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The objective of the present study was to investigate the inter-relationships between nutritional
status (past and current nutrition), brain development, and scholastic achievement (SA) of
Chilean high-school graduates from high and low intellectual quotient (IQ) and socio-economic
status (SES) (mean age 18-0 (spD 0-9) years). Results showed that independently of SES, high-
school graduates with similar IQ have similar nutritional, brain development and SA variables.
Multiple regression analysis between child IQ (dependent variable) and age, sex, SES, brain
volume (BV), undernutrition during the first year of life, paternal and maternal IQ (independent
variables) revealed that maternal 1Q (P<<0-0001), BV (P<<0-0387) and severe undernutrition
during the first year of life (P<<0-0486), were the independent variables with the greatest
explanatory power for child IQ variance (r* 0-707), without interaction with age, sex or SES.
Child IQ (P<<0-0001) was the only independent variable that explained both SA variance (r?
0-848) and academic aptitude test variance (r? 0-876) without interaction with age, sex or SES.
These results confirm the hypotheses formulated for this study that: (1) independently of SES,
high-school graduates with similar IQ have similar variables of nutritional status, brain
development and SA; (2) past nutritional status, brain development, child IQ and SA are strongly
and significantly inter-related. These findings are relevant in explaining the complex interactions
between variables that affect IQ and SA and can be useful for nutritional and educational
planning.

Nutrition assessment: Brain: Education: Learning: Intelligence: Socio-economic factors

Findings of previous studies carried out by us confirmed that
in Chilean school-age children, the head circumference is
the most important anthropometric indicator associated with
school achievement and intellectual ability (Ivanovic et al.
1989a, 1996, 2000a; Toro et al. 1998).

The head circumference (HC) is a physical index of both
past nutrition and brain development (Rumsey & Rapoport,
1983) and in paediatrics, it is a routine measurement to
assess brain development since micro- and macrocephaly

are considered reliable indicators of brain pathology
(Menkes, 1995). It has been defined as the most sensitive
anthropometric index of prolonged undernutrition during
infancy, associated with intellectual impairment (Stoch &
Smythe, 1963, 1967, 1976; Winick & Rosso, 1969a; Stoch
et al. 1982; Ivanovic, 1996; Ivanovic et al. 2000b; Leiva
et al. 2001). Malnutrition alters brain development and
intelligence by interfering with overall health as well as with
the child’s energy level, rate of motor development and

Abbreviations: AAT, academic aptitude test; BV, brain volume; IQ, intellectual quotient; HC, head circumference; SA, scholastic achievement; SES, socio-

economic stratum; WAIS-R, Wechsler intelligence scale for adults - revised.
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growth; poverty and deprivation exacerbate these negative
effects, specially when mothers have lower schooling levels
(Brown & Pollitt, 1996; Ivanovic et al. 2000b).

Intelligence is influenced by genetic and environmental
factors. Model fitting analyses in twins of the combined
intellectual quotient (IQ) kinship correlations result in
heritability estimates of approximately 0-50, shared
environmental influences of 0-20 and 0-30, the balance of
variance being explained by non-shared environmental
effects and measurement error (McGue & Bouchard, 1998).
Other studies converge on a heritability estimate between
0-60 and 0-80 for IQ and estimates of common
environmental influence from the same studies are near
zero (Bouchard, 1998). Human genome research enabled
the first steps toward a molecular understanding of cognitive
function confirming that there are numerous genes on the X
chromosome affecting intelligence (Gecz & Mulley, 2000).
Studies of twins reared together and studies of unrelated
individuals reared together yield sizable estimates of
common family environmental influence in childhood, but
also demonstrate that this influence dissipates with age and
approaches zero in adulthood; in fact, twin studies of the
major special mental abilities (verbal, spatial, perceptual
speed and accuracy, memory) yield heritability estimates of
about 0-50 and modest estimates of common environmental
influence (Bouchard, 1998). Between environmental fac-
tors, the positive impact of parental 1Q (specially maternal)
on children’s intelligence had been underlined and may be
related more to the quality of the stimulation of the child,
which in conditions of poverty is strongly limited by both
their lower schooling levels and intelligence (Nelson &
Deutschberger, 1970; Melhuish ez al. 1990; Carter et al.
1992; Duncan et al. 1994; Smith et al. 1996; Sandiford et al.
1997; Crandell & Hobson, 1999).

The relationship between brain size and intelligence has
been noted for some time (Broca, 1861; Galton, 1888). In
the 20th century, a positive and significant correlation
between HC and brain size and intelligence has been
reported by several investigators, suggesting that differ-
ences in human brain size are relevant in explaining
differences in intelligence, although genetic and environ-
mental factors might also affect these inter-relationships
(Nelson & Deutschberger, 1970; Van Valen, 1974; Fisch
et al. 1976; Susanne, 1979; Hack & Breslau, 1986; Ounsted
et al. 1988; Desch et al. 1990; Hack et al. 1991; Johnson,

1991; Willerman et al. 1991; Andreasen et al. 1993; Jensen
& Johnson, 1994; Reiss et al. 1996; Botting et al. 1998;
Strauss & Dietz, 1998; Ivanovic et al. 1995a, 2000a,b,c;
Rushton, 2000; Rushton & Ankney, 1996, 2000; Vernon
et al. 2000; Wickett et al. 2000). Some of these studies have
concluded that head size at 1 year of age is a good predictor
of later intelligence (Nelson & Deutschberger, 1970; Fisch
et al. 1976; Botting et al. 1998). However, the absence of a
correlation between brain measurements or HC and
intelligence has been reported in studies of monozygotic
twins or sisters (Tramo et al. 1998; Schoenemann et al.
2000). However, recent findings in a magnetic resonance
imaging study on size variations in the human brains of
twins found a positive correlation between brain size and IQ
(Pennington et al. 2000).

