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Abstract

Abstract
Iodinedeficiency andfunctionalperformance ofschoolchildreninBenin
PhDthesis byTinavandenBriel-vanIngen, DivisionofHumanNutritionand
Epidemiology, Wageningen University, TheNetherlands, 14December2001.
The notion that iodine deficiency not only leads to goiter and cretinism, but to a much
wider range of disorders, from stillbirth and abortions, to hearing problems and mental
and physical underdevelopment began to be accepted beyond the research community
since the early 1980's. In 1990 it was estimated that these problems, collectively called
iodinedeficiency disorders(IDD),presented apublichealthproblem in 118countriesand
thatover40millionpeoplewere affected by somedegreeofmentalimpairment.Children
whohavebeenexposedto iodinedeficiency inthepre-andearlypost-natalphasesof life
show varying degrees of mental andpsychomotor retardation, depending on the duration
and degree of the deficiency. Adequate maternal iodine intake before and during
pregnancy prevents such disorders. The question however whether or not deficits in
mental and psychomotor performance of iodine deficient children may be reversed by
supplementationwithiodinelaterinlifehasnotyetbeenansweredunequivocally.
The research described in this thesis was setup to address this question. A double-blind
placebo-controlled intervention was carried out in an iodine deficient area of northern
Benin in the period 1995-1996. A single oral dose of iodized oil or placebo was
administrated to2groupsofschoolchildren, aged7-11years.Theobservation periodwas
10-11 months. However, 3 to 4 months after supplementation the population started to
have access to iodized salt, in addition to non-iodized salt. Because iodine became
available to both groups, the main hypothesis, i.e. that iodine supplementation would
improve mental performance had to be modified. It was decided to take children whose
iodine status, as measured by different indicators, did not change during the observation
period asthe "control" group.In addition to mental andpsychomotor performance, other
aspects associated with iodine deficiency were studied, including behavioral change and
hearing thresholds and their relation with mental performance. The suitability of several
indicatorsformeasuring iodine statusandthyroidfunction wasevaluated.
Results showed that an improvement in iodine status as measured by urinary iodine
concentration, was reflected in a significantly improved performance on the combination
of mental tests, 10months after supplementation. Moreover, children with better iodine
status could hear better than their peers with a poorer iodine status, while hearing
thresholds were negatively correlated withperformance on all mental tests,but one.The
serum concentration ofthyroglobulin and theurinary iodine concentration were found to
be indicators most suitable for measuring change in iodine status in this age group.
Although the influx of iodine into the area precludes the drawing of "hard" conclusions,
theresultspresented suggestthat iodine supplementation islikelytopromote a"catch-up"
processinfunctional performance of iodinedeficient schoolchildren.
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Stellingen
1

Jodiumsuppletie bevordert waarschijnlijk een inhaalslag in het mentaal functioneren
vanjodiumdeficiente kinderen.
Dit proefschrift.

2

Jodiumstatus kan niet omschreven worden aan de hand van een indicator. De
concentratie van thyroglobuline in serum en die van jodium in urine vormen de beste
combinatie voorhetvaststellenvanjodiumgebrekbij schoolkinderen.
Dit proefschrift.

3

Investeringen in de strijd tegen een tekort aan micronutrienten in minder ontwikkelde
landen, teneinde het cognitief functioneren van bepaalde bevolkingsgroepen te
verbeteren, zouden meerrendement opleveren alshet onderwijs verbeterde.
Reactie op: Scrimshaw N. "Investments in education and community development would
be more effective if the physical and cognitive capacity of underprivileged populations
were not impaired by malnutrition" (Malnutrition, brain development, learning and
behavior; NutrRes 1998; 18: 351-379).

4

Het complete beeld van de functionele gevolgen van nutrientensuppletie voor geestelijke en lichamelijke ontwikkeling kan niet vastgelegd worden in een enkel kiekje van
geselecteerde aspectenvanontwikkeling, genomen voorenna behandeling.
Gebaseerd op: Pollitt E. The developmental and probabilistic nature of the functional
consequences of iron-deficiency anemia in children. JNutr2001; 131:669S-675S.

5

Om verzuiling in de wetenschap tegen te gaan en synergie te verbeteren zou het vak
systeem-denkenverplicht gesteldmoetenworden inhet wetenschappelijk onderwijs.

6

Vijftig jaar ontwikkelingssamenwerking heeft de kloof tussen rijk en arm niet
verkleind: hetwordttijd vooreennieuw Marshall plan.

7

Het oplossen van (s)cryptogrammen is een probaat middel tegen het vastroesten van
denkpatronen en,metnamebij ouderen,tegenaftakeling van "fluidintelligence".

8

Het kunnen aanschouwen van de maanlanding op TV was unieker en dwingt tot meer
reflectie overtechnologische ontwikkeling dandemaanlandingzelf.
- Vrij naar:MulischH.(1997)De ontdekking van de hemel.

Stellingen behorend bij het proefschrift "Iodine deficiency and functional performance of
schoolchildreninBenin"
TinavandenBriel,Wageningen, 14december 2001

Propositions
1. Supplementation with iodine is likely to promote a "catch-up" process in mental
performance ofiodine deficient schoolchildren.
Thisthesis.
2. The concept of iodine status cannot be captured in one indicator. The concentrations of
thyroglobulin in serum and of iodine in urine form the best combination for assessing
iodinedeficiency in schoolchildren.
Thisthesis.
3. Investments in the fight against micronutrient malnutrition with the aim of improving
cognitive performance of population groups would be more effective if the quality of
education were improved.
In response to: Scrimshaw N, "Investments in education and community development
would be more effective if the physical and cognitive capacity of underprivileged
populations were not impaired by malnutrition" (Malnutrition, brain development,
learning and behavior. Nutr Res 1998; 18:351-379).
4. The full picture of the functional consequences of nutrient supplementation with respect to
physical and mental development cannot be captured in a pre- and post-treatment snapshot
of selected aspects of development.
Based on: Pollitt E. The developmental and probabilistic nature of the functional
consequences of iron-deficiency anemia inchildren. JNutr2001; 131:669S-675S.
5. In order to prevent segregation of scientific disciplines, systems thinking should be a
mandatory subject inallacademic education programmes.
6. Fifty years of development cooperation have not reduced the gap between the poor and
therich:itistimetocomeupwith anew Marshall plan.
7. Solving (s)cryptograms on a regular basis is a good remedy against patterns of thinking
becoming fixed and,particularly inthe elderly, against deterioration offluidintelligence.
8. Being abletowatchthe landing onthemoon onTV was moreunique and necessitates
morereflection ontechnological development thanthe landingitself.
- Based on: Mulisch,H.(1997) The discovery of heaven

Propositionspertainingtothethesis "Iodine deficiency and functional performance of
schoolchildren inBenin".
Tina van den Briel,Wageningen, 14december2001
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Introduction

Chapter I

Iodinedeficiency:thepathfromscourgetosuccess
In the past decade enormous progress has been made in combatting iodine
deficiency, one of the world's leading causes of preventable mental underdevelopment.
Goiter and cretinism were phenomena long known. However, only recently there has been
an increase in awareness that iodine deficiency may lead to a broad spectrum of problems
ranging from abortion and stillbirth to mental and physical retardation, deafness and
goiter. Following a large number of surveys and intervention studies in the 1960's and
1970's, the collective term iodine deficiency disorders (IDD) was introduced in the early
1980's (1). With growing awareness of the range of problems, it was also realized that
IDD might be much more widespread than originally thought. In Africa inparticular, data
were available for a few countries only, while many more were expected to have a high
prevalence of IDD. The magnitude of the IDD problem did not become fully known until
the early 1990's. Whereas in the mid-80's 800 million people were considered at risk of
IDD and 200 million were estimated to have goiter (2), in 1990 almost 1.6 billion people
were considered at risk of IDD and over 600 million people to have visible goiter (3). By
then, IDD was regarded as a significant public health problem in 118 countries. Moreover,
more than 40 million people were thought to be affected by some degree of mental
impairment and itwas estimated that iodine deficiency accounted for a difference of 10-15
IQpointsbetween iodine-replete and iodinedeficient population groups (4).Realizing that
IDD not only posed a threat to healthy pregnancy outcome and adequate physical and
mental development of young children, but, more importantly, to the overall development
potential of their countries, 71 Heads of State signed a Plan of Action to eliminate IDD by
the year 2000 at the World Summit for Children in 1990. Eventually about 160 countries
committed themselves to this goal. Subsequently efforts were made in most countries to
establish national programmes for the elimination of IDD through collaboration between
government, international agencies, the private sector and non-governmental agencies (5).
Data from 1999 show that 75 % of the countries with an IDD problem have legislation on
salt iodization in place and about 10 % have draft legislation. Two-thirds of households
living in IDD-affected countries now have access to iodized salt(6).

Iodinemetabolism,growthanddevelopment
Iodine is a constituent of the thyroid hormones, triiodothyronine (T3) and
tetraiodothyronine (T4, thyroxine), produced by the thyroid gland. These hormones play
an essential role in growth and development of human beings and animals. In a healthy
human being,the thyroid gland weighs only about 15-25 g and contains approximately 1520 mg of iodine, or 70-80 % of the total amount of iodine in the body. The remainder is
found in other tissues or in the circulation, either as free iodine or protein-bound iodine.
The best known consequences of iodine deficiency are goiter and cretinism. Although
these phenomena were well known in various parts of the world and were associated with
mental retardation sincethe early MiddleAges (7),the role of iodine in the origin of these
problems was not elucidated until the 19th century. The work done in Switerland and
France in this context is well described in a historical review by Burgi et al (8). When in
Switzerland in the second half of the 19th century, approximately 10 % of 19-year old
men were found to be unfit for military service owing to a large goiter, Bircher (9)
compiled tables and maps of goiter prevalence for the whole country. The conclusion was
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that goiter prevalence varied enormously, which was ascribed to differences in soil
geology and water supplies. This work was followed up in 1889by Theodor Kocher who
found a total goiter prevalence of 20 -100 %, and who confirmed the importance of
drinking water but could not explain why. Meanwhile in France in 1831Boussingault (10)
was the first to suggest that iodine-containing salt should be made available in goitrous
regions, while Chatin between 1850 and 1860 was the first to demonstrate that moderate
iodine deficiency in soil, water and food caused goiter, whereas severe deficiency caused
cretinism in addition (11). The Swiss did not become aware of this work until the end of
the century when also some other important work was published, including that of
Baumann (12) who demonstrated that the thyroid gland accumulates iodine and later that
of Marine and Kimball (13) who suggested prophylaxis in schools. These developments
paved the way to a recommendation made in 1922 to all cantons by the Swiss Goiter
Commission to startthe sale of salt containing 2.5 to 5mgKIperkg on avoluntary basis.
The famous study of McCarrison in northern Pakistan at the beginning of the
previous century was one ofthe first to look intothe relationship between goiter, cretinism
and transferability of these phenomena from mother to child (14). The exact function of
the thyroid gland wasnot yet known and McCarrison was ofthe opinion that "the function
of the thyroid mechanism is to neutralise toxins produced in the ordinary course of
metabolism". The conclusions of his study are noteworthy: ...." Defective thyroid
function in the mother is the essential factor in the production of cretinism" and:
"Cretinism is due to the action of toxic agents, notably that of endemic goiter, on the
developing thyroid oftheunborn child".
By 1960 methods for goiter survey techniques were standardized. The following
decade saw a large increase in the number of studies into the prevalence of endemic
cretinism in developing countries (15-17). It took until 1966 for a controlled trial to be set
up inthewestern highlands ofPapua New Guinea to seewhether endemic cretinism could
be prevented by the administration of iodized oil (18). At about the same time, similar
studieswere setup inEcuador (19,20). The work done in Papua New Guinea showed that
an injection of iodized oil given prior to pregnancy could prevent the occurrence of
endemic cretinism in the infant. The findings also suggested that the damage to the
developing nervous system was likely to occur in the first trimester of pregnancy. Initially
it was assumed that a deficient supply to the fetus of iodine per se might be the key factor
in the impairment of brain development (18,21). Various later studies looked into the
transfer of maternal thyroid hormones across the placenta and the role these play before
the onset of fetal thyroid function, which occurs at mid-gestation (22,23). Studies in both
animals and humans have confirmed that maternal T4 plays a very important role in fetal
brain development before the fetus starts producing its own supply of thyroid hormones
(24,25) and the earlier view that the placenta is relatively impermeable to the transfer of
maternal thyroid hormone has been revised (26). In this context maternal serum
concentrations of T4 but not of T3 has been shown to be correlated with outcome
measures in children, such asmotor and cognitive function (27,28). This corresponds with
observations that in cells of the cerebral cortex, approximately 80 % of the requirement
for T3 is obtained by de-iodination of T4 in situby type II de-iodinase (29), whereas most
other tissues utilise circulating T3, derived from de-iodination by type I de-iodinase in
liverorkidney.
The question as to what is the most crucial period in fetal life for thyroid hormones
to exert their influence has been a recurring issue for several decades (22,30). In an
overview of the data available in 1980 Morreale de Escobar (31) concluded: " Somehow
13
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thyroid hormones convey a message to developing cells to stop dividing and start
differentiating". This would be most crucial in the period of the brain "growth spurt",
starting in the 2nd trimester and continuing into the 3rd year of life. By the end of the
1980's the available body of evidence from studies in animals indicated that iodine
deficiency is associated with reduction in the weight and DNA content of brain, delayed
maturation of the cerebellum and diminished arborization of the dendrites in the cerebral
hemisphere (32,33). Parts of the nervous system considered to be most affected are the
cerebral neocortex, the cochlea and the basal ganglia. These grow most rapidly during the
second trimester (33). In the mid-90's however there was still discussion about the
question whether endemic cretinism originates early in gestation, i.e. during the 1st
trimester or early second trimester (26), the period of neuronal migration and arborisation
of dendrites, or whether the most crucial period is the 3rd trimester (34), the period of
neuronal differentiation, formation of neural processes, synapses and neurotransmitters,
myelination and gene expression on which these functions are based. In a recent review
Delange (22) refers to maternal hypothyroxinemia during early pregnancy as a key factor
in the development of neurological damage in the cretin. Morreale de Escobar further
expands on the timing of insults to the developing brain, as a result of maternal or fetal
hypothyroxinemia or a combination of the two (23) (Fig. 1). Early maternal
hypothyroxinemia in combination with impairment of the fetal thyroid leads to central
nervous system damage that is considered irreversible atbirth.
Apart from the role that iodine deficiency plays during theprenatal period in the
origin of endemic cretinism, differences in the clinical presentation of endemic cretinism
may also be related to the duration and severity of postnatal hypothyroidism (35).
However, very few data exist on the evolution of thyroid function inareas of severe iodine
deficiency, from theneonatal period to adulthood (36).
Following the studies in Papua New Guinea and Ecuador, a number of other
intervention studies addressed the question to what extent different degrees and duration
of maternal iodine deficiency are reflected in the mental and psychomotor performance of
children at various stages in their lives (see also Chapter 7). These studies generally
support the notion that overcoming iodine deficiency before or even during pregnancy
enhances mental performance of children subsequently born. Studies focusing on the
association between iodine status of children later in life or changes therein and their
mental and motor performance include observational (ecological, case-control) and
intervention studies, with mixed results. The question however whether iodine
supplementation of a hitherto iodine deficient population group redresses the arrears in
mental and psychomotor functioning has been dealt with in only a few studies. In an
intervention study in Spain (37), no improvement of mental and psychomotor
development was found 32 months after supplementation, whereas in the Andes a
significant effect was seen only in girls (38). The double-blind placebo-controlled studies
carried out in Bolivia (39), Malawi (40) and Bangladesh (41) also showed different
results. In Bolivia, no differences were found on mental and psychomotor tests 22 months
after supplementation, in Malawi supplemented children performed significantly better on
a number of mental tests, 1year after supplementation, while in Bangladesh no difference
in cognitive or motor performance was found 4 months after supplementation. These
studies are reviewed in Chapter 7.
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iodine-deficiency cretinism
mixed: neurological and hypothyroid manifestations
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Figure 1. Approximate timing of major insults to the brain resulting from hypothyroxinemia,
superimposed on major neurodevelopmental events. Conditions resulting in early maternal
hypothyroxinemia, combined to later impairment of the fetal thyroid, are the most damaging, with
central nervous system (CNS)damage that is irreversible atbirth. The most frequent cause is maternal
iodine deficiency (ID) and the presence of maternal autoimmune thyroid disorders. Unless ID is also
present, the CNS damage in congenital hypothyroidism is preventable by early postnatal treatment
because the normal maternal thyroxinemia has avoided damage to the brain until birth. If maternal
hypothyroxinemia persists,normalmaternal concentrations of T3 donotprotect the fetal brain because
of itsdependence onintracerebral regulation of localT3 availability by deiodinating pathways usingT4
as a substrate. Interruption of the contribution of maternal T4 in premature infants with an immature
thyroid may also underlie their increased risk of neurodevelopmental problems, the more severe the
earlier their birth. The question mark indicates that we do not know whether very early CNS
development, corresponding to a period when the general morphogenesis of the pros encephalon
(neurolation and segmentation) isbeing determined, isthyroid hormone sensitive or not.
Source: Morreale de Escobar, G. et al. (2000). J Clin Endocrin Metab 85(11): 3890. With permission
oftheEndocrine Society.

