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ABSTRACT

~ one ~t?Ck s m u i a t ~~0 4r:tjc mii i  tar e e erc~ se was u!d~~~ -~~er
Y ob~e rv e ~net he r ~er t a ir ch~ s io ] og i :al cian~es ~~~~~~~ d ur i ng
actua l  t .~o ~.CCK m i l i t a r - ~ pa trols 11; tte C a n o d un su~a ro t i c  a nd O r c t ic
v~O u1 d a lso occ o r ~~thin a c o i J c i~ ;a t i c  f~~ilit ” . ~~e - -i.’ ba1ac c ~
~ tudi es we : t~ co -J u~ L~ri; p~ :c~ ctions c~ a ly ~n~ rc’i ;~ndi c~ re wer e
~ A 1 te s im i ldr  for ~otn sc d - e s , r o . p e c t i  ye val  oe~ ~or the d~~t~ d and

ir u dted St d es ei~~r 3~~ ~ i..~ l/  ~~/~ u 0~ i i  th~ men
in the nortr .ern study wCr ~~ er t ’ ~t c to ~ in c u lor ic  o • i ia nce , the
inf ~ t t r ,-rne~- in the cold cta ~wer ~ad a oa i l j  c~ lonic u€ f ic i t  of ov e r
COu ‘\ ca , to~ai exner:r: nta~ 1:oi iance cu c u la t . od  to be e l u iva le nt
to a 0 .0 kq loso of ‘ici wit . ~n tne ;~\ rc t i c , ~2 men icc ~ rred a 38
reduction in mean sk~ nfol~ t nic kne~s , a loss eq uiva l & r t  to a 4 .2 kg
de;~let ioni c~ ilLd fl hodj  fat c~~’r ~~o ~•~ce~ s , wt~iie ir ca i or ic  o~ la nce .
Jr the one week suTlu lated s t udy ,  ten Orc ’ ic t ra ined ~nfantrv ccn oaG
a oorp aroo~e one wee k s k~r.fold loss o~ l9~ . est unote~ to or equ~ v-
alent to a 2.4 ~y loss a’ nodi fat . . . a valu e 4.5 ti::es greater
than predicted fro;~ e ne r-~ balance s t o G T e ~ . Tre re .~er/ ~rys ia i o -
gica l indications that deny d~ation iad de~ ~ oped a~’ t~ e ’cuii c l us ion
of the study. There was ar 80 dail y incidence of ~.e~o no r ia  and
unexpectedl y 500 of t re sub ) ects had gi ucosu r i a on c r c  or core
occasions.

-~~~~~~ -~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
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INTRO DUCT IO N

Ten Arctic trained infantrymen spent one week 10 a cold c i i i r c t i c
t ,Icil lty , exposed to factors similar to those encour’tored during lony
range military patro ls in the Canadian o ibarctic and Arctic. Temperature ,
workload (back-packin G and simulated toboggan pulling), ration anu ~lui ~intake were conti~ ua] v ~uni~ tored to simulate rea l is t i c  A r c t i c  0at r u ~conditi ons . Energy and fluid balance was studi ed dail y in conjunction
with anthropor netric mea surements . The body compos~ tion ‘~ariahl es foll-
owed i ncluded height , we ight , skinf old thickness , skin thickness , bad
fat , lea n body ilass and body density as estimated from both underwater
weighing and skinfo ld measuremen ts .

M0 T HO OS

1) Energy  Expenditure

Predictions of energy e x ; e n d i t o r c  durinq work in the cold c l i r oa t i c
facility at DCIE~* were made sv m on iton in j heart ra te , using ECG tele-
metry . Iwo subjec t~ ~cere oorii tored for trTe entir ~~~~ wh i le toe third
L O G tranun itt er was rotated d~ il y between the other sua~ects . Individual
and group volues for ere~gy exoe nai t u n dur ng the ~ork neriods were
obtained by conv~ ’ t ir ~ ni ~~ r i t e •aloc into ~ilo c a~ories of energyexpend er as descr bi d e l ” e ~e (1). The energy co,ts of leisure a ct i vit y
ri ld sleep :~~~r derived :~5in . con ve nt ion~ l m ethods (l~~. Each 24 sour
period (0700 usrc ~ 72C ~ A r c ) ~~~ di~~ded into tnree m a i n  s e g m e n t s  O~
~c t i iit ~ : work , lei ure u’.O SleeC Stri tly airita i nec time schedules and
oh ~e rvati o n diaries a l 1 owed art i ä ~ t dai l y t i e  allotment for each of toe
three ~~~~~~~ o~ oc t iv i t y. The da~ ly energy cost was calculated as:

Liui y E : ~~y LA p en d~ ture = time spent in each a ctivlt y (mm )
X metab olic cost of each activity (kcal/rin) (2~ .

~
) od lo r i c  I ta ke

Eacn subject was issued one ~P4 ration pack at 0700 hOurs daily.
Lach ration pack contains about 3600 kcal , wh icn is compr ised of 52
carbonydrate , 32 fat and 16 protein. There are se~ or different RP4
rations available , each ration oe~ng used in t~ rn. The calor ic yield of
each ite i i t , terms of prote in , fat and ~or hoh yd rate content (the a prox -
ima te Atwater factors of 4 , 9 , 4 kca I / G re spec t iv ~ ly ~c re  used) was avail-
able in the Canadian Forces nutriti on table . . . C~lo’~c Lorm pos it ion:
Canadian Comba t Ration Pack - 0P4-1967 . No om ~~st it j ion or acc uim u L~t ion
of ration i tems were permitted . Every evening at 2300 hours all ition
packs were collected and unused portions i temized . Toi , orocedure al ’ owed
the exact aai l y caloric intake of each sum :j rc t to he it t ecci ned , and also
the proportions of protein , fat and carboh ydrat e i n ets t el .

* Defence and Civil n st it st e of v~ ro n: , eI .tu I ‘~~J iCint , ~r ’ view ,
~)mm t~. ri o

- - - - ~~~~~~rr n wr r1rn . _ n ,~~*rt ,;~~-~~~~~~~~~. 
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3) Hui i [:ilaose ~nd Urinal . ~~

E~’1ry  mart m m G  , i OCI Sir wo s vet 2 li s of el ‘
~~ . ~~~ i ri~ ~

m i nt ml ~owt~ 1 , ~ ~~~~ p ’ ~~on~ ~~~ a~~m c c  i’ ~~r t r  re o c l r e m o
~ru’~e. F) t~ k s we re co ’leJ ;oca at am , ut :ie , m i d  . o m o i . : :i ~~~~~ ~~.s 0 C 1 5 u ,  e l .
H i r n ’  v ies al so collect ed , me as ured for vol u c ’ ,.:u exam il t ‘i rm1 c raYLOt ~ -

CLI I ~ ~ S n O i r i  e -m na l ,’.:is ret C e n t stri p w~~. ~sec to J r  ‘ct r m e pres —
i :e ~m .c cor cc*r l t - u nion of  o ro t ei r  , glucose a r a  keto mec

~
) ~~~~~~~~~~~~

‘i t  m a u i, t~~ Su~~~c C t S ~ 
r ir te~~rt , ~~i ’ .t a 0 ~ iu~ s k i n —

fo IL t a .  ~~e sses eu ~L4 r€ d ny StO fl 4ci~ tecbn ’q~ ec ~s d~ O~ 1 : CO Q1 iw i cr

~3, 
~

) .  S k i n T o l c  u’~a bo d y ‘ ~~~ u”6 ’I . nt~
, w ( ’ ’h . O r ’~~~EU Out 1~Ii1eC~

~~~ •i~~tn an si g r~- : h  int ro e m , sK ln t uld ‘ua’~~- m ont5 bel nn n10c cit
r’ j ht h ind Slil u by one cxuer i e nced j Ose ~‘.er . • i  nq the sjtm harpo md~ r.

0 ‘ mt oi u c u i i  ‘ e

T he fi~~r ci , c~ ~t r m c e r s , sud c • :u ’ u~~, s 4 o r o m~~~ac urm O à L i O m f l c
‘o li e ) e~ r m ~~~ wi t’ a ‘~ote r~i~ cf ma rter to increase tSr ‘ LorO—

d c i  nfl it~ ~ee ct cc I~r~:’ c , ’ c~ repeated rimasure Co ts ~4) . T ee ~Oca r ~nal
e• n m t  em 1 

~~~ ~r i’ ,kin f~ id f.c r r um i:e or in any ;ubs~~u~it rc~-encore oH ti trio ~eun u~ rfo l d thick neSs . V a lu e s for sdn~ o~ J thic —

~5 ,dP ’~ ~~~ •
~~ to doou~ t y  302 oe rcen ta~~ : c J~ fat 0y the t o r m u l o c

i . 1 t 7 - J 0612 ( m o o ,0 3 5 K ; n f e l a s )

.~~~ii, 5).

