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SUMMARY. 1. Polygraphic night sleep recordings in eight healthy male
volunieers with simultaneous measurement of rectal temperature, plasma
growth hormone (HGH), cortisol, and T'SH concentrations were performed
during normal, raised, and lowered ambient and body temperature.

2. There was a statistically significant increase in plasma cortisol and
TSH levels during cold nights with a smaller rise during high temperatures.
3. Growth hormone levels, measured as the mean highest plasma concen-
tration in the first two NREM-REM sleep cycles, were slightly lower dur-
ing hot and cold nights than corresponding baseline values. It is suggested
that there may be an inverse relation between ACTH and HGH secretion by
the anterior pituitary gland.

4. During the nights of high ambient temperature, decreased total duration
of sleep and particularly low values of paradoxical sleep were observed.
Night sleep in low ambient temperature with a significant decrease of body
temperature is not different from baseline conditions.

5. The results suggest that a pronounced increase in stress hormone secre-
tion may occur without changes in polygraphic EEG criteria.

KEY WORDS: Night Sleep - Body Temperature - Cortisol, TSH, HGH-
Hormones - Plasma Levels - Man.

ZUSAMMENFASSUNG. 1. Bei 8 jungen ménnlichen Versuchspersonen wur -

den polygraphische Nachtschlafregistrierungen mit Messungen der Rektal-
temperatur bei normaler, erhéhter und erniedrigter Umgebungs- und Koér-
pertemperatur durchgefiihrt. Bestimmungen der Plasma-, Wachstumshor-
mon-, Cortisol- und Thyreotropinsekretion wurden wéhrend des Schlafes
durchgefiihrt.

2. Sowohl in Nichten mit erniedrigter als auch erhdhter Umgebungs- und
Korpertemperatur fand sich eine vermehrte Sekretion von Cortisol und TSH,
die in der Kélte am deutlichsten war im Vergleich mit Indifferenztemperaturen.

245



3. Die Maxima der Plasma Wachstumshormonkonzentrationen waren im
thermisch belasteten Schlaf wihrend der ersten beiden Zyklen leicht ver-
mindert im Gegensatz zu Cortisol. Danach ist eine reziproke Beziehung
zwischen ACTH und Wachstumshormonsekretion aus dem Hypophysenvor-
derlappen moglich.

4. Die Gesamtschlafzeit und der Anteil an paradoxem Schlaf ist bei erhth-
ter Umgebungs- und Kdrpertemperatur deutlich vermindert, wéhrend der
Schlaf in der Kéilte normal ist.

5. Die vermehrte Sekretion von Cortisol und Thyreotropin zeigt, daf eine
erhohte Freisetzung von "StreBhormonen' ohne Anderung im polygraphi-
schen Schlafablauf vorkommen kann.

SCHLUSSELWORTER: Nachtschlaf - Kérpertemperatur - Cortisol, TSH,
HGH-Hormone - Plasmakonzentration - Mensch.

INTRODUCTION

The phasic secretion of human growth hormone (HGH) is associated with
slow-wave sleep stages 3 and 4 during the first two cycles of night sleep

in man (Takahashi et al., 1968). HGH peak values may be diminished by
drugs such as tricyclic antidepressants (Takahashi et al., 1968) and in-
creased by melatonin (Cramer et al., 1975) and after physical exercise
during daytime (Adamson et al., 1974). Other factors influencing the sleep-
linked HGH secretion are the time of sleep onset and the rhythmicity of
sleep with appearance of a second growth hormone peak in broken night
sleep (Beck et al., 1975). In restless sleep, e.g., after withdrawal of tran-
quilizers (Ogunremi et al., 1973), increased plasma cortisol levels have
been described as a rebound phenomenon after subnormal levels on medica-
tion nights. The exposure to cold and hot environments (Schmidt-Kessen &
Kendel, 1972) which was performed in this experiment in healthy volunteers,
is considered as a thermic stress inflicted during sleep. Therefore, simul-
taneous changes of cortisol, TSH, and HGH secretion above baseline values
are expected.

SUBJECTS AND METHODS

Eight healthy, nonobese, male volunteers, mean age 25.4 T 1. 9 years
and mean body weight 72. 5 t 7. 2 kg slept, without bed covers and
clothed only in cotton slips, in a climatic chamber from 2300 until
0700 h at constant ambient temperatures of 27. 50 + 0. 5°, 310 + 0. 4°,
or 36° 1 0. 6° C. The relative humidity was kept between 44 and 55%.
The ambient temperature of 31° + 0.4° C was taken as a baseline en-
vironment as determined in a previous study (Schmidt-Kessen & Ken-
del, 1973).

