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Abstract

Objective: To determine the prevalence of iodine deficiency, its causes and its
association with intelligence quotient (IQ) in Mexican schoolchildren.

Design: Cross-sectional analytical study, in which determinations of thyroid gland
size, urinary iodine excretion, IQ, iron nutritional status, physical anthropometry,
family consumption of goitrogenic foods, type/origin and iodine saturation of salt
consumed at home and coliform organisms in drinking water were performed,
and the association of each variable with IQ scores was evaluated by multiple
regression analyses.

Setting: Municipality of Cuauhtémoc, in Colima, Mexico (altitude: 600-2700 m
above sea level). Sea salt is extracted manually nearby and often used for human
consumption. Goitre remains present in the region despite over half a century of
mandatory salt iodination in the country.

Subjects: Three hundred and three children, similar proportions of boys and gitls,
mean age 9-3 years, randomly selected from 19 public elementary schools.
Results: Overall goitre rate was 21-4%; low urinary iodine excretion was found in
19-:5% of the children, high urinary iodine excretion in 32:0%. IQ scores were
transformed into percentile values, with the following categorisation: =P5 (low
1Q), 48:5%; >P5 to =P25 (below average), 24-2%; >P25 to <P75 (average),
18-8%; =P75 to <P95 (above average), 3-6%; =P95 (high 1Q), 4-9%. Ninety-two
per cent of the population used iodinated salt, but deficient iodine saturation
(<50 ppm) was found in 86-8% of salt samples. The main goitrogenic foods con-
sumed were peanuts (by 31-5% of the sample), cabbage (30-1 %), broccoli (27-7 %)
and cauliflower (25-7%). Median counts of coliform organisms (colony-forming
units/100 ml of drinking water) were: 207-5 (well water), 151 (cisterns), 52 (private
homes), 25 (elementary schools) and 12 (kindergartens). Moderate iodine

deficiency was associated (P<<0-05) with a 4-26 times higher risk of low IQ. lo dim:(?izri:it:e rn(:;
Conclusions: There is a perturbing negative impact of these findings on human Goifre
capital acquisition for the region and the country. More attention is needed to Goitrogens
ensure effective salt iodination processes, particularly in regions where goitrogens Intelligence quotient
may contribute to the negative effects of iodine deficiency on the intellectual Children
development of children. Mexico

Iodine is part of the thyroid hormones triiodothyronine
and thyroxine, necessary for central nervous system
development™*. The most obvious consequence of
iodine deficiency is goitre, an excessive growth of the
thyroid gland®. The prevalence of goitre in children is an
important indicator of iodine deficiency disorders (IDD)
in a population: a =5 % prevalence of goitre is considered
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a public health problem™®. IDD include a wide range of
alterations”; because adequate quantities of thyroid
hormone are crucial in foetal brain development, limited
neuro-intellectual development is among the greatest
concerns™®” . Neurological damage and childhood
mental retardation caused by iodine deficiency in early

life are irreversible® ' In areas with iodine deficiency,
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newborns are at high risk for neurological disorders and
mental retardation from the combined effects of iodine
deficiency in the mother and neonatal hypothyrox-
inaemia in the foetus""'?. Several studies carried out in
areas with moderate iodine deficiency have also shown
the presence of motor and intellectual development
abnormalities in children and in adults. Although different
methods have been used to assess intellectual develop-
ment, the findings include low visual-motor execution,
decreased motor skills, limitations in perceptual and
neuromotor abilities, and low intelligence quotient
AQ)31? . Recent reports in the literature showed a
moderate improvement in the processing of information,
fine motor abilities and resolution of visual problems
in school-aged children who were moderately iodine-
deficient, after iodine repletion*>'”.