- 4 . 1 4 ? )  iO0~

(~~f Ler  T i c _ O k  at c i .  6 )
r e .  .~~~y t~~t ~ -~~i)  = body w~~qSt (kg) X ~~t

L r uO r.~ s. ~kq ) r d . ’ .. ‘i t ~~ 
( hg)  007 t t  (~

L i d  
~

• ‘
~ 

r e d , CO :05 tion were altc est 1 ut C h  ~ so d cte~
1 0 110 5 (4 , d m n two u c cm s lo n s . . . i r t o  ‘i c i r n : o c  ‘ ay 1 un ;  ~G c 1r

t f t ‘ I t’  ‘ i  ‘ ~~~dt~~] Oe~~~ m l  lung r 11~~fl1Os were i tert , n i  t
n i t  1’ tion reOm ‘at ni n a rec hn icie . (/ ~

• f 5~ ii) Ii t 0 k f l C 0~~ ver e I Cr Or ~~ SeOl  ti
re , er ’.ic~ a : :  af t :r toe s t o ~, S o e n T c t u j

0 S r l 1  tn ic ~ m ;e s •.ero t a e ~ it ca~~
• r 1 )1) 1 . 

~~~ 
t 1 r p~ nu~r , ‘~~~ ‘fc c c a l l  pcr~ fit m t ri

1 , on n ~~~ i s  l i t  hancc a r d  f l  ihO ~mil
‘C 0 ‘

~~i to :). 4ta no v ~ I i? s ° ~t i  • j  ~‘jr ~ . 1 r  1 h i 5 ~, 5,) . 1i 1 t 1 i~~~:Lt 0 ~~ . S it t •.1

~ L .~~~~~~~~~
‘ i • t  o~ or ni~ s e r v O  E l o m  •~a J  a ’ ~ c t J  ;r

oOC ” • ‘ k tO i s

r i  ~ :. S ro~.,, 1 u 0, tr e 1 t~T L  1 3 ~ 1~~ 50  1 1

-~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -— ~~~~ ---.~~~~~
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5) retiiperature Regulation

During work periods in the cold cli ms at i c foci li t 1 the average am-
bient temperature was -32 .7  C,  ranginq frc m -2~ .~3 i  to -37 .7C. During
lunch , the chamber was warmed to a temperature c~ uOO ut -2O~ C .~~~orkschedules in the cold room usually termir atec at 1630 hours , at which
time the chamber was once again rewarmed to a te m f e ra tu r : of 5.5°C fur’
the evening ’ s leisure act iv ities. Each r i qht tee men s le p t on air matt-
ressess in Arct ic sleeping bays. The average sle e ping temperature in
the faci l i ty  was -6.9°C, rang ing from -17. 2-C tc -L7”C.

6) Exercise Stations and Circuits

The three major modes of activ it y in cl sd cl •~‘ul ki n y about the churn-
hen carrying a 22.7 kg back pack , treaci m ili wal k in c, (t ~’C electrically
driven tread m ills) with back pack and rid inc a bic y cle ergometer wit h no
pack. Small daily increments in tee slope and s peed uf tee treadmill
were made as toe experiment progressed in order t : !id ~~f l t u t f l  exe rc i se
heart rates relatively constant. Toboggan p u lling, a routine method of
transport used during long range Arct ic patrol s , was si m ulated by the
use of a 7 kg weight , tethered to the subject ’ s ~oist and supported t~ a
pulley mounted on the back of each treadm ill . 4riie on t:’ie bic ycle erg-
ometer the subject determi ned his own wor~load arc rate of pedalling , the
temperature within the cold facility providing an adequate stimulus to
brisk pedalling . The two bicy cle ergometer exercise stations were in-
stituted on Day 3 in an attempt to relieve monotony . To prov ide further
var i ety i n the exerc i se format , jogging (without back pack) was used on
Day 5 and 6.

For work scheduling convenience the men were divided into two
groups of five men each. Rotation through five exercise stations con-
stituted one exercise circuit for that day Each day consisted of three
to ‘ive circuits . The five exercise stations for each group of five
subjects were always identi cal. There was a 5 minute r e t  period between
each exercise station rotation , and either a lunch period or an extended
coffee break between each major exercise C Ircul t.

RESULTS

1) Energy Expenditure and Caloric Intake

The caloric intake for each mar was monitored v t r v acc~rate ’i y.
The mean caloric intake for the ten men appear s Ici ha i  i c r ased abr uim -
i lj on two occas i ons : on Day 2 . which was the fir da ’ o actu al work
in the cola and again on Day 7 when tee ‘men exne i c rc ed  ‘r~~ qr~at~ s
da i ly  energy expenditure of the experi m ent . AI tn : ,~ b r

~~ carbo~ y J r i t r
content of the rat ion pack provided 52 of tee e r r  y , the c a l o r i c  i L d
from fat and protein on these two days .as co n si lr m’ atl . ~r a t t ’r (F i ;un
1 ). The estimated daily mean energ y expenditure , th mea sured c a lo r m c
ntake and the resultant daily calor ic balance ar s rOwn in T a c l e  1.

- 3 -
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TABLE 1

The Mean Daily Energy Expenditure ,Caloric
Intake and Energy Balance for the Seven Day Study (N=lO )

Day Energy Expen diture Calori c Intake Calori c Balance
(kcal) (kcal) (kcal )

1 2761 2370 
, 

—391

2 3097 2785 -312

3 3425 2782 -643

4 3610 2818 -792
5 3350 2865 -485

6 3472 2943 -529
7 I 3771 3313 -458

f
Mean 3355 2839 -516

TABLE 2

The Mean Dai ly Calori c Inta ke (kcal)
for Each Su bject During the One Week Study

I

Sub ject Mean Dail y
Number Calor i c In take

1 2986

2 2636
3 2567
4 2890
5 3047

6 2588
7 3065

8 2955

9 275 6
10 2905

Mean 2839

— 5 -
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In spi te of on in creasiro can cd ric ‘i t  o.~ ‘n , the s ’
m e  men wer e it ’  n’ ~ : t r v e  ca o r ’ c  oa ae n ’ t rouo hnu~ t~ie •a~ per~m ert . 

t ne
ii , tent of tee irha i coce ar’~~d fr: r — 3 1 2  kc a  ci ~ i’ 2 to 192 ~ca~ on
Day 4 Onl y on Day 7 ~a ~r e  ~st ima te d e ’r ~’q / C X ~ t “!d) f r : appreci e l v
~reater than the 3e ’L cal  av~i •~ eie i~~ re ,R1~. rati on 0cC~~S . ,able

t h c i w r  tee av eru ~e in~ iv idudl  ci o r ic  ir,tu \~~5 oc € r t~~ ~t~dv .

2 ) Fluid Balan ce

Individual dif~er c rc es j r  ~i u c 4 i rmtc. 0~~, s ” r e o~ ’ t  and id
balance ac ° shown iii Ta’cie 3. A ~cr :il ar ai jsm c~ vc ir 1once
demonstr ated a si gnif i  i t  (p~a.O2~ i f l t e r -sJ oje 0 I  ~ac~a :  icr in the nea r
daily f luid consumption du~~ni tn~ stud y .  w i~ n ind~ v i  J~ c i  value ~ r’,r c no
from 1289 ml so 2071 rn~ . Althoug h the easic fisH ‘at on was so n~t 2litres /ma n day , ~u iect nurm oc ’ fi oc wuS issued ~r acci sieral l it’ ’ o~water on Da ~i beca~ee of ~~~~‘;si ie th irst. ~~ A40~ A ~ur fl uid inn,
also i ralicated a highly s i o r i f i c a n t  i n te r—in d iv i d ~~l di f fere nce (~~:0 .O05)
in the amounts of fluid consur~ed per day ever the sever day exercise ( 1 ) .

3

Toe Moan Dcii ~y Fluid intake (c i  ) Urine
Ou tnut (ml ) ,n Pmo sol tant Fl Aid :ii di’CC
(m l ) for Each Oub ject Ove r the f e v e r ,
Day Study

Subject Flu d fran c
Mumber I r t c k ~ ‘ Ti tpuc ba lanc e

1909 1526 ~ 383

2 1714 1292 4?o
3 1471 746
4 1665 j l 4~4 17

5 2071 1 408 662

6 1 289 1036 253

7 l3 l~ 182 ‘ 
~ i .s2

8 1819 15C-I ~
9 1683 ~~55 + ~ ‘b

10 
_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Mean 1650 
~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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3) Un inalyses

A par t from amo r phous debris ard calc ium oxalate crysta ls , the
microscopic analysis of the urine samples was essentially negative.

Proteinuria was a common finding, all 24 hour sam p les f rom
Day 2 t h rough Day 7 inclus ive demonstrating at least a trace of
protein.

Unex pec tedly, 50~ of the suoiects had glucosur ia on one or
more occasions. Duri ng the course of the study , four di fferent
subjects exhibited a 3+ g lucose * in their urine , while subject one
demonstrated a similar reaction on five different aavs (Table 5).

Keto nur i a was absent on Day 1 , when the men were no t  suo ectec
to exercise in the cold. All of the subjects showed ketonuria at
some subsequent time during the study. During tue remaining s ix  days ,
the subjects exerc i sed for a n avera ge of 4 .8 ho u rs /d ay i n the cold ,
with an 80, daily incidence of ketonuri a . Almost 50 , of the positive
tests were seen post-exercise , duri ng the evenir c s le isure period
(Table 4, Fig. 2).

k The manufacturer (Ames) of this standard urinal ysis ce1 qe st stri p
quotes that a value of 3+ represents a valu e 500 ng gl~ c o ’~e/ l00 c l
of urine .

- 7 —  
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TA~3 c E t~

*
The ~4urbe ’ of Positive Ketorur~a es ts Per Day in cac h S u o j e c t .

r~~t 
_ _

-

~~~ 

- -- _

Num ber 2 ~~~~~~~~~~~~~~~~ 4~~ 7~ ~~~~~ T~~~ 6 7

1 0 1 3 3 : 1 2

_ _ _  

2
______

3 0 2 1 2 ~~

1 0 2 3

5 2 2 
‘ 

3 4 2

6 1 2 3 3 1 1

7 1 1 2 0 0 1

8 1 1 2 1 2 2

9 1 : 2 2 0 0 Q**
___________________________________- 

~
-— —-— -----t—--— —--,- 

~10 1 3 4 4 4 5

* T here were no pos i t i ve tes ts on Day I

** Thes e two subjects could not void for the f inal urine col lect ion
at 0700 hours .

- -. - . - .- - - -  —... - ‘ .
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TABLE S

*
The Number  of Positive G1ucosu r~a Tests Per Day in Five

Su bjects , With Indicated Concentration s .

Su bject 
__________ 

DAY :‘~JMBERNumber ~ 2 3 4 5 6 7
4 — — — ~~ -——~~~ 

,— -— -~~~~~~ — - —

3+ 3-- i+ , 3+ 34

2 3+

5 3+ 1+ 3+

6 2+ ~ 3+

9 ‘ 2+
_ _  _________

*
ne ro f ,. - r ’p no scsi t ye tests on say ~~.