Measuring mental performance and personality traits in non-Western
societies
Several conceptual and methodological issues are encountered when attempting to
measure functional consequences of malnutrition in a particular target group, especially
consequences related to mental performance or socio-emotional behavior. Cultural
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differences mayfurther complicatetheissues involved andhave abearing ontheexternal
validityofthefindings.
Individual behaviorismulti-dimensional andcomprises sensory-perceptual, motor,
cognitive and socio-emotional aspects. These aspects of behavior may be affected in
different ways andtodifferent degreesby malnutrition, depending on itsnature,severity,
durationandtiming(42).Thusthereisthequestionofselectionofthedependentoutcome
measures and also of the nature and appropriateness of the methods to be used to assess
these.Althoughtheseissueshavebeenaddressed inanumberof studies (43),particularly
inrelation toprotein-energy malnutrition (44-46), deficiencies of micronutrients such as
iron (47,48),iodine (49,50),zinc (51), and various vitamins, or combinations of various
deficiencies (52,53) thereisstillmuchtolearnaboutwhich specific functions are affected
bymalnutrition aswellasaboutthemechanismsinvolved.
Reliabilityandvalidity
Onceoutcomevariableshavebeenselected,requirements ofreliabilityandvalidity
need to be considered with respect to the tools used for and the procedures followed in
measuring these variables (54,55). Reliability of measurements concerns the notion of
consistency, i.e. there should be a reasonable degree of agreement in the short term
between successive applications of a measurement procedure under "normal"
circumstances (56). A test-retest correlation indicates the short term stability of the test
measures in a particular setting. With respect to validity, several dimensions may be
distinguished (57).Internal validity refers to the confidence with which one can infer a
causal relationship between two variables within the context of the study population,
whereas the external validity refers to the extent to which one can infer that the
relationship found within the study population is true for other populations (58). As the
ecological context and etiology of nutrition problems often differ between different
populations,findingsfromstudiesontheeffects ofmalnutrition oncognitive performance
arenoteasily generalized. Construct validity refers to the degree of fitness between the
underlyingconstruct orconceptual attributeofthestudypopulation andthemeasurements
used.Asthereisasubstantialnumberofdistinguishablementalabilities (56)and different
mental andmotorprocesses involved intasksbased onthese abilities,aggregate scoresof
performance on IQ tests do not provide insight into the particular abilities that may be
affected and may mask any changes in these. Performance on different subtests ismuch
moreinformative. Atthesametime,further analysis ofthementalandmotorprocessesor
other behavioral functions such as attention, motivation and arousal involved in
completing such subtests, is required in order to be able to identify the mechanisms by
whichanychangesinperformance arerealized.
Confoundingvariables
Apoor nutritional status is generally found in environments that arepoor inmany
other respects. In such an environment there maybe not only insufficient access to food,
water or adequate sanitation, but also a poor health care and education infrastructure. In
addition, such conditions go hand in hand with socio-cultural deprivation. Thus many
factors may, directly or indirectly, affect a child's physical, mental and social-emotional
development(59-61).
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In a school environment, optimal learning takes place when there is two-way
interactionbetweenteacherandchildandwhenchildrenareactivelyengagedinexploring
stimuli,procesing information and exercising their creativity by applying whattheyhave
learned to novel situations. Hoever, poor health and nutrition, low levels of socioeconomic status and parental stimulation and poor home and school environments all
impinge on the child's active learning capacity, i.e. his or her propensity and ability to
interactwith,andtotakeoptimaladvantageof, resourcesoffered (62).Therefore it ishard
to distinguish the effects ofpoor nutrition from those of other deprivations on cognitive
development, except by applying experimental or quasi-experimental study designs.
Moreover, poor nutritional status is not easily defined in terms of deficiency of a single
nutrient. In addition, different micronutrients may interact, withthe statuswith respectto
one micronutrient enhancing or diminishing the effects of a deficiency of another
micronutrient on selected outcome variables,making it even more difficult to specify the
consequences of specific nutrient deficiencies. Thus,in studies onthe effect of a specific
nutrient deficiency onmental development thepossible effects of otherrelevant healthor
nutritionaldeficiencies mustbetakenintoaccount.
Culturalbias
The most common use of psychometric tests in industrialised societies is in the
context of predicting the development of certain competencies over time, including the
ability toperform in a given work setting. The use of such tests across different cultures
has been and still is subject to much debate. Even within one culture the use of
psychometric tests has been said to be discriminatory, on the grounds that certain
population groups,whicharebetteroff insocio-economic termsthanothers,areinamore
advantageous position to do well on such tests. Tests as such however can never be
discriminatory. It is only when differences in results (scores) are seen as differences in
genetically determined intelligence potential, that discrimination comes in (56,63).
Althoughpsychologists have different opinionswithrespect totherelative importanceof
genetic and environmental factors (the "nature-nurture" issue) in the determination of
cognitive abilities, it is clear that the socio-cultural environment of the persons being
tested may play a role in test results, depending on the abilities that are involved in
performing thetests(56).If ample language,orother schooling related skillsarerequired
in performing the test tasks, there may be a cultural bias if different cultural groups are
beingtested simultaneously. There arehowever no culture-free tests, although sometests
areconsidered more "culture-fair" than others.Testswhich require little ornovocabulary
or other skills related to schooling or information-access are regarded as culture-fair. In
thiscontext itprovesuseful topositiontests intheso-called fluid-crystallized spectrum,a
spectrum of general abilities, ranging from subject-matter proficiency (crystallized
achievements) to fluid ability (64).The term "crystallized" refers to an almost automatic
responsetoatask,asitcloselycorrespondstopastpracticesandexperiences.Ontheother
hand "fluid" ability refers to the adaptive process of apprehending an unfamiliar
configuration andrearrangingittosatisfy somerequirement.
Therefore, when using psychometric tests in a society for which these have not
been developed, one must be aware of the problems of translating the results into an
Intelligence Quotient(IQ).Mostofthementalabilitiesshouldbeaddressed,testitemsand
procedures should be adapted and their use pretested. With children especially, tests
should not require much explanation and subjects should feel at ease but not overly
17
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subdued. If suchprecautions are taken, it should bepossible todevelop an appropriate test
battery for establishing local reference scores enabling the assessment ofthe IQ.

Measuringiodinedeficiency
Various indicators can be used for measuring iodine deficiency. However, all of
these indicators reflect different aspects of deficiency. There is no single indicator that
fully represents iodine status. Indicators may be related to iodine intake, to iodinedependent endocrinological processes in the human body ("outcome indicators") or to
progress made with respect to provision of households with sources of iodine, such as
iodized salt ("process indicators") (65). Thus the choice of indicators depends on the
purposes that are to be served, such as assessing the prevalence of IDD, identifying highrisk populations, monitoring and evaluating IDD control programmes, or elucidating
functional consequences ofIDD. In addition,practical and economical considerations play
a role inthe selection of indicators.
Possible risk of a deficiency may be examined on the basis of data on food intake
and water. If people live in an area where the soil is iodine deficient and where all food
originates from such soil, then the people living in this area permanently would be at risk
of developing IDD. There are however considerable individual differences in the
propensity to develop IDD. Moreover, it is hard to know to what extent foods containing
iodine come in from outside the study area. As food consumption studies are also very
time-consuming if carried out on an individual basis and provide only a "snapshot"
impression of actual intake, these are generally only carried out on a population basis,
provided that dietary habits as well as iodine content of foods consumed are reasonably
well known. In that case the average iodine intake of certain population groups may be
estimated, data which would form the basis, together with clinical data, for decisions on
policy measures in the field of salt iodization and the application of iodized salt in various
processed foods (66).
Outcome indicators include clinical and biochemical indicators. In the public
health context the most widely used clinical indicator originally was that of the size of the
thyroid gland, measured by palpation. Classification has been simplified from a system
with 5gradesto a system withonly 3grades (65):
Grade 0= nopalpable orvisible goiter;
Grade 1: a mass in the neck that is consistent with an enlarged thyroid gland that is
palpable but notvisible when the neck is inthenormal position;
Grade 2: A swelling in the neck that is visible when the neck is in a normal position
and is consistent with an enlarged thyroid gland when the neck is palpated.
This method is still widely used as it is a cheap and provides a quick way of assessing
whether or not there is a problem of public health importance. However, the specificity
and sensitivity of this method, especially for grades 0 and 1are low due to a high interobserver variation. Thus,the persons carrying out the survey must be well trained. The use
of ultrasonography is a more accurate way of assessing the volume of the thyroid, but
requires expensive equipment and an operator trained in its use. Even with this method
however, inter-observer variation maybehigh (67).
Another clinical indicator is the presence of endemic cretinism, the most extreme
form of IDD, that manifests itself by severe growth and mental retardation, often
accompanied by deaf-mutism (see Chapter 7).
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Biochemical outcome indicators include concentrations of hormones in serum or
whole blood and concentration of iodine in urine. The serum or blood indicators most
commonly used are T4, FT4, T3, thyroglobulin (Tg) and thyrotropin, or thyroid
stimulating hormone (TSH). Assessment of the concentration of these indicators is
however not readily done on a large scale as it is necessary to collect blood samples and
the cost is high. Measurement of iodine in urine provides a good proxy for recent iodine
intake, as most iodine is eventually excreted in urine following deiodination ofthe thyroid
hormones. However, the amount of iodine excreted by an individual varies from day to
day as well as during the day. Therefore it is recommended that the results obtained be
used for making an estimate of iodine status of population groups rather than that of
individuals. Iodine excretion used to be expressed per gram of creatinine. This is however
no longer deemed necessary or not even reliable in areas where protein intake (and thus
creatinine excretion) isvery low (65,68). It is therefore also preferable to speak of urinary
iodine concentration (expressed per volume unit of urine) rather than of urinary iodine
excretion (expressed per gram of creatinine).
The choice of process indicators will depend on the specific interventions or
programmes implemented to ensure improved availability and consumption of sources of
iodine by those who suffer from or are at risk of IDD. Such indicators may include the
measurements of iodine levels in the vehicle(s) chosen for iodine, usually salt, at various
stages in the production and marketing chain as well as the availability of the iodized
product in shops and households.
For some outcome indicators mentioned above (thyroid volume, urinary iodine
concentration, TSH and Tg), criteria and cut-off points have been established that indicate
whether or not iodine deficiency is a significant public health problem. However, not all
indicators are equally suitable for use in different age groups. Blood TSH concentration
for instance is widely used in neonatal screening programmes for congenital
hypothyroidism, and compilation of such data may also be used for monitoring measures
to correct iodine deficiency at the population level (69), but its usefulness in older groups
is uncertain. Moreover, assay methods and reference materials are not universally
standardized implying that criteria and cut-off points are also not universally applicable.
This is for instance the case with Tg (70,71), which makes comparison between different
studies difficult.
In studies into the functional consequences of IDD, criteria are required for
classifying children with respect to the severity of iodine deficiency. Such criteria
however do not exist. In clinical practice blood or serum concentrations of T4, FT4, T3
and TSH are used frequently and normal reference ranges have been established (72-74).
However, these reference ranges were developed from the perspective of thyroid function
and not endemic iodine deficiency. Their use in monitoring the extent and severity of IDD
is limited. Moreover, in thyroid endocrinology, compensatory mechanisms play an
important role. Thus, the significance of serum concentrations of different hormones may
only be interpreted if the appropriate regulatory factors are taken into account. For
instance, serum concentrations of TSH and T4 are closely interlinked: if serum T4
concentrations are increased, this will inhibit the secretion of TSH and block the action of
thyroid releasing hormone (TRH). Similarly if serum T4 concentrations are decreased,
TSH secretion increases. Low serum concentrations of T4 and high serum concentrations
of TSH are indicative of hypothyroidism, which may be the result of iodine deficiency,
but could also point to a different problem. On the other hand, in different field studies,
both TSH and FT4 were shown to be in the "normal range" in schoolchildren who were
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considered iodine deficient on the basis of goiter rates and urinary iodine concentrations
(75).
A further confounding factor is the interaction between micronutrients other than
iodine, and thyroid metabolism. Examples areprovided by zinc and selenium.Not much is
known yet about the relative importance of zinc-deficiency in the context of thyroid
hormone metabolism (76,77), but selenium does play an important role. It is an essential
component of many selenoproteins that regulate thyroid hormone synthesis, preserve
thyroid integrity in conditions of oxidative stress and control hormone metabolism in nonthyroidal tissues where T4 is converted to T3 (77). The seleno-enzymes include three
iodothyronine de-iodinases (type I, active mostly in liver and kidneys, type II which is
principally found in brain, central nervous system, brown adipose tissue and the pituitary
and type III which is active at intracellular levels), and four Se-containing glutathione
peroxidases, which protect against the potentially-injurious effects of lipid peroxides and
hydrogen peroxide produced during normal metabolism (78-80). Selenium deficiency
affects the supply of selenium to various tissues and also to different selenoenzymes
within a tissue and thus may have both beneficial and adverse effects on man and animals
(80). Under conditions of selenium deficiency, concentrations of seleno-enzymes are
decreased in liver, kidney and muscle, whereas those in the brain and endocrine organs
such as the thyroid gland are less affected. Based on studies in myxedematous cretins in
endemic goiter areas of Zaire, which were also selenium-deficient, it was postulated that
the thyroid atrophy found in the cretins was due to loss of protection from toxic levels of
hydrogen peroxide and free radicals following diminished activity of glutathione
peroxidase (81). Trials with selenium supplementation amongst school children and
cretins in the same area led to a fall in serum T4 concentration in both groups and an
increase in TSH concentration in the cretins. The fall in serum T4 concentration is
ascribed to an increase in the expression of hepatic type I de-iodinase (82). These studies
provided further support to the hypothesis that although selenium deficiency may
exacerbate hypothyroidism associated with iodine deficiency and may be involved in the
etiology of myxedematous cretinism, it may also protect the brain from some of the
detrimental effects of iodine deficiency (78,81,83). Meanwhile, the etiology of
myxedematous cretinism is not yet fully elucidated as this form of cretinism is also found
for instance in China without concurrent selenium deficiency (84). Therefore other
interacting factors, such as goitrogens, may be implicated aswell (80).
Thus, for reasons mentioned above, one cannot define iodine deficiency on the
basis of only one indicator. Moreover, it should be realized that other co-existing nutrient
deficiencies may mask or aggravate thetrue severity of iodine deficiency.
IDD in Benin
When the goal to eliminate IDD by the year 2000 was set, data on the African
continent were still scant. For Benin for example, the total goiter rate in the country was
estimated at 23.7 %, on the basis of surveys dating from 1983 (3). Unpublished reports
(85) and personal communication with nutrition experts in the country, further confirmed
that goiter was (still) a public health problem in northern Benin by the mid-1990's. It was
therefore decided to carry out thisresearch in this country in collaboration with staff of the
Departement de Nutrition et des Sciences Agro-Alimentaires, Faculte de 1' Agriculture,
Universite Nationale du Benin.
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Benin
Benin is a small country with an estimated population of 5.8 million people in
West Africa, situated between Togo in the west, Burkina Faso and Niger in the north,
Nigeria in the East and the Atlantic Ocean in the south (Figure 2). It is approximately 700
km long and between 125 and 325 km wide, with a total surface area of about 112000
km2. The altitude ranges from sea level to about 400-600 m in the highest part of the
country, the north-western part of the province of Atacora. In terms of geological origin,
four large zones may be distinguished: the precambrian plateau, the volta basin, the
sedimentary basin of Kandi and the sedimentary basin of lower Benin. The study area is
situated in the precambrian zone, with very old rocks such as gneiss, micaschists and
Dahomey quartzites aswell asgranites.
Benin became independent in 1960 and has been a democratic republic with a
multiparty system since 1991.With an annual GNP per capita of US$ 380.- and one third
of its population below the national poverty line, the country belongs to the least
developed countries intheworld (86), as may also be concluded from other demographic,
health and education characteristics presented in Fig. 2. Sixty percent of the population is
rural, the majority of whom is engaged in agriculture, which is the main source of income
in the country. Agricultural practices, especially those in the north, are traditional and
extensive and focused on the major food crops, such as maize, millet and sorghum as well
as cassava and taro.Inthe north, cotton and tobacco aregrown as cash crops. Towards the
south agriculture is more diversified and more market-oriented. The country's most
important commercial agricultural products include palm oil, cashew nuts, sugar cane,
cotton and groundnuts. Tropical hardwood is also important. Large-scale industrial
activities hardly exist, except for a few activities in the agrofood sector. The informal
sector is another important source of income.
With an annual population growth rate of 2.7 %, almost half of the population is
aged lessthan 15years.There are about 20different ethnic groups inthe country, many of
which have their own language. French is the official language of the country's
administration and educational systems,but in rural areas French is only spoken by people
who have had some formal education. Different tribes also have different socio-cultural
and traditional religious practices. The two major religions which have been introduced
from outside are Christianity and Islam, which prevail in the south and the north,
respectively.
Less than 50 % of the rural population has access to safe drinking water and less
than 10% has access to adequate sanitation. Malaria is endemic and a major public health
problem especially in the rainy season. Almost 30 % of the wider-fives is underweight,
one quarter is moderately or severely stunted, while 14 % is moderately or severely
wasted (87).

