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Tha staff of the Human Development Division of the Institute of
Nutrition of Central America and Panama (INCAP) has been engaged
during the past several years in a field program to study the effects of
malnutrition on physical growth and mental development, The goal of -
this long-term prospective study is an integrative analysis of the nutri-
tional and socioculutural factors affecting mental and physical develop-
ment, i.e., to determine the effects of malnutrition, per se, as they in-
teract with other variables that affect carly child development. To
achieve this, the project is concerned with the study of physiological and
social characteristics of all preschoo!l children and their families in four
villages while providing two of the villages with nutritional supplements
and all of the villages with medical care and social stimulation.

Extensive research on animals by other investigators has shown
that various degrees of malnutrition disrupt physical and mentalimatu-
ration, including bone growth (1), blochemical maturation (2), develon-
ment of the central nervous system (3,4), and behavior and learning
ability (5,6). Studies of the mental development of children in Mexico
(7.8), in Africa (9), and in other parts of the world (10-12) suggest that
protein-calorie malnutrition may be accompanied by altered behavioral
and personality patterns.

The human studies have been primarily concerned with the effects
of severe malnutrition on mental development. Little information exists
on the affects of long-term mild or moderate forms of protein-calorie
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malnutrition which affect even larger proportions of the children in
developing countries. In interpreting human studies, it must be recog-
nized that populations with malnutrition also may suffer a variety of
sociocultural and educational deprivations which in turn affect mental
development. Under these conditions, the roles of nutritional, as op-
posed to sociocultural, factors in mental development may be extremely
difficult to separate and assess.

The ideal investigation for testing the hypothesis that malnutrition
lowers mental ability would cover the entire adaptive cycle from concep-
tion to advlthood. However, for practical administrative, technical, and
professional reasons, our project has been limited to the study of all
pregnant women, infants, and preschool children to age seven years in
each of the four villages. While serious and possibly irreversible physi-
cal damage caused by postnatal undernutrition may be clearly apparent
during the first five years of life, impaired mental development may not
be demonstrable until a later age. Therefore, an especially important
period to study for evidence of the physical effects of malnutrition is
that from birth to five years, whereas the possible effects of malnutri-
tion on mental development are most readily demonstrable from four
years on. Consequently, any study intended to demonstrate the sig-
nificance of malnutrition as a factor in impaired mental development
must extend over sufficient time to permit quantitative evaluation of
both the malnutrition incurred and the level of intellectual ability
achieved. A project restricted to seven years limits the possibility of
determining fully the effects of early protein-calorie malnutrition on
adolescent or adult mental development. However, the results of this
study may indicate the need for a longer period of conkinuous investiga-
tion or for a return for reevaluation of the children at one or more later
dates,

IDENTIFICATION OF THE VARIABLES

Our first task was to identify the most relevant and important vari-
ables involved in the hypothesis that protein-calorie malnutrition affects
mental and physical development. Three independent variables were
defined: state of nutrition, sociocultural environment, and medical care.
Mental development was identified as the dependent variable. A major
difficulty arose in developing methods applicable under field conditions.
Available methods used under modern clinical and laboratory conditions
often could not be used in field situations. To test the validity and relia-
bility of the instruments we developed during the three years of
preliminary studies, all methodology was tested under conditions similar
to those anticipated for the definitive study.

State of Nutrition

The state of nutrition of a population is commonly defined by food
roduction, distribution, availability, consumption, and utilization of



nutrients. For the individual, the state of nutrition is assessed by medi-
cal and dietary history, clinical examination that includes anthropomet-
ric measurements, radiographic studies of bone developnfent, and
biochemical and hematologic tests.

After extensive testing we developed methods adequate to define
malnutrition within the populations to be studied. These methods in-
cluded seven anthropometric measurements, hand-wrist radiographs,
determination of morbidity patterns, and dietary surveys. Alli methods
were found applicable to preschool age children and were incorporated
into our standard operating procedure.

Sociocultural Environment

During the preliminary study we found it necessary to collect infor-
mation about a wide range of variables to determine those most likely to
affect mental development. Information was obtained concerning family
composition, community relationships, social status, migration, patterns
of communication with the wider world, and factors concerning
economic status. Social class scales were developed to determine the
status of all families in a village, and family expectation scales were
designed for specific age groups.

