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GSM Radiocellular Telephones Do Not
Disturb the Secretion of Antepituitary
Hormones in Humans

René de Seze," Pascale Fabbro-Peray,? and Luis Miro’

'Laboratoire de Biophysique Médicale, Faculté de Médecine, Université Montpellier |,
CHU de Nimes, Av Kennedy, 30 907, Nimes Cedex 2, France
“Departement d’Information Médicale, CHU, 30 029, Nimes Cedex 4, France

It is known that the endocrine system of experimental animals is susceplible to perturbation by
radiofrequency (RF) radiation. Because of the recent interest in health and safety issues of cellular
telephones, an experiment was designed to evaluate the effect of a 900 MHz RF radiation emitted
by a Global System for Mobile radiotelephone (217 Hz impulses, one-eighth duty cycle, 2 W peak
power) on human endocrine functions. Twenty healthy male volunteers aged from 19 to 40 were
inducted in the present experiment, Each subject was exposed to RF radiation through the use of a
cellular phone 2 bfday, 5 days/wk, for | month. Subjects were their own control. End points were
serum adrenocorticotropin, thyrotropin, growth hormone, prolactin, luteinizing hormone, and follicle
stimulating hormone concentrations. These end points were determined in nine weekly blood samples
obtained starting 3 weeks before the commencement of the exposure and ending 2 weeks after
exposures. All but one blood sample was drawn 48 h after each weekly session. The seventh drawing
was performed the morning after the last weekly exposure. Within each individual, the preexposure
hormone concentration was used as a control. Results indicated that all hormone concentrations
remained within normal physiologic ranges. A difference was not noted among the nine weekly
samples in five of six hormones studied. There was a significant change only in thyrotropin concentra-
tion, showing a 21% decrease on the seventh sampling, Because this change recovered fully during
the postexposure period, it is concluded that 1 month of intermittent exposures to RF radiation from
a cellular telephone does not induce a long-lasting or cumulative effect on the hormone secretion rate
of the anterior pituitary gland in humans. Bioelectromagnetics 19:271 -278, 1998, @ 1998 Wiley-Liss, Inc.
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INTRODUCTION

A rapid worldwide expansion of radiotelephones
directs attention to possible effects of the emitted field
on the health of users. Exposure standards defined by
national and interpational institutions indicate limit
values of specific absorption rate (SAR) of 1.6 to
2 Wikg for local exposure in general public [IEEE,
1992; ICNIRP, 1996]. The interaction of radiotele-
phones and the brain has been studied by several
groups who have modeled the electromagnetic fields
in the head. These models give values of SAR approxi-
mately 0.1 to 0.3 W/kg [Kuster and Balzano, 1996].
Thus the radiotelephones have an emission level suffi-
ciently far below the defined safety thresholds.

However, these limits were derived from calcu-

lated or observed thermal effects, but do not consider

possible effects of chronic or repeated nonthermal ex-

posures [IRPA, 1988]. Unexpected nonspecific neuro-
vegetalive syndromes have been observed in men ex-
posed to a chronic low-power radar emission: physical
and neural asthenia, sleep disorder, humoral changes,
headache, myalgia (muscular pain), dysesthesia (dis-
agreeable sensation produced by ordinary stimulus) of
extremities [Baranski and Czerski, 1976; Bogucka,
1977; Solon, 1979; Shandala et al., 1981; Kolmodin-
Hedman et al., 1988]. Case reports of accidental over-
exposures to power densities above current safety stan-
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hours: 0800 h to 1000 h, 1030 h to 1230 h, and 1300
h to 1500 h.

Blood Sampling

This study aimed to look for a cumulative and/or
persistent effect on endocrine secretion of a repeated
exposure to RF radiation emitted by radiotelephones
for 1 month. Thus, most blood drawings were per-
formed on Monday, i.e., more than 48 h after the previ-
ous exposure session during the exposure period. Three
weekly blood samples were obtained before the begin-
ning of the exposure, four weekly blood samples during
the exposure period, and two weekly blood samples
after the exposure. In total, nine weekly blood samples
were obtained from each subject. To look for an even-
tual change at times shorter than 48 h, the last blood
drawing of the exposure period (the seventh blood sam-
ple) was performed on the day after the exposure, i.e.,
on Saturday. To limit seasonal temperature variations,
this study was carried out from mid-September to mid-
November when the temperature is relatively moderate
and stable. Bach week, 15 ml of blood were drawn
from overnight fasting volunteers at 0800 h. To reduce
the effect of the puncture stress on ACTH and prolactin
concentrations, a catheter was inserted into an antecu-
bital vein, and the blood sample was drawn after a 15-
min rest. Blood was allowed to clot and was centri-
fuged to extract serum, which was kept frozen at —20
°C until the time of assay. For each hormone, all sam-
ples corresponding to each subject were analyzed to-
gether in assay kits of the same manufacturer’s lot.

