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INTRODUCTION

Studies carried out in hospitals and metabolic wards~have shewn
that when food is given ad 1ibitum to acute malnourished children,
catch-up in weight is possible at a very rapid rate. HWeight increments
from 15 to 20 g/kg/d make it possible for a&cute malnourished children
}o recuperate to normal weight-for-age in a three to six month period

=2, Catch-up in length or height, on the other hand, follows catch-
up in weight, and the normal length or height-for-age is reached af-
ter approximately ten months of nutritional rehabilitation?,

At the community level, pilot nutritional rehabilitation pro-
jects, in which the normal diet of acule malnourished children was
supplemented, have also been successfg]sin normalizing weight-for-
age after a three to six month periods”.

Although these results are useful for understanding catch-up
growth, they are based un small samples of children 1iving in condi-
tions different to those prevailing in free-living populations in which
infection and mild-to-moderate malnutrition are characteristic.

The present paper reviews information related to growth and
catch-up growth in mild-to-modcrate undernourished populations, ana-
1yzes data from a longitudinal study carried out in rural Guatemala
and discusses some of the alternatives to link food aid with inte-
grated health care services to bring about catch-up growth, both in
chronically and malnourished children as well as in those who have
suffered recently from infections.

NUTRITION, INFECTION, GROWTH, AND CATCH-UP GROWTH

Studies pointing to the imporiance of_energy for growth have
long been reported in scientific literature’/s8. "As indicated by Sin-
clair?, energy intake, expenditure, and losses remain in equilibrium
with the mass and composition of the individual, so that increments
in total mass or changes in composition imply changes in energy in-
take., The relevance of encrgy as a limiting factor for growth, more-
over, is underscored by its re]ationshif with nitrogen metabolism.
and the efficient use of protein intake 0, Although other nutrients
also play a role and should be available in sufficient quantities
for tissue synthesis to occur, positive energy and nitrogen balance
are essential for tissue accretion.

Data from developing countries suggest that the effect of these
putritional factors on growth is more critical during early infancy.
In these populations, a rapid decline in growth status, relative to
the World Health Organization reference population, occurs during the
first two years after birth. HWeight retardation usually shows a peak
prevalence in the second year of 1ife, while the prevalence of height
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retardation increases with agell, The factors responsible for poor
infant growth in developing countries also affect preschool children,
Surviving older children, nonetheless, achieve adequatc growth rates,
although not sufficient to significantly reduce the consequences of
earlier growth retardation.

The factors responsible for infant and preschool growth retarda-
tion are those related to the utilization of available energy and pro-
tein resources and the impact of infections and calorie-protein in-
sufficiency relative to requirements. The maintenance energy require-
ments and the amount of energy required for growth, physical activity,
and infections have considerable variability between and within in-
dividuals.

The energy requirements ?; a child are largely a function of
body mass and body compositiont¢. All tissues have a requirement
for energy, but the various components of the total cell mass have
different metabolic rates. Furthermore, these cell mass components
possess specific growth rates and hence form varying proportions of
total body composition as growth proceeds. For instance, muscle mass
represents about 20-25 percent of body weight during the first 18
months, and about 35-40 percent at five years of age13.

The very high metabolic requirements of the major organs, such
as the brain, and the rapid growth of ihe brain during infancy and
preschool age explain why brain metabolic rate forms the larger part
of the basal requircments during most of the first five years of
1ifel2,13,

The proportion of energy intake required for growth in healthy
children at different ages is dependent upon variations in the quan-
tity and quality of weight gain. The proportion of energy intake
allocated to growth declines from 44 percent at three weeks of age
to 17 percent at four months and to three percent at 12 months of
age14. When energy requirements are not met by intake, body energy
stores will be utilized, specially body fat, with body protein gtores
affected only minimally and after continued hypocaloric statesl>,

The main cause of cnergy expenditure above maintenance energy
requirements in healthy children is physical activity. Physical ac=
tivity constitutes an increasingly important and variable component
of energy requirements with age. Payne and Waterlowl® have estimated
that physical activity requires 10.4, 14,9, 25.0, and 28.2 percent of
energy intake in children 0-3 months, 0.75-1 year, 2-3 years, and
4-5 years respectively. These authors also underscore the wide indi-
vidual variability existing in energy requirements and the important
role that physical activity plays in determining such variabi]it{

Studies on the interaction of growth and physical activity 5,
17,19) suggest that reduced physical activity may represent a signi-
ficant energy conservation measure in the child faced with inadequate
caloric intake relative to current metabolic needs.

