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ABSTRACT. The results of tests of intellectual and psychomotor performance and school performance
in a group of school children from a rural impoverished and iodine deficient Andean community whose
mothers received injections of iodinated oil prior to the end of the first trimester of pregnancy have
been compared with results in children from a neighboring comparable community whose mothers
had received no iodinated oil. Subjects between ages 8 and 15 were studied. Statistically significant
differences were not observed between the two groups in tests of intellectual function, but children of
mothers who had received iodinated oil performed better on tests of psychomotor maturation. The
group whose mothers had received oil performed distinctly better when assessed in terms of school
drop-out rates, grades achieved, grades repeated, and in overall performance as judged by teacher
notes in school records. Performance of both groups on standard tests of intellectual and psychomotor
function was lower than standard scores. This may be a result of social and cultural deprivation, the
general malnutrition prevailing in the region or other unidentified factors. The improved scoring and
school performance exhibited by the children of mothers who received iodinated oil underlines the
importance of prophylaxis with iodine in iodine deficient regions as one important contributor to
community development.

INTRODUCTION Tocachi was treated, La Esperanza serving as control.
An inventory of the total population of ten rural com- Those born after the program was started were exam-
munities of the Ecuadorean Andes affected by goiter ined at the time of birth and at key stages of their
was made in 1962 (1, 2). Chronic iodine deficiency, development. Physical growth and neuromotor devel-
protein-calorie malnutrition, isolation and cultural de- opment were measured. Women of childbearing age
privation prevailed in these communities. In addition to and children born in Tocachi were reinjected or injected
overt cretinism, mental subnormality appeared to afflict in1970,1974 and 1978, after it was shown that the dose
a large fraction of the population. Two of these com- of Ethiodol used maintained the urinary excretion of
munities were chosen for study: Tocachi and La Es- iodine above 50 micrograms per gram of creatinine for
peranza. These were neighboring villages, similar in 4-5years. Theresults upto 1973 may be summarized as
altitude, isolation, ethnic make-up, iodine deficiency follows: 1) Goiter was prevented in children born in the
and socioeconomic conditions. Prevalence of goiter treated population; 2) gross motor function showed a net
and cretinism were similar (3, 4). improvement in the children of the treated mothers, the
Aprogram of correction of chronic iodine deficiency by difference with children of untreated mothers being
intramuscular administration of iodized oil (Ethiodol) significant; 3) deafness-related mutism did notoccurin
was started in March, 1966. The total population of children of treated mothers; 4) among the children of

untreated mothers there were instances of definite re-
tardation in all four major areas of neuromotor devel-
opment (personal-social, reflex maturation, linguistic
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2These studies were reported in the proceedings of a meeting held in Lima, Peruin Results of correction of chronic iodine deficiency on
November, 1983 and published in modified form in PAHO Scientific Publication No. R . . .

502, page 162. intellectual capacity were studied in 1973, when the
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was charted, the curve of the untreated children was
skewed in the direction of mental deficiency, while the
curve of the treated children showed a clear tendency
toward normality. Severe mental deficiency (IQ > 50)
did not appear in children born of mothers treated with
iodized oil before conception or before the first three
months of pregnancy. in children of untreated mothers
the spectrum of intellectual capacity was wide, cover-
ing practically all mental categories (10-13). We
adopted the term endemic mental deficiency for all
categories of mental retardation found in the communi-
ties, realizing that all of these defective children were
not attributable to iodine deficiency.

Since 1969 there has existed mandatory iodization of
salt for human consumption, but the 1978 (14) and the
1981 (15) surveys disclosed that the prevalence of
goiter in schoo! children had not significantly dimin-
ished (except in Tocachi). Urinary excretion of iodine in
the great majority of the rural population remained
under 50 micrograms per gram of creatinine.

in October 1981, we began the present study of the
effects of correction of iodine deficiency onintellectual
development. A large number of the children bornin the
two communities after 1966 had entered school. [t was
possible, therefore to study their school performance.
Age six to seven is a milestone in a child’s mental
development (16, 17). The psychological life of the
child, bothin relation to intelligence and to affective life,
social relations, and individual activity is observed in
the appearance of new forms of organization that com-
plete the structures which were being formed during
earlier periods of development. In the intellectual area,
logical thinking appears during the early school years.
The principle of logic, or causality constitutes a system
of relations that permit the coordination of diverse per-
sonal view points, and the coordination of perceptions
and intuitions (16). The presence of concrete opera-
tions, both logical-arithmetic and spatial-temporal, in
the child’s thinking, and its governance by a set of
common rules, characterize the unfolding mental
structure and permits the child to respond to the de-
mands of the educational system (18, 19). The devel-
opment of thought is stimulated to an undefined degree
by the formal schooling process and by the acquisition
of specific skills such as the ability to read and write. By
the end of schooling the child has learned to generalize
andto elaborate abstract constructions, and this opens
him to a more sophisticated interpretation of reality. in
the domain of the affective life, systems of social and
individual coordination become organized in the
school child, leading to the appearance of social inte-
gration. The development of rational thought and be-
havior, autonomy, honesty, will-power and responsibili-
ty are important aspects in the evolving affective life of
the school child (20).