-The nar ufacturer of th ic standard urinalysis reagent strip quotes
the fol lowing equivalent concen trations for ciucose:
1+: 100 -250 mg/100 ml of urine
2+ : Glucose present , but no concen tra ti on value i s gi ven
3+:’~5QO mg/100 ml of urine
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4) C~~n~~s t h B o~~’ Compos ition

T ee irr t ia l physi cal char~ ,u~ris tics of toe tee par~ 1ci p ant~
a re shown in Table 6.

A n s h ’ ~op - ne t r i c  mea s urc -se r ts we re repeated i~ t,r tee s t udy r a n
terminated. At tFis time the men had lost 2.6 kg of body we i r’Lt
(p.-0 .OG1) an-i susts’ned a 2.6 mm reducti on in rice- sKinfo ld t h 1 C ’~r, O S S
(p 2 .005).  Th s represented a 3.25/ decrease i n t o c i  wei g5t and
a 19.1 / n~ r ;m : r u t ’i on of mean s ki n~old thickness. Dai l y charge :- n bo o ’
weight and ski nf o ld  t h i c k n e s s  are shown in Figure 3.

.°bdom iral sk infold si tes were also measured each day . Losses
ro nj e c  f~’om l3.S~ for the tri ceps skinfold measure sert tc s 26.4~ Oss

I 
at the asiorn isa l site (Fig. 4).

~
4ees uremQ rts of sk~n thickness folds were t a ke rs : ‘~5rj ,- s tes

o i each s b ,’,ect before and after the study , while the fci :n the don s
of tee rs qht naral m~as also measured midwa y thrc sg-~ tie c x e c r l : e r t
tire cmn rnin q o~ Lay 4. Sir c a sk in te ic Nne ss fold ino1uds -~ s~ o i s v
of skin , Ji~ n the skin th ickn e ss  c r ore) es ~n absolut t rr s wr i l  or- abc~ s
50 of the rec’o~ den fold va:ue . Thes e resul ts err S u T , a r ’ E C i  i f l  • rHe 7
a’ d analyzed statist ically in Toble 3. The indivi d u al measure r”ents f r

the mean value of a l l  four site s are seuwr in Table 0.

r-~eassro ocnts of body dcr ’sity w~~~’~ : : f r r / e f s re and ‘ e’
sev er day S t u d y using both under~~ter ~e: gh ir2 ar~ s~ in~ Cid 0

,e ts . anle 10 gives a s tat is t i  cal ~~~lo~ to on ot tne 5h , 00’ , m e l  c —
ated sy each nesnod .

The ~,o i  c o d y  fat conte nt cm the s~ o ,~ec to w as coo p~s :  cHo r~ar I ::‘t: r t he  - oil , esin~ neon .r,d~~r’yat~~r w~ g n inc i  resu l t s  a rc  o ki n f cis
rorci; r . ‘~ : m ~ ts . -~ sr- o~ ars son of Oti s- charges m o m  c~ te ’ o~’ tee tw o ~r-tn3ds
m s m ade in Table 11 . Similarly , estimation s of lean body ness
v sen , ‘trOd s ire shown ~n T c bl’a 12.

A Ou ; ’ o a r /  and a statist~ cal  an3i y sms of trIP a~’r-’ qe coan es m r
body :om p oni t icn for tee jro~n are shown in Ta bl e 13 , w ’le T in l c 14
out l i n~ s the ch~ nges for in d i\ ’i d J ai subjects.

_ _  --- .-‘
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TA/L[ 6

Initial Cueru Loris ~ icc of the 3en Ssbj’octs

Age e c ~ sf bel g ilt ocf l  ski n - -- uo~~ c,

~ rnmm ber~~~ (yea rs )  (c m) (k~ ) 
- 

fo ld ~m:~~~ ~
2 ) L b ~~

f s
~’ •~~t•~

20 171 I 95.6 26.9 2.1 1.022

2 19 175. 5 71.2 6.2 1.9 LO8L 
‘

3 21 172.4 86.2 i3.5 2.0 1.046
1 19 176.3 i :.i i.b 1.9 • l m ( -  I .0/ /

9 1 O b . 3 ~~4 .  / 7 .0  I .7 1 . 0 c c  .

6 20 184 71.3 9.4 2.0 l T h 6  .0/3

7 21 181 79.1 14.4 2.0 1 .045 1 .00;’
8 20 1~ 2 .3 hl.l 20.2 2. 1 l , f b E  1.0ff
9 I9 181 .o 13.0 13.0 1.9 - .04 /  I I .01- c

10 32 178 Of .? 11.0 2.? t i. fl0 1.04 1
_ _  

t-
~~~~~~~

--— - -- - —
~~~~~~~~~ 

-‘ -- - -
~~~~~~~~~~~~~~ 

--
~~~~~~~~~~~

-- -

2 . 1  i l l . !  I 31.0 13.7 2.0 ~~0 ’1g LOSt ;
4.3 5.8 11.3 3.4 2.13 6.01? 0.214

~~
_

~~~~~~ -~~~~~~~~~~ - _
~~~~~~~~

_ _
~~~~~~~~

_ _
~~~~~ ~~~~~~~~~~~

t vO r 000  va l ue of the triceps , subs capula r and supr a iliu c ~k~nf~ lJs .
* 8ody surface area
** body d tems ty WdS est i~ ated fr om sf nfold thi ckness co co rd rig to t f l :

urn ‘ la:

Den~i t,y 1.1447 -- 0 . C 61?  ( l og~~ 3 sk~ nfo ‘ls ~ (ofto ’ Durnf ’ .I)).

Body density f ro n under’ -:-~tur wei c2 Th0 was determined usin 9 stand~ r f
techeicua s described e1se,-~here (6,S).
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Figure  4.

MEAN DArLY CHANGE N FOUR SKINFOLD THICKNESSES
(N=lO)
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TABL6 7

Mean Values and Percent C r .an 3e5 ( % ~) for kin T r ickness
Falds * (mm) Measured Before (Pre ) Durin g (Mid) and After (Pout)
the Seven Day Study (N=l0).

Site Pre Mid Post

Rignt hand (dorsum) 3.09 2.92 2.90 - 6 . 2

Left hand (dorsum) 3.16 2.01 - 7.9

Pi~ ht foot (dorsur - ) 2.85 2.46 — 1 3 . 7
Lat t  foot (dors um) 2 .78 2 4 7  - 11 .2

Mean 2.970 2.685 - 9.6+

* The triickness of a s ing le laye r of skin w i l  be about 50/ of
the value for a fold.

-c- p<O .OO l

TABLE 8

Mean Changes (A)  In bach of the Four Skin Thickness Folds (N=l O ) .

Skin Thickness Site

R~ght Left 
- 

Right 
- 

Lef t
Hand Hand Foot Foot

o (mm) -0. 19 -0.25 -0 .35 -0 .31
t value 2.53 2 .79 6.88 5.89

- 
p .q~~~

’ <0.025 * <o.ooI~ ~o.ooV~~~~

- 15 -



F. —-
~~~~~~~~~~

-
~~~~~4-—— - 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ____

TA~,LE ~

~n J i’,’i dj~i Aver3ge \alue s ~no Percent 1-ran g s t~~ ~) Th
Skin Tn’ c~re ss Folds (niii) Measured Before ~Pre) and Olter (P os t )
The Seven Day Study .

Subcect re Post / ti

3.05 2.70 -1 1.5

2 2 .93 2.55 -12.8

3 2. 13 3.00 - 4.0
4 2 .58 2.38 - 7.8

S 3. 1~ 2.o0 -11 .8

I 3.20 2.02 - Q~4

7 2 . 8 5  2 . 68  - 6. 1
3 .08 2 .83 - 8.1

9 2 .83 2.70 - 4 . 4
10 2 . 9 0  2 .33 -19.8

2.9/0 2,685 - 9 . 6

p < 3.331

TAILS 10

A compariso n of fody Dens iny Values 3’ r ived f rom Sk~nfo1d
Measurements and 1indev~ auer ~e irning . (N l0)

SKI~ S0 3 ~~~ T .~A R
MEASUREMENT (MEAN DENS :Tv 30) (~ fA”~ IENSiTY SD)

Pre—T nia l  L049 (0.012) 1. fl5° (2 .014)

Post —Tr ia l  1.054 (0.0 12) i lOS 6 .0 11 ’

+C cQ5 ~ .006

‘
~ Value ‘0.061 1.021

— i t )  —

- --
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AL~LE 13

Total Bod y Fat (kg) Computed by Two Methods Before (Pre)

and A fter (Post) the Study (N~10).

_ __ _  -- -

~~~

---- -1
Total Bod y Fa t (kg)

Method of (±SE) Dif ferences (e) 3etween Pre and
Determination — —— Post Measurements (±SD) and Their

Pre Post S tat i st i cal Si gnificance (p)

Sum of 18.0 15.7 o -2.35 kg
Three (2 0) (1 8’ ±SD 0.29

Skinfolds / <0 .001

I Underwater 14 .5 12.1 , A - 2 . 3 5  kci
Weighing (2.1) (2.0) *SD ~0.39

_________ ____ 

P <0.001
____ _ _  

_ -

~~~~~

---- _ _ _ _

TABLE 12

Changes in Lean Body Mass (kg) Computed by Two Met hod s

Before (Pre) and After (Post) the Study (N 10).

