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QUARTERMASTER RESEARCH 6 ENGINE ERINS COMMAND, US ARMY 

orr.cc or thc commanoino s£nci>ial 

NATICK. MAnSACHUSCTT» 

30 S«pterN»r 1957 

Major O^nerAl Andre« T. McNaiaara 
Tha Qoarterfiuator Ckmeral 
Washington 23, D.C. 

Dear Geiuiral HcKsmart: 

IWa study, "Caloric Intake during Prolonged Cold Expowir*," 
Is a report of ono of a series of experiments to assess ths lapact of 
clirsato on tho food r^quireaontc of soldiers. 

The report evaluates the effect of cold on caloric Intake of 
nude, sedentary men, than eliminating the conplicating effects .if 
clothing ard exercise. It vas found that ths daily food Intake »t 
60WP. va a approximately 21% greater tîian et 5û°P The results of 
the ctu-iy irxiictta that vhen asn are continuously chilled tlicy re¬ 
quire rsore food beoauss of tha inerwiaed energy expcnxUture due to 
shivering. 

Application of tîiia study should «ubla plaimera and logistics 
personnel to move oanotly detoraina the fojd raquirecants in cold 
cliffiatos, theraby redacíusg vaste, ani econoftUing in tho Axay supply 
ey steal. 

Sincerely yours. 

1 Inel 
fcP-66 

C. G. CAJXCWAI I 
Brigaiier General, USA* 
CoEsuejiing 

■lLiSjL. 
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Abati«et 

eTP.JuuîIfô?nvf COntiRUOUS cold 8t«,S on caloric Intake and energy 

uiitow & (ir^o?^ u SLd siïrs “n!'l5U‘, ^uvus 
•"d vr* aiowd ¿L'ieaí 'ctlrtíf' Thî* °ÍS “T ^17 atort* 

dd«4"rd 

*.y* the cold P®riod caloric intake was 2&70 Calories/ 
»an/day, .hare was no weight loss for this period. 

26-8 SwW CU/a TOr. Wi^1 l0SS* caloric intalca8 averaged 2661 and 26,8 Calories,aan/day for the control and recovery periods rasnoctU-eW 

dua to non-detectable shiverinraS^ccasionS^rLrshSeríS^Th^e 
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CALORIC I .VTA SE ECR2G PROLONGED COLD BCPCSUaS 

!• Introduction 

It la generally beilered that Ilyin» <n r«ia __ . 
arctic, Arctic, ia associated with caloric intaite» e**‘’ 
than those observed ln aore teaperat« cliLt« Tsí ï f® , 
reported that iaen living In the^h.^—M ’ *ohnson ^ ^rk1 
(-34°C.)) consumed up to 5000 LSS r'cf^f T 1 tea?erat^« -30°?. 
Intakes of 3003 Calories d 

.UÄSTS u ÄÄTS*/?.r^13 * 
f*ct of cold stress from the effect- of Íe " v'° 3eparate t!w ^ 
^iot necessarily be worn. In ad^tlto rC 1’ fi£her5ca8 -lo-^ wich 
-ilnal-s body is cxrosed often be“Í^ t0 the 
envimrjrent. The pre-Kit s^u-'v - ,r' ts *he total arhient 
vicy as variables, in order“to cfct^ actl" 
cold stress wr sa on caloric intake. ^-*ce..._g .he effects of 

2. .Methods 

Five men lived * r. a room at 6Cc? 4'i«¡ ¢.0^ ^ * 
clothing except for cotton shorts ^ rt Í 

Paying cards, reidír.v *~Íí-~ 
1— U u 1 t.ph and relativeJW¿T^ 4T l "l «** 

^ 7-¾ ""Of* v — pn*ceaed and followed by two weeks at «y>» -o-, > -v 
iod, eich subject was allcv.«¿ C"e woe’en . -i« cold per- 

tf c^.w^tions were the -fd 
the following items: fa) a Mrt t ' C -" contain. 
it) bread and butter, (c) st-írch 
Appendix) In addition black coffee 7as .., ,.‘3', jaa’ i Sec Tabla II, 
vitamin supplement v»-  . a * *-n at_ saen ¡s»al ar.c a sulti- 

ained 

vitarin supplement was'^vsr. morning and ivenenv'' 'if" ^ 3 

-- ^ “ -cilf 

. “ *• m ^ ^ ^ 

• • m 
■>V.\MvV.V.W 

However, recent work has indita*«d t»i3+ , 
fluer.ee on. the caloric intake of soldier^n r ^ 
a g!-oup of s'«!! living in the suhs'wi- ^ thS id Ia these studies 
.l«u,r d,ll? .Ctwfi.. SVSLrt N*-““ 

h' f “P ljl “e Arctic cor.,™>d ire. 600 ta Sœ'caÜrff °“í thil *lt!‘°’‘Si' 
the desert group, the higher caloric intake in * ?*r day thaa 
related to a greater energy »xper^« ira- *wí¡^ •-— -^--arc.ic appeared to be 
b ranee of Arctic clo.hing^nd^^!’^3,VaS ^1^7 to the erxu*- 
-.ne; th, ™,. “t2h"- t“f™c" rsr ew 
resting oxygen consumption ffno) . ,°^d’ It ^ fo^ that 
during the course o'- the dav «<1 - 7 =^Tortacle ambient conditions 
V« aiaUar In th,L cfLÏfl “* >V cil».j th.t 1,, 70j 