Iodine deficiency is more common in mountainous
areas. When it rains, the iodine in mountain soil is washed
away into areas of lower altitude, because of its high
solubility in water®'®. However, iodine deficiency can
appear at any altitude. In its 2002 assessment of the world
nutrition situation, the United Nations Administrative
Committee on Coordination/Sub-Committee on Nutrition
estimated that about 740 million people were affected by
goitre, and more than 2 billion were at risk of IDD“?. In
2005, the World Health Organization (WHO) estimated
that 285 million school-aged children (36-5 % of the world
subpopulation) ingested insufficient amounts of
iodine™® . In its most recent update of the child popula-
tion affected by IDD, the United Nations Children’s Fund
(UNICEF) estimated that 18% of the world’s 6-11-year-
olds, and 11 % of that same age range in Latin American
and the Caribbean, suffered from goitre‘*".

Salt iodination has been regarded as one of the most
effective interventions to control endemic goitre®”. In
Mexico, salt iodination has been regulated by the Ministry
of Health since 1960. The effectiveness in decreasing the
prevalence of goitre in the country has led to laxness in
epidemiological alertness concerning IDD. One of the
latest reports by national health authorities states that the
rate of endemic goitre for 2000-2004 in Mexico was under
2 per 100000 inhabitants, attributing this to the extensive
salt iodination carried out in the country. However, some
states have less encouraging results. At the time of the
current study, the rate of endemic goitre in the state of
Colima was 3-42 per 100 000 inhabitants and, according to
the Ministry of Health, Colima was classified as having a
low level of salt iodination*”. The presence of goitre in
the region is known on the basis of hospital reports of
thyroid gland surgery for massive goitre, as well as clinical
observations made by physicians attending patients with
the condition, and by casual observations made on
walking around rural town streets, where it is common to
see goitrous adults over the age of 50 years.

The objectives of the present study were to determine
whether there was iodine deficiency and its likely causes,
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and to evaluate its association with IQ in schoolchildren
in Cuauhtémoc, Colima, Mexico.

Materials and methods

Setting

The study took place in Cuauhtémoc, a municipality
located 15km to the north-east of the capital city of
Colima. Its altitude ranges from 600 to 2700 m above sea
level. The local geography is marked by slopes forming
irregular longitudinal creases from north to south and
south-east, and centuries of erosion have caused multiple
ravines. The soil, classified as mountain or transition soil,
is clayey, with varying percentages of sand and mud,
and it contains a high percentage of volcanic rock™®®.
The municipality is close to the nearby coastal area of
Cuyutlan, where sea salt is processed and iodated in
salt ponds of sea water; often, non-iodated salt that has
been designated for industrial use ends up being used for
human consumption®®.

Study design and participants

A cross-over analytical study was carried out from
November 2002 to July 2003 in 13 communities in the
municipality of Cuauhtémoc, Colima.

Out of the 19 public elementary schools available,
children of both sexes, in grades 1 to 6, from the morning
and afternoon shifts, were included in the study. Partici-
pating individuals were randomly selected from each
school’s student list. A sample of 288 individuals was
calculated as required to assess the expected association
between IQ and iodine nutritional status, setting a 0-05
probability in a two-tailed test (Z= 1-960) with 0-05 pre-
cision to estimate the odds ratioc®. With an additional
margin for possible study rejection or biochemical deter-
mination problems, we took a sample of 303 children.

Determinations

An index composed of 10 relevant variables was used
to assess socio-economic level®. Variables included
parents’ occupation, amount of money spent on food,
number of families living under the same roof, number of
people living in the same household, number of rooms
used for sleeping, number of selected material posses-
sions, and type of home construction material (walls,
roof, floor). Each variable was given a numerical value in
which the higher number was assigned to the more
favourable condition. The total score was divided into
tertiles, corresponding to upper, middle and lower socio-
economic level, as proposed elsewhere?”.

Children’s weights were taken using an electronic scale
with a precision of 100g. Standing height was measured
using a measuring scale with 1 mm precision. Before data
collection, field personnel were trained in standardised
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anthropometric techniques and procedures®®. Body
mass index (BMI) (kg/m?®) was calculated and percentile
values were used to classify nutritional status as under-
weight (=P5), normal weight (>P5 to <P85), overweight
(=P85 to <P95) and obese (=P95)*”.