A normal child adapts rapidly to school and responds to
the instructional system because he has the intellectu-
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al tools necessary for learning. Results of intelligence
tests have always correlated with school success (21).
A study, therefore, of school performance in subjects
born under a program of correction of iodine deficiency
should disclose the long-term effects of such correc-
tion in relation to its most important aspect, the preven-
tion of mental disabilities which leave the child at a
disadvantage. It also seemed reasonable to comple-
ment the school performance evaluation with that
based in formal tests of intelligence. Although we were
well aware that cultural differences introduce changes
in test results (22), and that those tests that we used
had not proved to be entirely culture-free, we reaiized
that western tests offen work with other cultural groups
when adapted to increase their intelligibility and accep-
tability (23).

MATERIALS AND METHODS

School performance of children born under the pro-
gram from October 1966 to October 1973 wére studied
beginning in October 1981, both in Tocachi (treated
population) and in La Esperanza (non-treated popula-
tion), i.e.in subjects who by 1981 were 8to 15 years old.
All subjects in Tocachihad been born to mothers treat-
ed before conception, or during the first three months of
pregnancy. Elementary school in the communities
takes six years, and children start between five and
seven years of age. The study of school performance
was conducted only on those children who had stayed
inschool atleast a full year and had started anew year,
even if they had not completed the second year.

The sources used in studying school performance
were: 1) the School Register, a book maintained by
teachers; 2) the Annual Student Report, which the pupil
receives at the end of the school year; 3) interviews
with teachers and parents; this information was re-
corded in the “School History” of each child, inciuding
the age at which he started school; 4) marks at the end
of each grade in the four basic areas of elementary
school, including reading, writing, mathematics and
natural science; 5) grades passed or repeated and
cause for failure; 6) drop-outs and transfers, and 7) any
special remarks on the child’s behavoir and perfor-
mance.

Six-hundred and fifty children were born under the
program from October 1966 until October 1973, of
whom 239 were in the treated population and 411 inthe
non-treated population. It was possible to study school
performance in 421 children (64%), of whom 128 (59%)
were inthe treated group and 293 (71%) in the untreat-
ed population. These were children who were still in
school, or had finished or abandoned school. The miss-
ing children were from death before entering school,
failure to enter school, some who did not stay in school
for a full year, some who had moved and could not be
traced, some with incomplete school registers, and



some for whom there were inconsistencies between
school registers and student reports.

Size of thyroids of all subjects was assessed by skilled
examiners according to the classification of the Pan
American Health Organization (24).

A set of tests was administered to those students
whose school performance was studied. Children from
the untreated group were pair-matched by age and
sex, with one for each child from the treated group.
When more than one subject was available to match a
subject from the treated group, random selection was
employed. All were volunteers. Although frequently
several tests were done on the same subject, in no
case were more than two done onthe same personina
single session. This part of the study was done by a
psychometrist with wide experience in field work
among Andean rural communities. The tests used fol-
low.

Terman-Merrill

This version of the Stanford-Binet Scale (25), modified
by Navas for Ecuadorean children (26), is an intelli-
gence test requiring verbal, numerical and spatial abili-
ty. The Navas adaptation omits some purely verbal
items and others that rely too much on memory. The
test correlates with school performance in 70% of
cases. In children from the urban center, Quito, the I1Q
distribution was similar to that reported by Terman and
Merrill. The test was applied to 113 children from the
untreated community and 41 from the treated group, all
aged 8to12.

Wechsler

This test was also a version modified by Navas for local
use (27,28). The Wechsler test is based on the concept
that intelligence is the “capacity to act in a purposeful
way, to exert pressure rationally and to try to cope with
one’s environment efficiently”. The test requires atten-
tion, immediate memory, imagination, verbal, numeri-
cal and spatial ability, visual perceptive ability, ability to
concentrate, inductive reasoning, global perception of
elements, aptitude to understand a situation as a
whole, ability to analyze and synthesize, and speed and
accuracy in manual performance. The resulting 1Q is
anindicator of general cognitive aptitude. We applied it
to 55 subjects from the untreated group and to 53 from
the treated group. All were older than 12.