The consequences of infectious illnesses, especially diarrheal
disgsssz, for the metabolism and utilization of nutrients are numer-
ous<¥~¢¢_, The nutritional impact of diarrhea is postulated to oper-
ate thr%ugh at least four basic mechanisms: reduction in food con-
sumption23-26_ interference with the absorption of macro and micro
nutrients?2,27-29, disturbance of virtually all normal metabolic
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and cndocrine functiuns, and increments of direct loss of protein
and other nutrients in the gastrointestinal tract.

The magnitude of physical growth retardation associgaed with
diarrhecal diseases in developing countries is significant =34 1n
addition, it has become increcasingly clear that insufficient catch-
up growth during recovery from infection is primarily responsible
for the poor growth status of children in developing countries.
Children generally cannot recover from infectioug eEisodes because
of inadequate nutrition and repeated infections3°-3b

In the joint FAQ/WHO/UNU Expert Consultation on Energy and
Protein Requirements, Waterlow presented estimations of rqquirggents
for catch-up from wasting, from stunting, and after infections®’.

He estimated that the extra protein and energy requirements for
catch-up growth of a one year old child at the rate of 3 g/kg/d

should be 0.8g of protein and 15 calories per kilogram body weight
per day. The nutrient requirements for catch-up after infections cor-
responds to an extra daily requirement of 3.75 kcal/kg/d and 0.2g
protein/kg/d. In the case of stunted populations, Haterlow recom-
mends that the requirements for children one to five years of age

be increased by 20 percent for protein and ten percent for energy.

In summary, the information reviewed in terms of the patterns
of encrgy used indicate the special sensitivitly of children during
infancy and the preschool age. Given the high metabolic requirement,
and a high proportion of energy intake dedicated to growth and phy-
sical activity, it is clear ihat chronic energy deficits will be re-
flected on growth retardation. When infection elevates requirements
and reduces intake and absorption, the result is child growth fail-
ure. The children in developing countries are unable to replete
catabolized tissue after an infection because they lack high-nutri-
ent density foods and the probability of new infectious cpisodes is
high.

INSTITUTE OF NUTRIVION OF CENTRAL AMERICA AND PANAMA LONGITUDINAL
STUDY IN EASTERN GUATEMALA

The Institute's longitudinal study has been well described
elsewhere; however, a brief description follows38,

Population, Design, and Methods

In 1969, a longitudinal study of the biologic and socioeconomic
determinations of physical growth and mental development in rural
Guatemala was begun, The project involved four small villages of
eastern Guatemala. The ethnic background of the population is
Ladino, or mixed Indian and Spanish. These are agricultural villages
and the main crops are corn and beans, most of which are consumed in
the same village. The total population of the four communities was
3359 inhabitants in 1975, half of them being below 15 years of age,

The basic hypothesis of the study was that mild-to-moderate
protein-calorie malnutrition adversely affects the mental develop-
ment of infants and preschool-aged children. To test the hypothe-
sis, a quasi-experiment design was employed. Experimental treat-
ment consisted of food supplementation in four closely matched vil-
lages. In two of the villages, a high protein-calorie supplementa-
tion drink called "atole" containing 11.5g of protein and 163 kcal
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per 180 ml was made available. The other two villages were provided
with a fruit-flavored drink called "fresco", which contained no pro-
tein and supplied only 59 kcal per 180 m1. The supplements also con-
tained vitamins and minerdls. Attendance at the food supplementation
centers and consumption of the supplements were free and voluntary,
and as a result, a wide range of supplement intake in mothers and in
children was observed. The supplement was given twice daily, seven
days a week, Subjects were provided with a cup containing 180 ml,
and more was given if requested. Leftovers were measured and actual
intake on an individual basis was recorded to the nearest 10 ml. Be-
cause dietary intake was more limiting in energy than in protein,
supplement intake was expressed in terms of calories.