Lean Bo dy Mass (k g )
(±SE) Differences ( 0 )  Between Pre and

Determination Post Measuremen ts (±SD) and The i
Pre Post Statistical Significance (P)

Sum of 63 .0 62.7 i -0.28 kq
Thre e SD ~0.25Skinfolds (1.8) (1.9) P NS

• ------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - --~~~~~ - -_ --- ~

Underwater 66.5 66.2
Weig hing (1 .8)

- 17 -
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1) Ere ‘~~~ ~o~~~rce

The oo.)t I k” ’ y s:,~rm e of error iC ‘ h ~ e re ; o~ 1ai . c -  s t on ~ ~o~~d
inc lu dc ’ toe oe~su e ’-n t Or cal~~-ic 1r ,t a ~~c. ‘ - o tre .. ‘ d’:t on Cf tC fl eC 5 -
C .~~Cfl d~ t IIf ’L .  T he v ii l ah’ - ‘i i t  o - leo u ’ r lt i ton 0 I - i T O  C~~ f l t d 1 f l i r. f:

the pr~ci cc’ ca lc r i~ anou r - t~ o~ e— .-’t~--~ n , ~-et ann c a f c ~ny1r3te ~cr ev ’~’”ilte’n in all sever. 52C r-~ti un oecks erae ’Ied an e~a:t rcC~~ c U f ~C :.’. r .~~ tO  DO

L’I000, r O t  c’ ’
~ o~

’ “stion UaSt~ :.,~, no t of tnt tota notr it ’ -D cai 00 0000-1—
tion OF all t .,~ in~ert en by t,2 ~n o~~45rou~ toe stno~ , Shanrq o’
ac c uru l ~~ ion nf ~

- , r~~ö’ iteir s , i f  it C C C - - ’ r ’~- . at - ill , wc,uii or, , ’, alter
i rd iv -  dual or ‘oai 1 v assess -- “ . , ;~ c i t  ~~~~~ not a t - e c t  toe c ’e ra l i
u t  daily cc , o~-: c ir ita~,e: , w ’- co w~~ t ’~~ ~ ~~~~~ c-F 

~
n.n r’Iy no- :~ mpt ior i

used in tri o bo l a r r o :  s t ,~~ - Pul . :  pr e-ll ct iInns ‘of ox~ nn’ cors u : C t T  -on have
On aCCIIr Cy w :  th ’ n 5 tu  13 ( 2 . The ~~~~~~~~~ da’ ly er. r ’rq - v n~ oenGi ti re
ceter3’ ned rroi- tu- ~c ioe f. ored hoort :C’~~t .~s of c ~~~ S - . 4 - ~ f ’ - ’ C t  dun r g schel’ - -
ul r-~ wor ~ pL’n :-O~is ~S .J S 5)’4 1 1 0,1 1 - Over the c:nrs~ cf s i .’ days a 100
er ror ~~~ U r~-;u1 t ri a;i atl i t i  ce o exo en ~.’i t urU c f  1015 kcal , or’ an e ~ui —

va le rt  fat m r s  Ot  c r 1 - .-’ 0.1’~ <q ocr coo .

Th.’ -e .--4C o si - o r~ f ” c  ~~ ~
‘
~~~~ ‘ 

- o~~o ~rr- -~re r j y  e .40000 i iu re  -: h c ’ i h ’
sur e~t five . to’.. s 0 :Ortet.t cit ton- i cc-nc , — M S ~..ricrgy c.< p ’ o r O ] t o ” e , as o re-
dic -,e:I f r r ; ~ c i ”t r~ tn. ~os s’ or i f”car” ’. v a- - nate :’ t rue  ‘ 1 1  of ton othi.:-r
suh- ent s u n - - 0 -‘co - - c ’ i :  colO won- scheco Ins ,‘l) . En~crq; b ri 3°ce
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ne dy cc. - -,. -~~~~~ t i .on an eA pected ~~t loss 0F fl-~~~ ~~~~ , S~~r,tcic ~ ~‘w-~~~~o ’r-.r3..r t ;
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res pect iv ”  Ja l ut.S je~na 2.? ano 2.5 t c’:-, cir~ oter t~ ac’ antic iporc
f r ~~c, conventi onal -~rs’en ’ , halu rru “‘ thods . Thle::et’-”-” noni to ’ i na  ~~~~ ) r ( ’ )

done on su ’ ~t - t t  o:~ , toe ~fottest ,ot tee  gro ..’ , ~i’iO i “ “re t t n  ore ,.t_

e~ t los s ot D e l ’j  f and j , r~~’ :u t’ rr  1r ’i n i i n t o l c  ~nicknes s . F re ’ r ~ h a i —
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~
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~~C t 8 I  5 ~ t 2 f’ c~1
which ~s eq -u~ .‘ulen t t - ’ a C .- ~~ los . of ‘hod-.- fa t , r r e 7 tr ‘ O ’ i u C t ~~(V”

~n his mean ski n r e i d  th ic - .ia s-; , , 1 ’ .~,.,’ ( ’C . ~~O S f ”~~U :Vaierl t to 1 -., I -~ rt- —
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~~ - “ . , ,  o O v e r e  1C’-ri ti ’ 0 1 ~~~~~~ or~~ +
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too -i C011S’Olt . i t iO rI ..,~~ed on pla te wastage Jo - n ’ t I e  - ‘ .~ .is i n g l~~3’
exerc ise (3 ,, ~ri icn tnu present  stud , ~~ i rearm to s1’ .a iate. ‘,~,ul d
hj~ n certa in ly be-en a more —e i istic v~ li e than the edr ll er - food
surveys w her e no po ilut ~on control w~s --ff c c .

~‘O CaS~~)’enoe tn  of ene rq .’ c / O ( - t O 1  ~rn  at - i calor ic i f l t O K t
ate a the men ~t r’ €: in negative n’~ec~~ balance for .03cc C u/  of  the
c> ,oeriment, The es tir ’ctc’ d rear. dat - i cal ori c -iv’ tics ranged t
312 kc~ l on Jay 2 , to a 79.7 ~cai deft c i t or toe ‘ou rtb iO ’J of the
St - n dy . The re was riot ’~ aoo q~~te ieis ~ rI ti :ie d id  s uf f ic ie nt  rations
av ailsole to establish a pos~ t i ,’e onion -n nraiance .. t0 e C1 kcal
da i ly  p late wast oqe co ulc s ave ,.- ‘-as e- o to e over -a l l  neon dail y ca ls r~ c
def icit of 516 ‘~,nal - ~ ‘ t h~ u~ ’r there -d u O no signi f i c a nt ir ;ter -suh ject
d fference ii ~..~i onm c i r t O T 0’ , 0 1 1L aps,i r~.-1t t ’-utU of arm increasi n g
calor~c intake dur ’-n. ~ thn course of tn Stu d ’/ ‘~o 0-  si 1 rt ’i f~ c a r s at the
51 level (by a Fc cii aiia1 ~ sis ~f sariance , ref. i~ . When th~ e>ne-
ri rent te-’nir iated t I Ic ’  - - n  ad rr - :c LJ n ’L .l a ted -i 3610 sod] def c i t , 0 3 V—
alen t in one c u- ,o lete dail y ro ti -e n pac ’

~ , or in terms 0F body cc e-o ositi on
a ha i r kg lo s s :f body fat. .tn trr c- no ’ecr ’ c ‘oeusurenents not onl y
cc- sf  m oo d that a loss rind occurred , h.~t i n d i c a t e d  a fat de tle t ion fou r
a r d  onu-- ha 1~ tines greater than tr~ . . , 2 . 3 5  K9  (p~ 3.001 by both skin-
fold t echn i gu e n a ro  under-~.- o t e r  w e i g h i ng ) ,

E r e ’ -:,; balan ce st un es S to - .-.- 0 . - ,a I) t i t d t l  vu u f f e - e n ce  o: t - - ’.-~ethe cal or ic ntjke- u r t  09 cold char ncr n . cCe c  ; re nto  a s - J act~ol Poia r
tr~~in. Dunc~ tn .. t-,’.o ,vr~~ nor ’t h, . ’r mil ta~~ tniel . ,, ‘‘ ,

~ew m L i ” . , 73~ ,
wr ii Ch t r U  pro: cir t 00 .Oc m- .’ .l :. ruea ’it to s i r s - j l a t c  , rat ion wastaqe v .3 ’, abo ut

~ al 3r ~~ O UU U ~~e E U n il  i he in nE aOl1 r i tior
u 0 t~ iJ c ’ nl ’ ’ ci: rat~ons ‘~ere  ~ .ed in toe oresent st d .- . T ee dai h ,

of 7o1 ~col /~- ,,  in tre cold c On - cm - e r -has c-nns i or -ably great~-’-t - i t  m e  t i rs ’  n c r t h c i r- n r’uu-d , , e speci a ll y since tO~. men ii, the ccl~ c ac i—
i~~~-/ - -aO a ca lor ic  uef i c i t  ‘ fJ CO day . whi c tne no rthern i n fan t ry ren
!atn t li ned an a p nr ox i mmntu  ca lor ic  nalance .

—u r ln o the ten days of .urther’r ;acro i a ctiv ~ ties the near daily
c” ergy ex ,te nd itu re was es t i~- a ~ ei at 34a- 0 ~~a i  , t ra ’ - a cu:~,l a t iv e d a t l ’v
riot i c it  of about 84 Co al / n -a n/ da y a o u i — i  have deve iop od w i t  a 3400 ~:,int.r~ - - . ‘o- ,’,”~ver , du r i ro  t ru f O A r Od y S  of b m v o~~c , ~he calo r~c i-- ’ a ’,.

- 
‘ - -j l f l ’ I J  h iqo in sp r te -j f  the gr - - t 1 1 

r - -o m c e -o  da~ 1-i en ergy e...ec-odi t-u~ e(:o ys s.ca /ian/da ‘ , r e f.  ~) SO - h~~0 by toe coO of t t , e  t w i -  ~‘ e i - ’  ex m i  se
t e e n  wer l in po sm t is’ e colo r~ c t ~a 1a r c e.

S’~:i ’iar obse rv a t ions  -. rc- r o d e  by r L m r  ¼ 13) J,~n m n
w l n t r ’ r si ’ c j c i n ,  ‘ i i r n’ ’y ’ , in th ’~ Rrr o rc t i c ;  f ’ ’ i u ’ ’n  cal orto int a - at
the st ~~t i u r r  was 3.500 kcal n c r  -J oy ,  w h il e ‘‘ i n  t h e  c 0 s i  rO ’j , , l  1 . ’ a l l
cf the mer consu ”- cd a l l of tn ’ei r sled g ing rat i ons (3 .300 ~cai ) w it h
very li ttle mila te ‘~dS t c i -~t? (11).

j r  tIme prn ’Tent S irr ’na t d natrol , l O t -  — m e a n c a lo r ’ c , ‘ t j L 
~ 35

oni -~ Jh39 kcal per dci- ’ som ~ ~ :ce - - s ,o 36 101 r. ~ ti m e’, t i  . 0 -  - -

ta i l  of ci t was 0 us 5 1’h I c c i  cer d~ ’y . A o ’  ow .ci t i  - ‘I r ~~ ‘ ~~
‘

‘ iu l ’r Ij j  balance w oo Ot ’’:,urv- ’ ’

~ i.. ’iert S i -  UOC - ,sO 5UO j c - O ’~ r - ’ ( ’ Y C  n.j I’

__ _  - -~~~~~~ - ‘ . - - - - —-‘- -- —--
~~~~~

