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Rscent siphasia on the mobility of our military forces under conditions

wt~.re resupply ii difficult has crested new probl.as in provid ing sufficient

food and water for combat personnel to maintain adequate psrfor.~nc.. The

soldier in combat situations for periods up to 10 days must carry his pack ,

radio .qui~~snt, weapon., and an adequate supply of food and water, wh ich is

usually quits heavy and bulky. For year. the military ha. been conearned

about the min imal food intake necessary for effectiv, maintenance of physical

efficiency for varying periods wher, resupply ii impossible.

Complete starvation and calori, restriction have also been utilized by

food faddists (“to clean out the body”), by athletes (to make weight In a

lower wrestling classification), and by the general popula tio n as a u*eana of

body weight reduction. Thos. practices are condemned except when under the

supervision of a competent physician , because of the “r iNk  factors” that may

occur.

Many abnormalities nrc associated with long—term starva t ion  and semi—

starvation. Canadian POW ’a who had been on restricted Intakes in camps in

Singapore and Hong Kong during World War II were studied more than 10 years

after being released (1). Son. of the frequent symptoms observed ineluded

easy fatigabi lity , profuse sweating for no apparent reason , numbness and

• cramps in the calf muscle., loss of ambition , poor vision , •denta , dvapnea on

even the slightest exertion , depr ession , tachycardia , anorexia , OAUNCA ,

restlessness , irritability, and insomnia .

Although marginal nutrit ion and malnut r i t ion  have been known to impair

performance, the extent that work capacity and work product ivity are altered

in th. chronically malnourished individual i. largely unknown . Relatively

few studies ha’. been done on diets ranging between 0 to p000 kcalorte./day ,

~
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which have been advocated for weight  reduction in obesity , In a numb .r of

studies , it has been shown tha t the addition of well -balanced meals given

to malnourished individuals has re.ult.d in an increase in work productiv—

ity . Stearns (2) studied Costa Rican natives working on the Pan Am Highwa y
I

during World War II and showed that their working efficiency and productivity

improved greatly wi th  the addition of well-balanced ineala. Ke l l e ’r and Kr aut

(3) reviewed the German World War 1! data on i ndus t r i a l  performance and re-

stric ted food intakes and reported that a f t e r  the food intake of coal miners

d creaeed by 400 kcal in 1946, the coal production per ton was also decreased.

The same decrease in food intake also resulted in a decreased work production

of steel workers. However , an increase in food allowances of the POW ’s in

Germany resulted in a proportional increase in work production (3).

The long—term calorie restriction study of Keys et al. (4), in young

adults demonstrated the detrimental effects that may occur. The coilsumption

of one—half of the daily calorie allowances to maintain body weight resulted
I

in a 2Y body weight loss in 26 weeks (Fig. 1). Physical work performance

and muscular strength wer e great ly reduced and did not return to norma l until

24 weeks of rehabilitation . Blood h.moglobina and hematocritsi were signifi--

cantly reduced during the restriction period (hemoglohius from 15.1 to 11.7

ga/lOO and hematocri ts  fr om 46.8 to 36 .4t  (Table 1)) . This suggest ed that

body protein was being cataboltz.d .

Short—te rm starvat ion and calorie restriction have also been Inves t i—

gat ed ( 5 - 8 ) .  In on. stud y by Uc.t~ ’he t at al (8) ,  four days of fas ting

result ed in an tnerc.-.•~v o h “rt rat.  and min u te volume with a decr ease in
I
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mechanical efficiency (8) Physical fitness scores were decreased by 40%

~t ms .uggeat.d that when rapid body weight los, exceeded 10% , det ertora-

- 
i lon of ;hysicat work capacity occurred (due to increased an~nias and

car diovascular deficiencies) .

As a result of limited information on normal humans, our laboratory con—
.‘ ity

duc t ed three studies on starvation and calori e restriction (for 10 day .) to
cut

evaluate any metabolic changes that nay occur. The experimental designs

are shown in Table 2.era
In the f i rs t  study, 6 healt hy adult male. between the ages of 21 and 52aced .

years starved for 10 days. Water was available ad lihitum at all time. (5).
t ion

in 
In the second study the subjects were 8 young male volunteer. who engaged

in an intensive physical training program prior to the beginning of the study

(6). The study was then divided into 3 phases, a control period of 8 days,

tion 
a 10—lay period of caloric restr ict ion , and an 8-day rehabi l i ta t ion period .

