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Introduction

Popular belief is that an individual must be well nourished to be a pro-
ductive and efficient worker. Developing agricultural countries must
depend on both the productivity and efficiency of peasants who em-
ploy rudimentary techniques for the exploitation of the earth. Depen-
dency on the physical working capacity of peasants is particularly
critical at the family level in areas where subsistence economy is the
rule, and the land which provides the only family income is divided into
small parcels.

In spite of the vital importance, both at family and national levels,
of clarifying the role-of nutrition in the physical working capacity of
populations whose nutrition has been chronically suboptimal, very little
research effort has been devoted to this area. It is still not known
whether men who have lived for years in a condition of suboptimal
nutrition are or can be efficient, productive agricultural workers, or
whether improved nutrition in these adults would result in better work-
ing capacity.

The capacity to work and the productivity of social groups depend
on a complexity of factors, socioeconomic, environmental, educational,
nutritional and physiological. To discuss each one of these in its role as
a determinant of work output and productivity is beyond the scope of
this report. Only some nutritional and physiological aspects related to
body composition and physical working capacity will be considered.

The relation between nutrition and working efficiency has been
recently reviewed by Lowenstein in 1968' and by the Food and Agri-
culture Organization (FAQ),? and Keller and Kraut in 19623. These
authors strongly suggest that well nourished workers are more efficient
than those marginally nourished and that a poor dietary intake leads to
reduced capacity to perform physical work. In 1949% it was stated that
people who suffered from malnutrition in their childhood often did not
seem able to attain a satisfactory physical working capacity, even if
their dietary intake as adults had become adequate.

* This work was supported by grant No. DA-49-193-MD-2664 from the U.S.
Army Medical Research & Development Command.
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The evidence upon which such conclusions are based vary from
subjective, qualitative impressions,’ some of which are widely cited in
spite of the lack of scientific rigor,® to very seriously conducted scien-
tific studies.”® The scientific data available, however, must be charac-
terized as to the populations studied and conditions of the experiments.
The studies of Keys et al.” were conducted in previously well nourished
adults who underwent a relatively acute period of semistarvation.
Kraut's investigations® were also done on previously well nourished
subjects who suffered from a restricted intake during the Second World
War. Work output was measured in terms of industrial production, and
the impact of nutrition and physical effort on health was evaluated by
the weight changes that took place concomitant to variations in caloric
intake.

Wyndham et al.? reported that African miners responded with both
an increase in weight and maximal oxygen consumption to an improved
dietary intake and to a stable, regular job which demanded physical
effort. From the work of Kraut and Mller,!® which stressed the im-
portance of adequate intakes of protein and calories required to achieve
increased muscularity brought about by physical training, it can be
inferred that improved nutrition was a major factor in the betterment
of the physical capacity of the African miners.

Very few reports have come to our attention on the working effi-
ciency of adults suboptimally nourished over a long period of time. The
work of Cullumbine' ' and that of Phillips! 2 indicate that there is very
little difference between the working efficiency of Ceylonese and
Nigerian subjects and that of European subjects. {n contrast
Ramanamurthy and Dakshayani’ ® show that the basal metabolic rate
and the energy cost of heavy work is lower in Hindus than in Euro-
peans. Unfortunately, detailed body composition determinations were
not performed in any of these studies to clarify the reasons for the
differences or the similarities observed among the various populations.

In a recent study, Areskog, Selinus, and Vahlquist et al.! * found that
the work output required to reach a constant heart rate of 170 per
minute was lower among Eth{opian workers than in Swedish controls
when expressed in absolute terms; but the difference between these two
populations was very small when work output was expressed on a per
kilo basis. The same phenomenon occurred when Ethiopian workers
and military cadets were compared in Ethiopia.

Detailed body composition studies in otherwise healthy adults
suffering chronic malnutrition have not been found, although there is
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abundant literature on the physical and anthropometric characteristics
of these populations.! 57! 3

Objectives The primary aim of these investigations, which are being
pursued at the Physiology Laboratory of the Biomedical Division of the
Institute of Nutrition of Central America and Panama (INCAP}, is to
determine the relation between nutrition and working capacity in
adults poorly nourished for a long time, who are representative of a
great number of men in developing areas. Through these studies scien-
tific evidence will emerge on the protein-calorie nutrition of these
populations, on their capacity to perform physical work, and on the
effect of past and present nutrition on body composition and working
efficiency.

Experimental Design

Four groups of young adult male volunteers were chosen for this study.
The reference group consisted of cadets from the military academy who
belonged to middle- or high-socioeconomic levels and who had always
consumed an excellent diet and were physically fit. A group of peasants
with a history of very poor nutrition who were still inadegquately
nourished, and two groups of peasants with poor nutritiona! back-
grounds but adequate current dietary intake, constituted the other
population groups studied. One of the fatter groups had received a
dietary supplement for 3 years prior to being studied. Comparisons
among groups with different nutritional backgrounds and current
intakes provide information on the relative importance of past and
present nutritional status and working performance.