--- --—--- - - -  -
~~~~~~
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c l i r ~~tr c L ’’ , Irr ,. -o C ’ at  i4  C . °5 ‘ iQ . ”s  f e ”  ‘t-~
ia ~r’ p on a i r  i r t - eSt  - ‘ 1 ~ 0 ”  - c- i -or - ~ ‘ ‘:‘~~~ b-a

e ; f r ’ : o m t . , r ’ rr h r  t n - c  o bes~ :00 3u t~ w S  e 5 0  rnte’i i i 32f c a . .
w r i l e  0r i - t  near -  -..,~l cr ’rc m n c~~,r’ .s~r 5  - h i l /  IhSt rca ~ , 

, ‘Cs uit i n i  mn at
Cs cr -  . r ’ t c i  i i  V fi ci 0 (.1 1 ~—l6 c~~ 1 C i l f l ,

3nn 5 autc i c w h i e ’ . ray i .d~~ u ar rrr , ’r~rtcn t -~~~ ~e~ -a ’ce i I

i ’ mnrm ’ r2r u cal cri es c o ns ri- - .0 ri ~ne ~r a - r i h~~r .01,0  in toe % r c t r  c m o
aoOult c f  time “a~a’r ~acie 

‘ - the- -c ear acio r. ~~~ e:,t 1 ‘c  t c  ~~~~~
uur’~ . - r  ~he “ 0~cn,, V i~. r y  , tr’ .i  , ~ t~ me arc ra t i o n  sa ’-vc-y and
Observ~ t~on om an - m s s’no- -.en that ‘o- . in ’ :- t -70tc - . hoc aO ..fvcma 9e ~~
11 .4 n o r  - - r va r l ,.ble -~c n it. . fur t - : t m r l 3  a.  l e i s - e m n  acci .- i t res ~2, -

D~ rin -.j “~ e rsc- -e 9 -no ds ’ , orJo~~am n roe - t ~~
‘ . re~ rnstirr ~~ C :s t ra c t i c r ’ r

w~re essent’ ai Iv rurn~.’x j s t - ” it .  r i P  u - m ac ’  net  ‘sn:nucte-,0 .~~o r- t oe
l e ad  ,s r r ’ .’ n :  ~~~~~ I t

L t O? m n d r  -,ic :ai T i -  1 - or-, to urs or -~i ~~~~~~~

~~~~~~ o~ ‘he -sri --c n ct i i r .  v ’ pr ’ i I -~ - -0 thu ncr - --. i tr . d - ipie O sou ”O~~n l O j  0-0
ind~ l:e in e r r  o~ t r e  i - ~, oor ,f o r rs  d v , ~i l c i t -  at irg . ft the coIn
ci ~~a t’i c f- i c - 1 - r ec r l ,’o 0 101’. ~ r- to r tc it  t renm E too a: a to ’  si c-:r b le
p roport ion 0~ “~ e i s m r - ’  - .0 v r n j  Si r’ , 0 -e n ’  ‘as moc e n s to “ ‘- - ‘ . ra nma ,
nard s , read rq mat~ r- n l a”- d -~~i’~ . i - ~’; 

lo s ;  f r i -~- ’do or- ,: ne at’  is- s were
à ’l~ wed v i s i t s .  3 0 0  Or e so ldi i~’ s  w . r ’ :,  con st~~ c~j cA 700ed Or Ste var-
o~ - newt , re~~a To~ ~. ,. - SOC OC ~~~~ to cOnt’nu:- ,. wi  o’ thom cnral

hi fu ssyie afte” c e c - a r t i n g  fcc :  tr,~ nsei .her . m’- ‘ s ’ .- a ’ i a o i  i t , ’ of
SIIIIC ” ~~ eat w m  Ch ut j i s t r o c t ’  ic- :-~ ’-r-r. t l~ ~;-n-s~ - - Os f ç r  tn~ qrea tc--
ci lur c - t o ns ~~ ot m on oDsr:r- ,’r- mr -. .~r t on Otn . ,

~i ~cr ts cr mn t’~ c i ses -

‘C ur tota i v oor, ir , t aK c  is - t ’ r t €  r- r ’  ‘ m a mare by  w t - a t  steno us eat) fl~
tha t - rim wna t starts us ‘ (28),

2)  F u i d La I~~oce

colr~~~e t e  f l ai d t am -cc- st - .~d ,’ wa- ‘- a t m .  ur der to ~ e’o i f

oxpe ,, ~‘ot . . .  -io u tltC (r ’f- ,t - - err’  car O.I Y Ocecul0te C l  O r ’- s t a t u s  c ’
y- ~~- 3 t iO f l  t n - ..- sul iec t, . - 0 .  ‘ronel en s , tire- - ’ -wore in d n t i ’ O n r .

tn.~t sor e ri .. roe or w -rter ,i,—nle t m o m W OO ‘ r t o. cot ~~~.‘ t - ’re cu ’~c 7 -i ‘ 00  O~
tOe s t - - i - ’ ‘ - c - - n ‘va ci rued / ~i~ r-; fi ca nt .0” Cm ’ec ,s e 0 t i n  ‘t1~~~~fl S Cr ’ -
t i ’ , , i ’ ”~ s 

‘-O l d  ( , ~~~ 3 . . l3 i~~ ~y one bird oi tie n~ e n e i t .  ‘1 . 1 0  thio ~~’ness t . 0 0 0 0 c u’ - t t S  - to ‘- t a l l. -,-a r ~ ‘ ‘-c U . n  mit eve ’- ccc oc r -n t  t~ n - i
oil the ba C K  - ~i tn ln te r -L’c i a t e  val iri s for the a~~ - . SL- -J rr ’ c - n  a n d  tni 3
( 1 3 ) .  I f  0~ u m o  los-s ‘as reorc’r ’.~,i~~ie ~rsr ~-“e obServe d ~0 r b ~ ctt~ n

fl - f l€ i f l  ~ k j r t  t r - i c k n e s s , t:~.0r ar i n i t m a l  a ’i’u r aqe s k i n  th’rc 1’--~ ss oh
1 .5 - itm i ( a p o r - : x r ’ r .i ted f m . , 0 .8  es- I  2.1 rem : - so’-u,d over a, E.5A 0. 2 .0
s3verage V~ ~-~tt fO~ tie to ’ s~ D;ccts ) -.‘ -~ i b represcnt a .1- 7 ml -a: I
l o s s  x ro~ one -sk in a l o n e .

i t  wci~, e s t i m a t e d  that  rn’ :Sifl n d a - ’ a ’ ;”’-age dci r ‘ y  ca Ion c
U~ i 1 C m t  at  a S  s-:~ l , cm a tot- i l ‘. p e r i r r o n t a h i , . , , -~”- ,ne 3~ — )

~~
‘ H I O u  -

~f to’: s On - ’ - ’  ~ f boo - g i ’  j~-’c~’- a,~~ c- P~~. 1: , f O  - t e C ,  eO ”nij t 1653 ii~ of  ~~ter
am: r i  c i  t’~ H ‘0- me n-nato tr en c i i i  COOt Ut 0 1 0  - ,h 0 ’orc o - c c  ‘Jy - ; ly.:.-
ceo rc - lriaseO -d ’iC. A t  - 7 u tO  U , r n~l rc- o ‘r C t  ~~~~~~~ 

—,‘ , r um ‘in ’ , fec Si ~c
-o ’ lss i ia t mn - - - m e re t a n  513 -t~ toe  re:~u’ t,-i nt neat pr000ct o - ,~~~~2 ) .  Tn -~- -.
exe mc~ se a - U I ’  t e r 0 ~ t o  p- - ~~~~~~~ -an :n:’~ c~ lLi .r r flu ’; icm.s . w i i l e
.il aom a or ‘a ,<tr- .cH audI  ‘ c c  at ,01~ , O i ’~~t i c j  occ~~

-
~~ a t  .

