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GENERATIONAL EFFECTS OF SUPPLEMENTARY
FEEDING DURING EARLY CHILDHOOD

Juan Rivera® Mario Flores™, Revaaldo Martorell®*, Usha Ramakrishnan™, Paul Melgap===

[

(INCAT Y Guatemala,

ABSTRACT

Data obtained in three studies are presented:
a}a longuudinal study of growth in children
under 7 vears of age carried out in four rural
communities in Gualemnala between 1969
and 1977; b) A later follow-up of the
participants during adolescence and adulthood
and ¢} a study, although unfinished., in which
weight of the newborns of those mothers
who paricipated in carly studies was recorded.

The longitudinal study included the provision
of two drinks: one rich Inenergy (91 Keal/ 100
mi) and protein (6.4 2/ 100 wl) called “Atole”
and one low in energy (33 Keal/ HOO ml) and
wilhout proten, called “Fresco™ Both drinks
contained similar amounts of micronutrients.
Two communities selected randomly received
“Atole” while two others received the “*Awwle”.
The dnnks were offered daily, on [ree demand,
for the seven vears of the study. Daily
consumpiion of the drinks was recordad for
those under 7 years of age and for the women
during pregnancy and lactation,

The diet and nutritional condition of the

children in the four communities was similar

al the onset of the study. The children of the
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communities who received “Atole” had a
nel improvement in dietary intake while those
who hived in the communitics who received
“Freseo”™ did not improve their diel substantially.
As result, the chiuldren who received “Atole”
recorded betler growth during the first three
years of life in comparison with those who
received “Fresco”. At three yvears of age, the
average height of the girls who lived in the
communities that received “Atole” during
the critical period (gestation and the firs:
three years ol life) was 2.9 cm greater than
the girls wha lived in the communitics that
received the “Fresco” during this same period,
This difference continued until adolescence

“and adulthood, although 11 was slightly

decreased (2.1 cm).

From 1991 to now, the birthweight of the
newborns whose mothers participated in the
longitudinal study has been recorded. The
welght of the children of those mothers who
lived in the communities receiving “Artole™
during the eritical period, adjusted by several
potentially confounding factors, was 200 ¢
greater than those children of mothers living
in the communitics receiving the “Fresca™.
The difference decreased by about 25% when
adjustment was made for maternal the height,
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sugeesting that part of the effect of the
supplement was determined by this variable.

Supplementary feeding during the first three
years of life, in populations with growth
retardation, not only had positive effects on
the nutrition of the beneficiaries also positively
affected the hirthweight of their descendants.

KEY WORDS

Maternal Nutnnon. Buthweight. Child feeding.
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INTRODUCTION

[t 15 estiunated that about |84 million of the
warid's children under five years of age (34%
of the 1otal) are severely underweight (weight:
for-age below -2 5.1, of the NCH5/WHO
reference population) as a result of the
interaction between dietary deficiencies and
infection (ACC/SCN, 19923, "This 13 a matler
of concern because underweight 1s associated
with delaved psychomotor development,
decreased immune response and increased
risk af morbidity and death (Chandra, 1983;
Pelletier et al., 1993)

Several controlled trials have shown that
supplementary feeding improves growth and
development during early childhood (Gopalan
et al. 1973 Mora et al., 1981; Martorell,
1992: Habicht et al., 1995), One such trial
15 the longitudinal study of the Institute of
Nutnition of Central Amenca and Panama
(INCAP) (Habicht and Martorell. 1992); 1t
involved a supplementary feeding intervention
which improved energy intakes and dietary
quality in chiidren réceiving a beverage
called “Atole,” while maintaining unchanged
the diet of children receiving a low-energy
drink called “T'resco.” As a result of these
dictary changes, the growth and development
of the children receiving Atole 1mproved
stenificantly in comparison to children
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receiving Fresco. The results of a follow-up
study of former participants of the INCAP
longitudinal were published recently (Martorell,
19957, One of the principal hindings of the
follow-up study was that benefits of
supplementation on growth at three years
of age persisted into adolescence and early
adulthood, alihough shightly attenuated
(Divera et al., 1995},

This paper i a brief review of the effects of
supplementarion during early childhood on
attained growih at three years of age and at
adolescence and adult age; 11 also contams
preliminary resulis of an ongoing study among
women who participated as chaldren i the
INCAP longitudinal study on the effecis of
supplementation prior 1o three years ol age
on birthweight of the next generation.