The objective of the present study was to investigate the
inter-relationships between nutritional status (past and
current nutrition), brain development, and scholastic
achievement of Chilean high-school graduates (in whom
physical growth and intellectual development processes are
consolidated) with high or low IQ and socio-economic
stratum (SES). The aim was to test the hypotheses that: (1)
independently of SES, high school graduates with similar 1Q
have similar variables of nutritional status, brain develop-
ment and scholastic achievement (SA); (2) past nutritional
status, brain development, intelligence and SA are
significantly inter-related.

Material and methods
Subjects and sample

The sample was chosen from 1817 school-age children, the
total high-school graduate population who attended public
and private schools in the richest and the poorest counties of
the Chile’s Metropolitan region, according to the UNICEF
classification (United Nations International Children’s
Emergency Fund, 1994). The final sample consisted of
ninety-six right-handed high-school graduate students born
at term (mean age 18-0 (sD 0-9) years) who had no history of
alcoholism, or symptoms of brain damage, epilepsy, or heart
disease and whose mothers had no history of smoking,
alcoholism or drug intake before and during pregnancy. IQ,
(Wechsler intelligence scale for adults — revised, WAIS-R),
SES and sex were considered for sample selection. The
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Fig. 1. Description of the sample by school-age children by intellectual quotient (IQ), socio-economic stratum (SES) and sex.
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same proportion of school-age children according to IQ
(high and low) (1:1), SES (high and low) (1:1) and sex (1:1)
was finally chosen (Fig. 1). A comparative study of two
groups of Chilean high-school graduates was carried out:
Group 1, (High 1Q, =120 WAIS-R) and Group 2 (low 1Q,
<100 WAIS-R). The total IQ of the school-age children
from Group 1 (125-4 (SD 5-5), n 47) was significantly higher
than those from Group 2 (91-4 (sp 6:-8), n 49) (¢t 26:934,
P<0-0001) and this was observed for verbal and non-verbal
1Q. 1Q (total, verbal and non-verbal) did not differ by sex in
both 1Q level and SES. This study was approved by the
Committee on Ethics in Studies in Humans of the Institute
of Nutrition and Food Technology (INTA), University of
Chile.

Socio-economic stratum

SES was evaluated by applying the modified Graffar
method adapted for Chilean urban population that considers
items such as schooling, job held by the head of the
household, characteristics of the house (building materials,
ownership status, water supply, sewerage and ownership of
durable goods) (Alvarez et al. 1985). This scale classifies a
population into six SES: 1, high; 2, medium-high; 3,
medium; 4, medium-low; 5, low; 6, extreme poverty. In the
present study, only high (1 + 2) and low (4 + 5 + 6) SES
were considered because they represent extreme SES
conditions.

Anthropometric measurements

Anthropometric measurements were assessed at the school
by the first author of the present study on both the students
and their parents, through standardised procedures (Jelliffe,
1966; Gibson, 1990). Weight was measured in a platform
beam balance with an accuracy of 100g. Height was
determined with a vertical rod with a measuring scale of 2m
high and with an accuracy of 0-5cm. When measuring
height, the subject stands straight looking ahead, with
Frankfurt plane horizontal, with shoulders blades, buttocks,
and heels almost together touching measurement board,
arms at sides, legs straight, knees together and feet flat
(Gibson, 1990). Weight-for-age Z-scores and height-for-age
Z-scores were not considered, since most of the subjects
were >18 years old and WHO tables (World Health
Organization, 1980) cannot be applied. The BMI (weight/
heightz) was calculated according to Garrow (1981). HC
was measured with a narrow (less than 1 cm wide), flexible,
non-stretch tape made of fibreglass and with an accuracy of
0-1cm. The head was steadied and the greatest HC
measured, by placing the tape firmly round the frontal bones
just superior to the supra-orbital ridges, passing it round the
head at the same level on each side and laying it over the
maximum occipital prominence at the back. HC values were
compared with the tables of Roche et al. (1987) and were
expressed as Z-scores. HC absolute values were adjusted by
body height. Arm circumference (cm) was measured in the
midpoint of right upper arm hanging relaxed, halfway
between the acromial process of the scapula and the
olecranon process of the ulna. Triceps skin-fold thickness
(mm) was measured with a Lange skinfold caliper, P/N

