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ABSTRACT

8 Sleep stages, as measured by :2lectroencephalographic
tracings, and rectal and skin temperatures of two young
Caucasian males were recorded for eight nights in test
i environments at North Bay, Ontario, in February, 1975.
During the first three and last two nights, they slept

in thermoneutral environments and during the intermediate
nights they slept in an unheated tent at ambient tempera-
tures ranging from -3°C to -12°C. Both subjects expe-
rienced a degrivation of rapid eye movement (REM) sleep;
however, no rebound? phenomenon was seen on return to
thermoneutral conditions. 1In confirmation of earlier
well-substantiated observations, it was observed that the
-¢~ subject who showed more delta sleep in the cold was the

one with the greater rectal temperature depression.
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INTRODUCTION

On a recent military/scientific exercise (Honky Tonk IT, Jan-Feb
1975), two men were exposed to cold throughout their designated sleep
period for 10 consecutive nights (2). A deprivation of rapid eye
movement (REM) sleep relative to control values detected during this
period was most pronounced during the first three nights of the cold
exposure. On the first recovery night, i.e., the first night during
which the subjects slept in thermoneutral conditions after the cold
exposure, a REM sleep ''rebound'" phenomenon was observed. Because the
REM deprivation was most pronounced during the initial cold exposure,
it was decided to perform an experiment on another pair of subjects
to determine if a REM 'rebound" phenomenon would occur on return to
warm conditions after only three days of cold exposure. This paper
describes the results of such an experiment carried out at North Bay,
Ontario, in February 1975.

METHODS

Two young Caucasian male volunteers, aged 22 and 24, served as
subjects for the experiment which lasted eight days. The first three
nights (ambient temperature, Ta = 250C) were used to establish control
or baseline measurements in an electroencephalographic (EEG) laboratory
in which the subjects slept in beds under blankets. These nights were
followed by three otgers in which the subjects slept in an unheated
tent (Ta = -5 to -10 C) using only the outer layer of the two-layer
Canadian Forces sleeping bag ensemble, a liner, head hood and an air
mattress (insulation = 5.6 clo (10)). During the next two nights, the
subjects slept indoors under the same conditions as existed during the
baseline nights so that the 'recovery'" phenomena could be properly exa-
mined.

During the baseline and recovery days, the subjects performed
normal indoors laboratory work. During the cold exposure days, they
stayed outside while performing light exercises in an attempt to dupli-
cate conditions on Exercise Honky Tonk II (™

Electromyography (EMG), electro-oculography (EOG) and electroen-
cephalography (EEG) were recorded using a Grass Instrument Polygraph,
model 8-10 B, with 4 channels assigned to each subject; one channel
for EMG recorded from the chin using two electrodes (E4S); one channel
for EOG recorded from two electrodes (Beckman 650951); and the remain-
ing two channels were used for EEG which was recorded from 6 electrodes
(E5G) in bipolar montage (2 frontal, 2 temporal and 2 occipital). The
recommendations of Rechtschaffen and Kales (10) were used to analyze the
sleep recordings, and the sleep stages were scored every minute.




Equipment developed at DCIEM was used to measure body temperatures.
Seven thermistors were sewn into thermal underwear at the neck (T1l),
forearm (T2), wrist (T3), abdomen (T4), thigh (T5), calf (T6) and ankle
(T7). Rectal temperature was measured by a thermistor inserted 12 cms
into the rectum. These eight channels of temperature information from
the thermistors were coded into a single electrical signal by using time
division multiplexing containing the temperature information in a form
of pulse duration modulation. The signal obtained was used to modulate
the frequency of a transmitter, the signal of which was detected by a
receiver and recorded on magnetic tapes.

Mean skin temperatures (f ) were calculated according to the formula
of Hardy and DuBois (4):

?; = 0.07T1 + 0.14T2 + 0.05T3 + 0.35T4 + 0.19T5 + 0.13T6 + 0.07T7

The calculations of mean body temperature (T, ) were made using the
b
weighting factors of Burton (3):

T, = 0.67Tre + 0.33T
b S

RESULTS

The anthropometric characteristics of the two subjects are shown
in Table 1. The results of the sleep and temperature studies were sum-
marized in graphs of which Fig. 1 is an example. The first baseline
night was not included in the calculation of sleep studies in the base-
line summary because of a possible first night effect (1).