Hormone Assays

The following hormones were measured: ACTH,
TSH, GH, prolactin (PRL), and we benefited from the
protocol to also screen in a rather systematic way the
luteinizing hormone (LH) and the follicle stimulating
hormone (FSH). Hormone concentrations were deter-
mined by radioimmunology, immunofiuorometry, or
chemoluminescence. The biological characteristics of
assay kits are described in Table 1,

Statistical Analysis

Interindividual variation is greater than intraindi-
vidual variation. To increase statistical power, compar-
ison should be made to individual baseline or by multi-
variate analysis. In this study, each subject served as his
own control. For each subject and for each hormone, a
baseline value was obtained from the mean of the first
three hormone concentrations obtained weekly during
the preexposure period. The effect of exposure on se-
rum hormone concentrations was - evaluated by the
Friedman test, looking at a time-effect amongst the
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TABLE 1. Biological Characteristics of Assay Kits for ACTH, TSH, GH, PRL, and LH*

Hormone

GH

FSH

FSH kit

LH

PRL

TSH
Beril.ux® hTSH

ACTH

ACTHK-PR

Characteristic

Stratus® LH IRMA

hGH RIA

Assay kit

Prolactin control

In man:
2.0 to 10 U1

in man;
100 to 40 mUA

in man:
3.1t 10 UIN

below 12 mUIA

Normal values of the

0.1 to 3 mUA

2 to 20 pmol/l

22

6.3
Immunotech,

6.7

4.4
Immunotech,

|

8.4
4.0
Hoechst-Behring,

6.2

laboratory
Within-assay CV (%)

Between-assay CV (%)

Manufacturer

3.6

Pharmacia

8.3
CIS bio International

Marseille,
France

Marseille,

France

Maurepas,
France

Diagnostics,
Uppsala, Sweden

1

Rueil-Malmaison

France

Gif-sur-Yvetie,

France

*ACTH, adrenocorticotropin; TSH, thyrotropin

: FSH, follicle stimulating hormone: CV, coefficient of variation.

: GH, growth hormone; PRL, prolactin: LH, luteinizing hormone
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TABLE 2. Mean Inter- and Intraindividual Coefficients of Variation for ACTH, TSH, GH, PRL, LH, and FSH*

Hormone
Value ACTH TSH GH PRL LH B¢
Mean interindividual CV (%) 61 43 153 46 48 6
Range (min—max) (%) 42-148 33-48 130-258 42-85 4355 51-
Inteaindividual CV (%) 47 29 71 30 27 1
Range (min—max) (%) 16104 1465 0-192 12-95 11-45 6-

*The interindividual CV is the ratio of the standard deviation over the mean between the 18 individuals at each time: the intraindivic
CV is the ratio of the standard deviation over the mean of the 9 sampling times for each individual. For abbreviations, see Table 1.

baseline hormone concentration and the six following
samples. The null hypothesis was rejected at .05,
When the overall time effect was significant for one
hormone, Bonferroni’s multiple comparison test was
used for post hoc analysis of values from each exposure
or postexposure date versus baseline values. Possible
influence of confounding factors, such as exposure
group (i.e., month of exposure), smoking habit, time
of exposure within the day, were evaluated in compari-
son to an observed change greater than the mean intra-
individual variation. For each defined factor, the Fish-
er’s exact test was used because of the small size of
subgroups. The volunteer’s age could also be a con-
founding factor; Spearman’s correlation coefficient
was used on the last sample of the exposure period to
evaluate an age-related change in TSH concentration.

RESULTS

Two subjects were excluded from the experiment;
one was excluded because of a genetic hormonal dis-
ease, the other because of one missing blood sample.
Thus, the data from 18 persons were analyzed statisti-
cally.