Thestudyarea
The four villages which were selected for the study, Penessoulou, Penelan,
Kodowari and Nagayile, belong to the municipality of Penessoulou, which is situated in
the district of Basila, province of Atacora1, northern Benin. Together with a few other
villages, this municipality comprises about 10,000 inhabitants, of whom approximately 98
Recently theprovince was splitup intwonewadministrative units:Donga andAtacora. Basila now is situated
inDonga.
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%belongtotheAnii,aminortribewithitsownlanguage.Theremaining 2%come from
other ethnicgroups suchastheKotokoli,PeulandLokpa.Themajority ofthepeopleare
Muslim.Polygamy iscommonandmostpeopleliveinextended families
In terms of services, the area is underdeveloped. There is neither electricity nor
potable water. The municipality has a small health centre, where a medical aide and a
midwife provide basic health services and sell essential drugs. The nearest hospital is in
Basila,about35kmfromPenessoulou.Eachofthefour villageshasaprimary school,but
the nearest secondary school is in Basila. Teaching is done in French, as most teachers
comefromthesouthernpartofthecountryandgenerallydonotspeakthelocallanguage.
Apartfromthefact thatnot all children goto school,drop-out ratesfromschool arealso
high. Over 80children are found in the first grade, whereas about 20 children attend the
sixthgrade.Theschoolshaveveryfewwrittenorvisualteachingaids.
While rainfall in the south follows a bimodal pattern, in the north it isunimodal.
Therainy season in thispart of the country lastsfromJune to thebeginning of October,
followed by the dry season. Annual rainfall in the study area ranges from 1200to 1300
mm.Subsistencefarming isthemajor occupation, andmaize,milletandsorghum,cassava
and yam are the major food crops. Cotton and some tobacco are grown as cash crops.
More than two-thirds of the people keep some animals, but these are mostly kept for
special occasions or as a reserve for periods of hardship. Shortages of food may arise
duringtherainy season,whenstocksarefinished andfood prices arehigh, andlasttothe
harvestingperiod,earlyinthedryseason.Besidesbeinginvolvedinagricultural activities
andhouseholdchores,manywomenalsoengageinpaidlabourorpettytradinginorderto
obtain a cash income with which household necessities such as salt, soap, oil and
condimentcubesmaybebought.
Food habits

Apart from rice virtually all the staple and other foods eaten by the study
population areoflocalorigin.Inthemorning,peopleeataporridgemadeofmaize,millet
or a combination of the two, to which some sugar is added. At noon and dinner, a stiff
porridge ("pate") ispreparedfrommashed boiled yam, maize or cassava or a mixture of
these. Akassa (fermented maize) and gari (fermented cassave) may also be used. The
"pate" is eaten with a sauce made of groundnut oil, red palm oil or karite butter with
garlic, onions,red peppers,mustardfromthe locust bean seed, salt and condiment cubes
(Maggi cubes, "cubes rouges" or a similar product). Usually tomatoes, okra or sesame
seedsauceareaddedand,ifthefamily canafford it,driedfishormeat.
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Fig.2.Benin
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Benin:Basic data
Education
Adult literacy rate:
19/45 (females/males)
Net primary school enrollment ratio:
46/78 (females/males)
Net secondary school enrollment ratio:
10/23(females/males)

Demography
Total population:
Population density:
Annual growth rate:

5.8 million
55 persons/km2
2.7 %

Health and nutrition
Life expectancy:
Infant Mortality Rate:
Under-5-Mortality Rate:

53yr
101per 1000live births
165per 1000live births

Sources
Data: UNICEF, The State of the world's children, New York, 2000.
Maps: courtesy ofwwwtheodora.com/maps, used with permission.
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Saltconsumption
Saltisaprecious commodityinthispartoftheworld.Soldinsmallquantities,itis
almost always availablefrommost of the women traders along the main roads and from
themarkets.Iodizedsaltwasnotyetavailableinthenorthbytheendof 1995eventhough
in November 1994 a resolution had been signed by 5 different ministers in the country
(Health, Commerce and Tourism, Industry, Finance, Rural Development), banning the
import of non-iodized salt andprescribing the levels of iodine in salt at all stages in the
production and marketing chain. However, in the course of 1996aproject was started in
the district's main town, Basila, distributing iodized salt through an extension worker to
womentraders.Inasmallmarket surveycarried out inthestudyareabytheendof 1996,
itwas shownthat thereweretwotypes ofsalt onthemarket:iodized salt comingthrough
the extension worker with a concentration of iodine of approximately 50ppm, andnoniodized salt comingfromdifferent sources in the north and across the border withTogo.
Thesachetsofiodizedsaltwere25-50%moreexpensivethanthenon-iodizedsalt.
Objectivesofthestudyandoutlineofthethesis
As described above, most studies on the relationship between iodine status and
mentalperformance ofchildrenhaveconcentratedoneffects ofiodinesupplyinuteroand
shortlyafter birthonmentalandpsychomotordevelopmentofchildrenatvarious stagesin
their life. The most commonly held premise is that mental capacity of children may be
affected by iodine deficiency in utero and shortly after birth and that, if iodine supplyis
not restored within this sameperiod, mental performance is impaired permanently. A few
intervention studies,with various designs, havebeen carried out to study whether mental
andpsychomotorperformance ofchildrenwhoaregrowingupwhileiodinedeficient may
stillbenefitfromiodine supplementation,withdifferent results.
Thetwodouble-blindplacebo-controlled studies involvingoral supplementation of
school children before 1995 produced different results. Bautista et al (39) found no
difference in performance on the Stanford-Binet and Bender-gestalt tests between
supplemented and non-supplemented children, aged 5.5-12 years, 22 months after
supplementation. Shresthaetal (40) found that iodine supplementation had significantly
improved performance of 6-8 year old Malawian children on a number of mental tests,
fluency inparticular,oneyearlater.
Theobjectives ofthisstudytherefore were:
• To reconfirm thefindingsof the study done in Malawi in a different setting and to
examine which specific aspects of mental performance are influenced most by
supplementation;
• To assess the relationship between hearing thresholds and different variables
representingiodinestatusandbetweenhearingthresholdsandmentalperformance;
• To determine whether iodine supplementation in iodine deficient children exerts an
effect ontheirschoolbehavior,includingconcentration;
• To assess the relationship between children's iodine status and their psychomotor
performance;
• To evaluate the performance of different indicators of iodine status following iodine
supplementation.
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This research was set up as a double-blind placebo-controlled study, involving oral
dosing with iodized oil in school children in an iodine deficient area inthe northern part of
Benin, with an observation period of 10 months. However, much faster progress than
expected was made with the introduction of iodized salt in some parts of the country,
including the study area. Approximately 3 to 4 months after supplementation the
population started to have access to iodized salt, in addition to non-iodized salt. This
resulted in an improvement of iodine status of the non-supplemented group. At the end of
the intervention period both groups could be classified as mildly iodine deficient, as
measured by urinary iodine concentration. Because iodine became available to both
groups the main hypothesis, i.e. that iodine supplementation would improve mental
performance had to be modified. It was decided to make a distinction between children
whose iodine status, as measured by different indicators, improved during the observation
period and children whose iodine status did not change. This latter group was taken as the
"control" or "unchanged" group. The hypotheses subsequently formulated on a post-hoc
basis arethe following:
• Children whose iodine status improves during the observationperiod show a greater
improvement in scores on mental and psychomotor performance tests than those
children whose iodinestatus shows littleorno change;
• In an endemic iodine deficient area children with a better iodine status have lower
hearing thresholds than those withapoorer iodine status;
• A change in iodinestatus of children during the observationperiod induces changes in
theirschoolperformance and behavior asjudged by their teachers;
• Serum concentration of thyroglobulin and urinary iodine excretion are the most
suitable indicatorsfor measuring iodine status under conditions of changing iodine
supply.

Outlineofthethesis
Theremainer ofthisthesiscontainsthefollowing chapters:
Chapter 2 describes the effects of improving iodine status on the children's
performance on a series of mental tests;
Chapter 3 describes the association between iodine status and hearing thresholds,
as well astherelationship between hearing thresholds and mental performance.
Chapter4 deals with the degree to which changes in iodine supply are reflected in
indicators of iodine status andthyroid function.
Chapter 5 investigates the association between iodine deficiency and hyperhomocysteinemia.
Chapter6 deals with the influence of a changing iodine status on changes in school
performance andbehavior, asjudged by schoolteachers.
Chapter 7presents a review of the main studies that have addressed the role of
iodine inmental andpsychomotor development.
Chapter8 discusses the most important findings of the research described in this
thesis, the issues that are still open to discussion and finally, implications for policies and
programmes.
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Chapter 2

ABSTRACT
Background: An adequate iodine supply in utero and shortly after birth is known tobe
crucialto an individual'sphysical andmental development. Thequestion whether iodine
supplementation later in life can exert a favorable influence on mental performance of
iodine deficient populations hasbeen addressed in various studies,but with contradictory
results.
Objective:The aim of the studywasto examine the effect of an improvement of iodine
status on mental and psychomotor performance of schoolchildren (7-11 yr), who were
moderatelytoseverelyiodine deficient.
Design:The study, which was originally planned as a double-blind randomizedplacebocontrolled intervention, was carried out in an iodine deficient population of school
children(n=196)innorthernBenin.Asthepopulationbeganto have access to iodized salt
during the intervention period of 1year, the study population was split, post-hoc,into a
groupwith improved iodine status,based onincreased urinary iodine concentration, anda
group with unchanged iodine status. Changes in mental and psychomotor performance
overtheinterventionperiodwerecompared.
Results: Children with increased urinary iodine concentration demonstrated a
significantly greater increase inperformance onthe combination of mental tests than did
thegroupwheretheconcentrationdidnotchange.
Conclusions: Improvement in iodine status, rather than the status itself, determined
mentalperformance inthispopulation,whichwasinitially iodinedeficient. These findings
suggesta"catch-up"effect intermsofmentalperformance.
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INTRODUCTION
The public health importance of an adequate iodine supply for the physical and
mental wellbeing of humankind has been well described (1,2). Most studies on the
relationship between iodine status and mental performance of children have concentrated
on effects of iodine supply in utero and shortly after birth on mental and psychomotor
development (3-7). The most commonly held premise is that mental capacity of children,
once affected by iodine deficiency in early life, is impaired permanently. Few intervention
studies have been carried outto examine whether mental and psychomotor performance of
children who are growing up while iodine deficient may still benefit from iodine
supplementation. In a double blind, placebo-controlled study to examine the effect of
iodine supplementation of children (5.5-12 yr) on mental performance, Bautista et al (8)
found no difference between supplemented and non-supplemented children. In an
unpublished double-blind placebo-controlled intervention study in Malawi, iodine
supplementation significantly improved performance of 6-8 year old children on a number
ofmental tests (9).
The purpose ofthis study was to determine whether the findings in Malawi could
be confirmed in a different setting and, if so, to examine which specific aspects of
cognitive functioning are influenced most by supplementation. The research was planned
as a double-blind, randomized, placebo-controlled study, involving oral dosing with
iodized oil in school children in an iodine deficient area in northern Benin, West Africa.
However, much earlier than expected, iodized salt was introduced into the study area.
Halfway through the intervention period, the population began to have access to iodized
salt. As iodine had become available to both groups, the hypothesis that iodine
supplementation improves mental performance could no longer be tested. Therefore, we
decided to test whether children whose iodine status improved over the intervention period
showed a greater improvement in mental and psychomotor performance than those
children whose iodine status changed to a limited extent or not at all.