Night sleep was recorded polygraphically by means of a 16-channel
EEG machine including four EEG recordings (Olcz, 05Cz, P3Cz,
P4Cz), recording of horizontal eye movements, and electromyogram
of submental muscle. Recording was performed continuously from
23:00 until at 07:00 h in the morning. Recording of rectal
temperature was performed by means of a subminiature plati-
num resistance element. Blood was sampled during the experimental
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nights by means of an indwelling intravenous catheter. Each subject
adapted to the indwelling venous catheter for one night. The experi-
mental nights were nonconsecutive in randomized order. Samples

for the assay of HGH were taken at 30-min intervals from 2300 until
0230 and at 60-min intervals from 0300 until 0700 h. Cortisol samples
were taken at 2300, 2400, 0200, and at 30-min intervals from 0300
until 0700 h (13 samples); blood samples for cortisol and for TSH sam-
ples were taken at 2300, 0000, 0200 and at 30-min intervals from

0300 until 0700 h. The plasma conceniration of these hormones was
measured by radioimmunoassay.

Scoring of night-sleep EEG recordings was performed according to
the criteria of Rechtschaffen & Kales (1968). Sleep onset was defined
as the first stage 2 sleep at the beginning of the night which had to
last for 3 min at least. The plasma hormone concentrations were
compared for the different nights in relation to clock time. In addition,
HGH peak values were compared within the first 2 NREM-REM sleep
cycles. The area under the curve was measured for each hormone
planimetrically and the data of experimental nights were compared
to baseline conditions.

A t-test for paired observations was used for statistical evaluation
of EEG and endocrinological data. The hypothesis tested was that in-
creased amounts of HGH, TSH, and cortisol would be found in nights
of "stress application, " e. g., exposure to coldness and heat, when
compared to nights with normal ambient temperature.

RESULTS
I. EEG Data

1. General Characteristics of Sleep

Sleep onset latency, REM sleep latency, and the number of completed NREM-
REM sleep cycles were not significantly different in hot and cold nights when
compared to baseline conditions. The mean values of total amount of sleep
(stages 0 and 1 excluded) were 214 * 77 min in 36° C and 291 *83 min in

28° ¢ nights compared to 295 * 108 min in baseline nights (31° C), the dif-
ference between hot and baseline nights being statistically significant (t =
1.90, P < 0.05). There was no difference in stage 2 sleep when the three
conditions were compared.

2. Slow-Wave Sleep (EEG Stages 3 and 4)

The total duration of sleep stages 3 and 4 were 130 ¥ 29 and 140 * 41 min
for baseline, 360 and 28° C nights, respectively. The difference of total
duration of EEG stages 3 and 4, and of the amount of slow-wave sleep in
the first and second NREM-REM sleep cycles, was not significantly differ-
ent in the three conditions. The latency of stages 3 and 4 after sleep onset
was remarkably longer for hot nights with 27 *+ 31. 1 min, compared to 8. 6
¥ 5.3 min for ‘baseline nights {t = 1. 90, P < 0. 05).
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Rectol temperature during the night
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Fig. 1. Rectal temperature curves during night sleep (mean values in OC),
showing significant increase during high and decrease during low ambient
temperatures respectively in comparison to baseline conditions

3. REM-Sleep

The total amount of paradoxical sleep was low in all nights with 49 t 28,

21 T 16, and 51 * 18 min in cold, hot, and baseline nights, respectively.
The difference between baseline conditions and 36° C was statistically sig-
nificant (t = 2. 26, P < 0. 05).

II. Rectal Temperature (Fig. 1, Table 1)

The single data (mean values and standard deviations) are shown in Table 1.
A statistical comparison between ''cold" and baseline nights showed statisti-
cally significant differences at 0100 (t = 3. 05, P < 0. 025), 0300 (t = 3. 60,

P < 0. 05), 0500 (t = 4.72, P < 0.025) and 0700 h (t = 4. 77 P < 0. 025). Body
temperature during "cold" nights was lowest at 0500 and 700 h.

The comparison of "hot" and baseline nights revealed less striking
temperature differences, as can be seen in Figure 1. In 36° C nights the
body temperature was significantly higher at 0300 (t = 2. 17, P < 0. 025),
0500 (t = 1. 95, P<10.05), and 0700 h (t = 1,82, P <0. 05).