It ed The subj ects were randomly divided into 2 groups. Group I received no sup—

pleutentatlon and Group II received mineral supplementation . The diet used
~c a

during the restriction period contained 420 kcal/day of carbohydrate. ~norgyuntil
expenditure was maintained at the 3200 keal/day level.

n if i—

In the third stud y the subj ects ware again 8 young male volunteers who

were assigned to two groups of four men (7). The study consisted of three
hat

ha~es , (a) a control per iod of 8 days , in which the non co~~tumed 3600 kcal/

I day, (b) 10 day. of caloric restriction on a ~0&kcal/day diet containing

85 ge of carbohydrate and 40 gut of protein and (c) 8 days of rehabilitation

On a control diet of 3600 keal/ day.  Energy expenditures were ma intained at

the 3600 kcal/day level in the study. ¶

(~I~
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The major problems encountered during 10 days of complete starvation

• were (a) large body weight losses, (b) highly negative water balances re—

suiting in great body hypohydratien , (c) negative nitrogen balances indicat—

ing that excessive body protein was being catabolised , (d) marked ketosi.,

Ce) large mineral losses , and ( f )  abnormal FCG ’s in all subjects during

the experimental phase.

Losses of body water, body protein , and electrolytes have been shown to

decrease mental efficiency, morale, ambition and initiative. The marked

ketosis observed in this study (5) is attributable to carbohydrate rather

than a caloric deficiency. Some studies in the literature have suggested

that the undesirable effects of semi—starvation could be reduced or prevented

with a low calorie antiketogenic diet (9—li). Gamble (9) demonstrated a

sparing effect of glucose up~n nitrogen , water and aodiutn excretion. He

observed that ingestion of 100 gut of carbohydrate reduced body protein losses

to 50 percent from starvation (from 80 to 40 gut of prote in/day) ,  with a sub-

sequent reduction in body water. Bloom (12) reviewed most of this earlier

$ work and concluded tha t carbohydrate metabolism wan intricately involved

in the regulation of salt and water  metabolism .

j As a result the second study was designed to minimise protein catabolism ,

decrease electrolyte excretion , eliminate ketosis , and maintain water balance

by feeding a small quant i ty  of carbohydrate (100 gut) and to observe the e f f e c t

of mineral supplementation upon these metabolic factors.  In this study , al-

though nitrogen balances were not as negative as 10 day. of complete starva—

tion , they were still lar ge , indicating that the e f fec t s  of limited carho—

hydrate upon reducing protein catabolism was minimal . Mineral supplementation

(
~5
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under these conditions did not affect nitrogen balance (6).

Aft.r three day. of carbohydrate alone, mineral losses were reduced

drastically, showing the rapid adaption to the absence of dietary minerals.

Although ECC ’e were normal in all men, EEC’s were abnormal in all men who

did not receive mineral supplementation. From the observed data . ketosis

was completely eliminated wi th only 420 kcal/day,  and it was apparent tha t

to mineral supplementation was very beneficial in sparing water nnd in maintain—

ing mineral balances and normal E~G patterns. However, protein catabolism was

high in both groups suggesting that these low intake levels were inadequate

for active individuals, even for short periods of time .

~ted The third study on subjects consuming 500 kcal/day (including 40 gin of

protein and 85 gut of carbohydrate) wan designed to minimise protein catabolism ,

maintain water and electrolyte balance and prevent ketosis. This was baued

sses on the work of McCracken, et al (13), who showed tha t small quant i t ies  of

ub- di.tery protein (40 gut) reduced protein catabolism in several pat ients  r eceiv—

r ing 600 kcal/day as carbohydrate. Although body water was again grea tly spared

in this study, nitrogen balances were again negative , indicating that this was

the best balance attainable under these conditions (7) .

lise~, Those three studies are sunesarized in Pig. 2 body weights. Fig. 3 fluid

ance balance, and Table 3 ni t rogen balances.