SUBJECTSANDMETHODS
Studyareaandsubjects
The study was carried out in the district of Basila, province of Atacora, in northern
Benin, where prevalence rates of goiter in schoolchildren aged 6-12 yr varied from 20 to
60 % (Doh, A. and Ategbo, EA. Prevalence de la carence en iode dans l'Atakora;
unpublished report, 1994). The population, mostly Anii, was engaged in subsistence
farming with cotton as the sole source of cash income. Food security was a seasonal
concern.Polygamy wascommon andhouseholds were made up of extended families. The
four studyvillageshadneither electricity nor cleandrinking water.
Children from standards (grades) 2 and 3, aged 7-11 years, in the four primary
schools in the study area were considered for enrolment. Since in two out of four schools
all female children had been given an iodized oil supplement in the previous year, only
boyswere selected from these two schools.
The study was approved by the health and education authorities of the province of
Atacora, and by the Medical Ethics Committee of the Division of Human Nutrition and
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Epidemiology of Wageningen University. The aim of the study was explained to local
administrative and traditional authorities, parents and teachers. Having obtained verbal
approval from local authorities, the parents and the parents-teachers association, all
children selected were examined physically by a clinician. Several children with skin or
respiratory infections, and malaria were treated. No children were excluded on health
grounds.
Studydesign
Childrenwerestratified byschool,schoolclass,andsexandsubsequentlymatched
onthebasis of similar age andheight-for-age. Fromeachpair of children, onechildwas
randomly allocated to one of two groups. The groups were then randomly allocated to
receiveiodinesupplementation oraplacebo.Thestudywasdouble-blind,randomizedand
placebo controlled withthecodes onlybeingbroken after thecompletion ofthefinal test.
Iodized oil (LipiodolUF7; 540mgI/mL)andtheplacebo (poppyseed oil)wereprovided
by Guerbet laboratories (Aulnay-sous-Bois, France). Iodized oil and poppyseed oil were
dispensed asasingledose(1.0mL),administered orallywithaSwift 7dispenser(English
GlassCompany,Leicester,England)inJanuary 1996.
Baseline anthropometric measurements were made and urine and blood samples
collected inOctober-November 1995.Baseline mental development tests were performed
inthesameperiod.Allmeasurements andtestswererepeated inOctober-November 1996.
Additionalurinesampleswerecollectedoneweekand5moafter supplementation.
Somaticandbiochemical indicators
Anthropometric measurements were made in duplicate. Height was measured to
thenearestmm,usingamicrotoise(Stanley ®).Weight was measured to the nearest 0.25
kgusing a spring scale.Venousbloodwasdrawnfromtheantecubical vein, immediately
followed bytheapplication ofonedropofwholebloodontoafilterpapercard(Schleicher
& Schuell,grade903).Thesecardswereair-dried for 1 to2handpacked inpolyethylene
bags, before being frozen. Hemoglobin was assessed using a Hemocue (Helsingborg,
Sweden). Serum samples wereprepared andfrozenbefore being transported. Samplesof
casual urine (ca. 25 mL) were collected, to which some crystals of thymol were added.
Blood spot cards, and frozen samples of urine and serum were transported to the
Micronutrient Research Laboratory, University of Ghana at Legon, Accra for analysis of
urinary iodine (chloric aciddigestion followed by Sandell-Kolthoff reaction (10); thyroid
stimulating hormone (TSH) inblood spots (Spectra Screen™ Dried Blood TSHEIAKit)
and serum ferritin (ELISA), within the next 6to 9 mo.Frozen serum samples were also
transported to the Laboratory for Endocrinology, Amsterdam Medical Centre, the
Netherlands for assessment of thyroglobulin (RIA), free thyroxine (time-resolved
fluoroimmunoassay; Delfia™, Wallac Oy, Turku, Finland) and thyroid stimulating
hormone(immunoluminometric assay;BrahmsDiagnostica Gmbh,Berlin,Germany).
Mentalandpsychomotordevelopmenttests
Since no comprehensive battery of mental tests has been developed for use in
French-speaking West-Africa, a number of tests, consisting of nonverbal and abstract
pictorialmaterialoftheFrench Kaufman ABC testbattery (11)waspretested in anearby
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village. Apartfromthe sequential memory test (hand movements), most tests contained
imagesunknowntothechildren. Subsequently abatterywascomposed withmostlynonverbaltestswhich have been used under conditions comparable to those found in rural
Benin,i.e. tests requiring \ery littleornovocabulary skillsofthe child beingtested,thus
avoiding confounding by education-related language skills. Thesetests covered as much
as possible aspects of fluid intelligence, as opposed to crystallized intelligence (12-14).
Fluid intelligence is regarded as one of the major constituents of intelligence; it refers to
theabilitytoreasonbyanalogy,toapprehendanunfamiliar configuration andtoconstruct
orextractasolution.Crystallized intelligence refers to subject-matter proficiency acquired
in the past, which is reflected in results oftests measuring such aspects as vocabulary,
arithmeticorfactualknowledge. The mentaltestbatterycomprised thefollowing 8tests:
blockdesign (15),colouredprogressive matrices (16),handmovements (11)as well as5
tests from the African Child Intelligence Test (17): closure, mazes, exclusion,
concentration, and fluency. Table 1 gives a description of the tests as well as their
meaning, according tofactors reported byThurstone (18)andFrench (19).Inaddition 2
psychomotortests, pegboard and ball throwing, were carried out. A psychologist (NB)
trained twouniversity graduates andtwo teachersfromBenin to conduct thetests,which
were subsequently pretested among school children from the study area who were not
included inthe studypopulation.Thetestersworked inpairs.All four testers startedwith
the samethreetests in afixedsequence.Theremaining tests were administered eitherby
one tester or the other, with the same tester alwaysbeing responsible for the same setof
tests.Allchildrenweregivenasnackpriortotesting,whichtookplacebetween09.00and
12.00hrs.in aroomwhichwas quiet andfreeofdistractions. The8mentaltestsplusthe
pegboardtesttookapproximately 50-60mins,after which the children were taken outside
fortheballthrowingtest.Becauseofthediversityandshortdurationoftests,childrendid
not become tired or bored. A simple reaction-time test and a choice reaction-time test,
both measuring information processing time, as well as a tapping test measuring manual
dexterityandaccuracy,wereadministeredattheendofthe intervention period, but not on
thesamedayasthementaltests.
Dataanalysis
Data analysis wasrelated tothemodified studydesign. Children were allocatedto
new groups, based on the magnitude of change over the intervention period in urinary
iodine concentration. Differences in change in mental performance between these groups
were assessed using Student's t-test. Ifnot normally distributed, log transformations were
made. Factor analysis, based on the intercorrelation of the tests, was carried out, usinga
principal component analysis with orthogonal Varimax rotation.. This enabled us to
examine the construct validity of the test battery. All data were processed and analysed
using SPSS-pc software (SPSS-Windows 6.1). Anthropometric indices were calculated
usingEpi-Info(version6.02;CDC,Atlanta,GA,USA)
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RESULTS
Initially 211 children were enrolled in the study; 13 children had left school or
moved out ofthe area by the end of the intervention period. Two children could not be
locatedduringurinecollection. The socio-economic status ofthe families included inthe
studies was generally poor. Families were large, landholding size relatively small and
levelsofeducationamongadultslow(Table2).
Nutritionalstatus
One-thirdofthechildrenwerestunted(height-for-age <-2 SDofNCHSreference),
17%hadlowweight-for-age (<-2SDofNCHSreference) and2%werewasted(weightfor-height <-2SDofNCHSreference) (Table2). Theproportion ofchildrenwithanemia
(hemoglobin <110 g/L) was one-third, while 11% had moderately to severely depleted
ironstores(serumferritin concentration< 18 ug/L).With an initial median urinary iodine
concentration of 0.16 umol/L (20.6 ug/L), the study population could be classified as
moderately to severely iodine deficient. At the end of the intervention period both the
original placebo and the iodine-supplemented group showed clearly improved iodine
status. However, the total study population could still be classified as mildly iodine
deficient based on median concentrations of urinary iodine. Initial urinary iodine
concentration was positively correlated (Spearman) with the serum concentration offree
thyroxin (r =0.19; P=0.007) and negatively correlated with serum concentrations of
thyroglobulin (r= -0.51;P=0.000)andthyroid stimulatinghormone(r =-0.34;P=0.000>
Attheendofthestudyurinary iodine concentration wasrelatedwith serumthyroglobulin
concentrationonly(r=-0.21;P=0.003).
Table2.Generalcharacteristicsofsubjectsandtheirfamilies1J
Characteristics of subjects
n (males/females)
Suppl./non-suppl.
Age(y)
Height-for-age (Z-score)
Weight-for-age (Z-score)
Education (y)
Characteristics of family
Family size(n)
Education ofparents (y)
- father
- mother
Sizeof landholding (ha)
Results areexpressed asmean±SD,
subjects

Improved group
Initial
Final
128 (109/19)
68/60
10.1 ±1.2
9.1± 1.2
-1.73 ±0.91 -1.70 ±0.87
-1.35 ±0.70 -1.38 ±0.70
2.8± 0.9

Unchangedgroup
Final
Initial
68 (58/10)
29/39
8.5±1.2
9.5 ±1.2
-1.48 ±1.04 -1.43 ±1.01
-1.32 ±0.77 -1.33 ±0.75
2.6± 0.7

14.2± 7.2

14.8 ±8.4

1.3± 0.8
1.2±0.5
3.1±2.4

1.4±0.9
1.3 ±0.8
3.2± 2.7

except for thenumber andproportion of supplemented/non-supplemented
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Mentalperformance
Correlations between the scores on the different tests at baseline were mostly
positive(Table3), in linewithwhat isusually found (20).Factor analysis ofthe seriesof
tests used followed by Varimax rotation produced three factors. Block design, closure,
exclusion, maze, fluency and concentration tests loaded on one factor, the hand
movementstest onthesecondfactor andtheColoured Progressive Matrices orRaventest
loadedonthethird factor (Table 4).Thispattern is similarto thepattern found ina study
on an intelligence test for Dutch, Spanish and Indian children, and comparison of this
battery with the WISC-R battery (21-23). The first factor refers to spatial/perceptual
reasoning skills,the second factor to sequential memory and the third factor to general
intelligence, often referred to asg (20,24). The overall changes in performance over the
interventionperiod were smallbutpositive. Test-retestcorrelation of the full test battery
intheunchangedgroupwas0.83(F=0.000).
Table3. Correlationbetweenmentaldevelopmenttestsintotalgroup(n=196),atthe
beginningofthestudy
Spearman correlation
1
1.Block design
2. Closure
3. Concentration
4. Exclusion
5. Fluency
6. Mazes
7.Hand movements
8.Raven test

1.00
034***
0.51***
0.33***
0.23***
Q44***
0.09
0.05

2

3

4

1.00
0.34***
0.35***
0.24***
0.35***
-0.03
0.08

1.00
0.37***
0.39***
0.47***
0.22**
0.18*

1.00
0.33***
0.31***
0.14*
-0.01

6

1.00
0.29*** 1.00
0.19** 0.24***
0.06
0.14*

Significance ofcorrelationcoefficients: *PO.05; **PO.01; ***PO.OOl
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coefficients
5

7

1.00
0.16*

8

1.00
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Table4. Varimax-rotated factor matrix of results onmental tests at thebeginning ofthe
study
VARIMAX-rotatedLoadings l)
Factor 1
Factor 2
Factor 3

Blockdesign
Closure
Concentration
Exclusion
Fluency
Mazes
Handmovements
Raventest

0.76
0.65
0.73
0.67
0.50
0.65

Sumofsquares(Eigenvalue)

2.84

0.87

0.96
1.12

0.96

Communality
0.58
0.64
0.60
0.46
0.42
0.49
0.78

0.94
Total
4.92

''Onlyloadings>0.50areincluded

Mentalperformance inrelationtoiodinestatus
Children were categorized (Table 5) both at the beginning and the end of the study
with respect to their urinary iodine concentration as normal/mild (>0.40 umol I/L urine),
moderate (0.16 - 0.40 umol I/L urine)orsevere (<0.16 umol I/L urine) based on criteria
for establishing the severity of iodine deficiency as a public health problem (25). The
categorization attheend ofthe studywasbased onthe meanurinary iodine excretions at 5
months and 11months after supplementation. Subsequently children were allocated to one
of two groups, the criterion for allocation being whether or not they moved to a better
category of iodine status.About two-thirds ofthe children, forming the "improved" group,
showed a considerable increase inurinary iodine concentration (i.e.their status had moved
from the severe to the moderate or mild/normal categories or, alternatively, from the
moderate to the mild/normal category). The second or "unchanged" group comprised
children whose urinary iodine concentration remained unchanged (i.e. they remained in
the moderate or mild/normal categories or, in a few cases (n=7), they changed from
mild/normal to moderate deficiency. None of the children in this group were severely
deficient either at the beginning or at the end of the study). It should be noted that the
unchanged group had, on average, better initial and end-of-study iodine status than their
counterparts in the improved group (Table 5). Both groups comprised supplemented and
non-supplemented children, but frequencies were not significantly different (Chi-Square
test). Although the improved group was older than the unchanged group by 7 mo, groups
were fully comparable in terms of blood hemoglobin concentrations, anthropometric and
socio-economic indices as well as initial scores on the mental tests. No correlation was
observed between age and change inmental performance in either one of the intervention
groups or inthe studypopulation asawhole (datanot shown).
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The performance at baseline and at the end of the study, as well as the changes in
performance on the series of mental tests during the study period were expressed as Zscores. Thus the Z-scores of the improved and unchanged groups together were zero, both
at baseline and at the end of the study. The mean initial Z-score of the unchanged group
(n=68)was-0.02± 0.58,while that ofthe improved group (n=128)was 0.01 ± 0.58. Mean
Z-scores attheendofthe studywere -0.10± 0.59 inthe unchanged group and 0.05 ± 0.57
in the improved group. The Z-scores for the change in performance (i.e. the differences
between scores on each test at baseline and at the end of the study period) in the
unchanged group were set at 0 with an SD at 1. Thus, the scores of the improved group
represent the difference from the unchanged group. Comparison oftheperformance on the
range of tests shows a consistent pattern in favor of the improved group (Table 6) and the
overall results inthe improved group were significantly better than those in the unchanged
group. With respect to the reaction-time and tapping tests no effect of change in iodine
status could be demonstrated.