III. Endocrinologic Findings

1. HGH Plasma Concentration (See Fig. 2, Table 2)

a) Peak Values. The mean highest concentrations during whole-night sleep
and the first two NREM-REM sleep cycles were not significantly different,
when a comparison is made between 27.5° C, 36° C, and baseline nights.
However, the peak values of 5. 06 ng/ml plasma in cold and 6. 31 t 5. 58
ng/ml plasma in hot nights seem considerably smaller than the correspond-
ing value of 9. 10 t 8. 31 ng/m! plasma under baseline conditions. Peak val-
ues occurred mainly during slow-wave sleep stages 3 and 4.
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ng/ml Mecn HGH plasma concentration in relation to clock time
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Fig. 2. Mean HGH plasma concentration (ng/ml plasma) in relation to clock
time during sleep in various ambient temperatures in eight healthy sub-
jects. Maximal concentrations are slightly lower in experimental nights
and the peak is delayed in high ambient temperature

b) The differences of the area under the curve (from 2300 until 0700, inte-
grated HGH response) were not statistically significant.

2. Plasma Cortisol (See Table 3, Fig. 3)

In all conditions the circadian increase of cortisol plasma concentrations
from the beginning of the night toward morning could be observed (Weitz-
mann et al., 1966). The differences in plasma concentrations comparing
cold with baseline nights were statistically significant at all corresponding
clock times, the level of gignificance being P < 0. 025 (t = 2.52) at 2300,
P < 0. 005 from 0300 until 0630 and P < 0. 005 (t = 3. 57) at 0700 h.

The comparison of cortisol plasma concentrations of baseline and
"hot" nights revealed smaller differences, but the same trend of increased
plasma concentrations was found. The mean highest cortisol concentrations
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Plasma cortisol concentration
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Fig. 3. Mean plasma cortisol concentrations (ng/ml plasma) during night
sleep in different ambient temperatures. Pronounced increase above base-
line values occurs particularly in low ambient temperatures

were found earlier in time during hot and cold nights than under baseline
conditions. The area under the curve was significantly increased in nights
with temperature stress.

3. Plasma TSH (Table 4, Fig, 4)

Plasma TSH levels were significantly higher at 0500 (f = 2.1, P <0. 05),
0600 (t = 1.76, P < 0.05), 0630 {(t =2.03, P< 0.05)and 0700 h (t = 2. 82,

Plasma TSH concentration
(mean values of 8men) o—e 370

O---0 36°C femperature
DOrereeed 27;50
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T

23 piee 03 05°  07°°h clock time

Fig. 4. Plasma TSH concentrations (ng/ml plasma), same experimental
procedure as in previous Figures 2 and 3. Significant increase were ob-
served above basgeline values during the second part of the night, particular-
ly in 27. 5° C ambient temperature
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P < 0. 0125) when cold nights were compared to baseline conditions. In 360C
nights no significant difference in TSH secretion could be detected.

The areas under the curve from 2300-0700 h were not significantly dif-
ferent in cold, hot, and baseline nights.

DISCUSSION

Our findings show that decreased body temperature may be associated with
significantly increased plasma cortisol levels throughout the whole night,
and activation of TSH release in the second part of the night without remark-
able changes in EEG sleep parameters. The same trend, but to a lesser
degree, was observed during relatively high ambient and body temperatures.
In the latter situation, however, there was also a more abnormal sleep
EEG, with a decrease in total sleep time and an abbreviation of paradoxical
sleep. In contrast to cortisol and TSH, the plasma concentration of growth
hormone tends to be diminished during abnormal ambient and body tempera-
tures with lower peak values and smaller areas under the curves when indi-
vidually compared to baseline conditions. This may indicate a possible in-
verse relation between ACTH and HGH secretion by the anterior pituitary
and would correspond with the findings of Frantz et al. (1964) who described
suppression of growth hormone release by corticosteroids. The delayed
peak value in hot nights (see Fig. 2) correlated with the prolonged latency
of slow-wave sleep stages 3 and 4.

Increased cortisol secretion was found in very restless sleep with
frequent transitions of stage 0 and 1 sleep after drug withdrawal (Ogunremi
et al., 1973). However, this situation has only been described with signi-
ficant changes of sleep from baseline conditions. Our findings of TSH levels
under baseline conditions are similar to those of Alford et al. (1973) with
peak values at the onset of sleep followed by a fall in the morning. Since
blood for TSH and cortisol assays was taken at 2-h intervals during the se-
cond part of the night, correlations between sleep stages and plasma hor-
mone concentration cannot be reliable. The higher amount of mean TSH
plasma concentrations is particularly pronounced in the second part of cold
nights whereas the differences in cortisol plasma levels can be detected
already at the beginning of night-sleep recording. This finding is of inter-
est because it shows that the circadian pattern of TSH release may be abol-
ished by exposure to cold (see Fig. 3).

The pronounced endocrinologic changes after a decrease in body tem-
perature while electrophysiologic sleep criteria were unchanged provide
evidence that EEG recordings of sleep do not correlate with metabolic ac-
tivity during sleep.
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