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History, desigf‘i, and objectives of the INCAP follow:iip
study on the effects of nutrition supplementation
in child growth and development

Reynaldo Martorell and Juan Rivera

Abstract

The 1985-1989 INCAP follow-up study on the effects
of early nutrition supplementation in child growth and
development was the first long-term, comprehensive
follow-up of a nutrition intervention. The subjects
were former participants in the longitudinal study of
19691977, who were 10-26 years old at the time of
measurement. The hypothesis of the follow-up study
was that improved rutrition in early childhood leads
1o enhanced human capital formation. Cross-sectional
data were collected on physical growth and body com-
position, maturation, work capacity, intellectual per-
formance, and school achievement.

Authors' note

This paper, undertaking to review the salient features
of the design and methods of the INCAP Guatemalarn
follow-up study of 1988-1989 on the effect of early
nutrition supplementgtion in child growth and de-
velopment, is a companion to the history of the longi-
tudinal study of 1969-1977 [1]. In preparing the
latter, Read and Habicht had difficulty at times in re-
constructing events and recalling details. The auail-
ability of complete documentation and the shorier
period of recall involved has made writing the pres-
ent paper considerably easier for us.

Hypothesis of the follow-up study

The follow-up study was a cross-sectional evaluation
of former participants of the INCAF longitedinal
study of 1969-1977. The longitudinal study sought,
by means of & nutrition ntervention, to test the
hypothesis that malnutrition has adverse effects on
mental and physical development. Two villages re-
ceived a protein-energy liguid supplement, afole, and
two others a low-energy beverage, freseo, At the
time of the follow-up study, the participants in the

longitudinat-study ranged in age from 10 to 26 years.
Also included in the follow-up study were subjects of
the same age living in nearby communities, described
in project documents as control villages.

The main hypothesis of the follow-up study was
as follows: Nwrritional improvements in the critical
period of gestation and the first three years of life ulti-
mately produce adolescents with a greater potential
for leading healthy, productive fives. An equivalent
but bricfer statement of the central hypothesis is: fr-
proved nutrition in early childhood leads to enhanced
human capital formation.

The richness of the longitudinal study data set
allows for several ways of establishing improved
nutrition in early childhood. Foremost, this can be
done relative to the intervention by classifying sub-
Jects as belonging to atole, fresco, or control villages,
Also, daily attendance and intake of supplement
were measured for all individueals in the atole and
fresco villages, permitting estimates to be made of
energy and putrient intakes from the supplements
over any time period. Finally, the study permits
many altermative defimitions of childhood nutrition
status that are not based on the intervention but rely
on available longitudinal information. Although not
anchored in an expenimental design, measures such

as growth rates and degree of stunting, by virtue of

being responsive to the full range of factors that in-
fluence child health, provide a wider [&nge In nutri-
tion status than measures of supplementation. Also,
anthropometric measures are the most widely used
indicators and hence are familiar to the international
nutrition community.

The central hypothesis of the follow-up study re-
fers to “greater potential for leading healthy, produe-
tive lives™ in recognition of the fact that productivity,
particularly in an economic sense, was not measured
as well as potential. Greater potential was consi-
dered to be improved status in terms of measures of
physicdl growth and body composition, maturation,
work capacity, information processing, intellipence,
functional competence {reading, numeracy, general
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knowledge), and educational achievement [2]. Pro-
ductivity data such as labour participation and earn-
ings were obtained for all subjects for the previous
year. Nonetheless, many of the follow-up study sub-
jects, particularly those exposed to supplementation
during pestation and the first three years of life, were
too young in 1988-1989 to allew for a valid explora-
tion of the links between early nutrition and later
productivity. These aspects will be studied more ade-
quately as the subjects become older and settled into
occupations.

In elaborations of the hypothesis in proposals to
the US National Institutes of Health (NIH), the
agency that funded the research, a range of effects
was predicted depending on age at exposure to the
nutrition intervention. Maxamum effects at follow-up
were predicted for subjects born from 1969 to 1974,
These subjects were exposed to supplementation
during what were referred to in the proposals as
critical phases of growth and development, namely,
gestation and the first three years of life. The bases
for this claim were the greater degree of growth re-
tardation observed at that time and that age, and the
lack of demonstrated effect of the supplement on
physical growth rates after three years of age [3].

The investigators argued that the follow-up study
was novel and onginal. The NIH was told that the
study represented a “unique opportunity for carrying
out the first long-term, comprehensive follow-up of a
nutrition intervention.” Furthermore, it would result
in substantial contributions to knowledge. Specifi-
cally, it was expected (1) to address whether the
benefits of nutrition interventions on growth and
development in early childhood persist into adoles-
cence and beyond, (2) to provide information about
effects and functions that can only be measured later
in life, and (3) to centribute to understanding the im-
portance of early growth and development for future
status.