Table 6.Change inmentalperformance during intervention inthe group of children with
improved urinary iodine concentration !)

Block design
Closure
Concentration
Exclusion
Fluency
Mazes
Hand movements
Coloredprogressive matrices (Raven test)
Mean± SE

Z-scores
0.0511.03
0.04 ±1.09
0.06 ±0.87
0.25 ±1.00
0.18 ±1.21
0.11 ±0.88
0.05 ±1.29
0.24 ±1.14
0.12± 0.062)

''Z-scores,mean± SD.Meanperformance for eachtest inthegroup ofchildren with
unchanged urinary iodineconcentration was setat0± 1(mean± SD)
2)
Significantly different from unchanged group (P= 0.044; 2-tailed independent samples t-test)

DISCUSSION
This study demonstrates that in this population improvement of urinary iodine
concentration is reflected in significantly improved mental performance on a combination
of tests. Children whose urinary iodine concentration was basically unchanged during the
intervention period showed less progress in performance, even though their iodine status
as measured by several variables was, on average, better than that of their improved
counterparts both initially and at the end of the study. These findings are indicative of
"catch-up", that is, improvement towards their full potential, as a result of iodine
supplementation.
The improvement found in the present study is most pronounced in tests on
exclusion and the coloured progressive matricesorRaven test, suggesting an improvement
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in general abstract reasoning. Improvement was also seen on the test for verbal fluency.
The latter finding concurs with a study in Malawi in which improved verbalfluencywas
oneofthemostpronounced effects ofiodinesupplementation (9). Since all tests, except
for the coloured progressive matrices,have atime limit within which aresponse mustbe
given, these findings may point to improvement in the level of task performance,
improvementinspeedoftaskperformance, oracombinationofthetwo.
Improved attention orconcentration mayfacilitate improvement inmental function
(20).According toTiwari andcolleagues (26) iodine deficient children are slow learners
with a concurrent low "motivation to achieve". They ascribe poor performance to both
neurologic impairment andpaucity ofpsychologic stimulation. Inhypothyroidism, mood
disorders including depression, social withdrawal, and paucity of speech are common
phenomena (27).Thusitmaywellbethatpoorperformance underconditions asfound in
our studyreflects ageneral stateofapathy,accounting not onlyfor thelackofmotivation
but also for other factors important in cognitive functioning, such as attentiveness and
concentration.
Themarked improvement in mental and psychomotor performance as a result of
iodine supplementation which was seen in a study in schoolchildren in Malawi (>10IQ
points;(9)),wasnotachievedinthepresentstudy.Althoughbytheendoftheintervention
period the iodine status of the majority of children had improved substantially, the
improvement in mental performance amounted to approximately 5 IQ points. The
Beninesechildrenwereolderthanthechildren inMalawi(meanage7.1yr),butotherwise
comparable in terms of initial iodine and iron status and in anthropometric indices. The
improvement in iodine status, whether through iodized oil supplementation or through
iodized salt, may have come too late in their life to enable comparable catch-up to take
place.
The functional classification of children with respect to degrees of iodine
deficiency remains problematic for several reasons. Firstly, there is as yet no universally
accepted single indicator for "iodine status"inthis agegroupand secondly, cut-off points
enabling different degrees of iodine deficiency to be distinguished are based on
populations rather than on individuals. The four iodine status variables which we
measuredcouldnotbecapturedinonevariablebyfactor analysis,whichcanbeexplained
by the fact that each of these variables reflects different facets of iodine metabolism.
While initial urinary iodine concentrations were indicative of a serious iodine deficiency
in our studypopulation, initial serum TSH andfreeT4 concentrations in our groupwere
found to be within the normal range (Table 5). These findings concur with those of
Benmiloud etal (28),Pardedeetal (29)andUntoro etal (30) who, in studies in iodine
deficient populations, also find values for TSH and free T4 in the normal range. These
authors therefore maintain that urinary iodine excretion is the best outcome indicator for
interventions involving iodine supplementation. As in our study TSH and free T4
concentrations showed significant improvement over the study period, it might also be
argued that thenormal range ofTSH andfreeT4 values istoowide,at least for thisage
group.Althoughthyroglobulin concentration isconsidered tobevery sensitivetochanges
in iodine metabolism, assay methods for thyroglobulin are not standardized among
laboratories and therefore normal ranges and cut-off points for various degrees of iodine
statuscannotbeestablished.Forthesereasons,oursubjects werecategorized on thebasis
of their urinary iodine concentrations. Although regarded as the best alternative for
measuringiodinestatusatthepopulationlevel,usingurinaryiodineconcentrationalsohas
its limitations, especially when used at the individual level. This is because it primarily
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reflects the previous day's iodine intake, which may not be representative of long term
intake. In addition, urinary iodine concentrations vary throughout the day. Thus, caution
shouldbeexercisedintheinterpretation ofresults.
Withthecurrent rate ofprogressbeingmadewithuniversal salt iodization, further
research in this field is increasingly difficult to carry out. However, constraints in iodine
supply and metabolism both in individuals and in population groups with insufficient
access to sources of iodine will continue to call for abetter insight into the relationships
between iodine status andmental functioning. While our studyhasshown thatrestoration
of impaired psycho-neurological processes is to some extent still possible in school
children, a number of questions remain. Is there an age-threshold beyond which
restoration isnolongerpossible?Aredifferent aspectsofcognitiveninctioningrestoredat
different speeds? Which iodine variables are most closely associated with changes in
cognitive functioning? This study was not set up to answer these questions. It does
however indicate that mental performance of iodine deficient children is positively
influenced by iodine supplementation, whether through the use of iodized salt or the
administrationofiodizedoil.

References
1. Bleichrodt N, Born MP. A metaanalysis of research on iodine and its relationship to cognitive
development. In: Stanbury JB, ed. The damaged brain of iodine deficiency. New York:
Cognizant Communication Corporation, 1994:195-200.
2. Hetzel BS, Pandav C, Eds. SOS for a billion- the conquest of iodine deficiency disorders.
Oxford: Oxford University Press, 1994.
3. Pharoah POD, Connolly KJ. Effects of maternal iodine supplementation during pregnancy.
Arch DisChild 1991;145-147.
4. Fierro-BenitezR, Cazar R, Stanbury J, Rodriguez F , Fierro-Renoy F. Effects on schoolchildren
of prophylaxis of mothers with iodized oil in an area of iodine deficiency. J Endocrinol
Invest 1988;11:327-335.
5. Pharoah POD,Connolly KJ,EkinsR, HardingA.Maternal thyroid hormone levels in pregnancy
and the subsequent cognitive and motor performance of the children. Clin Endocrinol
1984;21:265-270.
6. Cao XY, Jiang XM, Dou ZH, et al. Timing of vulnerability of the brain to iodine deficiency in
endemic cretinism. N EnglJMed 1994;331:1739-1744.
7. Delong GR.Iodine andbrain development. Dev MedChild Neurol 1996;38:279-280.
8. Bautista A, Barker PA, Dunn JT, Sanchez M, Kaiser DL. The effects of oral iodized oil on
intelligence, thyroid status, and somatic growth in school-age children from an area of
endemic goiter. AmJ ClinNutr 1982;35:127-134.
9. Shrestha RM. Effect of iodine and iron supplementation on physical, psychomotor and mental
development in primary school children in Malawi. Wageningen: Thesis; Wageningen
Agricultural University, 1994.
10. Dunn J, Crutchfield H, Gutekunst R, Dunn A. Methods of measuring iodine in urine.
Wageningen: ICCIDD/UNICEFAVHO,1993.
11. Kaufman A, Kaufman N. K-ABC; Batterie pour l'examen psychologique de 1' enfant. ECPA;
LesEditions duCentredePsychologieAppliquee, 1993.
12. Cattell R. Theory of fluid and crystallized intelligence: A critical experiment. J Educ Psychol
1963;54:1-22.
13. Cattell R. Latheorie d'intelligence fluide etcristallise, sarelation avec les tests 'culture fair1 et sa
verifications chez les enfants de 9 a 12 ans. (The theory of fluid and crystallized

43

Chapter 2

14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.
25.
26.

27.
28.
29.

30.

44

intelligence, its relation with 'culture fair' tests and its verification with children of 9 to
12years). RevPsychol Appl 1967;17:134-154.
Cattell R. The theory of fluid and crystallized general intelligence checked at the 5-6 year-old
level. BrJEducPsychol 1967;37:209-244.
Wechsler D. Wechsler preschool and primary scale of intelligence, WPPSI. San Antonio: The
Psychological Corporation, 1967.
Raven J. Coloured progressive matrices. 10th ed. Oxford: Oxford Psychologists Press Ltd,
1993.
Drenth P, Van der Vlier H, Muinde N, Otaala B, Omari I, Opolot J. African child intelligence
test/Jaribio akili mtoto Afrika. Free University of Amsterdam, University of Nairobi,
University ofDares Salaam, 1980.
Thurstone LL.Primary mental abilities. Psychometric Monographs 1938;1:
Ekstrom RB, French JW, Harman HH. Cognitive factors: their identification and replication.
Multivariate Behavioral Research Monographs 1979;2:1-34.
Carroll J. Human cognitive abilities; a survey of factor-analytic studies. 1st ed. Cambridge:
CambridgeUniversity Press, 1993.
Bleichrodt N, Resing W, Drenth P, Zaal J. Intelligentie-meting bij kinderen (Measuring
intelligence inchildren).Lisse:Swets&ZeitlingerB.V., 1987.
Bleichrodt N, Escobar del Rey F, Morreale de Escobar G, Garcia I, Rubio C. Iodine deficiency,
implications for mental and psychomotor development in children. In: Delong GR,
Robbins J, Condliffe PG, eds. Iodine and the brain. New York: Plenum Press,
1989:269-288.
Bleichrodt N, Hoksbergen R, Khire U. Cross-cultural testing of intelligence. Cross-Cult Res
1999;33:3-25.
Cronbach L.Essentials ofpsychological testing. 5thed.NewYork: HarperCollins, 1990.
WHO, UNICEF, ICCIDD. Indicators for assessing iodine deficiency disorders and their control
through saltiodization.Geneva: WHO, 1994.
Tiwari BD, Godbole MM, Chattopadhyay N, Mandal A, Mithal A. Learning disabilities and
poor motivation to achieve due to prolonged iodine deficiency. Am J Clin Nutr
1996;63:782-786.
Esposito S, Prange AJJ, Golden RN. The thyroid axis and mood disorders: overview and future
prospects. PsychopharmacolBull 1997;33:205-217.
Benmiloud M, Chaouki ML, Gutekunst R, Teichert HM ,Wood WG, Dunn JT. Oral iodized oil
for correcting iodinedeficiency: Optimal dosing andoutcome indicator selection. J Clin
EndocrMetab 1994;79:20-24.
Pardede LV, Hardjowasito W, Gross R, et al. Urinary iodine excretion is the most appropriate
outcome indicator for iodine deficiency at field conditions at district level. J Nutr
1998;128:1122-1126.
Untoro J, SchultinkW, GrossR,West CE,Hautvast JGAJ. Efficacy of different types of iodised
oil. Lancet 1998;351:752-753.

Mild iodinedeficiency isassociated
withelevated hearingthresholds in
children inBenin

TinavandenBriel, CliveE.West,
Joseph G.A.J. Hautvast,EricA. Ategbo

EuropeanJournalofClinicalNutrition2001;55:763-768

Chapter 3

ABSTRACT
Objective: Elevated hearing thresholds have been demonstrated in populations afflicted
by endemic cretinism as a result of severe iodine deficiency. However, data on the effects
of less severe iodine deficiency on hearing thresholds in apparently normal children are
scant. This study addresses the question whether there is a relationship among iodine
variables,hearing and mental performance in amildly iodine deficient population.
Design: A randomized, placebo-controlled intervention trial with an observation period of
11months.
Setting:An iodine deficient area innorthern Benin.
Subjects: 197school children, aged 7-11yr.
Interventions: 97 children received an oral dose of iodized oil, containing 540 mg I,
while 100children received aplacebo.About 3-4 months after supplementation, the whole
population began to have access to iodized salt. Non-verbal mental tests were
administered and biochemical indicators (thyrotropin, free thyroxine, thyroglobulin and
urinary iodine) were measured at the beginning and the end of the study. Hearing was
measured attheend ofthe study inboth earsbypure-tone audiometry at 7 frequencies.
Results: In this mildly iodine deficient child population children with higher serum
thyroglobulin concentrations had significantly higher hearing thresholds in the higher
frequency range (^2000Hz) than children with lower serum thyroglobulin concentration.
Moreover children with lower hearing thresholds performed significantly better on the
mental tests used.
Conclusions: Even when iodine deficiency is "mild", promotion of adequate iodine intake
through salt iodization programs and othermeans remains crucial.
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INTRODUCTION
Hearing loss in thyroid dysfunction was first recognized more than one hundred
yearsago(1). Sincethen severaltypesofthyroidabnormalitieshavebeendistinguished in
relation to hearing problems. These include non-genetic sporadic and endemic
hypothyroidism and genetic deviations such as Pendred's syndrome and resistance to
thyroid hormone. However, the exact nature of the link between the endocrine and
auditorysystemshasnotbeenelucidated(2-5).Earlier studies onendemichypothyroidism
mostly focused on one of the most extreme consequences of iodine deficiency, endemic
cretinism, and its relation to deafness and deaf-mutism. More recently ecological studies
in China (6),Iran (7),Italy (8) and France (9) have shown that hearing thresholds in
apparentlynormalpersonslivinginiodinedeficient areasarehigherthanthoseofpersons
livinginiodine-repleteareas.
Therefore, as part of a study on iodine status and mental performance of school
children aged 7-11yr in an iodine deficient area innorthern Benin, hearing thresholds in
the study population were measured with the aim of determining their relationship to
mentalperformance andtodifferent variablesrepresentingiodinestatus.
SUBJECTSANDMETHODS
Studyareaandsubjects
The study was carried out in 197 children from four villages in the province of
Atacora, district of Basila, northern Benin, where iodine deficiency was a problem of
public health importance. The population is mainly engaged in subsistence farming. The
villageshaveneither electricity norclean drinkingwater. Childrenfromgrades2and 3in
thefourprimaryschoolsinthestudyareawereconsideredfor enrollment.From2ofthe4
schools all girls were excluded as they had been supplemented orally with iodized oil in
the previous year. The socio-economic conditions of the large, extended households to
which the children belonged were poor: subsistence farming was the main occupation,
whilelandholding sizewassmall.Levelsofparentaleducationwerelow(Table1).
The studywas approvedbythehealth andeducation authorities oftheprovinceof
Atacora,BeninandbytheMedical EthicsCommitteeoftheDivision ofHumanNutrition
andEpidemiology ofWageningenUniversity.Theaimofthestudywasexplainedtolocal
administrative and traditional authorities, parents and teachers. Having obtained verbal
approval from local authorities, the parents and the parents-teachers association, all
children selectedwere examined byaphysician. Several children with skinorrespiratory
infections, andmalariaweretreated,butnochildrenwereexcludedonhealthgrounds.
Studydesign
The study was set up as a double-blind placebo-controlled intervention. Children
were stratified by school, schoolclass and sex and subsequently matched onthebasisof
age and height-for-age. From each pair of children, one child was randomly allocated to
one of two groups. The groups were then randomly allocated to receive iodine
supplementation or aplacebo. Iodized oil (LipiodolUF 7; 540mgI/mL)andtheplacebo
47