Subject 1 (S1) was a good 'sleeper" as determined from his baseline
hypnograms, i.e. there were no interruptions in the progression in his
stages of sleep (9) and 23% of his total sleep time was spent in delta
sleep. Subject 2 (52) was not as good a sleeper since he had less delta
sleep, approximately 137 of total sleep time, and less REM sleep than Sl1.
His sleep was also interupted by more periods of wakefulness.

When exposed to cold, S1 showed definite increases in stage 1 sleep
and wakefulness of the order of 427 of baseline values, especially on
night Cl. He also had a slight decrease in stages 3 and 4 (93% of base-
line values). He experienced a great decrease in REM sleep (467 of
baseline) on Cl with a smaller deprivation on nights C2 and C3. The
amount of REM sleep increased on return to thermoneutral conditions
(nights R1 and R2) but did not reach baseline values. The amount of
stage 2 sleep did not change significantly. The time required to fall
asleep increased slightly in the cold but the amount of wakefulness
overnight was significantly increased (249% of baseline levels).
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In the cold, S2, in general, reacted similarly to S1 in that
stage 1 sleep increased, stages 3 and 4 initially decreased and REM
sleep decreased. Differences showed up in that, for S2, stages 3 and
4 showed an increase on night C3 and there was a progressive decrease
in REM sleep from Cl to C3 (reaching 627 of baseline values). REM
sleep, in contrast was greatest on Cl for S1. The time to fall asleep
did not change in the cold for S2, however overnight wakefulness in-
creased (18% of baseline levels).

Both subjects showed an increase in movement times when sleeping
in the cold (147% of baseline values for S1 and 2317 for $2). On
return to thermoneutral conditions (R1), all sleep parameters showed
a tendency to return to baseline conditions.

2 The rectal temperatures (Tre) of both subjects fell 0.5°C to
0.8 C until the fourth hour of sleep during the control period and
then rose gradually until the subjects awakened. After an initial
increase, mean skin temperature (Ts) remained between 33 C and 35 C
for the whole night. The mean body temperature (Tb) fell until the
Sth or 6th hour and then rose slowly (Fig. 2).

During the nights involving cold exposure, measurements of Tre
in both subjects showed a greater decrease while sleeping and more
time transpired before an increase began (6.7 hrs). The drop in Tre
was greater in S1 (1.5O to ZOC) than in S2 (0.90 to I.ODC). Ts drop-
ped constantly after an initial increase but did not fall below SO |
Tb, in general, dropped constantly throughout the night (Fig. 3).

During the recovery phase Tre, Ts and Tb varied in much the same *
way as during the baseline phase. (Fig. 4)

DISCUSSION

The patterns of sleep seen during cold exposure were similar to
those observed during the first three nights of cold exposure on Honky
Tonk II. The great amount of wakefulness seen in S1 on night Cl was
due to a lack of communication between the subject and observers, the
subject being kept awake by a desire to urinate. The amount of stage
1 sleep in both subjects increased generally in the cold as did wake-
fulness.

It is interesting to note that differences between subjects in
the present study resemble subject differences observed during Honky
Tonk II. In both cases, the subject who showed more delta sleep in
the cold also had a lower rectal temperature.

In Table 1, it can be seen that S1 has a lower surface area to
weight ratio than S2. Because of this, it would seem that S2 should
cool more than S1; however, the contrary situation occurred. On Honky
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Tonk TI, S1, who had the higher surface area to weight ratio did cool
more. Thus it seems likely that the amount of cooling is not directly
related to body size for the subjects in this experiment.

The effects of cold on sleep are in agreement with those found
by Scholander et al (13) when Australian Aboriginies were compared
with Caucasians sleeping at night in a cold environment. The Aborigi-
nies slept longer and allowed their body temperatures to drop lower
than the Caucasians. In addition Scholander et al (14) found that
after cold acclimation in the mountains of Norway, Norweigen subjects
slept soundly but kept their body temperatures high. It can be con-
cluded from our results that the subject who has more delta sleep al-
lows himself to cool while the man who has less delta sleep remains
warmer. Conversely, the man who cools has more delta sleep than the
man who endeavors to keep warm.

