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FOREWORD

Five years have elapsed since the known relationship between malnutrition and
the development of brain and behavior was reviewed at the International Conference
on Malnutrition, Learning, and Behavior at the Massachusetts Institute of Tech-
nology. Since then new studies in the laboratory and in the ficld have been carried
out or begun in many countries. The present Seminar was held at the University of
the West Indies at Mona, Jamaica, from January 10 to 14, 1972, to examine this
progress and bring together researchers in the field to share their ideas and tech-
niques.  The participants were all active investigators from Latin America, the
Caribbean. Europe, and the United States. In preparing their papers and discussions
to follow the presentations, they were asked to bear in mind the following purposes

of the seminar:

I. To review current knowledge about malnutrition and its effect on brain and
behavior. Major attention was to be given to developments that had occurred since
the publication in 1968 of Scrimshaw and Gordon's Malnutrition, Learning, and
Beharior, the proceedings of the previous year’s conference at the Massachusetts

Institute of Technology.

2. To identify and discuss issues and problems in nutrition studies that relate
to mental and behavioral development.

3. To cnable some of the investigators to present progress reports on their cur-

rent work.,
4. To identify areas and requirements for future research.

5. To consider the implications of present scientific knowledge for public policy
and practice, and the role scientists may play-in communicating their findings so s
to be helpful to policy makers and concerned citizens.

- Dr. David Picou conceived the Seminar, and Drs. Herbert G. Birch, M. Martins
da Silva, Picou, Stephen A. Richardson, and John Waterlow developed its structure
and program. The number of participants was small but included investigators from
many centers where research s being conducted on various aspects of the Seminar's
topic. '

The Government of Jamaica, the Wellcome Trust, and the Pan American Health
Organization gencrously gave financial assiscance, and the University of the
West Indies and the University Hospital graciously provided the conference
facilities.

Authors and rapporteurs revised their presentations and reports after the Seminar,
The editors have tried to ensure that the rapporteurs’ reports reflected the discus-
sions at the end of cach session. ‘
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MALNUTRITION AND THE NERVOUS SYSTEM'

Donald B. Cheek, A. B. Holt, and E. D. Mellits®

The present paper reviews the subject of mal-
nutrition and the nervous system in animals and
man. Qur own interests over the years have
focused more on the role of hormone and nutri-
tion in cellular growth of the soma (16, 17),
and the nervous system has been of recent inter-
est because of our work on fetal growth. Dur-
ing the last decade, a great deal of interest in
the role of nutrition in brain growth has arisen.
Three years ago, Winick, realizing that millions
of children were suffering from undernutrition
and taking cognizance of the results of progress,
made the following prediction: “Both animal
experiments and human studies suggest that a
critical period of brain growth may exist during
which malnutrition even in a mild form and
even for a short time, may produce irreversible
damage. This critical period appears to be
before birth and during early postnatal life”
(80). Dobbing had a similar message: “The
possibility that undernutrition in eariy life may

* permanently reduce the intellectual capacity of

men and women has become increasingly recog-
nized in recent years, In pediatrics we must now
be much more concerned about undernutrition
at certain vulnerable stages in development hav-
ing long-term sequelaec which may be irreversi-
ble in spite of most strenuous attempts »* recha-
bilitation” (29).

' This work was supported by the National Institute
of Child Health and Development Grant HD-00126-08,
National Institutes of Health, Bethesda, Maryland.

*Johns Hopkins University, Baltimore, Maryland,
USA.

These are profound statements, which not
only make all branches of the medical world
spring to attention but lic heavily on the minds
of the administrator and politician,

The evidence for these statements arises from
work in animals and man. It is important to
review this evidence briefly. One may consider
information on rodents (small mammals), pigs
(large mammals), and monkeys and humans
(primates). We intend to deal mainly with

chemical information.

Nutrition and the Rodent Brain
(the small mammal)

It has been known for 50 vears that restricted
nutrition in postweaning rats does diminish
brain size or brain weight (48). The findings
of Eayrs and Goodhead (32) confirmed the
thinking. The carly experiments of Widdowson
(75, 76) showed that more severe effects arose
if restriction extended from an earlier time or
from one to 21 days.

In 1964, Dobbing (27) reported on the in-
fluence of carly nutrition on the development
and niyelination of the brain. Later he and
Widdowson (28) studied the effects of rehabili-
tation on myelination in deprived rats. The
changes produced by restricting diet between
the third and 11cth weeks of life were reversed
at 19 wecks. In 1965, Benton and coworkers
(8) showed that restricted nutrition during the
preweaning period resulted in deficits of brain
weight, lipid vontent, phospholipid, cholesterol,



O

ERIC

Aruitoxt provided by Eic:

and cerebroside. Refeeding reversed all of these
changes, however.

Platt and coworkers (62) drew attention to
histologic  changes in the neurone and neu-
rogha of protein-restricted rats. Such degenera-
tive changes did not reverse after protein
feeding. ,

Nucleic acid analyses by Winick and Noble
(78) of brain tissue showed that restricted
nutrition in the first 21 days of life caused an
abrupt cessation of cell division (bNa increase).
In the postweaning period, the reduction of
bpNa and the deficit in cell number was perma-
neat, provided the insult had occurred during
weaning. If the insult had been inflicted after
21 days, no changes persisted. Dickerson and
Walmsley (2+4) found no changes in cell num-
ber resulting from food deprivation after 21
days. If nutritional status is restored before the
10ch day, however, effects can be reversed (79).

Other workers made similar findings. Culley
and Mertz (21) found in 1965 that undernutri-
tion from five to 20 postnatal days caused a
sustained reduction in brain weight and phos-
pholipid, cholesterol, and cerebroside content.
Guthrie and Brown (42) made similar findings,
and Culley and Lincberger (22) showed that if
malnutrition was extended to 17 days of post-
natal life, irreversible changes occurred. Chase
and coworkers (/1) found that the incorpora-
tion of sulfatide into the myelin of rat brain was
markedly reduced by malnutrition during the
first three weeks of postnatal life. The exten-
sive studies, chemical and histologic, of Bass
and coworkers (6, 7) focused on the somatosen-
sory area of the rat cortex. They showed sig-
nificant arrest of brain growth as a result of
food restriction from one to 21 days. Not only
was there delayed growth of the cerebral cortex,
but the migration of cells was delayed and un-
differentiated cells remained in the white matter.
There was a great decrease in dendritic prolifer-
ation,

Despite the multiple studies showing changes

in the cerebrum or the whole brain during and

after the weaning period, the balunce of evi-
denee indicates that the cerebellun is the most

affected in rats. This was the conclusion of

‘Culley and Lineberger (22), and was clearly

shown by Chase and coworkers (12) in their rat
studies. Winick also noted that in rats deprived
for a short time, or for the first nine days only,
the cercbellum was the organ affected (79).
Howard and Granoff (+7) found the greatest
change in mice deprived in the weamng period
in the cerebellum. In the ratic is the cells of the
cerebellum that are most rapidly dividing at
that time (7). Hence, substrate deprivation
affects that organ most.

The question arises whether calories or pro-
teins ave lacking i these animals. Careful work
by Miller (57) of the Massachusetts Institute
of Technology, using artificial feeding, has
shown that the central nutritional factor miss-
ing 1s protein.

Bearing in mind the pattern of cell growth in
the rodent, as shown by Enesso and Leblond
(33) and by Winick and Nobi: (77), namely
hyperplasia in utero, hyperplasia and hyper-
trophy postnatally, and finally, hypertrophy per
se, it would seem reasonable to agree with
Winick (80) that not only is the extent or
duration of nutrition important, but the age
of the animal at the time of insult or rcha-
bilitation is critical. Thus, we can look for
critical periods or times when cell multiplica-
tion is greatest, and at those times we may
suspect that substance restriction will be highly
deleterious and therefore may influence subse-
quent growth. Dobbing (29) has emphasized
the vulnerable period as being the period of
the brain growth spurt, the period during which
it is passing through the rapid phase of its
sigmoid growth trajectory. This is the period
when minimal food restriction might be ex-
pected to produce maximal alteration in brain
growth. He has emphisized that nothing will
delay the “scheduled spurt” of growth in the
brain, though the intensity of the spurt may be
diminished by deleterious factors.
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We have so far reviewed the information on
rodents and mainly the effects of protein re-
striction on-brain growih during the first 21
days of postnatal life. Gne might confidently
expect  that dramatic changes in rat brain
growth occur during this period. That is in-
deed the case. Rats are born with only 20
per cent of their expected brain cells present,
and a critical period may be defined at nine to
10 days.

As shown by Brasel and coworkers (9), at
seven to cight days there is a marked increase in
pxa polymerase activity. This increase is fol-
lowed by a doubling within three to four days
of bxa and brain cells, while from 10 to 17 days
there is a great acceleration, The full comple-
ment of cells is reached. Surely this is a critical
period. At the same time, as shown by Millichap
(58) and Ashby (2). the carbonic anhydrase
present in the neuroglial cells (39, 40, 571) also
rises precipitously at nine days. Chase and co-
workers (/1) have shown accelerared SQy in-
corporation, which indicates active myelination.

We cian now understand why experiments
including our own (/4) with food or protein
restriction in rats from one to 10 days old do
not produce any later changes in brain chem-
istry. Indeed, it can also be pointed out that the
brain changes that resule from thyroid ablation
in newborn rats can be reversed if hormone
therapy is given before the 10th postnatal day
(38, 52). The intensity of the insult must
also be important, as we shall discuss later. It
is now pertinent to review the situation in rats
in the prenatal period.

Zamenhof and coworkers (84) showed that
when pregnant rats were fed 8 per cent protein,
the offspring had a reduction in brain nxa and
protein content. Zeman and Stanbrough (85%)
confirmed this, while Zeman (86) later found
that adequate nutrition in the immediate post-
natal period reversed such chemical changes.

Thus, the balance of evidence indicates that
in the rat maternal food restriction limits avail-

able substrate for the fetus, and though only

20 per cent of the brain eells are due to appear
during fetal life, the nutritional stress is sof-
ficient to interfere with cell development. If
adequate nutrition is nstituted postnatally, no
chemical changes persist. Nutritional insult to
the weanling rat would appear to be of greater
consequence than for the fetal rat. Studies of
behavior in deprived rats support this thesis
(3). Conversely, as shown by Chase and co-
workers (13) in the guinea pig, in which almost
all cell multiplication occurs in utero (30}, food
restriction to the mother produces changes in
the cercbellar bNa, protein, and lipids ot the
fetus. Adequate feeding postnatally does not
totally reverse the diminution of cellularity in
the adult cerebellum.

Nutrition and the Pig Brain
(large mammal)

At birth the pig weighs only 6 kg but as an
adule it weighs 200 kg, a 30-fold increase.
Hence, postnatal nutritional deprivation should
strongly affect somatic groweh, The nna in the
forebrain, cerebellum, and cord increases maxi-
mally just before birth, and cell multiplication
continues to 12 weeks postnatally (25). There
is a peak in the rate of DNA increase five wecks
before birth. Pond and coworkers (63) gave
pregnant pigs a protein-free diet but offered an
adequate diet postnatally. In the adult phase the
offspring showed no reduction of bNa in the
cercbrum and only a borderline reduction in
ana. Psychologic and intellectual changes at
first thought to be significant (4, §4) have since
been found to be heavily influenced by environ-
mental factors (5, 36).

Dickerson and coworkers (26)  restricted
nutrition in pigs for the first year of life—a
severe stress—and then. refed the animals for
The cellular content of the
brain did not reach expected levels.

two morc years.

Evidence with respect to pigs is limited, but
it would appear that the fetal brain is highly
resistant to maternal protein restriction and that

severe and prolonged protein restriction is neces-
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sary to produce chemical changes in postnatal

hife.

Nutrition and Brain Development in Man
(¢) Normal brain growth

The human has one-third of his eventual
number of brain cells at birth, which 15 less
than that of the guinea pig and monkey but
greater than that of the rat. The rate of brain-
weight increase in rat, pig, and man has been
compared by Davison and Dobbing (23). The
peak in man is reached shortly before birth, but
that in the rat is postnatal. The work of Dob-
bing and Sands (3/) and of Dobbing (29)
reveals that if the cerebral bNna is considered
from 10 weeks’ gestation to three months post-
natatly, one can draw a curve to fit the points
indicating a fourth-order relationship (a sigmoid
curve followed by a straight line). Tt is be-
lieved that the first spurt (from 15 to 20
weeks) is neuronal and the second (from 25
weeks on) is ncuroglial, while the complcﬁ:
complement of cells is reached two years post-
natally. We have analyzed these data for whole
brain (/8) and more recently for cerebrum by
polynomial regression analysis. We obtain .
strong lincar fit for whole brain and a quad-
ratic fit for cerebral hNa. No evidence of a
higher fit up to a fifth-order relationship has
come to hand. If there is some biologic reason
for regarding the period 10 to 22 weeks as
separate (as Dobbing has divided his data (29))
and 22 weeks to three months postnatally as a
second period, then the relationship would hold
as stated. By considering the increments in
brain DNA as a percentage of the adult value
per unit of time (five-week periods), Dobbing
has shown two peaks of cell growth, the major
one being three months postnataily, which may
correspond to a period of extensive myelination
and presumably is to be regarded as a vulnerable
period.

We do not interpret the data as does Dobbing.
If we apply the technique of Mellits (56) to the
strong quadratic relationship obtained for cere-

bral uxa against time, it should be possible to
fit two intersecting straight lines in plice of
the quadratic. The point of intersection can
have significance insofar as it indicates a period
in whicit there is a change in the rate of growth
{36). If we undertake this procedure, a break
is obtained at 32.8 weeks’ gestation. If we abso
inspect the c.tensive data of Schultz and co-
workers (66) on brain weight (1,193 brains)
and plot these data as a percentage of increase
in weight against conceprual age, we find two
peaks, one at 32 weeks’ gestarion and another
five months postnatally (Figure 1). The data
of Coppoletta and Wolbach (20) vield the same
information if plotted.

If one reassesses Dobbing and Sands’ data on
brain bNa content (31), they may be expressed

Humon Brain

Percaniage incrouze

in weight pér month
1501 1

120

100

Schulz ¢t.al.

—$¢

Birth A X
0 2 4 6 8 10 12 K Is ls 20 22 24
Age frem Conception (Menihs)

1 x 1 I 3 .

Figure 1. Brain growth is expressed as the percentrage
of increase per month from conception, The data are
taken from the work of Schultz and coworkers (66).
Note that ot eight months’ gestation (32 weeks) there
is o decided peak of change in brain growth. A second
peak is also described ot five postnatal months (20
weeks postnatally). The same second may be found if
the data of Coppoletta and Wolbach (20) are similarly
examined.
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Figure 2. Composite schematic graph showing the growth of whole brain DNA,
From 20 weeks’ gestation to 15 weeks posinatally the dota of Dobbing and Sands
have been used (31), and from that time until 110 weeks posinatally the recent
data of Winick and coworkers (81} have been employed. From available evidence
one would suspect thot the steepest rise is at 20 weeks postnatally or at the time

shown in Figure ),

as a linear or a quadratic function up to 55
wecks (conceptual age) (/8) (Figure 2). At
55 weeks, data from Winick and his coworkers
(81) may be used. (Earlier data are different
(18)). If the line of best fic is drawn subjec-
tively (Figure 2), it becomes clear that from
15 to 20 weeks postnatally there is a period of
maximal cell growth. This result is different
from the earlier thinking of Davison and Dob-
bing (23). These remarks are made not to con-
tradict their excellent work, but to draw atten-
tion to an alternate interpretation of their data.

(b) Malnutrition and buman brain growth

Both kwashiorkor and marasmus exert dele-

" terious effects on brain growth. Brown (10)
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reported a reduction in brain weight and Gar-
row (37) found reduced *°K radiation from the
brain in living infants and the restoration of
that count after rchabilitation. Winick and
Rosso (82) analyzed brains from marasmic
children who died during their first year of life
to determine RNA, DNA, and protein content.

The carly gestatrinal history of the infants was
not known, but deficits in the chemical markers
were found and brain growth arrest was demon-
strated. Fishman and coworkers (35) reported
a reduction of lipids, cholesterol, and neura-
minic acid in the brains of infants who died of
malnutrition between two and 22 months of
age.

Available daca about normal postnatal values
for DNA, RNA, and protein in the human brain
from three to 12 months are meager, and dis-
crepancies in data between laboratories exist
(18). Dobbing notes that losses of rNA and
protein occur following death (29). Winick
and his coworkers (82) showed that the pNa
content of the normal human cerebrum reached
a constant value six months postnatally, which
1s not in accord with Dobbing’s data (29)}. The
marasmic infant had significantly less cerebral
DNa. Similar findings were made in the cere-
bellum, and brain lipids were reported to be

reduced (81). The important question Is

AT Y -w
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whether this growth arrest in the living infant
is reversible.

Psychologic studies of malnutrivion in in-
fants are numerous and their results indicate
mental impairment ({67) for review), but the
investigator has to separate the cffects of the
environment from the effects of nutritional
restriction as such (5, 36).

With respect to prenatal malnutrition in the
human, the information relating to wartime
starvation in Holland is of ten cited (71). There
the intake was 400 calories per person per day.
Newborn infants were decidedly retarded in
growth. Those infants (now 27- and 28-year-
old adults) have been thoroughly investigated
by Dr. Z. Stein of New York (72), who found

"no deficit in intelligence. Severe placental in-

sufficiency as seen in human parabiotic twins is
known to cause changes in the 1Q of one twin
(19).

The evidence with respect to the human thus
indicates an arrest of brain growth if nutri-
tional restriction occurs. Whether intelligence
is impaired is not clear. Maternal protein-calo-
rie deprivation would not appear to alter the
intelligence of the offspring.

Nutrition and the Brain of Macaca mulatta

We have recently inspected the changes in
DNA, RNA, protein, cholesterol, ganglioside,
water, and chloride in the cerebrum and cere-
bellum of the rhesus monkey from midgestation
(80 days) unul term (160 days) and for 30
days postnatally. From midgestation the cere-
bral weight, and DNA, RNA, protein, and gangli-
oside content rise as a slight sigmoid curve and
reach adult values at or soon after 30 days post-
natally. The RNA:DNA ratio rises and reaches a
peak at birth. The increment in ganglioside
(NANA) is prominent from 120 days to birth,
when a steady wvalue is obtained. Cholesterol
content increases later and continues to increase
well into postnatal life. The activity of car-
bonic anhydrase activity is markedly increased
immediately after birth.

The growth of the cerebellum is, of course.
entirely different. The concentration of bNA in-
creases while that of the cercbrum decreases’
with time, as others have found (55) (Figures
3 and 4). This organ continues to grow an
even four months postnatally has not reache
adule levels. The pNa, rNA, and protein reach
adult levels 80 days postnatally, but cholesterol
deposition must continue to increase well into
postnatal life. Carbonic anhydrase in the cere-
bellum increases markedly after birth, as with
the cerebrum. These data will be reported
separately (46). TFor the cercbrum, the biggest
surge forward in cellular growth would ap-
pear to be from 80 days and for the cercbellum
from 120 days (Figures 1 and 2). The early
attainment of adult levels in the cerebrum (30
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the monkey, pig (25), and chicken (55) during gestation
and the postnatal period. Note the comparison.
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Figure 4. Changes in DNA concentration in the cere-
brum of the monkey, pig (25), and chicken (55) during
gestation and the-postnatal period.

postnatal days) would indicate that critical
periods—if they exist—would be in intrauterine
life.

Two laboratories have studied the effects of
postnatal protein restriction in monkeys, and
our own laboratory is now studying the effects
of maternal nutritional deprivation on the
monkey fetus.

Ordy and coworkers (60) gave a 3,5 per cent
protein diet to the infant monkey from three to
nine months postnatally without producing any
change in brain weight, Kerr and coworkers
(50) produced growth arrest in monkeys from
one to seven months of age with a protein-
deficient diet. Many of the infants died. Brain'
weight was not reduced in general, but changes
in the liver, myocardium, and intestines were
significant, The infants were then refed the
control diet from seven months to one year.
Catch-up growth occurred and was eventually
complete anthropometrically. Head circumfer-
ence was normal. Drs. A. Deets and P, Harlow

of the University of Wisconsin have found no
subsequent behavioral or psychologic deficits in
these primates (personal communication).

In the rhesus monkey, cerebral cell number
is almost complete at one month, and certainly
so by three months. Myeclination is still in
progress, as is the growth of the cerebellum.
It can be argued that nutritional restriction in
the prenatal period will alone be the time to pro-
duce permanent cerebral changes in the monkey.

By removing the secondary placenta of the
fetal monkey at 100 days” gestation, we did pro-
duce a half-sized term fetus (44, 59). Since
the placenta is responsible for the transfer of
subst ates, we bclieve that this represents a
good example of fetal malnutrition. We have
been able to show in the cerebellum, but not
in the cercbrum, a reduction in protein and
pNA content and a borderline change in RNa,
but we do not know whether these changes are
reversible or not. .

QOur second approach is to study brain growth
after restricted maternal nutrition during preg-
nancy. This work is ‘i collaboration with the
National Institutes of Health, and in particular
with Drs. London, Weiss, Ellenberg, and Bieri.
We are studying the effects of severe protein and
caloric restriction on the pregnant rhesus
monkey. The intake of calories and protein
has been kept to about one-third of normal.
The weight loss of these pregnant animals
ranges from 0.5 to 1.0 kg. A few control and
experimental fetuses have come to hand and
have shown us little chemical change. A de-
crease in cholesterol, which could well be re-
versible (28), would appear to exist, and also
a decresse in protein:DNA, especially in the
terebellum. More work is necessary before these
findings can be substantiated.

Implications

It has been shown that development of the
rat brain is highly susceptible to nutritional
deprivation between seven and 17 days, when
cellular growth is remarkable. The abnormal
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changes persist. Protein restriction during preg-
nancy does cause changes in cell number and
in protein accretion in the fetal rat brain, but
these changes are reversible (86). This is not
so for the guinea pig, in which cell multiplica-
tion is almost completed during intrauterine life.-
Nutritionai deprivation during pregnancy inter-
feres with subsequent growth of the cerebellum
postnatally (13).

By implication, one might anticipate that
insults would be significant for the subhuman
primate during pregnancy and would also
mainly affect the cerebellum, since most of the
brain cell growth is in utero and cerebellar
growth again is still in progress during the
postnatal period. It is probable that for the
human the period around five months post-
natally is critical. No evidence exists, however,
to show whether brain changes do or do not
persist in the primate, although it is clear that
some growth arrest occurs. We do not know
whether refeeding will reverse the changes, but
the observations of Stein and coworkers (72)
would certainly suggest that the cerebral cor-
tex does not suffer any changes because of nu-
tritional deprivation during pregnancy. More-

- over, one must keep in mind that primate cell

growth is much slower than in nonprimates
(61), so that the insult would have to be dis-
proportionately greater to produce a change
comparable to that found in rats. It is also true

‘that the smaller the mammal, the greater the

litter size (§3) and the faster the rate of fetal
tissue accretion (/8). It is for these reasons
that we suggested that the syndrome of growth
arrest in the brain without reversal is mainly a
condition present in small mammals, in which
metabolic rate, protein turnover, and nutri-
tional requirements are disproportionately
higher (18).

While obvious differences do exist in primate
growth ‘relative to nonprimate growth, it is
also true that events in brain growth are very
similar. To illustrate this point we have drawn
Figures 5, 6, and 7. The percentage increases in
the pNA content and brain weight for the rat,

10

guinea pig. and man are shown. The time at
which stability of brain weight occurs is taken.
This is plotted as 100 per cent, and on the
abscissa 0 to 100 per cent represents time from
conception to stability of brain weight. The
ordinate represents the percentage of weight or
of bNA reached relative to maturity. For the
human brain, the assumption was made that cell
growth occurs as shown in Figure 2. We assume
that the mature level of pNa in the human
whole brain is 1,500 mg (8/). The similarity
of Figures 3, 4, and 5 is obvious, and the maxi-
mal periods of cell growth may be seen. For
the rat, however, the spurt in cell growth
(from 50 to 90 per cent of expected) is indeed
rapid. This would support the inference that
the critical period in the rat is more remarkable.
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Figure 5. The period from conception until the brain
reaches a stable weight is documented as 100 per cent.
In the rat this period is 70 days fram conception. The
ordinate shows the percentage of DNA or percentage
of weight relative to the stable level reached at any
particular time. Nate the steep climb in the rat that
accurs halfway through development. Paints are calcu-
lated from available data (9, 70).
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Figure 6. Figure 6 is similar to Figure 5 but plotted
for the guinea pig, whose brain weight stability is
reached at 110 days from conception. The rate of DNA
accumulation is not as fast as the rat’s. Points have been
calculated from available data (30).
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Figure 7. This figure is again similar to Figure 5 but
is plotted for the human. Stability of brain weight is,
taken as 150 weeks from conception. ‘Note that DNA
increase rate is again not as rapid as for the rat.
Points have been calculated from available data (20, 31,
65, 66, 81).
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Our own work has shown us that the cere-
bellum is the organ mainly affected in the pri-
mate.  Although this work is incomplete, it
could be that no lasting cerebral or cerebellar
defects will unfold because of protein restric-
don in the prenatal period.

Workers studying psychologic and behavioral
changes due to undernutrition are becoming
more convinced that environmental deprivation
(stimulation) is the key factor. Undoubtedly,
altered reaction to stimuli, emotional instability,
and ‘withdrawal are characteristic of nutri-
tionally deprived subjects (5). If lack of stimu-
lation is added to protein deprivation, then
mental retardation may be expected. Whether
such is reversible is not known.

Serent and coworkers (68) have shown that
norepinephrine and serotonin levels are reduced
in the brain of rats deprived nutritionally from
one to eight days. Shoemaker and Wurtman
(69) find that the brains of the offspring con-
tain less dopamine and norepincphrine if the
lactating mother receives a diet restricted in
protein. Food intake stimulates insulin secre-
tion, which in turn elevates amino acid levels
including that of tryptophan, which sequen-
tially elevates the level of serotonin.

Our earlier work drew attention to the failure
of proper insulin release in protein-deficient rats
or infants (41, 43). It is possible that insulin
plays some role in brain growth (45).

Whether growth hormone performs any role
in brain growth is also not clear. Some evi-
dence exists to show that it does (15, 38, 52,
83). Observations by Taplin (74) indicated
that the number of acidophil cells in the
pituitary and the weight of the gland are
linearly related to the weight and size of the
mature rat following restricted feeding early in
postnatal life. Stephan and coworkers (73)
found that the offspring of underfed dams have
smaller pituitaries containing lower concentra-
tions of growth hormone. In other words, it
would appear that hormonal mechanisms adjust
to growth processes but nutritional intake is the
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kev or leading factor (49, 64). it is conceiv-
able that an imbalance of the sympathetic nerv-
ous system and reductions of hormones im-
portant to growth are also crucial to the
development of these brain changes.  Perhaps
these mechanisms are just as important as criti-
cal periods since, for example, we find that
exposure of rats to 12 per cent cxygen from one
to seven days postnatally later produces exten-

sive changes to the brain, while nutritional dep-
rivation during the same, noncritical period has
no effect (14). Moreover, we have found in
unpublished work that thyroid hormone is fun-
damental to brain growth during fetal life. (It
is known to be important for postnatal brain
growth.) The role of this hormone may well be
important with respect to brain growth and
protein deprivation.

REFERENCES

i, Arravax, .
differentiated precursor cells in the rat during postnatal
gliogenesis. Exp Newrol 16:263-78, 1966,

2. Asuny, W, and E. M. Sut'stER. Carbonic an-
hydrase in the brain of the newborn in relation to
functional marturity. | Biol Chem 184:109-16, 1950.

3. Barn, A,
deficiencics carly in life on the subsequent learning
ability of rats. Br j Nutr 25:391-403, 1971.

4. Barnes, R, H. Experimental animal approaches to
the study of early inalnutrition and mental develop-
ment. Fed Proc 26:144-47, 1967.

5. Nutrition and man's
havior. Fed Proc 30:1429-33, 1971.

6. Bass, N. H., ct al., Effect of neonatal malnutrition
1. Microchemical and histo-
logic study of cellnlar differentiation in the rat. Arch
Neurot 23:289-302, 1970.

7.
developing cerebrum. - 2. Microchemical and  histologic
study of myelin formation in the rat. Arch Nesrol
23:303-13, 1970.

8. BuNTON, J. W, et al. Modification of the schedule
of myelination in the rat by carly nutritional deprivation.
Pediatrics 38:801-07, 1966.

9. Brasia, J. A., et al. DNA polymerase activity in
rat brain during ontogeny. Dev Biol 23:424-32, 1970.

10. BRowN, R. E. Decreased brain weight in malnu-
trition and its implications. East Afr Med | 42:584-95,
1965.

11. CHasEk, H. P, et al. The effect of malnutrition on
the synthesis of a myelin lipid. Pediatrics 40:551-59,
1967.

12. et al. Undernutrition and cercbellar devel-
opment. Natare (Lond) 221:554~55, 1969.

13. ¢t al. Intra-uterine undernutrition and
brain development.  Pediatrics 47:491-500, 1971.

14. CuEerk, D. B., et al. Hypoxia and malnutrition in
newborn rats: effects on RNA, DNA, and protein in tissues.
Am | Physiol 217:642-45, 1969.

Prolifcration and migration of un-

Effccts of caloric and protein

ct al

intetlect and  be-

on developing cerebrum.

¢t al. Effect of nconatal malnutrition on

12

The

epinephrine on  celt

15. GRAYSTONE. action of

insulin,

- and J. E.
growth hormone, and
growth in liver, muscle, and brain of the hypophysecto-
mized rat. Pediatr Res 3:77-88, 1969.

16. and D, E. Huu.
growth: roll of hormones and nutritional factors. Fed
Proc 29:1503-09, 1970.

17.
mone on cell and somatic growth: a review. In: Ernest
Knouil (ed.), Handbook of physiology, Washington,
Amcrican Physiological Seciety, in press.

18, -
of nutritional deprivation.  In:

Muscle and liver cell

and The effect of growth hor-

Brain growth and nucleic acids: cffect
Frederick  Richardson
(ed.}, Ecology of child human development, Baltimore,
National Educational Consultants, in press.

19. CrivrcHnt, J. A. The rcl;;tionship between in-
telligence and birth weight in twins. Neurology 15:341-
47, 1965.

20. Corroi:TTa, J. M. and S. B. Wornach. Body
length and organ weights of infants and children: study
of body length and normal weights of more important
vital organs of body between birth and 12 years of age.
Am | Pathol 9:55-70, 1933.

21, Curuky, W. |, and E. T. MerTz. Effect of re-
stricted food intake on growth and composition of pre-
weanling rat brain. Proc Soc Exp Biol Med 118:233-35,
1965. }

22. and R. O. LiNnuBErGER. Effect of under-
nutrition on the size and composition of the rat brain.
] Nutr 96:375-81, 1968,

23. Davison, A, N., and Jonn Donging. Myelination
as a vulnerable period in brain development. Br Med
Bull 22:40-44, 1966.

24. DickersoN, J. W,, and A. L. WaLMSLEY. The
effect of nndernutrition and subsequent rehabilitation on
the growth and composition of the central nervous sys-
tem of the rat. Brain 90:897-906, 1967.

25. and JonN DoBBING. Prenatal and post-
natal growth and development of the central nervous




O

ERIC

Aruitoxt provided by Eic:

system of the pig. Proc R Soc Lond [Biol] 166:384-95,
1967.

26. ct al. The effect of undernutrition on the
postnatal development of brain and cord in pigs. Proc
R Soc Lond [Biol] 166:396-407, 1967.

27. DoeBing, Joun. The influence of early nutrition
on the developinent and myvelination of the brain. Proc
R Soc Lond [Biol] 159:503-09, 1964.

28. and E. M. WippowsoN. The cffect of
undernutrition and subsequent rehabilitation on myveli-

nation of rat brain as measured by its composition.
Brain 88:357.-66, 1965.

29, . Undernutrition in the developing brain:
the relevance of animal models to the human problem.
Am | Dis Child 120-411-15, 1970.

30. and JEAN Sanps. Growth and develop-
ment of the brain and spinal cord of the guinea pig.
Brain Res 17:115-23, 1970.

31
plication in developing human brain. Nature (Lond)
226:639-40, 1970.

32. Eavrs, ]. T., and B. GoopHEap. Postnatal devel-
opment of the cerebral cortex in the rat. J Anat 93:385-
402, 1959.

33. Enesco, M., and C. P. LeBionp. Increase in cell
number as a factor in the growth of the organs and
tissues of the young male rat. | Embryol Exp Morphol
10:530-62, 1962.

34, FernsTROM, J. D., and R. J. WURTMAN. Brain
serotonin content: physiological depedence on  plasma
tryptophan levels. Science 173:149-52, 1971.

35. FistuMaN, M. A, et al. Low content of cerebral
lipids in infants suffering from malnutrition. Nature
(Lond) 221:552-53, 1969.

36. Frisch, R. E. Present status of the supposition
that malnutrition causes permanent mental retardation.
Am | Clin Nutr 23:189-95, 1970.

37. Garrow, J. S. Loss of brain potassium in kwa-
shiorkor. Lancet 2:643-45, 1967

38. GeEer, S. E, and P. S. Timikas. Influence of
growth hormone on cercbral cortical RNA metabolism
in immature hypothyroid rats. Brain Res 22:63-72,
1970.

39. Giacosint, E. A cytochemical study of the locali-
zation of carbonic anhydrase in the nervous system.
] Neurochem 9:169-77, 1962.

40. Metabolic relations between glia and
neurons studied in single cells. In: M. M. Cohen and
R. S. Snider (eds.), Morphological and biochemical
correlates of neural activity, New York, Harper & Row,
1964, pp. 15-38.

41. GranaM, G. G. et al. Infantile malnutrition:
changes in body composition during rehabilitation. Pe-
diatr Res 3:579-89, 1969.

and

. Timing of necuroblast multi-

13

42. Gururig, H. A, and M. L. Brown. Effect of
severe nodernuteition in eatly life on growth, brain size
and composition in adult rats. | Nutr 94:419-26, 1968.

43. Hur, D. E.. ct al. The influence of protein-calorie
versus calorie restriction on the body composition and
cellular growth of muscle and liver in weanling rats.
Jobns Hopkins Med | 127:146-63, 1970.