Finally, the investigators argued that the policy im-
plications were ¢clear and compelling. The following
statemnent was included in the abstract of the fiest
proposal submitted to the NIH:

If valid, it will demonstrate that there are strong
linkages among  malnutrition, human  capital
formation, and poverty which justify investments
in health and nutrition as components of economic
development stratepics.

Design considerations

The follow-up study. as noted earlier, was 4 cross-
seclional - assessment of adolescents and  voung
adults, some of whom had been studied by INCAP
as young children (in the atole and lresco villages)
ardl some of whony bad not G he control villages)

e

When designing the study, the investigators were
concerned about whether it should be lengitudinal or
cross-sectional and whether it should be carried out
some time In the future when most of the subjects
had reached maturity or as soon as possible.

The limitations of a cross-sectional evaluation
were readily recognized. It is well known that the
dynamic process of growth and maturation during
adolescence cannot be studied adequately through
such a design. Also, important areas such as fertility, -
employment history, and wage earnings are difficult
to  collect accurately from single interviews.
Although a longitudinal desigh would have provided
better data for many outcomes, it would have in-
creased the complexity and cost of the study dramati-
cally, and the cost estimates even for a cross-
sectional survey were already high. Therefore, a
cross-sectional approach was selected.

The next question had to do with the timing of the
study. It could proceed immediately while the sub-
jects were adolescents or young adults, or it could be
postponed until most were adults. The advantages of
studying adults were understood. One would be the
elimination of the necd to control for maturity in the
analyses. Information about truly long-term out-
comes would be collected, and the assessment of
effects on fertility, occupation, and carnings would
be more definitive. Monetheless, it was decided to
proceed as soon as possible even though many sub-
jects were still adolescents, partly to learn about
effects on maturity and adolescence but more impor-
tantly because the opportunity to carry out the study
existed and it was feared that conditions might not
b suitable later. At this time, a team of interested
researchers was in place, enthusiasm was high, and
funding prospects looked reasonable.

The study included data collection in three control
villages. A list of villages that had been considered
for inclusion in 1969 was available. They were of in-
terest because they were presumably similar to the
atole and fresco communities as all were selected
from a larger set of villages. Since they were not in-
cluded in the earlier study, they offered the theoret-
ical possibility of shedding light on what might have
occurred mm the study villages in the absence of
INCAP's intervention. However, it was nat clear
why they had not ultimately been selected for the
longitudinal study. Clearly, they were not thought to
be tdeal choices, Still, the decision was made to in-
clude three of these communities in the follow-up
study. To reduce costs and travel time, they were
ones that were closest to the four longitudinal study
villages.

Another issuce that was carefully considered was
migration, [n January 1986 a list of 100 families was
randomly selected from the study files {25 families
per village), OF the 240 children born to these fann-
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lies during the earlier study, 21 (8.8%) were lost for
follow-up on account of death, mostly in infancy. Of
the 21% who had not died, 179 {81.7%) were still in
the willages and 40 (18.3%) had migrated. Clearly,
the latier were an important group, nearly one-fifth
of the sample. It was fearcd that to leave them out
would open the possibility of selection bias. On the
other hand, including them would complicate the
logistics of data collection and increase the costs of
the study. A compromise was reached. Migrants
were included, but only those who had migrated to
Guatemala City, Sanarate, and El Jicaro (the last
two being the provineial towns nearest to the study
villages). Tracking migrants to more dispersed areas,
it was decided, would be too costly.

Synopsis of the history of the follow-up

The process of funding a study is often long and
arduous, and the follow-up study was no exception.
The following is a list of key project events and
dates. Information of this type is rarely published,
but it is included here as it may help future users of
the data set to understand how ideas ¢volved over
time, All the documents mentioned in the list are
available from R, Martorell.

19831984, Preliminary discussions of the follow-up
study took place at Cornell University during R.
Martorell’s sabbatical there from Stanford Uni-
versity, The first preliminary draft of the study was
prepared by Martorell and discussed with J. Haas
and J-F. Habicht. -

Oct, 1984, A comprehensive draft of the study was
written by Martorell and circulated among col-
leagues at Stanford, Cornell, and INCAP.

Mar, 1985. Dhuring an unrelated meeting at Bellagio,
[taly, Martorell and the late Victor Valverde de-
sipned a pilot study to address the feasibility of
locating participants of the longitudinal study and
planned a meeting at INCAP to write a proposal
1o be sent 1o NIH.

Apr. 1985, INCAP carried out a study of 100 tami-
lies to detecmune how many subjects actually could
be found in their villages of origin or in the places
to which they had mugrated, Martorell obtained
support, from seed money funds available at Stan-
ford Umiversity from the Alfred Sloan Foundation,
for a meeting to prepare the proposal.

May 1985, A meeting took place at [INCAP to reach
a consensus on study design, to bepin drafting the
proposzal, and 1o plan the submission of the pro-
posal to NIH.

