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school-aged children

Daniza M. lvanovic', Camila V. Ibaceta’, Paulina B. Correa’, Yasna Z. Orellana’, Patricio M. Calderdn’, Gladys I. Morales?,
Barbara D. Leyton’, Atilio F. AlImagia3, Pablo A. Lizana® and Raquel A. Burrows'

BACKGROUND: Head circumference (HC), the anthropo-
metric index of both brain development and nutritional back-
ground, has been described to be significantly associated
with scholastic achievement (SA). The aim of this study was to
determine the impact of nutritional background and current
nutritional status parameters on SA in the Education Quality
Measurement System (SIMCE) tests.

METHODS: A representative sample of 33 schools was ran-
domly chosen in the Metropolitan Region of Chile. The sample
consisted of 1,353 school-aged children of both sexes, from
the fifth grade of elementary school and from the first grade
of high school who in 2009 took the SIMCE tests. Nutritional
status was assessed through anthropometric parameters. Brain
development was measured through the HC expressed as
HC-for-age Z-score (Z-HC).

RESULTS: Students with Z-HC < —2 SD and >2 SD obtained
low and high SA, respectively, both in the language and the
mathematics tests (P < 0.001). In general, in both grades, those
students with Z-HC >0 SD increase more than double the
probability to obtain language and mathematics SA scores >
the median (P < 0.0001).

CONCLUSION: We confirm the hypothesis that HC is the most
relevant physical index associated with SA; therefore, children
with the lowest scores in the SIMCE tests probably have lower
brain development.

everal authors have emphasized the significant relation
between brain development and cognition in children
(1,2). Head circumference (HC) has been defined as an anthro-
pometric indicator of both nutritional background and brain
development (3). In this context, the findings from several
investigations underline that HC at the age of 1 y rather than
that at birth determines psychomotor development (2). Birth
HC and growth in HC in the first 6 mo were better predictors
than birth weight or intelligence (4).
Findings by other authors reveal that poor prenatal and
postnatal HC growth results in poor outcomes in terms of the

acquisition of cognitive and academic abilities by the child, and
this group is followed by those children with prenatal brain
compromise but satisfactory postnatal HC growth (5). Other
authors observed that social, neonatal, and developmental
factors at 30 mo, such as HC and cognitive development, were
independent predictors of educational outcomes at 11 y of
age (6).

Low maternal education is associated with slower fetal
growth, and this effect appears to be stronger for growth of
the head than for growth of other organs (7). Maternal intel-
ligence quotient, home environment, ethnic group, and num-
ber of siblings have been described as important predictors of
child intelligence quotient. A 1-cm decrease in HC predicted
a 1-point decrease in the Stanford-Binet composite score (8).
Mother’s educational level, gestational age, and HC at age 2 y
could explain the achievement of appropriate schooling at age
8y (9).

In a review of the literature published in the past 5y, these
studies identified both risk factors (lower birth weight, intra-
ventricular hemorrhage, and low maternal educational level)
and protective factors (larger HC, breastfeeding, and higher
family income) modulating the development and quality of
life of preschool and school-aged children born preterm (10).
Small for gestational age at birth and microcephaly at 2 y
were independently related to 16-y intelligence quotient (11).
Findings by other authors suggest that abnormal brain devel-
opment after perinatal injury or postnatal nutritional deficits
are responsible for cognitive deficits in preterm children (12).
Preterm birth has long-term effects on cognition, behavior,
and future academic achievement primarily as a consequence
of global reduction in brain white matter (13). Other studies
reveal that breast milk feeding is significantly correlated with
intelligence, total brain volume (BV), and total white matter in
boys (14). Thus, human brain structure and intelligence can be
influenced by early nutrition (15).

Cognition and motor skills may be interrelated with brain
structure and behavior (16). For all age and sex groups, it
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appears that BV is positively correlated with intelligence (17).
Genes influencing the variability in both cognition and brain
plasticity partly drive these associations. Thus, not only does
the brain continue to change well into adulthood, but these
changes are functionally relevant because they are related to
intelligence (18); this has been described as the best predictor
of scholastic achievement (SA) (19).