eff e c t

al- During complete starvation the total body weight loss average 7.27 kg or

~va— 9.5% of the body weight. Within 2 days the average body weight gain was 3~fl4

kg indicating a large hydration effect. Although the body weight losses in

ration

L
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the 420 kca]/Jay study were large for both groups during caloric restriction

(8% for Group I and 5.9% for Group II), thsy were less than 9.5% body weight

loss observed during complet. starvation. In the 500 kcal/day study the

body weight losses averaged 8.1 and 7.2% of the initial body weights. These

larger body weight lossea were due primarily to the fairly high daily expendi-

ture and subsequent calorie deficit that occurred. The body weight losses are

• more in th. range observed by Taylor , et a].. (4) whose subjects averaged 7%

decrease in body weight on a 580 kcalorie intake of carbohydrate for a 12—

day p.riod.Thylor’s da ta indica te some beneficial effect of water retention

on a carbohydrate diet alone. n our study, the benef icial effec t of mineral

supplementation in retaining water was apparent, since Group II lost less

body weight than Group I during the caloric restriction period. The beneficial

eff ects of small quantities of carbohydrate in retaining water have also been

conf irmed by others.

The fluid balances were highly negative during starvation , averaging 318

gm/day for the 10—day period . Hydration was large during the first four days

of rehabilitation. This was not unexpected since mineral supplements were not

given during starvation and water is closely associated with body glycogen,

and body protein. The body hypohydracion in the 420 kcal/day study during

days 1 and 2 of caloric restriction for Group I is obvious, but these losses

were still considerably lass than observed during complete starvation, ind i-

cating some sparing of water with small quantities of carbohydrate. However,

these loseea during caloric restriction, were considerably less in Group II,

indicating some additional beneficial effects of water retention by mineral

supplementation .

67
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In the 500 kcal/day study body water losses were minimal, the greatest

~~.r loss being observed in Group I during days 1 to 4 of restriction. The

,.ry limited water loss in Group II during restriction is strongly indicative

•~ the beneficial effects of mineral supplementation and the small quantities of

~grbohydrate and protein being consumed. Rogers et al (10) have also reported

~~~m t the supplementation of sodium salts during fasting would reduce ketonuria

, -~J hypoglycemia and also minimize body hypohy drat ion as indicated by a lesser

~.ight loss.

The body water loss may have been due to some voluntary hypohydration

since the fluid intakes from all sources were decreased during the restriction

~.riod ; however , other factors such as increased urine volumes and decreased

~~ine specific gravities during caloric restriction do not substantiate this

r c nc ep t .  These factors are all indicative of an adequate water supply. Forced

t~~estion of fluids (10, 13) has not been found to be beneficial in decreasing

~~e hypohydration effect;  in fact, it only contributed to an increased urine

.olume as was observed in our study.

Blood , plasma and red blood cell volumes followed the same hypohydrat ion

;‘~tt ern in both groups being significantly decreased (Pig. 4). Decreases in

;l*s~a volumes during starvation are not unusual , having been reported by

t her investigators (14 , 16, 17).

The observation of a decreased plasma volume during fasting is consistent

~.tth the negative water balance that occurred . It is the general opinion that

~-~ring fasting, the extracellular fluid volume is decreased and , as a result,

~~~ ‘ Would expect a proportional decrease in plasma water and an overall de—

~re~ 10 in blood volume. Higher osmolalities and the equilibrium of osmotic

68
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pressur. would make the concomitant excretion of minerals and body water ob-

ligatory. An increase in fluid intake, as was observed , could acconenodate

the larg. quantities of minarals and urea being excreted , without causing

a negativ, fluid balance. The decr.ase in urinary sol ids, due to decreased

urea fo rmation and salt excretion , indicated a reduction in the obligatory

lose of water (9, 18) and this prevented ketosis.