•"* Mm vfj. • ^ 
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records were kept of the amount of each coaponent eaten and caloric intnkes 
wer« calculated from these records. 

Resting oxjrgen consumption '*» aeasuisfd at i.it^rvals Airing th-- 
day with a Sanborn Waterless Hetabulator. These values were used to calcu¬ 
late energy expenditure. Nude body weights wore measured each morning after 
the subject had voided. 

3. Results 

For the purposes of this paper, the first 6 days of the control period 
will ba disregarded, since this was a transition period between a convention¬ 
al diet and the one used in this study. Caloric intake during the second 
week of the control period averaged 2287 Caleries/man/day (Figure land < able IV, 
Appendix); the daily individual Intake ranged from 1539 to 2874 Calories. 
Body vwight loss during the same period averaged 1.75 Kg/rcan (Figure 2 and 
Table III, Appendix). 

During the cold period caloric intake Increased. The mean daily intake 
was 2870 Calorles/man; the dally individual intake ranged from 1331 to 4173 
Calories. There was no change in mean body weight during this period; mean 
body weights on the first and last day of the cola period were 67.83 and 
67.76 Kg, respectively. 

- During the recovery period caloric intake again fell off. The nenn 
daily intake was 2405 Culcries/Wi; the daily ir.Jtviduai intake ranged from 
II46 to 3257 Calories. Body weight decreased an average of 0.9 Kg/man dur¬ 
ing the recovery psriod. Thus, the aec ingested an average of 525 Calories/ 
man/day core in the cold than in the control and rerevery periods. 

Energy expenditure was calculated for the twelve hours of the day 
covered by'ceasurejnents ef $02- These calculations do not include the extra 
energy expenditure above resting, e.g , eating (aurifie d^-nacic action 
peika), getting washed. Table ï shews tnat resc-g energy expenditures dur¬ 
ing the day in the control, cold, and recovery periods were 874, lOjO, aiiu 385 
Calories/nan/Jny, resjwctively. There «s, therefore, an average increase 
in energy expenditure of I4O Caloriet.ra. tr* the co.d peri.od. 

In order to estimate caloric turnover, a correction must be applied lor 
the caloric equivalent of any weight ch.j-.cet wij.cn occur during an experi- 
mental per.od. Buch corrections were aide for 'he »s-ight lost during the 
control and recovery periods; since the.e w^a eei'siiLiaily no weight change 
in the cold, no rorrection was applied t-j the obt.ervtd caloric intake dur¬ 
ing that period. T!ie Caloric equivaler*-, for welgnt loss has been taken as 
3.5 Calories per gram: this represents « a/era.- of .alues cited by 
othersThe corrected caloric intake was .alrulated for ^he last 7 
days of the control period and for all days of th- recovery period. Wien 
caloric intakes are thus corrected, the intakes for the control and recov¬ 
ery periods were 2661 and 2678 Calories/»an/day, rv.'j'ectively (Table 1). 

2 



I«. ” 

* 

•--i.— 

h) 

" ; hr * j«;s1 çiwy 

B 

v:' 

1 

r 
v' 
1' 

Figura 1. Daily calorie intare. Pointa represent tha 
- ao&na ot 5 *00. 

N .XA .'•l'-'V ' 

,;■■ ,"v 

"T? 1 y ""t'-T'- ■■- ' :*^5' 'fl 

«T 

-;/.\vv.v:vc, -:-:¾ 

- V X-As/.i-. V V 

•V -"•X' ix'-xv''-*'"'.-"’ '■ / 

r. 

_i « 
A u'- -> V- ;*v-. 
.V..-. V’ .-.V* . 

1 ^ *v ^ ^ x • *■ ■ ■ ■» *, « • «, 1 

1 •'» \ \/ "v * ”■»'* ■/ -, -/| */ 

■ V. 

v*- .** ' 

■ ■* r 
. * . ,-. ■/. \ 

■ x 

\> 1 
* »''i, “, »«* , ■! w ► . *, 

? '.■ v v * x 
'/*• *.« *,* 

î‘ .t' '■ 

M-1. , ot. 