Goodenough

This test of child intelligence is based on the drawing of
the figure of a man (29). It is based on the hypothesis
that the child “draws based more on what he knows
than on what he sees”. It attempts to measure general
intelligence of children up to age 13. Goodenough in-
terpreted spontaneous child drawing as an objective
expression of higher physiological processes. The
child when drawing “does not perform an esthetic pro-
cess but an intellectual task. He does not produce an
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expression of artistic ability but one of conceptual re-
portory”. She pointed out that graphic activity tends to
integrate along a gradual process of psychological
maturation. The test is widely used regardless of cultur-
al roots or cultural developmental levels. In these stud-
ies it was used on 168 children from the untreated
community and on 94 from the treated community, and
on subjects aged 810 13.

Goddard

The child fits ten geometrical figures into their appro-
priate places as rapidly as possible, using one or both
hands (30). The test may be used both in children and
adults; since language is not used it may be used on
those with hearing disorders and those with mental
retardation. It assesses psychomotor development,
manual ability, visual motor coordination and the ability
to recognize shapes and meanings. It was used with
170 children from the untreated community and 94
from the treated one.

Bender

In this visual-motor test the examinee copies nine ge-
stalt designs (31). Throught analysis of the copies the
examiner can evaluate the manner in which the subject
has structured the perceptual stimuli. It can be applied
to children and adults, literate or illiterate, and those
with language problems. It is founded on the theory of
form, and is a visual-motor one since the subject draws
with a model in sight. According to Bender it addresses
visual perception, motor-manual ability, memory, spa-
tial concepts and ability to organize and represent. It
permits the diagnosis of organic problems of the brain,
mental retardation, aphasias, and the level of matura-
tion. It was applied to 141 persons from the untreated
community and 42 from the treated one, and on sub-
jects aged 8 to 15.

Raven

This progressive matrices test is based on the assump-
tion that “intelligence is determined by a large number
of specialized factors-one for each function, by a limit-
ed number of group factors (that intervene in a number
of functions), and by a general factor (common to all
functions)” (32, 33). The test is non verbal, graphic,
multiple choice, and is an endeavor to measure “the
intellectual ability necessary to.compare shapes, and
to reason by analogy with independence of acquired
knowledge”. In a study conducted in Ecuadorian
schools this test was found useful “to classify with
economy and simplicity of instruments the intellectual
ability of large groups of school children” (34). We
applieditto 167 children from the untreated community
and to 94 from the treated one, ages 8 to 15.

Body weight and standing height of all subjects of this
study were measured, and the data compared with
those obtained in the same villages before the prophy-
laxis program was begun. In 72 subjects from the un-
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treated community and in 31 from the treated region
the urinary excretion of iodine was measured and ex-
pressed in ug/gm creatinine, following standard me-
thods (35, 36). All subjects for iodine measurements
were older than 10 and were chosen because the
heights and weights were similar in thé two groups.

A quarterly determination was made of the iodine con-
tent of the four types of salt sold in the two communities
during 1981-1982. The more expensive ones were la-
beled “iodized salt” while the last was rock salt. During
the same period a survey was made among 20% of
randomly chosen families in the two communities in
order to determine the kind of salt used.

In somé cases radioimmunoassay for TSH was done
on dried filter paper spots (Phadebas Dry Spot TSH
kindly provided by Pharmacia Diagnostics). Tests were
performed in duplicate samples on 3.0 mm discs.

RESULTS

Prevalence of goiter
Stage 1 goiter (thyroid palpable and visible only when
the neck is fully extended) was found in 21% of the
study subjects in the untreated community and in 2%in
the other. Nodular goiter was found in 7% of subjects in
the untreated group.

Urinary excretion of iodine

Excretion was significantly higher (P > 0.001) in the
treated than in the untreated community (Table 1).
More than 50% of those from the untreated group had
values under 50 ug/gm creatinine.

lodine content of salt

“lodized salt” (3 brands) had mean values for the quar-
terly determinations of 15, 5 and 2 ug/gm, while there
was no iodine detected in the rock salt. The family
survey showed that 70% of the families used one of the
brands of “iodized salt”, 14% used it occasionally, 12%
not at all, and 4% did not respond.