300919 (Cambridge Scientific Industries, Cambridge, MD,
USA), having a pressure of 10g/mm?® and which was
calibrated before measuring each subject using a gauge
block, P/N 100613 (Cambridge Scientific Industries). The
measurement was taken over the triceps muscle halfway
between the elbow and the acromial process of the scapula,
with the skinfold parallel to the longitudinal axis of the
upper arm (Frisancho, 1990). Percentages of adequacy to
the median of arm circumference-for-age, triceps skinfold
thickness-for-age, arm muscle area-for-age and arm fat
area-for-age were calculated using data from Frisancho
(1981). All the instruments were verified before to measure
each subject (Jelliffe, 1966; Gibson, 1990). Birth weight
was used as an index of prenatal nutrition, HC Z-score and
% arm muscle-for-age, served as indicators of postnatal
nutrition and the BMI was used as an index of current
nutritional status. Parents were interviewed to obtain
information about the child’s previous nutritional diseases,
especially undernutrition at an early age. As these subjects
had been assessed for severe undernutrition during the first
year of life, parents had been given a copy of the child’s
clinical chart. This clinical chart from the Nutritional
Recovery Centre when the child was hospitalised during the
first year of life, was required for parents to accredit the
magnitude of undernutrition. This was defined as weight
Z-score <—2 sD according to WHO tables (World Health
Organization, 1980). When the undernourished children
were admitted to the Nutritional Recovery Centre during the
first year of life, all of them had weight Z-score values <—2
SD, height Z-score values <—1 sp and weight-for-height
Z-score values <—2 sD according to WHO tables (World
Health Organization, 1980). These data were complemented
with those obtained from the births register at the Registry
Office.

Intellectual quotient

1Q (total, verbal and non-verbal) was assessed by means of
the WAIS-R in both children and their parents (Wechsler,
1981). WAIS-R consists of a set of six verbal and five non-
verbal subtests that are individually administered, requiring
about 1.5h, and yields an age-corrected estimate of I1Q.
Measurements in parents (fathers, mean age 48-9 (sD 7-6),
range 37-5-73-9 years, and mothers, mean age 45-9 (SD
5-8), range 36-4—60-3 years) were carried out at the school.
To avoid examiner bias, the WAIS-R was administered
separately to the father, the mother and the child in quiet
rooms, on the same day and at the same time, by a team of
educational psychologists specially trained for this type of
study. Before each item, clear explanations were provided
by the psychologist to each member of the family, in order
to clarify the problem to be solved. Mid-parent 1Q was also
calculated.

Scholastic achievement test

SA was evaluated through standard Spanish language and
mathematics tests. Content validity was based on the fact
that the test was designed taking into consideration the
objectives pursued by the curricular programmes of the
Ministry of Education (Chile Ministerio de Educacion

ssaud Aussaniun abpriquied Aq auijuo paysiiqnd s8v100ZNIE/6£01°01/610'10p//:5dny


https://doi.org/10.1079/BJN2001485

84 D. M. Ivanovic et al.

Publica, 1996). The number of items tested were: fifty-one
for language and sixty-five for mathematics. A pilot test was
carried out in 160 school-age children during which
reliability was determined applying the Spearman-Brown
correlation, scores being 0-92 and 0-97 for language and
mathematics, respectively, when comparing paired and
unpaired items (Guilford & Fruchter, 1984). Item-test
consistency for each item was measured by Pearson
correlation, scoring values greater than 0-30 in all of them
(Guilford & Fruchter, 1984). Results were expressed as
percentage of achievement in overall results (SA =
(language score + mathematics score)/116 X 100), as well
as language absolute language and mathematics scores. In
addition, the academic aptitude test (AAT; applied
nationally in Chile), total, verbal and mathematics scores
were considered.

Brain development study

Brain development was evaluated at the German Clinic of
Santiago, Chile, by magnetic resonance imaging. Using the
lowest margin of the cerebellum in a midsagittal view to
align the first axial (horizontal) magnetic resonance imaging
slice, eighteen mixed-weighted images (spin-echo pulse
sequence with a time of repetition (TR) of 2000 ms and a
time of echo (TE) of 30 ms) were obtained from a Signa
MRI General Electric unit (General Electric Medical
System, Milwaukee, Wisconsin, USA) with a field strength
of 1-5T. All images were 5mm thick and separated by
2-5 mm. Each image was 256 X 256 pixels with 256 levels of
grey. The magnetic resonance imaging tape was read into a
visual analog scale (VAS) computer and the image
analysed after removing identifying information. Analyses
were carried out by a trained specialist without fore-
knowledge of 1Q or sex. For each slice, a Roberts gradient
traced the boundary of the scalp by outlining large-intensity
differences between adjacent pixels. All grey-scale intensity
values of <96 within this boundary were converted to zero.
This deleted the skull, most of the meninges, and the
interhemispheric fissure; other brain membranes were
deleted manually with a cursor. The computer then counted
all pixels with non-zero grey scale values for brain size in
each slice, their summed value serving as the index for
overall brain size. Cortex thickness data, brain volume
(BV), absolute and adjusted for body height, corpus
callosum length (absolute and adjusted for BV (corpus
callosum length/BV)), thickness of genu, body and
splenium (absolute and adjusted for corpus callosum length)
(Matano & Nakano, 1998), the presence of neuronal
migration disorders, qualitative and quantitative evaluation
of white matter, cortical and basal subarachnoid space and
ventricular system size were assessed. At present, there is no
meaningful basis for the comparison of brain sizes within
and between racial groups and sexes; the control for body
size across racial groups (and sexes) is rendered difficult
because bodies do not just differ only in height and weight
(Peters et al. 1998).