No medical care services were included in the original experi-
mental design, but a real and felt need for these was detected as the
project progressed. Thus, a health care program was implemented in
each community with services provided by physicians. After this study
was through, this system was simplified in such a way Lhati ithe physi-
cian's role became that of supervisor for Auxiliary Nurses, who took
charge of the primary health services. In addition to the management
of common diseases, the Auxiliary Nurses were responsible for the im-
plementation of maternal and child care activities and vaccination
programs for mothers and children. The primary health care was in-
tegrated to the food supplementation activities of the program.

The longitudinal data collection on nutritional, socioeconomic,
health, and demographic aspects of the population began in early
1969, The principal examinations made in pregnant and lactating
mothers and children seven years old and under and analyzed in this
report include anthropometry (every three months during pregnancy,
lactation, and in children less than 24 months of age; every six
months thereafter), morbidily (obtained through fortnightly surveys).
The survey was symptom-oriented and utilized retrospective home in-
terviews, and supplement intake,

Results

A marked reduction in neonatal and postneonatal mortality rates
occurred during the first six years of the project. According to the
data obtained from pregnancy histories for the 1960-1968 cohort, be-
fore the study began, neonatal mortality rate was 104.8 and post-
natal mortality was 47.0 per thousand 1ive births. The stillbirth
death ratio was 24.8 per thousand live births during the same period.
The stillbirth deaih ratio and the neonatal and postneconatal mortal-
ity rates for the 1969-1975 cohorts, during the study period, were
21.7, 24,1, and 32.2 per thousand live births, respectively. Infor-
mation recently collected in the four communities, after the health
and nutritional interventions took place, revealed that infant mor-
tality continued to be low, 27 per thousand live births, for the
1977-1980 period. The reduction in mortality rates in the longitu-
dinal study could be attributed to the food supplementation and
health care programs, given that no other intervention was concur-
rently instituted in these communities39,

Regarding the impact of the food supplementation program on
physical growth, we have published results showing that caloric sup-
plementation given to the pregnant mothers is causally related to
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b1rth weight and to the length of pregnancy. The magnitude of the

ssociation is such that the proportion of low birth weight (£2.5
kg) and short gestational age (<37 weeks) babies in the group of low
supplemented mothers was 19 percent and 18 percent as opposed tY nine
and four percent in high supplemented mothers, reSpectively

An association between the caloric supplementation consumed by
the mother during pregnancy and lactation and by the infant during
]actatign on infant's growth in weight and length has also been re-
ported Morcover, the impact of additional calories and proteins
on children's growth has been communicated by Martorell et al .43

In the following section we will examine information on the
effect of food supplementation and morbidity on physical growth,

For those analyses, cohorts of all children who reached 18, 30, and
36 months of age during the study period, 1963-1977, and who were
followed during one year, were selected. In total, 793 children at
18 months, 763 at 30, and 746 children at 36 months were identified
and studied,

The information included in these analyses are anthronometry
(weight and length), morbidity (percent time i11 with diarrhea per
semester) and food supplementation (mean daily calorie intake from
supplementation during each semester). The absolute anthropometric
measurements were converted to Z-score, in relation to the WHO refer-
ence population, and the semestral weight and length changes.expres~
sed as semestral Z-score changes. In theory, healthy children grow-
ing normally maintain their Z-score in consecutive weight and length
measurement and their semestral Z-score change should approach zero.

Table 1 indicates that in this population, the growth deficits,
relative to the WHO reference population tends to decrease at older
ages. In both, weight and length, as well as in weight-for-length,
there is a statistically significant reduction in growth retardation
from younger to older ages.