Weight and height of subjects

There were no significant differences in these parame-
ters between the two groups. There were no differ-
ences between the two groups when data were ob-
tained from the two communities on the same subjects

Table 1 - Number, mean value and range, SD and “Z” Test
value of p, of urinary excretion of iodine (ug/g creatinine) in
treated and untreated children older than 10 yr.

Group Number Meanvalue SD “Z” Test
(range) value of p
Treated 31 207.2 1322
children (34-483)
p < 0.001
Nontreated 72 116.0 925
children (20-377)
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before the program was begun several years earlier (6,
13, 37).

School performance

There was no difference between the treated and un-
treated children with respect to the age at which they
started school. The average age at which they entered
was that usual for Ecuadorean children. Those from the
treated group began at 6.67 years, and from the un-
treated group 6.69 years. The range was larger than
that for urban Ecuadorean children, being 5.3 to 8.8
years among the treated children and 5.3 to 8.9 for the
untreated group.

Atthe beginning of this study most of the subjects from
the treated group were in the fifth and sixth grades,
while most of those from the untreated group were in
the fourth and fifth grades (i.e. one year’s difference)
(Table 2). There was a higher percentage of those from
the treated group who had finished elementary school
and were in high school. Evidently this was not due to
socioeconomic reasons since the percentage of chil-
dren taken out of school for family problems or for work
needs was similar in both groups. The percentage of
children from the untreated group taken from school for
mental insufficiency was twice than from the treated
group. Three children from the untreated group were
removed from school because of obvious mental re-
tardation in two and impaired hearing in one. Most of
the children who withdrew from school did so at two
times: at the end of the first grade, when it became
obvious that they could not continue because of ex-
tremely poor performance, and at the end of the fourth
grade, again for poor performance. In the opinion of the
teachers these children were unable to progress to
upper grades, where higher degrees of abstraction and

Table 2 - Situation of the treated and untreated children when
the study started (October, 1981).

Treated Untreated

School:

1st. Grade 0.0% 0.6%

2nd. Grade 3.0% 17

3rd. Grade 78 126

4rd. Grade 11.7 17.0

5th. Grade 265 156

6th. Grade 17.2 10.2

Have completed the School

but did not continue their

studies. 109 16.0

Are in the High School 6.2 2.7

Left School for

SOCi0-economic reasons 109 98

Left School for

incapacity (very low

performance). 54 133




generalization are needed. Seven children (5.4%) from
the treated group and 39 (13.9%) from the control
group were removed from school for mental deficiency.
In 6 of the children from the treated group and.in 28
from the untreated group we were able to determine the
plasma TSH levels. All except 3 from the untreated
group had values below 7 uU/ml blood. The elevated
values were 10, 14 and 30. The parents did not consent
to other measurements.

Performance of children who had not failed any grade
The indicators used were grades received in reading,
writing, methematics and natural science during each
year the student stayed in school. Among the treated
group 58% had failed no grade, while 36% from the
control had not failed a grade. A higher percentage of
the children from the treated group received good
marks (16% vs. 9%). Analysis of grades showed that
performance was especially deficient in reading and
writing until the fourth grade, and in all four areas in the
upper grades.

Children who had failed at least one grade

The number of children (80%) in this category came
from the untreated group more frequently than from
those whose mothers had been treated (64%) (Table
3). The difference was largely due to performance in
the first grade, when 20% of the treated group had to
repeat, while 45% of the untreated group were repeat-
ers. Performance in these children was especially low
inreading and writing, and above all in mathematics. It
appeared that the reading and writing problems could
not be assigned to dyslexia or dysgraphia, but rather to
a global retardation indicated by low levels of under-
standing and retention. The School Register at this
level noted that some children could notlearntoread. A
diagnosis of dyslexia could be made on only two of the
128 children, both from the treated group.

Grade repetition was evident in both groups, but was
higher in the children from untreated mothers (Table 4).
Among the treated children 26% showed one year
difference from the grade they should have been in,
compared to 46% of the untreated children. Two year
differences were similar in the two groups.

Causes for failure

Inthe teacher’s opinions the children who did poorly or
failed did not “respond to stimuli”, “were apathetic” or
“inhibited”. Interviews with the children readily distin-
guished between apathy and laziness. In the apathetic
children there was something beyond laziness: lack of
knowledge and incapacity were related to the child’s
memory. School Register notes frequently recorded
that “the child does not remember”, or “forgets every-
thing”. Three children from the treated group and nine
from the untreated group who were starting the third
grade had practically forgotten trow to read and write.
There appeared to be no differences between boys
and girls in all aspects reported here.
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Table 3 - Percentage of the treated and untreated children
who repeated a given grade.