The body composition of population groups was chosen as the pri-
mary indicator for quantifying protein and calorie nutriture. Dietary
studies of the populations provided another parameter by which to
estimate the state of nutrition. Both techniques suffer from limita-
tions in defining a dynamic, functional state of nutrition, unless protein
and calorie balances and a series of physiological measurements, leading
to an estimation of functional capacity, are obtained in the same popu-
lation groups. Therefore as an addition to these studies and of impor-
tance in itself, physical working capacity was also investigated in the
field, under natural conditions, and in the laboratory, under standard
conditions. In the field, energy cost of work and calorie balances were
obtained through careful time-motion studies, collection of excreta,
nutrient intake measuremnients at individual levels, and accurate mea-
surements of weight changes during the period of study.
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In the laboratory, accurate measurements of a series of physiological
functions were obtained under standardized conditions to estimate the
working capacity, exercise tolerance and physical fitness of the sub-
jects. Ideally, subjects participating in a study of this sort should have
the same degree of training or physical activity, should work and live
under similar environments with regard to altitude and climate, and
should be enthusiastic about taking part in the study. To the best of
our abilities the populations chosen for this study fulfilled these three
basic conditions. All the subjects were volunteers who were highly
motivated by the investigators, carefully explaining to them the impor-
tance of the work being performed in the field and in the laboratory,
and by making them compete with each other when maximal work
tests were performed. The groups of subjects to be studied met with the
investigators several times before the study to acquire rapport and to
establish friendship.

Two groups of peasants were the subjects in time-motion studies.
These were performed in their own environment, during the early part
of the rainy season, when daily temperatures ranged from 14° to 32°C.
with mean temperatures of 21° to 26°C. Only 1% months after the
completion of the field studies were the subjects brought to INCAP’s
Physiology Laboratory for detailed body composition determinations
and standard exercise tests. Their weight was the same as when the
time-motion experiments started.

At INCAP all the subjects were housed in the sleeping quarters of
the Laboratory for one week; during this time they received an intake
equal to their habitual diets.

Unfortunately, some of the subjects failed to meet the demands
required by some of the tests performed. For example, some could not
relax while basal oxygen consumption was being measured. Others were
not able to follow simple instructions while under water for the body
density determinations, and others did not do their best on maximal
excercise tests. Whenever doubt arose as to the optimal conditions of
any test, it was discounted.

Description of the Subjects The subjects were healthy according to a
thorough clinical examination. Their hemoglobin concentrations were
above 13 g/100 ml and their serum proteins were within normal levels.
Some of the characteristics of the groups studied are summarized in
Table 1.

Twenty-three cadets took part in detailed body-composition and
work-physiology studies. They had been in the military academy for at
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Table 1 Characteristics of the groups of subjects studied

Socioeconomic  Nutritional Present Physical
Group status background intake work
Military cadets Middle—Righ Good Very Good Active
(sports, drill)
Supplemented peons Low Poor Good Active
(agricultural)
Soldiers Low Poor Adequate  Moderate
{army)
Recruits Low Poor Adequate  Active

(agricultural)

San Antonio La Paz
(S.A.P) Very Low Very Poor Poor Active
{agricultural}

least 2 years. Another group of twelve cadets participated in a longitu-
dinal body composition investigation. They were studied on admission
to the military school and again 8 to 16 months after admission.

The other four groups of young peasants belonged to the rural popu-
lation of Guatemala whose sociceconomic status is low or very low.

(1) The peons who received supplementation, 19 in all, were employed on
a farm where, for the 3 years prior to the study higher than average
wages were paid, cow's milk was easily available, and a supplement of,
Incaparina, which supplied 5.5 g of high quality protein and 250
calories, was administered to them daily. {2) The recruits are represen-
tative of typical healthy peasants; they were studied within 2 weeks of
being drafted. Twenty-seven recruits took part in the detailed body
composition and work physiology investigations and only 17n the
body composition studies. (3) This last group of recruits was restudied
after they had been in the army for 16 months and constitute the
sample of soldiers. Only body composition studies were performed in
this group. (4) The peasants from San Antonio La Paz (S.A.P.), total-
ling 20, belonged to a particularly poor community located in an arid
region of Guatemala.

With few exceptions, none of the recruits were subjected to a change
in altitude when being brought to Guatemala City for the work physi-
ology studies. The few recruits who came from other altitudes had been
in the city for at least one week before the study began.

The recruits, the peasants receiving dietary supplements, and the
S.A.P. groups had all been engaged in physically hard agricultural prac-
tices using rudimentary nonmechanized techniques. According to the
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soldiers, their physical activity while in the army was substantially less
than their agricultural work at home. Three of the subjects in these four

groups gave a history of severe protein-calorie malnutrition in child-
hood.

