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Extract

Measured intelligence at school age was compared in 37 previously severely mal-
nourished children and their siblings. The malnourished children all had been hos-
pitalized for kwashiorkor (severe infantile malnutrition with edema) when they were
between 6 and 30 months of age. The siblings had never experienced a bout of severe
malnutrition requiring hospitalization. The sibling controls were all within 3 years of
age of the index cases. Full scale WISC IQ of the index cases was 68.5 and of the con-
trols 81.5. Verbal and performance differences were of similar magnitude and in the
same direction. All mean IQ) differences were significant at less than the 59 level of
confidence. If an IQ score of below 70 is considered a customary cut-off point for the
definition of mental retardation then twice as many of the previously malnourished
children as their sibs functioned below this level; 18 malnourished, compared with
9 of the control subjects, had an IQ below 70. Moreover, of those with a low IQ,
10 of the index cases were below 60, contrasted with only 2 of the control subjects.
At the other extreme of the distribution, in the conventionally normal range, the re-

verse picture obtains; 10 of the control subjects compared with 4 of the index cases
had an 1Q of 90 or higher (Table III).

Speculation

The long term effect of severe malnutrition in infancy has been suggested but not
unequivocally demonstrated in comparative studies of malnourished children with
controls drawn from the general population. To demonstrate the relation more con-
vincingly it is necessary that children who have experienced such severe malnutrition
be compared with their own sibs raised in the same family environment but not ex-
periencing the same severity of nutritional insult. If differences in intellectual outcome
exist between sib groups at school age the source of these differences may be more
clearly related to the antecedent episode of severe malnutrition and hospitalization.
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Introduction intelligence. Previous follow-up studies [2, 3, 5, 6, 8,

10, 19, 20, 23, 24] have indicated that severe malnutri-

Follow-up studies of children, who as infants have ex-
perienced severe malnutrition requiring hospitaliza-
tion, constitute one of the model systems through
which we can assess the degree to which severe malnu-
trition in early lifc may affect subsequent levels of
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tion and hospitalization in early childhood do affect
subsequent intellectual competence, but in cach in-
stance research design has limited interpretation. In
the main, children have been examined within a short
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time after recovery and interpretation of an associa-
tion between reduced level of functioning and anteced-
ent malnutrition has been difficult; the possibility ex-
ists that the long period of hospitalization necessary in
treating severe malnutrition might itself have contin-
ucd to exert a depressing clfect on mental functioning,.
Longer term follow-up studies have in most instances
not had appropriate control or comparison groups. A
unique exception is the study by Champakam, Srikan-
tia, and Gopalan [6], in which the comparison group
was matched for age, sex, religion, caste, socioeconomic
status, family size, birth order, and educational back-
ground of the parents with the index cases. Even in
that study, however, it was possible that the families of
children experiencing kwashiorkor provided less ade-
quate experiential opportunities for intellectual devel-
opment than did control families even when of the
same social class [9, 22]. It therefore appeared desirable
to compare children who had experienced kwashiorkor
with memboers of their own sibships who had not expe-
rienced a bout of severe malnutrition in early life since
such sibs would have been raised within the same fam-
ily as the index child, and, in this sense, have more
fully shared a common ancestry and microenviron-
ment,

Methods and Procedures

The index cases were children who had been hospital-
ized and successfully treated for severe malnutrition in
the Dcpartment of Pediatrics of the Army Central
Hospital in Mexico City. To ensure greater homogenc-
ity of clinical illness, only children who were diag-
nosed as sulfering from kwashiorkor were sclected for
follow-up study. A child was considered as suffering
from kwashiorkor when edema was clinically manifest

Table I. Age and sex distribution of index cases and controls at
follow-up examination

Index cases Sib controls

Age, yr -
M F Total M ¥ Total

5 4] 3 8 1 2 3
6 5] 6 11 5 3 8
7 3 6 9 6 3 9
8 2 2 3 2 5
9 1 3 4 + 4 8
10 1 | | |
11 | 1
12 1 1 1 1 2

13 1 1
Total 14 23 37 21 16 37

with clear signs of pitting, and when the past dictary
history had identified a greater discrepancy of protein
than of calories in the antecedent nutritional circum-
stances. At the time of admission the children were
between 6 and 30 months of age. No cases of marasmus
were included and the group was relatively homogene-
ous both for severity of illness and for type. All chil-
dren had been discharged to the family following nu-
tritional rehabilitation. The average time of hospitali-
zation was 6 weeks, with a range of from 1 to 2 months.
During the hospital stay children were on metabolic
wards and were visited by their mothers for a 3- to 4-hr
period every other day. The ratio of nursing staff to
children was high, with one nurse available for every
three children. Care in hospital in general was good
and considerate but no special stimulational proce-
dures were applied.