Scattering of Hormone Concentrations Between
Subjects

A large variation in serum hormone levels be-
tween individuals was noted. The interindividual varia-
tion (or coefficient of variation [CV]) at the different
dates ranged from 33 to 48% for TSH up to 131 to
258% for GII.

Intraindividual Reproducibility

TSH, LH, and FSH concentrations were homoge-
neous for each subject throughout the experiment. Con-
centrations of ACTH and GH varied greatly, and PRL
at a lesser extent. Only two ACTH values were outside
the normal range: one at 79 pmol/l without known
physiologic reason and the other at 45 pmol/l character-
ized by fainting spells. Both were accompanied by ele-

vated PRL. Such secretion increases are known to
related to puncture stress. GH values varied from ¢
session to the other in four volunteers; many val
were above the usual 12 mUI/1 upper limit of norn
values of the laboratory. It seems then that for GH, t
I 5-min rest was not long enough to rule out the pur
ture stress. Except for these values, the repetition
measurements in 9 consecutive weeks shows good
producibility, so that the data dispersion decreases
the mean intraindividual CV of 18% for FSH (6—34"
and 71% for GH (0-192%) (Table 2). As a nonpai
metric test was used for statistical analysis, it was r
necessary to exclude any value. However, excludi
outliers did not modify the statistical results (data r
shown).

Study, Hormone by Hormone

There were no pathologic hormone changes du
ing or after the exposure period (Table 3). Althou,
the mean hormone concentrations remained within t
limits of the physiologic variations, the Friedman te
was significant in two hormones: TSH (P = .045) a1
FSH (P = .036). For TSH, Bonferroni’s test was si
nificant for the seventh sample (P = .032; see Table
and Fig. 1). For FSH, Bonferroni’s test was not signi
cant for any sample. The largest difference was al;
on the seventh sample, but was less than 10%. TI
isolated and transient decrease of TSH level will |
discussed further.

Influence of Confounding Factors

Data about possible confounding factors are give
in Table 5. No difference between the various subgrou;
was statistically significant. Age of the volunteers a1
TSH changes on the seventh sample in comparison
the baseline are shown in Table 6. The Spearman
correlation coefficient between TSH change and age w.
—0.036, which was not significantly different from ze:
(P = .89). It could be concluded that the observed TS
decrease was not correlated to the age of the subjects
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TABLE 3. Mean Concentrations of ACTH, TSH, GH, PRL, LH and FSH Before, During, and After the

Telephone Use (n = 18)*
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1-Month Cellular

Period

Preexposure week

Exposure week Postexposure week

Hormone 1 2 ) 3 4 5 6 T 8 9
ACTH

Mean {pmol/1) 7.6 9.0 11.6 10.2 7.8 6.4 6.4 7.9 7.4

Coefficient of variation 61 62 148 96 51 60 67 51 42

Delta (%) -19 -4 24 8 —17 =32 -32 —16 -22
TSH

Mean (mU/) 1.69 1.61 1.51 1.40 1.44 1.36 1.27 1.53 1.64

Coefficient of variation 37 34 48 34 33 a5 46 41 48

Delta (%) 3 0 —6 -13 -10 —15 —-21° 4 3
GH -

Mean (mU/1) 1.97 5.47 2.29 9.94 1,39 1.99 2.64 (.84 1.36

Coefficient of variation 258 228 202 250 180 166 204 131 169

Delta (%) -39 69 —29 206 —57 -39 —18 —74 —58
PRL

Mean (mU/D) 232 283 268 257 221 211 213 244 237

Coefficient of variation 43 52 85 52 46 42 47 52 42

Delta (%) —11 8 3 -2 —15 —19 -18 ~7 -9
LH

Mean (ULT) 4.7 4.7 5.0 4.9 5.2 5.0 4.5 3.0 4.9

Coefficient of variation 56 48 4 50 43 49 16 50 49

Delta (%) -2 -2 4 1 8 4 -6 5 3
FSH .

Mean (UI/D) 4.5 4.3 4.7 4.7 4.8 4.6 472 4.5 4.4

Coefficient of variation 51 58 63 58 51 58 39 59 G0

Delta (%) 0 =8 4 5 7 3 -0 0 -1

*Delta is the relative difference **(concentration — reference)/reference’” in percent between the mean hotmone concentration of each
date and the reference. For each hormone, the reference was obtained from the mean for the 18 volunteers of the first three mean hormone
concentrations obtained weekly during the preexposure period, Delta can easily be compared with the coefficient of variation.

