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Study sample: 30 healthy young men, age range
 18 - 30 years

Inclusion criteria
  able to understand the subject information sheet and to sign an
     informed consent form
  right handedness
  alpha-EEG during relaxed wakefulness
  physically and psychologically healthy
  no use of a medication which has an effect on sleep
  no history of sleep disturbances
  normal sleep-wake schedule
  no history of drug or alcohol abuse
  non-smoker

Sample



Exclusion criteria

   Impairment of concentration, attention, memory, speech, 
      hearing and/or motor function

   History of head trauma

   History or presence of seizures or risk factors for seizure

   Zung Depression Scale: score > 40

   Zung Anxiety Scale: score > 35

   Adaptation night: AHI > 5/h and/or PLMAI > 20/h, sleep onset 
      latency > 30 min, wake after sleep onset > 45 min

Sample



   Epworth Sleepines Scale score > 10

   extreme morning type or evening type (score < 32 or score > 69)

   more than 5 caffeine beverages per day

   more than 2 (wine) or 3 (beer) alcoholic beverages per day

   collodium allergy

   electronic or conductive implants

Exclusion criteria - continued

Out of the initially contacted 293 subjects 
31 met the inclusion criteria

Mean age: 25.3 ± 2.6 years (range 18 – 30)

Sample
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Exposure

Signal: 
Simulated GSM (900 MHz, 
217 Hz) and UMTS uplink 
signals and sham (placebo).

Design: 8h exposition during TIB, simulation of a cell phone
            use at maximum RF output power. Transmitted

power is adjusted in order to approach but not to 
exceed the SAR limits of the law (SAR10g = 2.0 W/kg).

Exposure



Exposure

Realisation
A head worn antenna especially
designed for the present study 
approximates the spatial field 
distribution of a common dual 
band cell phone.

The development, production and surveillance of the expo- 
sition system was realised by IMST GmbH, Kamp Lintfort.

For more details see
www.emf-forschungsprogramm.de/forschung/biologie/biologie_verg/bio_080.html

Sample



Local SAR distribution at 900 MHz of the cloth covered dual band 
antenna mounted on a flat surface of the SAM phantom. 

Source:

Zwischenbericht zum Projekt 
StSch4376 
,,Aufbau einer Expositionsein-
richtung" 

IMST GmbH Carl-Friedrich-
Gauß-Str. 2 D-47475 Kamp-
Lintfort Dr.-Ing. Achim Bahr 
Dipl.-Ing. Thomas Bolz 

2. April 2004 

SAM: Standard Anthropomorphic Model
Sample



Local SAR distribution at 1966.5 MHz of the cloth covered dual 
band antenna mounted on a flat surface of the SAM phantom.

Source:

Zwischenbericht zum Projekt 
StSch4376 
,,Aufbau einer Expositionsein-
richtung" 

IMST GmbH Carl-Friedrich-
Gauß-Str. 2 D-47475 Kamp-
Lintfort Dr.-Ing. Achim Bahr 
Dipl.-Ing. Thomas Bolz 

2. April 2004 

SAM: Standard Anthropomorphic Model
Sample



  EEG preamplifiers produce artifacts by demodulating 
RF signal. 

Measuring EEG under exposure – problems and 
solutions

RF signals are kept away from the EEG amplifier by RF tight 
screening of the EEG recorder and filtering at the inputs using 
T-type LC low pass filters of 5th order. 

Sample



 RF field distribution is disturbed by EEG cables:
There are two effects: 

1) EEG cables lower RF field strengths parallel 
     to the head surface due to their conductive
     property 
2) EEG electrodes inject additional RF currents 
    into the head surface 

Measuring EEG under exposure – problems and 
solutions

Sample
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Study protocol
Duration: 20 weeks

Interval between visits: 1 week 
(72 hours – 3 weeks)