Medical Care

A thorough knowledge of morbidity in our area of rural Guatemala
was necessary to provide adequate medical care. Qur assessment of
morbidity included study of the specific diseases and injuries most often
encountered, the frequency, duration, and severity of disability, and
their potential for causing death,

Mental Development

A number of problems were encountered in developing tests of
mental development. First of all, the existent tests for intellective func-
tion had been developed under the conditions found in the more
developed countries; these were not directly applicable to the conditions
found in the Guatemalan highlands. There also was a problem of which
approach to testing should be tuken: developmental scales, standard 1Q
tests, or tests af specific intellective functions (13). A major difficulty
was the lack of a continuous procedure applicable at each successive age.

Two sets of tests were developed to measure mental performance:
the Composite Infant Scale which utilizes a selection of items from the
Bayley, Cattel, Gesell and Merrill-Palmer Scales to measure develop-
ment at 6, 15, and 24 months of age; and the Preschool Battery, which
explores four areas of intellectual development--perception, learning,
memory, and language--and other behavioral characteristics such as at-
tention, motivation, persistence, resistance to distraction and ability to
inhibit impulsive motor responses. Four criteria determined the choice
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of tests in the Preschool Battery for children aged three to seven years:
1. they should be culturally appropriate; 2. they should require simple,
and when possible, non-verbal responses; 3. they should be game-like to
promote interest and participation; and 4. they should measure cognitive
processes.

Taken together the Composite Infant Scale and the test of the
Preschool Battery may be used to measure mental performance from
five months through seven years. Furthermore, several of the tests
have discriminated satisfactorily between well- and poorly-nourished
children in rural Guatemala.

RESULTS FROM PRELIMINARY STUDIES

Preliminary data indicate that protein-calorie malnutrition has an
impact on children even earlier than was thought. The results suggest a
complex interrelationship between maternal health and nutriticnal
status and fetal development, as well as between nutrition and infant or
child development. Suggestions of a correlation between early malnutri-
tion and mental development have also been obtained. Below are some
of the preliminary results.

Mental Performance After Malnutrition

The primary goal of determining the effects on mental development
in children who have undergone malnutrition was approached in two
studies on 5- and 6-year-olds recruited from a nutritional rehabilitation
day care center in rural Guatemala (14). Twenty children were selected
who had recovered from second or third degree malnutrition and all
were 10% or more below their expected height for chronological age;
their mean age was 67.6 months. The control group consisted of 10 well-
nourished children who had had no history of serious malnutrition and
who showed less than a 10% deficit in height for chronological age; their
mean age was 64.4 months. The control group was selected from siblings
of children who had attended the rehabilitation center during the previ-
ous year. The two groups were also matched for father's occupation,
parental education, living conditions, and family structure.

In the first study, the control group performed significantly better
than the previously malnourished group in four of the six mental per-
formance tests, namely memory for sentences, memory for digits,
memory for incidental learning, and memory for intentional learning.
The results of the other tests, matching familiar figures and haptic-
visual matching (touching a planometric geometric stimulus while look-
ing for the identical shape among four other such stimuli and pointing it
out) were not significant. The four tests which yielded significant dif-
ferences had in common the need for close attention and short-term re-
call followed by a verbal response. Based on these results, one may
hypothesize that (8) malnourished children are deficient compared with
well-nourished children in tasks requiring short-term recall, and (b) the



superior performance of the normal children compared with the previ-
ously malnourished children is due to motivational and attentional
rather than intellectual factors.

The second study was designed to test the two hypotheses as well
as to explore a variety of cognitive and behavioral characteristics in
malnourished children. The criteria for selection of 11 well-nourished
and 17 previously malnourished children were identical to the- first
study except that the testers in this study did not know which group
had been malnourished. In addition to the four tests yielding significant
differences in the first study, two additional tests were used to study
short-term recall: memory for visual designs and variations of the Knox
cube tapping test.