Our previous studies reveal that HC (and not weight or
height) is the most relevant physical growth index associ-
ated with SA, intellectual ability, and school dropout in
Chilean school-aged children (19-22). Microcephalic children
(HC-for-age Z-score (Z-HC) <-2 SD) exhibit multiple disor-
ders related not only to BV but also to intelligence quotient,
SA, and nutritional background, variables that are significantly
interrelated (3).

The aim of this study was to determine the impact of (i) the
nutritional background and (ii) parameters of current nutri-
tional status on language and mathematics SA in the Education
Quality Measurement System (SIMCE) tests administered by
the Ministry of Education; this is the first study carried out in
Chile using a test with national coverage to measure SA and its
association with anthropometric parameters of nutritional sta-
tus. The purpose was to confirm the hypothesis that indepen-
dently of grade, school-aged children with the highest scores in
the SIMCE tests for language and mathematics have the high-
est HC values compared with their peers with medium and low
SA and that HC is the most relevant anthropometric param-
eter associated with SA for both language and mathematics.

RESULTS

Regarding Z-HC, 2.4 and 5.2% of the sample registered values
<-2 SD (microcephaly) and >2 SD (macrocephaly), respec-
tively. Most of the sample (92.4%) had a “normal HC” (mean +
2 SD); however, 39.6% exhibited Z-HC values between —2 and
<0 SD and 52.8% had values between 0 and 2 SD.

A positive and significant association between Z-HC and
SA in the SIMCE test for both language and mathematics was
registered in the total sample. In the language test, most of
the children with Z-HC > 2 SD had high SA (54.4%), whereas
those with Z-HC < -2 SD mainly registered medium (61.9%)
and low SA (23.8%; P < 0.001). In the mathematics test, SA was
more evident because 63.2 and 69.6% of children with Z-HC <
—2 SD and >2 SD achieved low and high SA levels, respectively
(P < 0.001; Figure 1). This was independent of school grade
and sex.

Figure 2 shows that, in the total sample, height-for-age
Z-score (Z-H) and language SA were not significantly asso-
ciated, and this was observed in both school grades and in
males, because in females, 42.9 and 58.8% of those with severe
growth failure and tall features registered low and high SA,
respectively (P < 0.05). In mathematics SA, in the total sample,
42.9 and 47% of children with severe growth failure and tall
features exhibit low and high SA, respectively (P < 0.01). This
was observed independently of sex and only in the first grade
of high school because 25.9 and 13% of children with low and
high SA exhibited growth failure (P < 0.01).

Copyright © 2014 International Pediatric Research Foundation, Inc.
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Figure 1. Scholastic achievement (SA) in the 2009 Education Quality
Measurement System test of Chilean school-aged children by head
circumference—for-age Z-score (Z-HC). (a) Language (y; (6df ) = 33.4902;
P < 0.001); (b) mathematics (x§(6df) =80.0188; P < 0.001). White columns,
high SA; dotted columns, medium SA; and black columns, low SA. df,
degrees of freedom.
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Figure 2. Scholastic achievement (SA) in the 2009 Education Quality
Measurement System test of Chilean school-aged children by height-for-
age Z-score (Z-H). (a) Language (l§(6df) =8.1980; P < 0.05); (b) mathemat-
ics (xg(6df) =26.9063; P < 0.01). White columns, high SA; dotted columns,
medium SA; and black columns, low SA. df, degrees of freedom; MGF, mild
growth failure; NH, normal height; SGF, severe growth failure; T, tall.

In the total sample, both in school grades and in males, BMI-
for-age Z-score (Z-BMI) was not significantly associated with
SA in both the language and the mathematics tests (Figure 3).
In females, only in language SA, 19.3 and 49.3% of those who
obtained low and high SA had normal Z-BMI (P < 0.05).