44.
by experimental placental insufficiency in the rhesus

et al. Fetal growth retardation produced

monkey. 2. Chemical composition of the brain, liver,
muscle and carcass. Biol Neonate 19:68-82, 1971.

45,
brain growth during hormonal and nutritional imbal-
ance In: D. B. Cheek (ed)), Pre- and postnatal cellu-
lar growth: role of hormones and nutrition. In

et al. Brain growth in the fetal primate:

preparation.

46. HoLr, A. B., et al. Bmin growth in the fetal
primate:  significance of brain determinants and the
value of cortical slice analvses. In: D. B. Check (ed.),
op. cit.

47. Howaro, E, and D. M. Granofrf. Effect of
neonatal food restriction in mice on brain growth, pNA
and cholesterol, and on adult delaved response learning.
] Nutr 95:111-21, 1968.

48. Jackson, C. M. Changes in the relative weights
of the various parts, systems, and organs of young albino
rats held at constant body weight by under-feeding for
various periods. ] Exp Zool 19:99-156. 1915.

49, Kennepy, G. C. The development with age of
hypothalmic restraint upon the appetite of the rat.
Endocrinol 16:9-17, 1957,

50. Kerr, G. R., et al. Malnutrition studies iv: the
rhesus monkey. 1. Effect of physical growth. Am ] Clin
Nutr 23:739-48, 1970.

51. KorHonEN, E., and L. K. KorHONEN. Histo-
chemical demonstration of carbonic anhvdrase activity
in the eyes of rat and mouse. Acta Ophthalmol 43:475-
81, 1965. .

52. Krawiec, L., et al. Hormonal regulation of brain
development. 3. Effects of triiodithyronine and growth
hormone on the biochemical changes in the cerebral
cortex and cercbellum of neonatally thyroidectomized
rats. Brain Res 15:209-18, 1969.

53. LetcH, 1. et al. The maternal and neonatal
weights of some mammalia. Proc Zool Soc Lond 113;11-
28, 1959.

54, Lowrgy, R. S., et al. Influence of caloric level
and protein quality on the manifestations of protein
deficiency in the young pig. ] Nutr 78:245-53, 1962.

55. Marcoris, F. L. DNA and DNA-polymerase ac-
tivity in chicken brain regions during ontogeny. | Nesn-
rochem 16:447-56, 1969.

56. MeLLits, E. D. Statistical methods: estimation
for intersecting regressions. In: D. B. Cheek (ed.),



O

ERIC

Aruitoxt provided by Eic:

Human growth, Philadelphia, Lea & Febiger, 1968, pp.
19-38.

57. MiLLer, S. A, Nutrition in the neonatal develop-
ment of protein metabolism. Fed Proc 29:1497-1502,
1970.

58. Mirricuap, J. G, Development of seizure patterns
in newborn animals: significance of brain carbonic an-
hydrase. Proc Soc Exp Biol Med 96:125-29, 1957,

59. Mvyers, R, E., et al. Fetal growth retardation pro-
duced by experimental placental insufficiency in the
rhesus monkey. 1. Body weight, organ size. Biol
Neonate 18:379-94, 1971,

60. Orny, ]J. M., et al. Brain vulnerability to postnatal
protein calorie deficiency in infant rhesus monkevs. Proc
Soc Exp Biol Med 135:680-84, 1970.

61. Pavne, P. R, and E. F. WHEELER. Comparative
nutrition in preghancy. Nature (Lond) 215:1134-36,
1967.

62. Pratr, B. S. et al. Experimental protein-calorie
deficiency. In: H. N. Munro and . B. Allison (eds.),
Mammalian protein metabolism, New York, Academic
Press, 1964, vol. 2, pp. 445-521.

63. Ponn, W. G., ct al. Effect of protein deprivation
of swine during all or part of gestation on birth weight,
postnatal growth rate and nucleic acid content of brain
and muscle of progeny. | Nutr 99:61-67, 1969.

64. Ross, M. H., et al. Influence of protein and
caloric intake upon spontancous tumor incidence of the
anterior pituitary gland of the rat. ] Nutr 100:177-89,
1970.

65. Scaninon, R, E., and H. L. Dunn, Empirical
formulae for the postnatal growth of human brain and
its major divisions. Proc Soc Exp Biol Med 20:114-17,
1922,

66. Scuutz, D. M., et al. Weights of organs of
fetuses and infants. Arch Pathol 74:244-50, 1962,

67. ScrinsHAW, N. S, and ]. E. GorpoN, cds. Mal-
mutrition, learning, and behavior. Proceedings of an
International Conference cosponsored by The Nutrition
Foundation, Inc., and The Maissachusetts Institute of
Technology held at Cambridge, Mass., March 1 to 3,
1967. Cambridge, Massachusetts, M.LT. Press, 1968.

68. SerENI, F, ct al. Undernutrition and the devel-
oping rat brain, 1. Influence on acetylcholinesterase and
succinic acid dehyvdrogenase activitics and on norepi-
nephrine and 5-OH-trvptamine tissue concentrations.
Biol Neonate 10:254-65, 1966.

69. SHOEMAKER, W. ], and R. ]. WURTMAN. Peri-
natal undernutrition: acenmulation of catccholamines’ in
rat brain. Seience 171:1017-19, 1971,

70. Sikov, M. R,, and ]. M. THOMAS. Prenatal growth
of the rat. Growth 34:1-14, 1970.

14

71. SautH, C. A, Effect of wartime starvation in
Holland upon pregnancy and its product. Am | Obstet
Gynecol 599-608, 1947.

72. StnaN, Z. A.. et al. Sequel to the Dutch famine:
cffects on mental perforihance. Ann Mecting, Am Pub
Health Assoc, Miuneapolis, October 1971,

73. Sternaxn, J. K. et al. Relationship of growth
hormone to the growth retardation associated with ma-
ternal dictary restriction. | Nuer 101:1453-58, 1971.

74. Taruin, D, E. The pitnitary acidophils of nutri-
tionally stunted rats. Aust | Exp Biol Med Sci 45:P-6,
1967, abstract.

75. Wmpowson, E. M., ct al. Severc undernutrition
in growing and adult animals. 4. The impact of severc
undernutrition on the chemical composition of the soft
tissties of the pig. Br ] Nutr 14:457-71, 1960.

76. and R, A, McCancr. The cffect of hAnite
periods of undernutrition at different ages on the com-
position and subsequent development of the rat. Proc
R Soc Lond |Biol] 158:329-42, 1963.

77. WiNIck, MyRroN, and Aperr Nosri. Quantita-
tive changes in DNA, RNA, and protein during prenatal
and postnatal growth in the rat. Dev Biol 12:451-66,
1965. )

78. Cellular response in rats
during malnutrition at various ages. | Nutr 89:300-06,
1966.

79. ct al. - Cellular recovery in rat tissucs after
a bricf period of neonatal malnutrition. J Nutr 95:623-
26, 1968.

80. Malnutrition and brain development. [
Pediatr 74:667-79, 1969.

81. and Pepro Rosso. The effect of severe
carly malnutrition on cellular growth of human brain.
Pediatr Res 3:181-84, 1969.

82,
bellum, and brain stem in normal and marasmic chil-
dren. Exp Nenrol 26:393-400, 1970.

83. ZAMENHOF, STEPHEN, et al. Stimulation of the
proliferation of cortical ncurons by prenatal treatment
with growth hormone. Science 152:1396-97, 1966.

34. ct al. DNA (cell number) and protein in
nconatal brain: alteration by maternal dictary proteia
restriction. Science 160:322-23, 1968,

85. Zeman, F. ], and E. C. StanBrouGH. Effect of

and

et al. Cellular growth of cerebrum, cere-

matcrnal protein deficiency on cellular development in.

the fetal rat. | Nutr 99:274-82, 1969,

86. . Effect of protein deficiency during gesta-
tion on postnatal cellular development in the young
rat. | Nutr 100:530-38, 1970.




O

ERIC

Aruitoxt provided by Eic:

LASTING DEFICITS AND DISTORTIONS OF THE ADULT BRAIN
FOLLOWING INFANTILE UNDERNUTRITION

John Dobbing’

The question whether undernutrition during
certain stages of brain development contributes
to lasting behavioral changes is now attracting
increasing attention from research workers in
many disciplines. Among those primarily inter-
ested in the human implications of the problem,
inquiry has centered largely on severely mal-
nourished babies in starkly poor communities,
usually but not always in developing countries.
It has also impinged on the general pediatric
concern for the fate of low-birth-weight babies,
especially those of retarded intrauterine growth,
and any other babies whose growth may be
impaired, including those with metabolic errors,
congenital anomalies, endocrine disturbances,
chronic hypoxia, long-term exposure to growth-
retarding drugs, or any syndrome that includes
growth retardation in its consequences.

The question being asked is deceptively sim-
ple for the unwary, and many of the more
responsible workers in the field are dismayed at

the readiness with which it is sometimes over-

dramatized. The question whether carly mal-
nutrition causes mental subnormality or mental
retardation or brain damage is, in their view,
wrongly posed. Rather it should be asked
whether undernutrition or growth retardation,
among the multitude of other important early
environmental factors, can be identified as a
contributor to the algebraic sum of those influ-

! Department of Child Health, University of Man-
chester, England.

15

ences that determine adult “attainment.”
Efforts to answer this more realistic, but much
more difficult question must attempt to isolate
the variable of nutrition experimentally, and
this of course is strictly impossible.

The present paper will examine the proposi-
tion that there are periods of heightened vul-
nerability in the physical development of the
brain, during which growth retardation results
in long-lasting and detectable distortions and
deficits in adult brain structure. This will neces-
sarily be established in animal species before an
attempt is made to extrapolate the idea to our
own. Some cvidence for the validity of such
extrapolation will be discussed.

“Vulnerable-Period” Pathology

Developmental neuropathology has hitherto
been exclusively concerned with lesions, struc-
tural or biochemical. The former have been
either first-trimester teratologic malformations
or last-trimester focal destruction through such
agencies as hypoxia, hypoglycemia, hyperbiliru-
binemia, focal hemorrhage, or trauma. Bio-
chemical “‘lesions” have by contrast been dif-
fuse and identifiable either histochemically (the
lipidoses) or not (the inborn errors).

The new pathology proposed here shows none
of these features, and will often not even show
related physical signs. It consists of quantita-
tive disorders of the brain’s growth program
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resulting in easily detectable differences in adule
brain structure, but none of these would be
revealed by orthodox neuropathology. Neither
the very rare nutritional condition of Wernicke's
encephalopathy nor such lesions as those of
vitamin A deficiency form part of the new
pathology, though it is possible that some forms
of microcephaly (e.g., in rubella) may be allied
with it. An important possibility—though it is
no more than that—is that some cases of
hitherto unclassified mental retardation may
show such quantitative, rather than “lesion,”
pathology.

The science of developmental nutrition recog-
nizes three important parameters of undernu-
trition apart from its specific nature. These are
its severity, its duration, and its timing, and
they are interrelated. The importance of the
third factor (the age at which undernutrition
occurs) has given rise to the idea of transient
periods of heightened sensitivity which have
some apparent resemblance to sensitive periods
during the development of behavior. Largely
because of the need to imply both lasting dis-
tortion and lasting deficit, the term “vulnera-
ble” has been used rather than the more
academic terms “critical” or “sensitive” period.

The basis of the vulnerable-period hypothesis
(11) 1s best illustrated by a clear-cut finding in
rats that if bodily growth is retarded at the time
of the brain growth spurt, there is a resulting
growth deficit that resists subsequent nutritional
rehabilitation. There are permanent deficits of
both brain and bodily growth attainment, and
in the brain at least there is some permanent
structural distortion as well as deficit. There is
good emerging evidence that the principle is
valid for other species, including man.

There is an apparent dependence of good
bodily growth on :he achievement of a satis-
factory brain growth spurt. The bodily growth
spurt is later in all species than that of the brain,
and is not itself “vulnerable” in the above, last-
ing sense. Nutritional retardation of bodily
growth at this later stage is fully recoverable
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on restoration of a good diet (22), and cven
severe starvation in the adult produces no last-
ing detectable effects on the brain (/2).
Whether growth retardation before the brain
growth spurt has lasting structural effects is less
clear, although by gross measurement these have
been too small to detect in the brain (at least
when growth is retarded to the extent com-
monly occurring in humans), just as there are
no obvious changes after severe adult under-
nutrition.

In its originally proposed form (//), the
period of vulnerability was considered to be the
whole period of the brain growth spurt to be
described below. A second and overlapping
hypothesis (23) can also be applied to all other
tissues. It was discovered that during their post-
organogenetic growth all tissues pass through a
period of cell division followed by one of growth
in cell size. Undernutrition during the former
phase, but not during the latter, permanently
reduces growth attainment in all tissues.

There can be no question that this latter
is a basic law for catch-up potential throughout
the body, but it may nevertheless be unsatis-
factory when applied to those aspects of brain
development that may be functionally impor-
tant. For example, ghal mitosis occurs later
than neuronal mitosis, and glia eventually out-
number neurons heavily. Most experimental
proof of the vulnerability of “brain cell” mitosis
has been confined to the later phase of ghal
multiplication, which happens to occupy the
first part of the brain growth spurt. Most of
the lasting “brain cell” deficit in these experi-
ments must therefore be glial, and it seems
unlikely that a numerical glial deficit will be
functionally important. It is even possible that
a numerical neuronal cell deficit would not be
very significant for brain function compared
with a deficit, for example, in subsequent
dendritic branching and in the establishment of
synaptic connections. These later and probably
more important features of neuronal growth are

not mitotic events. They are the brain’s equiva-
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lent to growth in cell size, and it is possible that
such postmitotic events within the brain growth
spurt are also vulnerable. Finally, the technique
of expressing average cell size as a protein:
DNA ratio must surely be less meaningful for
neurons, with their enormously long cytoplas-
mic extensions, than for a homogeneous mass of
liver cells.

The phrase “growth spurt” is derived from
the sigmoid trajectory of most organ or whole
body growth. It is simply the transient period
of high growth velocity. In the brain it is
found in all mammalian species examined and
represents phases of brain development similar
from one species te another. Only the oc-
currence of birth shows interspecies variation
{11): in the rat the growth spurt is a post-
natal event (17), in the guinea pig it is pre-
natal (14), and in pigs (10) and people (13)
it is both pre- and postnatal. Norm-«i birth has
no significance for most growth programs in-
cluding that of the brain. Thus there are obvi-
ous pitfalls here for those wishing to use animals
to investigate “fetal” or ““postnatal” brain
growth unless the species is carefully chosen
and the timing of the brain growth spurt in that
species known.

The brain growth spurt begins at about the
time neuroblast multiplication ends and the
adult number of neurons has already been al-
most achieved. This is toward the end of the
second human (fcml) trimester (1%) and in the
first postnatal days of the rat. It ends with the
end of the major period of rapid myelination, at
about two years of human postnatal age (18)
and at about 25 days in the rat (/7). In very
general terms the velocity curve of increments
in brain wet weight encompasses the whole
period, except perhaps for the later stages of
rapid myelination. The major easily detectable
events, apart from an increase in size, are an
almost explosive multiplication of oligo-
dendroglial cells (§) followed by a period of

intense lipid synthesis related to myelination

(7). There are large and sometimes sudden
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changes of enzyme activity ([, 3). Tissue water
falls reciprocally with the rise in brain lipid

(17). Sodium and potassium move rapidly
toward their adult values (8). Perhaps more
importantly, but less easity measured, the

growth spurt includes the growth and branch-
ing of dendritic processes and the establishment
of interncuronal connections. These are held to
be plastic to some extent in the adult, and it
would be surprising if they were not even more
so during development.

Of course it is gros.iy facile to attach func-
tional significance to the vulnerability of the
growth-spurt complex as described above. Some
of the

enumerated.

oversimplifications  will now  be

First, ncurobiologists have only measured
parameters that are comparatively easy to
measure. No one knows what to measure as a
physical index of important aspects of higher
mental function. Certainly cell number, brain
size, degree of myelination, and so forth are no
more than tangible examples of structural char-
acteristics that, by analogy, may possibly react
in a manner similar to whatever structures
actually do matter.

Further, developmental processes in the brain
occur at different times in different regions and
at different rates, " There is a highly organized
temporal and spatial sequence, and it is likely
that there is a differential regional vulnerability
related to the normal rate and timing in any
particular region. One clear example is the
differential vulnerability of the cerebellum,
which will be described later. This part of the
brain grows more rapidly than other parts and
is therefore more specifically affected by growth
retardation (9). Some of its neurons divide
later than most (4), and they are therefore
differentially selected by later growth retarda-

tion (16).

Experimental Designs

Experimental studies of nutritional depriva-
tion early in life have often been on raes. It has
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been convenient that the brain growth spurt in
this species is largely confined to the suckling
period. One of the following four nutritional
procedures has usually been employed: maternal
undernutrition or malnutrition, restriction of
suckling time, and rearing in large litters. Ma-
ternal undernutrition is achieved by feeding the
mother a restricted quantity of a good-quality
food daily, whereas in the case of maternal mal-
nutrition, the rat has access to an unlimited
supply of an unbalanced dict, often low in
protein and consequently high in some other
constituent, usually carbohydrate. Restriction
of suckling time necessitates regular separation
of mother and -young so that normal feeding
opportunities are curtailed. Those three tech-
niques usually involve standardization of litter
size at birth. The large-litter method requires
that two or more mothers give birth within a
short space of time. Young are removed from
their mothers and randomly assigned to an ab-
normally large or small litter. Mother rats or
mice would be given large litters of 15 to 20
young.

The desired timing of the nutritional re-
striction to some extent determines the method
of deprivation to be used. Obviously the re-
stricted suckling and large-litter procedures are
applicable only to the suckling period, whereas
dietary restriction of the putative mother may
begin even before she has conceived. )

Information on the effects of diet on milk
composition is scanty for both humans (20)
and laboratory animals (21). What evidence
there is suggests that both protein and calorie
restriction suppress milk yield without appreci-
able alteration in quality. Hence the nutri-
tional effect of the four methods of deprivation
on the suckling animal is probably similar.

Some Lasting Effects of Early
Growth Retardation

Provided the brain growth-spurt period is
carefully selected, it is only necessary to retard
bodily growth rates toward the lower limits of
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the “normal” range to produce permanent
changes. No nutritional disease nor any obvious
ill health is required. Changes have been found
in the brains of adult rats whose only nutritional
handicap has been to be suckled in larger-than-
normal families during the brain growth spurt.
They are fed a highly nutritious diet ad libitum
from weaning at three weeks of age until they
reach maturitv. The permanent residual physi-
cal effects in adults of such mild growth re-
tardation, when looked for in previously under-
fed adults, represent both deficits of and dis-
tortions from the normal, and include the fol-

lowing:

(a) Small brain size

This is a true microcephaly, the brain being
permanently smaller than is appropriate for the
body weight, in spite of having shown the tra-
ditional characteristics of “brain sparing” dur-
ing the growth ‘period (17). The brain is not
uniformly small, being more so in the cerebel-
lum than elsewhere. For both reasons, therefore,
the small brain is distorted rather than merely
deficient.

(6) Fewer cells

When measured by pDNA analysis these smaller
brains have fewer cells (17). There are dis-
proportionately fewer in the cerebellum, and
among the cerebellar neurons +he later-dividing
granular neurons are disproportionately reduced.
There are also indications that some cerebral
neurons are also disproportionately reduced
(716). Most of the total cell deficit is probably
glal, however. Here again there is distortion of
brain structure in addition to simple deficiency.

(¢) Less lipid

Many of the brain lipids are permanently
reduced to a greater extent than would be pre-
dicted from the smaller brain size. Such defi-
ciencies per unit fresh weight are sclectively
found in those lipids most characteristic of
myelin (12), and this is a further example of
distortion.
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(d) Altered enzyme activity

Assessments of enzyme activities are bedeviled
by argument about their significance and the
significance of the various ways of expressing
them. Should activity be expressed per ccll
(DNA), per unit protein, per unit fresh weight,
per brain region, or how? The conceptual diffi-
culties are greatly magnified in a tissue whose
architecture and cell type are as heterogencous as
are those of the brain compared, for example, to
the more homogencous liver. Such differences as
have been found in the present context prob-
ably represent structural changes. For example,
che activity of .acetylcholinesterase per unit
fresh weight in previously undernourished adule
rats is much higher than in controls (2), in
spite of having been lower during the carly
period of restriction (1). Tt scems very likely
that the enzyme is related to structures (per-
haps cholinergic nerve cnidings) whose concen-
tration has been increased as a resule of a dif-

This has been demonstrated by constructing
reliable velocity curves of the accumulation of
fresh weight, pxa, and cholesterol (a major
brain  lipid)

normal controls.

in undernourished animals and
The smaller area under the
velocity curves of the undernourished animals,
together with their failure to exhibit "catch up”
on restoration to a normal dict, accounts for the
ultimate deficit.  An example of chis is il-
lustrated in Figure 1 for the phase of (glial)
cell division. ’

This introduces a principle of possibly great

practical importance to human babiés. If there

“is 2 once-only opportunity to grow the brain

ferentially greater deficit of other structures.’

Interpretation can be extremely tortuous, but
at least here is another distortion. '

In summary, the evidence for the vulner-
ability of the brain growth spurt is very good.
Certainly, however, it could never be claimed
that it was the only vulnerable period of brain
growth, even in the present restricted sense,
without a much more careful analysis of the
vulnerability of other stages, cspecially the
carlier and quantitatively smaller phase of

neuronal multiplication corresponding to the’

human second trimester. Nevertheless, the hy-
pothesis remains 2 useful one and in general
terms is well supported by the evidence.

Brain Growth Opportunity

Tt has recently been shown that the brain
growth spurt is obliged to occur at a prede-
termined chronologic age, cven when condi-
tions arc unfavorable and growth has been nu-
tritionally retarded (17). The effect of such
“retardation” is to reduce the extent of brain
growth processes, not to delay their occurrence.
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properly, it is presumably importane thar the
best conditions should be provided at this time.
Therem may even be something to be said for
directing nutritional aid toward the relevant
age-group in times of severe shortage at the
expense of older individuals whose brain growth
spurt is over. '

The Extrapolation of the Vulnerable-
Period Hypothesis to Man

It has been shown rthat the changes described
in previously growth-retarded adult animals are
related to the timing of the restriction to coin-
cide with the period of the brain growth spurt.
Leaving aside any consideration of whether such
changes matter, it ought to be possible to pre-
dict which human babies are at risk in this
sense.  All that is required is to identify the
human brain growth spurt, and this is under
way,

A study of nearly 200 complete human*brains
reveals the following relevant facts:

(1) Human necuronal multiplication occurs
mainly in the second trimester of gestation
(15). The subsequent growth of dendrites and
the establishment of synaptic connections is,
by inference, later. Probably it occupies the
remainder of the growth spurt.

(2) Thus the period cerresponding to the
vulnerable one discussed above in animals prob-
ably begins with the third trimester.
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Figure 1. Velocity curves of DNA increment in the brains of rats suckled .. small
and lorge litters during the brain growth spurt. Growth retardation has not deloyed

the timing of the peak velocity (17).

(3) The end of the (glhal) cell multiplica-
tion phase is at about 18 postnatal months (/3),
and the whole growth spurt is virtually over by
two postnatal yeare (18).

Thus it can be seen that only about one-
eighth of the human vulnerable period is fetal
in term babies, a situation much closer to that
of the infant rat than has hitherto been recog-
nized. In chis light, the eventual outcome of
restricting human fetal growth would largely
depend on the following theoretical considera-
tion: Is good catch-up growth being instituted
from birth onwards, and is there successful
growth promotion during the last seven-cighths
of the brain growth spurt that is postnatal in
humans? How much recovery of physical brain
growth is possible if good bodily growth is in-
stituted after restriction occupying only the
first one-eighth of the vulnerable period? The
chances are that recovery would be virtually
complete. This would convert the first two

years of postnatal life from a period of wvul-
nerability to an important one of opportunity.
There is some evidence from experimental ani-
mal undernutrition that if rchabilitation is
instituted well before the end of the brain
growth spurt, there is apparent recovery (24).
Recovery here was measured in terms of whole
brain amounts, however, and it is not yet clear
whether there are persisting regional deficits.
It could be that restriction on early growth
processcs in those regions of the brain that de-
velop early may produce lasting regional deficits
which would be masked by analysis of whole
brain. The matter is vpen to experiment.

It is therefore likely that any baby ‘whose
proper, lean-body-mass growth is seriously re-
tarded for the whole, or for a substantial pro-
portion of the period from' 30 weeks’ gestation
to two full years of postnatal age may emerge
with changes in the physical state of its brain
comparable with chose outlined above in rats,

20
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Whether these will matter is an entirely open
question, since it is completely unknown which
parts of the physical brain are related to "higher
mental function.” It is also not known how
much compensation may be available in the
multiplicity of other developmental, environ-
mental factors bearing upon the ultimate out-
come. The most that can be suggested in prac-
tical, management terms is that, among all the
other steps taken to promote baby welfare, the
best true growth of babies should be ensured
at this particular period. This applies cqually
to the baby in an underprivileged developing
community, to the prematurely born, the “small-
for-dates,” and the normal term baby.

Finally it may be worth recording a per-
sonal note. In my view serious errors of thought
are currently arising from a failure, mainly of
pediatricians, to consider this subject biologi-
cally. Tt is nonsense to talk of the "‘fetal brain”
or "neonatal brain” without taking into ac-
count the growth characteristics of the brain
in the particular species under discussion. There
is no demonstrable difference in principle be-
tween the human brain during the first one-
eighth of its growth spurt (which is fetal) and
the rat brain at the same developmental stage,
just because in this species it is postnatal. Simi-
larly, in considering the relevance to man of
findings in animals, it is a travesty to ignore the
three fundamentals of all studies of develop-
mental undernutrition: its degree, its duration,
and particularly its timing in relation to the
whole developmental program. It seems to be
unpalatable to some that man can often re-
semble rats or pigs very closely. Valid extra-
polations are possible, but they must be very
carefully made on a sound basis of knowledge
of comparative development, This is especially
so for those who would use subhuman primates.
It is a farally erroneous assumption that monkey
brain development so closely resembles that of
man, particularly in its timing, that such nice-
ties of extrapolation can be ignored.

The lasting ceffects of early undernutrition on
the structural development of the brain have

necessarily been investigated in animals. The
question may now be asked whether there are
any behavioral consequences in those animals
whose brains have been permanently altered?
And can the animal model be used to help
answer the all-important  question  whether
humans suffer any lasting intellectual deficit
following carly growth retardation? There are
some formidable difficulties in extrapolating
from one species’ behavior to another’s, even
though their patterns of physical brain growth
are so similar. The suggestion that the human
problem, inextricably entangled as it is with
a multitude of sociocconomic and other particu-
farly human factors. can be clucidated through
animal studic. in simple laboratory situations is
probably realistic. A discussion of the often
conflicting evidence from relevant experiments
in animal behavior will be found clsewhere

(19).

Summary

The evidence for the lasting structural
changes in the brain related to the timing of
carly undernutrition is clear-cut. The brain
growth spurt is by far the most vulnerable
period in crude terms of quantitative ultimate
achicvement and measurable physical distor-
tion. There is some evidence even from studies
of human growth and development in privi-
ledged communities that scems to resemble the
physical findings in animals (6), and some of
the as-yet-scanty behavioral data from poor
countries do support the idea that children can
be permanently affected by malnutrition in their
early years. Indeed, the correspondence is close
between the vulnerable period for human be-
havioral development and the human brain
growth spurt. It must be remembered, however,
that in all developmental findings such cor-
respondence can as casily be coincidental as
meaningful.

It would not be stretching the evidence too
far to say that in the light of present knowledge
there is a period of human development ex-
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tending from the second trimester of gestation
well into the second postnatal year, during
which the brain appears to have a once-only
opportunity to grow properly. It is at this
time especially important that children should

grow at a proper rate and under the best en-
vironmental conditions. Among these nutrition
is central to proper growth, a restriction of
which may well have lasting behavioral con-
sequences.
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SOME SPECULATIONS ON MECHANISMS INVOLVED IN
THE EFFECTS OF UNDERNUTRITION ON CELLULAR GROWTH

Myron Winick, J. A. Brasel, and Pedro Rosso'

During the past 10 years a great deal of
quantitative data has been accumulated on the
normal cellular growth of various organs, re-
gions of organs, and in some cases discrete
arcas. Growth has been viewed as a smooth
progression from pure proliferation through
combined hyperplasia and hypertrophy and
finally to hypertrophy alone. Malnutrition has
been shown to retard the rate of cell division
during proliferative growth without changing
the time at which proliferation cea: 's. Thus the
resultant organ is smaller and contains fewer
cells. This change is permanent. In contrast,
the same degree of undernutrition during hyper-
trophic growth will inhibit the normal in-
crease in cell size. This change. however, is
reversible with rehabilitation.

It becomes evident in focusing on the de-
veloping brain that permanent cellular changes,
if they are to occur, must come about as a con-
sequence of carly malnutrition. In the rat,
cell division is over in brain by 21 days of age
and only before that age will malnutrition in-
duce a reduction in brain cell number. Various
brain regions have individual patterns of cell
growth., The most rapid rate of cell division
in rat brain is in cerebellum and this continues
to 17 days of life. In cerebrum, cell division is
slower but continues longer, whereas in brain
hd‘*ln.:;rlilll”tc of Human Nutrition, Columbia University
College of Physicians and Surgeons, New York, New
York, USA.
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st proliferation it continues at a very slow
rate only until the 14th day of life. In cere-
bellum both neurons and glia continue to di-
vide postnatally, whereas in cerebrum only glia
divide at this time of life.

Neonatal malnutrition retards the rate of
cell division in all areas studied. The earliest and
severest effects are on those areas where cell di-
vision is most rapid. For example, a significant
decrease in cercbellar cell number is noted after
eight days of malnutrition beginning at birth.
Changes in cercbrum occur later and are less
severe, and there are only very few changes in
brain stem. This reduction in the rate of cell
division affects any cell type undergoing pro-
liferative growth. In addition, the migration of
cells from under the lateral ventricle to the
hippocampus, which usually occurs on the 15th
day of life, is curtailed—probably because the
rate of cell division under the lateral ventricle
is reduced—resulting in fewer cells able to
migrate.

During the past few years these principles
have been partially confirmed in man. Cell di-
vision normally ceases in human brain around
the end of the first year of life. Proliferation
in all three regions so far studied (cercbrum,
cerebellum, and brain stem) stops at the same
time. Malnutrition during the first year of life
will reduce the rate of cell division and result
in fewer cells in whole brain and in all three
brain regions.
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There nay be questions about the magnitude
of this reduction, about the types of cells in-
volved, and about the severity of the nual-
nutrition necessary to produce an effect. There
are certainly questions about the meaning of
these changes, but the fundamental principle
that undernutrition during proliferative growth
will retard the rate of cell division in human
brain appears well established.

Flow then does malnutrition exert its effect
on cell division? During the pust few years
a number of laboratories have begun to address
themselves to this problem. '

During cellular growth and cell division we
know that amino acids from the general body
pool are supplied directly for protein synthesis
and for the synthesis of nucleotides, which then
enter the general body of nucleotide pool. The
nucleotides are then used for cither bNA or RNA
synthesis. Newly-formed nNa is quite stable,
whereas the newly formed RNA turns over and
the rate of synthesis is in equilibrium with the
rate of degradation. A number of enzymes are
involved in all these processes and their activity
depends, in part at least, on the quantitative and
quaulitative nature of protein synthesis. "Thus the
availability of amino acids will affect both
nucleic acid and protein synthesis, and the
amount and quality of the protein synthesized
will in turn affect the synthesis of nucleic acids,
To further complete the cycle, since RNA is an
essential element in protein synthesis, changes in
the quantity and quality of rNa will also affect
the quantity and quality of the protein
synthesized. '

Where in this cycle does protein-calorie mal-
nutrition exert its cffect? Although the data
are not yet complete, they certainly point to the
fact that limitation of protein in the diet will
decrease the availability of amino acids for pro-
tein synthesis. The work of Munro and more
recently that of Miller has demonstrated re-
duced protein synthesis both in vivo and in
vitro when either protein or amino acids in

the diet are limited. Further, Munro has sug-
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gested that although any amino acid may be
limiting experimentally, teyptophan appears to
be the limiting amino acid in most physiologic
situations. Thus, although definitive proof
awaits measurement of amino acid pool size and
tracking of amino acid pathways under condi-
tions of protein-caloric malnutrition, present
evidence strongly indicates that the amino acid
pool size is reduced.

How is this reduced quantity of amino acid
distributed?  Amino acids for building blocks
of protein are less available, as shown by the
decreased incorporation of labeled amino acids
into total protein. In contrast, there is some
evidence indicating that amino acids are prefer-
entially converted to nucleotides. or example,
total nucleotide pool size in brains of nconatally
malnourished animals is unaffected. Incorpora-
tion of labeled orotic acid into the nucleotide
pool is significantly increased, however, and
preliminary data suggest thatincorporation of
labeled amino acids into the nucleotide pool is
also increased. We may postulate then that the
synthesis of nucleotides is increased in brains
of neonatally malnourished rats. If the nucleo-
tide pool size does not change in brain or
actually decreases in liver, where are these
nucleotides being distributed? Incorporation of
labeled nucleotides into pNa is markedly re-
duced in the brains of mulnourished animals,
denonstrating that there is a decreused distribu-
tion into DNA synthesis. In contrast, incorpora-
tion of labeled precursor into RNa is markedly
increased in brains of neonatally malnourished
animals. Thus the rate of pNa synthesis is
reduced, whereas the rate of RNa synthesis is
increased in neonatal protein-caloric restriction.
One effect, then, of early malnutrition is a re-
distribution of available nucleotides. How is
this redistribution controlled? What are the
mechanisms involved in the decrease | bNa syn-
thesis, and how can we explain an \ncrease in
rRNA synthesis in the face of descriptive data
that conclusively demonstrate a reduced rNa

content per cell?
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We can answer the second question by ex-
amining the rate of rNa degradation after
early malnutrition. There is a marked increase
in the rate of decay of previously labeled rNa
in liver of malnourished rats, and in brain chere
is a drop in the RNA /DNA ratio at a time when
rna synthesis is increased. Thus although the
rate of ®Na synthesis is increased, the rate of
degradation must also be increased. The latter
increase is presumably greater than the former,
resulting in a net loss of vva, which expliins
the drop in the RNA/DNA ratio or RNA content
per cell.