The results of the second study differed from the first. The four
tests that originally distinguished the previously malnourished frem the
control children showed no group differences in the second study. How-
ever, the. previously malnourished subjects did perform significantly
more poorly than the well-nourished children on the two additional
short-term memory tests. These results do not support our hypothesis
that malnutrition is directly associated with short-term memory capaci-
ty, since four of the six measuires of short-term memory tests failed to
discriminate between the well-nourished and the malnourished children.
Another possible interpretation of difference in the results for the two
studies is that the malnourished group in the first sample was more
severely malnourished than the malnourished group in the second study.
Some support for this contention comes from the finding that the mal-
nourished children in the first study had a greater deficit in height for
chronological age. A final possibility is that the results of the first study
may have been influenced by observer bias, ie, the examiner's
knowledge of which were the well-nourished and the malnourished chil-
dren of the two groups.

The second hypothesis, which suggests that differences hetween
well-nourished and malnourished children may be due to attention or
task concentration rather than cognitive capacity or ability, offers the
more reasotriable explanation for these findings. The pattern of test per-
formance differencus between the two groups in the second study suy-
gests that motivational and attentional, rather than intellectual, factors
underlic these group differences. Only when the attentional demunds on
the children were increased, for instince in the Knpox cube test, did the
control group out-perform the experimentul one. Aguin, the memory for
visual design tests, which require high attention, yiclded poor results in
the previously malnourished childern, and the failure of these children
to improve their performance from trial two to trial thrce sugpests a
loss of interest in fhe task. Furthermore, the matching familiar figures
test is considered a sensitive measure of motivation or task involvement
and requires the use of systematic visual search strategies, without
being inherently interesting. The absence of group differences for the



easy items indicates that both groups were equally capable of searching
and finding the correct figures. The poorer performance of the previ-
ously malnourished group for the difficult items indicates failure to em-
ploy the solution strategies that the easy items demonstrated the chil-
dren possessed.

Accepting the interpretation that the differences between the well-
nourished and the malnourished children are caused by motivational
rather than intellectual factors, the problem remains whether these
motivational differences are directly related to the health and nutri-
tional history of the child, or whether they result from a sampling bias
in which the well-nourished children benefited from advantageous

childrearing conditions. Since language development tests are gen-
erally considered the most sensitive indices of social class differences
and since no statistically significant differences were found between
the groups, the sample appears to have been successfully controlled for
family differences between the well-nourished and malnourished chil-
dren.

The evidence suggests that the performance differences may be as-
sociated with the poor health and malnutrition suffered by the experi-
mental children. Because of more frequent and prolonged illness and
lower energy levels, malnourished children apparently do not develop
the normal ability to maintain high attention levels during difficult cog-
nitive tasks. These behavioral patterns appear to persist after nutri-
tional rehabilitation, resulting in the performance diffferences seen in
these studies.

Diects of Pregnant Wemen

Monthly quantitative dietary records were obtained for 58 women
in a rural village from the time pregnancy was ascertained until child-
birth (15). Marked nutritional deficiencies were noted during the three
trimesters for practically all nutrients studied, except iron and thiamine.
The deficiencies were more severe during the first trimester, especially
for calories, protein, vitamin A, niacin, and riboflavin. Not only was the
protein intake low but only 20% of the total dietary protein came from
animal sources.

Biochemical Analysis of Placentas

Thirteen placentas gathered in two rural communities over an
eight-month period were analyzed biochemically and compared with
similarly analyzed placentas of 23 well-nourished women studied in Iowa
(16). The Guatemalan placentas contained less total protein, DNA, K,
Na, Mg, Fe, and Se than the placentas from the U.S, However, the Gua-
temalan placentas showed a significantly higher cellular concentration

of zinc than the North American placentas, The total number of cells per
placenta was caleulated on the sssumptlon thut DNA concentration per
cell is constant (17). The value for the U.S. placentas was 2.370X10!! and



for the Guatemalan placentas 1.663x10'". In view of the severe dietary
deficiencies it is reasonable to postulate that the placental differences
could be due in part to these nutritional deficiencies. Furthermore, the
anatomical and biochemical changes could be responsible for functional
alterations, which, in turn, could damage the fetus.