Grade Treated Untreated
1st 20% 45%
2nd 13 14
3rd 18 11
4th 9 7
5th 3 2
6th 1 1

Table 4 - Times a grade was repeated by treated and untreat-
ed children.

Treated Untreated
One Time 26% 46%
Two Times 12 14
Three Times 4 3

Four Times - 1

Table 5 - Number, mean IQ scores and range, SD and “Z”
Test* value of p, of the treated and untreated children aged
8-12 years, tested with the Terman-Merrill Test (25) modified
by Navas (26).

Group Number 1Q meanvalue SD  "Z"” Test
(range) value of p
Treated 41 90.73 10.29
children (64-109)
NS
Untreated 113 88.85 10.68
children (50-108)

*Spiegel, M.R., Statistics. McGraw-Hill, Mexico City, 1970, p. 169.

Table 6 - Number, mean IQ scores and range, SD and “Z”
Test value of p, of the treated and untreated children, all older
than 12 years, tested with the Weschler Test (27) modified by
Navas (28).

Group Number 1Q meanvalue SD  “Z" Test
(range) value of p
Treated 53 92.41 13.22
children (71-126)
NS
Untreated 55 89.58 10.85
children (64-111)
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Table 7 - Number, mean IQ scores and range, SD and “Z”
Test value of p, of the treated and untreated children, aged
8-13 years, tested with the Goodenough Test (29).

Group Number 1Q meanvalue SD  “Z" Test
(range) value of p
Treated 94 8852 12,73
children (51-115)
NS
Untreated 168 88.31 13.13
children (48-117)

Table 8 - Number, mean IQ scores and range, SD and “Z”
Test value of p, of the treated and untreated children aged
8-15 years, tested witht the Goddard test (30).

Group Number [Q meanvalue - SD  “Z" Test
(range) value of p
Treated 94 91.96 12.23
children (60-113)
p < 0.002
Untreated 170 85.31 13.55
children (50-113)

Table 9 - Resuits obtained with the Bender Gestalt Test (31) in
42 treated and 141 untreated children aged 8-15 years.

Bender Treated Untreated
classification children children
% %
Normal (N) 446 304
Normal Inferior (NI) 29.7 276
Signs of Immaturity (St) 191 29.7
Abnormal (A) 6.5 12.0

Table 10 - Results obtained with the Raven test (32, 33) in 94
treated and 167 untreated children aged 8-15 years.

Percentile Treated children Untreated children
% %
1 6.3 1.7
5 21.2 26.9
10 436 26.3
15 — 05
25 14.8 251
50 138 185
75 — 05
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Performance on Tests

Terman-Merrill-Navas test

This test of general intellectual aptitude disclosed that
the 1Q’s of children from the treated group did not reach
a significant difference from the control group (Table
5). In both groups.the average and most scores were
well to the left of the established distribution curve.
14.6% of the children of treated mothers and 18.% of
the control group had deficient performances as com-
pared to established standards. This deficiency ap-
peared in the following aspects: information, compre-
hension, analogies and differences, reasoning, ab-
straction, recall and immediate memory, and vocabu-
lary.

Wechsler-Navas test

The IQ's as measured by this test of intelligence did not
reach a significant difference between the groups (Ta-
ble 6). Both the average and most scores in both
groups were also to the left of the established curve for
anormal popolation. 15.1% of children from the treated
group and 21.8% of the control group showed deficient
performances. The deficiency related to visual-per-
ceptual aptitude, immediate memory, attention span,
ability to concentrate, inductive reasoning, ability to
grasp a situation as a whole, and learning speed.

Goodenough test

There were no differences between groups with this
test of intelligence (Table 7). Averages and most
scores of both groups were below those of the standard
curve. 23.4% from the treated group and 25.4% of the
untreated group showed deficient performance. In ad-
dition to retardation indicated by omission of elements
of the drawn figures, the drawings showed failure in
motor coordination and speed of movement.
Goddard test

There was a significant difference between the groups
in performance on this test of psychomotor develop-
ment (Table 8). Among the children of untreated chil-
dren 28.8% showed deficient performance, whereas
among the treated group 11.7% were deficient. The
deficiencies had to do with manual skill, visual-motor
coordination, speed of movement, recognition of
shapes and background-figure discrimination.