Nitrogen balances did not include any eat itnate s of the ss~eat losses which

would have resulted in larger negative balances. Tile greatest nitrogen loss

occurred du ring starvation , averaging 8.5 gin of n i t rogen/day  or 54 gut of pro-

tein. In the 420 and 500 kcal/day studies, the nitrogen losses ware lower

than in complete starvation , indicating that limited carbohydrate and pro—

tein , with and without mineral supp1etnentat~on , did prevent some body

catabolism . ht ’~;e differences were not quite as high an the 50 percent re-

duction reported by Gamble (9) when he compared starvation and an intake of

400 kcalories of carbohydrate. Quinn, et al (15) , also observed no bene-

fic ial effect or improvement of negative nitrogen balances on intakes up to

900 kcal/day . ~h ’  ir subjects showed a negative nitrogen balance of 7.3 gm/

day for the nine—day study , equivalent to 45.6 gm/protein loss/day .

The great losses of total nitrogen in urine , during caloric restriction ,

are all indicative of catabolism of body protein for gluconeogenesi. and

energy . The subsequent decrease of these substances toward the end of the

10-day period, indicate som e adaptive mechanisms for conserving body protein.

Whether or not these losses of nitrogen are significant in decreasing physical

efficiency of the individual is questionable. ~nm~ studies have 1suggested

69
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tha t the body has labile stores or protein reserves which are read ily 1os~

during adaptation to low protein or low calorie diets.

Physical work capacity was measured at these levels, submaximal (3.4

mph on a 4% grade) , maximal (3.4 mph with a 1% grade rise/minute , until ex-

hausted) and a stamina test (4.0 or 4.5 mph on a 10% grade for 60 minutes).

Pulmonary ventilations, heart rates, maximal work times and oxygen up-

take. in mi/k g/min were essentially unchanged during the entire restriction

periods (Table 4 , 5, Fig. 5). Since the data suggested abnormalities

of hypohyd ration and protein catabolism, this implies that a sustained caloric

deficit would eventually result in a decrease in work ca pac ity as observed

in the Keys et a].. (4) study. Calorie restriction did not produce a decrease

in performance in the stamina teat, even when the body glyco gen stores should

have been depleted.

In the 420 and 500 kcal/day studies the unimpaired performance could

be partially attributed to the loss of excessive body fat , the effect of

the carbohydrate and mineral supplemented diets , that reduce the body weight

and body water losses. These factors acted ~ S a protective mechanism in main-

taining maximal efficiency.

Other significant findings during starvation were decreased diastolic

pressures which suggest decreased cardiovascular activity, and this appears

to be an adaptive mechanism to conserve energy.

The electrocardiograms taken during the last day of fasting were ab—

normal. The AVF and the QRS axis changes were significantly different from

the controls and were considered to reflec t the affects  of a severe stress.

In the Keys, at iii. (4) study, the significant changes were also reported

in the electrocardiograms. These changes which reached their maximum at 12

‘10
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decreas. in amplitud, of all deflection ., and marked shifti to the right of

the QRS and T axes. ” As in our study, thes. changes all r eturned to normal

• aft er rehabilitation.

The data suggest that calori, restriction from 0 to 500 kcal/day should

not be recosmendod due to the significant metabolic and cardiovascular ab—

normalities that occur’.

Th. field test in Panama was a continuation of the calorie restriction

studies. The objectives of this study ware to (a) determine the minimal calorie~

intake that would present unacceptable loss of mental and physical performance

of men on maneuvers; (b) obtain some measure of the decrement in performance

after various periods (up to 10 days) of reduced caloric intake , and (c) t ent

a compact ra tion . The labor.itory studies were quite adequate for the prelin-

m ary observations; however , to evaluate the effects of reduced intake under

• combat patrol activities, a more realistic environment and inU i tary phys ical

activities were utilized . The use of soldiers performing strenuous training

maneuvers prnv I il ’d I n t ( i r l w i  t. ‘t i f.lii i t. wtt rnorc 
~UP 

1 1 Ciii) ic’ I n  r nu - i h i ti~-~ rec ‘fli~)u’ i 151—

~~ in ~’e a measure of r t n y  decrement in performance would provide informs-

tion to off icors regarding the planning of such maneuvers in combat situationS’

In this ntudy , four levels of calorie intake were evaluated on troops at—

climated to a tropical environment.

The daily food intakan averaged 603 , 947 , 1362 , and 330] kcal/day fo r  t~~~

10—day restriction period (Table 6). Protein intakes were low for the restvI~~ I

groups averaging 34.1, 36.7 and 54.4 gm/day f or groups 1, 11 and III. The ~~~~~~~~ ,

def icit exclusive of the sweat losses averaged 3.Z9 and 2.78 gm/day for

groups I and II (or 206 and 174 gm protein for 10 days).