Table 1 expresses the scores (mean (SD)) obtained in the
language and mathematics SA by nutritional status and grade.
In both school grades, children with the highest Z-HC val-
ues scored significantly higher in the SA tests for both language
(P < 0.01) and mathematics (P < 0.0001). As regards Z-H, in both
grades, a positive and significant association, although with low
significance, was observed only for mathematics SA (P < 0.01).
According to Z-BMI categories, a positive and significant asso-
ciation was observed only for language SA (P < 0.01).
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Figure 3. Scholastic achievement (SA) in the 2009 Education Quality
Measurement System test of Chilean school-aged children by BMI-for-age
Z-score (Z-BMI). (a) Language (Z§(6df) =10.3232; NS); (b) mathematics
(xg(Gdf) =5.5146; NS). White columns, high SA; dotted columns, medium
SA; and black columns, low SA. N, normal; NS, not significantly different; O,
obesity; OR, obesity risk; U, underweight.

The logistic regression analysis between language and math-
ematics SA scores in the SIMCE test (dependent variable),
probability-modeled scores > median (Md), anthropometric
parameters, and sex (independent variables; Table 2) revealed
that, in both school grades, Z-HC was the independent vari-
able with the greatest explanatory power in the language
and mathematics SA scores. In students from the fifth grade
of elementary school, Z-HC was the best predictor for lan-
guage and mathematics SA scores (odds ratio value = 1.510
and 2.447, respectively), which indicates that Z-HC scores >0
SD increases the probability of obtaining language and math-
ematics SA scores > Md by 51% and 244.7%, respectively.
Comparable results were observed in students from the first
grade of high school because Z-HC was also the best predic-
tor for language and mathematics SA scores (odds ratio value
= 2.030 and 2.097, respectively), which indicates that Z-HC
scores 20 SD increase the probability of obtaining language
and mathematics SA scores > Md by 203 and 209.7%, respec-
tively; the male sex appears as a preventive factor (odds ratio
value = 0.578) because being males reduced the probability of
mathematics SA scores < Md by 42.2%.

DISCUSSION

The results of this study confirm that HC is the most relevant
anthropometric parameter associated significantly with SA
in the SIMCE tests and this was observed independently of
school grade. Z-H and Z-BMI did not contribute to the expla-
nation of SA. As a consequence, HC, an anthropometric indi-
cator of both nutritional background and brain development,
constitutes the most important physical index associated with
SA. This is relevant because SA evaluated through the SIMCE
tests, the dependent variable of this study, has a national cov-
erage as a parameter of quality-of-education measurement in
Chile. Therefore, extrapolating from the results of this study,
we may hypothesize that children with suboptimal HC have
some degree of alteration of brain development associated with
lowered SA in the SIMCE tests, thus confirming some previous
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results (3). Sex (males) was a preventive factor for mathematics
SA only in students from the first year of high school, probably
because they have greater mathematical ability (23).

The nutritional status of Chilean school-aged children has
been positively and significantly correlated with SA and intel-
ligence, especially with indicators of past nutrition; however,
as previously stated, HC is the most relevant index associated
with intelligence and learning success (3,19-22). Children
with suboptimal HC graduating from high school have a high
probability of failing the Academic Aptitude Test for university
admission (22). The explanatory power of HC on intellectual
ability and SA increases significantly from the onset of elemen-
tary school until the end of high school; in contrast with this,
the explanatory power of body weight and height decreases
significantly. Furthermore, educational selectivity correlates
with HC and not with weight and height (21). Findings from
other authors confirm that students with intellectual disabili-
ties had smaller total BVs (24).

HC represents the most sensitive physical index of undernu-
trition during the first year of life and is strongly related with
prenatal parameters, HC, BV, intelligence, and SA in children
at 18 y of age when they graduate from high school (25).