Methods

Dietary Evaluation: Dietary intakes were assessed as follows: cadets and
soldiers by inventory method and composite analysis of representative
diets; supplemented peons and S.A.P. subjects, by individual daily
intake records, with weighing of the food actually consumed and com-
posite analysis of representative diets. The recruits’ intakes were ob-
tained by recall. Their protein and calorie intake before joining the
army was assumed to be as follows, based on the Guatemalan dietary
survey carried out in 1965" ®: 3100 calories: 88 g protein, of which 18
percent was of high biological value.

Estimation of Caloric Expenditure The caloric expenditure of soldiers
and cadets was estimated by daily time Tecords of activities, which were
verified during the study by direct supervision on random days. In the
groups of supplemented peons and S.A.P. subjects, a careful time-
motion study was carried out for 3 to 6 days while they were perform-
ing their usual occupations in their own environment. Since in the S.A.P.
group this practice resulted in an obvious effort to appear very active
and also in clearly negative caloric balances and loss of body weight,
their usual caloric expenditure has been assumed to equal their intake.
The same assumption (caloric expenditure = caloric intake) has been
used to express the caloric expenditure of the recruits. This is justified
because on careful questioning, all of the recruits reported stable
weights for several months before joining the army.

The energy cost of work during every type of activity in which the
subjects were engaged was measured by means of indirect calorimetry
using the Muller-Franz respirometer?® and by determination of oxy-
gen consumption and CO, production in a collected sample of expired
air, as well as in ambient air. By multiplying the time spent in each
activity by the caloric expenditure for that activity, in each subject, a
total estimate of caloric expenditure was obtained.

Each subject’s weight was obtained at intervals during the time-
motion studies, always including early morning weights under the fol-
lowing conditions: nude, fasting; and with empty urinary bladder.
These weights were also obtained immediately before and at the end of
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the time-motion study. A careful record of weights of both total intake
and excreta were obtained while the subjects were being followed.

The following techniques have been used for the study of body
composition:

Anthropometry, with emphasis on bony diameters to estimate
skeletal weight, and estimation of bone minerals by applying Matiegka’s
formula?! on skeletal weight, modified by Allen and Krzywicki*? to
assess bone mineral content.

Body density was measured by underwater weighing, following the
general principles outlined by several investigators.? >

Total body water and extracellular water were estimated by the
distribution spaces of antipyrine and thiocyanate.?**?* The thio-
cyanate space was corrected by a factor of 0.93 to equate it to the
inulin space.?®

Urinary creatinine was determined in at least three 24-hour collec-
tions by the method of Clark and Thompson.2?

Lean body mass and adiposity were calculated by the formula of
Brozek et al.,>® based on body density; cell mass by the formula of
Grande, Anderson, and Keys,?? based on intracellular water; muscle
mass by assuming that 1 g of urinary creatinine equals 17.9 kg of
muscle;3? and fat and cell residue by the method of Allen et al.3!

Basal oxygen consumption was measured in an open system, collec-
ting duplicate samples of expired air for 10 minutes in Douglas bags on
two consecutive days. Simultaneous samples of ambient air were also
obtained to arrive at the true oxygen consumption and CO, produc-
tion.3?

Maximal exercise was accomplished by having subjects walk on a
treadmill at a speed of 5.4 km per hour, for the first 4 minutes ata 4
percent grade, then increasing the grade 1 percent per minute until a 19
percent grade was achieved, maintaining this grade until the subject was
exhausted. The subjects were highly motivated, all reaching heart rates
above 180 per minute. Expired air was collected serially and con-
tinuously for 5-minute periods and for the last minute of exercise in a
chain of Douglas bags, except in the group of recruits where only air
expired in the last minute of exercise was collected. Ambient air was
collected periodically during exercise.

In all the gas samples, volume corrected for temperature and baro-
metric pressure was obtained and O, and CO, content were determined
by the Scholander microtechnique,®® or by O, and CO, electrodes
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(amperometric for O, and potentiometric for CO, ) with periodic
checks in the Scholander apparatus.

Maximal aerobic capacity was determined by plotting oxygen con-
sumption during exercise to determine the maximum oxygen consump-
tion.** The oxygen consumption during the last minute of exercise
was on the average 5.6 percent less than the maximal oxygen consump-
tion obtained by serial sampling of expired air. Consequently, the last
minute expired air values of the recruits were corrected by this factor
to obtain the maximal aerobic capacity.

Results

Dietary Studies Table 2 shows the daily nutrient intake and caloric
expenditure of the groups studied. The highest caloric intake is that of
the supplemented peons and the lowest that of the S.A.P. group. Mea-
sured caloric expenditures correspond to caloric intake in cadets and
supplemented peons. In the group of soldiers, however, caloric expendi-
ture is lower than intake and also lower than the calculated expenditure
of recruits (representative of the general adult, healthy agricultural
peon of Guatemala).

Total protein intake appears adequate; however, the percent of high
biological value protein consumed by the S.A.P. group is only 8 per-
cent.