Raven’s progressive matrices test, including the
coloured scale with A, AB and B sets, was used to
determine IQ, applied by a trained psychologist. This
instrument has an internal consistency coefficient of
0-8975 and a Guttmann « value of 0-7235 to 0-9160 in the
Mexican population®”. Scores were transformed into
percentile values and IQ was categorised as low (=P5),
below average (>P5 to =P25), average (>P25 to <P75),
above average (=P75 to <P95) and high (=P95). This
scale has been previously validated in a population
similar to the one under study®”. Given that the study
design did not allow for the control of whether the
participants had eaten breakfast or some kind of food
before the test application, this potential confounder
was controlled for in the analysis.

An endocrinologist previously trained and standardised
in the clinical assessment of thyroid size classified it as:
Grade 0, normal gland, not palpable or visible; Grade 1,
gland palpable when the neck is extended, but not
visible; Grade 2, gland palpable and visible®®. Intra-
observer variability assessed before initiating fieldwork
showed a = 0-67.

Urine samples were collected in the schools. With the
assistance of a parent and a study nurse, each child pro-
vided a urine sample of approximately 50 ml in a plastic
cup. A 10ml aliquot of urine was stored at —70°C in
Sarstedt Monometer tubes until processing. The manual
acid digestion method of Sandell-Kolthoff was used
to determine urinary iodine®®®. The following cut-offs
and definitions were used?: <20 ug/l, severe deficiency;
2049 pg/l, moderate deficiency; 50-99 pg/l, slight defi-
ciency; 100-199 pg/l, adequate iodine status; 200-299 pg/1,
risk of iodine-induced hyperthyroidism; >300 wg/l, exces-
sive iodine status, associated with risk of adverse health
consequences.

A 5ml venous blood sample was taken from partici-
pants, first thing in the morning, into tubes containing
ethylenediaminetetraacetic acid (Vaccutainer; Becton
Dickinson), centrifuged for 8min at 3000rev/min to
separate the serum, and stored at —70°C until processing.
Haemoglobin, haematocrit and mean corpuscular volume
determinations were carried out in a T-540 Coulter cell
counter, using the cyanomethaemoglobin method, with
regular control values run during the study. Serum iron
and total iron-binding capacity (TIBC) were determined
using a flame atomic absorption spectrophotometry
method®®, with a model 300 spectrophotometer equip-
ped with a graphite furnace (HGH-2000) and a deuterium
background corrector (all from Perkin—Elmer). Serum
ferritin was determined by the two-stage immunoradio-
metric method (Diasorin). Erythrocyte protoporphyrin
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was determined by the photofluorometric method in a
model 2010 hematofluorometer (AVIV Biomedical Inc.,
Lakewood, NJ, USA) using controls daily and at every 50
determinations.

The frequency of consumption of the following
goitrogens: peanuts (Arachis hypogaea L.), cabbage
(Brassica oleracea), sweet potato (Ipomoea batatas),
broccoli (Brassica oleracea italica), cauliflower (Brassica
oleracea) and manioc (Manibot esculenta Crantz), were
obtained by a nutritionist through direct interview with
the participants’ parents(SS).

Two hundred and eighty-one samples of salt used for
everyday consumption were collected from the study
subjects” homes. Potassium iodate content was estimated
by means of a semi-quantitative method that resorts to a
colour scale, with colour graduations equivalent to 0, 25,
50, 75 and 100 ppm, with *£10 ppm precision®?.

Casual samples from community water sources were
collected. As the metabolism of Escherichia coli and similar
organisms produces organosulphur compounds that, when
ingested in drinking water, interfere with the synthesis of
thyroid hormones, thus contributing as an environmental
goitrogen®® | coliform bacteria (total coliforms, thermo-
tolerant bacteria and E. coli) were measured in 100 ml of
water, by filtration. The Mexican official norm approves
water for human consumption and use with up to 2CFU
(colony-forming units)/100 ml for total coliform bacilli, and
0 CFU/100 ml for faecal coliforms®”.

The project was approved by the institutional Local
Research and Ethics Committee and by the authorities of
the Department of Education in Cuauhtémoc. The directors
of each of the participating schools agreed to carry out the
study. Parents and children who agreed to participate
signed a letter of informed consent. All children with data
suggesting iodine deficiency or clinical goitre were referred
to a health service for evaluation and treatment.