Research with the aim of defining the nutrients that are
important for the adequate development of brain structure and
function during gestation and early childhood, with the ulti-
mate goal of improving cognitive development, is an important
task in terms of educational and future public health policies.
Some investigations have underlined the need for adequate
supplies of w-3 fatty acids during pregnancy, but evidence
about its effects on birth outcomes is limited, although some
authors emphasize that prenatal docosahexaenoic acid sup-
plementation to primigravid women may result in increased
birth size in a population where dietary docosahexaenoic acid
intakes are low (26).

In this study, most part of the sample had a “normal HC”
(mean * 2 SD), although SIMCE results significantly decreased
in school-aged children with Z-HC values already immediately
below the 0 SD or mean values. This means that Z-HC values
lower than the mean are associated with an increased incidence
of lower SA scores in the SIMCE test and that small differences
in HC could be of considerable importance in the HC-SA
interrelationship, a finding in agreement with our previous
results (3,20). As in previous studies, we emphasize that a “nor-
mal” HC (mean + 2 SD) is more related to statistical normality,
although this may not be so for psychological or educational
achievements (3,20). However, the findings of this study should
be considered as showing a statistical association and that these
do not represent a direct cause-and-effect relationship.

Despite the fact that most children in the sample had a
normal HC, children whose HC was below mean had lower
SA. This finding needs more attention and research because
in the sample described in this study, the lowered HC is not
due to undernutrition at an early age because these school-
aged children had not been affected by it. Another possible
explanation for our results is that HC is a highly heritable bio-
metric trait because in nearly all age groups, the largest part

Copyright © 2014 International Pediatric Research Foundation, Inc.
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Table 1. Language and mathematics SA scores in the SIMCE test by nutritional status and grade

Fifth grade of elementary school

First grade of high school

Language

Mathematics

Nutritional status Language Mathematics

Z-HC
<-2SD 252.3%0(12.6) (n=4) 244.8** (69.0) (n=5)
-2to<0SD 258.6%(63.5) (n=212) 247.8%(52.0) (n=210)
0-2SD 275.5(53.3) (n=323) 273.3%(54.3) (n=323)
>2SD 284.52P (57.6) (n = 24) 293.8(48.1) (n=25)

F=5.08;P<0.01 F=12.53;P<0.0001

Z-H
SGF 258.7(48.2) (n=7) 256.4*0(56.2) (n = 8)
MGF 256.9(57.8) (n=48) 248.6°(60.7) (n =48)
NH 268.0(53.5) (n=379) 262.12(55.1) (n=376)
T 278.4(53.4) (n=130) 277.4°(49.9) (n=132)

Current nutritional status

F=2.25;NS

F=4.12;P<0.01

Z-BMI
u 261.2(53.0) (n=26) 257.7 (49.8) (n=25)
N 271.7 (52.9) (n=255) 266.3 (54.9) (n =256)
OR 269.8 (54.0) (n=166) 264.7 (56.0) (n = 166)
O 265.3(56.8) (n=117) 261.5(54.9)(n=117)

F=0.57;NS

F=0.34;NS

247.6°(52.9) (n=17)
273.3*2(45.7) (n=209)
283.4°(50.6) (n=268)
285.120(48.2) (n=33)
F=4.17;P<0.01

262.4(64.2) (n=13)
273.2(51.0) (n=86)
279.8 (48.0) (n=382)
281.4(49.4) (n=48)
F=0.95;NS

277.4*° (47.4) (n=5)
283.4°(48.3) (n=292)
278.4°(49.0) (n=152)
259.5%(49.3) (n=76)

F=4.83;P<0.01

238.6*(41.0) (n=18)
281.3°(50.3) (n=213)
300.4¢(53.7) (n=267)
316.0°(45.0) (n=32)
F=14.18; P <0.0001

264.1°0 (65.8) (n=13)
277.2%(54.1) (n=86)
294.0°(52.6) (n=382)
304.7°(49.2) (n=51)
F=4.63;P<0.01

261.8(56.5) (n=5)
293.7(52.3) (n=291)
295.5(54.9) (n=156)
279.9(53.5) (n=76)

F=2.15;NS

Scores are expressed as mean (SD). The number of cases in each group is indicated between parentheses. Means with the same letter are not significantly different at the 0.05 level

based on Bonferroni's test.