‘1~~~i 0  to



he. t  s t re- s~ a lo n e . 5we~ t i” - ,, w hich ~.dS iar~ei j ovc - i d t - d  dur ing t his
experiment , is a m ani fectation of heat strots .

fto ”-a celiul a r dee -oration m a , affect t o  muscle ’s tr.ileranc e to
an accum ulac i or  of i icThto ’ l r  or c’v r -r m a l te r  tee b ioch e s - c a l  p roces s es
ie \ ’ o i ve - b in u c a ~ an cont ract ion ( 10)  bon e tIr ’CV1O U 5 s t o d i e s  na - .e
shown a small decrease (less tear 13,. ) in ra ,~~r 1a ” l srmmet r ’ c sO’ nr~;t~after deh — dr a t ion  (12 ) .  OaI ten sUL~ e S i  ce:’ :oí ist ratec a . , - ali loss
of isometric k-tee extens mon s t ie ’ ;- ~~tb and of hand grip stre ’!b tr - (Tat. ’i~
15) immed iately after Or - cold trial 

* 
r;e~ore there nd f’~-~n arty oppor-

Sani ty to ‘-‘enydrate or repler, , h gl y’ co oc n s t o r e s .  S~ m m i a r l y ,  t rle re
WdS no sl 3nifi c al t ir ip rov e - r iot  in the b i c y cle  er ’ ;’c’ r ter eva luat ion ~f
aerobic powe r (neisnor Ob sciat e son re lat i se va iues) despite tee
spec ’ i f i c i t ’ ; of t r io t ra in ing undertak’ :n (3 1/4 rio — un o p e d a i u i r 3  Or;:
o icyc le er ’~i’c :e ter)  and the pos i t i ve  ef fect  a 2. h k g loss of body
wei ght should r a — i e had upon the relative aecob ic :-o~.’ar. Unexpecte dH .’ ,
even the pulmonary functior va l ues were less then initiall y (Table 13).

,0 ntn ’-es-o’:metri c tes t: (‘ae On ski ofold ‘-r-is ,~’ ’, cots and under-~at e r
.-ir -ig h inq) demo nstrate- : a 0.~ -3 k; ~educt on o~ 

-~ after the cold exo-:-
are . Trw :TJ M loss was oot s t a t m s c i c a i l y s icn rf i , :a r ,t ~or the group as

u we -o l e , bu t toe five suc~ ects  w . t b  the leas t  mn- c iu . ’t nce of ketor iori n
- - c we d a 1 .30 mcdii reduc t aoo in 03~-1 w h ich wa r s ign i f i cant  (pro .01
Table 1 6 ) .

“ - “-S  ~~r a t o l e t e ’ s -~:1nrm t ry m t-t I ; of f l u id  ~ f t . -r- ‘-o i l s  to r r o t c s
his “a to  of o rb  ;mlrat i o n , so do f l a rna l ten eX pOs e  a to both co ld c l imat ic
c rarore rs C ell su ho rct ic  f r e l t ~ exper~mant ’ (1 - :Cflfl Clj l st (14)  observe d
t r o t  even ‘msdei’ote cold cono it io’-- s w ’tn ir t om ” s t r  o t i v  s t a n d c i r d ,z e d
rAtv i r rr  ‘ - r r t  of a cold c li - a ti c c - ta t tL er ,  resu l t: -- ii ’ a neg ati e ~-;a t~ ’-ba lance and a reduced ca co c i f t for . e c s i c a l  w o r r . Cold e,-~osu re in
tee field (l5) resul t - , r n a st rerql’~ ne t ut in c w a t e r  ba la n c e  w h i c h
mee tl y ca~”not be pre v ented . . . incr~ a s ing toe f l  ~i a intanr’ only l’:a ,~’to a greater d iu res is .

3) -L~TLs~ L

A to ta l of 12 anne oarnpl es were pos m t i v e fu r ’ gl~~-so se over the
ore week trial. Dur inq O re “erth ern trial “ , ~ Vir i ng 73” (3) only
onro t e s t  was stro ng l .  rI Q T , 1 t ; ’ i r :  ‘-or ql~ cose o~ t of a t- ~a l of 50 arm-
u j ”es cond~ o t e d .  b-ah~ ec t  one froc . the s i t u a t e d  nat ro (,5 n0 ‘j.~’r ’- i ’

st rdtrn a four i-~- gi iCO S C -m d ir os) ,iCri t h-c one case of q’ -.~“o- , aria t ’i’Oi t
r oe northe rn tri al m-ie re inv r r s t iqa t : - u - aeica i ly wi t r -  neq a ,t r -n.~- “c -sal t., -

‘ u e~ ia ’iori y of the gl j -
~~

- u’- ia is om’ ,c,,ire , b~~ twin pc.-s’~i01c contri In s-
‘, i r . j  t u  SO r’s could be j:’,m t - ,ne s1.ec : f - ca l l  a~ d to- - - e~’o’ ‘- 7 e ne r a l l i .  O lood d C C t n t ’ ’ , q r m a r r i s j t i v e l : ,  “a -s 0 0 0 i m n , o c  to S i ’ cO~- ’ - t ( , -

a t,i~ in- ’ ketc ,oe baa / 16) in sp i  U’ 5 he ‘act 0: ,m t 01 ~o l ace tuni
is di t’ticj t to ccd - ; ,,ru and I iood- . leve ls  OO V I  rare l y L I .- ’t es t i cO -
( l Oj .  haw r’ : er . in sc mere ,C t O i , f l’ u , ac et ~ ne : ~y con’ , O i t u t n  a s i q t ’ m f --

- ,c i r .t f r a c t i o n  of t u t u  ~e t r i r i ’ ’ - , ( 1 1 ) .  r u e  ‘ - ‘i - , ,ucn us a r’- ’ . 
t ar ace- t~~’ e hec~i~ -e i t  is s O r t ’  q l y ‘~~dr ’co l ,i i c ,~nJ I ‘.o.’ ’ - l u c .  L a - i .
of :ts l m i ’ rmtud ‘ ;,.t ,.io ol isn r la rqe a r - a u n t s  at a: ’ ’ ,l ’ ;m ’ C i i ’  ci -., -ou ” , , l : r  a d

—

~

- - .‘  —— ‘ -~~~~~~~ -—‘- - - - -““--~~~~~~“ - - -
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TABLE 15

Lung Funct ion , Stre ngth and Ae robic 0 ower . Measured hefomn and 4’-te’-

the Seven Day Trial (N = 10) 

~~~~~ ‘ “ ‘ T~~~ ~~MEAS UREMENT PRE- ’
~P I A ~ 

- 

P0S” -TP,~~~AL -
_ _ _ _ _ _ _ _  

~~~~~ l - ~~~~fl ~ EA ~1 HSE ’; ~~~~V A L UE S J
Forced ‘-i it a l Capacity~

’ 4.95 (fl .1~ ) 4.87 (0.16) NS
(Liters ) I

FEV 
1 

4.02 (-3 .le ) 3.94 (P.16) p 0.01
0(Li tP rs/sec ) 

- -

1eak Flow 5b7 .h ( lb , 3 )  5 7 7 .5  ( 17 . 7)  MS
(Li ters ,’ro in ) I

Hand G r i p  St renq th 5”l . 7 ( 1 , - :)  52.? (1. 7)
(Kg)

Knee Ex t ens io n  St r ’nnt r , - ‘  7 ~H ,5 )  57 .8 (2 .5 ” Os
( k g) 

-

Predicted ~
en ‘ ~~ ‘ - 7 ~2.2) ~~~~~~~~~ (2. d~Lite rs !~. m n t , 7-S (0. 18) 3 . ’~ ( 0 .1 ,-3m Nb

L

_ _ _ _ _



in t s s low Ci It - ina tmo n , ac e~oné .- e se r ; , -- 1 IAS su- ; r , a m , ,’ - ’ -. t he t u  n. a-’jents a -

ether -in:, r;etnoxyflarane I, l o )  . T he to rma t lon  j t  / :etone fr om ace to-
acetate during ketoacidos ’,s has oe~’n s u o q e s t e d  as an addit ional mear , ’ .
of buffer ing the a ssoc ia ted  ac~ aosi s ~T h ) .  Ace to ne  nas a re la t ive l y
low t ox ic i t y  . . . too ’ p r - m nc i p a l  t ox i c  r’tfec ’t ~s ~u,;n the central ne r- ,- Q OS
system wner r’ n iqh doses ; - r ’u, uncn  na rc o s i s  ( 18) .  - - :ecu ne accuro u1at~ on
proauces liStu rba r : ‘

~ 
of r~,f l f l  fun cti on and carbanv-;rate tolerance (‘1 8,

19), possib l y coatribut inis thus to the m ultiple occurrences of ~luco-
suria observe d in toe present stac~ . The ketun r,o’ ao d ;e r  are oxidized sy
xtr ohepatic tissues in proportion to their blooc concentr ations ( 2 3 ) ,

being oxicized in preference to olucose (21). Ten of the 12 positive
tes t’- Tar g ’lucosur ia were observed in the five subjects with the great -
est incidence o~ ketonuria (Table 16).

, , 1r ’et~ th~-ee ur m r .e sam ples were positive for ~etones . All three
ketisne uo;iies are excreted in the u-’t r ,P; however , the stand er’d reagent
str i p method used ir ~‘ois Stud 1, only detected acetoacet ic acid and t a

~ lesser deg’-ee , acetone . Since 3-hydroxybutyrate is qu antit a t iv ely
tn0 predom inar- t ketorie body in the blood and ur ’ne (21), our method
orobabl y underestimated toe frequency and intensity of ketosis consi;-
erably .