Bender test

Results of this test, which primarily evaluated integra-
tion of the visual-motor items, showed that 25.6% of the
treated group had lack of maturity (SI) or were abnor-
mal (A), whereas 41.7% of the untreated group were
found to be immature or abnormal (Table 9). The chil-
dren of treated mothers presented a normal frequency
distribution, whereas children of the untreated group
showed almost the same number of children in the
normal, normal inferior, and the Sl group. In the un-
treated community in an earlier study (38) 17% of ap-
perently normal adults showed clear signs of neurolog-
ical deficit in visual motor perception.



Raven test

The results of this test (Table 10) did not correlate with
those of the three other tests of intelligence: Less than
a fifth of the subjects reached the 50th percentile,
equivalent to an average level of intelligence, and the
scores of the treated group were poorer than those of
the untreated group. According to Bernstein (33) this
test is not one for evaluating mental deficiency.

DISCUSSION

This study is not one of cretinism or of cretinoid individ-
uals, since it was conducted on children who were
judged initially by their parents and the teachers as
suitable for entry into school. It is an investigation of
school performance and of the results of tests of psy-
chomotor function and intellectual maturation in a
group of school children born of mothers who had
received iodinated oil by injection prior to the comple-
tion of the first trimester of pregnancy with a control
group of children from a similar and neighboring village
whose mothers had not been given iodinated oil. It is
evident that iodine had become available to some of
the children in the control group. The reasons for this
was the penetration of iodized salt into the market place
and an intervening program of administration of iodin-
ated oil in the control community which through envi-
romental recycling made iodine more available to the
children of the communities.

Most subjects in both groups developed under condi-
tions of protein-calorie malnutrition and cultural depri-
vation, but the lack of differences in height and weight
between the two groups indicates that general nutrition
was not the cause of the differences in school and test
performances. Nevertheless, malnutrition is well estab-
lished as a cause of poor development (39, 40). Malnu-
trition, isolation, and a hostile and poor social environ-
ment probably contributed to the general low perfor-
mance on the various tests of intellectual and neurom-
otor maturation.

The instruments used to gauge school performance in
the two groups of children showed that while there was
a significant percentage of subjects with a net deficient
performance, the percentage was greater in the chil-
dren born of mothers who did not receive iodinated oil.
The deficiencies were most apparent in reading, writ-
ing, and mathematics, and indicated a generalized low
level of comprehension of what they read or heard, low
levels of abstraction and generalization, deficient vo-
cabulary, inattention, motor inability and impaired me-
mory.

The results of intelligence testing correlated well with
school performance, confirming that in both groups
there were significant percentages of mentally sub-
normal subjects. Although these intelligence tests are
far from perfect, they are the most reliable instruments
that can be used for this purpose. Educators and psy-
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chologists use them extensively and with enough suc-
cess to justify their use in school children (21). Navas
(34) found in Ecuadorean school children that there
was a good correlation between the results obtained
with the Terman-Merrill, Wechsler and Goodenough
tests and school performance, and we found that these
tests did not distinguish between the treated and the
untreated groups. It may be assumed that the subnor-
mality measured by these tests was caused by factors
in addition to iodine deficiency.

Since in both the Goddard test (which measures psy-
chomotor development) and in the Bender test (which
measures integration of functions on the basis of vi-
sual-motor items) the children in the untreated group
scored significantly lower, we may assume that thyroid
deficiency caused by iodine deficiency affects the
maturation of those processes that make possible
maturation and integration of different functions of the
nervous system, such as psychomotor function. Signif-
icant differences between iodine deficient and suffi-
cient populations have been found in regard to a
number of perceptual and neuromotor abilities in Spain
and in Central Java (41). ,

These studies do not distinguish definitively between
two of the possible interpretations of the differences
noted between the two groups. The lower level of iodine
intake (indicated by the fact that more than 50% of the
children of the control group had urinary levels of iodine
below 50 ug/gm creatinine) raises the possibility that
differences in ambient thyroid function may have been
responsible. Alternatively, the differences may have
arisen from differing levels of neural maturation be-
tween the two groups. While we favor the latter interpre-
tation, we cannot rule out the other.

While the studies reported here fail to show significant
differences between school children whose mothers
received iodine prior to the end of the first trimester of
pregnancy and those whose mothers did not in the
results of several tests of intellectual function, they did
show distinct differences in maturation of psychomotor
function between the two groups. More importantly in
our opinion, there were also pronounced operational
differences between the two groups when measured in
terms of a number of indices of performance in school.

REFERENCES

1. Fierro-BenitezR.,De GrootL.J., Parades M., Penafiel W.
Yodo, bocioy cretinismo endemicos en la region andina
del Ecuador.