.TT-T’i.".X I w. 

• ^ « *** x'- •‘TW ’ M - V - .Vj. - L-% 
.*•' -V'- •"* .S'i-' •■• ■> V"r 

• - -j'oV Xv.S v' vi -1 -L-.V" y. 

"^'■T-'":"""-.": v ^ mIIIB ,..,,,,, 



TO 

í: 

P-: 

■ 

làb ¿M 

i ^iT* *m^ym «■•<wmml" IP"«""»«»' 

The corrected chww ln caloric intake b-tw-.n ,on^í __ , 
Period, is, therefore, 200 Calorie», which aríe« wíÍÍ COlä 
obtaimd from Vo¿ rr.ea»ureaient. agrees well with the result* 

k. Discussion 

eoor/ÄY^- lluTJrLT '^’T l° * W 
«4> ehovo th.t v!,«„ nudo and oodontar, 1*’”r*U'T 
for a prolonged period of tiso there'll« ». ; ' ®xpf!’ed to this terperatur* 
aean s'oin ter.poraturo nay fali’ao twch ao 7 ílat:waí(i« and 
al 7* to W. Prolonged cSíYí“áh.;’ ' W ^ «.at ob«rv«l 

than that experienced under most condition, ifthe^ubÍcM^ 
wanrly dressed when outdoors and are ex-x^sed tf f,! e 'U ’ ““ ar* 
of tixe.-.S Ther8f u ‘ ?v ° C^d f0r Cfü7 short period* 

C£ » on caloric lntaY,YuVYrÍY L Y.!'"''-’ °f “ld 
recognised that inore severe chillinjt woulfri^y1^ present «tudy. It i* 
in energy expenditure and caloric if*ake thf ^ly c,tUM a «realer increas* 
However, it is questionable whether ¡core^ this study, 
tolerated for praloi *d periods. ‘' ' a ly greater cold stress could b* 

Pro» the results p: «uted here it would aoiwar tv, * 
caloric intake in th- coxd Is associated witK the lncrea»«i* 
in« VC2 (Table I), the latter probabÍ beff tn ae‘fJr<id Crease in rest- 
activity, e.g., non-delectabL^^Î ^ ocLT ^ ? lacr€“ed —-1« 
Although the increas* in Vo2 was based on n,;,» 1 fr*r‘k 3hi7erla«* 
the 12 daytise hours, it is l^ely^W °fa^d only duri^ 
nun, represents the total di^feren-e for'tt «ase, about li,0 Calories/ 
th, comfort ably ^ !?«f f-*™ =«*. 
was probably not different fren thnt of correeÍtÍréI°S ''i th”* 
period. . torresp3.,ditig hours of the centre! 

»PPsre êsboretojy condi,i, 
.rnv.ue, ere «« «Wl» dill 

o,h.retie end den .n„re,tien,, i, due .eYy'to'S, VrL 
1=7-3.1 by «.e Cd«.rre., ,rette clothing „or/YcS ÜZL'*"« «* 
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TABLE I: 5>yXXS7 OP CAIXRIC 2T«2 AXO BGâOT UPSCDirjlS 
(aoajj of 5 *en; 

Calorie Intake 
(Calorlaa/aan/day 

Contre! 

2237 

Pari >J 
Cold 

2370 

Weight Lo*a 
( Gfaa/aan/day) 107 

Caloric SqpaiTalent 
of Weight Lose 
(Calorie s/aan/day 

72 

Corrected Caloric Intake 
( Calories/aan/day) 

m 

2661 

0 

2370 

Besting Energy Expenditure 
During 12 Daytime Hours 
(Calories/aan) 894 

TAPIS Hr ÄTTRITITS ? AH'S3 PCS ?Û0^ P23 

(fl 
Arerage Starch 

oP 4 Jelly 
Jans 

1030 

IX COLD ŒMŒSa S'. 

325 

LUT 

bar 

HI-Cal orle 
flavored 
dry silk 

powder 

Bread ar.tsr 

H20 

Ash 

Pat 

Protein 

Cart-o'r.ydrate 

Calcio«, ag. 

Iren, ag. 

Sodiua, *g. 

23.73 

0.21 

0.63 

0.32 

70.11 

6.6 

'.4 

12.90 

0.02 

0.39 

0,04 

36.65 

6.8 

0.5 

1.00 

■ 5.26 

21.33 

24.5C 

47.36 

900.0 

• :.c 

0.3C 

34.73 

1.91 

3.36 

3.13 

51.32 

33.2 

1.9 

o.r 

16.03 

2.% 

31.12 

C.51 

0 

46.1 

0.^3 

Caloric density, (Cal./ga.) 2.37 3.5c 
4.84 2.?0 7.32 
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