Chapter3
(poppyseed oil) were provided by Guerbet Laboratories (Aulnay-sous-Bois, France).
Iodized oil and poppyseed oil were dispensed as a single dose (1.0 mL), administered
orally with a Swift 7 dispenser (English Glass Company, Leicester, England) in January
1996.
A baseline survey was carried out before supplementation, in October-November
1995, including the administration of mental development tests, anthropometric
measurements and collection of urine and blood samples. All these measurements were
repeated in the same period in 1996. Additional urine samples were collected one week
and 5 mo after supplementation, i.e. in January and May 1996. Approximately 3-4 mo
after the start of the intervention period of 11 mo the population began to have access to
iodized salt. Audiometry was performed only at the end of the study in December 1996.
Thus, at that point in time the study population consisted of one group of children who
had received iodine supplementation 11 mo earlier (n=97) and one group who had
received a placebo (n=100) while both groups had had access to iodized salt for a period
of approximately 6-7 mo.
Table 1.General characteristics ofthe studypopulation atbaseline l}
Characteristics of subjects
n(males/females)
Age(yr)
Height-for-age (z-score)
Weight-for-age (z-score)
Education (yr)
Characteristics of family
Family size(n)
Education ofparents (yr)
-father
- mother
''Resultsareexpressedasmean+SD,exceptforthenumberofsubjects

197(167/30)
8.9±1.2
-1.64± 0.96
-1.34± 0.72
2.8± 0.8
14.5+ 7.6
1.4±0.8
1.2±0.6

Somaticandbiochemical indicators
Anthropometric measurements were made in duplicate. Height was measured to
the nearest mm, using a microtoise (Stanley ®; Besancon, France). Weight was measured
to the nearest 0.25 kg using a spring scale,which was calibrated with a 20 kg weight after
every 25 children. Venous blood was drawn from the antecubical vein for assessment of
free thyroxine, thyroid stimulating hormone, thyroglobulin and ferritin in serum and
hemoglobin in whole blood. Casual urine samples were collected for determination of
iodine concentrations. Procedures followed and assay methods used for assessment of
these variables have been described elsewhere (10).
Hearing thresholds were measured using a simple battery-operated audiometer
(model EB-60; Eckstein Bros., Inc.; Hawthorne, CA, USA) with 7 frequencies (250; 500;
1000; 2000; 3000; 4000; 6000 Hz) and an attenuator range of 0 to 80 decibels (dB). Both
ears were tested separately at all frequencies for the lowest intensities (in 5 dB steps) that
could still be heard. Measurements were carried out in rooms kept as quiet as possible,
away from themain school activities.
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Mentaltests
Asetwascomposed ofmostlynon-verbal mentaltests,measuring different mental
abilities (Ekstrom etal, 1979; Thurstone, 1969) and one psychomotor test (see van den
Brieletal, 2000).Thesetestshavebeenusedunderconditions comparable tothose found
inrural Benin,requiring very little ornovocabulary skillsofthechildbeing tested. After
pretesting in a nearby village, the tests were administered by a team of 4 Beninese (2
teachers, 2 university graduates) who had been trained to conduct the tests by a
psychologist.
Dataanalysis
To check the normality of data, the Kolmogorov-Smirnov test was used. Pearson
correlation coefficients were calculated for the relationship between variables reflecting
iodine status and hearing threshold, after log-transformation of non-normally distributed
variables. Results on mental tests were expressed as z-scores. For determining the
correlation between hearing threshold and results on mental tests a non-parametric
(Spearman) test was used as 4 of the 9 variables were not normally distributed. All
children were also allocated to one of three groups, based on tertile values for each of4
iodine variables, as well as on tertile values for hearing thresholds. Differences between
groups were assessed using Student's t-test or the Mann-Whitney test. Differences in
hearingthresholdsbetweenthegroupswereassessedusinganalysisofvariancetests(oneway ANOVA). All data were processed and analysed using SPSS-pc software (SPSSWindows 6.1; SPSS Inc, Chicago, IL, USA). Anthropometric indices were calculated
usingEpi-Info(version6.02;CDC,Atlanta,GA,USA)
RESULTS
Somaticandbiochemical characteristics
Basedonareference population (11),theproportion ofchildren whowere stunted
(height-for-age <-2 SD) at thebeginning of the study was one-third, while 17%hadlow
weight-for-age (<-2 SD) and 2% were wasted (weight-for-height <-2 SD). These
proportionsdidnotchangesignificantly duringthestudy.
BasedoncriteriaestablishedbyWHO/Unicef/ICCIDD (1994)thestudypopulation
was moderately to severely iodine deficient (median urinary iodine concentration, 0.16
p.mol/L)atthe startofthisstudy.Duringthestudythepopulationbegantohaveaccessto
iodized salt. Thisresulted in improvement ofthe iodine status of thewhole group,which
was mildly iodine deficient 10 mo after supplementation, one year after the baseline
survey (medianurinaryiodineconcentration, 0.67 |imol/L; Table 2).Initially one-third of
thechildrenwereanemic(hemoglobin<110g/L),whileattheendofthestudy 19% ofthe
childrenwereanemic.
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Table 2. Biochemical characteristics
study, 1yr later

:)

of study population at baseline and end of the
Baseline

End ofstudy

Serumthyrotropin concentration (mU/L) 2)
2.1 (1.5;3.4)
1.4(1.1; 1.9)
Serum thyroglobulin concentration (pmol/L) 215.0(135.0; 362.0) 95.0 (66.0; 140.0)
Urinary iodine concentration (irmol/L)
0.16(0.06;0.42)
0.67 (0.30;1.25)
Serum free T4 concentration (pmol/L)
12.0±2.4
14.2± 2.3
Blood hemoglobin concentration (g/L)
114.5± 12.0
117.9± 10.3
Serum ferritin concentration (ng/L)
46.9 (28.4; 71.8)
49.2 (25.4; 99.5)
11
Resultsareexpressedasmedian(25th,75thpercentiles)orasmean±SD.
2)
The baseline serum concentration of thyrotropin was measured in only 154 subjects because of
insufficient serum

Hearingthresholds
Based on the WHO (12) definition and classification, which recommends that the
mean value from the better ear for 4 frequencies (500,1000,2000 and 4000 Hz) be used, 4
% of the children had slight hearing impairment (i.e. a threshold between 26 and 40
decibels). Based on the mean of values obtained from the left and right ears, 7% of the
children had slight hearing impairment. The mean hearing threshold was 17.1 dB. Of the
four iodine indicators measured, only serum thyroglobulin concentration showed a
significant correlation with mean hearing threshold overthe 7 frequencies used (Table 3).
There was a significant difference in the mean hearing threshold on 7 frequencies
between the tertile with the lowest and that with the highest thyroglobulin concentration
(one-way ANOVA, LSD;P=0.047). The pattern was very consistent, with the group with
the higher thyroglobulin concentration having a higher hearing threshold at each of the
frequencies applied, the differences becoming significant at the higher frequencies (Fig.l).
The same consistent pattern was seen when children were divided into tertiles based on
urinary iodine concentration, with the children with lower urinary iodine concentration
hearing less well at each of the frequencies applied, but here the differences did not reach
significance (datanot shown).
Table3 . Correlations between hearing threshold and concentrations of iodine variables
Correlation coefficient1}

lr>

Serum thyroglobulin
0.15
0.032
Serumthyrotropin
0.03
0.661
Serumfreethyroxin
0.08
0.279
Urinary iodine
0.254
; O08
lf
Pearson;non-normally distributed variables(serum concentrations ofthyroglobulin andthyrotropin
aswellasurinaryiodineconcentration)were log-transformed
2)
Two-tailedsignificance level
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Table4.Correlationsbetweenperformance onmentaltestsandhearingthreshold
Mentaltests
Blockdesign
Closure
Concentration
Exclusion
Fluency
Mazes
Raventest
Handmovements
Pegboard

Correlation coefficient])
-0.23
-0.32
-0.17
-0.14
-0.23
-0.20
0.02
-0.27
-QA9

P2)
0.001
O.0001
0.016
0.059
0.001
0.005
0.749
O.0001
0.007

''Spearman
Two-tailed significance level

2)

Hearingthresholdsandmentalperformance
Hearing thresholds were negatively associated withperformance on almost all the
mentaltestsadministered (Table4).Similarly, ifchildrenweredivided intogroupsonthe
basis of tertile values for overall hearing thresholds, children in the higher hearing
threshold tertile performed significantly worse on the total mental test battery than did
childreninthelowertertile(P<0.001;Table5).
Table5.Performance onmentaltestsofgroupswithhigh/lowhearingthreshold(tertiles)

Mental tests
Block design
Closure
Concentration
Exclusion
Fluency
Mazes
Raven test
Hand movements
Pegboard

Hearing thresholds
z-scores ;
High
Low
0.34 ±0.80
-0.24 ±1.03
0.35 ± 1.00
-0.36 ±1.02
0.22 ± 1.03
-0.19 ±0.91
0.07 ± 0.97
-0.22 ±1.08
0.28 ± 1.00
-0.19 ±1.01
-0.25 ±1.11
0.33 ± 0.88
0.02 ± 1.06
0.01 ±1.00
0.43 ± 1.02
-0.28± 0.93
0.20 ±1.10
-0.24 ±0.90

P

i)

0.001
O.0001
0.017
0.104
0.013
0.004
0.970
O.0001
0.007

'' Two-tailed significance level;Mann-Whitneytest
Means±SD

2)

51

ID

3
nt

>

ol
.3 'rT
3 <L)
-8 'S

o
o
o

M) CN

O
>> K

CD

O

en

oncentrations
(independent

o
o

O

en

li or lo
setof

o
o
o
co

X
(A

o

O

CM

«

c
3

I<0

Li.

o
o
o

X5 7.

'5
> >
o
OH

°»