No detailed data are available with respect to the
quality of the diets reccived by the children after their
discharge from the hospital. Although it would be ap-
propriate to assume from knowledge of the social cir-
cumstances in which the children lived that such diets
were suboptimal, in no cases were any of the children
ever readmitted to any hospital for severe malnutri-
tion.

At follow-up the children were between 5 and 13
years of age. In all cases intellectual evaluation was
carried out at least 3 ycars after discharge from the
hospital. To make follow-up practicable, the cases se-
lected were restricted to children living in the vicinity
of Mexico City. To obtain the sample the archives of
the Department of Pediatrics were searched to produce
a consecutive series of cases of severe malnutrition at
appropriate ages at admission, follow-up, and resi-
dence. Fifty-one cases were identified and searched for
in the community. Forty-two children were located
and 37 of these had a sibling whose age was within 3
years of the index case and a family willing to take
part in the follow-up. The child chosen as the control
was the one in the surviving sibship nearest in age to
the index case and without any prior history of an
incident of severe malnutrition. Four of the controls
were within 1 year of age of the index case, 24 within 2
years, and 9 within 3 years. In no case was a sibling
under 5 years of age included for study. The age and
sex distributions of the index cases and controls are
presented in Table 1. As can be seen from this table
the age distributions of the index cases and of the sib
controls were very similar. This was the consequence
of the sibling closest in age tending to be randomly
older or younger than the index case, Sex distribution
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was somewhat divergent with relatively more females
in the control cases. Difference in sex ratio, however,
was not significant (chi-square = 1.95; P > 0.10).

At follow-up each child was individually examined
to determine intellectual level. The test used was the
Wechsler Intelligence Scale for Children (WISC) in its
Spanish translation. Although it was recognized that
this test lacks sensitivity for the youngest children
studied it was judged desirable to use it for all chil-
dren rather than to substitute a diflerent and probably
noncomparable test for the youngest age group. All
evaluations were carried out in the Follow-up Unit of
the Army Central Hospital.

Results

Table II summarizes the findings of measured intelli-
gence in the previously malnourished children and
their siblings. The full scale 1Q was 13 points lower on
the average, for the index cases. Both verbal 1Q and
performance IQ were also lower in the previously mal-
nourished group. All these differences are significant at
less than the 5% level of confidence. The degrees to
which verbal and performance 1Q were lower were
entirely comparable.

A somewhat diflerent aspect of the association of
severe malnutrition in infancy with measured intelli-
gence at school age was obtained by a consideration of
the distribution of the I1Q. If an 1Q score of below 70
is used as a customary cut-olf point for the definition
of mental retardation then twice as many of the pre-
viously malnourished children as their sibs functioned
below this level; 18 malnourished children, compared
with 9 control subjects, had an IQ below 70. More-
over, of those having a low IQ, 10 of the index cases
were below 60, as conurasted with only 2 control
subjects. At the other extreme of the distribution, in
the conventionally normal range, the reverse picture
obtained; 10 of the control subjects had an IQ of 90 or
higher, compared with 4 of the index cases. A con-
densation of the 1Q distributions for both groups is
presented in Table IIL

Two issues require particular attention in compar-
ing the 1Q levels of the malnourished children and the
control subjects. In the first place it is clear that there
was some tendency for control subjects to be older
than the patients. Although this tendency was not sig-
nificant it was indeed possible that certain of the dif-
ferences between the index cases and sibs could have
been reduced by a tendency for 1Q to decline with age.
This has been reported for other disadvantaged popu-

Table II. Intellectual level at follow-up in the index cases and in
control subjects

1Q
Full scale Verbal Performance
Index, N = 68.5' + 13.35? 69.6! = 17.28?2 72.5t 4 11.812
37
Control, 81.5 = 17.23 80.8 = 19.28 80.2 &+ 13.37
N = 37 ’
df (1) 36 36 36
af (2)3 36 36 36
@ 0.775 0.896 0.8832
dt -3.63 —-2.63 -~2.63
r <0.01 <0.05 <0.05
1 Mecan.
? 4sp.