Statistical analysis

Results are expressed as mean values and standard

deviations. Data were processed using the Statistical
Analysis System (SAS) package (SAS Introductory Guide
Statistics (1983); SAS Institute Inc., Cary, NC, USA).
Statistical analysis included variance tests (PROC ANOVA)
to determine significant differences between the groups and
Scheffé’s test was used for comparison of means. Pearson
correlation coefficients (PROC CORR) were calculated in
order to decide if intercorrelated variables may be included
as predictor variables. Multiple regression (PROC GLM,
General Linear Models procedure, error type III) was used
to establish the explanatory power of the independent
variables on IQ, SA and AAT variance, that were considered
as dependent variables (as continuous variables) separately
in three different statistical models. Chi-squared test (x?)
(PROC FREQ) was used to determine significant differ-
ences between the categorical variables (Guilford &
Fruchter, 1984).

Results

The mean age of the total sample was 18-0 (sD 0-9) years.
School-age children belonging to Group 2 were significantly
older (184 (sp 1-0) years, n 49) than those from Group 1
(17-6 (sp 0-4) years, n 47) (¢t 5-0515, P<<0-0001) without
significant differences by SES and sex. In this respect, in
children from Group 2 — low SES had been presented for a
significantly higher number of years (0-8 (SD 0-6), n 25) than
for their peers from high SES (0-5 (sp 0-7), n 24) and for
those from Group 1 of both high SES (0-0 (sD 0-2), n 24) and
low SES (0-0 (sp 0-2), n 23) (F11-85, P<<0-0001).

In public schools, 67-1 % of school-age children belonged
to low SES and, in private schools, 96-2 % belonged to high
SES (x3 (1 df)=30-382 > x> (1 df) 0-001 = 10-827).
As regards to IQ, in public schools 65-7 % presented low
IQ and in private schools 88-5% registered high IQ
(x5 (1 df) =22-267 > x? (1 df) 0-001 = 10-827).

Table 1 shows parental 1Q (total, verbal and non-verbal)
by IQ group and SES. In the high SES, paternal IQ, whether
total, verbal or non-verbal, did not differ significantly
between both IQ groups, but Group 1- high SES, is a more
homogeneous group due to their low 1Q variance. In Group
2— low SES, paternal IQ (total, verbal and non-verbal) was
significantly lower compared with their peers from the other
subgroups of the sample (P<<0-0001). Mothers, however,
exhibited different characteristics. In Group 1- high SES,
maternal total 1Q was significantly higher than in the other
groups of the sample; in Group 1— low SES, maternal total
IQ was significantly higher compared with those from
Group 2 of both SES (P<<0-0001). In Group 1, maternal
verbal and non-verbal 1Q did not show differences between
the SES, although it was significantly higher than in those of
Group 2 in both SES. Mothers from Group 2 that belonged
to the low SES presented the lowest IQ values of the
parental sample. Mid-parent 1Q (total, verbal and non-
verbal) was significantly higher in Group 1- high SES,
compared with the other subgroups of the sample; Group 2—
low SES, however, showed the lowest mid-parent IQ values
of the sample (P<<0-0001). Mid-parent IQ (total, verbal and
non-verbal) from Group 2-— high SES, did not differ
significantly from their peers from Group 1— low SES. No
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Table 1. Parental intellectual quotient (IQ) score by 1Q group and socio-economic stratum (SES)t
(Mean values and standard deviations)

Group 1 (high 1Q)

High SES (n 24) Low SES (n 23)

Group 2 (low 1Q)

High SES (n 24) Low SES (n 25)

Mean sD Mean sSD F

Mean sSD Mean SD
Paternal 1Q
Total 120-82 7-0 101-3° 11.0 115-12 13-8 88.0° 12.2 29.76%***
Verbal 122.82 6-6 103-4° 111 116-6° 14.8 87-8° 12.6 31.33%***
Non-verbal 115.82 106 98-4° 116 111.42 12.8 89-6° 11-4 17.93****
Maternal 1Q
Total 115.6% 97 107-2° 93.9° 124 79.24 11.8 43-67+**
Verbal 115.32 11.4 110-0° . 94.8° 12.2 81.4° 11-8 36-33****
Non-verbal 109-82 7-8 103-62 11.7 93.4° 13-0 79-8° 13 26-47***
Mid-parent 1Q
Total 11782 6-3 103-9° 10-3 103-1° 10-0 84.9° 91 39.61****
Verbal 119.52 70 106-1° 10-3 104-6° 93 86-1° 85 42.95%***
Non-verbal 113.22 6-4 101-0° 98 100-8° 10-4 85.7° 95 27-30%***

abed)\ean values within a row with unlike superscript letters were significantly different (Scheffé’s test, P<0-05).

1 For details of subjects and procedures, see pp. 82—83.
**** P<0-0001.

difference by sex was found in paternal, maternal or mid-
parent IQ by IQ group and SES.

School-age children from Group 1 of both SES achieved
significantly higher SA, language, mathematics and AAT
scores in comparison with their Group 2 peers (P<<0-0001)
and this was observed independently of sex. School-age
children of the low SES from Group 2 attained percentages
of achievement significantly lower (22-9 %) in the SAtest
(approximately one-third) than those from Group 1 of both
SES (76 %) and in AAT, the score was approximately one-
half (Group 2— low SES and Group 1 - high SES scored 383
and 718 respectively; P<<0-0001). In each IQ group, in the
SAtest scores, no significant differences were found in
relation to SES. In Group 2, low SES school-age children
attained the lowest percentage of achievement in the sample;
this was also significantly lower than their high-SES peers for

language and AAT scores both verbal and mathematics
(P<<0-0001).