Table 2  Average daily nutrient intake and caloric expenditure of the groups of
subjects studied

Caloric Protein (g/24 h) _
Mineral
% High and
biological vitamin
Group Intake Expenditure Total value deficiencies
Cadets 3279 3200 112 44 None
Supplemented
peons 3446 3450 106 26 None
Soldiers 3171 2700 a5 21 Vitamin A
riboflavin
Recruits 3100 3100 88 18 Vitamin A
riboflavin

San Antonio
La Paz (S.A.P.) 2693 2700 82 8 Vitamin A
riboflavin




Table 3 Anthropometric characteristics and body composition of the groups of subjects studied

Weight Percent of Weight

Grams/cm height

Lean Lean
Age Weight Height Height body Muscle Body Muscle
Group {yr) (kg) {em) (a/em) mass mass Adiposity mass mass Adiposity
Cadets 18.8* 60.82 165.8 366 87.6 47.2 124 320 167 46
(N =22}t {1.9) {5.20) (4.9) (26) (3.7) (4.3) (3.0} (26) (22) (4)
N = (23} N = (23)
Supplemented
peons 25.8 57.78 161.2 358 87.4 40.2 12.6 313 145 45
(N=090) (9.0) (4.48) (4.1) (25} {3.2) {5.6) {3.2) {19) (27) (3)
N=1{12) N={12)
Recruits 20.1 52.54 160.8 326 87.1 41.1 129 284 135 42
(N =22} (3.2) (5.28) (5.7) (25) (3.0) {(4.0) (3.0} {22) (16) (3)
San Antonio
La Paz 18.6 50.77 158.5 320 91.9 36.2 8.1 294 119 26
(N =16) (2.6) (4.10} (5.1) (22) (3.3} (6.8} (3.8} (24) (23) {2)

* Mean (Standard deviation).
t+ N = Number of subjects.
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With the exception of the cadets and the supplemepted peons, all
the groups had intakes of vitamin A and riboflavin lower than the
recommended allowances for these vitamins, but none presented clinical
signs of deficiency.

Body Composition Some anthropometric and body composition charac-
teristics of the groups studied are presented in Tables 3 and 4.

The ages of the subjects varied between 17 and 27 years. Only one
supplemented peon, whao was lean and physically fit, was 38 years old.
No detectable influence of age on body composition or physical perfor-
mance was found in the subjects within each group.

The weight-height ratio clearly differentiates the cadets and supple-
mented peons from the recruits and S.A.P. subjects. The difference
persists in the amount of lean body mass per cm height of the various
groups but it disappears when lean body mass or adiposity are ex-
pressed as percent of body weight. These last expressions of the two
major body compartments as well as adiposity/cm height characterize
the S.A.P. group as being extremely lean.

Further breakdown of body constituepts into bone mineral, water,
fat and cell residue (Table 4) expands the results shown in Table 3.

Bone mineral contributes more of the lean body mass in recruits and
S.A.P. subjects than in cadets and supplemented peons. Overhydration

Table 4 Body compasition of the groups of subjects studied

Percent of weight Grams/cm height

Bone Cell Cell
Group mineral Water Fat residue Fat residue
Cadets 5.60* 64.15 12.86 17.17 48.26 63.12
(N =22)1 (0.44} (2.38) (3.59) (1.86) (11.21)  (9.51)
Supplemented
peons 5.70 68.18 10.40 15.71 37.45 56.21
{(N=9) (0.32) {5.47) (5.02) (1.78) (18.70) (2.02)
Recruits 6.02 66.04 12.51 15.44 40,54 5032
(N =22) (0.40) (2.44) (2.77) (1.58) (10.46) {6.93)
San Antonio
La Paz 6.11 73.66 4.16 16.07 13.15 51.60
(N =16) (0.59) (1.54) (2.20) (2.38) (6.92) (9.29)

* Mean (Standard deviation).
1 N = Number of subjects
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and very little fat are evident in the S.A.P. group. Cell residue and
fat/cm height are higher in the cadets than in the other groups.

The longitudinal changes in body composition that took place in
recruits and newly admitted cadets during their stay in the military
institution are depicted in Figure 1. The average cadet became leaner,
increasing his lean body mass and cell mass during his stay in the mili-
tary school. In contrast, adiposity in the recruits increased substantially
while lean body mass, muscle mass, and cell mass showed a small decli-
ning trend.

In summary, the results of the body composition studies indicate
that the cadets had the highest lean body mass, muscle mass, cell resi-
due, adiposity and fat/unit height, while the peasants from S.A.P. had
the least amount of adiposity and muscle. In percent weight, this latter
group had more bone mineral and water, less fat, and the same cell
residue as all the other groups. The S.A.P. group, per unit height, had
less fat, was not overhydrated, and the bone mineral and cell residue,
although lower than the other groups, was similar to that of the re-
cruits.