3 Numbers in parentheses are degrees of freedom.
Because of significant differences in variance the Fisher-Behrens d test was used
Fisher and Yates [13]).

T'able III. The distribution of 1Q in index cases and control sub-
ects!

1Q Index cases  Contrcl subjects Total
Below 70 18 9
70-89 15 18
904 4 10
Total 37 37 74

1 Chi-square, 5.84; df,2; I’ < 0.05 (one tail because of directional
nature of hypothesis).

lations [15]. We therefore examined the relation be-
tween 1Q and age in both groups. No significant trend
was found; 1Q level varied randomly with the age of
the child within the groups considered. Consequently,
differences in age between the two groups were un-
likely to have affected differences in IQ levels between
the groups.

The second problem concerns the fact that a some-
what higher proportion of girls than of boys were pres-
ent in the index cases and a higher proportion of boys
than of girls in the control population. The data were
therefore analyzed by sex between groups. In doing so
it should be appreciated that the pairs of siblings were
not sex-matched and that the comparison was by
groups rather than by pairs. No significant sex differ-
ence in IQ level was found among the malnourished
children. The mean full scale 1Q for boys and girls,
respectively, was 70.7 and 68.6. Verbal and perform-
ance IQ levels were also comparable in both sexes.
The situation in the comparison group was different.
In these children there was a significant difference be-
tween boys and girls, with the boys having significantly
higher [ull scale and verbal 1Q than the girls. When
patients and control subjects were compared separately
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Table IV. Full scale IQ by sex in index cases and controls

Index cases Control subjects dj (1)3 df (2)3 P dé r

Males, vV = 14 70,7 £ 14,082 82,3 + 16.122 13 20 1.070 2.252 <0.05
N =21

Females, NV = 23 68.6 £ 13.83 72.8 £ 10.92 22 15 1.057 1.058 N.S.
N =16

df (1) 13 20

df (2) 22 15

¢ 1.305 1.289

d? 0,443 2,134

r N.S. <0.03

! Mean.

? 4sp.

# Numbers in parentheses are degrees of freedom.

¢ Because of significant differences in variance the Fisher-Behrens ¢ test was used (Fisher and Yates [13]).

by sex (Table 1V) it was found that the previously
malnourished boys differed from the control boys sig-
nificantly, with control subjects having a full scale 1Q
approximately 12 points higher than patients. Al-
though control girls also had somewhat higher 1Q
than girls who were previously malnourished the size
of the difference was insuflicient to result in statistical
significance. This pattern of finding was entirely the
result of the depressed level of IQ in the girls in the
control group. No reasons for this depression could be
found in differing educational experience since there
were no sex differences in school attendance. A de-
pressed level of 1Q in girls relative to boys, however,
has been repeatedly found in children of school age in
the social groups considered and probably derives
from the far lower value attached to the education of
girls in this particular subculture.

A Tuller appreciation of the dillerences in measured
intelligence between the index cases and the control
subjects may be obtained by a comparison of their
scaled scores on the 11 subtests of the WISC. Figure 1
illustrates the subtest profiles for both groups. In the
main the profiles parallel onc another, with both
groups having their lowest scores on the vocabulary
test, a finding not unexpected in view of the low social
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Fig. 1. WISC subtest profiles for index cases and controls.

class level of the families studied. No significant sex
difference in test profiles obtained.

Discussion

Our findings indicate that children who have suffered
a bout of severe malnutrition (kwashiorkor) requiring
hospitalization between the 6th and 30th month of life
have an IQ at school age which is significantly lower
than those of their siblings who have never experi-
enced such an illness. Mean levels of full scale 1Q as
well as of verbal and performance IQ were all signifi-
cantly depressed in the index cases. Morcover, a signif-
icantly greater proportion of the index cases was in the
defective range of intelligence and fewer in the normal
range. An analysis of subtest profiles suggested a rela-
tively uniform depression of competence in the index
cases with respect to a variety of cognitive demands.
Previous studies [2, 3, 5, 6, 8, 10, 19, 20, 23, 2] have
indicated that the level of mental functioning was de-
pressed in children similar to our index cases, at the
time of the acute illness and in the period shortly
thereafter. The present data indicate that such effects
arc not transient and persist into the school years.
They can, therefore, not be viewed as immediate se-
quelac of cither serious illness or of hospitalization. It
is possible that prolonged hospitalization does have
persistent cffects quite independent of the acute bout
ol severe malnutrition. This possibility, however, can-
not be explored in the existing data but fully warrants
an examination in its own right. It would be most
uscful to examine the effects of long term hospitaliza-
tion on children of comparable ages without severe
malnutrition, e.g., orthopedic problems. Such chil-
dren would not exhibit the patterns of apathy, irrita-
bility, and environmental unresponsiveness that are so
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characteristic of children hospitalized with kwashior-
kor and in this sense would not be comparable with
respect to the interaction of host with environment.
Alternatively, it would be valuable to consider the dif-
ferential effects of enriched and nonenriched hospital
environments on comparable samples of severely mal-
nourished children. Anccdotal data [14] suggest that
differential patterns of maternal care significantly af-
fect recovery rates at the time of acute illness, and a
recent as yet unpublished study from Lebanon [26]
appears to confirm these impressions.