.‘~imon t , 5-Jr- of tee positive tests for keton aria were observed
du ring the eve n inq ’ s lei: .a;- - a ct i - /i ty p : - r t o ~ (Fi qure 2). Free fa t ty
acids (PFA ) WO ch are toe - p ” cc u r s o r c  of ho tar, - inod ie s are mobili zed
f r -urn ‘-at depots by a variet y o” stimuli in .c lud t n q co ld (?2 , 23) and
exercise (24 , 25). FFA once mo bi li zeu nave two oc ssib l e major  pathways
of de~ radac ion ... oxid u t on by the ctt r i c acid cycle or One forr ’m - iti on
of ~étJiIC c-adie :; (21). Once formed . ketones a r m  o x i d iz e d  by t -x t r a hep a t ’ i c
t i sA t r ’ s  in prefere nce to FFA , and even glucose ( 2 1) .  i~her the blood
ketu~ e co nce ntrat ion reache~ -a ’o prox ima to l y 73 sq / lOU ml 

* 
as mj c n as ~- , m

of toe oxygen consumption e t c  he attr ibuted to th€ - ox idat ion ct ketore
toz ie ;  ~2 1) .  During exerc ’ ine , the pl a~ ’ra co r c u ’ n t r a t ’m o r  of  FFA r e t a ins
~u

’-,t above fasting l eve ls  ( 2 5 ) ,  whi l e after e~ nr .:ise there is a dra - ,aSic
l r ,rejse in the plasma FFA concentrat ion ( 2 0 ) .  ‘his post - r ’ ’ e rc in e
aa ’c tw ’ ntat on of FFA snr”ul d be ouch greater in - .~~ ‘ :  e c t t  wI th ~a”tO - is
s’inc~’ the FFA formed dur ina exercise would not be adequatel y u t r1i:e ~in ~~-e presence of k,utore bodies - . . a prefe r’r;tia l fu~’1~ T” u ’ , a
ul etho ’a o~ ~FA occurs post exerc’se . . . and at t1 ie blood level in-
credses , “ ‘rere ‘ i s  a disproport ionat e i ncreasc” in toe cr,’,ve r ’ ,i -an r:~
to ~e to n~- -into r elatively li t t l e  oxidation v i a  tn~- - re t’- cy c le  (21 ) ,

tn’ olood ke t:’~’~’ nec - -nt ration exceeds ahou r lb ‘;
~/l 10 ml , i

o~~mj a t , -~~’ u c n i re r - ~’ , ‘(~~QniI- ’ . , d r c r , -:t, -d a rd  an t c n - - ’ r  l u  ‘ iJ t i ’  in;

~e ’ )hr ! I’ .1s not onl y rap mol y e 1ev a u’~ to .’  blood k o t :r , r ’ ~~n~~untr~~~j j n ,
cut a ls o incr easer , t mm. ’m r excretion in On e u r; ne (20 . 26 ) .

~
‘
~n d r ’ u - j s l s  o~ v~ ro r u e  ~.a - c r ’iu:ted on O - - ‘o’ .ul u ,~~Su~’ i ’ it

p o s i t i ve  tes t ’ , fo r ~e t o - - u n i d  m c  - -a -
‘ Of  O n  I . e  ~~~ .- - e c O  u~ - r’ O ne c ourse

~~‘ to - ’ s o y a .  (~t p i ’ n d l .  4 )  Pm r’ ,’ -w a ’  .1 si a n lol can ’ i ’  r - r - s .c~ ect  v i ta-
HOfl in the in i J - - n~~- of ‘ ( ‘ O f lu ’ r u  ~h. Q. Q5) . Th . -  O,~ , ’ n , : I’ ) j r l’;c’m .-a’ ,in O
ILAI- uer o, 

~OS 1 0 1  ye  i - t S  a’~ t i ,  S t ud /  pea ; r - - , ~
(.‘U - - 1 -  a 50 ~) ; r ,~ I

( P  0 . 12 5 ) ,
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4) Changes in Bcdy Composi ti on

Tne 2.35 kg loss of cu’,- fat caib ~ . e; W O O  0.20 kg reduct ion
i n  LBM , resul t i r r~ in a 2 .o3 k g l oss t f  -:ean bod ,-- ~e~ ght b y the end
of the study.

The e c f - t r d t e d  0.3 H (a-~ i m l) fiu jc lass r- o io tOe skin. w ouiu
accoun t for the entire 0 .3 ~q loss or ,.c1~ p rej ,c tc d  from bot u skin -
fold conversior. tecrinique’ .~ ana un- ’aer’ .-~ ter ~.“~i t hi n g resul ts.

1~ is un iikel ~ t r a t  - u- - d c  oratua n ‘
~. us u s a  as an endo ’lenous

sourLe of energy to -‘net the oo~ flt ’1 ng ca lo r ic  de r icit. ,rr most coun-
tries , 9— l3 ,t of toe foo l c- rm - - ’ -~-~ i s  b r o v ~~.Ju .uu b’i d ie ;ry protein ( 2 7 ) .
The usage of ca rnor.~- j r - a t~- , fat ,.r - ,’ prote in r ro;,- r . - rat ions was estim-