MGF, mild growth failure; N, normal; O, obesity; OR, obesity risk; SGF, severe growth failure; SIMCE, scholastic achievement in the Education Quality Measurement System; T, tall; U,
underweight; W, well nourished; Z-BMI, BMI-for-age Z-score; Z-H, height-for-age Z-score; Z-HC, head circumference-for-age Z-score.

of the variation in HC was explained by genetic differences.
Heritability estimates were greater than 80% from young
infants to adolescence (18). However, environmental factors,
such as maternal level of education, home environmental stim-
ulation, and type of school attended, plus birth HC and growth
in head size in the first 6 mo, have been described by many
authors as significant determinants for cognition (4). Recent
findings from 3,383 children reported that, in the first 6 mo
of life, those whose mothers had a low education level had a
smaller HC than those from mothers with a high educational
level; educational inequalities in HC can be mainly explained
by pregnancy-related factors, such as birth weight and gesta-
tional age (27).

Inequality between and within populations has origins in
adverse early experiences. Developmental neuroscience shows
how early biological and psychosocial experiences affect brain
development. Cognitive stimulation, stunting, iodine defi-
ciency, and iron-deficiency anemia are risks that prevent mil-
lions of young children from attaining their full developmental
potential. Recent research emphasizes the importance of these
risks, strengthens the evidence for other risk factors includ-
ing intrauterine growth restriction, malaria, lead exposure,
human immunodeficiency virus infection, maternal depres-
sion, institutionalization, and exposure to societal violence,
and identifies protective factors such as breastfeeding, mater-
nal education, and quality of family care (28).

Copyright © 2014 International Pediatric Research Foundation, Inc.

The findings of this study confirm our hypothesis that inde-
pendently of grade, school-aged children with the highest
scores in the SIMCE tests for both language and mathematics
have the highest HC values compared with their peers with
medium and low SA and that, in consequence, HC is the most
relevant anthropometric parameter associated with SA scores.
Although the growth of HC during infancy is known to predict
later childhood outcomes, the mechanisms underlying this
association with later cognitive abilities remain undetermined.
A limitation of this study is that it is very difficult to come to
know in detail the biological and psychosocial experiences
affecting HC and brain development at an early age. The first
2y of life represent the period of maximum HC growth, and
70% of adult brain weight has been attained by the end of the
first year (25); furthermore, by the age of 6 y, 90% of the HC
has been reached (29-32).

Our previous studies on Chilean school-aged children grad-
uating from high school confirmed a high degree of correlation
(r=0.847; P < 0.0001) between absolute HC and BV measured
by magnetic resonance imaging (3); as a consequence, male
students with Z-HC < -2 SD had a BV 449.1 cm’ lower than
the >2 SD group, whereas among females, this difference was
214.4cm?® (P < 0.001) (3). This is in accordance with other
studies in neonates confirming that HC is a powerful predictor
of total BV. Moreover, BV has been described as a determinant
of HC at term. Microcephaly is associated with lower BVs,
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Table 2. Logistic regression between language and mathematics SAs in the SIMCE test (dependent variable), probability-modeled scores > Md,