OBJECTIVES OF THE STUDY

a) In women, determine the effect of
supplemeniary feeding dunng gestation

and the first three vears of hife on the
birthweight of their children.

by Establish if these effects on birthweight
are mediated by improvements i maternal
height.

METHODS
1) Data sources

The data presented come from three studies
conducted in four mural communities in Bastern
Guatemala: a) a longitudinal study carmed
out between 1969 and 1977, b) a cross-
sectiondl study. carried out betviaen [S8E
and 1989, in which the former participants
of the longitudinal study were examined anc
) a study of the binhweight of neonates bon
to mothers who participated 1 the above
mentioned studies, Descriptions of the design
methods and vanables of each study follow




Table I  Description of cohorts according to age of exposure to the supplements

Nuniber of Colort Dates of bireh

Ages of exposure

1 =UMARS 974 Gestation, partislly from birth 1o 3 years,

1l PMARSO69-28/FERAYTL Partially during gestation, from birth to 3 vears.
11 VIANAS9G6-2R/FERA969  Pantiallv from hirth 1o 3 vears.

I =IANUARY/ 966

Without exposure during gestation and birth 10 3 vears.

1.1) the INCAP Longitudinal study
(1969-77)

The communities were non-indian (1.e,
Spanish/lndian m ancestry and Spanish speaking)
and most of the families depended on agiculture
for their subsistence. The staple foods in these
poor comimumities were com and beans. Childeen
manifested a high prevalence of growth
retarciation and high rates of diarrhea and other
discases. Information was obtained on the
health and numon of women during presnancy
and lactation and on the physical growth,
maorbidity, diet and mental development of
children under seven years of age, among other
variables. Two villages. chosen at random.
received a high-protemn (6.4 g/ 100 ml) and
high-energy (91 Keal/100 mi) drink, locally
called “Atole:” two pther villages received a
low-cnergy (33 Keal/ 1 ml), no-protein drink
called “Freseo™, The drinks were distributed
in supplementation centers and were available
on demand and ad-libitum to all community
members. However, consumption of the drinks
wis recorded daily only for children under 7
years of age and their mothers, Detailed
information on the history, design and
methodology of this study 1s available in
previous publications (Martorell et al., 1995).

1.2} Follow-up study (1988-89)

During 1988 and 1989, a group of investigators
returned to the four communities to evaluate
the former subjects of the INCAP longitudinal
study who were by then between [ and 26
years of age. Approximately 73% of the more
than 2000 subjects previously studied were

located and evaluatea in their original
communities ar, if they had migrated, i near-
by towns or in the capilal ¢ity. Detailed
information was gathered on hody size and
composition. physical and intetlectual
performance, and demographic and econonc
characteristics { Martorell eq al._ 1995),

Depending on age of exposure 1o the
supplements, the subjects studied were
classified into four cohorts (Table ). Cohort
[ was exposed to the supplements durning the
entire period of gestation and partially from
birth to three years of age; cohort I was
exposed during the entire period fram birth
to three years and had partial exposure during
gestation; cohort 11 had partial exposure
from birth 1o three years and was not exposed
during gestation: cohont IV was not exposed
during gestaton or from birth 1o three years
of age. Previous studies indicate that the
greatest effects of supplementation occurred
before three yvears of life (Shroeder et al..
1995). The cohort with maximumn exposure
prior o three years of age is Cohost [L

1.3) Birthweight Study (1991 - present)

A study of newborn characteristics, including
birthweight, of the neonates born to mothers
who participated as children in the prior
longiesdinal steay began on February 1591,
The study is ongoing and the information
presented in this document summarizes data
obtained up to June 1994, A community-
based surveillance system 1s used to identify
wommen al an early stage in pregnancy through
visits every three months at which the date
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ol the last menstreation is obtained. During
these visits, anthropometric measurements
and obstetric and demographic information
about the women are obtained as well. Once
a pregnancy 15 detected, the subject is visited
and examined more frequently at specified
tmes until delivery. Prenatal care is provided
free. Finally, anthropometne measurements
of the mother and newborn are obtained as
soon 45 possible after birth: gestational age
15 determined by the Capusro method (Capurro,
e al 1978,