Interesting comparisons can be established between the supplemen-
ted peons and the recruits. The first group appears to have more lean
body mass, muscle mass, water and cell residue than the second, while
in terms of adiposity and fat both groups are very similar. These
changes in the supplemented peon group contrast with those observed
in the soldiers who, during their stay in the army, gained fat and tended
to decrease their lean body mass, muscle mass and cell mass. These
changes in the soldiers also contrast with those observed in the cadets
who, after a short time at the military school, gained lean body mass,
muscularity and cell mass, and lost fat.

Physical Performance Under Standard Laboratory Conditions The
results presented in this section are only a small part of a series of phys-
iological and biochemical parameters that have been measured in the
groups of cadets, supplemented peons, recruits and S.A.P. peasants
studied in the Physiology Laboratory of the Biomedical Division of
INCAP, under standard maximal exercise conditions on a treadmill.

The amount of work performed by the various groups of subjects
before exhaustion is depicted in Figure 2. The peasants from S.A.P.
worked less than the other groups, while the supplemented peons pro-
duced more kilogrameters of work before exhaustion. The variation
within each group was large, so that the differences are not statistically
significant. The poorest performances, however, were observed in the
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Figure 1. Changes in body composition in Guatemala Army personnel with time spent in the Army.
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S.A.P. group, where 37 percent of the subjects were exhausted very soon
after they reached maximal aerobic capacity, compared to 12 and 16
percent of the subjects in the other groups.

In absolute terms, maximal oxygen consumption was greater in the
cadets and least in the S.A.P. peasants {Figure 2); however, an analysis
of both basal oxygen consumption and maximal aerobic capacity in
terms of body weight, lean body mass and cell residue (Figure 3) results
in a different picture. Based on nutritional background, nutrition dur-
ing the study, body composition and physical training, the cadets are
depicted as the reference group to which the others are compared.

The outstanding features of the data presented in this figure are (a)
that basal oxygen consumption and maximal aerobic capacity followed
the same trend for each group of peasants, when compared to the
cadets, regardless of whether they are expressed per unit of body
weight, lean body mass or cell residue; (b) that in terms of oxygen
consumption, per kg body weight or per kg of lean body mass, the
cadets consumed more oxygen, either under basal or maximal work
situations; and {c) that all the differences among groups disappear when
oxygen consumption, either basal or maximal, is expressed per kg of
cell residue.

Studies in the Field A brief summary of the results of the time-motion
studies carried out with the supplemented peons and the subjects from
S.A.P. is presented here. The time-motion studies were carried out in
the same season of the year in both groups. All the subjects perfarmed
almost identical tasks and the energy cost of work of 50 similar agricul-
tural activities in both groups was the same. Differences in energy cost
of work occurred in walking because of variations in weight of the
subjects, weight of loads carried, and irregularity in the terrain where
the peasants walked. However, the average caloric expenditures in
different periods of the day at work, and at rest or asleep were very
similar in both groups of subjects {Table 5).

Table 6 shows that, assuming a constant basal caloric expenditure
for maintaining vital functions throughout the day, the supplemented
peons still had 1852 calories available for physical work, not consider-
ing any losses due to specific dynamic action of food. The S.A.P.
peasants had only 1167 calories available for physical work, which is
only 63 percent of those available in the supplemented peasants.

The patterns of work in the supplemented peons group varied in that
they either worked 8 hours performing several activities {(day work) or
they were assigned a certain amount of work which they had to per-
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Table 5 Caloric expenditure during different periods of one day (Average
of 3 to 6 days) (cal/min)

Activity At rest or asleep

Type of After After At
Group work Work work work night
Supplemented Day 4.1 2.7 1.12-1.28 1.12
peons
(N=19) Assignment 5.2 27 1.12-1.28 1.12
San Antonio
La Paz
(N =20) Assignment 4.6 25 1.06—1.26 1.08

Table 6 Summary of time-motion studies and energy cost of work in the
field (24-hour values, average of 3 to 6 days)

Basal Total

Total caloric Calories caloric Weight

caloric expen- available expen- Caloric change
Group intake diture for work  diture balance  (g)
Supplemented
peons (N = 19) 3446 1594 1852 D* 3697 —251 =35

A* 3568 -122 -19

San Antonio
LaPaz (N=20) 2693 1526 1167 A* 3396 -703 —-125

* Type of work: D = day; A = Assignment

form regardless of the time it took them (assignment work). The
peasants in S.A.P. worked in a pattern very similar to assignment work.

The average total caloric expenditure of the two groups of peasants
was similar but lower for the S.A.P. group. In spite of this, the S.A.P.
peasants went into a clearly negative caloric balance, evidenced by their
substantial loss of weight during the field study. There is no doubt that
both groups of subjects tried to impress the investigators with their
work output, even though they were warned that they should continue
to work at their normal rhythm. This explains the very slight average
weight loss that the supplemented peons also suffered.