Statistical analyses

Descriptive analyses included the median and range for
variables that were not normally distributed. A random
pattern for missing data was identified by connecting this
information to the participant’s place of origin. In the case
of missing values for height we resorted to the hot-deck
imputation procedure (Stata), taking data from study
subjects from the same school, school year, gender and
weight, and BMI was calculated from these measure-
ments. We felt confident to take these data for imputation
based on the fact that missing values came from children
from the same geographical community, same school,
similar age, similar socio-economic environment, and
with no apparent bias in missing data, so there was a high
likelihood that the missing height measurements had
the same distribution as those that were registered,
also, height distribution would be independent of 1Q
distribution (data not shown). Bivariate analyses were
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carried out using the y* or the Fisher exact test statistic for
categorical variables, and one-way analysis of variance
(ANOVA) for quantitative variables, setting statistical
significance at P<<0-05. Multivariate analyses were run
using logistic regression models to identify the strongest
predictors for IQ. Variables that were likely predictors of
children’s IQ were selected based on the theoretical
framework, and were manually included in the models to
explore their predictive capacity, judging the goodness-
of-fit by the probability coefficient. Effect modification
was evaluated through the inclusion of interaction vari-
ables. The two models with the greatest prediction
capacity are presented, along with the corresponding
odds ratio (OR) as the measure of association®.

Results

The sample consisted of 303 children between 6-03 and
14-6 years of age (mean 9-35 years, standard deviation
1-88 years), nearly evenly distributed by sex. Physical
examination of the thyroid gland showed a prevalence of
Grade 1 goitre (palpable but not visible) of 19-1% and a
2:39% prevalence of Grade 2 goitre (palpable and visible).
Nearly 30% of the children had normal urinary iodine
values; 19-5% had low urinary iodine and 32-0% had
excessive urinary iodine. According to the IQ score dis-
tribution, 4-9% of the population was in the high cate-
gory, 3-6% in the above-average, 18-8% in the average,
24-2% in the below-average and 48-5% in the low cate-
gory. There were no significant statistical differences
when comparing IQ scores between boys and girls, nor
when comparing the mean age in the IQ category per-
centiles (Table 1). There were no statistically significant
differences among urinary iodine values analysed by IQ
category (ANOVA P=0-129). There were also no statis-
tically significant differences between urinary iodine
values and IQ classification category frequencies (Table 2).
A low IQ score, as determined by the progressive matri-
ces test, was demonstrated in 51-8% of the children with
normal-sized thyroid gland, with a marginally statistically
significant value (= 0-052) (Table 3).

Large-grain sea salt was the type most commonly used
(92%, 258/281) by families for daily consumption. Only
3% of the population studied used table salt, most using
the brands ‘La Fina’ (62-5%) or ‘Cisne’ (12-5%). Both of
these are bottled by Sales del Istmo, Mexico’s principal
salt bottling plant, where previous studies have demon-
strated adequate iodination of these salts®”. Six per cent
of the population used both sea salt and table salt.
Potassium iodate saturation analysis was carried out on
114 of the collected samples. Adequate iodine saturation
levels were found in 13-16% of samples and 18-84 % had
low levels (<50 ppm); 90% of the sea salt analysed
had low iodine saturation (<50 ppm) and 75% of the
table salt had adequate iodine saturation. Overall, 66 % of
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Table 1 Descriptive characteristics, goitre prevalence and urinary
iodine values in 303 children aged 6 to 14 years in a random
sample from 19 participating schools in different communities of
the municipality of Cuauhtémoc, Colima

Characteristic n %
Age (years), median (range) 9.48 (6.0, 14-6)
Sex
Boys 153 50-5
Girls 150 49.5

BMI (kg/m?), median (range)
Nutritional status in relation to BMI

17.70 (11-20, 47-20)