Severe undernutrition during the first year of life affected
64 % of school-age children from Group 2 belonging to low
SES. Nutritional status in relation to IQ group and SES is
summarised in Table 2. Birth weight was significantly lower
in low SES school-age children from Group 2 in comparison
with the other groups of the sample (P<<0-01). HC Z-scores
were significantly higher in school-age children from Group
1 than their peers from Group 2, without significant
differences by SES in each 1Q group. BMI and brachial
anthropometric variables did not differ in the study sample.
In each IQ group and SES, no significant differences were
found in the nutritional status variables by sex.

Table 3 shows some brain development variables
according to IQ group, SES and sex. Males from Group 1,

Table 2. Nutritional status by intellectual quotient (IQ) group and socio-economic stratum (SES)t
(Mean values and standard deviations)

Group 1 (high 1Q)

Group 2 (low 1Q)

High SES (n 24)

Low SES (n 23)

High SES (n 24) Low SES (n 25)

Mean SD Mean Mean SD Mean SD F

Prenatal nutritional background

Birth weight (g) 3186-0° 698-7 3267-4% 452.7 3230-0° 508-3 2752° 397-3 5-12*
Postnatal nutritional background

HC Z-score 0-39% 0-93 0-15% 1-05 —0-48° 1-10 -0-91° 1-00 8-08****
Present nutritional status

BMI (weight/height?) 221 28 222 2.0 22:2 30 23.0 38 0-49
Brachial anthropometric variables

% AC/A 96-4 9-6 961 8.7 95.7 121 97-4 16-3 0-09

% TST/A 108-0 41-2 118-4 62-2 114-8 40-6 109-2 49-2 0-23

% AMA/A 92-4 18-0 89-2 159 88-9 17.7 941 26-4 0-39

% AFA/A 105-8 45-2 1151 596 112.7 51-2 109-6 60-4 013

HC, head circumference; AC/A arm circumference-for-age; TST/A, triceps skinfold thickness-for-age; AMA/A, arm muscle area-for-age; AFA/A, arm fat area-for-

age.

ab)Mean values within a row with unlike superscript letters were significantly different (Scheffé’s test, P<0-05).

1 For details of subjects and procedures, see pp. 82—83.
**P<0-01, ****P<0-0001.
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Table 3. Brain development variables by intellectual quotient (IQ) group, socio-economic stratum (SES) and sext
(Mean values and standard deviations)

Group 1 (high 1Q)

Group 2 (low 1Q)

High SES Low SES High SES Low SES
Mean sD Mean SD Mean sD Mean sD F
Males (n) 12 11 12 12
cC
CC length (mm) 735 4.6 710 4.4 708 4.8 70-6 5.4 0-96
Genu thickness (mm) 11-6 1-6 117 22 11-3 1-0 10-8 1-8 0-81
Body thickness (mm) 6-6% 06 6-0%° 09 6-5% 08 5.6° 09 363 *
Splenium thickness (mm) 11-9 1-6 114 19 11-5 1.2 10-6 1-3 1-38
Absolute BV (cm®) 155162 637 1544.52 1097 1420-9° 1226 1409.5° 1293 5.82 **
Biparietal diameter (mm) 131-8 4.9 1342 84 130-0 6-4 134-0 65 1-02
Anteroposterior diameter (mm) 167-9° 5.2 166-4%° 6-3 163-0%° 6-8 161.-2° 6-8 283 *
Females (n) 12 12 12 13
cC
CC length (mm) 700 56 732 52 704 38 69-4 4.4 1.52
Genu thickness (mm) 104 1-8 112 1-6 108 1.2 11-3 1-6 0-79
Body thickness (mm) 6-3 08 65 06 66 06 64 1.0 0-38
Splenium thickness (mm) 10-8 2.0 115 1.6 11-8 1.5 112 1.2 0-87
Absolute BV (cm®) 1434.22 86- 1403.42 99-1 1381.2%° 96-8 1361-4° 640 2.88*
Biparietal diameter (mm) 129.0%° 51 129.8%° 72 125.6% 4.2 133.6° 6-0 411*
Anteroposterior diameter (mm) 1637 7-2 1628 5.4 161-0 5.0 159-8 4.4 1-20

CC, corpus callosum; BV, brain volume.

aPMean values within a row with unlike superscript letters were significantly different (Scheffé’s test, P<0-05).