7].
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i i i  t t~ I~smoblobins in the Panama study were essentially unchanged for all groups

j~ring th. entire experimental pha.. (Table 7). However , serum proteins were

.ignificantly different from controls for Croups 1, II and III  (the restricted

1roups) during the same experimental period , suggesting catabolism of body

~~~tnin . The group consuming a normal diet had serum protein values tha t

~~~ essentially unchanged from control values.

Haxinal work capacity measurements included maximal work time in minutes,

~.art rates and oxygen uptake. in m i/k g/ mm . l ) i , ’: t ’  p~ t r~ im i t ~~~~~~ it ~ t uei it I ,

1, ’i l l % ~’ ’ t l t t I \  di t t ’t r t~it t . t t ’ ~ t t i t r i ~1 v~~1 tt t ~ i n  ~i i 1 ~r ttp ~ I~ l n b 1 t  H, :~t t j ’,~-

lu , no dt ’ s r ~~~~~ i t t  Lu ~~~~~~~~~~~ m r  I u~ t.h 1 — d ~iy r ,~ : I ri ~‘t iv~ pr r I od.

The data suggest that dail y intakes be tween 600 to 1400 kca l/ day  may

have been adequate in maintaining physical efficiency during short—term re-

~u 1ction , however , the significant losses of serum protein In the restr icted

gtoups suggest that seine protein catabolism occurred and this may be detrimental

it  continued for longer periods of time .

The british Army study in Malaysia in 1970 was designed to reaffirm

tho 19b 7 lir ttish teat that determined that men could maintain military ef—

(hie ncy when fed a subopt imal diet (20). Two dehydrated ration s were

.vaiuate ,j  — one at a noxina l daily :alorie intake luvel of 3,500 kca l/ day ,

and the second at a calori. restricted level of 1,800 keal/day. The pri—

~~ry obje ctive was to ova3uats these rations as they would affec t the m iii—

Ia ~ y e f f i c i en c y  of troops during maneuvers in a hot j ung le  environment.

fl. secondary interest wan to evaluate the nutrient losses in sweat under

Conditions of great water intakes and sWeat losses.

• 
- 

!.~ 
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Thirty—two young men from the Hong Kong garrison were div ided into

two group. gf 16 men each — one-half receiving the norma l ration (Group I),

and the other half receiving the restricted ration (Group II). Three men

were hospitaliasd early in the study and were eliminated . This resulted

in Groups I and II having 14 and 15 men , respectively.

The study consisted of a): a 10—day heat acclimatization and training

phase in which the men adjusted to the heavy physical activity in the hot ,

humid Malaysian environment ; b) a 3—day control period ; c) a 12-day experi-

mental period In which the men bivouacked in the field arid ate tli t expert-

mental ra tion, and d) a 9-day rehabilitation period.

Food intakes averaged 2974 and 1750 kcal/day for the two groups during

the 12—day experimental phase (Table 9). Protein intakes averaged 79.8 and

55.6 gin/day for the same reep~ctiva groups (1.12 and 0.P0 gm/kg body wt).

Body weight losses were high, averaging 2.39 and 3.90 kg for Groups I and 11

respectively. The body weight loas in the normal Group 1 was apparently due

to the unacceptability of the assault ration. The men consumed 500 kcalories

• less than the 3500 kcalories offered.

Group I nitrogen differences (exclusive of fecal nitrogen losses) were

positive averaging a +1.6 gin/day during the entire restriction phase. How-

ever, the values for Group II showed the opposite, being negative and averaging

a —2.28 gm/day for the entire test phase (Table 30 ) .  Although nitrogen intakes

were considerably higher for Group I during the experimental period (80 and 56

gm/day of protein), the average urinary nitrogen excretions were not aignif i-

can tly different between groups. There appeared to be no significant decreases
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I
or adaptation in nitrogen excretion with continued calorie restriction of

12 days. However , the daily sweat secretions increased as the experimental

period progressed. By days 10-12, the sweat losses increased from 2.10 to

3 1 7  gin/day for Group I and from 2.51 to 3.01 gm/day for Group II. Although

the daily nitrogen intakes of both groups were quite different , the sweat se-

cretions were essentially the same (Table 10).