Underweight 6 2.0
Normal 170 56-1
Overweight 55 181
Obese 72 238
Elementary school grade attended
1st grade 41 135
2nd grade 52 17.2
3rd grade 57 18-8
4th grade 60 19-8
5th grade 51 16-8
6th grade 42 139
Socio-economic level
Lower (1st tertile) 100 330
Middle (2nd tertile) 129 426
Upper (3rd tertile) 74 24.4
Goitre*
Grade 0 238 78-6
Grade 1 58 191
Grade 2 7 23
Urinary iodine (ng/l), median (range) 201 (7, 500)
Urinary iodine statust
Severe deficiency 5 1.7
Moderate deficiency 21 6-9
Slight deficiency 33 109
Normal urinary iodine 90 29.7
Hyperthyroidism risk 57 18-8
Excessive 97 32.0
1Qt
Low 147 485
Below average 73 24.2
Average 57 188
Above average 11 3.6
High 15 4.9

BMI, body mass index; 1Q, intelligence quotient.

*Graded according to physical examination®®: Grade 0, normal; Grade 1,
palpable and not visible; Grade 2, palpable and visible.

tCategories according to urinary iodine concentration®: severe deficiency,
<20 pg/l; moderate deficiency, 20-49 n.g/l; slight deficiency, 50-99 pg/l;
normal, 100-199 ng/l; hyperthyroidism risk, 200-299 pg/l; excessive,
=300 pg/l.

tCategories according to percentile score: low, =P5; below average, >P5 to
=P25; average, >P25 to <P75; above average, =P75 to <P95; high,
=P95.

sea and table salts samples had low iodine saturation
(<50 ppm).

Peanut consumption at least once a week was the most
commonly consumed goitrogen (31-5% of the popula-
tion), followed by cabbage (30-1 %), broccoli (27-7 %) and
cauliflower (25-7%). These same foods were consumed
only occasionally by 41-8%, 29-5%, 19-9% and 21-9% of
the population, respectively. Sweet potatoes were also
consumed occasionally by 43-8% of those interviewed.
Manioc was not part of the diet in the majority of the
population (75-3%), and broccoli and cauliflower were
never eaten by 46-2% and 43-8% of the population,
respectively (Table 4).
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Table 2 lodine urinary values and status* in relation to 1Qt of 6- to 14-year-old schoolchildren in a random sample from 19 participating
schools in different communities in the municipality of Cuauhtémoc, Colima

1Q

Low

Below average

Average Above average High

Variable n % n

n % n % n %

Urinary iodine (pg/l), mean (sp)t
Urinary iodine status§

213.3 (152.4)

Severe deficiency 4 80-0 0
Moderate deficiency 15 714 4
Slight deficiency 21 63.6 5
Normal 40 44.4 21
Hyperthyroidism risk 28 491 12
Excessive 39 40-2 31

2684 (153-6)

248.6 (142.9) 234.72 (162.9) 234.01 (113-8)

0 0 0 1 20-0 0 0
19-1 2 95 0 0 0 0
15.0 4 121 1 3.0 2 6.0
23-3 21 23-3 3 33 5 5.6
211 10 175 3 53 4 7-0
320 20 20-6 3 3.0 4 41

1Q, intelligence quotient; sp, standard deviation.

*Categories according to urinary iodine concentration®: severe deficiency, <20 wg/l; moderate deficiency, 20-49 p.g/l; slight deficiency, 50-99 p.g/l; normal,

100-199 p.g/l; hyperthyroidism risk, 200—299 p.g/l; excessive, =300 p.g/l.

tCategories according to percentile score: low, =P5; below average, >P5 to =P25; average, >P25 to <P75; above average, =P75 to <P95; high, =P95.

P =0-129 (analysis of variance).
§P=0-302 (Fisher's exact test).

Table 3 Goitre* distribution in relation to 1Qt of 6- to 14-year-old schoolchildren in a random sample from 19 participating schools in

different communities of the municipality of Cuauhtémoc, Colima

1Q
Low Below average Average Above average High
Goitret n % n % n % n % n %
Grade 0 130 51.8 56 22.3 45 17.9 11 4.4 9 3.6
Grade 1 23 383 18 300 14 23-3 1 1.7 4 67
Grade 2 2 286 2 28-6 1 14.3 0 0 2 28-6

*Graded according to physical examination®: Grade 0, normal; Grade 1, palpable and not visible; Grade 2, palpable and visible.
tCategories according to percentile score: low, =P5; below average, >P5 to =P25; average, >P25 to <P75; above average, =P75 to <P95; high, =P95.

