0.07;1.75) (-0.402.43) (-030;134) (-1.03:1.15)

0.61

(0.19:1.95)
0 -0.78 •0.49 0 -0.33

(-1.75fl.19) (-2.02:1.03) (-1.42fl.76)
2.14

0 0

0.00 035 0.90

(035357) (028394)
0 -023 0

equal equal

Self-est) mated
equal

exposure
Sad estimated 0 037 0 1.18

(-0.77:1.50) (O.11;123)exposure

‘confounders see Table 3 
from dSI fcohrwt an‘‘data from 451 (cohort analysis) and 284 (change analysis) persons

25 26

Decrease 
(95%-CI)

Decrease 
(95%-CI)

Exposure to fixed 

site transmBers

COHORT ANALYSIS 
(n=1080)

0.05 135

(-0.82fl.91) (-038328)

lower 
(95%-CI)

>90th 
percentile 
(95%-CI)

-030 

(-1333.74)

-0.26

(-1273.75)

CHANGE ANALYSIS 
(n-1063)

0.24 

(-0.93:1.41)

Cordless phone use 

(self-re ported)

0.54 

(0.19;1.50)

0.62 

(0.27:1.42)

0.46 

(0.19:1.10)

0.95 

(0.11324)

0.18 

(0.02;131)

0.83 

(0213-22)

0.07 

(0.00395)

135 

(0.47,3.90)

0.93

(034353)

CHANGE ANALYSIS 
(n=1092)

0.58

(0.16314)

023 

(-0.83:130)

-0.95 

(-3.06:1.16)

-024 

(-1.28fl.80)

Close to body exposure

Mobile phone use 

(self-re ported)

Exposure to fixed 

site transmitters

Mobile phone use 

(operator data)61

lower 
(95%-CI)

1.17 

(0373.72)

lower 
(95%-CI)

No 
change

1.70 

(0.25:1139)
Mobile phone use 

(operator data)“

Cordless phone use 

(sell-reported)

No 
change

Close to body exposure

Mobile phone use 

(sett-reported)

-1.64 

(-3.67fl.39)

50th-90th 
percentile 
(95%-CI)

<50th 
perc.

1.04

(0.51311)

<50th 
perc.

higher 
(95%-CI)

higher 
(95%-CI)

higher 
(95%-CI)

Increase
(95%-CI)

>90th 
percentile 
(95%-CI)

tower 
(95%-CI)

‘confounders see Tabic 3
bdata from 455 (cohort analysis) and 286 (change analysis) persons

0.00 -0.37

(-0.89fl.88) (-1.80:1.07)

-0.03 

(-1.06330) (-2682.62)

0.16 2.17

(-1.16:1.48) (-025:4.60)

236

(0.42:11.02) (0.1634.86)

higher 
(95%-CI)

Far4Md environmental exposure

Total personal far- 

field exposure

50th-90th 
percentile 
(95%-CI)

Par-field environmental exposure

Total personal far-

fietd exposure

COHORT ANALYSIS 
(n=1112)



Appendix: Web tables

Figures
Web table 1 ■ Results of the two cross-sectional analyses (baseline and follow-up) showing the

Figure 1: Schematic illustration of the study design and the response rates of the baseline and association between the different exposure surrogates and the von Zerssen-score (regression

follow-up surveys. coefficients and 95% confidence intervals (CI) of the three exposure categories adjusted for

relevant confounders*1. Negative coefficients indicate an inverse association and positive

Baseline survey Follow-up survey coefficients a positive association between exposure and somatic complaints.

0 0

0 0

00

0 0

0 0

Self-estimated

exposure

‘adjusted for age, sex, body mass index, stress, physical activity, smoking habits, alcohol 
consumption, education, marital status, degree of urbanity, nightshift work, believe in health

27 28

Postal questionnaire 2 
1375 participants from 
the baseline survey

Responders
1124 study participants 
(response rate: 82%)

Non-eliglble
3 persons

Close to body exposure

Mobile phone use 

(self-re ported)

BASELINE SURVEY 2008 
(n=1310)

FOLLOW-UP SURVEY 2009 
(n=1065)

Cordless phone use 

(self-reported)

Mobile phone use 

(operator data)1”

Exposure to fixed 

site transmitters

<50th 
perc.

<50th 
perc.