B =052,

Individual Responses

Close examination of data from each individual
did not show any change in hormone concentrations
with respect to RF exposure from using cellular phone.
Changes were noted mainly in GH concentrations and
to a lesser degree in ACTH and PRI concentrations.
However, the serum concentrations of these hormones
are influenced by several physical or psychologic
stresses. In some cases, increases of these hormones
could be related to known causes of stress, such as a
home burglary or a child’s illness, but in other cases,
no such cause could be found. These variations in GH,
ACTH, and PRL concentrations did not coincide with
RF exposure from using cellular phone.

DISCUSSION

This study evaluated the effect of RF exposure
from radiotelephone use on serum hormone levels dur-

ing 9 consecutive weeks. The overall analysis of the
results showed that exposure of men to the electromag-
netic fields cmitted by radiotelephones 2 hours per day,
5 days per week, for 4 weeks, did not produce any
persistent or cumulative modification in the secretion
of the anterior pituitary hormones. The unusual peaks,
mainly for GH, could be linked to stress reactions or
the pulsatile nature of GH secretion and could not be
attributed to the exposure, because some of these peaks
were already present before the beginning of the RF
exposure session. The Friedman test showed a time
cffect. only for FSH and TSH. This significant differ-
ence was confirmed by Bonferroni’s test for TSH in
the seventh sample.

This isolated and transient decrease of TSH con-
centration corresponded to the end of the exposure and
was carried out on the day after the last exposure ses-
sion of the week. However, the existence of a causal
relationship between TSH decrease and RF exposure
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TABLE 4. Concentration and Reference Values of TSH (mU/M}*

Preexposure Exposure Postexposure
week week week

Volunteer 1 2 3 4 5 6 7 8 9 Ref
Vi 1.2 1.3 1.2 0.6 0.7 1.0 0.5 0.8 L3 1.2
V2 1.0 0.8 0.2 0.8 0.3 0.7 0.5 0.6 0.5 0.7
V3 1.7 7 1.6 1.7 1.6 1.7 1.2 2.1 1.6 1.7
V4 2.0 1.2 03 14 1.6 0.7 0.7 0.5 02 1.2
V5 2.3 2.0 3.3 2.2 2.0 1.9 1.5 2.0 1.9 25
V6 1.2 14 1.8 1.4 1.1 1.3 09 1.7 1.8 1.5
V7 1.4 0.5 1.1 1.1 1.0 1.3 1.0 1.1 1.1 1.1
V8 1.3 1.4 1.6 1.7 1.8 1.3 1.2 1.6 1.3 1.4
V9 1.0 1.6 1.9 1.2 1.2 0.6 0.9 1.4 1.0 L5
V1o 2.1 1.3 1.8 1.3 1.1 1.6 0.8 2.0 1.7 1.7
V11 2.0 2.9 1.0 1.0 1.5 1.8 2.5 3.0 13 20
Vi2 L0 0.8 1.7 1.2 1.2 0.8 1.3 0.9 1.1 12
V13 23 2.2 1.9 1.2 2.0 0.9 1.4 2.1 22 2.1
Vid 1.6 2.0 2.6 2.5 20 1.8 2.3 1.1 2.2 2.1
VIS 27 2.2 1.2 2.0 1.8 1.8 1.8 1.6 35 2.0
V16 2.2 1.9 1.2 1.5 1.3 2.2 2.0 1.6 2.8 1.8
V17 2.1 1.7 1.6 13 1.6 1.7 1.6 1.5 2.2 2.0
V18 0.7 1.7 1.2 1.1 1.6 1.6 0.8 2.0 1.9 1.2
Mean 1.69 1.61 1.51 1.40 144 1.36 1.27 1.53 1.64

Sem 0.14 0.12 0.16 0.11 0.11 0.11 0.13 0.14 0.18

#The TSH concentrations are tabulated for each week | to 9 and for each volunteer V1 to V18. The reference values (Ref) are the means
of the three preexposure period values, For abbreviations, see Table 1.