P = 0.052 (Fisher’s exact test).

Table 4 Consumption frequency of goitrogenic foods in the population interviewed in the municipality of Cuauhtémoc, Colima

Once a week Once a month Occasionally* Not part of the diet
Goitrogenic food n % n % n % n %
Peanut (Arachis hypogaea L.) 92 31.5 58 19.9 122 41.8 20 6-8
Sweet potato (l[pomoea batatas) 28 9.6 22 7-5 128 43-8 114 391
Manioc (Manihot esculenta Crantz) 7 24 2 0.7 63 216 220 75-3
Cabbage (Brassica oleracea) 88 30-1 31 10-6 86 29.5 87 29-8
Broccoli (Brassica oleracea italica) 81 277 18 6.2 58 199 135 46-2
Cauliflower (Brassica oleracea) 75 25.7 25 8.6 64 21.9 128 43.8

*Fewer times than once a month.

Coliform organisms were identified predominantly in
well water (CFU/100 ml: median 207-5, range 75, 595)
and in cisterns (median 151, range 150, 152), with pre-
dominance of thermo-tolerant forms. Water sampled from
private homes had a median of 52 total coliform organ-
isms; in elementary schools the median was 25, and in
kindergartens, 12. E. coli was not found in private homes,
elementary schools, kindergartens, public water outlets or
water purifying plants, but it was found in well water and
in cisterns (Table 5).

Effect modification through the inclusion of context-
specific variables was evaluated in multivariate models to
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explain IQ scores. Given that children with iron defi-
ciency may be at higher risk of goitre and thyroid insuf-
ficiency“***?| the iron status of the study population was
also evaluated and these variables were included in the
multivariate models. Model 1 was fitted by frequency
of goitrogen consumption and TIBC, and resulted in
a maximum probability coefficient closer to zero
(—143-23). The goodness-of-fit test value showed x* of
253-61 (P=0-37). In this model, the possibility of IQ
deficiency among schoolchildren was 4-26 times greater
when there was moderate iodine deficiency (P= 0-006),
compared with the other iodine level categories, and
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Table 5 Coliform organisms in drinking water* in the municipality of Cuauhtémoc, Colima

CFU/100 ml, median (minimum, maximum)

Origin Total coliforms

Thermo-tolerant coliforms Escherichia coli

Private homes (n= 15) (
Elementary schools (n=12) (
Kindergartens (n=9) (
Purifying plants (n= 6) 0 (0, 278
Well water (n=3) (
Public outlets (n=3) (
Cisterns (n=2) (

8 (0, 70) 0 (0, 70)
7 (0, 554) 0 (0, 86)
0 (0, 18) 0 (0, 16)
0 (0, 62) 0 (0, 48)
59 (0, 440) 33 (0, 206)
0 (0, 72) 0 (0, 16)
67 (34, 100) 59 (34, 84)

*Permissible limit (according to the Mexican Official Standard®”) of total coliform organisms, thermo-tolerant organisms or E. coli or faecal coliforms:

non-existent or undetectable.

Table 6 Results of the two best multiple regression models
accounting for the contribution of context-specific study variables
to the 1Q scores of school-aged children in the municipality of
Cuauhtémoc, Colima

Variable Adj OR 95% ClI P value
Model 1
lodine deficiency based on UIE
Slight 1.38 0-55, 350 0-487
Moderate 4.26 0-93, 19-55 0-062
Severe 217 0-22,21-19 0-503
TIBC 0-997 0-99,1.00 0-058
Cabbage consumption
Once a week 3.07 1.13,8:32  0.027
Occasionally 1.21 0-47,3.08 0.068
Not part of the diet 2:18 0-83,5.72 0113
Broccoli consumption
Once a week 0-68 0-18,2.50 0-571
Occasionally 0-49 0-13,1.84 0.292
Not part of the diet 0-94 0-26, 3-22  0-902
Model 2
lodine deficiency based on UIE
Slight 1.38 0-64,3.79 0-328
Moderate 4.26 0-90, 18-01 0-067
Severe 217 0-17, 14.51 0-686
TIBC 0-997 0-99,1.00 0-058