*P<0-05, **P<0-01.
1 For details of subjects and procedures, see pp. 82—83.

had, in general, higher values for corpus callosum variables
and with the exception of corpus callosum body thickness
(P<0-05) differences were not significant. Males from
Group 2 — low SES, had the lowest corpus callosum body
thickness values but without significant differences from
their peers from Group 1— low SES; however, in this latter
subgroup, values did not differ significantly from their peers
from high SES of both IQ groups. Despite the fact that the
correlations between BV and height (males r 0-143, NS and
females r 0-321, P<<0-05) were very low, BV was adjusted
for body height. BV values, both absolute and adjusted for

height, were very similar; for this reason, only absolute BV
values are shown in Table 3. In males, height was significant
lower in the low SES of Group 2, (165-8 (sD 4-9) cm)
compared with their peers from high SES (175-1 (sp 5:7)
cm) and with those from Group 1 from high SES (1715 (sp
3-5) cm) and low SES (171-3 (SD 5-7) cm) (F 5-84, P<<0-01).
In the females, the mean height of the sample was 159-4 (sD
6-1) cm without significant differences according to 1Q
group and SES (F 2-73, NS). Independently of SES, males
from Group 1 had both an absolute BV (P<<0-01) or adjusted
BV (F5-21, P<0-01) significantly higher than Group 2. The

Table 4. Multiple regression analysis table of school-age children intellectual quotient (1Q)
(dependent variable) and most relevant variables (independent variables)*t%

Variable Estimate T for HO: variable=0 Pr> [T] st of estimate
Intercept 69-28704459 119 0-2373 58-00576803
Age —4.12496046 -1.75 0-0860 2-36054007
Sex
Males —5.76922019 -1.87 0-0667 3-08465879
Females 0-00000000 - - -
SES
High —5.64974256 -1-38 0-1740 4-10302272
Low 0-00000000 - - -
Absolute BV 0-03170842 212 0-0387 0-01497587
Undernutrition
Yes 0-01104290 2:04 0-0486 0-00541318
No 0-00000000 - - -
Paternal 1Q 0-18944937 1-33 0-1889 0-14244773
Maternal 1Q 0-55416723 5-00 0-0001 0-11077876

SES, socio-economic stratum; BV, brain volume; T, Student’s t test; HO, null hypothesis; Pr, probability.
* For details of subjects and procedures, see pp. 82—83
1 Statistical Analysis Systems (SAS Institute Inc., Cary, NC, USA), PROC GLM error type Il

$+Model r? 0-707; Root MSE (standard deviation of the dependent variable (IQ)) 10-75210573; Model F

value 19-34, P<<0-0001.
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anteroposterior diameter was significantly greater in males
from Group 1 of both SES but these values were not
different from the high SES of Group 2; in the low SES of
Group 2, values only differed significantly from the high
SES of Group 1. Males of the low SES from Group 2 had an
absolute BV 142-1 cm3, lower than those of the high SES
from Group 1 (P<0-01), while among the females this
difference was 72-8 cm® (P<<0:05). Females from the low
SES of Group 2 had the lowest values for both absolute BV
(P<0-05) or adjusted BV (F 2-81, P<<0-05) compared with
their peers from the other subgroups of the sample. Females
from Group 2 that belonged to the low SES also had a
significantly greater biparietal diameter compared with their
peers of the high SES, but these values did not differ
significantly from both SES of Group 1 (P<0:05). No
significant differences were found for corpus callosum and
the anteroposterior diameter. Cortex thickness in the frontal,
parietal, temporal and occipital lobules was 4 mm in both
sexes, without significant differences when compared by 1Q
group and SES. In low SES males from Group 2, two
subjects had abnormal amounts of white matter and one case
had a slight, non-specific diffuse brain atrophy.

Multiple regression analysis between child IQ as
continuous variable (dependent variable) and age, sex,
SES, BV (absolute or adjusted), undernutrition, paternal and
maternal IQ (independent variables), the most relevant
variables associated with child IQ (Table 4) confirms that
maternal IQ (P<<0-0001), absolute BV (or adjusted)
(P<<0-0387) and undernutrition during the first year of life
(P<<0-0486) were the independent variables with the
greatest explanatory power for child IQ variance (r>
0-707) without interaction with age, sex or SES.

When SA was considered as the dependent variable
(Table 5), and age, sex, SES, BV (absolute or adjusted),
undernutrition, child, paternal and maternal 1Q, child IQ
was the only independent variable that explained SA
variance (P<<0-0001) (r2 0-848) without interaction with

age, sex or SES. The multiple regression analysis between
the dependent variable AAT (Table 6), and age, sex, SES,
BV (absolute or adjusted), undernutrition, child, paternal
and maternal 1Q, the most relevant variables associated with
AAT (independent variables), revealed that child IQ,
(P<<0-0001) was the only independent variable that explains
AAT variance (r> 0-876). No significant interaction with
age, sex or SES was found in the statistical model.
Undernutrition during the first year of life was the only
independent variable that explained BV (absolute or
adjusted) variance (F 7-16, P<0-0088; r? 0-124). When
BV (absolute or adjusted) was replaced by HC Z-score in
the statistical model, a similar percentage of explanation for
child 1Q, SA and AAT variances was observed.