D9 Week 20

 N9Week 19

D8 Week 18

 N8Week 17

D7 Week 16

 N7Week 15

D6 Week 14

 N6Week 13

D5 Week 12

 N5Week 11

D4 Week 10

 N4Week 9

D3 Week 8

 N3Week 7

D2 Week 6

 N2Week 5

D1 Week 4

 N1Week 3

Adaptation Week 2

 AdaptationWeek 1

DayNight 

Conditions: 
GSM 900, UMTS, and Sham 
three visits each, randomly assigned 

conditions -  separately for days and nights

 double-blind 
 randomized 
 placebo-controlled 
 crossover

Time in bed: 8 hours
Protocol



Inter- and intraindividual variation of sleep  
argument for a cross-over design

NREM2 [% of TST] SWS [% of TST]
Sham



Study design
EEG recording  
with 19 EEG-

electrodes

Protocol
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Statistical analysis
Design: pairwise test of GSM and

UMTS against sham condition

Structure of the data: dependend 

Test of the nullhypothesis: Student‘s t-test (if ND-test was not
 sample mean  sign.)
 of differences = 0: Signed Rank test (if ND-test was 

significant)

Normal distribution: Shapiro-Wilk test (n<50) to test the
nullhypothesis that the data are a ran-
dom sample from a normal distribution

Methods



Analysis of sleep data
Parameter:

 Visual expert scoring (Rechtschaffen and Kales 1968) 
     (66 variables)

  Computer assisted scoring (Somnolyzer 24x7, 177 variables)
Sleep initiation, sleep maintenance, stage shifts, cyclicity of sleep, amount of stages 
in minutes and % of TST, SPT, TIB (whole night, by quarter of the night, by sleep 
cycles)

Parameter:

 Automatic spindle detection (Somnolyzer 24x7, 810 variables)

 Spectral power (Somnolyzer 24x7, 400 variables)

Methods
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ritzer et al.2007No effect
Regel et al.2007No effect

Hung et al. 2007Prolonged sleep latency
Loughran et al.2005reduced REM-sleep latency
Hinrichs et al.2005No effect
Huber et al.2002No effect
Huber et al.2000,2003No effect
Borbély et al.1999Reduced wake after sleep onset 
Wagner et al.2000No effect
Wagner et al.1998No effect
Mann and Röschke1996Reduced REM-sleep (% SPT)
Mann and Röschke1996Reduced sleep latency
Authorsyear

significant changes with exposure

Results from lab studies: sleep structure, sleep maintenance

Results and discussion



Summary 1: sleep structure: GSM
 Most of the studies published so far did not find an effect.

 After adjusting for multiple testing: no statistically significant
    result.

 Isolated statistically significant effects observed earlier could not
    be confirmed although - with one exception - statistical power was
    sufficient to be able to detect these effects. 

 The number of statistically significant effects (14) does not  
     noteworthy exceed the number expected just by chance (12).

Results and discussion



Summary 2: sleep structure: UMTS

 So far no published results for UMTS

 After adjusting for multiple testing: no statistically significant
    result.

 6 out of the 9 statististically significant variables concern NREM1
    sleep and are indicative of a sleep promoting effect

 Overall, the number of statistically significant effects (9) did not  
    exceed the number expected just by chance (12).

Results and discussion



Summary 3: sleep EEG power: GSM

 Published results are contradicting, the group from Zurich
    finds consistently an effect in the spindle frequency range of
    NREM-EEG – dose dependent, similar result obtained by
    Loughran et al. 

 This could not be confirmed by the results of our study

 Besides single statistically significant differences, there is a ten-
    dency for an increased power in higher frequency ranges (18.0 to
    24 Hz) in NREM2 and for delta frequency in overall NREM

Results and discussion



Summary 4: sleep EEG power: UMTS

 So far no published results for UMTS 

 Altogether 9 statistically significant results for 400 variables
    tested, this is much less than expected just due to chance

 No effect on sleep EEG power by UMTS exposure

Results and discussion



Automatic detection Somnolyzer 24x7: 810 variables

GSM UMTS

23 significant results 11 significant results

41 statistically significant results are expected by chance 

No systematic changes in frequency, density, amplitude 
and duration of spindles

Results and discussion

Summary 5: sleep EEG power: GSM and UMTS



Conclusion from our results

Neither GSM 900 MHz nor UMTS – 
exposure has an effect on sleep which at 

the current state of knowledge can 
explain a subjective feeling of a disturbed 

sleep under RF-EMF exposure

Conclusion



Limitations

 Only young healthy men were included
 

There is no or little information 

   for females (control for menstrual cycle) 

   for elderly subjects and/or 

   for subjects with pre-existing sleep
      complaints
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