Adj OR, adjusted odds ratio; ClI, confidence interval; UIE, urinary iodine
excretion; TIBC, total iron-binding capacity.

when the model was fitted by TIBC and cabbage and
broccoli consumption frequency (Table 6). In Model 2,
even though the odds ratio estimator for urinary iodine
deficiency was not substantially modified (OR 4-26),
the 95% confidence interval (CI) value was reduced
discretely (95 % CI: 0-93, 19-55 in Model 1 vs. 0-90, 18-01
in Model 2), and it was more parsimonious (10 variables
for Model 1 vs. four variables for Model 2). Additionally,
the improvement of the probability coefficient value
(—161-92) and the statistical value for the goodness-of-fit
evaluation (P=0-43) pointed to this model as the best
one for predicting IQ deficiency. Note that the ingestion
of goitrogenic foods was not included and only bio-
chemical determinations such as urinary iodine and TIBC
retained predictive value (Table 6). According to this
model, the risk of finding 1Q deficiency was 4.26 times
greater in the presence of moderate iodine deficiency
(P=0-00).
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Discussion

The 21-4% prevalence of goitre in school-aged children
was striking, given that universal salt iodination has been
a government-regulated practice in Mexico for over
60 years. This programme has been shown to be effective
in different evaluations, so at present the Mexican Official
Norm establishes 30 ppm of iodine as the standard value
to consider adequate iodination of salt for human or
animal consumption®. While this is consistent with
current WHO recommendations for adequate salt iodi-
nation® , most countries have fixed the levels of iodine
content of salt around 50 ppm“*®. According to WHO
criteria, a prevalence of goitre =5% signals a public
health problem™. In Cuauhtémoc, the prevalence of
goitre was well above that cut-off, and was also greater
than the prevalences found in two recent studies in
Mexico carried out on marginalised indigenous or mestizo
areas. One of these studies was carried out among
Tarahumara indigenous children in the northern state
of Chihuahua, who showed a prevalence of goitre of
7.0%“”; the other was conducted among school-aged
mestizo and Nahuatl indigenous children from the
Huasteca region in the central state of Hidalgo, who
showed a goitre prevalence of 10-4%“”. Taking urinary
iodine excretion as a measure of iodine status, in the
present study we found a low level of urinary iodine
excretion in 19-5% of the children. This proportion is
lower than that found in the Tarahumara children (38 %)
and similar to that found in the children from Huasteca
(22%). Tt should be noted, however, that goitrogens were
present in the environment and the diets of the children
in the Huasteca region only. Therefore, marginally low
iodine ingestion does not seem to be enough to pre-
cipitate goitre. Consistent with previous studies 374649,
we propose that, despite high urinary iodine levels found
in slightly more than half the children included in this
study, the presence of goitrogens can explain the mar-
ginal or deficient iodine status found in almost 20% of
the sample. In the present study we also investigated
the presence of coliform bacteria in drinking water, as
these micro-organisms produce organosulphur compounds
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which interfere with thyroid hormone synthesis®”. Other
goitrogens, such as those found in food, may also con-
tribute to iodine deficiency. In our study, we identified
the consumption of food-based goitrogens such as
cabbage and broccoli. These foods belong to the genus
Brassica, and contain thiocyanates, isothiocyanates and
thioglucosides, which are natural antithyroid compounds.
Physiologically, they act by blocking iodine binding
by the thyroid gland, which, in turn, impairs thyroid
hormonal biosynthesis”>% .