3 T3

S -S
o

2 •-&

+ SD) in te
ngroups are

o

en D
C <U
CD S

o
CM

iZ
sjaqpag

8 IS
OX)

. Hearingthreshol ds in decibels
entingsignificance of differences

o
o

Iodinestatusandhearingthresholds

DISCUSSION
This study demonstrates that even in a mildly iodine deficient population, hearing
threshold is associated with iodine status as measured by serum thyroglobulin
concentration. Hearing thresholds in groups with higher concentrations of thyroglobulin in
serum are higher than in groups with lower concentrations of thyroglobulin. Thus,
children with poorer iodine status could hear lesswell. The differences aremost marked in
the higher frequency range, i.e. >2000 Hz. Goslings et al. (1975) and Delong (1987) in
their studies on endemic cretinism have reported similar findings in Indonesia and
Ecuador respectively.
Of the iodine variables studied, serum thyroglobulin concentration is the one most
closely associated with hearing performance. The population studied was regarded as
iodine deficient because of the low concentration of urinary iodine and elevated
concentration of serum thyroglobulin, even though serum concentrations of thyrotropin
and free thyroxine were within the normal range. Such discrepancies have been reported
earlier in iodine deficient populations in Indonesia (13,14) and Algeria (15). Although
opinions differ as to which indicator of iodine deficiency is the best for this age group,
urinary iodine concentration or serum thyroglobulin concentration, serum thyroglobulin
concentration is considered tobe amore sensitive indicator of iodine deficiency inthis age
group thanthyrotropin orfreethyroxine (16,17).
The association we found between hearing and mental performance is in agreement
with other studies, such as that in China by Boyages (1989). This finding raises the
question whether there is interaction between the two. Do children perform less well on
mental tests because of their hearing problems? As the tests addressed abilities not related
to learning in school,and the children had onlymild hearing impairment, it isunlikely that
their higher hearing threshold results in impaired performance on the mental tests used.
Data on the relationship between improvement in iodine status and mental performance
reported earlier (10), showed that the group of children whose iodine status improved, as
measured by an increase in urinary iodine concentration, demonstrated a greater
improvement in mental performance than the group of children whose iodine status
remained unchanged during thisperiod. Althoughhearing was measured only atthe end of
the study period, urinary iodine concentration and serum Tg concentration at baseline did
not differ between children with higher hearing thresholds and those with lower hearing
thresholds. However, by the time hearing thresholds were measured, children with lower
hearing thresholds had higher urinary iodine concentration and lower serum Tg
concentration than those with higher hearing thresholds (data not shown). Conversely,
children with better iodine status had lower hearing thresholds (see data with respect to
serum thyroglobulin concentration in Figure 1).This would suggest that the differences in
hearing result from the recent differentiation in iodine status.
In studies into neurologic manifestations of cretinism, hearing problems have been
ascribed to poor development of the cochlea and of the cerebral neurons, induced by a
critical degree of hypothyroidism during the early second trimester of pregnancy (18).
That in-utero and neonatal hypothyroidism result in impaired development of both hearing
and mental function has been demonstrated in studies in various animal species, rodents in
particular (19-21). In congenital and acquired hypothyroidism in man, hearing deficits
seem to be mostly of the sensorineural type, but conductive or mixed type deficits also
occur (22,23). This would imply multiple lesion sites, including the middle ear, cochlear
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and retrocochlear sites. A number of recent studies have focused on the molecular genetic
aspects of auditory defects in patients with resistance to thyroid hormone or with
Pendred's syndrome(2,4,24). Although these defects and congenital hypothyroidism often
have deafness and goiter in common, the genetic basis for these syndromes appears to be
different (3).
Studies on changes in hearing in patients with sporadic, congenital or acquired
hypothyroidism following treatment have not produced consistent results. Some studies
have shown that hearing impairment may be reversed (23). Others do not allow
conclusions about reversibility to be drawn as treatment had been going on for some time
and baseline data were not available (25,26). However, hearing impairment was shown to
be reversed in apparently normal children living in an iodine deficient area in China one
year after the introduction of iodized salt and continued to improve for a further year (27).
In the latter study the hearing impairment observed was ascribed to subclinical, acquired
hypothyroidism asa result ofprolonged severe iodine deficiency.
Hypothyroidism may affect various aspects of the auditory system differentially
depending on its timing, severity and duration. The mechanisms by which a lesion may be
reversed will depend on its site and nature. Some authors have claimed that an
improvement in general wellbeing as a result of improved iodine status would in itself be
sufficient to explain better performance on hearing tests (23). Our study was not aimed at
elucidating types of auditory lesions, but at addressing the question whether, in a mildly
iodine deficient child population, there is a relationship between iodine status,hearing and
mental performance.
The findings in this study provide further justification for the large salt iodization
programmes being undertaken worldwide. Although the causes of hearing impairment in
relation to iodine deficiency are not fully understood, our results suggest that access to
iodine affects hearing as well as mental performance. Public health officials should
continue to promote adequate iodine intake through salt iodization programs and other
means.
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ABSTRACT
Objective: Iodine deficiency controlprogrammes havegreatly reduced iodine deficiency
disorders (IDD) worldwide. For monitoring changes in iodine status, different indicators
maybeused. Theaim ofthis studywas to evaluate the suitability of indicators of iodine
status and thyroid function (thyroglobulin, thyrotropin, and free thyroxine in serum,
thyroidvolume andurinary iodine concentration) in iodine deficient schoolchildren under
conditionsofincreasing iodinesupply.
Design: A randomized double-blind placebo-controlled intervention trial with an
observationperiodof 11 months
Setting: Aniodinedeficient areainnorthernBenin
Subjects: 198schoolchildren,aged7-11 yr.
Intervention:97childrenreceived a single oral dose of iodized oil,containing 540mgI,
while 101 children received a placebo (poppyseed oil). However, 3-4 mo after
supplementation,iodized saltbecameavailableinthearea.Thestudypopulation therefore
comprised an iodized oil supplemented group and a non-supplemented group, both of
which had variable, uncontrolled intakes of iodized salt during the last 6-7 mo of the
study.
Results:Initial meanserum concentrations ofthyrotropin andfreethyroxinewere within
the normal range, whereas serum thyroglobulin concentration, urinary iodine
concentration andthyroidvolumewereindicativeofmoderatetosevereiodine deficiency.
At the end of the study all indicators had improved significantly, except thyroid volume
which had decreased in the supplemented group only. The supplemented group also still
had significantly lower serumthyroglobulin andhigherurinary iodine concentrationsthan
thenon-supplementedgroup.
Conclusion: Serum thyroglobulin and urinary iodine concentrations are the indicators
most influenced by a changing iodine supply. Current normal reference ranges ofserum
concentrations of thyrotropin and free thyroxine are too wide for detecting iodine
deficiency inthisagegroup.
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INTRODUCTION
In the context of initiatives to achieve universal salt iodization, a number of
population-based studies have addressed the question of which indicators best reflect
improvement in iodine status and thyroid function (1-4). While thyrotropin (TSH) is
widely used to screen neonates for congenital hypothyroidism, there have been doubts
about its specificity in older children and adults when assessing hypothyroidism induced
by iodine deficiency (5). Several studies have shown that while urinary iodine
concentrations and thyroid volumes were indicative of iodine deficiency in the
populations studied, both serum TSH and free thyroxine (FT4) concentrations were within
normalranges (2,3). Thyroid volume, serum thyroglobulin (Tg) concentration, and urinary
iodine concentration have all been suggested as useful indicators for measuring
improvement in iodine status following iodine prophylaxis. However, all three have their
own characteristics and limitations. Normal ranges for thyroid volume have been
established (6,7), but this indicator reflects long-standing hypothyroidism and does not
respond rapidly to changes in iodine status. Serum Tg concentration is thought to respond
quickly to stimulation of the thyroid, increasing when iodine supply to the thyroid is
depleted, and returning to normal levels when the supply is sufficient. However, Tg
immunoassays show large inter-laboratory and inter-assay variability, which makes it
difficult to establish a universal normal range and cut-off points for distinguishing
between different degrees of iodine deficiency (8,9). Urinary iodine concentration is not a
direct measure of thyroid function, but reflects recent iodine intake and thyroid hormone
catabolism. Thus, population groups, even if currently found to be in the mildly deficient
to normal range of urinary iodine concentration, may still experience serious functional
consequences of iodine deficiency inthepreceding period.
As part of a study on iodine status and mental performance in schoolchildren aged
7-10 y in an iodine deficient area of Benin, West Africa, the five indicators mentioned
above were used to measure the effects of changing iodine supply on iodine status and
thyroid function , both at the beginning of the study in 1995 and one year later, when
iodized salt had become available to the population. The aim of this study was to evaluate
the suitability of these indicators under conditions of increasing iodine supply by
comparing their responses and examining their interrelationships.

MATERIALSANDMETHODS
Studyareaandsubjects
The study was carried out in four villages in the district of Basila, province of
Atacora, in northern Benin, where prevalence rates of goiter among schoolchildren aged
6-12 yr varied from 20 to 60 % (Doh, A. and Ategbo, EA. Prevalence de la carence en
iode dans l'Atakora; unpublished report, 1994). The villages had neither electricity nor
clean drinking water. The population was mainly engaged in subsistence farming.
Polygamy was common and levels ofparental education were low (Table 1).
Children from standards 2 and 3 in the four primary schools in the study area were
considered for enrolment. In two of the four schools, girls were not selected as they
already had received an oral dose of iodized oil in the previous year. A total of 211
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children were selected. As 13children had left school or moved out ofthe areaby the end
ofthe intervention period, data from 198children are presented.
The study was approved by the health and education authorities of the province of
Atacora, Benin and by the Medical Ethics Committee of the Division of Human Nutrition
and Epidemiology of Wageningen University. The aim of the study was explained to local
administrative and traditional authorities, parents and teachers. Having obtained verbal
approval from local authorities, the parents and the parents-teachers association, all
children selected were examined by a physician. Several children with skin or respiratory
infections, and malaria were treated.No children were excluded on health grounds.
Table 1.General characteristics ofthestudypopulation !)
Characteristics of subjects
N (males/females)
Age(y)
Height-for-age (Z-score)
Weight-for-age (Z-score)
Education(y)
Characteristics of family
Family size(n)
Education ofparents (y)
- father
- mother
Sizeoflandholding (ha)

198(168/30)
8.9 ± 1.2
-1.64 ± 0.96
-1.34 ± 0.72
2.8 ± 0 . 8
14.4+ 7.6
1.4 ± 0.8
1.2 ± 0.6
3.1 ± 2.5

'' Results areexpressed asmean +SD,except for thenumber of subjects

Studydesign
The study was set up as a randomized double-blind placebo-controlled
interventioa Following baseline measurements children were stratified by school, school
class, and sex and subsequently matched on the basis of similar age and height-for-age.
From each pair of children, one child was randomly allocated to one of two groups. The
groups were then randomly allocated to receive either a dose of iodized oil (Lipiodol UF
7; 540 mg I/mL) or a placebo (poppyseed oil), both provided by Guerbet Laboratories
(Aulnay-sous-Bois, France) and administered as a single oral dose (1.0 mL) with a Swift 7
dispenser (English Glass Company, Leicester, UK) in January 1996. The codes were
broken after the completion ofthe final test.
In this paper we describe the performance of different indicators in a group which
had received an iodized oil supplement ("supplemented group") and in a group which had
received a placebo ("non-supplemented group"). In addition both groups had access to
iodized salt for the last 6 mo of the 10 mo observation period, as iodized salt (containing
approximately 50 ppm KI0 3 ) began to appear in the markets in the study area alongside
non-iodized salt about 3-4 mo after supplementation.
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Somaticandbiochemical indicators
Blood, urine and anthropometric variables as well as thyroid volume were
measured at baseline in October-November 1995.All measurements were repeated in
October-November 1996.Additional urine samples were collected oneweek and 5mo
after supplementation,i.e.inJanuaryandMay 1996.
Venous blood wasdrawnfromtheantecubital vein, immediately followed by the
application of onedrop of whole blood onto a filter paper card (Schleicher & Schuell,
grade 903;Keene, NH.,USA).These cards were air-dried for 1to 2 h andpacked in
polyethylene bags before being frozen. Hemoglobin was assessed using a portable
hemoglobinometer (Hemocue®, Helsingborg, Sweden). Serum samples were prepared
and frozen before being transported. Casual samples ofurine (ca.25mL)were collected
earlyinthemorningtowhich somecrystals ofthymol were added. Blood spotcards, and
frozen samples of urine and serum were transported to the Micronutrient Research
Laboratory, University of Ghana at Legon, Accra, Ghana for analysis of urinary iodine
(chloric acid digestion followed bySandell-Kolthoff reaction (10);TSH in blood spots
(Spectra Screen™DriedBloodTSHEIAKit;IEMdiagnostika, Reflex Industries,Santee,
CA,USA) andserum ferritin (ELISA),withinthenext 6to9mo.Frozen serum samples
werealsotransportedtotheLaboratory forEndocrinology andRadiochemistry, Academic
Medical Center, Amsterdam, theNetherlands, for assessment of Tg (RIA), FT4(timeresolved fluoroimmunoassay; Delfia™, Wallac Oy, Turku, Finland) and TSH
(immunoluminometric assay; Brahms Diagnostica Gmbh, Berlin, Germany). The
coefficients ofintra-assay andinter-assay variationwere:3.6%and6.4%forFT4,2.4 %
and4.5%forTSHand,depending ontheconcentration, 6-7%and7-10%respectively
forTg.
Asubsampleofthesera(n=23)wasanalysedforseleniumconcentration atRowett
Research Institute, Aberdeen, U.K. using a fluorimetric assay method with
diaminonapthaline complexing and an International Atomic Energy Agency blood
standard(IAEA, Vienna).
Anthropometric measurements were made in duplicate. Height was measured to
the nearest mm,using a microtoise (Stanley Tools ®, Besancon, France). Weightwas
measured tothenearest 0.25kgusing a spring scale. Thyroid volume wasmeasuredby
one investigator only (TvdB) with aportableultrasound scanner (Aloka SSD500;Aloka
Co.Ltd,Japan)witha5MHztransducer.
Dataanalysis
Printsoftheultrasoundimagesofthethyroidglandswereexaminedbyapaediatric
thyroidologist (T.V.) andeither accepted orrejected for inclusion inthedata setonthe
basis ofcriteriapertaining toclarity ofthe surface outlines andproper positioning ofthe
gland. Thyroid volumes were calculated using theformula: Volume ofone lobe (mL) =
0.479 x max. thickness x max. width x max. length (cm)(6). Body surface area was
calculatedusingthefollowing formula: Bodysurface area(m2)=w0A25xH012S x71.84x
10"4,where Wistheweightinkgand Hthe heightincm (11).
Anthropometric indices were calculated using Epi-Info (version 6.02; CDC,
Atlanta,GA, USA).

61

Chapter4
The Kolmogorov-Smirnov test was used to determine whether variables were
normally distributed. Variables were log-transformed if not normally distributed. Student's
t-test was used to assess differences between groups. The paired samples t-test was used to
assess changes in the variables over time. Correlation and multiple regression analyses
were carried out to determine the interdependence of the indicators used. Factor analysis
(12) was applied to examine underlying structures in the data set and determine whether
the variables used could be combined into a single or a reduced number of composite
measures representing "iodine status",ashas alsobeen done for iron status (13).
All data were processed and analysed using SPSS/PC software (SPSS-Windows
8.0; SPSSInc.,Chicago,IL,USA).

RESULTS
Anthropometric characteristics
Ofthechildren, 33% had z-scores for height-for-age < -2 SD ofNCHS reference
(14), indicating stunted growth in this population, while 17 % had low weight-for-age (zscore <-2 SD of NCHS reference). One year later these proportions were 33 % and 20 %
respectively. Older children were more malnourished than younger children (data not
shown).