Taze, 1YEG, The first proposal was submitted 1o NTH,

sdactoretl s principal with

listing investigator

Haas (Cornell) and Herndn Delg&dﬂ (INCAP) as
co-principal investigators.

June 1986. The proposal was reviewed by a special
study section at the request of Martorell, who
argued that no specific section had the broad ex-
pertise required for a proper evaluation of the
merits of the study. The proposal was deferred for
a site visit, and the investigators were asked to re-
spond to a series of written questions.

Mov. 1986. The answers were sent to reviewers. The
reviewers were notified that Ernesto Pollitt had
joined the research team. He became the principal
investigator of the behavioural component and
added cognitive information processing to the
already ambitious data-collection plans in that
area. J. Rivera (INCAP) joined the project as
technical coordinator.

Dec. 1986. The site visit took place at Stanford, and
most 1ssues of concern to the review team were re-
solved. A very favourable review was sent to NIH.

June 1987. The three-year study (June 1987-May
1990) began with three phases: preparation (9
months}, data collection and cleaning (12 months),
and analysis and publication (15 months). The
study was carried out as planned, but delays in the
data collection left only eight months for data
analysis.

Aug. 1988, Funds were received to collect data on
iron status {Aug. 1988-TJune 1989) as a result of a
supplement proposal submitted to NIH in which a
strong case was made for the need for such in-
formation in order to understand work capacity
and behavioural outcomes more fully.

Oct. 1989. Rivera replaced Delgado as principal
investigator at INCAP, and Delgado became
INCAP's director on 1 Jan, 1994,

Nov. 1989, A competing continuation proposal was
submitted to NIH to extend the analyses for an

“additional two vears beyond May 1990,

Felb. 1990. This proposal was reviewed by the
Epidemiology and Disease Control, Section [
(EDC-1), study section of NIH and sent back to
the mvestipators with guestions,

Apr. 1990, Detailed answers to the questions were
sent 1o NIH.

Apr. 1990, Pollitt as principal investigator and Mar-
torell ag co-investgator submitted a proposal to
the Pew Charitable Trusts and obtained funding
for a two-year project. This effort was devoted en-
nrely o analvses of data in the area of school per-
formance.

June 1990 The EDC-1 study section approved the
competing contnuation proposal effective | Dec,
199} Some funds {Tuly—Mov, 19903 were obtained
to deal with the tuatos m funding cavsed by delays
i the review process
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July 1990. Rivera (principal investigator), Habicht,
and Martorell obtained monies for three years
from the Thrasher Rescarch Fund to extend the
follow-up to the third generation: newborns of the
women who had participated as young children in
the longitudinal study. As part of this project, re-
productive  behaviour, pregnancy, and perinatal
data were collected.

30 July—3 Aug. 1990, A workshop was held at Bella-
gio, bringing together project investigators and
outside experts to review the preliminary findings
of the study. A publication plan was drafted which
includes this volume and a second to be submitted
to the Journal of Nurrition.

Aug. 1991, Martorell transferred the project to Cor-
nell, where he took a faculty pasition.

Feb.—Mar. 1992. Two proposals were submitted to
NIH with Martorell as principal investigator, One
was for a second two-year competing continuation
and the other for a longitudinal study of the chil-
dren of the subjects of the follow-up, The second
proposal sought to extend the Thrasher-funded
effort to study newborns and their growth and de-
velopment during the first three vears of life.

Apr. 1992, A symposium: summarizing the findings
of the follow-up study was held at the FASEB
meeting in Anaheim, Calif., USA, Participants in-
cluded Martorell, Habicht, Pollitt, Haas, and
Rivera.

In addition to these efforts, at the invitation of
Martorell, John Himes, of the University of Minne-
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sota, submitted an independent proposal to NIH in
1986 to study aspects related to bone growth ‘and
metabolism. This component was added successfully
to the follow-up study programme of data collection.
Also, Alan Goodman from Hampshire College,
Amherst, Mass., added a small component on dental
anomalies and morphology. In both these efforts,

data collection was limited to Cornell's work eapac-
1ty sample,

Conclusion

It has become increasingly difficult to obtain funding
for research, particularly for large and ambitious
projects such as the follow-up study. As the chronol-
opy of events suggests, considerable time and effort
were devoted to proposal preparation and to answer-
ing reviewers” questions. Although excessively bur-
densome at times, the process improved the design
and data collection of the follow-up study, and for
this the scientists are prateful. Also, the project’s
staff 1s appreciative of the NIH's programme of peer-
reviewed, unsolicited research funding, as it pro-
vided the opportunity to compete openly with other
biomedical scientists for support. Were it not for the
NIH, the follow-up study would have been difficult if
not impossible to carry out, since resources available
for international nutrition research are limited, par-
ticularly for investigator-initiated proposals.
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