No rebound phenomenon of REM sleep was seen on recovery nights
in contrast to the finding which occurred after 10 nights in the cold.
It may be that the deprivation of REM sleep, although the same for
each night, did not accumulate to a sufficient degree over the depri-
vation period to provide for this rebound.

The lack of rebound might have been caused by the difference in
the ambient temperature to which the subjects were exposed. 1In parti-
cular, the faces of these subjects were probably not cooled as much as
for the case of subjects on Honky Tonk II because of the higher en-
vironmental temperature. If the hypothalamus is cooled by excessive
heat loss from the lateral part of the face (3, 6, 7) one could argue
that, in the present experiment, the cooling of certain parts of the
central nervous system was not as great as Honky Tonk II. Therefore,
the deprivation of REM sleep occurring during the three day cold ex-
posure in North Bay may have been an unspecific response to the cold
stress. This differs from the Honky Tonk II experiment in that the
stress period was carried out for a longer time and that the first
unspecific stress response may have been replaced after 4 or 5 days by
a specific cold stress response leading to a constant level of REM
sleep values that was lower than baseline values. An explanation for
the absence of a rebound phenomenon on this experiment may be that the
absence of a specific stress was associated with a possible cumulative
effect of the REM sleep deprivative.

In conclusion, this experiment has shown that an acute cold
exposure provokes a REM deprivation and has confirmed the fact that
the subjects who exhibit delta sleep allow their body temperatures to
cool.
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APPENDIX 1

The following figures represent the time course for the following
parameters during each night for subject I

l. Sleep stages
w = wakefulness
1 = stage 1

2 = stage 2
3 = stage 3
4 = stage 4

REM = rapid eye movement or paradoxical sleep

The dashes above the REM sleep represent rapid eye movements while the
vertical lines below the w line indicate the body movements.

2. TEC = rectal temperature in °

3. Ts’C = mean skin temperature in °C
4. MBT'C = mean body temperature in 'C
5. Ta'C = ambient temperature in C
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APPENDIX 2
The following figures indicate the different parameters measured
from subject 2. Abbreviations are defined in Appendix 1.
F1LMED
NG PAGE BLANK-NOT S
PRECEDL I




B1

P e Y e (e e e i et e e e

REM

"l
Juges WNLL{J

KL
!

ar} s
T + e SRS i e
('C) a8}
}
as!
38

3

35}

| e
Ts 34} _,/"—/ \_—f\_/\/\ ¥,
o) f W-
33}
!
az>
36 S - 1

MBT EL
'c) t 1
34t J
24 - N
t 4
Ta 23+ - - ———— - —_—- - i
(°c) ¢ 1

sl ficamoli i o sakigs e kin e K i i i Bl iadl i et i PSSR

A T e .
60 120 180 240 300 360 420 480

TIME IN MINUTES

B2

| AR N S S SRR s SN CREE RN Ses coomn Srm e s conat S s s e e e Sen S s Saae co EE e S ——
REM
4 ’ .
SLEEP 3 | r WIJ ‘
STAGES 2t ¢t ! ~ —— -
il |
W= ORI o ' . H T 1) " W " (O R Gew i wen
37+
i '-""/An_ﬂ"/%————d'—\—w‘_‘
16"
& -
(CH 15
s4
16
15 s
Ts 4 v Y N S i / AT
('c) ' Wi /.\/
2 <
33 -
32°
38 p——nn -
{ i A 3 e S \‘__\W_/___N--«*f\,__,-\/\/——-—\
MBT 35!
'c) t 1
34
24 1
Ta 23 o N e A N L R
*c)
2? D T - -~ . e [ S -~ -~ L . . = .- — - .- .- . . - . . . -~ el S SR W & “ L S
80 120 180 240 300 360 420 480

TIME IN MINUTES

SR ————— SR = -




SLEEP
STAGES

Y'
{€)

(’c)

MBT
(‘c)

(*C)

SLEEP
STAGES

\
(*c)

Ts
('c)

MBT
('c)

*c)

a5,
34

33)

1";0

180
TIME

B3

i Ko s

240

.