The average data obtained from the same studies, emphasizing the
time of day spent at different activities and at prolonged rests in both
groups, are summarized in Table 7. Periods of physical activity include
those displayed at work or going to and returning from work as well as
the activities displayed after each work period was completed. Rest
periods include the prolonged periods of rest after work, particularly
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Table 7 Percent of time spent by subjects in various activities in their
environment (24-hour values, average of 3 to 6 days)

Percent of day

Active At rest or asleep
Group Type of work  Atwork  After work After work At night
Supplemented  Day 37 30 0 33
peons (N = 19)  Assignment 14 53 0 -33
San Antonio
La Paz (N = 20) Assignment 27 24 12 37

recumbent or sitting, and the time of night sleep. It can be seen that
not only did the S.A.P. group sleep more at night but, under the condi-
tions of the time-motion studies, they spent an average total of 2.9
hours resting after returning from work. The total prolonged resting
periods in 24 hours for this group amounted to 49 percent of the time
{11.76 hours}); nevertheless their caloric balance was negative.

Several subjective facts confirm the suggestion that the S.A.P,
peasants were extremely tired and almost exhausted during their work
period, while the supplemented peasants were not. The second group
often left us behind when climbing hills or moving on irregular terrain.
The first group had the same intentions; they started with great stamina
but soon we would catch up with them and even had to slow our pace
to match theirs. Upon returning to the village this group of peasants
tried not to look tired, but they appeared exhausted and disappeared
into their houses for long periods of time. Later on they would come
out and either sit quietly playing cards or stand and chat, while the
supplemented peons would often work at home or walk around town
or even play football.

Interpretation of Results and Discussion

Body Compaosition If the nutritional state of the four groups for which
detailed body composition analysis is available were graded from best
to worst, the order would be: cadets, supplemented peons, recruits and
S.A.P. subjects. Body weight, height, and weight over height would also
catalogue them in that order, although this ratio clearly separates also
the two “better nourished’ from the two “poorly nourished’’ groups.
When the body is divided into its two major compartments, lean
body mass and adiposity, the S.A.P. group is separated from the others
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by being extremely lean; in spite of this characteristic of the S.A.P.
group, the degree of muscularity, in absolute terms and as percent of
body weight, was significantly lower than that of the other groups. This
fact suggests that the S.A.P. group subsisted on a suboptimal protein-
calorie nutrition which, besides reducing adiposity, had an even greater
impact on this tissue. That this group was less muscular is further sub-
stantiated by its low creatinine output/cm height. The differences
observed between this group and the others cannot be explained on the
basis of meat intake according to the work of Addis et al.>® Lean body
mass and adiposity in the other groups, excluding the S.A_.P., contri-
buted in very similar proportion to body weight. Muscle mass, however,
contributed more to the body weight in the cadets than in the other
two groups.

When lean body mass, adiposity, and muscle mass are expressed on a
per centimeter height basis, the cadet and supplemented peon groups
become identical and significantly different from the other subjects
studied except in muscularity, where recruits and supplemented peons
are not statistically different in spite of the latter having, on the
average, 10 g of muscle/cm height more than the former. The analysis
of the protein intake also reveals that the cadet and supplemented peon
groups consumed significantly greater amounts of protein than the
others, a large proportion being of high biological value, although not
consisting of meat in the case of the supplemented peons. Conse-
quently, a higher dietary intake of proteins, without caloric limitations,
could possibly improve lean body and muscle mass in populations
where protein intake and particularly intake of high biological value
protein is not optimal.

Further breakdown of the body into bone minerals, water, fat and
cell residue continues to show that the supplemented peons were dis-
tinct from the ordinary peasant (recruit group) and the very poor
peasant (S.A.P.), tending to approach the body composition of the
cadets. This is true for the proportions of bone mineral and cell residue
but not for either body water or fat. The important fact that lean body
mass may, within certain limits, vary in its composition as the differen-
ces outlined point out may be significant from the standpoint of nutri-
tion.

Cadets had more lean body mass and cell residue per cm height and
less body water than the three peasant groups, regardless of the food
intake of these groups during the study. This suggests that the state of
nutrition during growth influences the capacity of adults to develop a
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normally: constituted lean body mass. Animal experiments have indi-
cated that early malnutrition produces an arrest in cell division which is
irreversible.®® Studies in humans indicate that alterations in body
configuration and possibly composition occur as a consequence of
malnutrition during childhood®” and adolescence3®.

Besides diet, the level of activity may contribute to the improvement
in body composition noted in the peasants who received the food sup-
plement. The favorable effects of diet appeared to take place in the
peasants if unrestricted activity was allowed, since in the soldiers, im-
proved nutrition coupled with decreased activity during 16 months of
army life resulted in a decrease in lean body mass and a clear gain in
adiposity.

The changes in body composition with time observed in the cadets
during their military academy training are exactly opposite to those
noted in the soldiers. They appear to be due only to the increase in
physical activity, because present studies and those of Flores, Garcia,
and Sdenz3? indicate that food intake in university students who be-
long to the same socioeconomic group is identical to that in the mili-
tary school, and cadets stated that their diet in the military was similar
to that habitually consumed by them at home.