At this point, we may summarize the effects
of carly malnutrition on some of the synthetic
and degradative pathways involved in cellular
growth. Incorporation of amino acids into total
protein is reduced as is net protein synthesis.
Incorporation of labeled precursors into the
nucleotide pool is increased in the face of an
unchanging or dropping total nucleotide pool
size. Incorporation of nucleotides into bNA s
decreased as 1s net nNa synthesis.  Incorpora-
tion of nucleotides into kRNA is increased, indi-
cating an increased rate of RNa synthesis in the
face of a decrease in cellular kNa content. The
rate of RNA degradation is markedly increased.

In an attempt to explore some of the mecha-
nisms by which these dynamic changes oceur,
the activity of certain of the enzymes involved
in the regulation of the steps just described has
becen measured. bNA polymerase is an enzyme
involved in the terminal phase of HNa synthesis.
In a number of nonphysiologic situations,
activity of this enzyme has been shown to
increase under conditions that stimulate bNa
synthesis. Moreover, the increase has been
shown to precede the increase in bNA synthesis.
Recent experiments in our laboratory have
demonstrated that the response to unilateral
nephreétomy in the opposite kidney is hyper-
plastic in infant rats and hypertrophic in adult
rats. This hyperplastic response is preceded by a
burst of DNA polymerase activity in the remain-
ing kidney of the infant animal, whereas the
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polymerase response in the adult is much less.

More recently it has been shown that activity
of this enzyme in liver of growing rats is in
part under the control of pituitary growth
hormone. Hypophysectomy reduces enzyme
activity and growth hormone replicement ele-
vates the activity before any increise in bNa
synthesis can be shown.

We have demonstrated in brain that the
activity of bNa polymerase parallels the rate of
cell division during normal growth, and that
this parallel relationship holds when  various
brain regions are studied. Qur data show that
the activity of this enzyme is an excellent indi-
cator of the rate of cell division and suggest
that during normal growth nna polymerase may
play a role in regulating the rate of bNA syn-
thesis. We believe that neonatal malnutrition
will reduce the activity of this enzyme in rat
liver,

Thus, the evidence at this stage indicates
that one way by which ecarly malnutrition may
curtail the rate of pna synthesis and perhaps
indirectly regulate the distribution of available
nucleotides is by reducing the activity of nNa
polymerase.

While we have not investigated the enzymes
involved in RNa synthesis, others have begun
such investigations. For example, Metcoff and
coworkers have demonstrated an increase in
RNA polymerase activity in leukocytes of
undernourished children and in placentas from
mothers who were malnourished and whose
infants demonstrated intrauterine growth fail-
ure. Indicative as these data may be, experi-
ments are lacking that reveal an elevation in
the activity of RNA polymerase in tissues ex-
posed to neconatal malnutrition and correlate
this increased activity with an increase in the
rate of RNA synthesis.

The degradative phase of RNa metabolism
is of particular interest since it is the increased
rate of degradation that accounts for the net
loss of RNa per cell. The enzyme alkaline
rNasce has been presumed to be involved in RNA
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catabolism. Available data indicate that under
most circumstances activity of this enzyme is
inversely related to cellular rnva content. We
have, therefore, undertaken a series of investi-
gations designed to explore the role of this
enzyme during normal growth and the altera-
tions that may occur in carly malnutrition.
During normal brain development the ac-
tivity” of this enzyme per cell increases, but
this increase is exactly proportional to the
increase in cellular RNA content and the rela-
tionship between enzyme and substrate remains
constant throughout development. Total ac-
tivity of alkaline rNase increases per milligram
of bna per cell throughout development except
for a drop at birth and again at 17 days of age.
By contrast. specific activity per milligram of
protein declines during development.  When
activity is expressed per milligram of rna per
milligram of substrate, there is no change dur-
ing development.  These data emphasize the
importance of enzyme activity’s mode of ex-
pression and point out clearly that interpreta-
tion of changes in such activity may depend
a great deal on the reference point employed.
By using these three reference points, a clearer
picture can be drawn. Activity per cell in-
creases during brain development; this increase
is less than the increase in other cellular proteins
and hence the specific activity drops. The in-
creased activity per cell, however, is directly
proportional to the increase in RNA content per
cell that occurs during development, and there-
for the activity per milligram of rRNa does not
change. This constant relationship between
RNase activity and RNA content under circum-
stances in which both are changing again indi-
cates a role for this cnzyme in the regulation
of RNA metabolism. In the studies noted above,
only total cellular alkaline rNase activity was
examined because of our initial findings of very

small amounts of activity in the nuclear frac-

tion and the absence of free activity (non-—

inhibitor-bound) in the cytoplasmic fraction.

In other tissues, however, alkaline rnase is
active intranuclearly as well as in the cyto-
plasm, and is present as both bound and free
enzyme. Our own preliminary laboratory data
indicate that the nuclear activity is in some
manner related to the rate of rRNa synthesis
within the nucleus, whereas the cytoplasmic
enzyme is involved in the regulation of RNA
catabolism in the cytoplasm. For example, if
one examines the activity of cytoplasmic
RNase in three different adult tissues that
catabolize RMA at three different rates, a direct
correlation between enzyme activity and rate
of catabolism is immediately apparent. The
most rapid rate of rRNA degradation occurs in
kidney, with liver and brain following in
descending  order.  The highest activity of
rNase per cell.also occurs in kidney, with liver
and brain, respectively, following. Morcover,
the differences in enzyme activity are directly
proportional to the differences in catabolic rate.

These data have convinced us that alkaline
RNase must play a role in the regulation of
RNA metabolism and, indirectly, protein syn-
thesis by influencing the rate of RNA catabo-
lism. We have accordingly ‘studied the effect
of such malnutrition on the activity of alkaline
RNase since, as previously pointed out, RNA
catabolism is increased in brains of animals
exposed to carly malnutrition. Malnutrition
imposed at birth will clevate the activity of
this enzyme in rat brain, and this elevation
progressively increases as the duration of mal-
nutrition increases. Although these data are
expressed per milligram of DNA per cell, the
same findings are present if the data are ex-
pressed per milligram of protein or per milli-
-gram of ®NA. Neonatal malnutrition thus
selectively elevates the activity of this enzyme
in the face of a decrease in both overall protein
synthesis and a fall in tissue RNA content.

At this point we can summarize what is
known about the effects of early malnutrition
“on cellular growth of the brain and present
our hypothesis of the effects of malnutrition
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on the regulatory mechanisms involved in the
control of cellular growth. Malnutrition dur-
ing proliferative growth will curtail net pro-
tein, RNA, and DNA synthesis and result in an
organ with a reduced number of cells. It would
appear that any cell type in any region where
cells are dividing is vulnerable to the effects of
nutritional deprivation. Early malnutrition
limits the availability of amino acids for incor-
poration into protein, thereby reducing the
rate of protein synthesis. In contrast, an in-
creased flow of amino acids enters the nucleo-
tide pool, which presumably limits even further
the availability of these amino acids for protein
synthesis. Nucleotides are removed from the
pool much more slowly along the pathway to
DNA synthesis, since the synthesis of DNA is
occurring at a, much slower rate than normal.

This reduced rate of npNA synthesis is at
least in part a consequence of the reduced
activity of certain enzymes involved in that
synthesis, for example, bNA polymerase In
contrast, nucleotides are removed much more
quickly along the pathway to RNA synthesis,
since synthesis of RNA is more rapid than nor-
mal. This results in either a depletion in the
size of the nucleotide pool, as occurs in liver,
or a maintenance of normal amounts, as occurs
in brain. Regardless of the effect on pool size,
however, the distribution from the pool has
been altered by early undernutrition. The in-
crease in RNA synthesis may direct alterations
in protein synthesis that result in selective
clevations in certain proteins, for example,
RNA polymerase and alkaline ’Nase. The in-
creased RNA polymerase activity may further
stimulate the enhanced RNA synthesis, whereas
the increased activity of alkaline RNase may
initiate the increased rate of RNa degradation
that has been demonstrated. This increased
catabolic phase may in turn be responsible for
the shift in polysome pattern described by
Munro, and through this mechanism may con-
tribute even further to the selective reduction

in protein synthesis.
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In addition to the opening of new areas of
research aimed at further exploring the mecha-
nisms by which carly malnutrition exerts its
effects on cellular growth, the data just re-
viewed have opened two avenues of research
for reexamination. The entire problem of pre-
natal malnutrition can be reexamined using
these more sensitive markers of tissue nutri-
tional status. This approach scems warranted,
especially in view of the less marked quantita-
tive changes in weight, and protein, kxa, and
bNa content that have been reported in certain
kinds of intrauterine malnutrition. Second,
some of these tissue changes themselves and
the reflection of these changes in body fluids
could provide a clinically sensitive index of
nutritional status and recovery from malnu-
trition.

Let us address ourselves to the first problem,
“intrauterine malnutrition.” If one examines
all the available data from all species of experi-
mental animals studied, it becomes quite clear
that at least two types of intrauterine malnu-
trition exist. One type produces obvious
changes in cellular growth of the fetal brain,
whereas the other produces little if any change
in fetal brain when measurements of weight,
and protein, RNA, and DNA content are used.

As we shall see, however, more subtle changes
as measured by some of the parameters just de-
scribed do occur. These two types of fetal mal-
nutrition do not, as far as we can tell at present,
depend on the species employed but rather on
the method by which the malnutrition is in-
duced. For example, “placental insufficiency”
will result in retarded fetal growth. This con-
dition has been produced by ligating the uterine
artery in rats and more recently by ablating a
portion of the placenta in monkeys. In the rat
such a ligation produces a reduction in weight,
and protein, RNA, and DNA content in placenta
and most fetal tissues. Brain, however, is un-
affected. These data have been substantiated
by Minkowski and colleagues, and more re-
cently by Oh. A similar situation apparently
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occurs in the monkey following ablation of a
portion of the placenta. Check and coworkers
have demonstrated, using such a model, that
although profound fetal growth failure will
occur, brain weight and protein and pNa con-
tent are unaffected, and ’RNa content is re-
duced only about 5 per cent in cerebeltum.
This relatively small reduction may become
more significant when considered together with
more recent data about other tissue parameters.
Thus, both in the rat and in the monkey this
type of placental insufficiency results in a
markedly disproportionate type of growth fail-
ure in which brain is relatively spafed and
organs such as liver markedly affected.

If we now reexamine this model using our
“newer markers” of tissue nutritional status,
certain changes not previously seen become
obvious. Within 24 hours after ligation a
marked clevation of placental rNase activity
can be demonstrated. Enzyme activity in-
creases in inverse proportion to the distance
from the ligation. There is a marked clevation
in the proximal placenta, 2 milder elevation in
intermediately located placentas, and minimal
changes in those located distally. If we limit
our observations to the proximal placenta, alka-
line rNase activity becomes elevated within 24
hours and remains eclevated for at least 96
hours. This increase in activity precedes any
changes in placental weight, or protein, bNa,
or RNA content. In the fetal organs, there is a
marked increase in liver RNase within 24 hours,
with brain unaffected. By 48 hours, however,
both brain and liver rNase.are distinctly ele-
vated. Thus, by examining activity of alkaline
RNase, changes in brain can be demonstrated
after 48 hours of ligation in the absence of any
reduction in weight, or protein, DNA, or RNA
content.

These data become even more interesting
when coupled with the observations of Cheek
and coworkers in the monkey. Although those
investigators did not measure alkaline RNase

activity, their results demonstrating a slight
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reduction in cerebellar RNA content may be
more meaningful in this context. At present,
then, the available data indicate that this type
of placental insufficiency will produce certain
changes in RNa metabolism of fetal brain with-
out permanently affecting cellular growth as
measured by brain weight, protein, or nucleic
acid content. What the significance, if any, of
this increased enzyme activity is remains to be
determined.

In contrast to the placental insufhciency
model, maternal protein restriction in rats, pigs,
and guinea pigs produces a symmetrical reduc-
tion in weight, and protein, RNA, and DNA
content of all organs including brain. Brain
is affected by the 16th day of gestation, and
all arcas examined, including white and gray
matter, demonstrate a2 marked reduction in
the number of dividing cells. By birth there
is an approximately 15 per cent reduction in
cell number when this model is used. This
reduction agrees with the findings of Zamen-
hof and colleagues, and is roughly of similar
magnitude to the reduction in cell number
found in the other fetal organs. Thus this
type of fetal malnutrition is quite different
from the placental insufficiency type. Here we
see symmetrical growth retardation in which
the brain is not spared. Combining maternal
restriction with postnatal restriction, we can
produce even more marked effects on cellular
growth of the developing brain. Although in
either prenat:! or postnatal malnutrition there
is an approximately 15 per cent reduction in
brain cell number, the combination of both
produces a 60 per cent reduction.

If we now turn to measurement of our more
recently described markers of tissue nutritional
status, we can demonstrate first that activity
of DNA polymerase parallels the rate of cell
division during normal placental growth and
that this type of maternal malnutrition will
result in reduced activity of this enzyme in
placenta by 12 days of gestation. Moreover,
alkaline RNase activity is markedly elevated in
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such placentas. Changes in other fetal organs
including brain are currently being investi-

~gated. Activity of both pNa polymerase and

alkaline ®~ase has thus proved a sensitive index
of nutritional status—at least in placenta—in
rats exposed to maternal protein restriction.
How can these changes provide us with
clinically useful tools for the assessment of
nutritional status? DNa polymerase activity
has recently been measured in human leuko-
cytes and has been shown to increase markedly
in situations of abnormally rapid cell division
such as leukemia. This increased activity more-
over precedes by several days any increase in
leukocyte cell number and has been used to
predict recurrence of disease after drug-induced
remission. The possibility cxists that enzyme
activity may be reduced in leukocytes of mal-
nourished children and that activity might in-
crease with therapy. We intend to explore this
possibility. In addition, since it has been shown
that bNA polymerase activity parallels the rate
of cell division in tissues other than brain,
activity in a muscle biopsy could give us a
quantitative measure of the rate of cell division
This is
only specuiation, but we intend to investigate
the possibility. Finally, since activity of this
enzyme is reduced in placenta in experimental

in muscle of malnourished children.

malnutrition, we intend to measure its activity
in placentas of malnourished women. To this
end we have worked out the requirements and
measured activity in normal human placenta.

As previously mentioned, Metcoff and co-
workers are actively examining leukocytes and
placenta for kNa polymerase activity in popu-
lations of malnourished women. We may hope
their investigations will also sharpen our tools
for assessing nutritional status.

We have recently focused our attention on
alkaline RNase as a clinically useful marker of
nutritional status. Examination of placentas
of a group of malnourished mothers in Quito,
Ecuador, reveals an elevated RNase activity

when they are compared to placentas from
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normally nourished women in the same city.
This enzyme is present not only in all tissues
but in normal plasma and urine, and we have
Obvi-
ously changes in the activity of this enzyme

measured it in normal amniotic fluid.

in any of these fluids would provide a practical
approach to the monitoring of either postnatal
or prenatal nutritional status. Plasma r~ase
exists almost entirely in the free form, and
during development the activity of this enzyme
per milliliter of plasma decreases. There was
a significant increase in enzyme activity in
plasma from 14 malnourished children when
compared to that from age-matched controls.
Morceover, plasma acuvity returned to normal
in all cases after only two weeks of therapy.
Sometimes this return to normal preceded any
noticeable weight gain in these children. By
contrast, activity of alkaline RNasc in the urine
of marasmic children is reduced, indicating a-
reduced clearance of the enzyme. Therefore,
when the urine and plasma data are combined
and expressed as a u/p ratio, the most marked
changes are noted. These data demonstrate
that the activity of alkaline rRNase in plasma
and urine of marasmic infants is a sensitive

The data

encouraged us to investigate this enzyme in

index of nutritional status. have
less severe malnutrition and in amniotic fluid
during prenatal undernutrition, both in our
animal models and in human populations.

In an attempt to uncover other useful bio-
chemical indices of fetal growth by monitoring
changes in amniotic fluid, we have examined
the concentrations of urea in one of our animal
models and nondialyzable hydroxyproline in
the human,

It has been shown that urea excretion can
be used as a rough measure of the rate of pro-
tein synthesis and degradation. Studies in
Jamaica and Africa have indicated that urea
excretion in severely malnourished children is
reduced. Since amniotic fluid is composed
largely of fetal urine, we have studied urea

concentration in rat amniotic fluid during nor-
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mal development and after uterine artery liga-
tion. The data indicate an increase in urea
concentration during normal development and
a marked reduction following uterine artery
clamping in fetuses showing 25 per cent or
greater reduction in body weight,  Although
these daca are still in the early stages of collec-
tion, we intend to pursue these findings both

‘in rats and in the human.

Urinary hydroxyproline has been shown to
be clevated under conditions of rapid collagen
synthesis.  More recently it has been demon-
strated that under these conditions, it is the
farge molecular weight nondialyzable fraction
(LN Hypro) that increases. We have mea-
sured t.MN HYpro concentration and content
in human amniotic fluid at various stages of
pregnancy. We have found that the concen-
tration of LMN Hypro remains relatively con-
stant during the first 28 weeks of gestation
and then decreases. This drop in concentration
is not due to any dilutional effect, since amni-
otic fluid volume increases more slowly and in
some cases even decreases toward the end of
pregnancy. At present the best working
hypothesis seems to be that at around 28 weeks
fetal swallowing occurs, LMN Hypro is de-
graded, and smaller peptides are cither utilized
or reexcreted. The smaller peptides then pass
into the maternal circulation and are excreted
in maternal urine. We have recently been able
to document an increase in total hydroxvpro-
line in maternal urine during the last tri-
mester. We are now planning to fractionate
the urine and see if it is a small polypeptide
molecule that increases. Agnin, although only
in the carly stages of investigation, deterinina-
tion of LMN Hypro in amniotic fluid might
provide a means for monitoring early fetal
growth, and determination of small hydroxy-
proline polypeptides in maternal urine during
the last trimester might be a way to monitor
late fetal growth.

Finmally, the previously described evidence

in animals shows that maternal protein restric-
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tion will affect fetal growth and brain devel-
opment. Data in man are less clear and mostly
indirect. The available data do, however, indi-
cate that this may occur. For example, ex-
amination of brains of children who died of
malnutrition reveals three  distinct  groups.
Children who died of kwashiorkor after 18
months of age had normal brain bNa contents,
the protein/nNA ratio being reduced. By con-
trast, children who died of marasmus during
the first year of life could be divided into two
groups. In the first there was a 15 per cent
reduction in cell number, but in the sccond
the reduction was 60 per cent. The difference
between these groups was that in the former
all the infants weighed more than 2,500 g at
birth while in the latter they were all below
2,000 g at birth., These data indicate that
either they were true prematures and the pre-
mature infant is more susceptible to postnatal
malnutrition, or that they were infants who
were already malnourished in utero and repre-
sent the clinical counterpart of the doubly de-
prived rat previously described. More recently
Chase has reported reduced DNA" content in
brains of infants who were “fetally malnour-
sshed” and who died shortly after birth.
Although the data arc extremely limited, we
must continue to investigate the possibility
that fetal malnutrition may affect brain growth
in the human. To this end the techniques
described above for monitoring human fetal
growth may prove exceedingly useful.

In summary, during the past five or six years
a number of descriptive observations on growth
of various organs have been made using mea-
surements of weight, and protein, RNA, and
DNA content. In rat brain, using these measure-
ments, it has been shown that early malnutri-
tion will retard the rate of cell division in any
region undergoing proliferative growth and
result in a permanent deficit in cell number.
Any cell type dividing will be affected. In the
human, a few studies have led to similar find-

ings. More recently, experiments have been
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undertaken that are designed to explore the
mechanisms by which these changes in cellular
growth occur. These studies, while still in
progress, have already revealed that certain
alterations in protein synthesis, distribution of
amino acids and nucleotides, RNA synthesis,
‘NA degradation, and bNa synthesis take place.
The activity of enzymes controlling these proc-
esses is also altered. Specifically, bNA polymer-
ase activity is reduced and alkaline wNase
activity elevated. These tissue changes pro-
duced by malnutrition have allowed us to
explore more deeply the effect of other types
of nutritional deprivation. Two distinct types
of fetal malnutrition can be described. One is
a placental insufficiency that produces only
subtle changes in RNA metabolism in the fetal
brain, as demonstrated by a delayed increase
in alkaline rRNase activity, and the other is due
to maternal protein deficiency that produces
all the changes in fetal brain described with
postnatal malnutrition.

These tissue changes have also supplied clini-
cal markers for determining nutritional status
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and response to therapy. Alkaline wNase is
thus clevated in placentas of undernourished
women and in serum of undernourished chil-
dren. Morceover, it B decreased in urine of these
children, causing a marked reduction in the
u p ratio. With therapy it rapidly returns to
normal.

Urea and wLMN uypro concentration in
amniotic fluid and smaller peptide hydroxy-
proline concentration in maternal urine are
also being investigated as possible markers for
fetal growth and nutritional status.

The problems we must yet solve are enor-
mous. Do the changes described here have any
functional significance? Does prenatal mal-
nutrition in the human affect the fetal brain?
If so, what kind of malnutrition? How are
these effects manifested? What are their sig-
nificance? Perhaps we do not yet have the
means to answer these questions, but the data
presented at least demonstrate that we are
sharpening our tools, refining our measure-
ments, and applying the new findings to some
of these perplexing problems.
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SMALL-FOR-DATES OFFSPRING: AN ANIMAL MODEL

R. J. C. Stewart’

It is gencrally accepted that the earlier in
postnatal life a dietary deficiency can be estab-
lished, the more severe are its effects. This is
particularly true with respect to protein-calorie
deficiency and it seemed probable that a pre-
natal deficiency might produce very severe
changes.

Intrauterine malnutrition was produced in
dogs whose mothers were fed a protein-deficient
diet (NDpCali = 6.8) from weaning (/2).
The dictary regimen caused no changes in ges-
tation times, no difficulties in parturition, and
no significant increase in the number of still-
born, but mean birth weights were 20 per cent
lower than those of controls. This was not,
however, a consistent reduction, some animals
weighing as much as the heaviest controls
(> 350 g) and others being markedly small-
for-dates (srp) and weighing as little as 140 g.
When the congenitally malnourished pups
were suckled by their own mothers, there was
a high death rate (41 per cent) during suck-
ling; after weaning they grew less rapidly than
normal pups, irrespective of the quality of
their diet (Figure 2, (12)). Those given diets
of low protein value (NDpCal% = 5.0)
developed some incoordination, a proportion
showed athetoid movements of the head and
limbs, and some suffered severe and repeated

convulsive seizures.

' Department of Human Nutrition, London School of
Hygicne and Tropical Medicine, London, England.
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The congenitally malnourished dogs exhibited
alterations in the clectrical activity of their
brains (9), modifications of their carbohydrate
metabolism (7), and changes in the weight
and histologic appearance of the central nerv-
ous system, endocrine glands, bones, and many
other tissues (1/). Animals allowed to reach
adulthood could always be differentiated from
well-fed controls by their short legs, unusual
behavior, and tendency to obesity.

It was clearly important to determine
whether members of a colony that had been
maintained for several generations on the de-
ficient regimen could adapt their metabolism
and regain the original size, stabilize at a
smaller body size, or progressively deteriorate.
Owing to a shortage of accommodation the
work could not be continued with dogs and,
as it was known that restrictions in the quality
(3, 4, 5) or quantity (2) of a rat’s dict led to
metabolic, physical, and behavioral alterations
in her offspring, the tests were continued with
rats.

From the results of the studies mentioned
above and other work (!, 13, 14, 16) we
concluded that a more severe dietary restric-
tion would be necessary in rats than in dogs,
and for the first experiment reduced the pro-
tein value of the rats’ diet to NDpCalY{ = 5.0.
In the first generation there was a large number
of skp offspring, the mean litter weight fell by
21 per cent (p < 0.01), and the animals grew
less rapidly than the controls both before and
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after weaning (/5). But there was a very
high loss during suckling (63 per cent), many
of the survivors failed to rear a litter, and the
feeding of a powdered diet proved wasteful in
both materials and labor.

Efforts were then directed to the production
of dicts with higher protein values (NDpCal‘,
== 6.8 and 10.0) which could be “cubed” (10).

Colonies have now been maintained on cubed
diets for eight generations. The reduction in
the mean birth weights of the offspring; of mar-
ginally malnourished mothers has been con-
firmed, but there is no statistical evidence of
any change in the average values from genera-
tion to generation (Table 1). The number of
young per litter has risen slightly in the well-
fed and declined in the underfed colony, so
that the average weight per litter is markedly
different. Birth weights vary widely in both
colonies—from 3.5 g to 7.0 g in the control
and 2.8 g to 6.3 g in the deficient group—but
in the latter colony 75 per cent of the seventh
generation were born weighing less than 5.0 g.
sEp offspring have bien defined in these experi-
ments as term ra.s that had birth weights more
than 2 sp bolow the mean of the well-fed
colony. The mean birth weight of pups from
the control mothers was 5.6 g and those born
at less than 4.5 g are considered s¥p. The
proportion of sFD varied between 2 per cent in
the fourth and 4 per cent in the seventh
generation, with a2 mean of 3 per cent for the

Table 1. Birth weights of rats maintained an diets of
different pratein values.

Diet B Diet A
NDpCal% = 10.0 NDpCal% = 6.8
Mean and SD Mcan and SD

g g

Generation 0 5.6 £ 0.46 5.6 = 0.46
Generation 1 5.3 =+ 0.39 4.9 & 0.56
Generation 2 5.5 & 0.36 4.6 & 0.45
Generation 3 5.4 =+ 0.58 5.0 & 0.48
Generation 4 5.6 = 0.46 4.8 = 0.65
Generation § 5.6 = 0.60 4.7 & 0.60
Generation 6 56 = 0.48 4.8 & 0.60
Generation 7 5.5 = 0.58 4.3 = 0.75
Generations 0-7 5.57 & 0.51
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whole colony. As the colonics were developed
from litter mates, there are minimal “genetic
or race differences,” and the srn criterion of
less than 4.5 g in the normal group can also
be used to define stp in the malnourished
colony. In the latter the proportion of such
voung is much higher, varying from 11 per
cent in the third to 43 per cent in the seventh
generation, with a mean of 28 per cent. Both
before and after weaning the congenitally mal-
nourished offspring grow and develop slowly,
so that at four weeks of age the young have
only 50 per cent of the weight of the age-
matched controls. Hair growth is obviously
affected, and at 10 days of age some pups are
practically bald. On the other hand, eye open-
ing does not appear to be delayed. Weight
differences between the sexes appear later than
expected, and in the latest (cighth) genration
som delay in vaginal opening times is sus-
pected (only a small number of animals are
now available). s

Much of the slow growth in ecarly life may
be attributed to the poor mammary develop-
ment of the mothers (see Plate 11, (11)), and
a deficient supply of milk undoubtedly con-
tributes to the high preweaning losses (45
per cent). Some of the losses are less easily
explained.  Occasionally what appear to be
reasonably efficient mothers will scatter their
nests around the cage, kill the young, and,
although the walls and floor are spattered with
blood, not cat them. Can this be an episode
similar to the convulsive seizures observed in
the dogs? Convulsive scizures have never been
scen in these rats. Behavioral changes are re-
stricted to a slightly enhanced activity with
occasional tremors in early life, followed by
a prolonged sluggish period during which che
animal reacts more violently than normally to
unexpected noise or mild, electric shock.

Preweaning food restriction is not the only
factor in poor growth. Animals of the fifth
generation fostered at birth to normal mothers

plateau at weights below those of the control
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colony, although during early life they appear
to grow normally.

It must be reiterated that, as with the dogs,
the adequacy of the poor diet varies with the
physiologi®-State of the recipient, being defi-
cient during early growth, gestation, and lac-
tation but adequate for adult maintenance. It
is not surprising, therefore, that the very high
percentage deficits observed in body weights
at four weeks of age became proportionately
less by six months (Table 2). The effects
of protein-calorie deficiency on other values—-
body, head, and femur lengths—are also shown
in Table 2. Of the organs weighed—lhver, kid-

ney, endocrine glands, and brain—the last was
the least affected. Tables 3 and 4 show the
weights of the whole and various parts at
three and six months of age in both male and
female rats. The differences between the colo-
nies are small, but just as averages of the whole
colony did not give a complete picture of birth
weights, they do not reveal all the distribu-
tional changes in brain size. Brain weights
varied between 1.47 g and 2.02 g in the con-
trol males but only 9 per cent were below
1.60 g, whereas in the deficient males, although
the range was only slightly lower (1.36 g to
1.99 g), 46 per cent were below 1.60 g A

Table 2. Measurements” of six-month-old rats from colonies maintained on diets of different pro'em valves.

Diet B
NDpCal% = 10
Means and SD

lﬁxc} A -
NDpCal% = 6.8
Mcnm ,lnd Ql)

? 4 ? 4
Bodv weight (g) 270 + 317 399 + 726 191 + 267 290 4+ 355
Body length” (inm) 190 + 7.0 213+ 121 175 4+ 7.0 187 + 6.7
Head length (mm) %14 19 5294+ 25 4804+ 23 5014+ 35
Femur length (mm) 347 &= 061 39.34+ 0.63 N7+ 1.7 474+ 15
Brain (mg 1639 =+ 159 1772 =+ 178 1583 4= 153 1625 .= 12
“« After formalin perfusion except for body weight.
b Excluding tail.
Table 3. Brain weights” of male rats from colonies maintained on diets of different protein values.
Dict B T Dbieea
N'[;)4PC % = 100 NDpCal% = 6.8
ans and SD Means and SD
3 months 6 months 3 months 6 months
Brain stem (mg) 163 &= 33 173+ 21 127+ 12 160 + 27
Cerebellum (mg) 254 4= 28 270 += 30 207 4= 25 236 4= 24
Forcbrain (mg) 1285 +- 147 1323 4 140 1124 4= 111 1229 4+ 89
Whole brains (mg) 1720 += 185 1772 4= 178 1459 4= 135 1625 :i: 128
“* After formalin perfusion.
Table 4. Brain weights" of female rats from colonies maintained on diets of different protein values.
Diet B o o Diet Aﬁﬁ_-—v S
Nll\)/FCal7 10.0 NDpCal% =
ans and SD Mcans and SD
3 months 6 months 3 months 6 months
Brain stem (mg) 138 4= 20 162 4~ 18 122 4 21 157 + 31
Cerebellum (mg) 229 4= 18 244 4 23 195 4+ 28 223 4 23
Forebrain (mg) 1154 4= 126 1233 4 127 1058 4 123 1202 4- 110
Whole brains (mg) 1520 == 159 1639 4= 159 1375 == 163 1583 4= 153
“« After formalin perfusion.
35
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similar but less marked situation occurs in the
slower growing females.

Clearly, many of these animals have brains
and other organs that, while small for their
genetic background, are not small relative to
body size.

Is there any evidence that the changes de-
scribed in the malnourished colony vary from
generation to generation? Total hitter weights
are, and average birth weights may be declining.
There is an increase in the number of very
small individuals, and although no statistics
are available, there is a firm impression among
those handling the rats that a rat of generation
7 weighing 3 g has a better chance of survival
than did one of similar weight in generation 1.

Table 5 attempts to summarize the available
information. It will be seen that all the values
listed are lower for the sixth-generation males
than for the total male population. If con-
firmed, the alterations in brain weight in later
generations will be of particular interest. The
average weight in well-fed males at six months
of age was 1.77 g and there was no difference
in the first malnourished generations. After
four generations of malnourishment, however,
the weight fell to 1.66 g, in the fifth genera-
tion to 1.60 g, and in the sixth to 1.52 g. It
must be emphasized, though, that the brains
are still large relative to body weight (see per-
centages in Table 5). When the brains were
divided (Tables 3 and 4), it became clear
that the cerebellum was the most consistently
and severely affected. This is in keeping with
the histologic observations in rats aged one,
three, and six months.

The granular and molecular layers of the
cerebellum are reduced in size and the former
in density. The Purkinje cells are poor in
chromatin and there is an increased number of
Bergmann cells. Arcas of the forebrain and
brain stem are also modified, there appears to
be a reduced number of cells in the cerebral
cortex, the Nissl granules are reduced in some

motor nuclei, and there is an increased number
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Table 5. Measurements of protein-calorie-deficient rats,
expressed as percentages of normal values (6 months-
of age). -

Females Males

Generations Generations

1—6 1—6 )

Body weight 7 73 © 66
Body length 95 88 85
Head length 98 94 87
Femur length o9 88 84
Brain weight 97 92 86

of active neuroglial cells. Similar but more
marked changes were seen in the brains of the
15- and 21-day-old offspring of mothers fed a
low-protein diet during gestation (8). These
animals also exhibited deficits in deoxyribo-
nucleic acid and gangliosides, but the work of
Winick and Noble (17) and Dobbing (6)
shows that some of this change must be
attributed to poor postnatal development. Pre-
liminary tests (six brains only) indicate that in
the newborn of the sixth generation of the

‘malnourished colony there may be a reduction

in the amouwt but an increase in the concen-
tration of deoxyribonucleic acid.

The important and outstanding questions
are whether or not the brains of adult animals
show chemical changes that lead to the histo-
logic modifications and if so, whether the modi-
fications adversely affect behavior and learning?
The simple answer is that we do not know.
Tests, using animals of generations 8 and 9,
are planned with Drs. Dickerson and Birch,
and we hope these aspects will then become
clear.

Our present experiments show that intra-
uterine or congenital malnutrition occurs in
animal colonies reared on inadequate diets;
that, after the first-generation, reductions in
body weight continue but are small, and
that there may be later adjustment in brain
weight. Even after six generations the brains,
though small for genetic background, are large
relative to body weight. While their quality
may be suspect, there is no proof that they are
abnormal.



O

ERIC

Aruitoxt provided by Eic:

REFERENCES

1. Cuanpran, K., and S. D. AmprGaokar. Physio-
logical cffects of low protein dicts. Ind | Med Res
47:539-62, 1959.

2. CHow, B. F., et al. Maternal nutrition and metabo-
lism of the offspring: studies in rats and man. Am ]
Public Health 58:668-77, 1968.

3. CowtEy, J. J. and R, D. Gritisti. Some effects
of a low protein diet on a first filial generation of white
rats. | Genet Psychol 95:187-201, 1959.

4. and The development of second
generation low protein rats. | Genet Psychol 103:233-
42, 1963.

5. and Low protein diet and emo-
tionality in the albino rat. ] Genet Psychol 104:89-98,
1964.