~teo j I  lAul ~;al . -a ’~8 ~‘di arid 4~~- ~ca1 n .  -- t t -ie ,s (Fo g . ) .  I re
480 kcal (120 g) of put,e~~t ’a 1 too; er,er .3 ,’ a ’et v ~-a trail; pro tein wouic
provide 17 .- c~ the d ’e ra -~u da li - ,’ food ener-j .  Dur ing s t Qr ’va t ’ on . tre
same proportion of the o’ruer -~ as ir , a :icr :,ol di e t is usu c l i y deri~ eu
t ram protein (23). A oS H itiio conta i ns ,ij O-u t 0 ‘ - of protein , and
3- , of this , 300 q, is avai la ble as a lab i le re s,~rvr )29) . - a rese rve
wnich is ut i li rnu befo ’~ S i ’ n i t i - ~~’tt t , j r , u u u  -‘to’ o r ;- tion or wast i r co of
skeletal  musc les 5 i ~~ur (2 8)  ~~~ is ~~~ ‘- . - . - ~ car~ isd  10  O t i C c ,’Lp iasi’:
of ce l ls  of  all organ s , boo ;eoaa: / :‘ a i r l~ o r  tn- a l i ver (28). A e cc e d-
ingly, our subjects W i t ’r a sea . body - “ i - n t  or 81 H. would r 3 v t ~ had a
lab i le  reserve of about 375 ‘

~~~
.

Tl i t ’ t~- ’ - ;c: - ects s u , t a i n c ’ -J 5(6 ~C d i  t’ b i t ’ i t H” t,- a c e  of 7
days . In i t ia l ly ,  ‘Thj t O  of toe ’  a l v o a l o n .  s ta r  .:- , :re ~-~~~~t,e:J- c (23). For
One last 4 days , toerefore , toe 516 ~ca r d ai l , def i cit u- .a~ i-J he -‘et
from oo dy prc - i r :  and fat stores . Abc- -~t 17 ,  of t r i o  S a l l i  J~ f icit
h oul d ae derived from Oh . - lar -ml e -,, ror~- ’r , r~ u ric’ . . . be ‘e~ 1 or 2? 

~o~ protei n d ail / Hr 4 dais. “Th :,no .’ md , :  t nt -’ en: d rier s~ ‘ne ene rgyneeded by d starving roa n , - - ~~ nu s to :e w itt, dr awr o r - on t h e  stores
dail y (28); at ‘

~ Hal/ i  cii ‘id,- ’ lat ,, to is .~ u t d  -i ’ u~ nt to 61 ,~ of

~at da i l y  for 4 day ’~. O.- t a l l  i’~ ~u O in the lu, C i  ,~.ir h o’ ‘ i ’ ~e0 for
erierqy; there is  a requi r’e:’a-nt fj r  2 or 3 ‘ - to r e  - a l e  t u  part of
essent ia l  ~e 11 ~tructu res (2R~ . bur e~ t j O ’  I :;ud~ f t  loss was ‘rach
greater tha n ‘AA g. Nevertheless, tsr: 0 0 0j i of 2. uS ‘o , still le ft
one average Subject w i th  12 K~ O~ urs i ,’ f~~t ~t th.O ’ 11 ) . . . 9 to- 10 kq
ava i lab le  as an energy re ,e rve . T i e  e s t i ’ a ’ u J a i l ,  loss of 22 g of
orotein for 4 days would tc’~~l o ’ t ’  the 375 g l ,~ i le  “e em by on ,- 88 g~leav i ng adt-~ udfe pro tein and ~ S o .or -s ‘o r  ,.lmos t another t.va weeks
at t ’ :c s ane daily def i c i t  :.‘o- f ure sm :r, i~~ic dr t tiss u - ’ Jo’St (uct ion oi’
s ,~ leld l  muscle w a s t i n g  W eulu occur .

Se , l ’ r  S / 0 ’r2 tn t er D5 ~a’~i Ms - ” es t ~ I j C  t ,J r ; ur ia  were observ~ 0in ftv e sut j e~ os ( ‘ .. ., ‘‘ - - 1 , E  . F- ,~~~ , ‘ j O  1 .)) - he e ,- ; ~~, o five - - c-c u’; j O h
I,’ iu’ 9r’ a t t’s t  mn c de~ ce U~ e S  ‘ - ‘ l - , -.uS co j re ,i w l O ’ i  t he oth e r ’s ii:
terms of m i  h i 1 

~uy coi; pc~~1 t i- n ,i’ -; C51d f i ’ i~ ‘- th- i t OLCa ‘ nd ‘HC~~ the
st udy (T - - ble 16) . T oe 1 ruu: c n hi b i t tri ; l r .u 0 t ‘~‘ts- n,~ria nad a q r - - . ter
m r- i t i al body we b o o , w i t ’ s . ‘ a n t i f l  11,’ la ”- o - r  L -  M uf l J O at cui :, :uret t’ .
oa r— the O I , ’ ’: ’ f i V e  toe-n. ‘c’ I the ~ h S O l u L ’ - t’ou/ .vei ’~nt loss (2.6 d r u

___ 
____________
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2.7 ‘H respt -cti ve 1~’) was quit e sim il a r for auts qrouos , the redu ct ion ;
i n  ‘~~an ski Hid thi cKness and Dody fa” loss were consi~ er abi y gr cute r
for the grout’ with f re,luc rt  keto ru r ’ ia (3 .6  inn vs 1.6 mm and 2.8 Kb vs

~ respectively). In tero is of relat ,ve fat loss , however , the two
ur oa~t- were very similar , both demonstrating -a l4~ loss by skinf oid
i .term ’rati on s mi an 18:, lass by underwater esti m ations (Table 16).
-
~ hie °-’r inc idence o~ ket ctour ’a occurring in conjunction witn a yr ’e’ater
~5 l S S  Of  coJy fat was also observed in the cold cnama er study involving
six obese subjects ( 4 ) .  Over the course of 10 days the greatest m c i—
Jence of ketonuria was found in the heav :er and more obese subo ects ~iC- O
tended to a crosser total loss of body fat than the ligoter and “ leaner ”
:,J~ jects (respective fat losses Y 5.1 kg and 4.5  ~~~ Both studies
suggest that heav ier flie r ~~o’ - a greater amount of body fat experience
a greater incidence of kc to n-u r i a  .. . ‘esu l t ing in a greater loss of
total body fat than “lean er ” su bjects when they -wur ~ or ex erc ise in the
cold under s i m i l a r  ci rcu r r s t , uruces . dur ing the ‘ Na ~ V i k i n g  73 ” exerc ’i se
a representative tent ornuç’ (~~r’mJp 1) de :’ ionstrat ec an 52’ , incidence of
~“tonuria ( 3 ) .  ~-,nen t ,fl o ’ si~ ind i vidu al tent gro t”: wer e compared on
too ’  o asis of bod y ,:c:’ooosi tion , it u. s ebserved that the three t en t
groups (Groups 3, 5 -u r ci r )  wit ” the graatest initial amount of body f at
and t,nic k-est skin fold s als o i ncurred the greatest reductio n in; both of
t r : e t C  measurenuents by tru e end of the long range patrcl activities (3).

The main objecti ie if the prese nt study was to ascerta in wnether
i r n ’antrymen wo rkinr 1 i” a sir u l at e d drctic environment would demonstr ate
o ’. su , ,a rjhle losses in hod~ fat to those ,,bserved in 52 infantrymen during
dfl actual Arctic mi ii nry exerc i se ( 3 ) .  0 -~er one week of simulated
Ar ctic :o”-i i tions , S. r u:ni: was a 19 r ’oauct i o- ’, in the mean skinfo id thick-
ness , r-ou iv al er. t to a 2.4 r ’: loss of body fat . . .  -~.- n i l e in the northern
S tUJ-/ the ~o,4 val en * val es were 38 and 4.2 H .‘esn~ c t iv e ly over two
wee k s of ,~.‘.t iv i t . ’ . ~~“, ,~n in t o e  cha mbe r ~~~ 4 5 times more ho cy f a t
tnan ant ic i  t’oted f r’t - : a r- c r l f balance setern i nat ons . w n ’ Ic the 4.2 kg
loss a” bod y fat observed in the no ro , ’ ern stue ,- was a lso comp lete l y’
unexpected . . . since the sub o e cts were in caloric “- a l a r ic o ’ .

— “ —



TABLE 16

~ dor~~~rj sc ’ o  o~
’ fl bserva to ons on

Two Groups of Five lut .oects Each: The donu ip w i t h  t i :
Greatest and the Group with the Least Incidence of ~‘,etonur1a

Mean Values (N=5) 
_________________

VA R IABLE Group ** w i to the Greates t Grou p wi th the Leas t
In c dence of Ketonuria incidence of Ketonuria

- -  

Ski rfo ld ~ Underwater T’’Sk i nfol d Underwate r

Body Fat (kg ) 20 .7 16.7 15.3 12.2
Fat Loss (kg) 2.8 2. 8 1.9 1.9
f Fat Loss 13.5 18.2 13.5 18.1

LBM (kg) , 6-~.7 68.7 61.3 64.4
LBM Change (kg) 4- 0.25 ‘1 + 0. 2 - - 0 :31* 

Ii 
- 0.8

~ LBM Change 0.3 + 0.2 - 1.3 li - 1. 2
I 

- —~~~~~~~

Body Weight (kg) 85.4 76.6

~e - i ght L o ss  (kg ) 2 ,6 2. 7
t~ Weight Loss 3.0 - 3.5

Mean Skinfo id (mm ) 16.3 11.0

Skin fold Loss (mn;) 3. 6 1. 6

% Sk infol i Loss 22.2 14 .6
- Mean Dai ly

Values For:
I laloric Intake

(kc a :) 278 ,3

F l u i d  i r-sa ~ e
(rn’ )  Y ’ i  1Ef ~

Urine Gut)ut
( c - I )  137’  

I 
12 34

_ _ _

~ - Mean ; -j a I .:~ for the t~ iC C PS , s ub sc a;u l- i r ar id s c r ’ail i ac ‘ j r ~~- l~ n

** Suh ,~e,t s I ,5 ,6 ,8 and ‘0



Conclusion

- -ar oc ‘at los -s in ‘e--1ponse to woro in trio’ extreme co ld has been
‘jbser~’ r~,: :u’ m g  huth uc t oa l  and sir’:ule ted Arct~ c ii ii tary exenc i SE-S.

ol e ~2 -“re sust rin ec an estin’ -~ted 4 .2 kg loss of hod ,’ fat dur ing .s 2
wC~~, b r’n ic , d ‘nvolv i r - ~ 4rct ic patrols. 10 men demonstrated a com’roarable
‘)O~ ’ - ,-~,- ,’~ lo- ’..s of 2.4 kn auriro cj a s imu lated p at rc - I...tne equivalent
S if l  ~lc lOS i be i n i ~8 ifl’~ P of m n i~ ’m ri, -’ i n s respectively
S ’  ~~~~~~ e’ 

- y u’al~ r-ce cal cu l at o ons condjct . ea on omen working at these
tenneratures h ail ‘0  ecu ,ate the est imated ene rgy e ’/c -e r- di ture w i t h  O h ’
‘-ic t ..~ l an 1 nrop -. ’: o’t::c mea-, , :neinents of body fo~ ° ocs. ..o ne possible

- l a na t ion is that  t’- e ful~ ca lo r i c  yield Horn ooc~ fat is not real i :’d
when r A  te .~ r’’:O,-~t i 0 f l  bypasses the Krecs cycle wi on ketone body fornation ,
tue t a bol ism and excret ion ( 4 ) .



—.—- —.‘,--‘-—-‘-----“— --—-‘—- —-

~~

- -

~~

— --‘ --- --- -‘-‘—“--.—.. .

‘ Inc ~~~~~~~~~~ of i~~~erj,~~Lj o n  u: ’ LI  s t u C e  I: , , , b~ 1-~mad~r p osi— 1b I e  b y t O t e  d, - ,--o t ej  Ltc- TI t~~- r , L :  .~~‘r ‘ - u  .,b~ - p
~

’ r  , n : i , - l
and Coti in d i n g  O f t  £ ‘ .,e r c f  t i l e  3r d . l O u t  t . , i ion , boy r I
C,-n n cndi ar ,  u~.rg i ~m en t .

Thi- s upp o r t  p r o . ’ i - e d  b y Un’ . I . .  ~~- I ~n - : ‘~ ‘e
D r . K .  Mon&’y and tO r . I’o i - -r  }‘ u:n is e r : u ~~ re ly  a p p r & ’ L  i .~t e d .

In  : iJd:  t i ’ ; u , , I , - S l t j t ,I ’ L , ’ , ’ i a d v i , ,- 1 - I n-~~tn
T) r .  i -O . J .  0-die p h a r d  , i : rO  i)r . ‘-O .~’? . Ld L : t i -’,K 1 .1re  m~t , ’dt  1 ’ ,’
a c k n ow l e d ged.
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TaHe A 1

A ’ a 1 -is ’ s o~ Vo n ia rn ”  for the Tor.-~l 
r~.cJ .cber of Positive

Tests fo” ha -to n- .” a on “en n’mo ~c-c ts f~ r tne f-ev en ~nnrime n t sl L~ yc

I~II,±Ji~IiTiILiIII . ~TIT
Sc:biecfs 9 33.2 3.7 4.02 <0.05

6 26.7 ~.5 4. 86

E r ror f .0 [05 0. 9

Total 
- 

€ 9  ~~~l O ~~~~.d  

_ ,  , ~~~~~~~

- 0 1  —
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DCIE.M

A c ’a~’ w~’e ’~ s Lmula te d  A~ : L L c  m~ I r  t a rv  ex er c i o~’ ~~~n
t o  005L’r vt ’ wI,uther certaiu ~ u vo i o l og i c a 1  changes  o b s e r ve d  dur~~nf
,a - : j ual two week military patrols in the  Canadian s u b a r c ti c  ;ind A r c t c
wo ’,~~d ~ tso occur  w i th in a o u c h  c l ima t i c  f a c i l i ty . ~~~~~ na
studies were conducted; predictions of daily energy expenditurc w,-rt
quite similar for both studies , respective vaiuC.s for the  ac~ u~~i and I
simulated s tu d i e s  being 3358 and 3355 kcal/man/,1,,\ . Whi i t N -  men
in tIre northern stud y were estimated to be in caloric b a l a n c t - , r h ~-

~nlan~ r’- -’nen in the cold c h a m be r  had a u - i il y calorie dy -f Ic i t  “0 ’ - ‘

300 kcal , - i total experiment~i1 . imhaia~i - , ’ caIcui ,-it ’~: t o  he v ’q ali v ah-ITt
t - a 0.5 k,~ loss  of bod y tat. In the — \r ’-tk , 5. ru-n n o’r, -e 3 UI
reduction in mean skinfold thickness , a l~~’as t ’ 0 U I V , ,  I t - n :  t o  a ~~~~~~ kg
lop  i ot  i ca  of r u - a n  bod y fat evr r two we,.’ e ’- , W I  I e : (‘ a ‘i ’ C I C  h a ]  an~ , -  .
~r i t I r e  one week simulated stud y ten AlI t ic tr il l 1, - l i i i , ln t r y n h ’n
comparable one week skinfold loss of 0? . ~- ~ ‘0I t s - d  ~~

- 3 -  “ , 1 U j V — ’

a l e r t  t - ~ 2.4 kg loss of ~ou , ’ C- j t ... - i  v ,110 ,- o .5 e n  greater
than p r c - l i c t ’ -d fr ,- ., €-ne r o ’ ’, N -  d H 3 f l l t ’  s t ( d U I I  s .~”. l’hc ’ i ’ w - ’ ’
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