2) Methods of datu :&milj.'sir;

Theanalvses meluded comparisons between
Atole and Fresco aroups in terms of non-
adjusted and adjusted wieans; the Sudent’s 1
test way used in these comparisons. The
adjusted nicans were oblained by the Jeast
soprare method, using seneralized linear models.
Differences in the percentage of newborns
with low tarthwereght between supplement
Lypes were assessed by the chi-sguared test.
All analyses used the SAS statistical package.

RESULTS
1} Longitudinal study (1969-77) results

Diet and nutritional states of children were
sirndar n the four communities at the beginning
of the study in 1969, Figure | shows the
energy consumption from home diet and
from supplement in girls between |5 and 36
maonths of age and this is given by type of
supplement received. The comununities that
received Atole had a net increase in supplement
consumption of almast 90 Keal per day, This
increase in energy intake represents about
1 3% 1n relation to hume died consumntion
and can be considered important 1o this
energy-deficient population. Figure 2 presents
stmilar information for protein intake. The
net etfect of supplementation was even sreater

than in the case of energy: 8.8 grams of

additional protein, equivalent to more than
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i 40% mceredse o relation o home dieg
consumption, However; thas does noi
necessantly mean that the protein contribution
wis More important because energy may
have been more hmiting than protein in the
tocal diet. The important observation is that
total intakes of children recerving Atole were
signthicantly improved in tenmns of both encrey
and protein when compared 1o those of children
receiving Fresco.

Figure 3 shows the percentage of children
with severe retardation n length (below -3
5.0 of the WHOMNCHS reference population)
at three years of age in the communities
studied. by type of supplement received. Al
the onset of the study 1in 1969, the prevalence
of severe retardation in length was very
similar i the communitics that received
Atole and Fresco. The percentage of children
with severe retardation showed no important
changes in communities receiving Fresco;
however, it decreased to less than half in the
villages receiving Atole. Al the end of the
study, the average length of girls at three
vears of age was almost 3 cm greater in Atole
comparcd 1o Fresco communities (Fig. 4).

2) Results of the follow-up study (1988-
89)

Garls from cohort I were taller at 3 years of
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age (p<.U5) and at adolescence (p<.05) in
Atole villages compared to Fresco villages
{Figure 4). However, differences in heigh
between Atole and Fresco were reduced
somewhat al adolescence, When adjustiment
for length at three years of uge is made,
differences in height at adolescence between
Atole and Fresco villages are reduced
dramatically and cease to be statistically
significant, indicating that the differences
observed at adolescence between supplement
types are explained by differences in length
at three vears of age.

3} Birthweight study results (1991-94)

Table IE presents, for Atole and Fresco samples,

unadjusted means for birthweight and other.

covanales used in the analvsis, The differences
that were statistically significant were weight
and length at birth and marernal height and
all these differences favored the Atole sample.
Also, these differences were observed for
both male and female newborns (results not
presented). The results suggest that differences
in binthweight in favor of Atole commuaities
are not the result of potentially confounding
factors; however, in order to improve the
precision of the estimated effect, the differences
were adjusted for gestational age, sex of the
newbor, ome between birth and anthropometric
measurement, maternal age and pariiy.
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Figure 3, Tinre trends i the percentage of chiildren
with severe stnting (< - 3 5.0 of WHEONCHS
reference] at three vears v tvpe of supnlement (hel
yewes) (Souwrce Martarve!! Food Nure Bull
PO 4370277,
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Figure 4. Mean-adjusted differences (Atole-Freseo)
I length at 3 veary of age and heiphr in adolescents
(females). (1, By home energy intake, 1ime with
dicrriiea, socioeconanmic status, materna! frefpli
and skeleral age (only adolescents), 2. 14-20 vears
of age. 3. During adolescence, adjusted by lengih
al 3 vears, NS (Source: Rivera. J Nutr
(995, 125: 1068S-10775),

Figure 5 shows that unadjusted and adsusted
differences in birthweight favor the Atnle
sample, The unadjusted difference was 121
g, while the adjusted difference was 100 g;
bath differences were statistically significant
(p=0.05). Wheil maternal height was included
in the adjustment, the difference decreased
t0 75 g and ceased o be statistically significant
(p=0.05).
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Table II
their early infancy

Comparison of key variables by type of supplenent received by the mothers during

Adtole!

