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Introduction:

The original study [$hort- and long-term effects of electromagnetic radiofrequency fields on
the quality of human sleep and the resultant daytime condition(lyielded the following results:
neither short-term (1 night) nor long-term ( 6 nights) exposure brought about any changes in
classical sleep parameters, neuropsychological tests or spectral parameters.

However, a change in spectral values was recorded for the control group (every night without
exposure) in a long-term study. Compared to the baseline night, increased spectral values in
the 10-15 Hz range were found during the REM sleep stage, whereas a spectral decrease was
observed with frequencies below 5 Hz during Non-REM sleep. This might suggest that the
normal spectral dynamics of undisturbed sleep are lost because of the exposure.

Seeing that sleep research has reported only very little about long-term sleep trials until now
and in view of the fact that the number of ten subjects per group was comparatively low, the
results recorded for the control group might also be attributed to an awkward selection of the
group, to high spectral variances of individual nights or to effects that occur during long-term
trials. In order to assess the impact of these aspects we performed supplementary studies on
the existing database and recorded additional nocturnal EEGs.

In one of his studies A. Borb@y discovered that electromagnetic field exposure affects sleep
EEGs in their power spectra. The working team observed that an extremely pronounced
spectra change occurred at the beginning of the night which neutralized itself towards the end
of the night. Based on an evaluation distinguishing the different sleep cycles, we wished to
examine whether it is possible to replicate the general trend of this finding with our data.



Methods:

In particular, we analyzed the following problems, modifying the study designs accordingly:

(H1) Isthe long-term effect recorded in the control group really due to electromagnetic
radiation that manifests itself more and more with the progressive number of nights or
is the spectral change in night H apurely stochastically spectral variation after all?

In order to answer this question, a spectral analysis of the sleep data already recorded for

night G (second to last investigation night) was done. Just like night H, these results were then

compared with nights B and C.

(H2) Was the number of subjects participating in the study too small meaning that the
requirement of identical groups wasn(d met?

Six subjects were added to the control group, four of them had already been examined in the

exposure group. This procedure permitted a partial crossover design. Just as in the main study

nights B,C, and H were evaluated.

(H3) Doesthe last night of along-term trail affect sleep in a special way?
Six subjects spent 14 consecutive nights in the sleep laboratory instead of only 8 nights. The
spectra parameters of nights C, H, and N were evaluated in relation to night B.

(H4) Using our data is it possible to approximately replicate the results of the study by
Borb@y, which showed increased power spectra in the frequency ranges of 10-11 Hz
and 13.5-14 Hz during the first Non-REM sleep stages under EMF exposure?

In order to assess how the spectral values develop during the course of the night, sleep cycles

| and Il of nights B and C were evaluated in both groups by means of spectral analysis.

The conditions under which the data of the follow-up study were recorded and evaluated
corresponded to those of the main study. Neither the subjects nor the night watches nor the
raters knew whether the respective night represented a control night or an exposure night. Our
study design consisted of a purely sham exposure. Compared to the main study, the evaluation
was limited to the power spectraonly.



Results:

The EEG power spectra are represented in the same manner as in the main study. In order to
emphasize any changes, recording nights are always set in relation to a baseline control night.
The Wilcoxon test for paired samples was applied to assign a probability level to each
frequency range so as to assess the significance of any such change. A high amplitude in the
spectra differences combined with a low p-value for a certain frequency range thus would
indicate a relevant change in power. The electrode fixed at the position C3 will serve as an
example in the following; similar spectral courses could be observed for all other electrodes
(C4, P3, P4, F3, F4).

The retrospective evaluation of the second to last investigation night (night G) taken from the
database of the main study revealed the following changes compared to baseline night B (Fig.
1): decreased power up to 17 Hz during REM sleep, increased power in the 12-14 Hz
frequency band during sleep stage |1, increased power in the 1-6 Hz range during sleep stage
[11, and a generalized spectral decrease in the high frequencies in the Non-REM sleep stage.
Similar effects occurred in both the control and the exposure groups.

The evaluation of the six subjects who weren(d exposed to EMF in the 8-night design of the
original study indicated (Fig. 2) that there were no spectral changes in the REM sleep stages
of nights C and H compared to the baseline night B. However, there was evidence of a
spectral decrease in the delta and theta bands during Non-REM dleep of night H.

The study design consisting of 14 nights of sham exposure yielded the results presented in
figure 3. A comparison with baseline night B revealed no statistically significant variations in
REM sleep for nights H and N. A tendency towards spectral decreases in the frequency range
of up to 5 Hz was observed for the Non-REM sleep stages of night N.

The retrospective comparison of the first two sleep cycles of night C showed that spectral
power decreased in the 1-6 Hz and the 10-14 Hz ranges during REM sleep only in the
exposure group, whereas it didn(@ decrease in the control group (Fig. 4). Even though nights B
and C revealed several significant ranges in the exposure group (Fig. 5) nothing conspicuous
could be identified because of the low amplitude.
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Figure 1: Power spectra and significance levels of the second to lagt recording night (night G) and basdline night
B of the main study. The left column shows the values of the control group, the right column those of the
exposure group. Theindividual linesfrom top to bottom represent the different deep stages, i.e. REM, Il and 1.
The group-specific reference night B formsthe basdline.



Figure 2: Power spectra and significance levels of recording nights B,C, and H of the group with8 nights that
wasn't exposed to electromagnetic fields. The left column shows the values of night C, the right column shows
those of night H. The individua lines from top to bottom represent the different deep stages, i.e. REM, Il and

[11. The baseline consists of reference night B.