23

i e, 7 oY Sier

300 ~ 360 480

IN MINUTES

B i

ECPOSTNESr SRS

=

NS S E U

-

il

36

35
36

35

¥

=

:u/\~

33

32

S o

35

- esie

@ SA8 (U eIe W) Emae -

llrl[[

G e e

180
TIME

240
IN MINUTES

300 360 420 480




24

Cc2

M —r — e
- R AR [ [ .
1 h’l | | | |
SLEEP T S T mEl [‘ l | | )
STAGES 2| u 4 i I ANE b
rarat [ Ty @
w e - L-‘ . . ST T ) ® 1 e mEm GEEmOE e e
I8 i
| i
A7t ]
1 {
‘C) 16 ! 3 1
1
i% i
1% |
34y . {
13 - ~ \\ o ;
} N 2ol e
Tt e Alae s / *‘
> / i
32 / l
3 :
36 ¢ >
. ~~ = 4
MBT 35! B e B e T . g :
‘C) 4 i
34’
6 -
3 4
Ta 8¢ j
(‘c) t - |
104 . e . it ORI TYRRY TS ey = == OO N, e e yo— Al . e " A i . i .
60 120 180 240 300 360 420 480
TIME IN MINUTES
Cc3 It
SLEEP
STAGES
Te
('c)
Ts
'c)
MBT
(‘c)
Ta
(*c) ]
-7 PERT el i s o e b A e St RS I S
60 120 180 240 300 360 420 480
TIME IN MINUTES




TIPS N o

R1

SLEEP 3 | "fl 8! | ]1‘. {1l
STAGES 2 l.wi Ul L | I l L ‘ |'l' Pi‘l { ‘{
i} I [
1 » v I
|
W oa . . - o .[ ‘. Lo ‘l
18
37
{
T t
('C) 16 ¢
15 ¢
16
35 | e hk
! e \
Ts 34 b Nomd \
(c | |/
33 v
f
32
16 ° < \
MBT 351
(| I
34"
24
Ta 23+
£°C )
"60 120 AR 24 300 160 420 48(
TIME IN MINUTES
R2
[ T P P P e Y e T T 1
REM 1 = 1 (= ﬂ iy
4 — i
|
we b AR el e
STAGES } { o
) }J—T [ [rf
w-ll' * 3§ ' . LA 1) “rn . ' . I . “ 0 ' o N B ] 'Y
38
37’“\,\
Ty S S R T R = B~
(') 36
35
36
35
Ts 34
t'c) {\/\‘/\_\/ -
33
32

36
>~/\_,,,__ﬂ/_/-_/\¢-‘/\_“ W\’W
MBT 35 3
'c)
34
24,
Ta 23 — s
(*c)
22 T e e e WS WSS WSS WS VNI WA USU W SRR S SR SR W SR S S G S

60 120 180 240 300 360 420 480
TIME IN MINUTES

" RP——— e > - e ——




-l eeerene -

.

. RIS S5m0

lInclassified

Security Classification

DOCUMENT CONTROL DATA - R & D

y of abstract and

ndexing annotation must be entered when the overall document 15 classified)

| DCTEM

| MENT TITLE

EFFECT OF COLD ON EEG PATTERNS AND BODY

Technical

Repor

Buguet A.
Livingstone S.

|
|
|
¢ DOCUMENT DATE
MAY 1977

8a. PROJECT OR GRANT NO

8b CONTRACT NO

DISTRIBUTION STATEMENT

Unlimited

11 SUPPLEMENTARY NOTES

13 ABSTRACT
1975.

conditions.

L

vame, muddie initial

Reed L.

Limmer R.
la
1a
9n
12

2b GROUP
Bioscience

TEMPERATURE DURING SLEEP

TOTAL NO. OF PAGES | 7b NO. OF REFS
14

ORIGINATOR'S DOCUMENT NUMBERI(S)

77x15 r

OTHER DOCUMENT NO (S) (Any other numbers that
assigned this document)

SPONSORING ACTIVITY

DCIEM

Sleep stages, as measured by electroencephalographic tracings, and
rectal and skin temperatures of two young Caucasian males were recorded
for eight nights in test environments at North Bay, Ontario, in February,
During the first three and last two nights, they slept in thermo-
neutral environments and during the intermediate nighgs they s%ept in an
unheated tent at ambient temperatures ranging from -3 C to -12 C. Both
subjects experienced a deprivation of rapid eye movement (REM) sleep;
however, no "rebound" phenomenon was seen on return to thermoneutral
In confirmation of earlier and well-substantiated observations,
it was observed that the subject who showed more delta sleep in the cold
was the one with the greater rectal temperature depression.