The six-month increments in weight, length, and weight-for-
length in children living in “"atolé" and "fresco" villages are pre-
sented in Table 2. 1In all cases, semestral Z-score changes are posi-
tive, and at 18 to 24 months, they are significantly higher in
"atole" than in "fresco" viliages. In addition, at 18 to 24 months,
the changes in length are greater than in weight, in both "atole"
and "fresco" villages,

Tables 3 to 5 present the semestral changes in weight, length,
and weight-for-length Z-scores, according.to the initial length and
weight Z-scores. In general, at all ages, the semestral Z-scores
changes in weight and in weight-for-length are greater in children
with Tow weight at the beginning of the interval, and especially in
those children with Tow weight and high length. The semestral Z-
score changes in length are greater in children with low length and
high weight at the beginning of the semester, especially at younger
ages. These results support the existence of an effect of prior pat-
terns of growth on subsequent growth, and are consistent with Fer-
gusson et aql%4, who reported that growth in the postnatal period
acts in a redistributive fashion which tends tg stabilize the rela-
tionship between the child's length and weight?2.

Tables 6 to 8 present attained and incremented weight and length
information, by year of the study, in the three cohorts. Attained
weight and length Z-scores at 18 months of age and the 18 to 24 month
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Z-score length tend to decrease from the beginning to the end of Lie
program. The six-month changes in weight and length are also signi-
ficantly smaller at later ycars of the project, without significant
changes in the attained weight and Tength measurement.

The association between diarrheal diseases and physical growth
1s explored 1n Tables 9 and 10, for weight and length raspectively.
The study sample was categorized in two groups: children with.low
and children with high diarrhea in two consecutive semestral.periods
(Tow diarrhea: zero percent time i11 with diarrhea during each se-
mester; high: five percent or more time {11 with diarrhea), in each
of the three cohorts and in the "atole" and "fresco" villages. Ac-
cording to morbidity experience in the first and second semester,
children were grouped as follows: children without diarrhea in the
two consecutive semesters, children with high diarrhea during the
first semester and without diarrhea during the second, and children
without diarrhea during the first and with diarrhea during the second
semester. As shown in Tables 9 and 10, in all cases, children with
diarrhea in the first semester and without diarrhea in the second have
greater six-month changes during the second semester in weight and
length than those without diarrhea in both semesters. In most cases,
the six-month Z-score changes in weight and length during the second
semester are negative in those children who had diarrhea during the
second semester but not in the first. These data suggest that growth
velocity in weight and length is greater after a period with diarrhea
than what could be identified as normal growth in those cases with-
out diarrheal disease. It is also evident from these results that
weight changes are greater than length changes at all ages and that
length changes are greater at younger ages.

Finally, Table 11 presents information on the six-month changes
in length, according to the pattern of morbidity and the level of en-
ergy supplementation in the "atole" villages. As in Table 10, chil-
dren were grouped according to their morbidity experience, and were
divided in two categories, based on the daily mean amount of supple-
mented calories consumed during the second semester. As clearly
shown in this table, the length increments in well-supplemented
children is significantly greater than the low supplemented group in
the 24 to 30 month age interval. In addition, the length increment
in children with high supplementation and diarrhea during the first
semester and no diarrhea during the second is significantly greater
than the group of children without high supplementation and no dia-
rrhea in the two consecutive semesters. At olders ages, 36 to 42
and 42 to 48, the effect of supplementation is not significant.

In summary, the integrated food supplementation and health care
programs had important effects on the infant and child mortality
rates and on physical growth. The food supplementation project was
responsible for an increment in birth weight and in weight and length
of children at older ages. This was more obvious at the beginning
than at the end of theproject. It was also found that the effect of
the food supplementation was greater in children with low weight and
length than in heavier and taller children, as well as in those who
had suffered from diarrheal disease in the past. The conclusion from
the data is that the food supplementation project carried out in these
villages was successful in stimulating catch-up growth in preschool
children.
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Based on the experience previously presented, and others in which we
have been participating, a generalized model for food supplementation
programs that utilizes a system of health as a vector for operation-
alizing intecgrated development programs was planned. In the next
section, some of these ideas are discussed.