A seemingly contradictory finding was that, in spite of
insufficient iodination in 85% of the samples of salt used
daily by the families studied, 32% of the children were
identified as having excess iodine in urine. This finding
may just be an artefact of the known imprecision of the
semi-quantitative, colorimetric method used to estimate
iodine concentration in salt®®. We do recognise this
caveat, but we understand that, despite this, it has been
the most widely used method to assess the adequacy of
salt iodination, as recommended by WHO™. Therefore,
we propose that a further explanation lies in the fact that
urinary iodine excretion is an indicator of recent iodine
ingestion, and that its concentration varies rapidly, given
the high solubility of iodine in water. On the other hand,
we should take into consideration that the population in
this region, only 50 km from the Pacific Ocean, has a long
tradition of consuming sea salt. Salt iodination in the
nearby coastal region is carried out by local producers
either manually or with unsophisticated machinery, so
homogeneous distribution of iodine cannot be guaran-
teed. Thus, some portions of packaged salt may contain
more iodine than others, with unequal distribution in the
population; this unequal distribution will be reflected
in uneven ingestion by the population and, therefore, in
wide variations in urinary iodine excretion, as found in
this study. A reason for concern is the extent to which the
situation found in this study may be present in other
locations. While a more dedicated effort to document the
extent to which insufficiently iodinated salt is distributed
and consumed by the population is certainly warranted,
we know that throughout the Mexican Pacific coast
there are different salt producers, specifically in the
coastal states of Baja California, Sinaloa, Sonora, Jalisco,
Michoacan, Guerrero and Oaxaca, as well as in Tamaulipas,
situated on the Gulf of Mexico®". While sea salt is often
sought, either by locals or by tourists who find a different,
presumably better, flavour in it, when this insufficiently or
unevenly iodinated salt is consumed on a daily basis, the
probability of inadequate iodine consumption, together
with the presence of goitrogens in the diet, may replicate
our findings.

Our findings take on greater relevance because of the
increased risk for low IQ scores in the presence of low
urinary iodine values in this population of schoolchildren.
While there is not a straightforward correspondence
between IQ scores and urinary iodine values, due to the
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fact that the latter is an indicator of short-term iodine
ingestion while the former is affected over time by differ-
ent variables, still our multiple regression analysis found a
four times greater probability of lower 1Q scores in asso-
ciation with moderate iodine deficiency, after controlling
for biochemical indicators like TIBC and the frequency of
consumption of goitrogenic foods. Therefore, although
many factors determine 1Q, the fact that moderate iodine
deficiency was the only variable in the multiple regression
models that consistently showed an increased risk of lower
IQ scores should be a reason for concern, and the fact that
this association was present in a population of school-aged
children should not be overlooked.

There were several limitations in our study, such as the
lack of determination of other goitrogens in the environ-
ment, including heavy metals in the drinking water,
specifically mercury, arsenic and lithium. These metals
compete for iodine binding, limiting its availability for
thyroid synthesis, thus accounting for their goitrogenic
effect. In an endemic goitre zone of Central Africa, con-
sumption of goitrogens, associated with the presence of
selenium, was identified as a risk factor in mixed oede-
matous endemic cretinism“®. It would also have been
useful to carry out a wider range of bacteriological deter-
minations of drinking water, because we only focused on
the identification of global content of coliform organisms.

The most efficacious, feasible and economic way to
eradicate iodine deficiency is by fortifying salt for human
and animal consumption. However, our results suggest
that in regions such as the one studied, the impact of the
national iodination programme may have been compro-
mised both by the widespread consumption of salt that
has not been adequately fortified as well as by the pre-
sence of different goitrogens in the environment. It is an
enormous challenge for the government to effectively
supervise all salt extractors and producers in the country.
However, this must be done if IDD among the population
are to be eliminated. The results of the present study
should be a wake-up call, both to not lower the standards
of adequate salt iodination and to continuously monitor
the effectiveness of national iodination programmes. In
spite of adequate iodine ingestion by some segments of
the population, below-optimum levels of iodine in the
environment, combined with the presence of different
goitrogens, not only perpetuate the problems of iodine
deficiency but also have a negative impact on children’s
1Q, thus affecting human capital acquisition for the region
and the country.
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