6. DossinG, Jonw. Effects of experimental under-
nutrition on development of - the nervous system. In:
N. S. Scrimshaw and ]. E. Gordon (eds.). Malnutrition,
learning, and behavior, Cambridge, Massachusetts, MLLT.
Press, 1968, pp. 181-202,

7. Hearp, C. R. The cffects of severe protein-calorie
deficiency on the endocrine control of carbohvdrate
metabolism. Diabetes 15:78-89, 1966.

8. MuraT, A. Effects of protein-calorie malnutrition
on brain  gangliosides. Ph.D. thesis, University of
Surrey, England, 1971,

9. MEYER, A, ct al. EEG and neuropathological
changes in dogs with experimental malnutrition. Excerpta
Med 1961. (International Congress Series, No. 39, Ab-
stract 17.)

37

10. Payxne, PR, and R.JL Stiwart. Cubed dicts of
high and low protein values. Lab Anim 6:135-40,
1972.

L Prarr, B. S, et all Experimental protein-caloric’
deficiency, In: H. N. Munro and . B. Allison (eds.),
Mammalian protein metabolism. New York  Academic
Press, 1964, vol. 2, pp. 445-521.

12, and R. J. STewarT. Effects of protein-
calorie deficicncy on dogs. 1. Reproduction. growth and

behaviour. Dev Med Child Neurol 10:3-24, 1968.

13. Rajaraksisn, R, er al. Effect of dictary protein

content on  visual discrimination learning and  brain
biochemistry in the albino rat. | Newrochem 12:261-71,
1965.

14,
natal period on discrimination, learning and brain bio-
chemistry in the albino rat. | Newrochem 14:29-34,
1967.

15. STEwaRrT, R, J., and H. G. Sutrprarn. Protein-
calori¢ deficiency in rats: growth and reproduction. Br
] Nutr 25:175-80, 1971,

16. VinkaTacHALaM, P. S, and K. S. RamaNaTHaN,

et al. EHfcct of inanition during the teo-

Severe protein deficiency during  gestation in rats on
birth weight and growth of offspring. Ind ] Med Res
54:402-09, 1966.

17. Winick, MyroN, and Apirr Nosir.  Cellular
response in rats during malbutrition at various ages.

] Nutr 89:300-06, 1966,



O

ERIC

Aruitoxt provided by Eic:

SUMMARY OF SESSION |

Herbert G. Birch'

We have listened to four extremely interest-
ing papers. The speakers all agree that there
arc indeed changes in physical structure, in cell
number, and in certain enzymatic characteris-
tics when malnutrition occurs at particular
points in the developmental course. They dis-
agree about the specific age levels at which
organisms may be most sensitive to the influ-
ence of malnutrition and about the ubiquity of
the phenomena for all species of organisms.

When Dr. Cheek began his paper and
presented a comparative view of mammalian
subspecies, he sought to argue that nutritional
insults at particular points of development are
important for small mammals, less important
for larger mammals, and probably still less
important for subhuman primates and man.
Though this was his thesis, he neither developed
it with enough system to be convincing nor
sufficiently analyzed explicit problems and
issues that must be considered if any cross-
species comparisons are ever validly to be made.
One problem that must always be dealt with
across species is the developmental rate that
characterizes a species and, in  consequence,
the durations of insult that would be needed
to produce equivalent insults. The second
point that was not systematically considered
is the degree to which the ages at which insults
occur correspond in fact as homologous points
in the developmental courses of the target
organ—in this case, the brain. For example,
one has great difficulty in comparing and
defining equivalent developmental time points
in precocial species such as the guinea pig as
contrasted to altricial species such as the rat.
Given gross differences in developmental cal-

! Department of Pediatrics, Albert Einstein College of
Medicine, Bronx, New York, USA.
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endars, it is essential in interspecies compari-
sons to define the equivalent time points for
comparisons of effects.

Whether primates and particularly man are
immune from the effects of malnutrition can-
not be concluded from the data presented.
The models used are limited and produce par-
ticular picces of evidence that, though inter-
esting to consider as special questions, do not
contribute firm evidence that other methods
of inducing fetal malnutrition would be in-
cffective in limiting growth and development,
e.g., ligation wversus maternal malnutrition.
Though this finding opens up enormously im-
portant questions as to the types of change in
maternal-fetal transport that result under these
different conditions of interference, one clearly
cannot accept the particular procedure of liga-
tion as the experimental analogue of develop-
mental inadequacy. These issues resulted in a
considerable amount of parallel play among the
various speakers as to whether their findings
agreed with the particular picture that had
been presented. No  real agreement - was
apparent.

Another set of issues raised was about a
point of method. There are indeed very good
reasons for wanting to know what the specific
break points in a developmental course are.
For example, if one were dealing with the prob-
lems of prevention, one would be concerned
with the particular points at which vulner-
ability existed in any individual’s developmental
course. All the speakers agreed that there are
indeed such critical points in development.
What they disagreed about is where those
points are.

It was argued that we know that neuronal
replication is completed in various organisms
before the peak of glial replication occurs. As
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a consequence, one would hope that it would
somehow be possible to define in development
a number of kinds of points in time when neu-
ronal replication is at its peak and other points
in time when ghial replication would occur. Tt
would be delightful if these phenomena did not
overlap. From the point of view of analyzing
biologic systems, they unfortunately do. If
these phenomena did not overlap, we would
have alternating peaks and plateaus, and no one
would be fighting about anything. What we
have, in fact, is a pattern of glial replication
proceeding at a relatively low rate and increas-
ing in its replication rate in the later period,
neuronal replication proceeding at a more rapid
rate in the earlier period, and intermediate
periods reflecting some kind of mix. The ques-
tion then becomes, How can we sort out this
kind of mix in relation to the problem?
Considerable discussion took place in which
Dr. Dobbing gave evidence to support the hy-
potheses that have guided his work most pro-
ductively for many years: permanent changes
occur in brain because of nutritional restriction
during appropriate periods of brain growth,
and these changes in brain are not unique to
brain itself since alteration of brain structure
reflects general restriction of growth. He
argued that no basic species differences exist if
relevant time dimensions are considered, and
that if one appiies insults appropriately with
respect to rates and course of development,
common outcomes are to be anticipated in any
species under consideration. He has further
asked us to consider two different kinds of
model. One may be viewed as a crisis model
in which extremely severe insults are applied
to organisms for very brief periods. This is
contrasted to mild and chronic models of in-
sults that may be applied over longer periods.
A number of variations of these models have
been -discussed, any of which could have dif-
ferent consequences for development. Mr.
Stewart, for example, has used a quasigenetic,

intergenerational chronic model to study the
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cumulative consequences of adaptation to mar-
ginally adequate nutritional inputs. I3r. Dobb-
ing has described modest restrictions for periods
in which particular features of growth are
taking place. In some of his studies Dr. Winick
was concerned with acute nutritional insult; in
other studies, with insults similar to Dr. Dobb-
ing's, and in still others at the human level
in particular, with chronic conditions followed
by acute, severe exacerbation. Whether all
these conditions should result in identical out-
comes is, in my opinion. ns. I think that
if we begin to examine - blems in terms
of the actual conditions . ....ult—its timing,
severity, and duration—we cannot treat all
kinds of malnutrition as alike because the same
word, “malnutrition,” is used to describe a
varicty of conditions. We may indeed be able
to define specific conditions that have particu-
lar consequences for the development of orga-
nism. Within this framework, then, it scems
to me that Dr. Winick has turned our atten-
tion in one direction and Dr. Dobbing in
another. Dr. Dobbing has suggested that the
number of cells that are in brain may not be
the critical factor in defining the functional
integrity of the system. He and others have
argued that such things as dendritic prolifera-
tion, normal branching, the development of
synaptic organization, and the properties of
firing in the brain all make particularly impor-
tant contributions to integrated organization.

Lashley (1) and others showed that many
functions may still be completely unimpaired
as a consequence of the destruction of brain
tissue, amounting to as much as 20 per cent
of cells in animal brains. This is not true of
all functions, but for many- general functions
of adaptation and learning it certainly is the
case. If there are functional consequences for
behavior that are a consequence of malnutri-
tion, I would be quite doubtful about the like-
lihood of 10 to 15 per cent cell reduction being
the mechanism for the production of behavioral

alteration. This is not true when there are 50
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and 60 per cent reductions such as those Dr.
Winick and others have described.

It was argued that the Lashley evidence was
irrelevant because ablation is quite different
from growth failure or disturbance in brain
caused by nualnutrition. 1 would agree with
Dr. Dobbing that what we nced to know is
more about the functional attributes of the
nervous system, more about its refined struc-
ture, more about its intimate organization.
His plea for the expansion of investigation of
more complex integrative systems and inter-
cellular organization is very well put, T think.

Dr. Winick has turned our attention in
exactly the opposite direction. He wants to
learn more and more about underlying mecha-
nisms. What he is saying is that we can either
move from the phenomenon of reduced cell
number to a consideration of its consequences,
or to a consideration of the mechanisms that
produce fewer cells. He has directed his atten-
tion to the latter, and has explored a variety of
enzymatic systems from particular features of
protein synthesis to the relation of altered
amino acid pools to such synthetic and degra-
dation processes. His attention is therefore di-
rected not at the consequences of malnutrition
buc at the subcellular-level mechanisms that
may contribute to the organization of cellular
system. This is important in and of itself. But
he has a social conscience and therefore tries to
extend its importance elsewhere, including diag-
nosis and the potential usefulness of particular
proportion levels among enzymes as definers of
nutritional status. I can only wish him well.
At present I do not think that he has pre-
sented a convincing argument that they will
be such useful indicators in defining nutri-
tional status, We need such better indicators:

there is every reason to want to be able to
define the nutritional status of populations and
individuals who are under stress. This may be
a step in that direction, but I think only the
future will tell us whether it is.

Dr. Stewart presented a most fascinating
model of animal growth which to a very con-
siderable extent parallels certain features of the
human condition. He reports on generations of
rats living at marginal subsistence levels, and
his work makes it possible to analyze the inter-
generational consequences of subsistence under-
nutrition. He has produced two populations of
rats derived from a single stock, the first nor-
mal and the second the result of generations
of undernutrition. These populations provide
numerous exciting research opportunities. We
can now cxplore the behavioral consequences
of such different patterns of development in a
genetically homogenous species. Since he does
have selective survivals in his litters of orga-
nisms under stress, however, he must deternune
the extent to which genetically selective mecha-
nisms have been operating. To do so he must
carry out rehabilitation studies over several
generations to define the degree to which the
malnourished survivors are representative of the
parental strain. That would also provide useful
information that would permit us to determine
whether the animals will return to previous
levels of growth and function after several
generations of improved nutrition. Compara-
tive work with such recovered groups of ani-
mals would also help to define whether genetic
heterogenecity had in fact been introduced as a
consequence of selective survival. But the
models themselves are engrossing. He can only
be congratulated for his patience and skill in
developing them.
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EMPIRICAL FINDINGS WITH METHODOLOGIC IMPLICATIONS IN THE
STUDY OF MALNUTRITION AND MENTAL DEVELOPMENT'

Robert E. Klein, Jean-Pierre Habicht, Charles Yarbrough, Stephen G. Sellers, and

Martha Julia Sellers’

The study of the effects of protein-calorie
malnutrition on intellectual development is a
chronicle of investigators’ attempts to estimate
the effect of malnutrition per se, apart from the
variety of other biologic and social factors that
are also known to influence intellectual devel-
opment. Our report describes a continuation of

- this line of research and presents data on psy-

chologic test performance with independent
estimates of variance contributions from social
and biologic factors. Data recently collected
in a longitudinal study of children suffering
from mild to moderate protein-calorie malnu-
trition are presented and discussed.

Method
Subjects
The subjects of this study were children
three through six years of age living in isolated,
! This research was supported by Contract PH43-65-
640 from the National Institute of Child Health and
Human Development, National Institutes of Health,
Bethesda, Maryland, USA.

* Institute of Nutrition of Central America and Pan-
ama, Guatemala City, Guatemala.

rural, subsistence-farming communities in east-
ern Guatemala. The numbers of subjects in-
cluded in the analysis vary slightly with cach
psychologic test and are reported in Tables 1
through 4. The subjects are part of a con-
tinuing longitudinal study of the relation
among malnutrition, physical growth, and
cognitive development,

Variables measured

Three types of data were collected and are
reported here: indices of physical growth,
sociocultural information on the family and
the environment, and psychologic test per-
formance. The physical growth and psycho-
logic test performance data were collected on
the child’s birthday plus or minus 15 days. The
sociocultural characteristics of the family were
measured over two years and represent a com-
posite picture of the family during that period.

Physical growth. Two measures of physical
growth are included in the present analysis,
total height and head circumference. These

Table 1. Multiple correlations between height, head circumference, and psychologic variables.

Boys Girls
Head . - Head
Variable N r Height  circum. N r Height  circum.

Verbal Analogies 138 .19 .08 1 131 18 .06 12
Memory for Designs 51 .38 .00 .35 63 .40 .30 .14
Reversal Learning:

Trials to Criterion 42 .20 13 g1 37 .30 .03 26
Response Time 42 .42 .10
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.30 37 .26 12 17



Table 2. Multiple correlations between six sacial-class
indices and psychologic variables.

) v—.’a‘irls

Bovs
Variable N r N r
Verbal Analogies 138 .25 131 37
Memory for Designs 51 .36 63 43
Reversal Learning:
Trials to Criterion 42 .55 37 35
Response Time 42 .70 37 42

houschold tasks, and accompanying him to a
necarby town); (3) occupation (father’s occu-
pation, scored on a two-point scale); (4)
mother’s clothing (regular use of a sweater and
shoes); (5) mother’s hygienic practices (fr
quency with which the mother washes
hands and face), and (6) sociability (numi
of visits both made and received by the family

Table 3. Multiple correlations between height, head circumference, six social-class indices, and psychologic variables.

Boys Girls
Head 6 Head 6
Variable N r Height circum. SES N r Height circum. SES
Verbal Analogies 138 .28 17 15 131 .37 ) .04 .36
(08) (1) (2% o8y (12) (3
Memory for Designs 51 .43 .35 .32 63 .52 27 .25
(35) - (.36) (30)  (14) (4
Reversal Learning:
Trials to Criterion 42 54 54 37 .36 21
13 ) (55 03 (26 (35
Response Time 42 73 .07 72 37 42 .25 .28
10y (30 (70) (1) (a7)  (42)

measures were chosen because they are fre-
quently reported in the literature as indices of
nutritional history.

Sociocultural family status. Six sociocultural
indices were derived from a body of interview
and about the
family of each subject. These indices reflect
status, and
reported child-rearing practices and parental
behavior. The specific indices and their com-
ponent clements are: (1) housing (quality of

observational data collected

the material social interaction,

the kitchen, bedroom, and dining area, number
of rooms in the house, and the materials from
which the roof and walls are constructed) ; (2)
teaching (interaction of the mother, father, and
siblings with the child in three activities:
teaching the child to count, teaching him to do

Table 4. Prajected increases in grawth due ta
supplementatian.
Projected increase  Age-sex-specific
Variable at 7 years of age  standard deviation
Height 5.0 cm 4.0cm
Head circum-
ference 0.9 cm 1.3cm
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during the previous year). Except for the
father’s occupation, the indices were con-
structed by bimodal coding of the elements
and summing.

Psychologic tests. The psychologic tests re-
ported here are part of a large psychologic test
battery currently being applied in the longi-
tudinal study of inalnutrition and mental de-
velopment. The four psychologic variables
employed were chosen because they are com-
monly used tests and measure different aspects
of psychologic functioning. They were Verbal
Analogies, Memory for Designs, Reversal
Learning, and the subject’s response time in the
Reversal Learning task. The first was a simple
verbal analogies task cast in the form of a sen-
In this
test the examiner would read a sentence lack-
ing the final word and the subject had to com-

plete the sentence (e.g., “The skin on the

tence-completion  problem. 15-item.

oineapple is rough; the skin on the banana is
).

from three through six years. In the Memory

This task was given to children

for Designs task the child had to reconstruct
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a design from memory with multicolored
blocks after having inspected the design for
five seconds. Three consecutive trials were
given on cach design and scoring was by the
number of blocks correctly placed with respect
to the original design. This task was used with
children five and six years. The Reversal
Learning test was a two-choice, shape-discrimi-
nation learning task employing four blocks of
20 trials each. The child was rewarded for
choosing one shape over another for blocks 1
and 2. In blocks 3 and 4, the other shape was
arbitrarily designated “correct” and the child
had to learn to reverse the previously made
discrimination. Data on blocks 3 and 4 follow-
ing the reversal of the discrimination are pre-
sented here.

Data analysis

The psychologic and physical growth vari-
ables werc normalized within age-sex groups,
and for those variables in which more than one
age was represented, ages were combined and
sexes were kept separate for all analysis.

The sociocultural data were treated in raw-
score form and all indices were the combina-
tions of simple raw scores. In all cases, the
indices characterize the subject’s family rather
than himself.

For the multiple correlations involving both
measures of attained size and social-class in-
dices, only those variables that were statistically
significant and accounted for 2 per cent or
more of the variance in psychologic test per-
formance were included.

Results

Table 1 presents the multiple correlations
between total height, head circumference, and
the four psychologic variables under considera-
tion. For Verbal Analogies, the multiple corre-
lations are essentially similar for boys and girls.
Moreover, approximately equal amounts of the
variance are contributed by height and head
circumference, respectively, for both boys and
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girls. For the Memory for Designs test, the
total multiple correlations between perform-
ance on this task and the two measures of
physical growth are also essentially sinmilar for
boys and for girls, but there are differences in
the amount of variance contributed by height
and head circumference, respectively. Heighe
contributes none of the variance to perform-
ance of the boys, whereas for girls it predicts
performance more strongly than does lhead
circumference. In the case of Reversal Learn-
ing, trials to criterion are better predicted for
girls than for boys. On this measure, head
circumference and height contribute about
equally for boys, whereas for girls head cir-
cumference predicts performance better than
does height. For response time on Reversal
Learning, boys' performance is better predicted
by the two physical growth measures than is
girls’, and head circumference predicts more of
this performance for boys than does height.
In contrast, both height and head circumfer-
ence contribute about equally for girls.

The multiple correlations between the four
psychologic variables and six social-class in-
dices are presented in Table 2. Looking first
at Verbal Analogies, we find girls’ performance
is better predicted than boys’ by these indices.
The same is true for Memory for Designs. For
the Reversal Learning task, however, the tend-
ency for girls’ performance to be better pre-
dicted by social-class variables is reversed. In
the last task both trials to criterion and re-
sponse time are better predicted for boys than
for girls by the six social-class indices.

To see the relative contribution of the two
measures of physical growth and the six social-
class indices, multiple correlations were com-
puted between the four psychologic variables
and height, head circumference, and the six
sociocultural variables.

The results of these analyses are presented
for boys and girls separately in Table 3. The
numbers in parenthesis are the beta weights
for the variables as they appeared in Tables
1 and 2. Looking first at the Verbal Analogies
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test, we note that the multiple correlations for
two physical growth variables and the six
social-class indices are higher for girls than for
boys. Of particular interest is the relative con-
tribution of physical growth versus sociocul-
tural factors. For boys, head circumference
and the six sociocultural indices contribute
about equally to the multiple correlation of .28,
whereas for girls, the six sociocultural variables
contribute the bulk of the variance to the
multiple correlation of .37. Head circumfer-
ence contributes relatively lhittle and height
contributes nothing.

For Memory for Designs, we sce again that

girls’ performance is somewhat better pre- .

dicted by the combination of physical growth
and sociocultural indices than is boys’ per-
formance. The social-class indices contribute
strongly to the multiple correlations for both
sexes. In the case of boys’ performance, how-
ever, head circumference contributes about the
same as do the social-class indices, whereas for
girls’ performance height rather than head
circumference contributes heavily to the vari-
ance in performance.

Turning now to the Reversal Learning task,
we find that, as was the case for the physical
growth and sociocultural variables considered
separately, boys’ performance is better pre-
dicted by the combination of physical growth
and the social-class indices than is girls’ per-
formance. This is true both for trials to cri-
terion and response time. For trials to criterion,
the social-class indices contribute the major
portion of the variance for both boys and girls.
In the case of response time, however, the
social-class indices contribute the bulk of the
variance to performance for boys, whereas for
girls both the social-class in lices and head cir-
cumference contribute about equally to re-
sponse time.

Discussion

There are three major points to be made
from these data. First, there are differences
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associated with attained size, but they are com-
plicated by sex differences in the patterns of
performance and in the manner in which at-
tained-size and social-class indices predict psy-
chologic performance for bovs and girls. None-
theless, it is obvious that both attained-size and
social-class indices used here are powerful pre-
dictors of psychologic performance.

The second point to be made from these
data is the necessity for careful consideration
of the type, range, and focus of the psyvcho-
logic test to be employed in studies of this sort.
That the obvious variability among the inde-
pendent variables regressed against psychologic
performance through their contribution to the
variance of psychologic performance underlines
the need to use a variety of psychologic indices.
By using a variety of measures, the investigator
can try to replicate his findings not only for
single variables but also in the profile across a
battery of measures. This becomes extremely
important when we consider the complicated
interactions such as those observed for sex of
the child, sociocultural status, and the type of
psychologic test. The great danger in using
single or relatively few psychologic measures
is that it is entirely possible to have chosen one
with unusual interactions, leading to an errone-
ous interpretation.

For example, if we consider only Verbal
Analogies and Memory for Designs, we would
conclude that girls’ performance is better pre-
dicted than boys’ and that the social-class in-
dices do not gencrally predict a dramatically
greater amount of the variance in psychologic
test performance than do the measures of
attained sizez.  When we include Reversal
Learning in the analysis, however, we find that
these generalizations do not obtain. Boys’ per-
formance is better predicted than girls’ and the
social-class indices contribute the bulk of the
variance to boys’ performance.

The third point deals with the nature of the
measures of attained size and social class. Since
the elaboration of these sociocultural indices is
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essentially an empirical operation and is only
very generally guided by theoretical considera-
tions, it simply is not clear to what extent
measures of attained size are also relatively
good indices of social class and to what degrec
sociocultural indices are themselves reasonably
effective estimates of nutritional status. Thus,
although the isolation and partitioning of vari-
ance yields interesting and informative infor-
mation about psychologic performance and its
relationship to both attained size and social
class, an experimental treatment is ultimately
necessary if we are to understand the impact
of malnutrition on mental development.

A successful experimental treatment, such
as nutritional supplementation, must produce
independently of social-class indices a suffi-
ciently large change in growth to measure the
contributions of these two variables with psy-
chologic performance. In the longitudinal
study discussed here, such comparisons will be
possible given the present differences in growth
velocity between supplemented and unsupple-
mented children. Table 4 presents the expected
differences at seven years of age due to nutri-
tional supplementation. Thus, with continued
supplementation an arnswer to this problem will
be forthcoming.
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MALNUTRITION AND MENTAL CAPACITY

Fernando Monckeberg'

Numeious data in the literature, based on
animal experimentation and observations in
liumans, confirm that severe undernutrition in
early life delays brain development (1-9).
The occurrence of many biochemical altera-
tions and clear retardation of mental develop-
ment have been described during this period.
Follow-up studies of animals or children who
have suffered fiom severe early malnutrition
have demonstrated that brain metabolism and
mental performance are affected, and that,in
all probability this damage is definite (3, 5, 9).

In recent years marked interest has arisen in
whether chronic undernutrition during the pre-
school or school years modifies behavior and
mental capacity. This problem is of extra-
ordinary importance because almost 70 per cent
of the world’s population now suffers from
chronic undernutrition of varying degrees (10).
If these statements are valid, it would be obvi-
ous that undernutrition constitutes one of the
major obstacles to the progress of underdevel-
oped countries since for their advancement they
need highly qualified individuals ac all levels.

Different investigators have noted the fact
that poor preschool children have reduced
growth and a slower maturation rate (3, 95).
A higher frequency of retardation of mental
and motor development has also been observed
at the same time. From current experimental

data, it may safely be assumed that retardation

! Laboratorio de Investigaciones Pediatricas, Escucla
de Medicina, Universidad de Clule, Santiago.
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of growth and maturation is the consequence
of undernutrition. We cannot be so certain
as regards mental and motor impairment.
There are many environmental factors that
may negatively influence intellectual capacity.
Unfortunately, the social groups that suffer
from malnutrition are precisely those that are
outside the mainstream of society because they
have very low educational, cultural, and sani-
tary levels. All these factors contribute to
inadequate stimulation for mental development.

When studying groups of low socioeconomic
status and intellectual performance, as in slum
areas, a significant relationship between growth
retardation and low intellectual capacity may
be observed (Figure 1). A similar correlation
may be seen between animal protein intake and
intelligence quotient (Figure 2), so that those
children consuming a smaller proportion of
animal proteins have significantly lower intelli-
gence quotients.  This correlation is not ob-
served when analyzing the total amount of
caloric intake. In children under three years
of age a significant correlation can also be
observed between cranial growth retardation
and intelligence quotient (Figure 3). This
correlation ceases to be significant when cranial
growth is within normal limits (7).

Al these correlations, even though very
suggestive, do not allow us to conclude that
malnutrition per se is the cause of mental im-
pairment. This is because even in slum areas
of more or less homogeneous low-level popula-

. tion, It is to be assumed that children found to
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Figure 1. Height and mental development quotient in preschool children

from 1 to 5 years of age.

be nutritionally normal come from better
educated and becter-off families. It is there-
fore possible that malnutrition could be a
concomitant and not the cause of the impaired
developmental quotient. On the other hand,
even children with acceprable nutritive status
have lower 10s than preschool children belong-
ing to groups of a higher socioeconomic level.
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At any rate, nutritional factors cannot be
the only cause conditioning the high incidence
of mental capacity deficit among the poor.

The high frequency of mental impairment
is not only observed in preschool children, but
it also affects school-age children in the same
proportjon. One of the main problems in Latin
America during school age is the high per-
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Figure 2. Percentage of mental normality, subnormality,
and deficiency in preschoo! children with different animal
protein intakes.

centage of dropouts; of 100 children who begin
primary school, only 20 finish. 1t is probable
that this higher dropout rate is due in part to
learning difficulties and low mental perform-
ance.

During the past year we planned and carried

out a study in a rural sublic school near’

Santiago, Chile. It was located in a poor, rela-
tively homogeneous agricultural zone in which
almost every father was a tenant farmer and
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not a land owner. One hundred sixty-six chil-
dren were studied. They constituted a sample
taken at random from the school’s 800 stu-
dents, whose ages ranged from six to 13 years.
The following parameters were studied: (1)
anthropometry and clinical signs of nutritional
status; (2) the nutritional characteristics of
cach child and his family; (3) socioeconomic
characteristics of the family that defined life
conditions and the sociocultural environment;
(4) the child’s school performance, for an
estimate of the amount of knowledge he had
assimilated; and (5) the child’s intelligence
quotient, through the infantile Wechsler intel-
ligence test.

The complete data are now being processed,
but preliminary results indicate a high inci-
dence of undernutrition and low mental per-
formance. Table ! shows some of the data
from the different years of primary education.
The number of students enrolled is high during
the first and second years but decreases there-
after because of dropping out. During the first
two years children had an average height deficit,
in relation to age, of 10 per cent compared to
the [owa Scale’s 50th percentile. In later school
years this deficit was only 3 per cent. The
;ame thing can be seen as regards weight—the -
first years showed a deficit -f 15 per cent and
the later ones only 3 per cent. The intelligence
quotient was low during the first and second
years and increased during the following years
until reaching an average value of 101 in the
seventh and eighth years. Something similar
happened with school performance, which in-
creased significantly during the later years.

For the same group of children we devel-
oped a “cultural deprivation” index in which
the following parameters were considered:
education of the mother :md‘f:lther, 1Q of the
mother, and the family’s access to mass com-
municacions media (television, radio, news-
papers, and magazines). Significant currelations
were observed between the intelligence quotient
and the degree of cultural deprivation (p <
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Figure 3. Head circumference ani mental development quotient of preschool children

1 to 3 years old.

.01), growth retardation (p < .05), and con-
sumption of minimal proteins (p < .01).

We are now studying the group of children
who left school prematurely and even though
we have no definite results, it seems clear that
these dropouts have a lower irtelligence quo-
tient than children of the same age who con-
tinue in school.

All these observations seem to indicate that
the low intellectual performance so frequently
observed in the poor seriously interferes with
school performance and probably determines
dropping out. From the data so far analyzed
we cannot conclude the degree to which under-
nutrition or cultural deprivation influences
mental development.

Two years ago, we tried to see if a school
child’s low intellectual performance could be
modified by appropriate feeding. With rthis
object we chose 60 poor children aged seven
to nine ycars who were small for age. They
received three meals at school adequate for
total food requirements. The trial lasted the
nine school months, and the children’s intelli-
gence quotients were measured at the begin-
ning, fourth month, and end of the trial
(Table 2). During this period a normal in-
crease in weight and height could be observed,
but there was no change in the high frequency
of intellectual deficiency. Even though the
observation period was relatively short, it
would appear that adequate nutrition during

Table 1. Nutritional, physical, and intellectual correlates of children in the Alto Jahuel Primary School near S -

tiago, Chile. '
School year . 1st/2nd 3rd/4th 5th/6th 7th/8th
Number of students 403 260 160 80
Height deficit for age-(avg.) 10% % % 3%
Weight deficic for age (avg.) 15% 8% % 3%
Caloric deficit for age (avg.) 16% 10% 10% +29%
Animal protein deficit for age (avg.) 12% 20% 17% 6%
1 (Wisconsin) (avg.) 81 87 92 101
School performance 50 57 60 66
51
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Table 2. Intelligence quotient, weight, and height of 60 school children (7 to 9 years old) during nine-month

period.
7 Pcriod;-fws_t;xd/\' Month 0
1Q Normal (>91) 9%
(Gille)  Subnormal (80-89) 50%
Deticient (<79) 1%
Weight increase (avg.) 0
Height increase (avg.) 0

Month 4 M()lvlth 9
1% 8%
44% 48%
45% 4%
1.8 kg 27kg

2.3 cm 4.1 cm

the school years does not improve intellectual
capacity. It may be postulated that psychologic
deficit is due mainly to factors other than
nutritional ones (e.g., sociocultural factors),
or that the damage produced by undernutrition
before this time-is irreversible.

A very interesting experiment with preschool
children is now taking place in Cali, Colombia,
under the supervision of Drs. Leonardo Sinis-
terra, and Harrison and Arlene McKay. I have
participated in it as a consultant. Three-year-
old undernourished children from a slum area of
the city have been sclected and entered in a
program of physical and cognitive stimulation
while simultaneously being adequately fed. As
a control, another group of children of the
same age and " nutritive and socioeconomic
status have been receiving an adequate feeding
at home but no stimulation. The program has
so far been in operation only one year, but the
results seem to be clear, While both groups
have gained physically according to norm, only
the stimulated group has improved significantly
in intellectual development, achieving after a
year values very similar to those of Colombian
middle-class preschool children. This indicates
that the impairment of mental development
may be reversible at this age, though feeding
alone is not sufficient to increase mental devel-
opment—at least in a period of only one year.

Of all the factors analyzed, it seems obvious
that the poor intellectual performance ob-
served in low socioeconomic groups cannot be
attributed only to malnutrition, but must also
and in a very important way be ascribed to
sociocultural factors that interfere with ade-
quate stimulation during the first years of life.
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Malnutrition is never an isolated phenomenon,
and it is almost impossible to analyze :epa-
rately the importance that each factor con-
tributes to intellectual retardation and thus
obtain a definite answer. The important thing
to know is not so much the mechanism that
produces mental impairment but the fact that
this really exists and that it interferes very
severely with the individual’s and thercfore
with society’s development. DPoor intellectual
performance interferes with learning processes
and education in general, preventing children
from reaching adequate educational and cul-
tural levels and thus being wholly incorporated
in the socioeconomic development of the
country.

It may also be concluded that it is too late
to correct mental impairment after seven years
of age. Neither adequate feeding nor conven-
tional education improves mental performance
in any important way. Instead, very good
results seem to be obtained if stimulation and
adequate nutrition start during the first three
years of life.

An inadequate environment, from a socio-
cultural as well as a nutritional viewpoint,
evidently lessens the child’s developmental pos-
sibilities when he enters school and good per-
formances during the school years are very
difficult to obrain.

It seems evident that programs of stimula-
tion and education should start during the first
years of life so that the child may later per-
form adequately in school. Nevertheless, we
must recognize that an adverse environment is
a very difficult obstacle to overcome. We have
measured the intellectual quotient of mothers
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in different slum areas in Santiago and have
found a high frequency of mental retardation
(Table 3). Seventy per cent of the mothers
had an 19 under 79 when studied with the
Terman-Merril test, while middle-class moth-

ers showed much higher 1Qs, none of them

scoring below 79.
A very close relationship was observed be-
tween the mother’s 1@ and the growth status

of her children (p < .001) (Figure 4): the

Table 3. Intelligence quotients of slum-area and middle-
class mothers.

Slum area (%) Middle class (%)

Eorma) (—>91) 6 96
Subnormal (80-89) 17 4
Deficient (<79) 77 0

(HEIGHT ) OF CHILOREN .

lower her 19, the worse the nutritional status
of the child. This fact is extremely important
and shows that a correlation exists between
inadequate cultural environment and nutri-
tion. This is a vicious circle that explins why
mental impairment persists t;om one genera-
tion to another and offers very few possibilities
for the individual to escape from it. The only
solution is to create a new and different envi-
ronment for the child in which he may receive
appropriate stimulation, education, and nutri-
tionn from the first years of life. More research
is needed in this field, but given present knowl-
edge it seems that this is the only way to really
get to the heart of the problem and obtain
rapid changes from one generation to another.

re0.7
p =< 0001

yu =85 «1.6 «

110

r——

100

90

1.Q. Mother

80

70 t
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Figure 4. Intellectual quotient of mothers (Wechsler-Bellevue scale) and growth
(height) of children {r—=0.71, p== < 0.001).
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THE INFLUENCE OF MALNUTRITION ON PSYCHOLOGIC AND
NEUROLOGIC DEVELOPMENT: PRELIMINARY COMMUNICATION

s
Jan Hoorweg™ and Paget Stanfieid’
.l

The long-term effects of malnutrition on
human and animal development have captured
considerable attention over the last few years.
Although much is written and 2 number of
congresses have been held on this subject, facts
are comparatively scarce, particularly in re-
spect to psychologic development. The most
striking effects have been found in animal
experiments but the results with human sub-
jects are hardly as impressive. The indications
that a period of malnutrition hampers a child’s
development are so strong, h~wever, that many
researchers no longer pose the question whether
malnutrition influences development but look
into more specific questions such as how, when,
and under what vonditions malnutrition affects
development.