DISCUSSION

Food aid resources available in a developing nation should be
used to strengthen government efforts to expand primary health care
services to the most deprived and isolated communities within a coun-
try. This strategy was -used successfully in Costa Rica in the last
decade with the initiation of the Rural Health Program (RHP) and the
Community Health Program (CHP). The health and nutritional conse-
quences of linking food aid to an integrated health care program gear
to those segments of the populations in most neced of these services
have been well documented in the literature?5,46_ The latter exam-
pie should not be overlooked, particularly in the Central Anerican
countries. A series of anthropological reports on health seeking
behavior in Central America and Panama, carried out by INCAP and sci-
entists of its member. countries4’, have singled out the low utiliza-
tion by rural populations of government health services. While it is
recognized that existing sociocultural practices in rural communities
may preclude a better use of these services, it is also true that in
the initial stages of provision of health services to isolated rural
comnunities, certain material stimulus besides health (i.e,, food
aid) need to be present while the confidence betw2en health provid-
ers and recipients is established. Our own data34 Fave singled out
the positive impact on subsequent growth of those children who con-
sulted the health service due to.diarrhea as opposed to those who
did not make use of the program. Therefore, food aid can serve as a
tool to promote the extension and usc of medical care services in ru-
ral areas, particularly when the recipient populations have not been
exposed to modern medicine.

The Tink- of food aid to integrated medical care services, ori-
ented to provide health to deprived communities of developing na-
tions, can be established mainly through two types of food aid pro-
grams: supplementary feeding schemes through the maternal and child
care programs and food for work activities. The former will fulfill
objectives such as avoiding deteriorations or improving the health
and nutritional conditions of vulnerable demographic and physiolo-
gical groups (mothers and children) and/or of vulnerable groups with-
in high risk poor families. They will also propose oilher broader
objectives such as being an income transfer or becoming a tool to
improve the utilization of health services as it has already been
described.

However, at least in the Latin American context, food aid in
the form of food for work has seldom been linked to integrated ef-
forts of delivering health services to deprived and undernourished
populations. Construction or maintenance of roads and certain agri-
cultural-related activities have accounted for most food aid provi-
ded in Central America as food for work. If food aid is to be in-
tegrated to efforts to provide comprehensive health services in de-
veloping countries, certain resources to be allocated to food for
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work activities nced to be invested to support the strengthening of
the health infrastructure in dispersed rural communities. These po-
tential food for work projects include not only the construction of
health posts but, more importantly, projects geared to prevent the
occurrence of the most important plague diseases affecting children
in rural communities: dimprovements to existing houses with adequate
sanitary conditions, introduction of potable waler, improvements to
garbage and excreta dispoaal systems, adequate sewage systems. Thus,
the expansion of present food for work activities to improve the in-
frastructure for health and sanitary services in isolated rural com-
munitics of developing nations may be an important contribution of
food aid to the health and nutritional status of mothers and their
children in the developing world.

By no means a larger allocation of resources of food for work
programs to strengthen the health and sanitary infrastructure is in
conflict with the broad objective of food for work project, which
is to make use of surplus labor in certain periods of the year to
promote development projects while providing to unemployed or under-
employed families some economic means to fulfill basic neceds. How-
ever, trade-offs should be carefully analyzed if resources are to
be diverted from other existing developmental projects as well as
the government capacity to handle efficiently more food aid if the
new projects are going to be financed with additional resources.

How, in practice, can food aid be efficiently linked to pro-
mote, within integrated health services, catch-up growth? The ans-
wer to this question, besides taking into consideration the general
nutritional policy issues on food aid and health care services al-
ready discussed, rests on ef{fective program selection, design, and
control of program performance_(processS. Other papers in this work-
shop will be dealing at length with targeting and evalualion of food
aid programs and therefore we will only discuss the pertinent aspects
of targetting and evaluation of process and impacts related achieve-
ment of catch-up growth.

The probability to observe catch-up growth may be enhanced if
food aid programs operating in the health or any other government
sectors are better targetted. The means for that exist, particular-
1y in the Central American isthmus and other Latin American coun-
tries, vhere permanent food and nutrition information systems of
mapping and monitoring the prevalences of malnutrition for the small-
est political-administrative unils are operating“s. In Panama,
which is divided in 505 corregimienios, for political and administra-
tive purposes, a total of 34 corregimientos exhibited a proportion
of less than 3% of children below -2 Standard Deviation of the NCHS
reference pattern. Conversely, 59 corregimientos (11.7%) showed a
prevalence of height retardation above 50%, while 6 corregimientos
had more than 75% of their children with height retardation3. For
ethical and cost-effectiveness reasons, one may select the worst-
off corregimientos as target communities for food aid programs. If
that is so, either as a true catch-up growth and/or as part of a re-
gression to the mean effect, one would expect a greater impact of
the program in those communities exhibiting the worst conditions.