Discussion

These results confirm that independently of SES and sex,
high-school graduates with the highest IQ have significantly
higher values for parental 1Q, birth weight, HC, BV, SA and
AAT than their peers with the lowest 1Q. In children with
high IQ we did not find significant differences in relation to
SES in birth weight, HC, BV, SA and AAT. In children with
low 1Q, 64 % of those belonging to low SES had been
undernourished and had significantly lower birth weights
compared with their peers from the high SES. However,
comparing both SES, no significant differences were
observed for the decreased HC, BV and SA. This could
indicate that similar IQ could imply similar values for HC,
BV and SA. Furthermore, independently of SES and sex,
school-age children with low IQ, were approximately 1 year
older than those with high IQ. This fact could reveal a
greater school delay in children with decreased IQ, parental
IQ, HC, BV, SA and AAT, with a high incidence of
undernutrition in the low SES and who mainly attended
public school (Ivanovic ef al. 2000b). In consequence, a
greater proportion of children with the highest IQ and SES

Table 5. Multiple regression analysis table between school-age children scholastic
achievement (dependent variable) and most relevant variables (independent variables)*t%

Variable Estimate T for HO: variable=0 Pr > [T] Se of estimate
Intercept —99-57351026 —1.58 0-1196 62:90740202
Age —1.23263824 —0:47 0-6393 2-61454469
Sex
Males —0-65834022 -0-19 0-8537 3-55304732
Females 0-00000000 - - -
SES
High —0-11289220 —-0-02 0-9806 4-61696229
Low 0-00000000 - - -
Absolute BV 0-02144944 1.27 0-2113 0-01694260
Undernutrition
Yes 7-12607668 1-21 0-2310 5-87892841
No 0-00000000 - - -
Child 1Q 1-10419331 7-50 0-0001 0-14731203
Paternal 1Q —0-03735763 -0-23 0-8220 0-16519179
Maternal IQ 0-28054932 1-86 0-0681 0-15054379

SES, socio-economic stratum; BV, brain volume; 1Q, intellectual quotient; T, Student’s t test; HO, null

hypothesis; Pr, probability.

* For details of subjects and procedures, see pp. 82—83.
T Statistical Analysis Systems (SAS Institute, Cary, NC, USA), PROC GLM error type Ill.
$Model r? 0-848; Root MsE (standard deviation of the dependent variable (1Q)) 11-42507451; Model F

value 35-63, P<0-0001.
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Table 6. Multiple regression analysis table between school-age children academic apti-
tude test score and most relevant variables (independent variables)*t1

Variable Estimate T for HO: variable=0 Pr > [T] st of estimate
Intercept —114-9461432 -0-33 0-7395 343-6447760
Age —15-2824439 —-1-00 0-3210 15.2372264
Sex
Males 10-5749645 0-51 0-6096 20-5709801
Females 0-0000000 - -
SES
High —23-3840539 -0-98 0-3334 23-9270288
Low 0-0000000 - - -
Absolute BV —0-0385714 -0-39 0-6974 0-0985881
Undernutrition
Yes 21-2354040 0-52 0-6053 40-8105486
No 0-0000000 - -
Child 1Q 7-4201976 942 0-0001 0-7878331
Paternal 1Q 1.5743873 1-84 0-0722 0-8559060
Maternal IQ 0-4822937 0-60 0-5482 0-7973744

SES, socio-economic stratum; BV, brain volume; 1Q, intellectual quotient; T, Student’s t test; HO, null

hypothesis; Pr, probability.

* For details of subjects and procedures, see pp. 82—-83.
T Statistical Analysis Systems (SAS Institute Inc., Cary, NC, USA), PROC GLM error type Il
+Model r2 0-876; Root MsE (standard deviation of the dependent variable (IQ)) 59-67820833; Model F

value 41-37, P<0-0001.

attended private schools with very low school-year
repetition rates; this could explain why the objectives
pursued by the Ministry of Education are more likely to be
successfully achieved by private schools (Ivanovic et al.
1989a, 1995b, 2001; Chile Ministerio de Educacion
Publica, 1996).

Maternal 1Q, BV, and severe undernutrition during the
first year of life were the independent variables with the
greatest explanatory power in child IQ variance, without
interaction with age, sex or SES. Maternal IQ probably is an
important risk factor for undernutrition, decreased HC, BV,
child IQ, SA and AAT. Mothers from the low SES and with
the lowest schooling levels also have inadequate knowledge
about nutrition and health (Ivanovic et al. 1997; Inzunza,
2001). On the other hand, mothers are the most important
source of nutrition information for school-age children
(Ivanovic et al. 1989h, 1991). The positive impact of
maternal IQ may be related more to the quality of the
stimulation of the child, which in conditions of poverty is
strongly limited by both their lower schooling levels and 1Q
(Smith et al. 1996; Sandiford et al. 1997, Crandell &
Hobson, 1999). Although paternal IQ had a significant
impact on child 1Q, it is important to underline that school-
age children of the high SES with low IQ are probably
conditioned by their maternal IQ that was significantly
lower in that of mothers belonging to the low SES and
whose children had high IQ. Children of the high SES with
low IQ had not suffered from severe undernutrition in the
first year of life but their BV, HC and SA were not different
from their peers of the low SES with low 1Q, of whom 64 %
had suffered from undernutrition in the first year of life. We
do not have a clear explanation for these findings, although
we can hypothesize that children of the high SES have been
exposed to more favourable environmental conditions that
favour the expression of their genetic potential; however, it
seems that the maternal IQ is the most powerful determinant
of child IQ. It is surprising that no significant differences

were found between verbal and non-verbal IQ in mothers
from high and low SES whose children had high IQ, and this
confirms that the role of maternal IQ may be the critical
determinant of child IQ (Bacharach & Baumeister, 1998).
Maternal schooling has been described as the most
important socio-economic and socio-cultural variable
associated with SA and child 1Q (Ivanovic et al. 1995b,
2000a,b, 2001).