Retrospective and Prospective Studies

In its simplest form the problem requires
the comparison of malnourished and well-
nourished subjects. Two major research strate-
gies are possible—prospective and retrospective

! The work reported herein was supported by the Child
Nutrition Unit, Medical Rescarch Council, Kampala,
Uganda.

* Department of  Social Psychology, Makerere Uni-
versity, Kampala, Uganda. Drs. Hoorweg is now with
the Africa Study Centre, Leiden, The Netherlands,

* Child Nutrition Unit. Medical Rescarch Council,
Kampala, Uganda. Prof. Stanfield is now with the De-
partment of Paedistries, Makerere University, Kampale,
Uganda.
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studies. A prospective or longitudinal study is
often considered preferable because it is ex-
pected that other variables influencing develop-
ment can be better controlled than in a retro-
spective study. Huge efforts may be spent in
obtaining results that arc outdated by the
time of publication, however. There is also
the difficulty that because of the very observa-
tions that have to go into a longitudinal study
to control other variables, cases of malnutri-
tion are much earlier detected and consequently
carlier treated. Before starting on a longitudinal
study baseline knowledge is needed. This buse-
line can be obtained in retrospective studies.

As malnutrition most often occurs in areas
where records of cascs are hard to obtain, even
the collection of subjects is difficult. To take
a known result of malnutrition such as_short-
ness of stature as indicative of it is a very
dangerous procedure, as Richardson (9) has
convincingly argued. Tt is at least necessary.
that 1he groups to be compared differ decisively
on the variable of nutrition. This not only
poses the problem of obtaining a group that has
suffered from malnutrition, but also a group
known not to have suffered from malnutrition,
which is perhaps even more difficult.

Since 1953 the DBritish Medical Research
Council has run a research unit, until recently
called the Infantile Malnutrition Unit, in
Kampala, Uganda. Up to 1962 some 1,000
patients were treated there. Most of them were
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drawn from a cural clinic at Namulonge, some
19 km from Kampala, where later they were
also followed. At the same clinic many reason-
ably normal children were regularly seen. The
clinic kept and carefully preserved records of
all persons seen, and from the records a group
of patients and another of controls were
selected.

Design

Selection - of malnonrvished patients
(Groups 1-3)

Tt has been strongly suggested that the effects
of malnutrition are greater the more severe the
illness and the younger the age of the child
when malnutrition occurs. Tollowing are the
study’s design features:

(a) Age at occuirence of malnutrition,
Three groups of 20 patients each who had been

“admitted to the clinic at different ages were

selected and matched (see below) with each

Table 1. Composition of groups,

other and a control group. Any doubt or
discrepancy about the child’s date of birth
that could not be clarified by checking the
birth registers excluded a child from selection.
Group 1 consisted of patients who had been
admitted before 16 months of age (average
admission age, 12.6 months). Group 2 patients
had been admitted between the ages of 16 and
21 months (average, 18.7 months). Group 3
patients had been admitted between 22 and 27
months of age (average, 24.1 months).

(b) Severity of malnutrition. Details of
clinical admission and progress were scored
according to (1) overall clinical impression,
made and recorded at the actual time of dis-
charge; (2) the admission weight as a per-
centage of the Baganda mean; (3) the amount
of edema; (4) skin changes, and (5) the total
serum protein level. Although severity of mal-
nutrition was not taken into account in match-
ing, the average severity scores of the three
malnourished groups do not differ (Table 1),

Malnutrition Controls

—15 months 16-21 months 22-27 months

Group 1 2 3 4
N = 20 20 20 20
Subjects  Age (average in vears) 14.1 14.0 13.8 13.9
Educational level (average in vears) 4.6 4.5 . 4.4 4.4
Severity of malnutrition 17.1 16.9 17.5 -
Male Education: .
guardian reached sénior or primary 5,6, or 7 level 1% 56% 47% 56%
Occupation:
farmer 65% 5% 8997 55%
trader or semisktiled 5% 60% — 0%
white-collar worker — 5% 11% 15%
Female  Education:
guardian reached senior or primary 5,6, 0r 7level  40% 34% 12% 5%
Family  Lives in house: .
with mud walls and floor 50% 75% 80% 60%
no. of rooms (avg.) 5 4.4 3.7 4.0
Has: :
dining table 85% 89% 70% 60%
radio 65% 79% 55% 55%
brcycle 55% 58% 45% 5%
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(¢) Age grenp. Children were selected who
were separated from their episode of malnutri-
tion by the longest possible period of time.
The age of the subjects ranged from 11 to 17
years. They had suffered from malnutrition
nine to 15 years previously.

(d) Type of malnutrition.  Malnutrition
may be cither edenmatous (kwashiorkor) or
marasmic. In Buganda the clinical presentation
is nearly always a mixture of both.

(¢) Duration of malnutrition. Histories are
notoriously unreliable and would have been’ of
little use in assessing the period over which
the child had suffered from malnutrition be-
fore admission. Almost all the children recov-
ered fairly rapidly. Follow-up continued for a
few weeks or months after discharge. Each
child had one attack of clinical malnutrition.

(f) Associated conditions occurring during
the period of acute malnutrition. Children
who had had any possible acute brain insult
such as convulsions or severe respiratory infec-
tion with anoxia were excluded, as were those
with long-term chronic infections such as
tuberculosis. Severe anemia did not exclude a

“child unless a disturbance of consciousness or

convulsion was recorded.

(g) Genetic factors could not be controlled.
Sib controls were too few, and too different in
age, education, environment, and upbringing.
Besides, the family and social structure are
such that uncertainty always exists as to the
true genetic constitution of the sibs.

Selection of controls (Group 4)

The controls were children who had attended
the outpatient clinic and had not suffered a
clinical attack of malnutrition. The criteria
for their acceptance in regard to the critical
variable of nutrition were a recorded follow-up
of at least two years beginning in the first year
of life and a weight curve that did not fall
below the Boston tenth percentile during the
recorded period. In fact, three children ulti-
mately chosen did fall below the tenth per-
centile on one occasion each and one of them
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fell below the third pereentile. Notes recorded
at the times of these falterings did not mention
any signs of clinical malnutrition.

Ay in the groups of malnourished children,
those who had had severe illness that might

have adversely affected mental development

were excluded.

Matching

Numerous variables affect physical and men-
tal development. In a study such as this, care
must be taken that the experimental variable
(malnutrition) is not confounded with other
variablzs. The cultural background of the sub-
jects in this study was kept constant—only
Buganda children were included.  Patients
unier the age of 16 months were relatively
few; individuals in the other groups were
matched with individuals in this group, as
nearly as possible, on the following variables
(Table 1):

(¢) Age. The average age for groups 1,
2,3,and 4 was 14.1, 14.0, 13.8, .nd 13.9 years,
respectively.

(h) Sex. Each group consisted of 11 boys
and nine girls.

(¢) Environment. Stimulation. provided by
the environment is a major factor in psycho-
logic development. The following aspects were
taken into account:

(1) The chilis educational level. The
average education of the four groups based on
the primary grade reached by each child was
4.6, 4.5, 4.4, and 4.4, respectively.

(2) Socioeconomic status. Information
on education guardians, male guardian occupa-
tion (when there was no male guardian living
with the child, the female guardian was re-
garded as such), and several indicators of cco-
nomic prosperity are presented in Table 1.

Some of these indicators sliow considerable
variation among groups, but there are no sys-
tematic differences. The average scores over the
three malnourished groups are not noticeably
different from those of the controls.
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Examinations

Five groups of examinations were carried out,

the first a battery of psychologic tests given

by one of the authors, usually outside the
child’s home in a Volkswagen bus converted
into a test vehicle. Later the child was brought
to the clinic for clinical and neurologic exami-
nation, anthropometric measurements, hemo-
globin and rtotal serum protein estimation,

motor development assessment.
Psychologic examination

A variety of tests thought suitable for this
particular group of subjects and this particular
problem was used:

The Raven Matrices is generally considered
one of the tests coming closest to measuring a
general intelligence factor (70). The test has
proved valuable in different African cultures
(5, I4). Subjects have to choose one of six
picces to complete a pattern, and in this case
the board form of the Coloured Matrices was
used (7). Vernon (I/2) factorized scores on
somie 20 tests covering a wide range of abilities
among 12-year-old Ugandan schoolboys. He
found a strong verbal factor, a general intelli-
gence factor or induction, and a practical or
performance factor composed of spatial and
perceptual abilities.

Two tests were used for assessing verbal abili-
ties. The arithmetic test of the wisc wis ad-
apted and a test of Luganda words and idioms
(vocabulary) was developed.

Block  ...gn (wais) and Porteus Mazes (/)
were selected for measurements of spatial and
perceptual abilities. In the Block Design test,
subjects have to copy a diagram with colored
blocks. Time limits for this test were doubled.

In the Porteus Maze test subjects have to draw

the correct way out of eich of a number of
mazes. This test was given in an abbreviated
form,

The Memory for Designs test (4) consists
of 15 cards with simple patterns, each of which
is shown the subject for five seconds, after
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which they have to draw the patterns from
memory. This test of visual memory has been
developed for diagnosis of organie impairment
and has been standardized on normal and brain-
damaged groups in the United States.

Klein (6) has reported that formerly mal-
nourished patients sometimes did poorer than
controls in a short-term memory task, the
Knox Cubes (1), if the presentation was per-
formed quickly. Both nornmal and quick pres-
entation were used in this study. Subjects
have to repeat the order and number of taps
on four cubes.

To gauge learning and incidental learning,
subjects were instructed to memorize associa-
tions between six animals and six colors. Two
series of colors were used, colors having differ-
ent shapes in each series. Therefore cach color
was presented on two shapes, there being 12
shapes in all. The instruction did not mention
shapes, but concentrated instead on the associ-
stion color-animal that had to be memorized.
Subjects were given four trials (one trial con-
sists of both series), errors were corrected, and
responses were recorded. On completion of this
part subjects were presented with the 12 shapes
and asked to remember the color of each shape.
This thea is a measure of incidental learning.

For mtor development assessment, use was
made of the Lincoln-Oseretsky Motor Devel-
opment scale (/7). The test consists of 36
increasingly  difficult motor tasks involving
balance, dexterity, coordination, and rhythm.
Scores are based  on accuracy of accomplish-
ment and often on speed of completion.

Results

It must be cr\wphnsizcd that this presentation
of results is preliminary, and that there is a
considerable amount of detailed analysis still to
be done. Result have yet to be compared with
other findings in the literature. .

The clinical examination of all the children
revealed no serious disecase. One child had an
acute pyomyositis, which delayed the assess-
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ment of motor development for two weeks.
The spleen was palpable in 11 children scat-
tered among all four groups. There was a con-
siderable amount of tineal skin infection and
resulting slight lymphadenopathy. Two chil-
dren had old poliomyelitis, one involving the
right shoulder girdle and arm, and the other
the right leg. Hemoglobin and serum protein
levels were all within normal limits and the
mean values were similar in all four groups.
An estimate of the stage of each child’s puberty
was attempted, and the scatter from prepuber-
tal to postpubertal was similar in the four
groups. Two of the oldest girls were pregnant
and one in the control group was nursing a
three-month-old baby.

Tables 2 and 3 give the means per test for
each of the malnourished groups and for the
controls. Results of the analysis of variance,
randomized block design (2), are presented
in Tables 4 and 5.

Table 2. Anthropometry: means per group.

To have independent comparisons, orthogo-
nal contrasts were constructed. As it was
hypothesized that the effects of malnutrition
would be inversely related to the age of occur-
rence, the following comparisons were chosen:
controls (Group 4) were compared with the
three malnourished groups taken together; the
group that had suffered after 21 months (3)
was compared with the two earlier groups (1
and 2): and the middle group (2) was com-
pared with the group thar had suffered before
16 months (1).

Malnutrition
(controls versus three malnourished groups)

Height, weight, and head circumference were
significantly greater in the controls (Table 4).
Differences on the external interiliac diameter
come close to being significant (F = 3.81,
p < .10). Mid-upper arm circumference and

Malnutrition Controls
—15 months 16-21 months 22-27 months
Group ) 1 2 3 4
Height (cm) 146.7 145.6 145.4 150.1
Weight (kg) 38.5 39.4 38.4 43.8
Head circumference (cm) 53.3 53.5 53.3 54.2
Mid-upper arm circumference (cnmt) 21.7 22.0 21.7 22.4
Triceps skinfold thickness (em) 6.8 7.3 6.4 7.2
Subscapular skinfold thickness (cm) ‘ 6.5 7.5 7.0 7.0
External interiliac diameter (cm) 21.6 21.4 21.3 22.3
Table 3. Psychologic tests: means per group.
Malnutrition Controls
—15 months 16-21 months 22-27 months

- Group 1 2 3 4
Raven 245 235 231 259
Vocabulary 8.4 9.3 9.7 9.7
Arithmetic 8.8 9.7 9.6 9.3
Block Design 17.1 15.7 16.4 217
Porteus Mazes 6.4 6.3 6.2 7.0
Knox Cubes :

slow 10.1 10.4 10.9 10.6

quick 8.4 8.9 9.5 9.0
Memory for Designs (errors) 7.1 8.7 4.4 4.7
Incidental Learning 4.0 5.1 4.7 5.9
Lincoln-Oseretsky 104.2 102.5 107.1 14.0
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Table 4. Anthropometry: results of independent com-
patisons, analysis of variance, randomized block design
(F 1,57).

Comparison
2 3 4
Groups Vs, Vs, Vs,
1 1,2 1,2,3
Height - — F=7.07
p< 02
Weight -— — F=8.85
p< 01
Head circumference - - F=4.72,
p< .05
Mid-upper arm — —- —
circumference
Triceps skinfold — — —
thickness
Subscapular skinfold - —_ —
thickness
External interiliac — — F=13.81
diameter p< .10

Table 5. Psychologic tests: results of indgpendent com-
parisons, analysis of variance, randomized block design
(F 1,57).

Comparison
2 3 4
Groups vs. Vs, vs.
1 1,2 1,2,3
Raven — — F=4.53
p< 05
Vocabulary - — —
Arithmetic - - -
Block Design . — — F=6.98
p< .02
Porteus Mazes - - - -
Knox Cubes
slow — F=3.44 —-
quick — p< .10 -
Memory for Designs - F=5.28 -
‘ p< 05
Learning F=4.22 - F=13.56
1st Trial p< .05 p< .10
Incidental Learning F=13.20 — F=5.83
p< .10 p< .02
Lincoln-Oscretsk v — — F=7.86
p< 01

triceps  and subscapular skinfold thickness
showed no noticcable differences.

On the psychologic tests controls did sig-
nificantly better on Raven, Block Design, Inci-
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dental Learning, and Lincoln-Oseretsky (Table
5). The results of the learning task at each
trial are presented in Figure 1. Although dif-
ferences are in the expected direction, neither
on overall score nor score at each trial do they
reach significance. It is only on the first trial
that there is an indication of differences be-
tween Group 4 and Groups 1, 2, and 3 (F ==
3.56, p < .10).

On the Memory for Designs test comparison
between Group 3 and Groups 1 and 2 docs
reach statistical significance (F = 5.28, p <
.05), but the comparison controls versus mal-
nourished groups does not. Inspection of the
means (Table 3) for each group shows that
this can be explained by the fact that Group 3
is doing very well, which reduces the differences
between controls and malnourished patients.
From the means it appears that Groups 1 and 2
are doing less well than the controls. Differ-
ences were not significant on Vocabulary,
Arithmetic, Porteus Mazes, and Knox Cubes.

Age of admission

Comparison of the three groups that suf-
fered from malnutrition at different ages
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Figure 1. Correct percentage of responses per trial for
different groups.
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yielded no significant differences except for
the Memory for Designs test, on which Group
3 did better than Groups 1 and 2, and the learn-
ing task (first trial), on which Group 2 did
better than Group 1. Two other psychologic

tests, Incidental Learning and Knox Cubes

(quick}, yiclded differences that reached a sig-
nificance level of .10. It should be noted that
these four tests are all concerned with different
aspects of memory and learning.

For the psychologic tests average scores per
test for cach of the three groups were ranked
1, 2, and 3. Inspection of Table 6 shows that
overall this ranking distribution can be at-
tributed to chance; but that on .the tests con-
cerned with memory and learning the average
score of Group 3 is on all four tests higher
than that of Group 1. These differences are in
the expected direction in that those who suf-
fered younger do poorer.

Severity of malnutrition

Because the three malnourished groups are
not independent but matched, they cannot be
combined for a comparison of severity of the
malnutrition episode. Comparisons can only
be carried out within cach malnourished group.
In cach of the three groups cases were divided
into two groups- according to the scverity of
the malnutrition episode, thus yielding three
severe groups and three less severe groups of 10
subjects each. Although detailed analysis has

Table 6. Ranks of means for malnourished groups per
test.

—1s 16-21 2227

morths  months  months

Group 1 2 "3
Raven 1 2 3
Vocabulary 3 2 1
Arithmetic 3 1 2
Block Design 1 3 2
Porteus Mazes 1 2 3
Memory for Designs 2 3 1
Knox Cubes 3 2 1
Learning 3 2 1
Incidental Learning 3 1 2

|
|
|

[
—

still to be done, there appear to be no differ-
ences between severe and less severe subjects.

Discussion

Differences in  height, weight, and head
circumference have repeatedly been demon-
strated in follow-up studies of malnourished
patients. These retardations confirm chat the
control and experimental groups are different
in nutritional history.

It appears then that the children who suf-
fered an episode of protein-caloric malnutrition
afe lower in general intelligence than the con-
trol children. If there is a relationship between
malnutrition, brain growth, and mental devel-
opment, one would expect, on the basis of the
literature on European subjects, that tests for
spatial and visual abilities would show greater
differenices than tests for verbal abilities (10,
13). The Block Design especially is often
regarded as a very sensitive test in this regard
(8). Results are in line with these expectations. .

“Tests for verbal abilities show no differences,

but the Block Design test does. That the second
performance test, the Porteus Mazes, does not
yield any differences may possibly be attributed
to the fact that an abbreviated form of this test
was used that gav: a very small range in scores.
It docs not appear, however, that these differ-
ences can be attributed to serere brain damage.
Although Groups 1 and 2 score higher in errors
than Groups 3 and 4 on the Memory for De-
signs test, the average score of Groups 1 and 2
still falls below the average score rcportca in
the United States for various groups of patients
suffering from brain disorder (4). It is most
likely that differences on the Block Design and
Memory for Designs tests have to be attributed
to poorer spatial and perceptual abilities; on
the Memory for Designs, poorer memory or
attention or both could also play a role.
Differences on memory and learning tasks
scem to appear only with slightly complex
stimuli. The Knox Cubes test uses simple
stimuli (taps on blocks), and there are no dif-
ferences between controls and malnourished
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groups. Although differences on the learning
task were not significant, differences between
controls and malnourished patients tended to
be largest on the first trials. This could indi-
cate difhculties in attention rather than mem-
ory. The significant differences on incidental
learning also indicate a limited field of
attention.

The Lincoln-Oseretsky Motor Development
Scale samples a variety of motor skills. Ttems
can easily be divided into groups of balancing
and dexterity skills. When the total score is
broken down into subscores for balance and
dexterity, it is only on the latter score that
controls and malnourished groups differ sig-
nificantdy (F == 7.92, p < .01).

Defects in attention, spatial and perceptual
abilities, and-hampered fine-motor development
are also features of the "minimal brain dys-
function syndrome” or the “cerebral minimal
syndrome” (3), and as such could be the result
of minimal, widespread cerebral cortical dam-
age at the time of the attack of malnutrition.

That little difference was found between
different groups of patients indicates that an
attack of malnutrition in itself is so serious
that age of occurrence or severity of the dis-
case were of little importance for further
development. '

Summary

Three groups of 20 children each who had
suffered an acute episode of malnutrition at
three age periods, up to 15 months or from
16 to 21 months or 22 to 27 months were com-
pared with a group of 20 control children from
the same area of Uganda and of the same tribe,
seX, age, education and socioeconomic status
who, from evidence of clinical and weight

records, had not passed through any overt
period of malnutrition in early childhood.

All the children were between the ages of
11 and 17 and were examined clinically and
neurologically, measured anthropometrically,
and subjected to a battery of psychologic tests
and a motor development test.

An analysis of variance between the groups
of previously malnourished children revealed
nu significant differences in  anthropometry,
and on only two tests (Incidental Learning and
Memory for Designs) did children who suf-
fered young do sigmficantly poorer than those
who suffered from malnutrition at a later age.

Weight, height, and skull circumference
were significantly greater in the control group
than in the three malnourished groups together.
Five of the 10 psychologic tests revealed sig-
nificantly better performance in the control
group as compared with the three malnourished
groups taken together. These were the Raven
Matrices as a measure of general intelligence,
the Block Design test, Memory for Designs,
incidental learning, and the dexterity part of
the Lincoln-Oseretsky motor  development
scale. No differences were found on verbal
abilities, a maze test, and a short-term memory
test.

These results suggest an impairment in gen-
eral intelligence, spatial abilities, memory, and
learning arising from lack of attention and in
dexterity in the subjects who had had an acute
episode of malnutrition in ecarly childhood, as
compared to a group who had escaped such an
incident,

This impairment is not of the magnitude
that occurs in known syndromes associated
with severe brain damage, but there is a re-
semblance to the so-called "cerebral minimal”
syndrome.
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THE FUNCTIONING OF JAMAICAN SCHOOL CHILDREN SEVERELY
MALNOURISHED DURING THE FIRST TWO YEARS OF LIFE~

Herbett G. Birch and Stephen A. Richardson®

Introduction

This is a report of a study conducted in
Jamaica, West Indies, on the long-term conse-
quences of severe malnutrition during the first
two years of life. Our subjects were school chil-
dren hospitalized during their first 24 months
for severe clinical malnutrition (marasmus,
kwashiorkor, or marasmic kwashiorkor). They
have been compared with two groups of school

'The studies deseribed  here were carried out in
Jamaica in the Tropical Metabolism Research Unit of
the Medical Research Council. The investigations also
received  active  support  frem  the  Epidemiology  Re-
scarch Unit of the Medical Research Council in Jamaica.
Though niost paticnts had been treated initially in the
Tropical Metabolism Research Unit, additional patients,
particularly in the youngest age group at hospitalization,
were obtained  with the help of the Department of
Pacdiatrics, University of the West Indies, Follow-up
studies  included  anthropometric, pediatric, neurologic,
psychologi,  educational, and social cvaluations. Different
aspects of the inquirv will be considered in separate
reports.

* Support for this study was provided by the Asso-
ciation for the Aid of Crippled Children: The Nutri-
tion Foundation, Inc., New York; Grants HD-00719
and NIH-71-2081 from the National Institute of Child
Health and Human Developn.ent, National Institutes
of Health, Bethesda, Maryland; the Medical Research
Council. London, and from program support to the
Child Development Research Unit. Institute of Educa-
tion. University of London,

4 Departments of Pediatrics and Community Health,
Albert Einstein College of Medicine, Bronx, New York,
USA.
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children of like sex. The first comparison
group consisted of the patients’ sibs closest in
age to the index patient. The second compari-
son group was composed of unrelated class-
mates or neighbors closest in age to the index
child or the sib.

The concerns and design of the study stem
from problems in interpretation and questions
that arose in previous investigations of the
effects of early malnutrition upon physical and
mental development. Until recently few chil-
dren who were severely malnourished in infancy
survived to reach school age. Early research in
malnutrition quite properly was focused pri-
marily on its physiologic effects and on the
development of: treatment and management
procedures thatwould prevent death and maxi-
mize recovery. As Champakam and coworkers
(12) have putit: “Survival was the main con-
cern. Awareness and knowledge of the bio-
chemical pathology of malnutrition and the
availability of more efficient means for better
diagnosis and treatment have reduced the im-
mediate mortality among malnourished chil-
dren. In direct proportion to the success in
this regard is the clear possibility of increasing
pools of survivors who may be handicapped in
a variety of ways and for variable periods of
tume” (page 844).

These changed circumstances have, over the
past decade, resulted in a growing number of
investigations exploring the long-term conse-
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quences of both severe acute malnutrition and
“chronic subnutrition” (10) for growth and
intellectual development. In addition, numer-
ous cxperimental animal models for studying
such consequences hav: been employed (30).
In studies of human subjects where controlled
deprivation experiments could not be under-
taken, follow-up studies have been conducted
on children about whom both direct or indirect
evidence of malnutritioa has been available.
Two types of study designs have been used
to explore the consequences of malnutrition
for cognitive functioning in children. In some
studies the presence of antecedent malnutrition
in school-aged and preschool children has been
inferred from differences in height for age. In
communities where the risk of malnutrition is
endemic, short children have been judged to
have been at greater nutritional risk than taller
age-mates. Groups of tall and short children
have then been compared as to 1Q level and
i.ntcrscnsory competence (17, 19). The absence
of dircct evidence of severe malnutrition and
the wide range of variables other than nutri-
tional ones that differentiate the families of tall
children from those of short ones (18, 26)
have made it difficult directly to attribute the

differences between the tall and short groups

to malnutrition per se.

In the second type of study children” with
known histories of severe malnutrition have
been compared with children in their commu-
nities without such histories (5, 8, 11, 12, 14,
16,23, 25,27, 31,32). While the fact of ante-
cedent malnutrition has been clearly established
in such studies, other factors limit the degree
to which they can be mterpreted as indicating
a direct association between antecedent malnu-
trition and intellectual outcome. Children who
are severely malnourished early in life come
from families that are at greater risk for dis-
organization, cultural limitation, social and
cconomic disadvantage, poor housing, exces-
sively frequent and short-spaced reproduction,
maternal and child ill-health, and the like, than
are other families of even the same social class
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(18). These additional factors themselves are
capable of influencing intellectual development
(6, 24, 29). In all instances the children with
whom index cases have been compared could
not be suthciently well-matched on these non-
nutritional variables to meet the requirements
of rigorous experimental design. The most
thorough attempt has been that of Champakam
and coworkers (12) in which age, sex, religion,
caste, socioecconomic status, family size, birth
order, and parental education were taken into
consideration. In that study, however, it was
possible that the families of children hospital-
ized for kwashiorkor were cither genetically
different, or provided less adequate experiential
opportunities for intellectual development than
the comparison families (6, 18).

Another tactic is to use sibs of the malnour-
ished children as comparisons. Such sib studies,
though admittedly imperfect, provide different
opportunities for interpreting findings. Only
two such sib studies have thus far been carried
out (7, 22). In one of these (7), sibs without
a history of hospitalization for severe nutri-
tional illness were found to be significantly
superior in 1Q to their hospitalized brothers or
sisters. The conclusions from this study are
limited, however, by the facts that the sample
studied was relatively small, the sibs were not
like-sexed, and no general population compari-
son group was cxamined. In the other sib
study (22), the age at which malnutrition was
experienced ranged from 10 months to four
years, and only 10 of the children in the group
were under 18 months of age. Morcover, gross
differences in 1Q in different segments of the
kwashiorkor sample as well as in their siblings
make the data difficult to interpret.

In conducting a sibling comparison study it
must be recognized that while sibs may have
many. backgroun? characteristics in common,
a number of differences must be :onsidered in
the analysis of findings. Sibs, unless twins, are
necessarily different in age and ordinal position,
both -of which factors may affect child-rearing
practices as well as intellectual outcome (3).
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Morcover, in a community such as Jamaica
sibs frequently have different fathers and ex-
different
These factors must all be taken into account

perience child-rearing  conditions.
in designing and int-rpreting a sib comparison
study. This has been attempted in the present
study.

A second question with which the present
study is concerned has emerged from both
reports of animal investigation and studies of
recovery in children who were hospitalized for
severe malnutrition at different ages in early
life. The evidence of the animal investigations
indicates that the risks of defective myelina-
tion, reduced cell replication, and delayed bio-
chemical maturation are greatest when malnu-
trition coincides with particular periods of
rapid brain growth (13, 20, 21, 34). In the
human organism the period of most rapid brain
growth extends from about the beginning of
the last trimester of pregnancy to the last
quarter of the first postnatal year. Morcover,
during this period cellular replication in the
central nervous system is completed.

These facts have led to speculation that
severe malnutrition during the first nine months
after birth would have more severe conse-
quences than severe malnutrition later in in-
fancy and early childhood. Some support for
these expectations has derived from a study by
Cravioto and Robles (7/6) in which children
hospitalized with severe malnutrition in the
first six months of life were found, during
convalescence, to recover behavioral compe-
tence less fully than children hospitalized for
the same illness later in infancy. For several
reasons, however, these data are by no means
conclusive, Although cell replication is com-
pleted at an carly age, other aspects of growth
and differentiation in the nervous system such
as dendritic proliferation, axonal branching,
and synapse formation, all of which may be
more important for integrative organization
than cell number, continue to develop at very
rapid rates throughout early ch:ldhood. More-
over, the Cravioto and Robles scudy (16) did
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not follow up the children in later childhood
to cvaluate later aspects of development, and
their conclusions cannot be extended for out-
comes beyond the immediate recovery period.

Though animal experimental data have indi-
cated that particular vulnerabilities to nutri-
tional stress exist in brain in relation to the age
at which the stress is experienced, our knowl-
edge is incomplete. We cannot now identify
with certainty a specific age after which such
vulnerability ceases to exist. Since many aspects
of neuronal growth and differentiation continue
to occur throughout the first years of life (2§,
29), however, it is unlikely that vulnerability
is restricted to the prenatal period and early
infancy.

Subjects and Study Design

The 74 severely malnourished children (here-
after referred to as index patients) were all
boys who had been hospitalized for treatment of
severe infantile malnutrition during the first
two years of life. Sixty of these children had
been inpatients on rthe metabolic ward of the
Tropical Metal Research Unit of the
British  Medici Moma,

Jamaica, W. I. The remaining 14 patients were

«carch  Council,

added to have fuller representation over the en-
tire first two years of life. The latter were ob-
tained from the pediatrics ward of the University
Hospital, University of the West Indies, Mona.
At the time of hospitalization all the children
were suffering from severe malnutrition, re-
flected variously in syndromes of marasmus,
kwashiorkor, or marasmic kwashiorkor. De-
tailed clinical and metabolic records were avail-
able in all cases. The children reccived an
average of cight weeks of inpatient care. In
general, follow-up visits in the homes were
conducted for two years following discharge.

Sixty-four male infants had been treated in
the metabolic ward of the Tropical Metabolism
Research Unit in the years relevant to the
study. At follow-up two of these children and
their families had moved and could not be
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tracew. Two additional children were found
but not included in the study, one because he
was a mongoloid and the other because of the
presence of infantile hemiplegia, most probably
of perinatal origin. The remaining 60 children
were all included in the follow-up study. The
14 patients from the pediatrics ward were the
first 14 to be located from an inttial pool of
50 patients. Approximately half of them lived
in the city of Kingston, and the remainder lived
in other towns, villages, and rural districts,
some of which were more than 160 km from
Kingston.

At the time of the study the index patients
were 5 vears 11 months through 11 years old.
These ages were sclected in order to be far
enough removed from the time of acute illness
to climinate the effects of immuediate sequelae
and for the children to be at amr age at which
intelligence testing has predictive validity for
later life.

Whenever there was a male sibling of the
index patient between six and 12 years of age
and nearest in age to the index patient, and
without a history of severe clinical malnutri-
tion, he was included in the study. Because of
widely varying patterns of family composition
in Jamaica, a sib was defined as a child having
the same biologic mother as the index patient
and having shared a home residence with the
index child for most of his life. Thirty-cight
such sibs were available and studied. Because
of the selection criteria used, the sibs were
somewhat older than the index patients.

In addition to the sibs, a classmate or neigh-
bor comparison was sclected for each index
patient and for cach sib. For index children
and sibs attending school, two classmates of
the same sex closest in age to the index patient
and the sib were selected. On evaluation, if
the first comparison child was not available
for examination, the second comparison was
used. Some of the index boys and sibs, though
of school age, were not going to school. In
such instances, a comparison case was chosen
by finding the ncarest neighboring child who
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was not a relative and who was within six
months of the index patient’s age. For some
index patients at snall schools no, classmate
was within six months of age. Then neghbor
children were also used as comparisons. In
three cases comparison children could not be
brought in for. study. This resulted in 71
matched pairs of index and comparison chil-
dren. Table 1 summarizes the ages at testing
of the children studied. The comparison group
should not be considered as controls but rather
as childven who were identified because of their
geographic proximity and their closeness in age
to the index children.

Detailed interviews were conducted to se-
cure the background histories of all children.
These indicated that vight of the comparison
children had been sick between the ages of one
month and two years, either from malnutrition
or with symptoms tha: could have been asso-
ciated with malnutrition. Only one of them
was hospitalized during that ‘age interval, for
two weeks becaunse of diarrhea and vomiting.

At the time of follow-up these data were
obtained about each of the boys in the study
to assess their current physique and level of
functioning: (1) height, weight, and head
circumference; (2) a detailed assessment of
pediatric neurologic status; (3) intelligence
level using the wisc and the verbal portion of
the wppst; (4) estimates of intersensory devel-
opment, perception, laterality, lateral aware-

Table 1. Ages of index, sib, and comparison hoys at
time of 1Q testing. :

" Numherof

Age in
vears/months Index Sib Comparison
5-0to 5-11 1 — 5
6-0to 6-11 19 3 16
7-0to 7-11 16 6 14
8-0to 8-11 15 10 13
9-0to0 9-11 19 4 20
10-0 to 10-11 4 9 3
110 to 11-11 — 4 —
120 to 12-11 —_ 2 —_
Total 74 38 71
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ness, and motor coordination; (5) an estimate
of educational achievement using the Wide

Range Achievement Test; (6) teachers’ assess-.

ments of school performance and behavior in
the school setting: (7) sociometric data to
obtain a measure of the child’s social acceptra-
bility by his peers, and (8) mothers’ assess-
ments of bchn\'i?r at home.

To obtain a detailed social and biologic
history of ecach subject and information about
the general ceologic conditions that  might
influence the children’s developnient, a detailed
interview  was conducted with cach boy’s
mother or guardian,

Results

Thus far, the major focus of analysis has
been directed toward determining whether the
index children show impairment in physique
and functional development compared with the
other boys studied.