In the light of these findings, improvement in the body compaosition
of the supplemented peons compared to the recruits (average peasant)
appeared to be due to two factors: (a) more and better food intake; and
{b} an increment in activity. The evidence for this second factor is
provided by the fact that even though their food intake for the 3 years
prior to the study was at least 250 cal/day more than their intake prior
to receiving the dietary supplement, the peons did not become obese as
the soldiers did in a shorter period in the army. Furthermore, time-
motion studies indicate that their total caloric expenditure was very
similar to their intake, again in contrast with the soldiers. The activity
increment was not the only factor responsible for these differences,
since this study also provides evidence that increased activity alone with
restricted intakes (S.A.P. group) resulted in clearly negative caloric
balance and weight loss.

The similarities in body composition among the three peasant groups
also deserve some comments. Lean body mass and cell residue, either in
absolute terms or referred to body height, was the same in the S.A.P.
and recruit groups. The composition of the lean body mass, in terms of
water, cell residue and bone mineral, was similar among the three
peasant groups.



369 Part Four

These similarities suggest that availability of calories greatly in-
fluenced the activity displayed by the peasants, since obesity is very
rare among them and normally they appear to work to the limit im-
posed by their caloric intake. A biological signal, which is translated
into fatigue in chronic calorie limitation, must occur when caloric
intake and reserves are nearly exhausted before utilization of lean.
tissues takes place. One possible mechanism responsible for this
“’signal” could be muscle glycogen depletion, as Swedish investigators
propose.*?

Physical Performance Under Standard Conditions The results presented
in this report, under the above heading, indicate that in terms of maxi-
mal work output before exhaustion, all the groups studied performed
well although the supplemented peons reached the highest values and
the S.A.P. group the lowest. A discrepancy between the maximal work
performed and the maximal oxygen consumption of the groups was
noted in that cadets and S.A.P. peasants, who performed less work, had
both the maximal and minimal valuess respectively, for oxygen con-
sumption.

The higher maximal VO, in cc/min in the cadets could be due to the
differences in body composition already discussed or to a distinct meta-
bolic state in this group of subjects with respect to the three peasant
groups. The second explanation is unlikely, since the differences among
groups decline as maximal VO, is expressed on a per kilo body weight
or on a per kilo of lean body mass, and disappear completely when it is
expressed per unit of cell residue.

Variations in body composition can explain the differences in maxi-
mal VO,. The similarities in the relative differences in oxygen con-
sumption, basal or maximal, among the groups give assurance to this
interpretation of the data. This evidence also should disperse doubts
regarding the normality of oxygen metabolism in suboptimally
nourished populations who are apparently healthy and engaged in their
habitual activities. The constancy of oxygen consumption per unit of
cell residue agrees with similar evidence obtained in well-nourished
populations*! and reaffirms the concept of “cell mass’ described by
several investigators.*? These results also point to the importance of
detailed body composition studies in population groups in different
nutritional states to give a proper interpretation of various metabolic
functions.

According to other investigators, the working potential of indi-
viduals is directly proportional to their maximal aerobic capacity.*?
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Maximal aerobic capacity rises in absolute terms as body weight and
absolute lean body mass increase. In maximal work, however, the
capacity to withstand a mounting oxygen debt also determines total
work output. The fact that a large number of S.A.P. subjects appear to
tolerate less oxygen debt than the cadets and supplemented peons,
establishes that the poorly nourished population is at a disadvantage to
its better nourished counterparts in its work potential, since-two
unfavorable conditions are present: (a) smaller maximal aerobic
capacity which implies that, given a work load, oxygen debt will appear
sooner, and {b) decreased tolerance 1o oxygen debt.

Field Studies The results of the studies carried out in the natural en-
vironment of the S.A.P. and supplemented peasants serve to confirm
several of the interpretations given to the laboratory data.

First, the energy cost of work in over 50 agricultural activities mea-
sured by us are very similar for each individual task in the very poor
and in the supplemented peon groups. The results are also identical to
those reported for either African or European workers.!2:4% This
contributes further evidence that in terms of work efficiency for speci-
fic skilled tasks, different populations require essentially the same
caloric expenditure, taking into consideration the body size of the
individual. As a consequence, during periods of time in which similar
activities are performed essentially at the same rythm, the energy ex-
penditures in calories/min are very similar.

Second, the main limitation in the total amount of work that a
peasant can perform appears to be his caloric intake, and indirectly his
caloric reserves. Populations such as those in San Antonio La Paz,
where the young men are very lean and caloric intakes are low, can not
be as productive as those whose caloric intake is ample. If the subject
falls into negative caloric balance, weight loss will take place. The tissue
lost will include lean tissue;* 3 this ought to give rise to a vicious circle
consisting of less capacity to work, less output, lower economy, poarer
nutrition, loss of more lean tissue, and so forth.