Mortality in Preschool Children

Mortality patterns among children up to-seven years old in one vil-
lage showed that death rates were high during the neonatal period,
64/1,000; highest during the post-neonatal period, 83/1,000; and still high
during the second year of life, 52/1,000. Knowledge of specific death
rates was necessary to calculate maximal possible attrition over time
and thereby be assured of a sufficient number of children in each com-
munity at the end of the study.

Diet of Preschool Children

A seven-day quantitative dietary survey of preschool children in
one of the villages indicated deficiences in the majority of nutrients in-
vestigated. These were most pronounced in the children under two
years of age. As was found for the pregnant women, the most severe
nutritional deficits were in calories, protein, vitamin A, riboflavin, niacin,
and vitamin C. No estimate was made of the amount of breast milk in-
gested, but breast milk consumption is known to decrease.markedly
after the first four months of age.
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Physical Growth of Preschool Children

Values for height und weight were obtained for 2,800 preschool Gua-
temalan children representing over 92% of the population studied in
eight rural communities; these were compared with the Iowa growth
curves (18). Compared with healthy urban Guatemalan infants, rural in-
fants maintained a similar increase in length for the first three months.
Beyond this age, the rural children exhibited a relative growth deficit
which listed about 30 months. Comparable growth rate was then
achieved, and by 60 months their growth rate was similar to that of
healthy urban Guatemalan children. However, the mean height for G-
year-old boys in this sample was two standard deviations below the
Iowa standard. The weight of 6-year-old Guatemalan boys and girls was
almost one standard deviation below the lowa standard (Tables 1,2).

Bone development was studied by the Greulich and Pyle method
(19) in a sample of 80 Guatemalan preschool children representing al-
most 100% of their age group in one village. There were marked nega-
tive deviations from the standard after 20 months of age, which were
accentuated throughout the preschool age period. Also, the second
metacarpal cortical thickness of a sample of Guatemalan children was
significantly less than the standard of the Fels Research Institute for a
North American population (20),

Socioeconomic Factors and Biological Variables

A social class scale was developed which would permit relating



socioeconomic status to biological variables for families with preschool
children living in apparently homogencous villages. Using an arbitrary
social class scoring system, three groups of families were compared for
adequacy of protein and calorie intake, cortical thickness of bone and the
incidence and duration of diarrheal diseases. The differences observed
between Group 1, the lowest, and Group 3, the highest were significant
at the 0.01 Jevel for these biological variables. Thus, even in small, iso-
lated communities, families can be separated according to socioeconomic
status which in turn is related to specific and quantifiable binlogical
variables.

Staff Training and Restandardization

By continuous instruction and standardization of all procedures 70
people were trained during the preliminary study to obtain and in-
terpret data with high reliability. The instruments to assess the inde-
pendent and dependent variables were validated, and reliability coeffi-
cients were obtained by numerous pretesting sessions in villagres that
were then excluded from the definitive study. Since even under ideal
conditions, changes in personnel occur in long-term studies, training of
additional staff and restandardization of techniques were established as
ongoing procedures.

SELECTION OF COMMUNITIES FOR THE DEFINITIVE STUDY

Criteria for Selection

For methodological and practical reasons a number of
criteria were selected for matching villages for the definitive
study:

1. Number of inhabitants; 500-1,000,

2. Birth rate: 35-45/1,000 annually,

3. Death rate: 14-18/1,000 annually.

4, Agedistribution:
Birth-15 years..ccocvciiivviirveniiieniincnnnnnne, 35-50%

(Birth-six years)....... beeenrbenrneaarinns 25-30%

J (IR 5001 § o J PR 40-45%
DD years and Over...cccvvveverieniinnneseiennnnn. H-100%

5. Family composition: Average of five members per nuclear

family. ‘

6. Population mobility: 80% or more born in the area 2%
annual migration

7. Social isolation: distance to Guatemala City 50-150 km;
the nearestscommunity included in the study should be
10 km or more and under the jurisdiction of a different
municipality

8, Compact nuclear settlement: 80% of homes within a
radius of one km from the research center