The IQ of school-age children is the only independent
variable that explains most of the SA and AAT variance but
this also summarises the effects of maternal IQ, BV and
severe undernutrition during the first year of life; the
significant impact of IQ on SA was observed in males and
females and these results are in agreement with our previous
findings (Ivanovic et al. 1989a, 2000c). Independently of
SES, school-age children with low IQ obtained very low SA
and AAT scores (below 450) that prevented them from
applying to higher education and to better-paying jobs, to
improve their quality of life, especially in the low SES.

In the present study, birth weight was associated with
child IQ and several authors have reported that birth weight
is associated with cognitive performance in young adult life
(Bacharach & Baumeister, 1998; Sorensen ef al. 1999). The
effect of very low birth weight on suboptimal HC and 1Q has
been reported by several authors (Hack & Breslau, 1986;
Ounsted er al. 1988; Hack et al. 1991; Teplin et al. 1991;
Pryor et al. 1995; Botting et al. 1998; Strauss & Dietz,
1998). Nevertheless, in the present study in spite of the
finding that birth weight was positively and significantly
associated with child IQ it did not help to explain 1Q
variance. Some authors have concluded that intrauterine
growth retardation has a little impact on intelligence, except
when associated with serious deficits in HC (Strauss &
Dietz, 1998). High-school graduates with the lowest 1Q
belonging to low SES exhibited the lowest birth weights.
This could indicate that these children were already
malnourished in utero.
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HC is the only anthropometric indicator of both
nutritional background and brain development closely
associated with BV (absolute or adjusted for height), child
IQ, SA and AAT. Thus, anthropometric indicators of past
nutrition are relevant in explaining differences in school-age
IQ. Similar results were observed in quantitating the impact
of the nutritional status upon SA and intellectual ability
assessed through the Raven progressive matrices test, HC
being the most important anthropometric indicator asso-
ciated with this (Ivanovic et al. 1996, 2000a; Toro et al.
1998).

Positive and significant correlations between 1Q and HC
and brain size (absolute or adjusted for height) have been
reported by many authors (Nelson & Deutschberger, 1970;
Van Valen, 1974; Fisch et al. 1976; Susanne, 1979; Rumsey
& Rapoport, 1983; Hack & Breslau, 1986; Ounsted et al.
1988; Desch et al. 1990; Hack et al. 1991; Johnson, 1991;
Willerman et al. 1991; Andreasen et al. 1993; Lynn, 1993;
Jensen & Johnson, 1994; Reiss et al. 1996; Botting et al.
1998; Strauss & Dietz, 1998; Pennington et al. 2000;
Ivanovic et al. 2000a,b,c; Rushton, 2000; Rushton &
Ankney, 1996, 2000; Vernon et al. 2000; Wickett et al.
2000) and in our present observations. As stated in a
previous report, educational drop-out is related to HC, but
not to weight or height (Ivanovic et al. 1996). As in previous
reports, from the results of the present study we can
hypothesize again that children with suboptimal HC have
some degree of alteration of brain development associated
with the lowered 1Q; differences in human brain size are
relevant in explaining differences in IQ test performance
(Ivanovic et al. 2000a,b).

Undernutrition remains the most important nutritional
problem in developing countries, and at an early age
affects the growth and development of children, especially
in conditions of poverty, and has been associated with
retarded brain growth and functional development that
persists into adult life, such as in our present study (Stoch
& Smythe 1963, 1967, 1976; Winick & Rosso, 1969a,b;
Winick, 1975; Stoch et al. 1982; Hack & Breslau, 1986;
Hack et al. 1991; Udani, 1992; Cordero et al. 1993;
Grantham-McGregor, 1995; Levitsky & Strupp 1995;
Brown & Pollitt, 1996; Food and Agriculture Organiz-
ation, 1996; Ivanovic, 1996; United Nations International
Children’s Emergency Fund, 1998; Ivanovic et al. 2000b;
Leiva et al. 2001). However, these inter-relationships do
not have a direct cause—effect relationship since complex
interactions are established during the lifetime of the
individuals. Therefore, malnutrition at an early age
damages the brain or induces biochemical changes and
the social and economic correlates of malnutrition are not
the only explanation of the Ilong-term effects of
malnutrition on intelligence (Brown & Pollitt, 1996;
Pollitt et al. 2000). It is possible that other environmental
and genetic factors, which were not quantitated, could
affect birth weight, HC, BV, maternal 1Q, child IQ and
SA; genetic factors have been described affecting both
HC, BV and IQ (Weaver & Cristian, 1980; Lynn &
Hattori, 1990; Casto et al. 1995; Bouchard, 1998; McGue
& Bouchard, 1998; Strauss & Dietz, 1998). There will no
doubt be many exciting attempts over the next several
years to determine what it is about a larger brain that is

beneficial to cognitive processing. In addition, attention
will turn to what it is about intelligence that is predicted
by BV. This aspect has been almost completely ignored in
the literature (Wickett et al. 2000).

These present results confirm the hypotheses formulated
for this study that: (1) independently of SES, high-school
graduates with similar I1Q have similar variables of
nutritional status, brain development and SA; (2) past
nutritional status, brain development, IQ and SA are
strongly and significantly inter-related. These findings are
relevant in explaining the complex interactions between
variables that affect 1Q and SA and emphasize the
significant role of maternal IQ, BV and undernutrition at
an early age.
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