The blood hemoglobins, hematocrits and serum protein data were not sig-

nificantly different from control values during the 12-day experimental period

(Table 13), and although both groups wore in negative water balance during the

experimental phase, hemoconcentration was not apparent at 12 days. The great-

est portion of the hypohydration occurred within the first 3 experimental

days.

Physical work capacity parameters were essentially unchanged from controls

for each group and essentially unchanged between groups , suggesting limited

a effects of short—term calorie restriction on work performance. The data

es suggested that men could operate adequately on approximately one—half (1750)

• kcalories under conditions of heavy physical activity with profuse sweating.

iging
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SU?*tkRY

A mild case of calorie deficiency in humans is fairly difficult to

diagnose, but the severity of a bad cs~e of calârie deficiency is usually

observed by a large body weight and body water loan , the rapidity of the

weight loss, and other associated findings of calor ie restric tion incl uding

a negative nitrogen (or protein) balance, an anemia, a low—fasting blood

sugar level and a decrease in basal metabolic rate .

Chronic dieting or under nutrition , as observed during body weight reduc-

tion may have other deleterious effects .  A combination of water and food

restriction makes normal renal function even more difficult since it imposes

increased demands for body waste elimination. This could result in a reten—

tion of urea and the development of uremia. Body weight loss must be made

only at the expense of atore A and ~‘X L ~~~~~ iv t~ 1~~ l~ HI :~~i~ tic ’ t ~ u u t  ~‘r , h~ u:

damage (protein catabolism ) can also occur . For example~ during training the

initial body weight loss is dus to a loss of body fat and the elimination of

uoine tissue fluids. During con~inua1 training the process sta
y be reversed since

the person stay gain body weight due to the increase in body protein or muscle

mass.

With calorie restriction below 1000 kcalorie/day, body fat and protein must

be utilized as energy sources i ace t he ma i i i i  ~‘n u i  u t  u~ r ri~~t u ~u 1 hI c~~J ~~~ ri ~ u y m r u

levels require a known quanti ty of protein breakdown. Low antiketogenic diets

with adequate mineral intakes can prevent kotosin , minimize protein catabolism ,

maintain fluid balance and decrease the elactrolyto excretions.

Short—term calorie restriction did not rrdu~’t perfoñtance in the endurance

teat oven when the body glycogen stores should have been depleted . Maximal wot~

capacitie, wor e also not impaired , even though body hypohydra tion and pro tein
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catabolism occurred during the 10—12 days of restriction. However, a sus-

tained calorie deficit would eventually lead to a decrease in physical work

capacity, as in the Keys et al. study (4).

The best restricted diet (short term 10—12 days) must contain a minimum

of 1400 kcalories/day . It should be acceptable, one that the person enjoys

eating, and should provide the daily allowances of all the essential vitamins

and minerals. The diet must contain a minimust of 100 gin carbohydrate and the

daily NRC protein allowances of 0.8 gin/kg body weight.

4

I
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TABLE 1
LONG-TERM SD(I-STARVATION (KEYS I~T AL.)

BI0CHEMU~AL ASPFCTS*

Phase
Control Restriction Weeks Rehabilitation , fls~

Hemoglobin , g/100 15.1 12.6 11.7 12.3 12.8

Hsmatocrit, Z 46.8 36.4 40.2

Serum Protein, g/ 100 6.7 6.4 6.0 6.1 6.4

Uric Acid mg/lOO 3.9 2.8

Blood Volume , Liters 5.30 5.22 4.80

* Nitrogen intakes averaged 7.8 g/day during restriction , balances were nega-
tive by 1.0/day (exclusive of sweat losses) .
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TABLZ 2
CALORI E RESTRICTION STUDIES , 10 DAYS*

EXPERIMENTAL DESIGN

Study I Starvation, 6 men, Age 21—52 years
rays Expenditure 2800—3000 kcal/day

Study II Restriction 420 kcal/day — All Carbohy d rate
3.2 Group I No Supplements — 4 men
6.4 Group II Mineral Supplsments 4 men

Expenditure 3200 kcal/day.