The same argument holds true for targeting the food aid pro-
gram to those families and individuals in the most precarious condi-
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tions within selected communities. To maximize the efficiency of se-
lecting the worst-off within the communities, nutritional status cri-
teria can be complemented with information about the functional oc-
cupation of heada oI houscholds as has been proposed in the Central
American isthmus?8:49 Thus, better targetingof food aid and other
food, nutrition, and health programs by regions, subregions, areas,
and cormunities, and within communities by families and individuals
are feasible nowadays to be carried out in some developing countries
and are not an impossible task in many others. The selection of the
most deprived and undernourished (thinnest, sickest, and smallest)
through food aid and health care services will enhance any possibil-
ity to produce catch-up growth.

Seasonal factors are commonly overlooked in food aid program
design. If food aid is properly designed within health care systems,
it may have important implications in buffering periodic scarcity of
foods coupled with higher occurrence of diseases which are commonly
found in rural areas of developing nations. Thus, in many develop-
ing nations, the peak of diarrhea and other diseases usually coincides
with the months where less food is available at home. Therefore,
with knowledge of these patterns for different agricultural communi-
ties in a country, both the coverage and the amount of foods per par-
ticipant can be modified. The latter will accommodate, at the in-
dividual level, for the additional demands of energy and nutrients
imposed by the higher proportion of children in the selected commu-
nities who during these periods exhibit diarrhea and other diseases,

Besides policy definitions with regards to the utilization of
food aid and better targeting of existing resources to the most de-
prived and undecnourished families, the possibility to link food
aid with health care programs to produce catch-up growth will have
to face a critical revision of existing norms and procedures of these
programs. This revision will have to include the criteria for se-
Tecting a child to enter the program, instruments and interpretation
of growth monitoring curves, type, quantity, and quality of foods to
stimulate catch-up growth, length of child participation in a pro-
gram, follow-up of discharged children. The above issues should be
addressed in the circumstances in which food aid programs operate in
developing nations and will be the subject of a research project to
be conducted in 1985 as part of INCAP's efforts in the next five
years to support the efficient operation of food aid programs in Cen-
tral America and Panama®l. The following are examples of the type
of revisions to be made on the criteria for selecting participant
children, if we expect to maximize the potential to see catch-up
growth. No food aid out of 26 programs operating in the Ministries
of Health in Central America and Panama have, within the criteria
for incorporating a child to the program or for determining his
length of participation, the presence or antecedents of diarrheal
diseases. Furthermore, the amounts of food given to a family do not
take into consideration the initial nutritional status of the child
and/or his recent morbidity events.

To recapitutate, the field evidence reviewed in this paper and
our experiences supporting national food aid programs in the health
sector, particularly in Central America and Panama, lead us to sug-

gest that the measures to improve food aid program efficiency in the
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health sector, in general, are the very same mcasurcs which will max-
imize the effects of food aid on catch-up growth. They entail the
use of focd aid, both as a basic element of a strategy to expand the
coverage and effective use of health care services and to strengthen
the health and environmental sanitation infrastructure to prevent or
reduce the occurrence of diseases. Hith regards to program design,
better targeting (political-administrative, within selected communi-
ties, seasonal criteria) and a revision of existing norms and proce-
dures should be carried out to maximize the achievement of clear-cut
program objectives, one of which may be to stimulate catch-up growth.
Existing permanent data collection mechanisms for food and nutrition
planning and operational research in national food aid programs are
essential tools for improving design and program performance and,
therefore, for increasing program efficiency which will, in turn, be
reflected in catch-up growth in some participant children chronically
malnourished as well as in others who had suffered recently from a-
cute morbidity events.