2a. DOCUMENT SECURITY CLASSIFICATION

may be

DsSts
70241

PRECEDING PAGE BLANK-NOT FILMED




|

Unclassified

Security Clasufication

; KEY WORDS
|
{
| sleep stages
|
cold stress
{ REM rebound
i
|
|
|
!
| e
|
| INSTRUCTIONS
! )E A TIVITY  Enter the name and address of the Gb. UTHER DOCUMENT NUMBE RIS 1 the dacament has been
! ) 11 Wi the docuament assigned any other document numbers (either Ly the onginator
| o1 by the sponsor) . also enter this number (s}
i (8 NT ECURITY CLASS IN it
| y fieation ot the doc {0 ey 1 AHSTRIBUTION STATEMENT Enter any hmstatons on
pphcabile further dissemunation of the document, other than those imposed
1 by secunity classittication, using standard statements such as
| ) Ter secinity 1ech cation group number. The three
' " o Appendix M af the DRE Securnity Regulations () "Quatithied requesters may obtain copirs ot this
| document from their defence documentation center ™
| ODCUME I TITLE Enter the complete o unent title «n atl
! pital letters. Titles i all cases should be uncla wed. It a (2) “Announcement and dissemination of this document
| sufficiently descriptive title Cannot be setected without classife 15 nat authotized withou! prior approval from
iion, show title classification with the usual one capital-letter onginatng activity.”
ibreviation in parentheses immedchately following the utle
| 11 SUPPLEMENTARY NOTES Use tor additional explanatory
| 4 OESCHIPTIVE NOTES: Ente the category of document, ¢.g. aates.
‘I technical report. techmical note or techmical letter | approprt
ste, woter the type of document, e.g. interim, progress, 12. SPONSORING ACTIVITY Enter the name of the departmental
| rmaty, annual or final. Give the inclusive dates when a project ottice or laboratory sponsoring the research and
witic reporting perod 1S covered. development. lnclude address.
5 AUTHORISH Enter the namels) of author(s) as shown on or 13 ABSTRACT Enter an abstract giving a brief and factual
in the document. Enter last name, first name, middle imtial. summary of the document, even though it may also appear
t mulitary, show rank, The name of the principal author 1s an clsewhere (i the body ol the dacument itself. 11 1s highly
absolute mummum (equirement. desirable that the abstract ot classitied documents be unclass:-
fied. Each paragraph of the abstract shall end with an
| ¢ UOCUMENT DATE Enter the date (month, year) of mdication of the security classification of the information
| Estabiehnent approval for pubhcation of the docament w1 the paragraph (unless the document itseld 15 unclassihied)
represented a« (TS), (S), (C), (R), or (U)
/o TOTAL NUMBEH OF PAGES The total page count should
foltlow normal pagitation procedures, e, enter the number The length ot the abstract should be himited to 20 single spaced
opages contaming information standard typewritten bines. 2y iches long.
M NUNMBEHR OF HEFERENCES Enter the total number ol 14 FEY WOHRDS Key words are technically meaningtul terms or
teterences oted i the docament short phrases that charactenize o docament and could be heiptul
e catatoging the document. Key wards should be selocted so
o PROJECT OR GHANT NUMBEHR If approproate, enter the that no secunity classthication s requited. tdentihiors, such as
apphicabtile reseanch and development progect o grant number cquipment model designation, trade name, military project code
under o which the docoament was wiitten pame, geographic location, may be used as key words but will
twr tottowed by an aicatian ol technical context
Bbh CONTRACT NUMBER I approprate, enter the apphicable
number under which the docament was wi il Lien
9a ORIGINATOR'S DOCUMENT NUMBE (5] Eater the
othicsl docament number by which the docament will be
sentitied andg controlled by the onginating activity - This
number must be anigue 1o thes document