and anthropometric parameters (independent variables), and sex

Odds ratio estimates

95% Wald confidence

Parameter entered df Estimate Standarderror ~ Wald %2 Pr>y? Point estimate limits
1. Fifth grade of elementary school
Language SA
Intercept 1 —-0.3047 0.0823 13.7146 0.0002
Z-HC(=Mdvs.<Md) 1 0.2061 0.0823 6.2748 0.0122 1.510 1.094 2.085
Hosmer and Lemeshow test y? = 0.000; 0 df; NS
Mathematics SA
Intercept 1 —-0.3882 0.0851 20.8079 <0.0001
Z-HC(=Mdvs.<Md) 1 0.4474 0.0851 27.6292 <0.0001 2.447 1.753 3415
Hosmer and Lemeshow test 2 = 0.000; 0 df; NS
2. First grade of high school
Language SA
Intercept 1 —-0.4015 0.0831 23.3230 <0.0001
Z-HC(=Mdvs.<Md) 1 0.3541 0.0831 18.1465 <0.0001 2.030 1.466 2.813
Hosmer and Lemeshow test 2 = 0.000; 0 df; NS
Mathematics SA
Intercept 1 —-0.3788 0.0848 19.9395 <0.0001
Z-HC(=Mdvs.<Md) 1 0.3702 0.0919 16.2331 <0.0001 2.097 1.463 3.006
Sex (Mvs. F) 1 -0.2738 0.0908 9.0927 0.0026 0.578 0.405 0.826

Hosmer and Lemeshow test y? = 0.0026; 2 df; P = 0.9987

df, degrees of freedom; F, females; M, males; Md, median; SA, scholastic achievement; SIMCE, scholastic achievement in the Education Quality Measurement System; Z-HC, head

circumference-for-age Z-score.

which suggests a vulnerability to adverse factors during gesta-
tion. Poor postnatal head growth in preterm infants becomes
more evident by 2 y of age and is strongly associated with poor
neurodevelopmental outcomes (33).

Our results may provide the stimulus for further research
related to the impact of genetic and environmental factors on
the HC-SA interrelationship, such as environmental, mater-
nal, home, or school stimulation at an early age. The results of
this study clearly demonstrate that low HCs are related to poor
SA and children with low HC constitute a vulnerable group for
SA. These findings raise important public health questions and
provide justification for additional research. The design of the
current study does not answer how the low HC relates to poor
SA, whether this association may be genetic (in the sense of
heritability of smaller HC and/or heritability of lowered paren-
tal intelligence quotient) or due to prenatal nutritional care,
postnatal head growth, or maternal stimulation. The impor-
tance of our findings could be the justification for a follow-up
study that prospectively identifies a birth cohort with small
HC as well as a separate cohort with a small HC affecting later
on in infancy and tracking these children by their growth and
development along time. In these children with small HC, it is
of interest to determine who are at risk for diminished SA in
terms of genetic/heritability factors vs. health/nutritional and
environmental stimulation in a multifactorial approach study-
ing their parents and siblings as well. This is a very complicated
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design but well worth exploring if there is the possibility that
earlier intervention could improve SA.

METHODS

Study Population

The target population, 187,860 children (39% of Chilean school popu-
lation), included all school-aged children enrolled in the fifth elemen-
tary school grade (N = 91,663) and in the first grade of high school (N
= 96,197) in Chile’s Metropolitan Region in 2010 and who took the
SIMCE test at the end of the year 2009. They belonged to public, pri-
vate subsidized, and private nonsubsidized schools from urban areas.

Sample Selection

The sampling frame of this study corresponds to the educational
establishments from the urban area of the Chilean metropolitan
region. The sampling system performed in two stages. In the first
stage, 33 educational establishments, which represent 2.61% of the
total population of urban schools (N = 1,262), were randomly selected
by proportional allocation according to stratification by type of school
and the levels of achievement in the SIMCE 2009 established by the
Ministry of Education (high, medium, and low). In a second stage,
in each of the 33 schools, all students enrolled in both grades who
took the SIMCE 2009 were invited to participate in the study. A total
of 1,353 school-aged children and their parents agreed to participate
in the study and they signed the informed consent form. Their age
ranged from 9.9 to 18.2 y (mean age: 10.8+0.6 y) and from 12.7 to
17.6 y (mean age: 14.8 £0.6 y), in the fifth grade of elementary school
and in the first year of high school, respectively.