Third, the time-motion studies provide quantitative evidence that,
when the subjects with low caloric intake tried very hard to work more,
fatigue and physical deterioration overcame their desires and they were
forced to rest a substantial part of the day.

It is clear that if more calories are provided to peasants they become
more active and consequently increase their productivity. Apart from
this eminently practical conclusion, this fact leads to a somewhat specu-
lative consideration regarding body cornposition: Individuals whose
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survival depends in great part on their ability to perform heavy and
prolonged physical work, as is the case for peasants in developing coun-
tries, spend essentially all the calories they ingest. A higher caloric in-

take makes possible an increase in physical activity appropriate to
their socioeconomic status.

Summary

The influence of nutrition on body composition and working capacity
has been investigated in five groups of young (17 to 27 years old)
healthy males with the following characteristics: Thirty-five cadets
constituted the reference group, since their past and present nutrition
had always been excellent and they were very active in sports and
military drill and, consequently, physically fit. Twelve were studied
again after eight and 16 months in the school. The other subjects were
peasants who came from rural areas in Guatemala, where children are
poorly nourished. Three of a total of 83 subjects gave a history of
kwashiorkor during the preschool period. The peasants form four dis-
tinct groups: (a) recruits and (b) soldiers, both representative of the
average peasant. Forty-four recruits were studied within two weeks
after they had joined the army. Seventeen were studied again after 16
months in the army. This group was comprised of soldiers. The soldiers
stated that they were less active in the army than when they toiled on
the land; {c) San Antonio La Paz (S.A.P.) peasants: 20 young men who
came from an impoverished and arid region of Guatemala, where nutri-
tion is very poor; (d) supplemented peon group, totalling 19 subjects,
who had been working on a farm where higher than average wages were
paid, milk was easily available and a high-quality dietary protein supple-
ment was given to them daily for three years prior to the study.

All the subjects were volunteers, lived in regions within 4000 and
6000 feet above sea level, were enthusiastic about taking part in the
study, and did their best to perform all the tests.

Subjects were studied in the Physiology Laboratory at the Institute
of Nutrition of Central America and Panama and in the field. In the
laboratory, detailed body composition studies were carried out, includ-
ing body density, total and extracellular water, creatinine excretion,
and anthropometry.

Maximal exercise on a treadmill was used to determine maximal
aerobic capacity. Basal oxygen consumption was also measured. In the
field, energy cost of work, time-motion studies and total caloric intake
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and expenditure were measured. Individua! dietary data were also
collected for all groups.

Daily caloric intake ranged from 2700 to 3450 calories. Caloric
expenditure was less than intake only in the soldier group. Daily pro-
tein intake ranged from 112 g, 44 percent of it being of high quality, to
82 g with only 8 percent of a quality in the range of most animal pro-
tein. The following are the main findings obtained from the body com-
position studies. Cadets lose fat and gain lean body mass after joining
the army, while soldiers become fat and tend to lose lean mass. The
changes in the cadets were primarily due to increased exercise, since
their dietary intake while in the military school was the same as before
they joined the army. In the case of the soldiers, even though calorie
and protein intake was higher in the army than before, physical exercise
was less. In contrast to these changes in the soldiers, the supplemented
peon group was higher in lean body mass than the recruits and had
essentially the same amount of fat. The most poorly nourished group
(S.A.P.) had the same lean body mass as the recruits and the least
amount of fat, while cadets had more of both.

The performance in the maximal exercise test was as follows: The
supplemented peons produced more kilogrameters of work before ex-
haustion, while the S.A.P. group produced the least. In general, peas-
ants outdid the cadets. Basal and maximal oxygen consumption pro-
gressively increased from the poorly nourished group {S.A.P.) to the
best nourished group (cadets). Both basal and maximal oxygen con-
sumption, when expressed per kilo of weight or fean body mass, were
fower in the peasants than in the cadets, but these differences dis-
appeared when expressed on a per cell protein residue basis. These
findings suggest that the change in oxygen metabolism in the groups
studied was due to differences in body composition and not to diff-
erences in cell function.

The results of the time-motion studies in the field clearly showed
that the supplemented peons had a higher caloric expenditure than the
poorly nourished group and maintained their weight, while the latter
group went into a clearly negative caloric balance and consequently lost
weight when they tried to work as hard as did the first group. The
poorly nourished group spent up to 50% of the day resting.
Conclusions 1. Increased protein-calorie intake for a long period of time
in chronically suboptimally nourished adults produces a beneficial
effect in body composition and physical working capacity if energy
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expenditure is not limited. If a reduction in energy expenditure occurs,
a higher calorie and protein intake results in obesity.

2. Poorly nourished populations have a lower working output and a
lower working potential, mainly due to reduced lean body mass, earlier
appearance of oxygen debt, and decreased tolerance to that debt.
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