The characteristics of the groups selected
would lead us to anticipate that the index
patients who suffered acute malnutrition would
be most severely impaired, that their sibs, some
of whom would have experienced chronic sub-
nutrition but not an acute severe episode,
would have been intermediately impaired, and
that comparison children, who did not belong
to a family having a child with a history of
severe clinical malnutrition, would be least
impaired. The findings bear out these expecta-
tion, but they will only be summarized here
because they are to be reported in detail
elsewhere.!

' Hertzig, M. E., et al. Intellectual levels of school
children  severely  malnourished  during the  first two
vears of life. Pediatrics, 49:814-24, 1972,

Richardson, S. A. et al. The behavior of children in
school who were severeiv malnourished in the first two
vears of life, | Health Soc Bebav 13:276-84, 1972,
ct al. School performance of children who were
severely malnourished in infancy. Am ] Ment Defic,
in press.

Physical attainments

Index boys were significantly shorter in
height, weight, and head circumference than
their classmate or yardmate comparisons. Index
boys were significantly lighter and had smaller
head circumferences for age than their sibs,
but were not significantly shorter. The sibs
did not differ from their classmate or yardmate
comparisons in cither height or weight.

To determine whether physical groweh re-
covery of the index boys might be different in
different environments, boys who had grown
up in urban and rural surroundings were com-
pared, tt was found that index-sib differences
held for rural but not for urban environments.

Dutellectual functioning

All 10 measurements were significantly lower
for the index boys. For the Full Scale, Verbal,
and Performance 1Q measures the index patients
have the lowest mean scores, the sibs occupy
an intermediate position, and the comparison
children have the highest scores. These differ-
ences are in accordance with expectation. The
three 1Q measures are seven to nine points lower
for the index children than for the compari-
sons. Each of the differences is statistically
significant at less than the 0.001 level of
confidence.

That these mean differences in 1Q score are
not the result of a few cases of extreme compe-
tence in the comparison group or of extreme
incompetence in the index patients but repre-
sent differences over the whole range is clearly
indicated in Figure 1. As may be scen from
this figure, the groups, in general, differed
from one another in Full Scale 10s over the
whole range of measures. The cumulative fre-

. quency percentage curves for Performance and
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Verbal 1s in the two groups are almost identi-
cal in form, and indicate that the comparison
group is also superior on these measures.

The index children also have lower scores
on the three 10 measures than their sibs. The
Full Scale and Verbal 10 differences are statis-
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105- 109 -
100-104 |-
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70- 74}
65- 9
60- 64—
55- 591~
50- S4tr~
45- 49—
40- 44—

FULL SCALE !'Q

10 20 30 40

50 60 70 80 90 100

CUMULATIVE PERCENT OF SUBJECTS
Figure 1. 1Q distribution of index and comparison patients.

tically significant (p < 0.025). Differences
in Performance 1Q are not significant. When
the sibs are contrasted with the comparison
children, they are found to differ from them
significantly only in Performance 1Q.

Before the results can be interpreted, two
further analyses are required. In the first place
sibs tend to be older than index and compari-
son subjects, and the differences between the
sibs and the other two groups could have de-
rived from this age difference. Moreover, since
ordinal position can affect 1Q within a sibship,
differences between sibs and index patients
could have been the result of differences in
ordinal position. To deal with the first ques-
tion, the relation of 1q level to age was analyzed
in each of the groups. No age trends for 1Q
were found. To deal with the second question,
older sibs were separately compared with
younger index patients and younger sibs with
older index patients. Identical trends and
directions of difference were found when the
sibs were respectively in lower or higher ordinal
positions in the sibships. These analyses indicate
clearly that the differences among groups were
not artifacts either of age or of ordinal position.

"
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School achicvement

In the reading, spelling, and arithmetic tests
of the Wide Range Achievemeni Test, the
index boys were on average 7 to 9 points lower
in their quotients than their classmate com-
parisons. In the same three tests the sibs were
on average 4 to 9 points lower than their
classmate comparisons. The index and sib
average quotients on the three tests were almost
identical in each case, being less than one point
apart. Index children had significantly lower
scores than their classmate comparisons on all
three tests. Sibs were significantly lower than
their comparisons on reading (p < 0.05 one-
tail), but the differences on the spelling and
arithmetic tests were only trends.

Teachers’ evaluations represent judgments of
functioning based on continuing contact with
the child in a school setting. Such judgmenrts
provide a different perspective than that de-
rived from an achievement test. Because teach-
ers cannot be expected to have uniform stand-
ards for evaluating children, comparisons were
made only between pairs of children judged by
the same teacher. On the overall evaluation
of school performance, the teachers’ rating for
the index boys were lower than their classroom
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comparisons (p < 0.005). Twenty-four per
cent of the index children were rated in the

lowest category of quality of overall school

work—"Fle¢ is severely backward”—compared -
¥

with 8 per cent of the index comparison
children. No significant differences were found

between sibs and their comparisons.

Bebavior in the school setting

Index boys were judged by their teachers to
have worse attention and memory, and to be
more casily distracted and less spontancous and
contributive in classroom discussion than class-
mate comparisons. In their social relations the
index children get along less well with their
peers and are less cooperative with their teach-
ers. They had more frequent problems in class-
work and more often manifested behavior and
conduct problems. When sibs were compared
with their classmartes, the only behavioral dif-
ference fourd was grearer distractibility in the
sibs.

Age of severe malnutrition

The age distribution of the index children
when they were hospitalized for the treatment
of severe malnutrition ranged from three to
24 .wmonths, with admissions at almost every
month between these ages.

If the age ar which a child is hospitalized
for severe malnutrition is system .tically relared
to the scverity of his physical and functional
impairment, we would expect a significant
positive correlation to exist between age at
admission and ateributes at school age. When
physical growth, 1Q, and school achievements

and behavior are correlated with age at hos-
pitalizacion,, there is no significant association
with carliness of illness. The data indicate a
random relationship between the age of the
severcly  malnourished child at hospitalization
and function or growth attainments at school
age.

Because the veplication of cells in che central
nervous system tends to be completed before
the -age of nine months, it has been suggested
that children experiencing severe malnutrition
before that age are at particular risk of brain
We
to compare

darnage and lowered intellectual level.

therefore considered it desirable
those children who had been hospitalized before
the age of cight months with those admitted
to hospital for severe malnutrition at larer ages.
When children admitted before ecight months
of age, between cight and 12 months, and
between 13 and 24 months are compared, no
significant differences are found among groups
for TFull Scale, Verbal, and Performance 19,
attainment, school achievement,

gl'O\\'tl] or

school behavior. The data thus provide no
support for the hypothesis that systematic dif-
ferences in outcome at school age are aterib-
utable to severe malnutrition ar different ages
during the first two years of life.

The second aspect of the study deals with
the ecology of growth and functional develop-
ment of these children. In this approach nutri-
tional history is considered as one variable in
the context of the wide range of influences that
affect the development of children. This strat-
egy is described in part in the paper by S. A.

Richardson in this monograph.
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ENVIRONMENTAL CORRELATES OF SEVERE CLINICAL MALNUTRITION
AND LANGUAGE DEVELOPMENT IN SURVIVORS FROM KWASHIOR-

KOR OR MARASMUS

Joaquin Cravioto and Elsa Delicardie’

At the community level, malnutrition, or
more specifically protein-calorie malnutrition,
is a man-made disorder characteristic” of the
poorer segments of society, particularly in pre-
industrial societies. In the latter the social
system consciously or unconsciously creates
malnourished individuals, generation after gen-
eration,’ through a series of social mechanisms
that includes himited access to goods and serv-
ices, limited social mobility, and restricted ex-
periential opportunities at crucial points in life.

When applied to an individual, the term
“protein-caloric malnutrition” is a generic
name used to group the whole range of mild
to severe clinical and biochemical signs present
in children as a consequence of a deficient

intake or utilization of foods of animal origin,

accompanied by variable intakes of rich carbo-
hydrate foods. Kwashiorkor and marasmus are
the names given in the U.S. and Common-
wealth literature to the two extreme clinical
varieties of the syndrome that occur in infants
and children. The appearance of marasmus or
kwushiorkor is related to the age of the child,

! This work was supported by The Nutrition Founda-
tion. Inc., the Association for the Aid of Crippled
Children. the Van Ameringen Foundation, the Moncll
Foundation, and the Hospital Infantil de Mc'xico.

* Division of Scientific Research, Hospital Infantil de la
1MAN, Mexico City, Mexico.
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the time of full weaning, the time of introduc-
tion of food supplements to breast milk, the
caloric density and protein concentration of
the supplements the child actually ingests, and
to the frequency and severity of infectious
diseases present during weaning.

Research in the field of malnutrition has
recently centered on the question of the later
functioning of individuals who suffered from
it in carly life. A series of studies done in
various parts of the world have shown that
survivors of early severe malnutrition differ
from well-nourished children in a great variety
of functional ways ranging from psychomotor
behavior to intersensory organization (2, 4, 3,
6,7,10,12,13,15,16,17, 18). The problem
now is to separate the specific role that the
deficient food intake may have from the con-
tribution of other factors that interfere with
the correct functioning of the individual. The
rcason for this rests on the fact that malnutri-
tion in humans is an ecologic outcome (I1),
with many of the factors that either cause or
accompany malnutrition being in themselves
capable of negatively influencing mental and
behavioral development. It is obvious that this
type of rescarch question can only be ap-
proached through the longitudinal observation
of children at risk of appropriate controls.
With this idea in mind, we have been engaged
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since March 1966 in an ccologic study of a
cohort of children born in a community where
preschool malmi.trition is highly prevalent, and
where other factors related to the life of the
children have variations of sufficient range to
permit associative analyses to be carried out.

In brief, the project is the study of a total
one-ycar cohort of children, all born in a rural
villige between March 1, 1966, and February
28, 1967. The children and their families have
been closely observed from the nutritional,
pediatric, socioeconomic, and developmental
points of view in a coordinated manner, with
great attention to detail, and so far as feasible
using validated research instruments. A good
number of the instruments were devised and
tested by the project staff during the 10 veurs
before the start of the cohort’s induction.

The objective of the study is to analyze the
relationship between the conditions surround-
ing care of the child, especially as they affect
his nutrition, and the course of his physical
growth, mental development, and learning.

The main hypothesis to be tested is that
intellectual growth at all stages and scl.ool-age
performance are related to the nutritional and
health conditions to which the child had
been exposed.

The children first brought into the study
during the prenatal period have been followed
for five years and will continue to be observed
until they have completed their first seven
years (March 1974), the earliest time at which
certain crucial mental examinations can be
meaningfully applied. At that time the chil-
dren can all be assessed in the relatively uni-
form environment of a primary school.

While the particular focus of the project is
on the relationship between nutrition and men-
ta} development, by the nature of both variables
the design is that of an ecologic study of young
children in their family and social environments.

The ecologic approach was chosen because
it constitutes a particular form of the natural
history method, which seeks to determine the
nature of effective variables through a con-
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sideration of their interrelations in a single
population. When applied to the problem of
malnutrition, it attempts to determine pat-
terns of cause and consequence by considering
the interrelations among nutritional, health,
and social factors. Morcover, by orienting
itself longitudinally the ecologic approach can
identify age-specific conditions at risk, relate
anrecedents to consequences at different devel-
opmental stages, and integrate biologic and
social time scales. It can take into account
both the general and the microenvironment of
the developing individual and deal with the
interaction of biologic and social variables.
Perhaps most important for its usefulness is
the fact that it employs uncontrolled variation
as the fact of study. A basic requirement for
the use of the ecologic method is, therefore,
sufficient variation in the attributes to be con-
sidered in the population studied. If such
variation is present, associative analysis can
identify, segregate, and interrelate the factors
influential in affecting the consequences with
which one is concerned.

Through the use of the ecologic method we
plan to analyze: (1) the influence of social,
economic, and familial conditions on the devel-
opment of malnutrition; (2) the effect of
malnutrition on physical growth, mental de-
velopment, and learning, and (3) the inter-
action of nutritional factors with infectious
disease, family circumstances, and social cir-
cumstances on the processes of - growth and
development.

The intensive analysis to be done can be
understood onlv through a detailed acquain-
tance with the setting of the study, the cohort
under observation, and the measures used.

The Setting of the Study

To examine the complex set of variables with
which our investigation is concerned, we have
had to study a large group of children. Esti-
mates of sample needs required the selection of
a ‘community of sufficient size to provide at
least 250 births in the annual cohort to be fol-
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lowed longitudinally. The community chosen
also had to contain a considerable range of
social and nutritional conditions as well as be
one in which the population was likely to be
cooperative, willing to enroll, and remain in the
study. For a longitudinal study, it was clearly
essential that the population be relatively stable
and that a high proportion of the families and
infants enrolled at birth for study be likely to
continue to live in the community for the
duration of the inquiry period.

The community chosen met these require-
ments. Selection was based on previous experi-
ence with rural communities and field studies.
In one of these studies the present village was
a participating community and had shown a
high level of population stability over time,
excellent cooperation, and a wide range of
variation in social, economic, familial, ‘and
health attributes. Furthermore, its annual birth
expectancy was 300.

The village is located in a semitropical, sub-
humid zone in southwestern Mexico in a pri-
marily agricultural region where arid hillsides

—
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alternate with fertile valleys and meadows. It
is at an altitude of between 900 and 950 m
above sea level and has a hot, subtropical chi-
mate modified by its altitude. The median
annual temperature is between 23° and 25°C
in the shade, and the climate ranges from chilly
winters to very hot summers in which daily
high temperatures of 40°C are common. A
small river whose waters are used for irriga-
tion, laundering, and other general purposes
runs through the village.

As is characteristic of Mexican rural villages
in this region, the town radiates outward from
a shaded central plaza along a series of unpaved
and rutted dirt streets, which are related to one
another to form' roughly quadrangular blocks.
A street map of the willage is presented in
Figure 1. The small inset at the upper right
indicates the arrangement of households within
two specific blocks.

The area surrounding the rtownsite was en-
tirely agricultural, with sugar cane constituting
the major commercial crop. Small amounts of
cotton and rice were also grown commercially.

Figure 1. Plan of study village; inset at upper right shaws arrang t of hau

halds in two specific blacks.
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Interspersed among the large commercialy
organized fields were small family parcels and

rentable areas that the villagers used for the

production of food crors—principally corn,
chilis, tomatoes, and other garden crops and
fruits—for their own consumption.

In 1965 we carried out a census of all village
houscholds. Our findings indicated the presence
of 5,637 persons from O through 85 years ~f
age, organized in 1,041 families. The numbers
of men and women were insignificantly dif-
ferent: 2,830 men and 2,807 women. The
distribution by age and sex in the population
are presented in Figures 2 and 3. As may be seen
from both figures, the population was relatively
young: fully 50 per cen* of the inhabitants
were under 15 years of age, and 80 per cent
were under 35. In a stable community such as
this, these age ratios naturally reflect a reduced
life expectancy calculated from birth. No
notable sex differences in age-specific frequency
were found.

8

©
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CUMULATIVE PERCENT FREQUENCY
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Birth rates over the previous 20 years had
been at a mean of approximately 55 per thou-
sand and led to an annual expectancy of ap-
proximately 300. In the 12-month series of
births upon which the current study is based,
the predicted expectation was fulfilled.

The principal occupation of the villagers
was agriculture, although relatively small num-
bers of people wer: employed as workers and
artisans, and a still smaller number were en-
gaged in commerce or in the practice of 2
profession. The occupations, as reflected by the
main sources of family income, are presented

- in Figure 4. Approximately 65 per cent of the

population gained its livelihood directly from
agriculture; 12.5 per cent worked at a variety
of jobs, including transport work, labor in the
small cotton gin or 1natcress factory, carpentry,
masonry, or other skilled and semiskilled crafts;
and 9 per cent * .re small tradesmen, shop-
keepers, or teachers. Included in the last group
were one architect, one engincer, and two

T T T 1T 171 1

T R O A AN R S
5 10 15 20 25 30 35 40 4550 5560 65 70 75 80 85
AGE IN YEARS
(FIVE-YEAR INTERVAL)

Figure 2. Cumvlative percentage of village's population distribution by age.
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AGE IN YEARS
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75-79
70-74
65-69
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55-59 ]
50-54 )
45-49
40-44 {J—
35-39
30-34
25-29
20-24 [ |
15-19 [ 1
10 -14 | ]
5-9 | ]

0-4

W 8 87472 07247678 D
PERCENT IN POPULATION
Figure 5. Age pyromid by sex.
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and and HOME
ARTISAN"  PROFESSIONS

Figure 4. Moin sources of fomily income in villoge.
“At home’ fomilies are those in which mothers and
children were moinly dependent on some other familial
or sociol source of support.

physicians who served both. the viliage proper
and the surrounding communities.

The social and economic status of people
who worked in agriculture is by no means
homogeneous, as can be seen in Figure 5. Most
workers were agricultural day laborers (jorna-

12.5% 9.8% 12.8%

77

604 !
B 40 .
& leeaw
L
(o]

—
Z 204 f
Q
[0 ,
w '
a
z Te] (24

WAGE FAMILY RENTEC SMALL
LABOR PLOT POoT OWNER

TYPE OF AGRICULTURAL WORK

Figure 5. Percentoges of people engoged in different
types of ogriculturol work.

leros), whose employment is seasonal and
whose income is marginal. They supplemented
their income by the seasonal pianting of food
crops on communal laads at some distance
from the village. A second group comprising
some 23 per cent of those engaged in agricul-
ture had family plots that are cultivated for
both small-scale commerce and self-use. The
best-situated cultivators were either small ¢ wn-
ers or renters of relatively high-grade farm-
lands; taken together, these two groups con-
stituted approximately 7 per cent of those
who drew the main source of their family
income directly from agriculture.

A few words are required to describe the
different types of land-holding if the different
kinds of agricultural werk are to be under-
stood. The jornalero owns no land and works
entirely for wages. He is, in the main, not
insured for social and health services and rep-
resents the most economically deprived and
unstable segment of the population. He may
be described as an agricultural proletarian.

The ownership of land by individuals is of
two kinds, the first of which is the family plot
(¢jido). These are small parcels of land, rang-
ing generally from 0.5 to 1.25 hectares, that
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were distributed to landless peasants (peones)
at the time of the agrarian reform (1917).
Such land is held by the family in perpetuity so
long as it is worked, but it may not be sold,
traded, divided, or attached for debt. All the
ejidos owned by the villagers had been amalga-
mated into a sugar cooperative, The second
type of individual land ownership is represented
by the snull proprictors whose plots are gen-
crally larger than the ejidos. Their plots may be
bartered, sold, mortgaged, attached for debt as
private property, and divided or sold with no
special limitations. The rented lands are gener-

_ally larger, and those who operate them are

economically better off than the other agricul-
tural groups.

Until 30 years ago the village was almost
totally agricu'tural in character. Since then it
has been in a state of slow transition to a mixed
economy representing more advanced levels of
both industrial technology and agricultural
organization. The beginning of the transition
was marked by a natienal law authorizing and
facilitating the development of agricultural
combines and cooperatives. Shortly after this
law was cnac .ed, a large cane-growing coop-
erative and a sugar refinery 17 km from the
village were established. Much of the land
surrounding the village w:s assimilated into
this large cooperative. A mattress factory em-
ploying 20 workers was ec;tablished 12 years
ago, and this was followed five years later by
the construction and operation of a small
cotton gin.

These economic changes have been accom-
panied by greater availability of transportation,
the improvement and construction of roads,
and a considerable increase in interaction be-
tween people in the village and more advanced
urban and semiurban centers. The technologic
advances have been accompanied, too, by the
improvement of a variety of village sert.ces
including school, a central water supply. and

a social. welfare and health center. The village .

now has one kindergarten, two primary schools,
and one school accépting pupils to the ninth
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grade.  Attendance at school is compulsory
starting at seven years of age and continuing
for six years; beyond this, study may be vol-
untarily continued for three more years inside
the village and on higher levels outside it.

Variation in health conditions in the com-
munity and in the relative opportunities avail-
able for the growth and development of
children are reflected in two scts of data. The
first. of these deals with the weights and heights
of school children. A comparison of the growth
attainment of ctuldren attending school in 1965
with the growth of children who were at schoo!
a generation carlier suggests that the techno-
fogic changes were not accompanied by cither
a change in mean height or weight for age or
any diminution in the variability of these char-
acteristics in the population. The Wetzel Grids
presented in Figure 6 illustrate this lack of
change.

The second set of data uses tuberculin reac-
tivity as an index of health risk. It reflects the
high frequency of the children’s exposure to
sources of infection. Age-specific values for
positive reaction to tuberculin show a con-
tinuing rise of positive reactors with age, as
can be seen in Table 1.
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Figure 6. Relation between height and weight in two
ganerations of school children.
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Table 1. Distribution by age of positive PPD reactors
among village children.

Age (vears) Positive reactors (%)

3 9
4 0
5 3.7
6 2.1
7 7.8
8 12.4
9 8.7
10 7.6
n 3
12 2.6
13 i
14 1,0
15 20.0
i6 37.5
Average 1.2

As a final step in assessing the suitability of
the village for our purposes, we made a sam-
pling survey of houscholds with children of
preschool age for clinical evaluation of chil-
dren and the assessment of the incidence of
subnutrition as indicated by a depression of
weight for age (Table 2).

The figures indicate that at all levels in the
preschool period, mild, moderaté, and severe
degrees of malnutrition were present in the
community, with a frequency thar made it
fairly representative of communities in which
chronic subnutrition is prevalent. All the data
considercd provided a basis for choosing the
community as a suitable site in which to con-
duct a longitudinal study of the ecology of
growth and development in a total annual

Table 2. Nutritional sn:xms of preschoo! children in
village.
- Malnutrition (%)
Age = No.of Third  Mild-  Normal
(months) children  Degree Moderate (%)
0-5 132 0 5 95
6-11 112 3 9 £S
12-23 210 5 18 77
24-35 207 9 21 74
36-47 212 8 8 84
48-59 201 5 11 84
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cohort of births over the preschool and school

years.

The Birth Cohort
The childven

Of the 300 infants born during the 12-
month period in ~vhich the cohort of births was
collected, there were equal numbers of boys
and girls. The social origins of these children
closely matched the distribution of principal
sources of income and occupation in the village
as a whole. Minor diffccences from the overall
distribution may be attributed wholly to the
constriction in age range associated with
reproduction.

The manner in which principal sources of
family income were represented in the cohort
are presented in Figure 7. The great majonity
of families were agricultural, and 66 per cent
of all children were from such families. Sixteen
per cent of the children were born to families
of workers or artisans, with four times as
many of the former type of family represented
as of the latter. Equal numbers of tradesmen
and professional families were present in the

4.6 per cent of the births among these social

604
%* 40
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w
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£
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AGRIMULTURAL WORKERS COMMERCE AT
AR_I_and and HOME
_ 1SANS PROFESSIONS
Figure 7. Main sources of .fumily ‘income in the cohort.
“At home’ families are those in which mothers and
children were mainly dependent on some other familial
or social source of support.
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groups. Some 13 per cent of the births occurred
in families in which it was dificult or inpos-
sible to define an intrafamilial source of in-
come. These families were ones in which the
mother and children were in the main de-
pendent upon some other familial or social
source of support; they are labeled af home
in Iigure 7.

The distribution of birth \}'cights in the
annual cohort is presented in Figure 8. Among
the 291 infants who lived long enough to be
weighed, there were cight weighing 1,500 1o
1,999 g, 28 weighing 2,000 to 2,499 g, 147
weighing 2,500 to 2,999 g, 86 weighing 3,000
to 3,499 g, and 22 weighing 3,500 to 3 999 g.
Mean birth weight was 2,898 =+ 444 g A
birth weight of less than 2,500 g was thus
obtained for 12.3 per cent of the cohort,
whereas only 7.6 per cent of the children
weighed more than 3,500 g, As would have
b en expected from other bodies of data, the
nian birth weiglt of boys was significantly
higher than that of girls (Figure 9}. The mean
birth weight of boys was 2,977 == 394 g and
that o’ girls 2,860 * 408 g. The mean differ-
ence of 117 g was significant at the 0.02 level
of - onfidence.

The distribution of total body length ac
birth for the children in the cohort is pre-
sented in Figure 10, The median body length
was 48.5 cm, with 25 per cent of the children

150,
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BOCY WEIGHT IN G

Figure 8. Birth weight of children in annual cohort of
births,
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figure 9. Sex distribution of body weight at birth.
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Figure 10. Distribution of total body length in ‘cohort at
birth. .

having a bedy length of less than 47 cm and
an equal number having body lengths between
49.5 and 53 cm. As was the case for birth
weight, mean body length at birth was signifi-
cantly higher in boys than in girls. As may
be scen from -Figure 11, boys had a mean
length of 48.7 = 1.{ cm and girls one of 48.0
=+ 2.0 cm. This difference, though small abso-
lutely, is statistically significant (¢ = 3.3;
p < 0.1

Mortality and emigration

Of the 300 children delivered, 296 were
alive at birth and four were dead at delivery.
The. stillborn were born into no particular
occupatignal group: one child was born to a
family whose principal source of income was
agricultural day-labor, one to a cultivator of
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Figure 11, Distribution of body length at birth by sex.

rented lands, and two others to owners of
family plets. Of the 296 hve-born infants,
seven died during the first week of life (23.5
per 1,000) and three others during the re-
If the stillborns

and those who died during the first week of

mainder of the first month.

life are combined and considered as perinatal
deaths, the rate for such deaths is 36.6 per
thousand. Combinug all deaths of live-born
infants during the first month results in a
neonatal death rate of 33.6 per thousand.

In the main, therinfants who were stillborn
or who died during the first month of life were
of low birth wcight‘. Because of custom, unfor-
tunately, those who were stillborn or who died
a few hours after birth could not be weighed.
The remaining seven children had birth weights
below 2,300 g. .

Nine infants died during the remainder of
the first year of life, seven between the second
and sixth months of life. Tt is of interest that
one of the two infants whose death occurred
+fter six months of life was mortally bitten
by a scorpion. Taken as a whole, these data
indicate that 1Y live-born infants in the cohort
died in the first year of life, with a resultant
infant mortality rate of 63.3 per thousand.

The children who died were not randomly
distributed in the cohort with respect to weight
or body length at birth. The mean birth weight
in the cohort was 2,898 g, and the mean birth

81

weight of the children who died during the
first year of life was 2,536 g. Similars, mean
body length of the deceased was 45.8 ¢m, as
centrasted to a mean body length of almost 49
c¢m in the cohort as a whole. Both of these
mean differences were significant at less than
the 0.01 level of confidence. It was of course
possible that these mean differencés were con-
tributed by an excess of premature infants
among the infants who were stillborn or who
died in the first vear of life. Such a possibility
is supported by the fact that six of the infants
who died were prematures. That number re-
sults in a prematurity of 260 per thousand
deliveries, which is more than twice the rate
of 124 per thousand deliveries present or in
the cohort as a whole. If one considers only
infants above 2,500 g at birth among the still-
born and infant deaths, however, one still notes
a preponderance of poorly developed children,
with 63 per cent of them having birth weights
below the median of tne cohort and the re-
mainder with weights only slightly higher than
the median birth weight. Only three of the 23
infants had body lengths equal to or greater
than the median of the cohort us a whole.
Two were exactly at the median and one was
1 cm higher. All other infants were between
1.5 and 7.0 cm shorter than the median body
length for the whole cohort. It appears, there-
fore, that those who were either stillborn or
who dicd during the first year of life were less
well developed in utero than the survivors.

After the cohort’s first year of life 10 more
children died. With the exception of two chil-
dren whose deaths were due to accidents (severe
extensive burns, and bronchoaspiration) and
a child who died of hypoprothrombinemia and
purpura, all other deaths in this age period can
be directly related to infectious disease accom-
panied in most cases by severe malnutrition.

Table 3 shows the sex, age, and probable
cause of each death that occurred during: the
cohort’s first five years.

Besides the 300 children born in the village
during the calendar year 1966-67, twelve fami-
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Toble 3. Mortolity in cohort during first five yeors of study.

Period  Number Code Sex  Age at death (days) Cause of death
1 13.12 M 0 unknown
Still- 2 13.5 F 0 unknown
born 3 13.26 M 0 unknown
4 4.22 F 0 unknown
1 12.24 F i hour unknown
2 13.28 F 1 hour | unknown
First 3 7.12 F 5 hours bronchoaspiration
~ week of 4 9.18 M 5 hours prematurity
 life 5 6.11 M 6 hours.  hvaline membrane
' 6 8.24 M - 2 days cergenita’ malformztions and broachopneumonia
7 13.2 M 3 days bronchopnewmoni-
Days 1 4.23 F 9 Ao incompatibility
8-30 2 2.3 -F 17 electrolvte disturbance
3 12.15 F 21 prematurity
1 13.29 M 40 electrolyte disturbance due to diarrhea
2 13.16 M 43 pyelonephritis
3 12.14 F 76 electrolyte disturbance due to diarrhea
Days - 4 10.13 F 78 septicemia
30-360 5 11.2 F 85 bronchopneumonia
6 11.27 F 130 electrolyte disturbance due to diarrhea
7 12.17 F 139 electrolyte disturbance due to diarrhea  »
: 8 7.11 F 268 scorpion bite
9 5.24 M 312 electrolyte disturbance due to diarrhea:
1 3.22 M 375 clectrolyte disturbance due to diarrhea
2 13.6 F 400 bronchopneumonia and malnutrition
) 1.21 M 405 bronchoaspiration
4 11.6 F 435 bronchopneumonia ard malnutrition
One to 5 4.19 M 654 acute miliary tuberculosis
“five years 6 2.22 F 737 kwashiorkor amebi.isis
7 11.20 M 1036 kwashiorkor diarrhea
8 3.1 M 1229 electrolyte disturbance due to diarrhca
9 9.13 M 1240 third-degree burns
10 8.22 F 1413 kwashiorkor purpura

lies came to live in the village during the time

of induction of the birth cohort. These families’

had children less than one year old, and ‘they
were included in the longitudinal study.

In the course of the last five years a total of
50 families have left the village. Reasons for
emigration are mainly related to better work-
ing conditions in another, larger town or
Mexico City itself. Table 4 shows the . time
spent by the children in the study.

As may be seen from the cumulative fre-
quency figures, all 50 children who left the
village were examined at least during the new-
born period. We have data about the first

three months of life for 44, about the first six
months for 34, about the first year for 22,
about the first two ycars for seven, and about

the first ;three years for two. Family data were

available for all 50 children who emigrated.

Familial and social background

Broadly considered, background factors in
the cohort were of three kinds: first, the mother
as a biologic and social organism; second, the
family structure; and third, objective circum-
stances of life such as sources of family income
and the family’s housing conditions. Each kind
of factor will be considered ir turn, with the



Table 4. Time spent in study by ckildren whose fomilies  and the median age was 24 years, with 75 per

emigrated from village. cent of mothers under 30 years of age. The

Davs under Numher of  Camulative distribution of maternal age tends toward bi-

ohservation children frequency . . Y.
: modality and, as a whole, contains sutheient

0" 0 variability to permit associative analvsis.
.]“’) (l) 0 The heighty and weights of the mothers also
16-30 1 49 varied  widely (Figures 13 and 14). The
31-90 4 48 mothers” heights ranged from 133 to 165 cm,
91-180 10 + with a mean value of 148.2 = 2.8 ¢m. The
;;:?3-3\8 Z 2; heights were rc\Tnti\'cly normally distributed,
361-420 5 3 with a slight tendency toward increased fre-
421-540 3 17 quency in the lower range of stature. The
541-610 4 14 median value was 147.5 cm, and 75 per cent
gi:ifg ? “7) of the women were less than 153 ¢m tall
8.]-1-‘900 ) 5 Weight of the mothers ranged from 32 to
901-990 1 4 86 kg. This upper weight value was markedly
991-1080 1 3 atypical and is so indicated by a break in the
1081-1170 0 .0 distribution of values on the x axis of Figure
1171-1260 ! 2 14. Mean weight was 53.0 = 4.8 kg with a
1261-1350 0 1 . . .
13511440 1 1 median value of 51 kg, suggesting a slight
80
exception of sources of income, which has ‘
‘ already been discussed. ‘ ' 60
We shall begin cur consideration of the back- = ] h%: My o™
ground characteristics of the children by view- o N B o
ing some features of the mother as a biologic = “ SD-128
orgar_nism—hcr age, height, weight, and previ- :—-)

ous pregnancies. The age distribution of
mothers in the cohort is presented in Figure 12.
Ages ranged over 30 years: t‘nc mothctjs in- R e PR P BT T e e
cluded two girls who had their first children - HEIGHT IN CM

at age 13, and one woman who had a child at

age 43. The mean age was 25.6 = 6.8 years,.

Figure 13. Height distribution of mothers in cohort.
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Figure 12. Age distribution of mothers. in cohort. Figure 14. Weight of rnothers in cohort.
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excess 'in frequencies at the lower end of the
distribution. Both height and weight -exhibit
sufficient variability to make associative analy-
sis feasible. A

The distribution of pregnancy numbers in
the cohort is presented in Figure 15, Preg-
nancy number ranged from one o more than
11, wich the bighest being 16, Relatively cqual
numbers of births occurred at pregnancy num-
bers ore through four. Higher pregnancy num.
the cohort tended to oceur with

bers - 1n

diminishing frequency.,  From the viewpoint
of cpidemiologic cvidence in- obstetrics, it is
not meaningful to consider the distribution of
parities in terms of mean value. Available evi-
dence suggests that special conditions of risk
attend first births and births that occur after
the fifth pregnancy; enough cases in each of
these parity ranges exist to permit analysis
within the cohort of births.

-~ In addition to the foregoing biologic charac-
“teristics of the mothers, at least three other

characteristics—the mothers’ personal hygiene,
literacy and educational level, and contact with
information mass media——may be considered in

relation to the child’s condition at birth. Rat-

ings of personal hygiene ranged from a low of
20 per cent to a high of 100 per cent (Figure
16). The median score was 56.6 per cent, with
three-fourths of the mothers scoring below an
estimated cleanliness level of 76 per cent. Wide
variation in personal cleanliness existed among
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Figure 15. Distribution of pregnancy numbers in cohort.
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Figure 16. Personol hygiene of mothers in cohort {based
on 289 cases),

the mothers, and personal hygiene subygroups
could readily be defined.