9. Housing and community services: 60% similarity amone
communities
10. Ethnocultural characteristics: 100% Ladino culture, a
blend of Indian and Spanish physical characteristics;
use of the Spanish language; dress and customs more
European than those of Guatemalan Indians
11, Socioecononiic level: average annual income per family,
$200 = $50
12. Sociocultural homogeneity: must exist between families
and communities
13. Educational level: 80% literacy among population eight
years old and over
14. Basic foods: corn and beans
15. Prevalent diseases: Malnutrition, gastrointestinal and
respiratory disorders
16. Proneness toimmediate change: very limited.
Several other characteristics such as accessibility, predominant
economy, land tenancy, and the possibility of change in the area were
also considered.
Based on information from the most recent population census (1964)
a list of 300 Ladino villages of 300-1,000 inhabitants was compiled. Many
of these were eliminated because of their distance from Guatemala City,
number of inhabitants, and dissimilarity of ethnocultural characteristics.
Lack of roads and dispersed settlement patterns also eliminated sub-
stantial numbers of communities. Visits were made to 179 villages, from
which 45 were selected for further screening. Only 10 of these 45 vil-
lages fulfilled the selection requirements.

Matching the Villages

A family census was conducted in each of the 10 villages to provide
information about housing, family size and composition, general sanitary
facilities, religion, and means of trunsportation. In addition to this infor-
mation, data were gathered on other sociocultural aspects of families
with preschool children. A family socioquestionnaire was used to obtain
information or morbidity, economic status, houschold conditions, annual
production and consumption of crops, food habits, education, migration
patterns, extent of family identification with Ladino culture, social rela-
tions with others in the community, intra-family social interactions, type

“of clothing worn by each member of the family, grooming, and use of
free time,

Seven-day dietary surveys were taken by staff assigned to each
community to define the food habits and intake among families, espe-
cially the preschool children under study.

Prevalence of tuberculosis was recognized as a decisive factor in
the final selection of the communities. The presence of this disease could
have made the already difficult task of determining the effects of mal-
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nutrition on mental development more complicated because of its poten-
tially adverse influence on growth and development. Since the
prevalence of tuberculosis among these isolated communities
was unknown, a complete photofluoroscopice and skin test survey
was carried out. Persons suspected of having tuberculosis were
reexamined and a chest X-ray was obtained to make a definitive
diagnosis. These studies revealed a relatively low prevalence of
tuberculosis, which did not materially affect the matchingr of the
villages.

Anthropometric measurements including height, weight, and left
arm circumference and tricipital skinfold thickness were made on all
children from five through seven years of age. Psychological tests that
focused on incidental learning, intentional learning, memory for digits,
picture naming, picture recognition, and memory for sentences were ad-
ministered to all 5- and 6-year-old children in the four villages.

While the study villages matched well on all of the above charac-
teristics, there were unexplained differences among the total set of vil-
lages in both physical and psychological development. Use of the
matching criteria, however, permitted the selection of two pairs of vil-
lages for the definitive study.

THE DEFINITIVE STUDY

The final design provides for an intensive long-term prospective
study of similar groups of children living in two matched pairs of vil-
lages in rural Guatemala. All villages receive medical care not previ-
ously available to them. All homes are visited regularly by interviewers
to obtain epidemiologic, sociologic, and dietary information. Thus, medi-
cal treatment and social contacts in both the experimental and the con-
trol pairs of villages are designed to be comparable. In one village in
each pair a systematic effort is made to provide a nutritional supple-
nmient to all pregnant women and to children under seven years of aye.
A popular low calorie fruit flavored drink is provided in the other (con-
trol) village of each pair. The fruit drink was selected as one which the
villagers recognized as having no intrinsic food value while al the same
time having an intrinsic reward value in the dry climates of the villages.