The findings are in general agrecement with those
reported by Barrera-Moncada 2] and Cabak and Naj-
danvic [5]. In these studics, however, the comparison
groups used as controls were methodologically impre-
cise. Taken as a whole the data of these [5] and the
present study leave little doubt that children hospital-
ized for severe malnutrition in carly childhood have
levels of intellectual functioning in later years which
are lower than those of their peers. This finding is in
agrecement with that of Champakam et al. [6] in India.

The use of siblings as control subjects has certain
implications for the interpretation of findings. Such
controls are of course advantageous in that the chil-
dren who are compared come from the same families
and share a common experiential ambience. Demo-
gmphic data, however, strongly suggest that having a
child hospitalized for severe malnutrition in fact iden-
tifies a family in which all children are at risk for
significant subnutrition on a chronic basis. Therefore,
the cases and controls are similar in sharing a common
exposure to subnutrition on a life-long basis and differ
only in that the cases have a superimposed cpisode of
acute exacerbation. As a result, growth achievements
maty be similar in patients and sibs, and developmental
differences minimized. Conscequently, the comparison
of sibs and patients does not provide a full picture of
the overall effects of nutritional inadequacy on devel-
opment. Rather, it indicates the additional conse-
quence for maldevelopment which may attach to an
acute cpisode of severe malnutrition. One would,
therefore, expect intellectual level in the entire sibship
to be dcprcsscd, a view supported by our findings.
Therelore, the finding of a diflerence between children
hospitalized in early childhood with a bout of severce
malnutrition and their siblings is especially convincing
evidence of the ncgative contribution which an epi-
sode of kwashiorkor makes to mental development.
The use of sibs as controls also means that the children
compared have shared a generally disadvantageous so-
cial and family environment which in itself can con-

tribute to the depression of intellectual Ievel [17]. This
factor, too, should result in the minimizing of differ-
ences between controls and cases and provides further
support to the significance of the influence of the acute
cpisode of severe malnutrition on cognitive compe-
tence.

Our failure to find that either verbal or performance
1Q was more significantly affected was not entirely in
agreement with the findings of other studies. Barrera-
Moncada [2] found verbal function to be more affected
than nonverbal aspects of performance. Language
functions, especially vocabulary, however, are ost
sensitive to differences in general social circumstances.
The use of comparison groups from families other
than the index cases even when controlled for overall
social class would tend to exaggerate differences in
language compcetence. In our own group, vocabulary
level was the lowest subtest score in both cases and
controls and suggests a general depressing influence of
family and social environment. Botha-Antoun, Ba-
bayan, and Harfouche [3], studying preschool chil-
dren, also found no diflerence in the degree to which
verbal and performance items differed in cases and
controls. However, the test which they used, in a strict
sense, does not permit the reliable separation of verbal
and performance demands.

Our findings of sex differences in the degree to
which cases and controls differed poses a difficult issue
for interpretation. It may be argued that a hout of
severe malnutrition has greater cflects on boys than on
girls because of genetic differences between the sexes in
their abilities to withstand the negative eflects of stress.
Such an interpretation, however, is difficult to defend
in view of the significantly lower 1Q of control females
over control males. This finding, together with the fact
that male and female index cases had comparable
levels of 1Q, suggests that females were more signifi-
cantly disadvantaged within the families on a long
term basis whether or not they have had an acute
cpisode of severe malnutrition and hospitalization.
Such an inference is in accord with the value systems
of the social group to which the families belong and in
accord with findings on Puerto Rican children in New
York [16]. From this point of view the small difference
between female cases and control subjects can be inter-
preted as an artifact of general social disadvantage for
girls in the subculture [21].