The mothers’ literacy and school attainments
are presented in Figure 17. Almost half the
Another
10 per cent had cither become literate through

mothers were completely illiterate,

adult literacy campaigns or acquired basic lit-
eracy by completing one school grade. Only
6.3 per cent had completed the full primary
school curriculum of six years, and the remain-
ing 1.5 per cent had schooling beyond primary
school. Trom a functional point of view it
v/as possible to group the mothers into four
classes: (1) the illiterates, (2) the adult liter-
ates and those who had completed the first and
second grades, (3) those who had completed
the third, fourth, or fifth grades, and (4)
those who had completed primary school. These
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Figu-re 17. \Literary and school

grade completed by
mothers in cohort. )



functional groupings have been used in later
associative analyses.

As may be seen from- Figure 18, very few
of the women had any exposure to television.
IHalf had litede or no regular contact with the
radio, and almost 70 per cent read no news-
papers except episodically. If consideration of
newspaper reading is himited only to the literate
segment of the population, slightly fewer than
50 per cent of the mothers actually did so.
Thus, in the present study we have viewed
radio as the most cffective medium of dissemi-
nating mass information and have restricted
our consideration of ti. relation between the
child’s characteristics and the mother’s contact
with mass media to this medium.

Family size and the sanitary characteristics
of the houschold are presented in Figures 19
and 20, respectively, There was considerable
variation in both of these attributes. Family
size ranged from a single-child family of chree
individuals to both nuclear and extended fami-
lies of a dozen or more members.

The sanitary characteristics of the household
varied widely. Most households were substand-
ard, but a considerable number exhibited good
to excellent conditions and facilities. Sufficient
variation existed to permit the sanitary charac-
teristics of the household to be related, as a
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differential background factor, to the child’s
characteristics.

The Variables

In the course of the study we have been
concerned with two sets -of variables: those
1‘elating' to the child’s family circumstances
and background environment, and those relat-
ing to characteristics of the child himself. We
have avoided the terms “antecedent” and “out-

come variables,” hecause among each of the
general sets of factors certain characteristics
may with equal justification be considered as
antecedents or consequences of others within
the same set. Thus, the mother’s education
may well affect her patterns of personal hygicne
and preferred mode of child care. Si..larly,
among the variables. that characterize the child,
a factor such as birth weight may well be an
important antecedent for outcomes at later

ages.
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In general, three types of buckground fac-
tors have been considered: fami.y pattern, !'o-
logic and psychosocial ‘characteristic. of the
parents and carctakers, and macroenvironmen-
tal characteristics of the child ranging from
survival to physical and behavioral changes
with age.

Data for ratings of variables were obtained
by interview, by direct observari.1 and mea-
surement, by clinical assessments, and by the
applicarion of special tests.

The reliability of all measures and ratings
have been assessed, and any measures with
excessive intra- or interexaminer, or Sscore-
rescore error levels were cither improved by
modification or eliminated. For somatometric
measurements  including weight and  heighe,
scales were regularly recalibrated and exam-
ined. Errors beyond the 2 per cent level were
considered excessive. For rating scales, relia-

Table 5. Studies nade of childian in cohort.

Variabl: Measurement

bility levels ¢ pressed as retest or rescore corre-
lation ¢ox hoients, or both, of less than 0.82
were considered unacceptable.

The director of the study, the senior psy-
chologist, the senior pediatrician, and the social
worker-nu: ctcionist, acting as a research com-
mittee, shared the responsibilities of quality
control and muaintenance of strict standardiza-
tion and completeness in data collection. The
senior biostatistic .. of the project has been a
member of this committee since the time he
juined the team,

The types of studies already made of cach
of the 229 children remaining in the cohort at
five years of age (300 births plus 12 arrivals
during the first year of study, minus 33 deaths
and 530 emigrations), as well as the tests to be
given those remaining in the study in their

fifth and sixth years, are shown in Table 5:

Frequency

Age period
1. Growth
a. Physical
’ Bodyv weight : 0-5 vears fortighely
Head, chest, height, and arin circumference 0-3 vears monthly
3-4 vears bimonthly
4-5 vears thrice vearly
Skinfold thickness 0-3 vears monthly
: 3-4 years bimonthly
4-5 vears thrice vearly
Bone age 4-5 vears once vearly
b. Men.al
Psychomotor, adaptive, language, and social-
personal development 0-2 vears - monthly
2-3 veass quarterly
3-4 3 cars thrice yearly
Bipolar concept formation 2-3 vears thrice vearly
3-4 vears twice vearly
4-5 vears twice vearly
Finger-thumb opposit-an 3-5 years tvce vearl
Finger localization 4-5 vears twice yearly
Wedlsler preschool and primary scale of intelligence 4-5 vears twice yearly
N « response to cognitive demands 4-5 vears twice. yvearly
N wotor and movement skills: static ! ‘lance;
dy. .. balance; visual-motor coordination involy-
ing aiming and accuracy, motor control, and in-
hibition ' 4-5 years twice yeacly
Spontancous language 5-7 years twice yearly
Psycholinguistic abilities: language decoding (mean- )
ing); lauguage encoding (expression); grammarica'
levels of decoding and encoding; development and
growth of grammatical language 5-7 years twice yearly
Visual perception and form recognition 5-7 years twice yeariv

- 86
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Table 5. (cont.)

Variable

Measurement

Age period

Intersensory incegration: visuil-hapric, visual-kines-

theric, kinesthete-haptic, auditory-visual

Analysis and svochesis of geomenic forms
Learning straregies: Concrete eperations Piagee?

2. Nutrition .
Food consumption (child)

Family food consumption

Clinical signs of child's malnutrition

3, Health -

Prenatal and defivery history

5-7 vears nwice v
7 ovears ¢ fwice v
-7 vears twice

once vearl
once yearly

montk v

quareerly

fwice yeo ¥
once ve Lt
nwvice
once s \
forrmghely

ance

Pediatric examinacion; morbidiry history of aild

and of cach member of che houschold
4. Motcher-child interaccion

Time-sample observation. and inventory of home

stimulacion

5. Socioculeural characteristics
a. Familial

0-5 vears fortmghely
0-3 vears wnchle
0-3 years gquareerly
3-4 vears nwice vearly
4-5 vears ouce vearly

Family composition and organization; family cvpe;

familv sizc;

main source of income and annaal income;
sanitary {acilities; social morbidity; social change;
informal communication net; morealiey record

b. Parental
i. Biological
Age. weight, heighe

Parity and reproductive history®

ii. Socioculeural
Personal cleanliness

Formal cducation and contact with mass media
health education”; pro-
clivity toward change®; culeural mobilicy®

Nueritional knowledge;

oncr yearly
once

forinightly

once
once vearly

monthly
thrice vearly
once vearly

0-3 vears
3-5 sears

0-5 vears

0-5 vears once

Psvchologic profile; maternal accitudes; intelligence

performunce®

0-5 vears once

@ Mother only.

Language Developmen+ and Malnutrition

Having described in detail the setting of the
study and the birth cohort, we would now like
to present the preliminary results of the study
of certain language eatures in a group of
childrén who developed severe clinical nmal-
nutrition.

During the first five years of life of the
cohort, 22 children—14 girls and zight boys—

- were found to be suffering. from severe clinical

malnutrition. Tt must be said that such cases

appeared despite all medical efforts to prevent
them. The patients’ age at the time of diagno-
sis ranged from four to 53 months, with only
one child below one year of age, nine children
between one and two years, eight between two
and three years, three between three and four

years, and one child 53 months ot age.

87

Fifteen of the 22 cases matched the clinical
picture of kwashiorkor; the other seven cases
were of the marasmic variety (I). The pro-
portion of marasmus in females and males was
4:3, but the number of females with kwashior-
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kor was twice the number of beys. Because of
the small number of cascs, these differences are
not of statistical significance.

Ten children, six with kwashiorkor and four
with marasmus, were treated at home, and nine
and

marasmus were treated in the hospital,

with
The

average duration of hospital stay was 3o days,

children with kwashiorkor three

asd none of the children stayed longer than 60
days. No deaths occurred in the hospital-
tecated group. In contrast, three of the 10
children treated at home died. Of the latter,
two had kwashiorkor and one had marasmus;
their respective ages at rthe time of diagnosis
were 12, 14, and 22 months. All three patients

who died did so within 15 10 60 davs of diag-

nosis. Of the 19 survivors, one child emigrated
from the village after his discharge from the
hospital, leaving a total of 18 cases for study.

In the present report, perceived language
development in the 19 childi. n who developed
clinical severe malnutrition before the age of
39 months has been compared with the lan-
guage development of a group of children of
the same birth cohort who were never con-
sidered as severely malnourished and who were
matched at birth for pgestational age, body
weight, and total body length. -

As may be seen in Table 6 and Figure 21,
mean language development, as mcasured by
the Gesell method (14), is very similar in
index patients and controls during the first

Tuble 6. Language development' scores of severely malnourished children and matched controls (days’ equivalent).

Age kﬁda)'s) Birch 180 36

540 720 900 1080

Past or present severe 27 2= 3.2 167 £ 14.4 289 2: 47.2 385 3= 86.0 467 4= 102.7 534 == 103.0 657 == 119.5

ralnutricion. .
Cortirrols 2841 177 £ 21,2 334 £ 554 4904 73.3 633 & 93.4 7854 143.1 947 £ 135.2
et st 1.37 1.69 2.691 3.90% 4.80" 5.804 6.537
@ Significant ac less than 0.01.
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Figure 21. Mean language develapment as age function in n\}erely malnourished
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vear of life when only one case of severe
nalnutrition had been diagnosed.  As
clapsed and more children came down with
severe malnutrition, a difference in language

time

pe:formance favorable to the matched controls
becan » evident. The difference wis more pro-
nounced at cach successive age tested.

~ot only were mear values significantly
lower in the index cases, the distribution of
individual scores was alsc markedly different
from that obtained in the control group. Thus
for example, at three vears of age (Figure 22),
11 children of the control group had language
sco es above 1,021 davs’ equivalent and only
one child scored below 720 days. In contrast,
while none of the children with past malnutri-
tion scored above 960 days’ equivalent, 12
children had values below 720 diys and three

of these children had language performances

six months below th .. shown by the control
children with the lowe . scores.

Concept development and particularly the
emergence of verbal conceptions have long
been viewed as a basic factor in the develop-
ment of human intelligence. The emergence
of the conception of opposités and with it
bipolar labelling represents an early and readily
measured aspect of the development of con-
cepts in young children. As a consequence of

20,
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“S4) T600 660 T720 780 T840 900 360 T1020 0K0
LANGUAGE SCCRE {days)
Figure 22. Distribution of language scores ot 1,080
days of life of index patients and controls mutched at
birth for sex and body length.
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their concern with improving the school per-
formance of disadvantaged children. Francis
H. Palnier and his colleagues at the Institute
for Child Development and Experimental Edu-
cation of che City University of New York,
formed the view thit the development of o
progressively more ditficult series of  bipolar
concepts could be used for the systemuatic
training and enrichment of linguage experi-
ence. Accordingly, as part of their studics on
the effects of intervention programs started
at age two, they developed a test covering
both "poles” of 23 concepts (e.g., big-lictle,
long-short, in-out} in two different situations.
Most of the items included require the child
to select an object representing a given pole
from two objects differing only with respect
to their position on one of the concepts’ con-
tinua. The items are grouped inte two forms
so that each form conrtains items covering both
poles of cach concept. The forms differ only
with respect to the setting in which the con-
cepts are piaced. The score derived from the-
test provides a measure of the child’s knowl-
edge of various categories that are commonly
used In organizing sensory experience.
Aithough Palmer and his associates have not
viewed the series of bipolar concepts that were
developed to be a language test, it is implicit in
their protocols that the progressively more diffi-
calt trainirg series could indeed be used in
itself without training . a measure for assess-
ing the natural acquisition of bipolar concepts
To test this hypothesis,

we administered 22 of the 23 concepts selected

in young children.

by Paln.er as a repeated test of bipolar concept
acquisition at ages 26, 31, 34, and 38 months
to a total cohort of children living in a pre-
industrial society (9). All items were pre-
sented to the 229 children at all ages inde-
pendently of the number of successes or
failures. In all instances the ordér of presenta-
tion was che same, beginning with the first
item contained in Form 1. Data obtained at
the successive ages tested clearly demonstrated

a developmental course of competence in re-
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sponse to tasks involving the utilization of
vipolar concepts.

The competence in bipol:r concept acquisi-
tion in children with past or present severe
malnutrition and matched controls at successive
ages is presented in Table 7, and illustrated in
Figure 23. As may be seen, the mean number
of bipolar concepts present in the index chil-
dren 18 signiicant’ - lower than the mean
number of concepts shown by the control
group. It is important to remember that after
40 months all the children

malnourished group actually represent cases

included in the

rehabilitated from seveie clinical malnutrition.
1.¢,, survivors considered as cured of the diseasz.
Tt may be noted in this respect that the mean
value found in the index cases at 46 months
of age is almost -wice the value obtained at
38 months. Nonetheless, the increment is not
enough to bring the index children to the
value shown by the controls. In other words,
the lag in language development found in
scverely malnourished children continued to be
present after clinical recovery had taken place.

It has been repeatedly stated that human
malnutrition does not occur in a vacuum, but
that malnutrition is the outcome of an ecologic
situation characteristic of the preindustrial
societics (8). Because we are confronted by a
phenomenon with multiple causation, before
interpreting our findings as due to the ante-
cedent of severe malnutrition it is necessary to
try to sort out what other factors beside the
nutritional deficiency may be operating to
interfere with the normal development of these

children. In trying to answer this question

At et P

SR T g gttt
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Figure 23. Number of bipolar language concepts present
in children with and without antecedents of severe clin-
ical malnutrition. N

we have compared the macroenvironment and
some features of the microenvironment of +he
families of the severely malnourished children
and of the matched control group.

Broadly considered, the macroenvironmental
factor- e of three kinds relaring, first, to the
parenus as biologic and social organisms; second,
to the family structure; and third, to objective
circumstances of life such as sources of family
income, income per capita, and sanitary facili-
ties present in the household. Since a detailed
description of these factors has already been
presented, we will consider now the association
of cach one with the presence or absence of
severe malnutrition.

Biologic characteristics of the parents

The variables in age, height, and weight of
either parent, number of pregnancies, and num-
ber of live children in the family failed to dis-
crimiate between families with .and without
severely malnourished children.

Table 7. Mean ber of bipol icepts in children with past or present severe malnutrition and in matched

controls.

~ Age (months) 6 3 1 18 46 52 58

Past or present 1.61 &= 1.26 3.92 2 2.56 4.85 = 3.15 6.07 2= 2.94 12.16 2= 4.13 15.35 & 3.05 17.21 & 2.60
malnutrition :

Controls 3.54 4+ 2.11 546 4= 2.96 8.92 4 3.26 13.42 4- 3.56 16.92'+ 3.26 18.42 4 3.29 20.07 & 1.38 -

"'d" test 2.68¢ 1.42 3.360 5.97° 3.66"

3.23" 2_57:1

@ Significant ar less than 0.05.
b Significant at less than 0.01.
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Sociocn "chwracteristics

No s ificant relationship was found be-
tween the presence or absence of severe clinical
malnutrition and the variables of personal
cleanliness, literacy, and educational level.

Contact with information mass media was
explored through literate parents’ newspaper
reading and radio listening. The number of
mothers or fathers of malnourished children
who were regular newspaper re fders was not
ditferent from the number who were in the
matched control group. Similarly, the number
of fathers who listened regularly to the radio
was the same in botn malnourished and control
groups. As may be scen in Table 8, the case
of the mothers was different. There were
almost equal numbers of radio listeners and
nonlisteners in the malnourished group, but the
number of listeners among the matched con-
trol group was more than three times the
number of nonlisteners. The difference is sig-
nificant at the 0.05 level of statistical confi-
dence {Chi square ~- 4.20; Df = 1; p <
0.05).

Family structure

The variables of family size and type of
family (nuclear or extended) were not found
to differentiate between the malnourished and
control groups.

Family cconomic status

The socioeconomic status of the ;amilies
was estimated using four indicators: main
source of family income, sanitary facilities in
the houschold, annual income per capita, and
percentage of total expenditures spent on food.

Table 8. Radio listening by mothers of severely mal-
novrished chilc.en ond motched contrals.

Radio Listening

.Mothers of Yes No Total
Severely malnourished children 8 10 18
Matched controls . 14 4 18
Toral 22 14 36

X?=4.20; Df=1; p<0.05.
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No significant associations were found be-
tween any of these feur indicators and the
presence or absence of severe malnutrition.

In summary, of all the features of the
macroenvironment considered, the only differ-
ential between severely malnourished children
and controls, matched at birth for gestational
age, bady weight, and total body length, was
the motl.:*'s contact with the world outside
the village through regular radio listening.
None of the other characteristics of the parents
(bioiogic, socie!, or cultural) or familial cir-
cumstances, including income pe: capita, main

source of income. and family size, were signifi-

~antly associated with the prosence or absence

of severely malnourished children.

Since the features of the macroenvironment
could not explain severe nalnutrition, our
artention has turned toward the analysis of the
microenvironment of the two sets of children.
We hav selected the potential stimulation of
the home ar our first general in.icator of the
quality of child care, and of the mother as
the principal stimulating agent for young
children.

The instrument used for estimating home
stimulation was the inventory developed by
Beattye Caldwell (3). This inventory was
designed to sample certain aspects of the quan-
tity and, in some ways, the quality of social,
emotional, and cognitive stimulation available
to a young child within his home. Two forms
of the inventory were used, one designed for
infants up to three ycars of age, and the other
for children three to six years old. In both

‘version; the selection of items included has

been guided by a set of assumptions about
conditions that foster development. Accord-
ingly, the inventory desciibes and quantitates
cight areas of the home environment (1) fre-
quency and stability of adult contact; (2)
vocal stinivlation; (3) need gratification; (4)
emotional climate; (5) avoidance of restric-
tion; (6) breadth of experience; (7) aspects
of the physical environment, and (8) available
play materials. In each of these areas almost all
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items receive binary scores and no attempt is
made to rate finer gradations, The total score
is the number of items recorded as positive for
the child's development. M it is desirable, each
arca mav be scored separately and related to
specific features of development.

A trained psychologist recorded the inven-
tory of hone stimulation in every child in the
cohort at six-month intervals during the first
three years of life and at vearly intervals there-
At the time of data collection and scor-

,

¢

after.
ing, the psychologist was unaware of the nutri-

tional antecedents of the children.

Figures 24 znd 25 show the distribution of
home stimulation total scores obtained in mal-
nourished and control children at six and 48
months of age. As may be noted, even at six
months, when only one case of severe clinical
malnutrition was present, the control children
had  significantly  higher home stimulation
scores. Thus, while none of these children had
homes with less than 30 points, almost one-
fourth of the homes of the future malnourished
children scored below 30 and almost one-half

had scores below 32 points. Similarly, at 48

100
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Figure 24. Proportion of malnourished and control chil-
dren showing different home stimulation scores at six

months of age.
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Figure 25. Proportion of malnourished and control. chil-
dren showing different home stimulation scores at 48

months of age.

months of age children who had recovered
from malnutrition were living in homes whose
scores in home stimulation were well below
those in which the control children were living.
In a range of scores from 60 to 120, about
one-half the survivors from severe clinical
malnutrition had home stimulation scores below
94 points and only one home had a score be-
tween 105 and 109. This distribution of scores
is markedly different from that shown by the
homes of the controi children, among which
only one had a score below 95 while four
reached values between 110 and 120. These
differences are statistically significant at the
0.01 level of confidence.

The diftference found in the quality of home
environment  between  severely  malnourished
children and matched controls points toward
the value of analyzing other features of the
microenvironment. The association between the
presence of severe clinical malnutrition and the
mother’s psychalogic profile, maternal attitudes,
proclivity toward change, concepts of health
and disease, concepts of food and feeding, and

family visiting pattern is now under analysis.

92
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Since on the one hand the presence of severe
malnutrition was significantly associated with
home stimulation, and on the orher survivors
of severe malnutrition showed a significant lag
in language bipolar concept formation, it
seemed logical wo investigate the interrelations
among these three factors in order to estimate
tharr possible role. As a first approach to this
issue a technique of partial correlation was
used to look at the degree of association be-
tween two variables “holding constant” the
influcnce of the third variable. Since the num-
ber of cases of malnutrition was rather smuall,
to test for the

total birth cohort.

we decided interrelations in

The coetheients of correlation product X
moment among home soimulation scores, total
body height, and number of bipolar concepts
present at 46 months of age in the total cohort
(229 children) were:

Home stimulation score:

Number of bipolar concepts = 0.20
Home stimulation score:
Total body height = .23

Total body height:
Number of bipolar concepts = 0.26

When the relation between home stimulation
and number of bipolar concepts v s partialed
out for body height, the coeflicient of correla-
tion dropped from 0.20 to 0.15. When the
relation between body height and number of
bipolar concepts was partialed out for home
stimulation, the coefficient changed from 0.26
to 0.23. Fimally, when the number of bipolar
concepts was “held constant,” the coefhcient of
correlation between home stimulation and body

height changed from 0.23 to v.19. These re-
sults suggest that the association between home
stimulation and number of bipolar concepts
is mediated to 1 good extent through body
height, which in turn holds a significant de-
gree of association with the number of bipolar
concepts independently—to
Within
probabilities given by the

a large exeent—ot
home stimulation, the lmits of the
magnitude of the
coctheients, home stimulation contributes rela-
tively more to body height than to number of
bipolar concepts, while body height contributes
more than home stimulation to the variance of
Other forms of

approach to the problem of the relative contri-

bipolar concepts. statistical
bution of several variables to both the presence
of mualnutrition and the presence of somatic
and mental lags in survivors, such as regression
analyses and mwltivariate analysis of variance,
should be tried ro obtain a more quantitative
answer to this sabject.

With the results now availuble, one can fairly
state that (1) susceptible infants cannot be
identified before the development of severe
clinical malnutrition since they do not differ
from the rest of their birth cohort somatically
or behaviorally; (2) the appearance of severe
clinical malnutrition seems to be associaced, in

. preindustrial comnwnities, with features of the

microenvironment; (3} children who have re-
covered from severe clinical malnutrition lag
behind controls in language development, but
tal conditions are

poor microenvironmental

sufficient to fully explain the behavioral lag,

not

and (4) how long the survivors will perform
below the matched controls’ vatues still lacks
an adequate answer.
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SUMMARY OF SESSION I

Jack Tizard'

The five papers in our second session had cer-
tain common elements. Dr. Klein and his col-
leagues in Guatémala have been studying chil-
drew born in four Guatemalan villages during
the last five years, and he has presented some

“of his preliminary findings on psychologic test

performance and its implications. The object
was to clucidate the relations among various
measures used to assess the effects of dietary
supplementation upon growth and develop-
ment. Like the other speakers today, Dr. Klein
was concerned with the development of mea-
sures as well as the development of children.
Among the measures he has used are indicarors
of sociocconomic status and psychologic func-
tioning, as well as indicators of nutrition and
of the child’s physical growth. The message
veported was a twofold one: first, we cannot
say that “performance” is determined by one
set of factors rather than another, and second,
for predictive purposes we need to adopt more
complex models than the simple additive or
correlative ones that are commonly used.

Dr. Klein’s paper raised a number of ques-
tions. One is the definition of an adequate psy-

‘chologic test—something that came up in one

way or another in all the papers—and which
indeed constantly arises in work with children
who differ from the samples of North Ameri-
can, British, or other European populations that
have been used to standardize most of our tests.
To simplify the presentation of his findings,
Dr. Klein picked out a number of particular
subtests—four psychologic subtests out of 40
—which he used as the basis for his arguments.
I think that this was probably a mistake. With
mental test data one finds that the validity

! Institute of Education, University of London, Lon:
don, England.

of individual items and subscales is almost uni-
versally low, even when the validity of scales
made up of numbers of items is very high.
Thus, correlations between scores on individual
items in a Binet test, for example, may be as
low as 0.3, but when you add a number of these
carefully selected items together you get highly
reliable test scores that also have a substantial
face validity. -1 should think that when one
has given a number of ad hoc tests of a general
kind, the first and most successful next step
would be to examine the way in which scores
on different subtests are related one te another.
One might be able to add items or subscales,
and so derive indicators that were of high re-
liability and evident face validity. Once one
had such indicators, the way would be open
for more sophisticated analyses of the signifi-
cance of differences in scores obrained on the
various factors believed to exert an influence
on performance.

Perhaps the most interesting aspects of Dr.
Klein's presentation came out during the fol-
lowing discussion rather than in the paper itsclf.
He told us that the growth rates of children
whote diets had been adequately supplemented
were not significantly different from those of
well-fed North American children, but they
were vastly different from those of children in
control villages and in the rest of Guatemala.
We would all have liked to examine these data
in detail.

Dr. Klein also told us in the discussion about
observational studies which he has been carry-
ing out. Data collection on the rate and fre-
quency of social and physical contact between
mother and child is labotious, and the data are
difficult to score, he reports. 1 do tope, how-
ever, that he will not too readily give up the
further collection and analysis of this kind of

[EERRTTRT
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material.  Inasmuch as it bears on the quality
of life of children, it is ltkely .to be most im-
portant to an understanding of the ontcome of
severe malnutrition, just as it is likely to con-
tribute greatly to our knowledge of the con-
comitants and effects of chronic snbautrition,

The Mexican studies reported on by Dr.
Cravioto in his masterly paper. represent the
work of a large team of careful investigators
who in 15 years or so have developed indicators
they are now able to use very effectively to
answer specific questions. The careful deserip-
tion of a particular village—the ""Village of the
White Dust,” which must by now be the most
famous village in Mexico—is, I think, a neces-
sary beginning to longitudinal study of the
sort in-which Dr. Cravioto is engaged.

Dr. Cravioto arrested our attention by tell-
ing us that despite the presence 1n the village
of three rescarch pediatricians, four psycholo-
gists, 10 social workers, two administrators,
and several others on the research team, there
were still 22 cases of malnutrition there over a
period of time. By asking why this should
occur, he began to raise issues of the most pro-
found clinical as well as soctal importance. He
analyzed in detail the macroenvironment of the

families of these children and of a matched -

control group, and showed them to be similar.
Then he went on to analyze the microenviron-
ment of the two sets of families to show why
some children living in very poor circumstances
developed clinical malnutrition, whereas others
did not. The answer scemed to be very clearly
related to differences in the qualities of the
microenvironment. [t follows that if one is
going to intervene to cut down the incidence
of severe malnutrition, one has to find ways to
influence the microenvironment. A careful
description of the qualities of this environment
is an essential first step toward this goal.

Dr. Ménckeberg's paper again reminded us
of the recurring cycle of malnutrition, poverty,
and poor health and environmental circum-
stances, and of their blighting effccts on the
development of children. He pointed out that
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Santiago children who are not dropouts or carly
leavers but remain at school are those who are
taller, heavier, and better fed and who have
higher 108 and better school performance. In a
tantalizingly brief account, he reported on 2
stndy in Colombia in which 1 svstematic at-
tenpt is being made to vary physical and cog-
mitive stimulation and to supplement the feed-
ing of children of different ages in order 10
examine differences in outcome. Tt was impos-
sible from his brief description to get a clear
picture of this study, however. Tt is fairly
claborate and very ambitious, but if it can be
carried through it seems likely to yield results
of profound importance for our understanding
of recovery from malnutrition.

I would like to take issue with one of the
conclusions Dr. Moinckeberg drew  from  his
Chilean studies of the effects of intervention
with a group of children aged seven to nine
years. A nine-month dictary supplement re-
sulted in an inerease in the height and weiyght
of the children, but no increase in incelligence.
From this Dr. Minckeberg appears to have
concluded that by the age of seven it was all
a bit too late, that no intervention after the
age of five or six was likely to be very ceffective
in shifting 1Q. It is not legitimate to assume
this from one particular study, in which in
any case no special attempt was made to pro-
vide mental stimulation. Fuorthermore, there
are other studies whirh show that changes in
life cifcumstances can bring about substantial
increases in intellectual functioning even if
they occur during late adolescence. Husén, for
example, in a study of young men entering the
Swedish Army, compared the 10s they achieved
at call-up with their 1Qs at 11 years of age.
Those who had left school carly had markedly
lower 1Qs at the age of 18 than those of identi-
cal 1l-year-old 1@ who had continued longer
in school. Similarly, Alan Clarke has shown
that mildly retarded young men and women
who in adolescence enter a mental subnormality
hospital (in itself a pretty unstimulating envi-
ronment, but one perhaps more stimulating
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than the environments in which they were liv-
ing before admission) are likely to increase in
intelligence.

The point is, we simply cannot afford to
give up in adolescence, nor indeed does the
evidence suggest that mental performance is
immutable by then, What we must do is to
learn from what [ understand the Cubans and
the Chinese are doing, namely to think about
the wholesale education of adults as well as
children. It is perfectly true, as Dr. Moncke-
berg has said, that if we are 1o solve the prob-
lems of malnutrition on a world scale, some-
thing like a new environment will have to be
created, but to say this is not in itself very
helpful. We have also to look at all stages and
ages to sce what possibilities are open to us in
an imperfect world.

The studies in Uganda and Janmaica were
similar in many respects: they both inyvestigated
the long-term effects of malnutrition in infants
and young children admitted to research wards
in a university hospital.  They also inquired
into the age of acute illness and its relationship
to outcome. Interestingly, though these two
studies were both carried out at about the
same ume and by people working in British
Medical Research Council units, none of those
who took part in ecither study was more than
barely aware that the other study was being
carried out, This raises the question of how
communication can be improved. 1 do not

think the answer is through newsletters in

which people are asked to write about projects

they are just about to undertake.

Despite a lack of communication between
those taking part in the Kampala and Jamaican
studies, the two investigations had much in
common, both in methodology and .he con-
clusions that stemmed from them. The Jamai-
can study showed in a population at risk that
children hospitalized because of an acute epi-
sode of severe ma'nutrition are likely in later
childhood to be shorter, less intelligent, poorer
in school performance, and less socially compe-
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tent and to weigh less than their classmates.
Ditferences between the severely malnourished
children and their sibs are less clear. Further-
more, the study produced no evidence to sug-
gest that children admitted to hospital after
the first nine months of life were less likely to
be physically or mentally stunted iv later child-
hood than those admitted before nine months.
It did suggest, however, that when the post-
hospital environment was more in ellectually
stimulating, the outcome was likely to be better
than anong children growing up with poorer
intellectual stimulation. This is the only cheer-
ful feature in a sct of otherwise melancholy
conclusions which are of great social impor-
tance.

In the Kampala study it was found that
previously malnourished children were stunted
relative to their comparisons. Using a wide
battery of psychologic tests, the investigators
were able to show that certain functions in the
malourished children were significantly  de-
pressed whereas other capacities were relatively
spared. They also report rhat motor coordina-
tive activity and intellectual level were signifi-
cantly lowered in the previously malnourished
children. The studies’ main difference lies in
the Jamaican attempt to explore the back-
ground histories of the children to determine
what social and biologic factors besides nutri-
tion influence the children’s current level of
functioning. '

All the work we have described clearly
points up the need to develop better attainment
and outcomne measures for children of different
cultures. Measures of the performance of indi-
vidual children are perhaps better developed
than measures of home stimulation. Caldwell’s
Index is probably the first not wholly unsatis-
factory measure that we have of home stimula-
tion, but it seems evident that we have a long
way to go before we can really assess the
quality of the child’s microenvironment in a
satisfactory way. Both Dr. Cravioto’s and Dr.
Richardson’s papers give us some idea of the
ways in which we can approach this task.
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Even with the measures we already have,
comparisons can be made berwectt subgroups
living in particular cultures. It is mtch nore
dificult, and indeed it may be impossible in
the short term at any rate, to carry one’s com-
parisons across cultures. But if the same kind
of funcuional relationships are found to obtain
first in one culture and then in another, we do
gain confidence in their generality. Thus,
though different operational measures of intel-
lectual stimulation were employed in the
Jamaican and Mexican studies, both revealed
that the severely malnourished children had
experienced less intellectual stimulation than
their comparisons.

It should also be noted that the studies today
are showing the need to ask more, and more
sophisticated questions. We are already looking
much more analytically than in the past at the
nature of psychologic deficit and at the inter-
actions among sociocultural and nutritional

variables cthat are responsible for poor perform-
ance, for example. T hop. that we will soon be
hearing reports of other studies in which the
ethcacy of different types of treatment regimen
is compared. The stage will then be set for us
to move, in different fields, from epidemiologic
and clinical studies which are largely descrip-
tive, to studies that enable us to bring clinical
and socially relevant factors under some kind
of experimental control.

My final point concerns the relevance of
animal data to human cpidemiologic and clini-
cal study. Dr. Stewart’s research and some of
the other work mentioned yesterday indicates
that future studies are likely to be much more
than biochemical. Theoretical and methodo-
logic problems exist that are greatly clucidated
by animal experiments and models, and com-
parative psychologists have in recent years been
pursuing them with great sophistication and
conspicuous success.
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ECOLOGY OF MALNUTRITION: NONNUTRITIONAL FACTORS
INFLUENCING INTELLECTUAL AND BEHAVIORAL DEVELOPMENT

Stephen A. Richardson’

Introduction and Review

In the report of the International Conference
on Malnutrition, Learning, and Behavior held
in 1967 at the Massachusetts Institute of Tech-
nology, the editors made the following com-
ment on the ecology of malnutrition:

With the wide variety of determinants already

identified, the approach becomes clear; it is cco-

logical—the interplay between man as a biologt-
cal organism and as a human being, and the whole
of the many-sided environment in which he lives
(22).

In his introduction to the session, the moder-
ator, Dr. William Darby, stated:

Of necessity, the test of ecarly malnutrition as a
determinant of learning and behavior 1n man is
through ficld study of people in their natural
setting, exposed to all the influences that deter-
mine intellectual capacity and behavior patterns.
. . . The aim of the ficld study is to sort out the
relative contribution of malnutrition among a
varicty of other factors (22).

The purpose of many studies presented at
that conference was to investigate the long-
term consequences of malnutrition during
pregnancy and the early life of the offspring.
In almost all the studies a-quusi-experimental

' Departments of Pediatrics and Commemity Health,
Albert Einstein College of Medi:ine, Bronx, New York,
USA.

design was used in which the attempt was made
to hold constant all ecologic variables except

‘nutrition that nught impair functional devel-

opment. One design was an experimental inter-
vention model using two human populations
that were as nearly as possible equivalent in all
respeets and in which severe malnutrition was
prevalent during pregnancy and carly child-
hood. Food supplementation was given one of
the populations without any other change.
The later intetlectual and behavioral function-
ing of the children in the two populations was
subsequently measured. A study using this
approach was outlined by Canosa (4).