Approximately 20% of the total population of these villages, which
varies from 500 to 850 inhabitants, are children aged six years or
younger. The rural economy yields an income of less than the equivalent
of $200 a year for cach family, The diet is composed largely of beans and
tortillas, Projections Indicate that about 60 births per year will occur in
each village. thus providing a new study cohort annually, Mortality in
preschool children as well as losses by migration and other causes are
expected to reduce each cohort by a maximum of 20 children during the
six years of the study. Therefore, the net annual addition will be only
about 40 children for each of the two experimental and the two control
villages.
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The nutritional status of the mothers and children is assessed by a
wide variety of direct and indirect measures, including the assessment
of bone development, and information concerning frequency and dura-
tivn of illness. The clinical examinations are based on the Manual for
Nutrition Surveys (21), the 1966 INCAP-US Office of International
Research Survey methods (22), and World Health Organization reports
(23,24); the neurological examinations are based on the methods of Paine
(25), Andre-Thomas and colleagues (26), and Gesell and Amatruda (27);
and the anthropometric studies are done according to methods described
by Falkner (28) and Jackson and Kelly (29). Evidence of morbidity is ob-
tained through house visits every 15 days (30). Seven-day dietary sur-
veys are done in accordance with methods in use at INCAP (15,22). The
roentgenograms are scored by the methods of Greulich and Pyle (19)
and Tanner, Whitehcuse and Healy (31). Cortical thickness (32) and
number of. ossification centers (33) are also assessed. Hemoglobin, he-
matocrit, total serum proteins, albumin, globulin, the albumin/globulin
ratio, serum vitamin A and carotene, urinary excretion of creatine, urea,
and the urea/creatinine ratio are determined (34-39).

It is too early to draw any firm conclusions from the longitudinal
study, particularly in the neurological and behavioral areas. It is of in-
terest, however, that data have been obtained relating maternal nutri-
tional status during pregnancy and birth weight (40,41). In the months
preceding initiation of the longitudinal study it was found that the
average infant birth weight for 51 infunts was 2.99+0.48 kg (Ave=+s.e.).
By corntrolling for parity of the mother, maternal height (as an index of
long-term undernutrition), and sex of the infant, a difference of 305 gm
was found between birth weights of infants born to mothers who con-
sumed less than 1,800 calories vs. more than 2,200 calories daily
(P<0.05). One hundred and thirteen pregnant women have also been fal-
lowed to term in the four study villages. Eighty-five percent of the
mothers who consumed supplement on more than 60 days during
pregnaney hud babies with birth weights ecual or greater than 3.0 kg; in
comparison, only 50% of the mothers who came to the center less
frequently had babies with comparable birth weights. Put in other
terms, those mothers who consumed moce than 30 liters of supplement
during pregnancy gave birth to infants with weights similar to the
standards for industralized countries; almost none of those in the con-
trol villages did. These observations suggest that the nutritional sup-
plement is having an effect such that differences in behavioral develop-

ment due to matnutrition may be detected, Hf such differences exlst,
CONCLUSION

Evidence from studies with experimental animals suggests that
both imoderate and severe protein-calorie malnutrition, at critical
periods, can produce adverse changes in physical growth and mental
development, Evidence from human studies also suggests that severe,

Jong lasting protain-calorie malnutrition tn young children may be fol-



lowed by madifications in behavior and mental performance. However,
the exact mechanism by which the effects of protein-calorie malnutri-
tion are mediated remains to be determined. The present intervention
study, under more carefully controlled conditiohs than have heretofore

been possible, should provide a great deal of information on the interac-
tion between malnutrition, behavioral development, and the social fac-
tors in an underdeveloped community.

NOTE: Dr. Canosa and Dr. Salomon were with the Growth and Development Unit, In-
stitute of Nutrition of Central America and Panama, Guatemala at the time of the
Conference. Dr. Canosa is currently with the Instituto Nacional de Prevision, Clinica
Infantil, Valencia, Spain. Dr. Salomon is now with the Universidad de Brasilia,
Brasilia, D.F., Brazil. Dr. Klein is with the Division of Human Development at the In-
stitute of Nutrition of Central America and Panama. This study was supported by the
Pan American Health Organization, World Health Organization (PAHO-WHO), under
Contract PH43-65-640, National Institute of Child Health and Human Development,
National Institutes of Health (NICHD-NIH), to the Institute of Nutrition of Central
America and Panama (INCAP).

REFERENCES

1. STEWART, RJ.C,, and PLATT, B.S.: Arrested growth lines in the bones of
pirs on low protein diets. Proc. Nutr. Soc. 17: v-vi, 1958,

2, Ross, M.H., and BATT, W.G.: Diet-age pattern for hepatic enzyme activity.
J. Nulr.61: 29-49, 1957.