4.80

Study III Restriction 500 kcal/day (85g carbohydrate and 40g protein)

Group I No Supplement. — 4 men
ga- Group II Mineral Supplements 4 men

Expenditure 3600 kcal/day

* Water ad hibitust in all studies. No vitamin supplements.
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TABLE 3
NITROGEN BALANCES , g/HAN/DAY RESTRICTION STUDIES (USAHRNL)*

Phase Starvation 420 keel 500 kcal

Group Group
I II I II

Control
6 days , g/day 0 44.78 +4.51 +1.75 +0.65

Restriction
Total gin Nitrogen
Lost , 10 days —85.0 —62.0 —60.8 —60.6 —54.9

Rehabilitation
Total gin retained,
8 days +43 .22 +42.86 +20.82 +24.20

* These balanced do not include sweat losses.

Group II Mineral Supplemented.
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TABLE 4
- CALORIE RESTRICTION

~ )RK TIME IN MINUTES (MAX IMAL)

• 
Phase Starvation 420 keal. 500 keal.

I II I II

Control 20.8 18.8 2 0 6  18.8 18.5

RestrictiOn, Days 
-

1 18.9

4 20.5 17.2* 17.9

5 18.7 23.6

7 22.2

9 179 19.9

10 20.7 
- 17.9 18.9

Rehabilitation 23.4 17.9 20.1 18.4 19.8

* Significantly different  from control phase .

Group II Mineral Supplemented.
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TABLE S -

CALORIE RESTRICTION
HEART RATES/H IN. MAX IMAL ‘~K)RX

Phase Starvation 420 keel. 500 kesl
I II I ~~~~

Control 196 190 194 178 17’

Restriction , Days

1 197
2 188 190 177 l7~
4 189
3 184* 187 176 17’

7 186

8 180* 182* 177 l7~
10 183

Rehabilitation 177* 180* 182* 178 lS~

* Significantly different from control phase.

Group II Mineral Supplsmented.

1 .

I
I

L 1II~



- - -  ____________________________________________
- — -—- ----- - — --‘ -

~
-

~~~~~~~~- —.- ‘~ •.

TABLE 6
PANAMA - TROPICAL

- 

NUTRIENT INTAXES/DAY*

keal .
GROUPS

17? Nutrients 3. 2 3 4

K Calorie. 603 947 1362 3301

Protein , g. 34.1 34.7 54.4 3.42.0

l7~ Protein g / kg body wt . 0.48 0.48 0.69 2 0 0

175

lfl Body weight changes
kg. 10 days —3.22 —2.92 —2.92 —0.57

l8C

Nitrogen deficit ex—
• clusive of sweat

losses g/day —3.29 —2.78 +0.33 —

* 10 day restriction periods.

j
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TABLE 7
PANAMA — TROPICAL

GROUP

A I
Hsmoglobins g/100

Control 34.8 15.3 15.2 14.5
Day 4 147 15.6 • 15.2 34.8

Day 10 14.8 15.3 14.8 14.6

Serum Proteins C/100 
-

Control 6.6 6.9 6.3 6.4
Day 4 6.3 6.3 5.8* 6.1
Day 10 6.0* 6.3* ~.6* 6.3

I

* Values are significantly different from controls.

I
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TABLE 8
- PANAMA

MAX IMAL ~)RX CAPACITY PARAMETERS*

Work Times Mm
Phase

Restriction Rehabilitation

Control Day 3 Day 9 Day 4

I 20.7 19.1 20,8 20.2

II 22.3 20.0 22.7 22.5

III 22.5 20.7 21.3 21.4

IV 22.] 21.2 20.8 21.2

Heart Rates /Mm

I 188 190 192 188

II 188 186 190 191

III 190 189 189 188

IV 194 188 187 184

Oxygen Uptake. , mi/k g/m m
I

I 43.6 40.4 40.8 
- 

40.2**

11 43.7 42.9 43.2 45.2

III 42.8 43.1 40.9** 41.9

IV 42.6 42.2 42.0 41.6

Balk. test , 3.5 mph with grads increased 12/stir. until exhaustion.

CC Significantly d if f . ran t  from controls at pC .05.
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- TABLE 9
-J

MALAYSIA 1970

- 
NUTRIENT INTAXES/DAY

British Assault Ration Australian Dehyd rated

k calories 2974 1750

Protsin, $ 798 55.6

Protein, s/kg Body Weight 1.12 0.80

7at , g. 107.9 45.4

Carbohydrat., g. 438.0 276.0

body Weight Changes, kg/l2 days — 2.39 — 3.90

*l4ean of 14 mean in each group.
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TABLE 1O

MALAYSIA: SUMMARY NITROGEN DATA, gin/DAY

CROUP I
ed

Intake Output Difference

Urine Sweat

Control. 16.12 9.81 0.76 +5,55

KsstriCtion

Days 1—12 12.76 8.47 2 .68 +1.61
sean/day -

GROUP II

Control 14.45 11.66 0.60 +2.19

Restriction

ays 1—12 8.90 8.40 2.78 —2.28
!~ean/day 

-

‘ These values do not include fecal nitrogen losses.
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TABLE 11

- MALAYSIA 1970

FASTING BLOOD VALUES*

Group I Group II
Control Restriction Control Restrict

Hemoglobins , g/100 15.3 15.1 14.9 14.9

Heiaatocrits, 2 44.0 43.6 41.1 40.6

Serum Protein, g/100 6.1 6.6 6.4 6.6

* Twelve (12) days of restriction — values were not significantly di ff eren t

from controls.
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k U BODY WEIGHT CHANGES kg -

7 8 .

76 1 
STARVA TION 

•..... .. GROUP II + MINERALS 
‘

~~

‘

71 420 K CALORIES/DAY 
-

74 - 500 K CALO RIES/DAY