Interpretation would have been made easier had
cqual sex ratios obtained between sibling and control
groups. It may be argued that since fewer females
were in the control group the 1Q level of this group
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has been spuriously clevated and that the differences
obtained are an artifact of these differences in sex
ratio. That this was not the case was indicated by our
sex-specific analysis which showed that significant dif-
ferences exist between boys in the index and compari-
son groups. Morcover, it is possible to consider the
question differently by a mathematical operation by
means of which the sex distribution for the control
children is equalized with that of the index cascs.
When this is done there is a reduction of some 4.5 1Q
points for the control group. If one now assumes that
the variance remains relatively unaffected and com-
pares the idealized control group with the index cases
the diflerence obtained is still significant at between
the 0.05 and 0.01 levels of confidence. It was, therefore,
most unlikely that the findings were the accidental
consequence of the difference in sex ratios between
cases and sibling control groups.

In considering the fact of kwashiorkor in infancy
and its association with subsequent intellectual inade-
quacy, it was also necessary to consider the possibility
that both the severe malnutrition and the later low
level of intellectual functioning may have had com-
mon roots in preexisting central nervous system dam-
age. From this point of view, a child may devclop
kwashiorkor because his nervous system was inade-
quate from birth and interfered both with his normal
feeding and with his stimulating value to his family.
In such a case, both the kwashiorkor and the later
intellectual level could be viewed as deriving from
primary organismic inadequacy. While only an anter-
ospective study of infants at risk can answer the ques-
tion fully, the data of the present study provided no
support for the hypothesis. Parental recall as well as
hospital case records did not suggest that the index
children prior to their illness had differed from their
siblings in any of the significant features of develop-
ment or physical attributes. Rather, it appeared that
in most cases relatively “normal” development in an
environment producing marginal status had occurred
until it was interrupted either by infectious illness, by
altered maternal health, or by changing family circum-
stances which contributed to the exacerbation of nutri-
tional inadequacy and to the development of kwa-
shiorkor.

The depression of intellect in children hospitalized
for severe malnutrition between 6 and 30 months of
age must be viewed against the growing body of data
on the particular vulnerability of the central nervous
system to nutritional insult at critical periods of devel-
opment. The data of Davison and Dobbing [11] and

AL,

Dobbing and Widdowson [12] on defective myclina-
tion without subsequent recovery, of Winick on cell
number [25], of Ambrosius [1] and Brown [4] on brain
size, of Platt, Pompiglione, and Stewart [18] on various
features of necurointegrative development, and of
Chase, Dorsey, and McKhann [7] on enzymatic compe-
tence all indicate that severe nutritional insult at a
time in life at which the central nervous system is
growing and diffcrentiating most rapidly can perma-
nently affect structural, biochemical, and functional
integrity. A scverc bout of nutritional illness in the
ages that we have been considering occurs at a time
when the vulnerability of the nervous system is high.
Our findings of later cognitive dysfunction may well
reflect a direct consequence of insults sustained by the
central nervous system. It was also true that the time
of hospitalization for severe malnutrition coincided
with critical points in the development of behavioral
competence which depend for their elaboration on ad-
equate environments and experiential opportunities.
The consequences on cognitive functioning may there-
fore reflect interference with experience and behavior
differentiation as well. At the present time we lack
both the data and the technical abilities required to
distinguish the particular contribution that cach of
these lactors may make to defective cognitive growth.
It is most probable that primary abnormality in the
nervous system and defective experience are both mak-
ing independent and interactive contributions. Inde-
pendently of the particular underlying process, how-
cver, the data leave little doubt that severe malnutri-
tion with hospitalization has a long term persistent
cifect on measured intelligence.

In view of the suggestion first made by Cravioto and
Robles [10], that the younger the child is at the time
of hospitalization for severe malnutrition the less com-
plete his behavioral recovery, as well as in view of the
findings of Winick [25] and Davison and Dobbing [11]
that the nervous system is at greater structural risk for
permanent damage in the younger malnourished in-
fant, it would have been desirable to compare and
contrast our index cases in terms of age at the time of
hospitalization, The numbers available for each semes-
ter of age, however, were too small to make serious
analysis possible. Other rescarch in progress, we hope,
can provide some answers to this aspect of the ques-
tion,
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