Rev. Ecuat. Med. Cienc. Biol. 5: 15, 1967.

2. Fierro-Benitez R., Penafiel W., De Groot L.J., Ramirez I.
Endemic goiter and endemic cretinism in the Andean
region.

N. Engl. J. Med. 280: 296, 1969.



R. Fierro-Benitez, R. Cazar, J.B. Stanbury, et al.

3. Fierro-Benitez R., Stanbury J.B.

The effectiveness of iodized oil in goiter prevention in

rural Ecuador.

Western Hemisphere Nutrition Congress Il. AMA, San

Juan de Puerto Rico, 1968, p. 58.

4. Fierro-Benitez R., Ramirez |., Estrella E., Jaramillo C.,

Diaz C., Urresta J.

lodized oil in the prevention of endemic goiter and asso-
ciated defects in the Andean region of Ecuador. |. Pro-
gram design, effects on goiter prevalence, thyroid func-

tion and iodine excretion.
In: Stanbury, J.B. (Ed.), Endemic goiter.

Scientific publication No. 193, PAHO, Washington, D.C.,

1969, P. 306.
5. Kevany J, Fierro-Benitez R., Pretell E., Stanbury J.B.

Prophylaxis and treatment of endemic goiter with iodized

oil in rural Ecuador and Peru.
Am. J. Clin. Nutr. 22: 1597, 1969.

6. Ramirez |., Fierro-Benitez R., Estrelia E., Gomez A, Ja-

ramillo C., Hermida C., Moncayo F.

The results of prophylaxis of endemic cretinism with

iodized oil in rural Andean Ecuador.

In: Stanbury J.B., Kroc R.L.C. (Eds.), Human develop-
ment and the thyroid gland: relation to endemic cretin-

ism.
Plenum Press, New York, 1972, p. 223.
7. Fierro-Benitez R., Ramirez ., Reinhart J.

The role of iodine on intellectual deficiency in areas of
chronic iodine deficiency and protein-calorie malnutri-

tion.

Xth international Congress of Nutrition, Kyoto, 1975, p.

37.
8. Fierro-Benitez R., Estrella E., Cruz M., Suarez J.

The role of iodine on language development in areas of
chronic iodine deficiency and protein-calorie malnutri-

tion.

Xth International Congress of Nutrition, Kyoto, p. 187.
9. Hetzel B.S., Thilly C.H., Fierro-Benitez R., Pretell EA,

Buttfield I.H., Stanbury J.B.

lodized oilin the prevention of endemic goiter and cretin-

ism.

In: Stanbury J.B., Hetzel B.S. (Eds.), Endemic goiter and

endemic cretinism.
John Wiley & Sons, Inc., New York, 1980, p. 513.

10. Fierro-Benitez R., Ramirez |., Suarez J.

Effect of iodine correction early in fetal life on intelli-

gence quotient: a preliminary report.

In: Stanbury J.B., Kroc R.L. (Eds.), Human development

and the thyroid gland: relation to endemic cretinism.
Plenum Press, New York, 1972, p. 239.

11.  Trowbridge F.L.

Intellectual assessment in primitive societies, with a pre-
liminary report of a study of the effects of early iodine

supplementation on intelligence.

In: Stanbury J.B., Kroc R.L. (Eds.), Human development

and the thyroid gland: relation to endemic cretinism.
Plenum Press, New York, 1972, p. 137.

12. Fierro-Benitez R., Ramirez |., Suarez J., Jaramillo C.,

Moncayo F.

Effect of the chronic iodine deficiency correction on

intelligence.

334

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Isr. J. Med. Sci. 8: 17, 1972.

Fierro-Benitez R., Ramirez |., Estrella E., Stanbury J.B.
The role of iodine intellectual development in an area of
endemic goiter.

In: Dunn J.T., Medeiros-Neto G.A. (Eds.), Endemic goiter
and cretinism: continuing threats to world heaith.
PAHO Scientific Publication no. 292, Washington, 1974,
p. 135.

Profesoresy Estudiantes de la Catedra de Endocrinolo-
gia, Facultad de Medicina, Universitad Central.
Yoduria y prevalencia de bocio en escolares de la pro-
vincia.

Congress of Endocrinology, Quito, 1978, p. 42.
Fierro-Benitez R., JativaE., Jijjon M., Gomez D., FlorezY
Espinoza N., Lobato P., Sempertegui F., Ramirez |.
Prevalencia de bocio en escolares de la parroquia “La
Libertad de Quito”.

| Anuario de Investigaciones, Facultad de Ciencias Med-
icas, Instituto de Investigaciones, Quito, 1982, p. 75.
Piaget J., Inhelder B.