To meet the requirements of this design, it
is necessary to determine that severe malnutri-
tion does occur in pregnant women and infants
in the two populations; that supplementary
feeding occurs in the experimental group, and
that the food given is used as a supplement
and not as a substitute; that the supplementary
feeding does not change other factors (or that
these other factors are changed in the control
group) and that all factors that influence intel-
lectual and behavioral development in the chil-
dren studied are the same in the experimental
and control populations. A satisfactory study
must identify and measure the factors other
than nutrition that affect the functional devel-
opment of children and not merely assume their
equivalence in the experimental and control
groups. Such a study must begin before the
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mother’s pregnancy and continue during the
infancy of the offspring and into school age
until the behavioral and intellectual level of
children can be tested with measures that have
predictive value. To meet these experimental
requirements, a number of very difhcult prac-
tical and cthical problems must be overcome.

A second  quasi-experimental approach  de-
pends on ""natural” intervention (3, 5, 6, 23).
In this type of approach a group of children
who were known to have been severely mal-
nourished in infaacy are identified, and an
attempr is made to find a matched control
child for each malnourished child. The con-
trols must not have been severely malnour-
ished, and ideally must be matched for all
biologic and social factors that contribute to
later intellectual and behavioral functioning.
In practice the cases called "controls” have
been matched with the experimental cases on
such variables as age, sex, socioeconomic status,
and being in the same classroom at school. An
alternative has been to use the malnourished
child’s sib as a comparison (1, 14). Here the
assumption is made thar by living in the same
family the index child and sib will have ex-
perienced very similar ecologic conditions. They
will necessarily differ in age, pregnancy num-
ber, and ordinal position within the sibship, and
they may differ by sex unless this is used as a
control variable. In these studies the assump-
tion is made that all factors other than the
control variables are held approximately con-
stant, or that what variation does exist is ran-
domly distributed between cases.

The quasi-experimental approaches have in-
herent limitations. One is that if all variables
except nutrition that influence the functional
development of the child are controlled, it
would prevent the study of variations in all
variables except. malnutrition, It limits the
study of interaction effects between nutrition
and the other ecologic factors, or the varying
circumstances and conditions under which mal-

nucrition has differential effeces on later fune-
tioning. It is reasonable to expect that the
consequences  of  severe  nalnutrition  vary
widely depending on the ways in which other
biologic and social factors intluence a particular
child. The interaction of background facrors
related to the intelligence of children may be
illustrated from the following report of a study
of school children in Scotland:

The purpose was to cxamine the association
between combinations of birth weight and gesta-
tional age, and later intellectual functioning of
the children. Further, we wished to see whether
low birth weight and gestational age would have
diffeient associations with the child's intelligence
at age 7 depending veon the general life styles
in which the child lived. We therefore looked
at the associations for cach social-class category
scparately. In order to avoid the effects of obstet-
rical and nconatal complications, any cases with
such complications were removed and  analyzed
separately . . . {The analysis was also restricted
to children who had not been administratively
classified as mentally subnormal. We had found
sceparately that low hirth weighe] . . . and low
gestational age were more frequent for mentally
subnormal children than for children who were
not mentally subnormal.

Figure 1 shows the average 1Q of children with
different birth  weights  and  gestational  ages
within cach soctal ¢’ ss category. For cach social
class, children wi  "(rth weights of less than
5 pounds and g .donal ag. of less than 37
weeks have lower IQ scores than the average 1Q
for all children within the same social classes
[Table 1]. With the exception of the upper
social class I-llla, when children have experi-
enced both low birth weight and low gestational
age, they have lower average intelligence scores
than when fow gestational age was present, but
not low birth weight. The size of difference
in average IQ between all children in a social
class and the children with low birth weight
and gestational age is larger in the lower than
in the upper social classes. This suggests that there
is a biosocial interaction, with children of lower
social class families at greater risk of intellec-
tual impairment from jow birth weight and
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Figure 1. 1Q test scores and sacial class af seven-year-
ald children with different gestatianal age (GA) and
birth weight (BW) in Aberdeen, Scatland, 1962. Cases
with evidence aof abstetric camplicatians ar law physi-
cal grade at birth were excluded.

gestational age than children from upper class
families (20). '

This study shows the way in which low birth
weight and shorter gestation appear to have
Table 1. 1Q test scares and sacial class of seven-year-

ald children with different gestatianal age (GA) and
birth weight (BW) in Aberdeen, Scatland, 1962.

more severe affects on intelligence in children
who live in a lower-social-class family.

A second limitation of quasi-experimental
designs in the study of severe malnutrition is
the highly questionable assumption that through
controlling variables such as sociveconomic
status, however detined, all factors that influ-
ence the intellectual and behavioral functioning
of children are also controlled. This is recog-
mized in the discussion of most of the studies.

The literature on malnutrition in childhood
suggests some of the ecologic factors that need
to be considered. Craviotv .nd his coworkers
(7) give a schematic piesentation of the inter-
relation among biosocial factors and low weight
gain. Richardson (17) discusses the influence
of social, environmental, and nutritional factors
on mental ability, and Kallen (/1) provides a
schema of interdependent, interacting factors
determining learning. Hansen and coworkers
(9) suggest that retardation of growth and
development occurs with . . . poverty, in-
adequate maternal care, disturbed family rela-
tionships, overworking, lack of educational and
play facilities, illness, scant medical facilities
and general paucity of the cultural environ-
ment.” These presentations are suggestive and
descriptive. There is need for fuller and more

L Social class Number Average1q  systematic consideration of factors other than
IFla nutrition that influence the functional devel-
Total'in social class 1,556 10 opment of children, however. There is also
GA < 37 wks.,, BW > 5 1be. 37 105 .. .
GA < 37 wks. BW < § Ibs. 9 107 need to develop ma]nut'ntnon rcsea‘rch that in
1Hib corporates these ecologic factors into the re-
Total in social class 1,490 105 search design, data gathering, and analysis.
GA < 37 wks., BW > 5 Ibs. 18 99 The remainder of this paper is a consideration
GA < 37 wks., BW < 5 Ibs. 13 93 of these two issues.
e .
Total in social class 1,310 102
GA < 37 wks., BW > 5§ lbs, 29 99 Identification of Ecologic Factors
GA < 37 wks., BW < 5 1bs. 16 94 Influencing Functional Development
w
2-;0“‘[ in social class 939 98 Even a cursory review of the social and
A < 37 wks.,, BW > 5 |bs. 22 -95 biologi . . .
GA < 37 wks. BW < 5 Ibs. 7 <80 1o Oglc research lnt'craturc dealing w:t‘h factors
v that influence the intellectual and social devel-
Total in social class 864 9 opment of children reveals a diverse and for-
GA < 37 wks., BW 2> 5 Ibs. 2 2 midable array of theory, concepts, research
GA <37 wks., BW < 5 Ibs. 10 <80 reports, inferences, and speculations. wertainly
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no investigation can deal systematically with
all the known and suspected factors that influ-
ence the functional development of children,
but the study of sclected background factors
judged to be salient is possmble and provides an
essential basis for xamining the relative impor-
tance of the influence of malnutrition compared
to other ecologic factors.

The ecologic factors shown in Figure 2 are
illustrative of what mav be derived from a
review of the general topics of social and human
deprivation, child development, pediatrics, and
obstetrics (8, 12, 13, 15, 16, 21, 24, 25). In
developing the list of factors, the background
of the malnourished children was considered
in terms of factors that influence the furc-
tional development of children and may be
biologic, sociai, physical, or technologic in
nature. One useful way of looking at a wide
variety of background factors is to consider
the material and human resources that are
brought to bear in the care and upbringing of

the child. Some ecologic factors may have a

pervasive effect that influences many of a
child’s functional modalities. Other factors
may have more limited influence and affect a
single function of the child.

The outcome measures of functioning of

children should include not only anthropometry
and 1Q, which have been the major preoccupa-
tion of investigators studying the long-term
cffects of malnutrition, but also mcasures of
school performance, cognitive functioning, be-
havior, level of health, and indicators of céntral
nervous system impairment.
. The list of factors presented in Figure 2 was
developed for a study in Jamaica of the long-
term consequences of severe malnutrition in
the first two years of life. Because data from
that study will be used to illustrate points in
this paper, a brief description of its research
design is necessary.

Boys who had been hospitalized with the
primary diagnosis of severe malnutrition some-
time during their first two years of life were
sclected for study. They were traced when

Figure 2. Ecologic factors.

Child's Biologic M sther
Reproductive history
Health history
_Mother's or Caretaker’s Capabilities and Activities
Verbal ability
Values
Exposure to ideas
Activities and affiliations
Human resources
Training and upbringing of the child
Aspirations for the child
Mother as teacher of the child
Father or Adult Male
Presence of adult male role model in the household
Existence of affectionate ongoing relationship with the
child
Joint activities of husband and wife with the child
Degree of conflict or cooperation between husband and
wife in childrearing
Family
Composition
Stability
Extended family
Social relations between family, friends, and neighbors
Alternative caretakers available for the child
Physical and Economic Resources of the Family
Income in cash and kind
Type and size of dwelling
Water supply
Availability of electricity
Appliances
Type of fuel used '
Transportation
#viea of Residence
Spectrum ranging from isolated rural location to large
urban center
Child’s Background History
Pregnancy number and ordinal position
Birth weight and general healith history
(other than malnutrition)
Feeding during the first two years of life
Continuity in prime caretaker
Continvity in composition of family
Relationships with adults
Relationships with other children
Exposure to ideas and languoge
Activities and experiences outside the home
School history

they were between six and 10 years of age.
For cach malnourished boy (n == 74 index
cases), two boys were also chosen for study
who had not been severely malnourished: the
sib of the index case of the same sex and
nearest in age (n == 38 sibs) and a classmate
of the index case of the same sex and nearest
in age to the index case (n = 71 comparisons).
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For cach boy in the study a detailed psycho-
logic, anthropometric, and pediatric neurologic
assessment’ was made. Their schools were visited
to obtain their terchers” assessments of the boys’
school performance and behavior. Home visits
were made to obtain comprehensive information
on the child’s social and Liologic history and a
range of ccologic factors that may have influ-
enced his functional development. The factors
in Figure 2 vary widely in levels of abstraction,
and the translation of these factors into data
collection procedures is a major undertaking.
The procedure must be partly inductive be-
cause the speciic questions, observations, or
use of documentary sources must be meaning-
ful and relevant to the particular society and
culture in which the study is undertaken. The
procedure must also be partly founded on pre-
vious research or theory to provide a basis for
selection among the almost infinite number of

variables that might be identified.

Translation of Concepts into a
Data-Gathering Procedure

There is a conceptual procedure that must
be undertaken regardless of where a study is
conducted. This involves the translation of
cach of the general factors that may influence
the child’s functional development into the
specific units of information to be obtained in
data cqllection. The procedure can best be

explained by means of an illustration from the -

Jamaican study. Conceptually, an important
factor in the development of a child is “intel-
lectual stimulation,” This is an abstraction
that needs to be reduced to the various specific
ways in which a child receives intellectual
stimulation: for example, being read to aloud
or being told stories, having pictures to look
at and materials for drawing and painting,
contact with mother or principle caretaker
having a good command of language, convers-
ing with and encouraging the child to talk and
think about things, Observations or questions
that will get information on these indicator

variables have to be developed in careful pre-
testing.  Seven questions used in Jamaica as
indicators of intellectual stimulation will serve
as an illustration.  The questions were:

1. Does he have any tovs you or anyone

else has given him?

2. Does he have any books or magazines?
3. Docs he listen to the radio?

4. Does [childs name] watch TV?

5. Have you or anyone else taken [child’s

name] on trips to other places besides the
visits to relatives and friends you have
told me about?

6. Does anyone tell him stories?

7. Does anyone read to him?

Questions were asked of the child’s mother or

“principle caretaker and answers were coded as

rr ”"

"ves,” or "'no,” or “do not know.”

Data Analysis

In undertaking the analysis of functional
outcomes, we already knew that the malnour-
ished children were significantly smaller, had
lower 10's and school performance, and were
more impaired in behavior in the school setting
(2,10, 18, 19).

Each question in the intellectual stimulation
index was based on the theoretical prediction
that those children for whom negative responses
were obtained would receive less stimulation,
and that those with less stimulation would
have lower 1Q, poorer school performance, and
impaired social behavior. To test these assump-
rions, the associations between the answers to
cach of the questions and measures of the
child’s functioning were examined separately
for the index and comparison children. The
strongest evidence in support of the predictions
would be a positive association between nega-
tive responses to the questions on intellectual
stimulation and the presence of impaired or
poorer functioning for both index and com-
parison sets of children. If a positive associa-
tion is found for the comparison but not the
index children, the result might suggest that
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malnutrition is sufficiently powerful in its
the effect of

stimulation. On the other hand, if an associa-

influence to mask intelectual
tion is found for the index children but not
for the comparison, the finding might suggest
that intellectual stimulation is more influential
for malnourished children. If no association is
found for either set of children, it suggests
these particular indicators of intellectual stimu-
lation are unrelated to functional competence

or are not appropriate indicators of intellectual
stimulation.

Table 2 shows the associations berween the
seven indicators of intellectual stimu!vion and
full-scale 1@ for the index and co: 2 sets
of children.! For the index chila db the

! Comsideration of other functional modalities such as

$ schaol performance and behavior have been omitted to

simplify  the illustration.  Consideration of the sib s
omitted for the same reason.

Table 2. Relotionship between indicators of intellectuol stimulaotion and full-scale 1Q for molnourished and non-

malnourished sets of boys.

Malnourished No}lnmln(r)lrn.tri—s.he-;lr
Full-scale 1Q (index) (comparisan}
Toys given child Tovs given child
Yes No X2 p* Yes No X: p*
Below median 22 16 0.891 "NS. 23 13 5.637 <0.01
Ahove median 24 11 31 4
Has books or magazines Has hooks or magazines
Yes No X2 o Yes No X? P
Below median 7 31 6.998 <0.005 13 23 3.156 <0.05
Above median 17 19 20 15
Listens to radio Listens to radio
Yes No X p Yes No X? P
Below median 28 10 1.016 N.S. 30 6 0.430 N.S.
Above median 30 6 27 8
Warches v Watches rv
Yes No X2 P Yes No X2 p
Below median 12 24 6.727 <0.005 14 22 9.040 <0.005
Above median 23 13 26 9
Taken on trips Taken on trips
. N JER .
Yes No X2 P Yes No X? p
Below median 11 27 6.504 <0.01 12 24 7.445 <0.005
Above median 21 15 23 12
Told stories Told stories
Yes No X p Yes No X2 p
Below median 19 19 4.912 <0.025 24 12 0.113 N.S.
Above median 27 9 22 13
Stories read to child Stories read to child
Yes No X2 p Yes No X2 p
Below median 26 12 1.426 N.S. 27 ) 9 0.2541 N.S.
Above median 29 7 28 7

*All probability levels are one-tail due to the directional nature of the hypothesis.
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associations are in the predicted direction and
four are statistically significant.* For the com-
parison children, four are in the expected direc-
tion and all four are statistically significant.
Having examined the indicators of intellec-
tual stimulacion separately, they may now be
combined inro an overall index. This provides
some indication of the cumulative effect of
responses to the seven separate indicators. Each
response is given equal weight because there is
no obvious conceptual basis for differential
wetghting. The overall score ranges from 0-7,
a score of 7 indicating maximal stimulation,
and a score of 0 minimal sumulation. Table 3
shows a significant positive associs tion between
intelleztual stimulation and 10 for index and
comparison scts (p < 0.005 and p < 0.025,
respectively). This result does not establish
that a higher level of intellectual stimulation
in childhood causes better intellectual func-
tioning. It only shows an association, and cause
can be attributed only through “guilt by asso-

* All probability levels included in the test and tables
are one-tail due to the directional nature of the
hypothesis.

ciation.” Nevertheless, the analysis does pro-
vide useful evidence.

Having found evidence in support of the
hypothesis that children who receive less intel-
lectual stimulation will have lower 10s, it is
now worth testing the prediction that the
malnourished boys have reccived less intellec-
tual stimulation than the comparisons who
were not malnourished. No significant differ-
ences were found between the index and com-
parison sets of children for any of the seven
indicators of intellectual stimulation, although
all show a trend in the expected direction. For
the overall index of intellectual stimulation
(Table 4), however, the association is in the
predicted direction at the p < 0.025 level of
significance.

So far the associations between Talnutrition
and the. children’s 10s, and between intellectual
stimulation and 1Q have been considered sepa-
rately. To examine the combinations of nutri-
tion and intellectual stimulation, the following
four subsets of children were chosen.

1. Malnourished boys low on intellectual

stimulation.

Table 3. Relotionship between index of intellectuol stimuletion ond fullscole 1Q for molnourished ond non-

molnourished sets of boys.

Malpourishcd Nonmalnourished
Full-scale 1q (index) (comparison)
Index of Index of
intellectual stimulation intellectual stimulation

Below Above X2 p* Below Above X2 p"

median median median median
Below median 27 11 9.242 <0005 22 13 4.629 <0.025
Above median 12 22 13 22

* All probability levels are onc-tail due to the directional nature of the hypothesis.

Table 4. Differences between molnourished ond nonmolnourished sets of boys on index of intellectuol stimulotion.

—__Indcx of intellectual :
Malnourished

stimulation (number of Nonmalnourished
““yes'' responses tO (index) (comparison) X2 : p*
indicator questions)
0-3 28 24
4-5 30 20 6.974 <0.025
6-7 14 28

# The probability level is one-tail due to the directional nature of the hypothesis.
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2. Malnourished boys high on intellectual

stimulation.

3. Nonmalnourished boys low on intellec-

tual stimulation.

4. Nonmalnourished boys high on mtellec-

tual stimulation.

Based on the previous analyses we would
expect subset 1 to have the lowest level .\ and
subset 4 to have the highest level. Of particu-
far interest will be the distribution of 1@ within
subsets 2 and 3 as an indication of the relative
salience of malnutrition and intellectual stimu-
lation for 1Q. The results of this analysis (Table
5) tor the two extreme subsets are as expected,
The average 1Q for the comparison boys with
high intellectual stimulation is 18 points higher
than the index boys with low intellectual stimu-
lation. No significant difference is found be-
tween the two intermediate subsets (Table 6),
and there is an average 1Q difference of only
two points. Considering the interaction be-
tween nutrition and intellectual stimulation,
these results suggest that malnourished children
with high intellectual stimulation function as
well at school age, as measured by 10 as children
who have not been malnourished but have
received low intellectual stimulation.

To determine whether these resuits have been
obtained largely because of the contribution
of a few extreme cases, cumulative percentage
distributions for the four subscts of children
were prepared (Figure 3). The results show
that this 1s not the case.

The steps outhined for examining the variable
of intellectual stimulation may be applied to
each of the ecologic factors—both social and

CUMULATIVE PERCENTAGE

KEY:

INDEX. BELOW MEDIAN
INDEX, ABOVE MEDIAN
- COMPARISON. BELGW MEDIAN
COMPARISON, ABOVE MEOIAN

0 " i i A i N i A i A A A

<46 46-50 51-54 55-59 60-64 65-69 70-74 75-7980-84 85-89 90-4 >94
FULL-SCALE 10
Figure 3. Cumulative percentage distribution of full-
scale IQ for malnourished (index) and nonmalnourished
(comparison) sets of boys grouped by above and below

median of index of intellectual stimulation.

biologic—included in a study. A further step
would be consideration of various combina-
tions of ecologic factors using different forms
of multivariate analysis. As the first step for
each child, a profile could be prepared of each
ccologic fuctor and whether it is more or less
likely to contribute a positive influence on the

Table 5. Mean full-scale IQs and standard deviation grouped by index of intellectual stimulation for malnourished

and nonmalnourished sets of boys.

Number Mean Standard Deviation
Subgroup (n) X) ®
‘Malnourished children (index)
Below median of index of intellectual stimulation 41 52.9 7.7
Above median of index of intellectual stimulation 33 62.7 11.6
Nonmalnourished children (comparison)
Below median of index of intellectual stimulation 35 60.5 11.1
Above median of index of intellectual stimulation 36 - 71.4 13.9

i
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Table 6. “t' test results of differences of full-scale 1Q
means for malnourished and nonmalnourished sets of
boys divided by above and below median of index of
intellectual stimulation.

Probability

Subsets of children N level
Index®, below median Vs,
index, above median - 4.17 p <0.001
Index, below median vs.
comparison®, below median 3.41 p <0.005
Index, below median vs.
comparison, above median 7.09 p <0.001
Index, above median vs.
comparison, below median 0.80 n.s.
Index, above median vs.
comparison, above median 2.83 p <0.01
Comparison, below tedian vs,
comparison, above median 3.66 p <0.001

* Index (malnourished).
b Comparison (nonmalnourished).

child’s functional development. The cumula-
tion of these factors provides an overall measure
of the identified clements of the ecologic situa-
tion that has influenced functional “develop-
ment. The simplest measure of the overall array
of ccologic factors would be an above-and-
below median split with a score of 1 repre-
senting the more {avorable end of the index
and 0 the less favorable. A high score across
the factors would thus represent a favorable
ecologic environment. At this stage of the
analysis there is need for complex statistical
treatment., Of particular interest will be the

examination of whether there are combinations
of favorable ecologic factors that will outweigh
the unfavorable factor of severe malnutrition.

From studies employing the design outlined,
greater understanding can emerge of child
development in an ecologic setting, but it is
necessarily based on inferences from associa-
tional analysis. Based on the results, a different
kind of research design may then be used to
test the causal effects of various combinations
of ccologic factors. One such design may be
based on an intervention model in which two
sets of children from comparable backgrounds
would be selected, one set having been mal-
nourished and the other not. The malnour-
ished children and their families would be pro-
vided with a set of opportunities for gaining
the conditions and experiences shown from the
carlier studies to be favorable for functional
development, The children who were not mal-
nourished would not receive any special treat-
ment, At various ages the functioning of the
children in the two sets would be measured
and compared to see if the malnourished chil-
dren’s level of functioning became equal to or
higher than that of comparison children. From
studies of this kind valuable information could
be gained to determine what would be the best
forms of intervention to help severely malnour-
ished children to more fully realize their poten-
tial functional capacities.
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SUMMARY OF SESSION 1l

Joaquin Cravioto'

After an introduction dealing with the gen-
eral design of previous investigations, excluding
longitudinal ecologic studies, Dr. Richardson
qualified them as quasi-experimental in nature
and pointed out their limitations. He dwelt
on the various types of controls or comparison

groups that have been used in different studies, -

and pointed out that siblings are mainly used
not to sort out the genetic component that
might be present but rather to provide com-
parison children whose life experiences are
somewhat similar to the malnourished child’s.
Clearly, only macroenvironmental variables
can be reduced by this procedure.

I think we should mention that statistical
techniques have recently been used to avoid the
need for matched controls. One can use ran-
dom controls if techniques of covariance analy-
sis are applied. Dr. Richardson gave an example
of this approach to illustrate the need for con-
sidering the ecffects of biosocial interaction.
This example showed that low birth weight and
gestational age have differing consequences for
intellectual functioning, depending upon the
social class of the child’s family, He then pro-
ceeded to show us a model for the ecologic
study, which I have interpreted as two-phased.
The first phase was the identification of the
other than

important intervening variables

- mainutrition or nutritional status in some non-

intervention studies. Results of this analysis
could then be tested by intervention types of
research.

In the first part of the model used for non-
intervention studies, consideration starts with
the question of what are important variables

! Division of Scientific Research, Hospital Infantil de la
IMAN,"Mexico City, Mexico.

other than nutrition in mental performance or
These were derived
mainly from the literature about maternal

intellzctual development.

deprivation or environmental deprivation in
which important intervening variables were
considered. The difficulty of separating dif-
ferent types of variables came out very clearly
in the discussion. When one has a chain *of
events that goes all the way from the society
to the individual, such as in the case of mental
functioning, it is difficult to know what is an
intervening variable and what is the actual
etiologic agent.

With an ecologic model, I think that one can
get away from this difficulty berause if we con-
sider the epidemiologic triad of agent, host, and
environment, w2 do not imply that one of
three factors is more important than the other
two. For example, malaria can be eradicated
by getting rid of swamps, or the mosquito, or
the Plasmaodinm, or the sick man, In any case,
the chain of events leading to disease would
be altered and malaria would disappear. One
does not nced then to know precisely which is
the last link in the chain of events to modify
the outcome efficiently. )

Dr. Richardson next gave us a very nice
example of the different steps involved in the
ecologic type of research. These steps begin
with the concept, which is then translated into
operational definitions, after which the investi-
gator procceds to the devising of instruments,
the testing of the instrumenr as such, and
finally to the proof of the association between
what the instrument is gathering and the con-
cept that is supposed to be tapped by the in-
strument. 1 think that the last two steps are
just a way of rephrasing the classical concepts
of reliability and validity of a method.
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There was very little discussion of the out-
come variables, but it was pointed out that
one has to be careful in choosing them, particu-
larly because of different sensitivities at differ-
ent times in the life of the individual. Dr.
Richardson proposed that once the associations
among variables have been identified, a sort of
matrix should be analyzed by methods such as
multifactorial analysis. 1 think that if you
have defined your questions carefully on reach-
ing the analysis phase, then what sort of statis-
tical technique is used is really a matter of
taste. | am not speaking of statistical method,
which is part of the design. I mean the statisti-
cal technique is factorial or discriminative
amalysis. [t is a matter of choice or a matter of
convenience depending on the resources at one’s
disposal. " With the use of factorial analysis one
can identify the variables that are so highly
correlated among themselves that they actually
measure practically the same thing, and separate
them from the ones that can be regarded as
independent factors.

In the intervention phase of Dr. Richard-
son’s model, one selects some of the variables
that carlier studies have indicated are signifi-
cant. The sclection is also guided by the case
of modifying the variable with available re-
sources, particularly staff. One alternative is
to proceed to the construction of a theoretical
model that will explain the influence of the

different scts of variables, either alone or in
combination. From this model the quantitative
contribution of cach variable is theoretically
estimated, and the model 15 tested as a whole
if one can devise a common measure that will
represent the additive interaction or action of
the several variables involved. Alternacively,
one could pick certain variables and test them
if one wished to determine their specific
contribution.

Following the paper there was a discussion
of intervention for rescarch and social action
to improve the children’s mental condition
through use of a combination of different vari-
ables, including food. Whether intervention
should occur in the family, in institutions like
schools, or at the community or national level
was also debated. This discussion dealt not only
with administrative procedures,. but also with
conception. If a group or a person feels that
the highest risk of brain damage is before the
age of three years, basing his reasoning on the
results of the animal experiments and the infer-
ences he can draw from the circumstantial
evidence available about the human, he will
have to intervene in the home. If on the other
hand he believes that the main damage has not
been done by that age, then administrative units
such as kindergartens or schools may be the

best place for intervention.
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ISSUES OF DESIGN AND METHOD IN STUDYING THE EFFECTS
OF MALNUTRITION ON MENTAL DEVELOPMENT

Herbert G. Birch'

Research on the relation of nutritional fac-
tors to intelligence and learning has grown
extensively in the past decade. Attention has
been directed at different components of the
combined factors of social disadvantage and
poverty in an effort to define reasons for the
association of malnutrition with reduced intel-
lectual level. Sociologists, psychologists, and
educators have advanced reasons relevant to

their particular disciplines for intellectual back-
“wardness and school failure. They have pointed

to particular patterns of child care, styles of
play. depressed motivation, particular value
systems, and deficient educational settings and
instruction as factors that contribute to low-
ered intellectual level and poor academic per-
formance in disadvantaged children. The
importance of such variables for achievement
cannot be disputed. It would be most unfor-

tunate, however, if in recognizing the impor- -

tance of these situational components we were
to neglect poor nutrition and, in general, defec-
tive circumstances in the development of the
individual as a biologic organism who interacts
with social, cultural, and educational circum-
stances in the production of dysfunction.

It has long been recognized that the indi-
vidual’s nutrition affects his growth, health,
and development. Inadequate nutrition results
in stunting, reduced resistanc: to infectious

* Department of Pediatrics, Albert Einstein College of
Medicine, Bronx, New York, USA.

disease, apathy, and general behavioral unre-
sponsiveness—all factors affecting the child’s
development and functional capacity. It is
therefore essential to explore the relation of
nutrition to intelligence and learning ability.

Confusion has resulted from extravagant
claims as to the unique contribution of mal-
nutrition to brain impairment and intellectual
deficit, as well as from efforts to minimize the
importance of nutritional factors and to argue
for the primacy of social, genetic, cultural, or
familial variables in the production of deficit.
Little of use emerges from such controversy.
Clearly, malnutrition occurs most frequently
in those segments of the population that are
cconomically, socially, and culturally disad-
vantaged. In discussing lowered intellect in
malnourished children from such groups, -ve
must deal with the interaction of nutritional
and social or familial factors by considering the
possibilities that affected children are dull be-
cause they are the offspring of dull parents, or
that malnutrition and the general impoverish-
ment of their environments contribute o
reducing intellectual function. The task is to
disentingle the particular and interactive con-
tributions that different factors make to the
development of depressed functional outcomes.
The real problem is therefore to define the par-
ticular role that nutritional factors may play
in the development of malfunction and the
interaction of this influence with others that
affect the child’s development.
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Before considering the ways in which avail-
able research permits us to achieve this objec-
tive, it is important to clarify the term “mal-
nutrition.” When we think of malnutrition
our imaginations conjure up im-ges of maras-
mus and kwashiorkor. These 1mages reflect
only the highly visible tip of an iceberg. Inter-
mittent and marginal incomes as well as back-
ward technology result less often in the symp-
toms characteristic of starvation than what
Brock (19) has called “dictary subnutrition
.« . defined as any impairment of functional
efficiency of body systems which can be cor-
rected by better feeding.” When present in
populations, such subnutrition may be mani-
fested by stunting, disproportion, and a variety
of anatomic, physiologic, and behavioral ab-
uormalities (12).

Chronic subnutrition is not infrequently-

accompanied by dramatic manifestations of
acute and severe malnutrition in infants and
voung children, These illnesses, variously re-
flected in the syndromes of marasmus, kwash-
iorkor, and marasmic kwashiorkor, may be
conditions deriving from acute exacerbations
of chropnic subnutrition, which in different
degrees reflect caloric deficiency, inadequacy of
protein in the dict, or both. Acute malnutrition
may also be brought about by particular com-
binations of circumstances such as an episode
of malnutrition between past and future courses
of relatively adequate nutrition. Studies of
children with chronic subnutrition as well as
those who recover from acute severe malnutri-
tion provide opportunities to study the effects
of nutritional inadequacy on behavioral
development.

A number of model systems have been used
to explare the relationship of malnurtrition to
behavior. At the human level these have con-

sisted of (1) comparative studies of segments
of well- and poorly-grown children in popula-..

tions at risk of malnutrition in infancy: (2)
retrospective follow-up studies of the ante-
cedent nutritional experiences of well-func-
tioning and poorly-functioning children in

such populations; (3) intervention studices in
which children in the poor-risk  population
were selectively supplemented or left unsupple-
mented during infancy and 1 comparative
cvaluation made of functioning in the supple-
mented, and  unsupplemented  groups;  (4)
follow-up studies of patients hospitalized for
severe malnutrition in early childhood: and
{5) intergenerational studies seeking to relate
the degree to which conditions of malnutrition
risk in the present. generation of children de-
rived from the malnutrition or subnutrition
experienced by their mothers when the latter
were children.

Studies of humans have been supplemented
by a variety of animal models. The available
evidence will be considered in relation to these
investigative models. Perhaps the most com-
plete study of the relation of growth achieve-
ment to neurointegrative competence in chil-
dren living in an environment of endemic
severe malnutrition and chronic subnutrition
is a study of rural Guatemalan children (28).
During their infancy and the preschool.years
the children lived in a village with a significant
incidence of prolonged subnutrition. At school
age relatively  well-nourished children were
identified as the better grown, and children
with the highest antecedent risk of exposure to
malnutrition identified as those with the lowest

- growth achievements for age. On the basis of

this reasoning two groups of children were
chosen from all village children aged six to 11
years. These groups encompassed the tallest
and shortest quartiles of height distribution at
each age in the total population of village chil-
dren. To avoid problems associated with the
use of intelligence tests as measures of func-
tioning in preindustrial communities, levels of
development in the tall and short groups were
compared by evaluating intersensory integrative
competence through a method developed by
Birch and Lefford (9).

At all ages taller children exhibited higher
levels of neurointegrative competence than did
the shorter group. Overall, the shorter children
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were two years behind their taller agemates in
the competence they showed in processing in-
formation across sensory systems.

To control for the possibility that height
differences were reflecting differences in ante-
cedent nutritional status rather than familial
differences in stature, the child’s height was
correlated with that of the parents. The re-
sulting correlation was low and insignificant.
In contrast, when the same ethnic group lived
in more adequate nutritional circumstances the
height of children correlated significantly with
that of the parents.

Sccondly, it was possible that the shorter
children in the community at risk as well as in
communities not at risk of malnutrition were
merely exhibiting  generalized developmental
lag for both stature and neurointegrative matu-
ration. No differences in  neurointegrative
competence attached to differences in stature
in the children not exposed to endemic mal-
nutrition, however,

Finally, it was possible that the shorter chil-
dren came from home environments signifi-
cantly lower in socioeconomic status, housing,
and parental education, and that both the mal-
nutrition and the reduced neurointegrative
competence stemmed independently from these
environmental deficits.  When differences in
these factors were controlled for they did not
erase the differences in intersensory .integrative
competence  between  children  of  different
growth achievements for age in the community
at nutritional risk.

Over the past several years replications of
this study have been conducted in Mexico by
Cravioto and DeLicardie (30). In addition,
Cravioto and his coworkers (29) have exam-
ined another aspect of neurointegrative com-
petence and auditory-visual integration in
Mexican school children. Once again, in chil-
dren in-communities at_ risk of malnutri?ion,
differences in growth achievement at school age
were reflected in differences in auditory-visual
integration that favored the taller children.
The latter findings are of particular importance

because of the demonstrated associ:tion between
such competence and the ability to acquire
primary reading skill (10, [1, 49).

A nmajor consideration in interpreting the
tindings of all these studie