~~~~~~~~~

I £ ~~~ L I 1 L I I 
— ~~ I I I I I I I

DAYS - 0 1 2 3 4 5 6 7 8 9 7 0 ~~ 2 3 4 5 6 7 8
CON TROL E X P E R I M E N T A L REHABIL ITA TION
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WA TER FLUID BALANCE S gm/mon/ day

- STARVATION

.~700
.800

.400

40O~~
800 -

1700 -

. 1200 4 20 K CALORIES/DA Y
‘800
.400 -

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

800 - —GROUP 1
. 1200 - — — G R O U P  II + M INERALS

‘1200 - 
500 K CALORIES/DA Y _ _ _ _ _

‘800 -

.4 0 0 -  
_ _ _ _

0 — — — — — _

~
_ — — .~~~~

— - 
~~~ 

— - 

—

- 400 - _ _ _ _ _

800 -

1200 —
L I I i I I i I I I

DAYS O 1 2 3 4 5 6 7 8 9 1 0 1 2 3 4 5 6 7 8
CONTROL EX PERIMENTA L REHABILITATION8
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- . CALOR IC REST RICT ION (400 CALORVES )
BLOOD , PLASMA , AND RED CELL VOLUME , ml

ml
6500

6000 
GRO U P

BLOO D
V 0 L U M E 

5500 
. . . 

•0•

400C -

...

PLAS ~~ A 
•••.••.. 

~~~~~~ 

_•••••••_t•••s••p~te. ~~~~

VOLUME

2500

• 
R B C 2000 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

VOLUME

1500

- • 
1000

IOU

C 0AYs 0 5
j CONISOL RESTRICTION NIHASIL ITATION

LL 
- 

-
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- CA LORIE REST RICTION
WORK CAPACITY, OXYGEN UPTAKE , mi/kg/m u,

ROU~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

} STA RVAT I ON

- S n  35

• I 30 SUBMAX.
20 F ~~~~~~~~~~~~~~~~~ 
10

- 

~42O Kco I/day 

~-4• 

E 40 MAX.
WORK GROUP I

>0 ‘•‘~“•“GRQUP II + MINERALS

~ SU8MAX’ 
..
./

•

“ ~~~~~~~~ 

•1,. •
p••

••
~~

••
•

~~

• ..ui/ .500 Kco I/da y

DAYS 0 2 4 6 8 1 0 2 4 6 8
- CONTROL1 RESTRICTION IREHABILITAT ION