Finally, as will be discussed in another session by Dr. John
Mason, it is feasible but difficult and costly to ascribe nutritional
impacts to a national food aid program. Thus, the evaluation of im-
pact of food aid programs on catch-up growth can be addressed as part
of field studies on nutritional effects of national food aid programs.
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Table 1
ANTHROPOMETRIC INDICATORS IN THE STUDY SAMPLE

L-score

Age Z-score weight Z-score length weight-for-length
months N X S.D. X S.D. X S.D.

18 731 -2.11 .90 -2.78 1.06 -.J71 .84

24 793 -2.03 .96 ~2.46 1.10 -.61 .68

30 704 -1.83 .89 -2.41 1.10 -.45 71

36 762 -1.66 .85 -2.34 1.03 -.33 .73

42 746 -1.56 .82 -2.32 .99 -.23 .76

48 664 -1.53 J7 ~2.26 .98 -.23 .73
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Table 2

SIX-MONTH CHANGES IN WEIGHT, LENGTH, AND WEIGHT-FOR-LENGTH IN
"ATOLE" AND "FRESCO" VILLAGES

Six months changes in

Age Type Z-score Z-score Z-score
(months) supplement N weight Tength veight-for-length

18-24 Fresco 346 .21 .EG .06
Atole 373 .15 .37 .12
30-36 Fresco 341 aldd .06 .11
Atole 342 .14 .05 12
36-42 Fresco 329 11 .01 .10
Atole 338 .05 .02 .05

Comparion between "Fresco" and "Atole" villages

* t-test>1.96; p <.05
* t-test>2.58; p<.01
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Table 3

CHANGES IN WEIGHT, LENGTH, AND WEIGHT-FOR-LENGTH FROM 18 to 24
MONTHS ACCORDING TO INITIAL LENGTH AND WEIGHT MEASUREMENTS*

Categories Categories Six-month changes in Z-score
of length of weight N weight length weight~for-length

Low Low 40 .19 A5 .12
Mid 31 .22 .63 -.09
High 6 -004 '77 -.74
Mid Low 17 Al .07 .86
Mid 49 .10 Al .10
High 27 .09 .36 -.18
High Low 4 .60 ~.20 1.43
Mid 43 .28 .33 .54
High 156 .08 .32 .02

*In Atole Villages
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Table 4

CHANGES IN WEIGHT, LENGTH, AND WEIGHT~FOR-LENGTH FROM 30 TO 36
MONTHS, ACCORDING TO INITIAL LENGTH AND WEIGHT MEASUREMENTS*

Categories Categories Six-month changes in Z-score
of length of weight N weight length weight-for-length

Low Low 25 .30 13 18
Mid 23 .11 35 -14
High 5 -.01 29 -16
Mid Low 22 31 5 28
Mid 55 .24 4 24
High 37 .11 16 4
High Low 3 .48 -.02 .59
Mid 37 .21 ~-.02 24
High 135 .02 -.04 .07

*In Atole Villages
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Table 5

CHANGES IN WEIGHT, LENGTH, AND WEIGHT-FOR-LENGTH FROM 36 TO 42
MONTHS, ACCORDING TO INITIAL LENGTH AND WEIGHT MEASUREMENTS*

Categories Categories Six-month changes in Z-score
of length’ of weight N weight 1length weight-for-length

Low Low 23 22 .14 18
Mid 22 04 .10 -.03
High 10 .14 .38 -.03
Mid Low 7 .18 -.07 .06
Mid 42 .12 .00 .25
High 48 .07 .06 .13
High Low 3 15 .03 .10
Mid 26 .08 -,02 .13
High 157 -.01 -.03 .08

* In Atole Villages
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Table 6

ATTAINED WEIGHT AND LENGTH AT 18 MONTHS OF AGE AND CHANGES FROM 18 TO 24 MONTHS, BY YEAR OF THE STUDY

Years of the Study
1969-70 1971 1972 1973 1974 1975 1976

Z-score weight 2.23 2.12 2.17 2.27 2.02 1.93 2.00 F 2.60; p: 0167
Change in Z-score .00 43 .05 .08 .04 .06 .14 F1.08; p>.05
weight