could not be ascertained without a replicate or a dou-
ble-blind experiment. From this work, we can calculate
that to perform a powerful double-blind study, 24 per-
sons would be needed in each group, based on an
risk of 0.05, a significant difference of 21% in the TSH
concentration between exposed and control groups and
the mean of intraindividual CV of 29%. If a 21 % differ-
ence would not be significant in these conditions, the
power of the study would, however, be 80%,
Although there are many papers on dosimetry
and standards in the literature, few papers have been
published on the effects in humans of GSM-type micro-
waves: Mann and Roschke [1996] showed a slight
change in the sleep structure of volunteers exposed for
1 night to low-power radiofrequency electromagnetic
fields emitted by a radiotelephone (0.05 mW/cm?). Na-
vakatikian and Tomashevskaya [1994] observed an in-
hibition of testosterone and insulin secretions in rats by
low intensity microwaves. The intensity of this effect
depended on the duration of exposure (0.5—12 h), the
schedule of exposure (single or repeated for 15-60
days, 712 h/day), and the modulation (pulsed or con-
tinuous wave), with a threshold level at 10 ;LWKcmz, far
below the power density produced by radiotelephone
exposure at the surface of the head. This inhibition was
more pronounced with longer exposure duration (7—

12 h compared with 0.5 h) and depended on the number
of daily sessions: —350% after 15 days with a continu-
ous wave exposure (no more effect after 60 days) or
—20% to —50% after 60 days with a pulsed exposure

TSH
27 {mean £ sem)
1.5
s
E.
o
w
=
05 1
Pre-exposire Exposure period Post axposure
perlod s . perlod
0 et
0 1 3 4 5 8 @ 8 9 10
l sampling number aturday

Fig. 1. Time course of the values of the TSH changes (mean =
SEM; n = 18). The dotted line represents the reference value,
i.e., the mean of the three preexposure values. All drawings
were performed at 0800 h. The seventh drawing was performed
on Saturday (first day after exposure) as others were on Monday
(third day after exposure). “P = 0.032
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TABLE 5. Possible Confounding Factors for TSH Decrease on
the Seventh Sample*
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TABLE 6. TSH Decrease on the Seventh Sample in Comparison
to Volunteer’s Age

TSH Decrease

> intra-CV

Parameter No o Yes
Group 1 (September) 4 4
Group 2 (October) 6 4
Smoker 5 5
Nonsmoker 5 3
Exposure time

0800 h—1000 h 3 4

1030 h-1230 h 4 1

1300 h—1500 h 3 3

+#The factors considered are the group (seasonal variation over 2 suc-
cessive months), smoking habit, and time of exposure (looking for a
circadian variation of an effect). For abbreviations, see Table 1.

(carrier frequency, 3000 MHz; pulse duration, 2 ps;
repetition frequency, 400 Hz; i.e., duty cycle: 1/1250).
Considering these phasic changes, the inhibition that
we observed in our experiment could be larger when
measured closer to exposure (on Saturday instead of
on Monday) and at an earlier time, for example on the
fifth sampling after the second week of exposure. This
is to be investigated in a further study.
Electromagnetic fields have mainly been shown
to inhibit nocturnal melatonin secretion in animals
[Lambrozo et al., 1996]. This effect has been observed
with static and extremely low frequency (<300 Hz)
magnetic fields. It would also be interesting to study
the effect on this hormone of RF electromagnetic fields
such as those emitted by cellular radiotelephones.

GONCLUSION

This study was designed to search for a possible
effect in humans exposed to electromagnetic fields emit-
ted by hand-held radiotelephones at 900 MHz, used at
their maximal power. The end point was the anterior
pituitary function. The results are reassuring: (i) no
pathologic modification of the hormone concentrations
was noted during or after exposure; (ii) a 21% decrease
of TSH concentration was noted on the seventh sample,
which remained within the physiologic range. Although
the TSH change occurred during the radiotelephone ex-
posure period, the causality cannot be attested with this
protocol. A replicate study would be required to test the
reproducibility of this effect and the significance of the
TSH concentration decrease in relation to health and
safety issues of radiotelephone use.

Group | (September) Group 2 (October)

TSH TSH
Age decrease Age decrease
Volunteer (yr) (%a) Volunteer (yr) (%)
V1 29 —59.5 Va 39 —40
V2 23 —24.6 V10 21 —53.8
V3 27 —28 V11 24 27.1
V4 At —40 V12 35 11.4
V5 23 —40.8 V13 35 —34.4
V6 30 —38.6 V14 33 11.3
V7 29 —11.8 VIS 19 -11.5
Va 40 —16.3 V16 22 13.2
V17 25 —20
V18 20 -333
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