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, and ratified by the Committee on Bioethics of
the National Fund for Scientific and Technologic Development

Copyright © 2014 International Pediatric Research Foundation, Inc.



(FONDECYT), Chile. Subjects’ consent was obtained according to
the norms for Human Experimentation, Code of Ethics of the World
Medical Association (Declaration of Helsinki) (34). The field study
was carried out during 2010.

SIMCE Tests

SA was assessed through the SIMCE tests, which has national cover-
age in Chile and is administered by the Ministry of Education; this
was considered the dependent variable. The aim of this testing is to
improve the quality and equitableness of the educational process in
the different areas covered by the national curriculum. Scores range
between 0 and 400, and the results are expressed as scores (mean +
SD) in the language and mathematics tests. Data were also catego-
rized in three ranges according to the levels of achievement estab-
lished by the Ministry of Education of Chile for both grades. In grade
IV, results for language scores in the 2009 SIMCE test were classified
as follows: high SA (score > 281), medium SA (score 241-280), and
low SA (score < 240); and for mathematics scores, high SA (score >
286), medium SA (score 233-285), and low SA (score < 232). In grade
VIII, results for language scores in the 2009 SIMCE test were classi-
fied as follows: high SA (score > 286), medium SA (score 235-285),
and low SA (score < 234); for the mathematics scores, the high SA was
score = 321, for medium levels, the SA score was 276-320, and for the
low level, the SA was score <275 (35).

Anthropometric Measurements

The measurements of weight, height , and HC were carried out at
school applying standardized procedures; all the instruments were
verified before measuring each subject (36). Nutritional status was
expressed as Z-H and classified as severe growth failure (Z-score <-2
SD), mild growth failure (-2 SD to <—1 SD), normal height (Z-score
between —1 and 1 SD), and tall (Z-score >1 SD) (37). Their BMI
(evaluated as weight/height”) was compared with National Center for
Health Statistics—Centers for Disease Control and Prevention tables,
and children were distributed into four categories: underweight
(Z-score <—1 SD), well nourished (Z-score between —1 and 1 SD),
obesity risk (Z-score between +1 and +2 SD), and obesity (Z-score
>+2 SD) (37). BMI was calculated using biological age derived from
Tanner stages (29). Raw HC was compared with the tables of Tanner
(29), Nellhaus (30), Roche et al. (31), and Ivanovic et al. (32) and was
expressed as Z-HC). Z-HC values were similar when applying these
tables because the correlation coefficient between these patterns was
0.98 (32). In this respect, mean + 2 SD was considered “normal HC,
<-2 SD as microcephaly, and >+2 SD as macrocephaly (29-32). In
this study, the classification was as follows: <=2 SD, <0 to -2 SD, 0 to
2 SD, and >2 SD. The anthropometric parameters were considered
independent variables.

Socioeconomic Stratum

Socioeconomic stratum was measured applying a scale based on
Graffar’s modified method that had been adapted to Chilean urban
and rural populations (38). This scale classified the sample into five
socioeconomic strata: 1 = high (0.3%); 2 = medium to high (14.7%);
3 = medium (38.3%); 4 = medium to low (45.6%); and 5 = low (1.1%).

Statistical Analysis

Data were processed using the Statistical Analysis System package
(SAS 9.3; SAS Institute (Cary, NC)). Statistical analysis included  for
categorical variables, variance tests, and Bonferroni test for compari-
son of means. Logistic regression with the option “Stepwise” was used
to establish the most important independent variables that affect lan-
guage and mathematics SA (dependent variable). Language and math-
ematics scores were separately considered dependent variables and
divided into two groups: <Md and >Md. Probability modeled was lan-
guage and mathematics scores >Md. Hosmer and Lemeshow test was
applied for goodness of fit. The independent variables considered in
the statistical model were the anthropometric parameters significantly
associated with SA, Z-H (with growth failure and without growth fail-
ure), and Z-HC (< 0 SD and > 0 SD), controlling for sex (39).
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