The psychology of the child.

Basic Books Inc., New York, 1969.

Elkind D.

Children and adolescents: interpretative essays on Jean
Piaget.

Oxford University Press, New York, 1970.

Athey I.J., Rubadeau D.O.

Educational implications of Piaget's theory.

Blaisdell, Walthan, 1970.

Piaget J.

Psicologia de la intelligencia.

Psique, Buenos Aires, 1973.

Kagan J.

Desarollo psicologico nel nino.

in: Faulkner F. (Ed.), Desarollo humano.

Salvat, Barcelona, 1969.

Child D.

Psicologia para los nocentes.

Kapeluez, Buenos Aires, 1975.

Drenth P.J.D.

Psychological tests for developing countries: rationale
and objectives.

Ned. Tijdschr. voor de Psychologie 30, 1975.

Vernon P.E.

Intelligence and cultural environment.

Methuen, London, 1969.

Querido A, Delange F., Dunn J.T., Fierro-Benitez R.,
Ibberston H.K., Koutras D.A., Perinetti H.

Definitions of endemic goiter and cretinism, classifica-
tion and cretinism, classification of goiter size and sever-
ity of endemias, and survey techniques.

In: Dunn J.T., Medeiros-Neto G.A. (Eds.), Endemic goiter
and cretinism: continuing threats to world health.
PAHO Scientific Publication, no. 292, Washington, D.C.,
1974, p. 267.

Terman L.M., Merrill M.A.

Stanford-Binet intelligence scale.

Houghton Mifflin Co. Boston, 1962.

Navas M.

Escala de aptitud intelectual Binet-Terman.

Quito, 1971.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Pichot P.

Los tests mentales.

Paidos, Buenos Aires, 1963.

Navas M.

Prueba de aptitud intelectual de Weschler.

Quito, 1969.

Goodenough F.

Test de inteligencia infantil por medio del dibugo de la
figura humana.

Paidos, Buenos Aires, 1957.

Goddard S.

Test de reintegracion motriz.

Paidos, Buenos Aires, 1975.

Bender L.

Test gestaltico visomotor: usos y aplicaciones clinicas.
Paidos, Buenos Aires, 1977.

Raven J.C.

Coloured progressive matrices.

London, 1962.

Bernstein J.

Tests de matrices progresives de Raven.
Paidos, Buenos Aires, 1976.

Navas M.

La medicion de la aptitud y el aprovechamiento acade-
mico; Teoria y aplicacion.

Rev. Psic. Gen. Aplic. 6: 26, 1970.

Jolin T., Escobar del Rey F.

Evaluation of iodine-creatinine ratios of casual samples
as indices of daily iodine output during field studies.

J. Clin. Endocrinol. Metab. 25: 540, 1965.

Benotti J., Benotti N.

335

37.

38.

39.

40.

41.

lodine prophylaxis in Ecuador

Protein-bound iodine, total iodine, and butanol-extract-
able iodine by partial automation.
Clin. Chem. 9: 408, 1963.

Ramirez 1., Fierro-Benitez R., Estrella E., Jaramillo C.,
Diaz C., Urresta J.

lodized oil in the prevention of endemic goiter and asso-
ciated defects in the Andean region of Ecuador. II. Ef-
fects on neuro-motor development and somatic growth
in children before two years.

In: Stanbury J.B. (Ed.), Endemic goiter.

PAHO Scientific Publication no. 196, Washington, D.C.,
1969, p. 341.

Greene LS.

Physical growth and development, neurological matura-
tion and behavioral functioning in two Ecuadorian An-
dean communities in which goiter is endemic.

Am. J. Phys. Anthropol. 38: 119, 1973.

Winick M.

Nutrition and mental development.

Med. Clin. North Am. 54: 1413, 1970.

Galler J.R., Ramsey F., Solimano G.

The influence of early malnutrition on subsequent be-
havioral development. 1. Degree of impairment in intel-
lectual performance. 2. Classroom behavior.

J. Am. Acad. Child Psychiatry 22: 8, 1983.

Bleichrodt N., Garcia I., Rubio C., Morreale de Escobar
G., Escobar del Rey F.

Developmental disorders associated with severe iodine
deficiency.

In: Hetzel B.S.,Dunn J.T,, Stanbury J.B. (eds.), The prev-
ention and control of iodine deficiency disorders.
Elsevier, Amsterdam, 1987, p. 65.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