>90th 
percentile 
(95%-CI)

50th-90th 
percentile 
(95%-CI)

lower 
(95%-CI)

■0.49

(-1.74fl.75)

lower 
(95%-CI)

-025

(-1.28fl.78)

equal 

0 0

higher 
(95%rCI)

1.20

(-1.99:4.38)

higher 
(95%-CD

0.36

(-1,78251)

>90th 
percentile 
(95%-CI)

-0.39 1.20

(-1.40fl.62) (-0.452.85)

0.00 -0.80
(-1.15:1.15) (-3.91231)

0.28 0.11

(-122:1.87) (-2.712.94)

-0.38 -1.31

(-1.39fl.63) (-4.20:1.58)

-0.77 -0.60
(-121A28) (-234:1.14)

1.14 0.45

(-0.102-37) (-1.60249)

■0.78 -120

(-1.92fl.35) (-2.94fl.54)

-1.66 -1.28

(■Z96;-035) (-3.57:1.00)

-0.15 -0.09

(-200:1.70) (-3212.14)

0.07 0.67

(-1.10:1.24) (-1.35269)

Postal questionnaire 1 
4000 randomly selected 
persons

t Non-ellglble
237 persons

Responders
1375 study participants - 
(response rate: 37%)

50th-901h 
percentile 
(95%-CI)

Far-fleld environmental exposure

Total personal far-

fleld exposure



0 0.15 -0.10 0

(-0.88:1.18) (-1.81:1.60)

0 0

0 0

0 -0.74 0

0 0

equal

Self-estimated 0

exposure

29 30

Web table 2: Results of the two cross-sectional analyses (baseline and follow-up) showing the 

association between the different exposure surrogates and the HIT-6-score (regression 

coefficients and 95% confidence intervals (CI) of the three exposure categories adjusted for 
relevant confounders*’. Negative coefficients indicate an inverse association and positive 

coefficients a positive association between exposure and headache.

Exposure to fixed 

site transmitters

Cordless phone use 

(self-reported)

BASELINE SURVEY 2008 
(n=1341)

higher 
(95%rCI)

FOLLOW-UP SURVEY 2000 
(n=1085)

Close to body exposure

Mobile phone use 

(self-re ported)

Mobile phone use 

(operator data)6*

lower 
(95%-CI)

<50th 
perc.

lower 
(95%-CI)

■0.46 0.02
(-1.47ff.55) (-2.072-10)

<50th 
perc.

50th-90th
percentile 
(95%-CI)

>90th 
percentile 
(95%-CI)

equal 

0

effects due to RF-EMF exposure, use of sleeping drugs and general attitude towards the 
environment.
bdata from 523 (baseline) and 409 (follow-up) persons

higher 
(95%-CI)

■0.47 2.44
(-1.66p.73) (-O.49ff.38)

50th-90th 
perce ntae 
(95%-CI)

>90th 
percentile 
(95%-CI)

•0.50 -0.54

(-1.63.0.64) (-250:1.42)

0.34 -062
(-0.77:1.46) (-2.23:1.19)

■103 -0.76
(-222.--0.24) (-2370.86)

0,03 -0.18

(-1-23:1.28) (-232:1.97)

0.54 -0.05

(-0.66:1.73) (-2.01:1.91)

-0.14 -0.68

(-2.06:1.79) (-4.07ff.71)

1.06 0.68

(-0.04ff.17) (-2320.68)

-233

(-2380.91) (-6.240-59)

0.96 -0.84

(-0.03;1.95) (-3.7 Iff. 03)

‘confounders sec Web table 1
bdata from 528 (baseline) and 416 (follow-up) persons

Far-flold environmental exposure

Total personal far- 

field exposure



(0.68:1.82)

0.78 039 1.18 0.63

(0.49:1.25) (025;1.39) (0.74:1.89) (0.24;1.69)

0.80 0.69 0.80 1.19

(0.46:138)(0.48:1.36) (0.30:139) (0.50283)

126 0.71 0.63

(0.79201) (0.44;1.14) (0.14288)

equal equal

Setf-eetimated

(0.76:1.93) (0.523.01) (0.51:1.41)exposure

31

Web table 3: Results of the two cross-sectional analyses (baseline and follow-up) showing the 

association between the different exposure surrogates and tinnitus (odds ratios (OR) and 95% 

confidence intervals (CI) of the three exposure categories) adjusted for relevant con founders^. 

ORs<l indicate an inverse and >1 a positive association between exposure and tinnitus.

Exposure to f ixed 

site transmitters

BASELINE SURVEY 2008 
(0*1359)

0.72 

(0.44:1.19)

0.60 

(028;1.30)

0.92 

(0.44:1.93)

0.42 

(0.08214)

1.00 

(0.21:4.71)

FOLLOW-UP SURVEY 2009 
(n=1100)

0.72 

(0.32)1.63)

0.87 

(0.213-62)

Close to body exposure

Mobile phone use 

(seif-reported)

<50th 
perc.

Cordless phone use 

(sell-reported)

0.65 

(0.25:1.64)

>90th 
percentile 
(95%-CI)

<50th 
perc.

Mobile phone use 

(operator data)"

lower 
(95%-CI)

0.85

lower 
(95%-CI)

1.21

higher 
(95%-CI)

125

>90th 
percentile 
(95%-CI)

50th-90th 
percentile 
(95%-CI)

‘confounders see Web table 1
'’data from 533 (baseline), 420 (foDow-up) persons

higher 
(95%-CI)

0.83

(0.23293)

50th-90th 
percentile 
(95%-CI)

Far-fMd environmental exposure

Total personal tar

field exposure