Z-score length 2.94 2.63 2.98 2.96 2.73 2.60 2.59 F 3.86; p: 0011

Change in Z-score .56 .28 44 52 24 .09 .17 F 11.69; p: .0000
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Table 7

ATTAINED WEIGHT AND LENGTH AT 30 MONTHS OF AGE AND CHANGES FROM 30 to 36 MONTHS, BY YEAR OF THE STUDY

Years of the Study
1969-70

1974

1975

1976

Z-score weight

Change in Z-score
weight

Z-score length

Change in Z-score
length

-1.89
18

-2.51
.24

-1.69
.20

-2.,33

-1.72
.12

-2.35

F 0.82; p>.05
F2.73; p: .0127

F .215 p>.05.
F 11.69; p: .C000
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Table 8

ATTAIRED WEIGHT AND LENGTH AT 36 MONTHS OF AGE AND CHANGES FROM 36 to 42 MONTHS, BY YEAR OF THE STUDY

Years of the Study

1969-70 1971 1972 1973 1974 1975 1976
Z-score weight -1.69 =1.59 -1.73 1,72 =-1.69 .1.58 =1.57 F: .88; p>.05
Change 1n Z-score 17 .08 .04 .10 .06 07 .04 F: 2.06; p: 0549
weight
Z-score length ~2,36 -2.16 -2.47 2,37 -2.42 -2.20 -2.37 F: 1.80; p>.05
Change in Z-score A1 -.08 .06 .06 .00 .01 -.02 F: 3.39; p: 0030

‘length
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Table 9

SIX-MONTH CHANGES IN WEIGHT ACCORDING TQ THE PATTERN .OF MORBIDITY

Calorie Supplementation

Protein-calorie Supplementation

Months Months
Pattern of morbidity 24-30 36-42 42-48 24-30 36-42 42-48
Low diarrhea* - lst semester .26 .17 .01 .31 .04 .01
Low diarrhea - 2nd semester (44) (87) (122) (51) (126) (143)
High diarrhea** - 1st semester .27 21 .18 .32 .16 .11
Low diarrhea - 2nd semester (36) (26) (23) (46) (28) (25)
Low diarrhea - 1st semester -.16 -.10 -.21 .04 -.13 ~,08
High diarrhea - 2nd semester (9) (12) (5) (12) (6) (12)

*Low diarrhea:
**High diarrhea:

5 percent or more time 111 with diarrhea.

0 percent time 111 with diarrhea during each semester.
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Table 10

SIX-MONTH CHANGES IN LENGTH ACCORDING TO THE PATTERN OF MORBIDITY

Calorie Supplementation

Protein-calorie Supplementation

Months Months
Pattern of morbidity 24-30 36-42 42-48 24-30 36-42 42-48
Low diarrhea* - st semester 17 .04 .08 .07 .02 .03
Low diarrhea - 2nd semester (44) (87) (122) (51) (126) (143)
High diarrhea** - 1st semester .25 07 .11 .26 .08 .07
Low diarrhea - 2nd semester (36) (26) (23) (46) (28) (26)
Low diarrhea - 1st semester -.14 .01 -=56 0.04 -.17 .03
High diarrhea - 2nd semester (9) (12) (5) (12) (16) (12)

*Low diarrhea: O percent time 111 with diarrhea during each semester,

**High diarrhea: 5 percent or more time i1l with diarrhea.



Table 11

SIX-MONTH CHANGES IN LENGTH, ACCORDING TO THE PATTERN OF MORBIDITY
AND LEVEL OF ENERGY SUPPLEMENTATION IN "ATOLE" VILLAGES

Supplementation Six-month changes in
during Z-score length
Pattern of morbidity 2nd semester Months
24-30 36-42 42-48
Low diarrhea Low -.01 (21) .02 (51) .04 (ﬁ
Ist semester (0-99 kcal/day)
Low diarrhea High .13 (30) .01 (75) .02 (3
2nd semester (>99 kcal/day)
High diarrhea Low 14 (15) .12 (11) .07 (1
1st semester
Low diarrhea High .31 (31) .05 (17) .06 (1

In parenthesis, number of cases
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