Varialbles e
Buthweizth (g) 20975
Lenzth at Dicth {cms) 483
Ciestational Aoe fweeks) 39.5
Time between bicth :
ancl gnthropometry (hours) I35
Muaternal age {vears) 38
Pariy 2.1

ilisternal Heasht o) [B=IRY
Mhaternnl Weight (Eg) 9.3
Maternal BMIE (Kgim™ 2210
ateraat BB BRI

(&l )

(4008
(ho
]

Fresco!

e {a.d.) #
2837 {4453 1.0
477 {241 (WETH
393 (1.4%) 0,24
[ (16,00 i35
2o:4 d.) (A0
S (1.5 (150
1473 4.8 LA
SR (Al .48
T (23 a7
T P (5%

C el sizer Avale (n= 138 beveepn for FEFM s d 290 Preser fs FER) eveepnt for DEEM =),

Frobabilioy valoae (sl T rosy |, AExrinraried far frve mesy = - LERET 4 70 weish (Rg) + 0123

Heivht (om) LRSS Waist cireranference (o,

Figure 6 presents the percentage of newborns
with Toss binhweight (<2300 o) by supplement
type. The prevalence of low birthweight was
nearly pwice as great in Fresco compared 10
Atole communities.

DISCUSSION

The results sugpest that nutritional
supplementation of mothers during pregnancy
and direct supplementation to the child during

the first three vears of life has. in the case of

women, positive effects on birthweight of their
descendants. The magnitude of the
mtergenerational effect 1s similar o that obtained
by supplementing the maternal diet daring
pregnancy. For example, Lechug et al, (1975)
studied the cffect of supplementation during
pregnancy on birthweight in first generation
mothers (Le. the women who gave birth to the
chifdren of the 1969-77 longitudinal study).
They found that the newboms of women who
recerved more than 20,000 Keal during

pregnancy were 111 g heavier than those of

mathers who recerved 20000 Keal or less.
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Figure 5, Difference oo birthaedadn by ivire of
supplement received Gy e mather during he
chilfdliood fall Coliorrs) 05 F < 0.050 [ Parerrially,
Confounding variables: 1) Gesrarional age, sex,
birth-anthropometry tme, maternal age and pariy),

Shiftng the distribuiion of birthweights by
L1 g ud (he elfect of decreasing the percentage
of low birth weight by 50% (1.e. from about
Ul o 10%:). Thus, the effects are considered
tiy be biologically impartant because fow
birthweight infants have a greater nsk of discase
and death and disadvantages in psychomotor

development compared to those ol normal
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Figure 6. Mercentase of Tow deiineeiehr childres
(25000 ) bvovpe of supplentens recefved by the
wetier during her childiong 0 0.3,

birthweight. In short, our studies suzeest Ui
supplementary feeding of nesdy women during
presnancy combined with sepplementation
of girls 1n their first three vears of Life leads
o tmproved child growth and larger adul
body sizes and also resulls u lirzer newhorns
whan these women have children.

One of the purposes of the study was o
avestigate 1 ihe effects of early supplementation
on birthweight of the following seneration
were mediated by inereases i the body sizes
ol women, Adjusting [or maternal helghs
allenuates the intergenerativna effect by almost
one third. suggesung that at least partol the
eifect is mediated through maternal size.

CONCLUSIONS

L. In populations with significant growth
retardation, supplementary feeding of the
mother during gestation and of girls during
the first three years of life increases hirthweiaht
of the next gencration,

2. A least pait of the generational eflect on
birthweight is mediated through etfects of
supplementation on maternal hody size.
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