3. DOBRING, J.; Effects of experimental undernutrition on-development of the
nervous system, In Scrimshaw, N.S. and Gordon, J.E. (Eds.): Malnutrition,
learning and Nehavior. Cambridie, Muss., The M.LT. Press, 1964, pp.
181-202.

4. DOBBING, J.: Permuanent retardation of brain growth related to the timing
of early undernutrition. Menworiaz XII International Congressof Pedintrica
1: 1U0H-106, 19G8,

6. BARNES, R.H. CUNNOLD; S.R., ZIMMERMAN, R.K.,, SimyoxNs, H, MacLEoD,
R.B., and KRoOK, l..: Influence of nutritional deprivations in early life on
learning behavior of rats as measured by performance in a water maze. J.
Nultr. 89: 304-410, 1066.

6. BARNES, R.H.: Effect of food deprivation on behavioral patterns. In Serim-
shaw, N:S., and Gordon, J.E., (Eds.):Malnutriteon, Learning and Beharior,
Cambridge, Mass. The M.LT. I'ress, 1168,

7. GOMEZ, F., VELAZCO-ALZAGA, J., RAMOS-GALVAN, R., CravIOTO, J. and
FRENK, S.: Studies on the malnourished child, XVII Psychological M..ni-
festntions. Bol, Med, Hoap. Infuntil (Mer.), 11: 631-641, 1954,

8. CrRAVIOTO, J. DELICARDIE, E.R., and BIRCH, IL.G.: Nutrition, growth and
neurointegrative development; an experiméntal and ecologic atudy,
Pedintriend8 (Suppl. No. 2 Part [1): 319-372, 1066,

9. GEBER, M., and DEAN, R.F.A.: The psychological chunges accompanying
kwashiorkor. Courrier 6: 3-15, 1956.

10. BARRERA-MONCADA, G.: Egtudion Sobre Alteracianea del Crecimiento y del
Deusarrollo Paicologico del Sindrome Pluricarenicial (Kwashiorkor).
Caracas, Venezuela, Editora Grafos, 1963.

11. CABAK, V., ind NAJpANVIC, R.: Effect of undernutrition in early life on

physleal and mentul development. Arch. Dis. Child, 40: 532-534, 1065,



12. STocH, M.B., and SMYTHE, I>.M.: Docs undernutrition during wnfaney mnbatae

brain prowth and subsequent intellectual development? Arek, s, Chitd,
38: 546-552, 1963.

13. KLEIN, R.E,, and ADINOLFI, A.A.: Measurement of the behavioral corrclutes

of malnutrition. In D.J. Kallen (Ed.): Nutrition and IZehavior: Theoretieal
and Methodological Issues. Washington, GPO. In preparation.

14. KLEIN, R.E., GILBERT, 0., CANOSA, C., and DE LEON, R.: Performance of mal-

15.

16.

17,

18.

19.

20.

21.

22.

23.

24.

nourished in comparison awith adequately nourished children on selected
cognitive tasks ((fuatemala). Read at the annual meeting of the American
Association for the Advancement of Science, December 1970.

FLORES, M.: Dietary studies for assessment of the nutritional status of popu-
lations in nonniodernized societies. A J. Clin. Nutr. 11: 344-355, 1962.

DayToN, D.H., FIL.ER, LJ., and CaNosA, C.A.: Chemical composition of
placentaz from U.S. and Guatemalan women. Read at 53rd Annual Meeting,

_FASEB, Atlantic City, April 1969.

WINICK, M. and R0Ss0, P.: The effect of severe early malnutrition on cellular
growth of the human brain. Pediatr. Res. 3: 181-184, 1969.

JACKSON, R.L,, and KELLY, H.G.: Growth charts for use in pediatrics prac-
tices.J. Pediatr. 27: 215-229, 1945.

GREULICH, W.W., and PYLE, S.1.: Radiographic Atlas of Skeletal Development
of the Hand and V' rist. Stanford, Stanford University Press, 1959.

GARN, S.M.: Malnutrition and skeletal development in the pre-school child.
In Pre-School Child Malnutrition: Primary Deterrent to Human Progress.
Pub. 1282, Nat. Acad. Sci., Nat. Res. Council, Washington, 1966, pp. 43-62.

Interdepartmental Committee on Nutrition for National Defense. Manual
for Nutrition Surveys, 2nd ed., GPO, Washington, 1963.

Institute of Nutrition of Central America and Panama and United States
Officc of International Resecarch (INCAP|OIR) Survey, 1966. Unpublished
Report.

World Health Organization. Report of an Expert Committee on Medical
Assessment of Nutritional Status. Technical Report Series No. 258, Geneva,
WHO, 1962.

JELLIFFE, D.B.: Infant Nutrition in the Subtropics and Tropics, World Health
Organization Monograph Series No. 26, Geneva, WIIO, 1955.

. PAINE, R.S.: Neurologic examination of infants and children. Symposium on

neuropediatrics. Pediatr. Clin. North Am. T: 471-510, 1960.

26. ANDRE-THOMAS, CHESNI, Y., and DARGASSIES, S. SAINT-ANNE: The neuro-

27

28

29

30

31

logical examination of the infant. In The Spastic Society Medical Educa-
tion and Information Unit, London, 1964.

. GESELL, A., and AMATRUDA, C.S.: Developmental Diagnosis, 2nd ed. N.Y,,

Harper and Row, 1965.

. FALKNER, F, (Ed.): Human Development. Philadelphia, W.B. Saunders Co.,
1966.

. JACKSON, R.L., and KELLY, H.G.: Growth charts for use in pediatric practice.
J. Pediatr.27: 215-229, 1945.

. BEHAR, M., SCRIMSHAW, N.S., GUZMAN, M.A., and GORDON, J.E.: Nutrition
and infection field study in Guatemalan villages, 1959-1964. VIII. An
epidemiological appraisal of its wisdom and errors. Arch. Environ. Health.
17:814-827, 1968.

. TANNER, J.M., WHITEHOUSE, R.H., and HEALY, M.J.R.: A New System for
Estimating the Maturity of the Hand and Wrist, With Standards Derived
From 2,600 Healthy British Children. l1I. The Scoring System. Inter-
national Children’s Centre, Paris, 1962,

148



32, GARN, 8.)M., and SHAMIR, Z.: Methods for Research in Hionan Growth, Spring-
field, C.C., Thomas, 1938.

14, NEIsoN, W.E, (Ed.): Texthbook of Pediatrics, 7th ed. Phikadelphia, W.B.
Saunders Co., 1959,

34. BARKER, S.B.: Direct colorimetric determination of urea in blood und urine.
J. Biol. Chem. 152: 453-463, 1944.

35. BESSEY, 0.A., LOowRY, O.H., BROCK, M.J., and LOPEz, J.A.: Determination of
vitamin A and carotene in small quantities of blood serum. J. Biol. Chem.
166: 177-188, 1946.

36. CLARK, L.C,, JR,, and THOMPSON, H.L.: Determination of creatine anc
creatinine in urine. Anal, Chem. 21: 1218-1221, 1949.

37. GRADWORL, R.B.H.: Clinical Laboratory Methods and Diagnosis. St. Louis,
C.V. Mosby Co., 1935.

38. HAINLINE, A., JR.: Hemoglobin. In Standard Methods of Clinical Chemixstry,
Vol.11.N.Y., Academic Prass, pp. 49-60, 1658.

39. Microzone Electrophoresis Cell, Preliminary Instructional Manual. Beckman
Manual R-M-1M-2, August 1963.

40. LECHTIG, A., HABICHT, J.P.,, DE LEON, E., GUZMAN, G., and FLORES, M.:
Influencia de la nutricion materna sobre el crecimiento fetal en poblaciones
rurales de Guatemala, I, Aspectos dieteticos. In preparation.

41. LECHTIG, A., HABICHT, J.P., DE LEON, E., and GUZMAN, G.: Influenciu de la
nutricion materna sobre el crecimiento fetal en poblaciones ruralrs de
Guatemala. 1I. Supplementacion alimentaria. In preparation.

199