Biochemicalandultrasoundcharacteristicsatbaseline
Based on criteria established by WHO/Unicef/ICCIDD (14), the baseline urinary
iodine concentration of 0.16 umol/L (20.3 ng/L) indicated that the study population as a
whole could be considered moderately to severely iodine deficient (Table 2). Mean serum
TSH and FT4 concentrations were within thenormal reference range (15-17),but4.5 % of
the children had both a low serum concentration of FT4 (< 10 pmol/L) and a high serum
concentration of TSH (>4.4 mU/L).Approximately 15% ofthe children had a serum FT4
concentration< 10 pmol/L, while 11% of the children had a serum TSH concentration >
4.4 mU/L.Of the different indicators measured, serum Tg concentration was significantly
correlated with all other indicators, except TSH in blood spots (Table 3). Serum TSH
concentration was significantly correlated with all other indicators except thyroid volume.
When related to body surface, thyroid volume measurements showed that 51.5 % of the
children had goiter, i.e. a thyroid volume above the upper limit of normal. Thyroid volume
was significantly correlated with body surface (r =0.271;P =0.002), but not with age. The
various indicators measured showed a somewhat poorer iodine status and thyroid function
in older children than in younger children, but the differences were significant (P< 0.05)
only for urinary iodine concentration (data not shown).
The mean serum selenium concentration ina subsample of23children was 28 ± 12 (Xg/L..
Regression analysis with thyroid volume as the dependent variable and the other
iodine indicators as the independent variables did not result in a meaningful regression
variate. When Tg was taken as the dependent variable, all other indicators, except thyroid
volume were significant predictor variables (P< 0.05). This regression variate may be
presented as: Y= 2.825 +0.237 X,- 0.025 ^ - 0.210 X, ; where Y = log (Tg), X;= log
(TSH); X2= FT4;X3 = log (urinary iodine concentration). Model R2 = 0.323; adjusted R2
= 0.308.F [5>143]=22.24,P <0.0001 (for theunitsused, see Table2).
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Table2. Biochemicalcharacteristicsofstudypopulation(n= 198)X)
Baseline
Serumthyrotropinconcentration(mU/L)2) 4)
Serumthyroglobulinconcentration (pmol/L)4)
Urinaryiodineconcentration(umol/L)4)
SerumfreeT4concentration (pmol/L)4)
Thyroidvolume(mL)3)4)
Bloodhemoglobinconcentration(g/L)4)
Serumferritin concentration (ug/L)

2.1 (1.5;3.4)
215(135; 362)
0.16(0.06;0.42)
12.0±2.4
5.5 (4.5;6.9)
114.5± 12.0
46.9(28.4;71.8)

Endofstudy
1.4(1.1; 1.9)
95(66;140)
0.67 (0.30;1.25)
14.2±2.3
5.0 (4.0;6.0)
117.9±10.3
49.2(25.4;99.5)

0

Results areexpressedasmedian (25th,75thpercentiles) orasmean ±SD.
Thebaseline serum concentration ofthyrotropin wasmeasured inonly 154 subjects
3)
Measurements ofthyroid volume met thecriteria as describedunderData analysis in99 subjects
4)
Baseline/final values are significantly different (P<0.05); paired samples t-test (non-normally
distributed variableswere log transformed)
2)

Biochemicalcharacteristicsatendofthestudy
Bytheendofthestudyperiodallindicators showed significant improvement inthe
study population as a whole (Table 2). The proportions of children with a low serum
concentrationofFT4orahighserumconcentrationof TSHhaddecreasedto2 %and 1 %
respectively. Theproportion ofchildrenwithgoiterhaddecreasedtoapproximately27%.
Correlations between the different variables were no longer significant, except for the
negative correlations between serum Tg and urinary iodine concentration and between
thyroidvolumeandserumTSHconcentration (Table3).
Factor analysis, followed by oblique rotation produced two components with Tg
and urinary iodine concentration loading on thefirstcomponent and FT4 loading on the
secondcomponent.TSHloadedinitiallyonbothcomponents,butattheendofthestudyit
loaded primarily on the second component (Table 4). Very similar results were found
whenyoungerandolderchildren(aboveandbelowthemedianage)werecompared.
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Table4. Oblique-rotated factor matrix of indicators of iodine status X) before/after the
study

Serumthyroglobulin
concentration
Serumthyrotropin
concentration
Serumfreethyroxine
concentration
Urinaryiodineconcentration
Sum of squares (Eigenvalue)
Percentage oftrace 4)

Oblique-rotatedLoadings'
J71
Factor1
Factor2
Communality3)
Before After Before After Before After
0.82
0.71
0.68
0.53
0.66

-0.86
2.11
52.8

-0.55

-0.61

0.56

0.46

0.95

0.83

0.90

0.73

0.78

0.61

-0.78
1.28
32.0

0.82
20.5

1.06
26.5

Total
2.92
73.3

Total
2.34
58.5

Non-normally distributed variables were log-transformed
The loadingrefers tothecorrelation ofthevariable andthe factor; onlyloadings>0.50are included
3)
Communality refers to the amount of variance in a variable that is accounted for by the two factors
together
4)
Proportion (%) ofthetotal variancetobe explained
2)

Supplementedvs.non-supplementedgroups
Initially the supplemented and non-supplemented groups were fully comparable.
Followingtheoraladministration oftheiodizedoil,themeanurinary iodineconcentration
in the supplemented group improved (Fig. la). The difference between the two groups
became smaller when 3-4 mo later the whole population began to have access to iodized
salt and the meanurinary iodine concentration improved in the non-supplemented group.
Attheendofthestudy(12moafter thebaselinesurvey; 10moafter supplementation)the
supplemented and the non-supplemented groups did not differ in serum TSH and FT4
concentrations or thyroid volume, but differed in serum Tg concentration and urinary
iodine concentration (PO.0001; Fig 1A-E). Both in the supplemented and in the nonsupplemented groups all indicators except thyroid volume improved significantly during
the studyperiod.Thyroidvolume improved significantly onlyinthe supplementedgroup.
At the end of the study supplemented and non-supplemented groups also differed with
respect to the correlations between serum concentrations of TSH and Tg: 0.03 (NS)vs.
0.23 (PO.05) respectively, and between urinary iodine concentration and serum Tg
concentration: -0.06(NS)vs.-0.30(P<0.01)respectively(datanotshown).
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LegendFigure 1
Indicators of iodine status and thyroid function in children who received a placebo (open
bars) or a single oral dose of iodized oil (closed bars) in January 1996.Values are means +
SD. Both groups had access to iodized salt during the last 6 mo of the follow-up period of
10mo. Panel A: Urinary iodine concentration (n = 198 in 1995 and in 1996). Panel B:
Serum FT4 concentration (1995: n = 193; 1996: n = 198). Panel C: Serum TSH
concentration (1995:n = 154; 1996: n = 198). Panel D: Thyroid volume (1995: n = 131;
1996: n = 146). Panel E: Serum Tg concentration (1995: n = 194; 1996: n = 198).
Statistical significance of difference with placebo group at sametime point using Student's
t-test is indicated with: a, P <0.05;b, P <0.01; c, P < 0.001. Statistical significance of
difference with values in 1995 of same group using paired t-test is indicated with: d, P <
0.05;e,P< 0.01;f,P< 0.001.
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DISCUSSION
Serum Tg and urinary iodine concentration were the most appropriate indicators
for measuring change iniodine status in this population. The change in iodine supply to
thispopulation through iodized oil supplementation and consumption of iodized saltwas
reflected in considerable changes in the concentration of iodine in urine and of Tg in
serum(300%and56%respectively) andtoalesserextent inthe serum concentrations of
TSHandFT4 (33 %and 18%respectively). Serum Tg concentration and urinary iodine
concentration were closely associated not only when iodine deficiency was moderate to
severe, but also when it was mild. Moreover, under conditions of moderate to severe
iodine deficiency, serum Tg concentration was correlated with all other indicators of
thyroid function except TSH in blood spots. As shown by others (18) serum Tg
concentrations are raised as a consequence of elevated serum TSH concentrations, but,
unlike TSH and FT4,Tg is not involved in any feedback regulatory mechanisms. Thus
bothurinaryiodineconcentrationandTgareindependentmeasuresofiodinesupply tothe
body.
Serum concentrations of TSH, the recommended indicator for use in screening
newborn infants, and of FT4 cannot be regarded as appropriate indicators for detecting
moderate to severe iodine deficiency in children of this age. Based on these
concentrations, the iodine status of the study population would have been classified as
within the normal reference range (14-17), both at the beginning and at the end of the
study period. Under the conditions of low iodine intake as found in our study area, it is
plausibletoassumethatthyroidhormoneproduction hasbeen affected negatively, causing
a temporary increase in serum TSH concentration. This could induce initially increased
bloodflow through the thyroid and subsequently hypertrophy and hyperplasia. These
mechanismswould result in increased production ofthyroxine (T4).Once T4 production
has increased to satisfactory levels, serum TSH concentrations would fall. This may
explainwhy mean serum concentrations of FT4 and TSH were found to be within the
normal range. However, changes in serum FT4 and TSH concentrations following
increased iodineintakewerestillsignificant. Moreover,theproportions ofchildren whose
serumconcentrations ofFT4 weretoo low or whose serum concentrations of TSH were
toohigh were significantly diminished. This suggests that the normal reference range of
these indicators maybetoo wideto detect mild to moderate degrees of iodine deficiency,
or alternatively, that conclusions with respect to thyroid function under such conditions
maynotbedrawnonthebasisofresultsofjustthesetwoindicators.
As suggestedby several authors (19-22), the "normal" concentration of FT4 may
also have been the result of a lower deiodination of thyroxine because of a concurrent
severe selenium deficiency. In a subsample (n=23) of our study population the mean
serum selenium concentration was only 28 ± 12 |ig/L, while in studies in healthy child
populations in Europe values were found to range from 60 to over 100 |ig/L (22). A
normal serum concentration of FT4 in itsturn could be accountable for thenormal serum
concentrationofTSH.
While mean serum TSH concentration at baseline was within the normal range,
TSH measurements in whole blood spots showed that 42 % of the children had
concentrations>5mU/Lwholeblood.Althoughtherearedoubtsabouttheapplicabilityof
the latter cut-off point in age groups other than neonates (14), this rate may still be
consideredhighandconcurswithourdataongoiterratesandurinaryiodineconcentration
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which indicated a moderate to severe public health problem. However, the correlation
between the concentrations of TSH in serum and whole blood, although significant, was
not very high (r = 0.33) . Furthermore, while initial serum TSH concentration was
correlatedwithallotherindicators exceptthyroidvolume,theTSHconcentration inblood
spotswas only correlated with FT4.Therefore the validity ofthe filter paper method for
wholebloodTSHmaybequestioned.
Comparison of theperformance of the various indicators in the supplemented and
non-supplemented groups, 10mo after supplementation, shows that thyroid volume and
serum concentrations ofTSH andFT4werenot significantly different between thesetwo
groups. As the whole population began to have access to iodized salt about 3-4mo after
supplementation, children in the supplemented group did not maintain their better iodine
status, except with respect to the concentration of Tg in serum and iodine in urine. It
would only be a matter of time for the non-supplemented children to fully catch-upwith
thesupplementedchildren.Itisnoteworthyhowever,thatevenafter bothgroupshavehad
access to iodized salt for about 6 mo, serum Tg concentration and urinary iodine
concentration were still significantly better in the supplemented group. This further
supports our proposition that Tg and urinary iodine concentration are more sensitive
indicatorsthanTSHorFT4.
Correlations between all indicators of iodine status are shown to decrease
considerably when iodine status improves. At the end of the follow-up period they were
stillstrongerinthenon-supplemented groupthaninthesupplemented group.When serum
indicators of iodine status reach normal values and show less variation, correlations
betweenindicatorsarelikelytodisappear.
Overthestudyperiodallindicatorsexceptthyroidvolume,changedsignificantly in
the study population as a whole. Thyroid volumes were significantly reduced in the
supplemented group only. Earlier studies have shown different rates of reduction of
thyroid volume following iodized oil administration, some showing a rapid response
(23,24),othersamoremodestorgradualresponse (2,25,26).Reduction in goiter sizesand
goiter rates following the introduction of iodized salt have generally been modest. In a
studyinItaly (27), iodized salt prophylaxis prevented development of goiter in children
born after the introduction of the salt, but was less effective in reducing goiter size in
childrenborn earlier. Inarecent study carried outin SouthAfrica (28),theprevalence of
goiterwasnotreduced oneyear after theintroduction ofmandatory salt iodization,while
urinary iodine concentration was indicative of animproved iodine supply. Similar results
werealsoreportedfromIndonesia(29).Therefore thyroidvolume isnot appropriate asan
indicatorformeasuringchangeiniodinestatusintheshortterm.
Current recommendations suggest that thyroid volumes be related to body surface
rather than to age in populations with a high prevalence of malnutrition, because of its
effect on growth and development of the thyroid gland (7). This was confirmed in our
study,inwhichtheoldertertilewassignificantly moreundernourished (lower weight-forage) and stunted (lower height-for-age) than was the younger tertile, thus providing an
explanation why thyroid volume was not related to age but was related to body surface.
The age differences in degree of malnutrition probably may be ascribed to a period of
severedroughtandhungerinthestudyareain1987.
The results of this study show that " iodine status", just like status of iron or
vitamin A, is a concept not easily captured in one indicator. It may well be that a
concomitant seleniumdeficiency wouldexplaintherelativelyhighserumconcentrationof
FT4andtherelativelylowserumconcentration ofTSHinthisiodinedeficient population.
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In population-based studies, depending on the age of the target group, different
combinationsofindicatorsshouldbeused.Undertheconditions asfound inBenin, serum
Tg concentration together with urinary iodine concentration are in our opinion the best
combinationofindicators for schoolchildren aged7-10 y.
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ABSTRACT
Elevated serum homocysteine concentration is considered a risk factor for
cardiovascular disease andcolon cancerwithgenetic,dietaryandpathologicalconditions,
including hypothyroidism, playing a role. Serum homocysteine concentration was
previously shown to be increased in a goitrous population in West Africa. Our study
assessed serum totalhomocysteine (tHcy) concentration in 188schoolchildren, aged7-11
y, in an iodine deficient area and examined whether there is an association with iodine
status. Children (n=101)received a single oral dose of iodized oil, containing 540 mgI,
while 97 children received a placebo. Three to four months after supplementation, the
whole population began to have access to iodized salt. Biochemical indicators (urinary
iodine concentration and serum concentrations of thyrotropin, free thyroxine and
thyroglobulin) were measured at the beginning and end of the study, while serum tHcy
concentration was measured at the end only. The geometric mean serum tHcy
concentration was 8.2 UMnol/L (range 2.1- 14.9 ^imol/L). Children with higher serum
thyrotropin concentrations orwithgoitertendedtohavehigher serumtHcyconcentrations
(NS).Thefindings suggest thatpopulations suffering from consequences of malnutrition
interms ofquantity andquality may alsobemoreprone torisks associated with elevated
concentrations oftHcy.
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INTRODUCTION
Hyperhomocysteinemia is seen as an independent risk factor for cardiovascular
disease inadults (1,2).An elevated serum orplasma concentration of total homocysteine
(tHcy) isassociated withgenetic,pathological anddietary factors, including lowintakeof
the B-vitamins: folic acid, vitamin Efe and vitamin B,2. As homocysteine is metabolized
eitherbytheremethylation orthetranssulfuration pathways,enzyme deficiencies inthese
pathwaysmayobstructthesemetabolicprocesses.
Primary hypothyroidism has been associated with an increased risk for
cardiovascular disease through different mechanisms, including hyperhomocysteinemia
and the occurrence of atherogenic lipid abnormalities, notably the elevation of total
cholesterol and a change inproportions of high-density and low-density lipoproteins (3).
Hypothyroidism may lead to a decrease in hepatic levels of enzymes involved in the
remethylation pathway, methylene tetrahydrofolate reductase in particular (4), which
could result in hyperhomocysteinemia. Thyroxine was shown to be effective in the
treatmentofhyperhomocysteinemia inonestudyamonghypothyroidpatients (5),whilein
another study thyroxine administration only decreased fasting but not postload plasma
tHcyconcentration(6).
Ingenbleek et al were the first to describe elevated serum concentrations of
homocysteine in a population with endemic goiter in West-Africa (7). These authors
noted that in their study population, which consisted of a control group and 3 goitrous
groups,based onaclassification into3increasingly severe stages ofgoiter, homocysteine
concentrationwassignificantly higherwhengoiter stagewashigher. Highergoiterstages
were also characterised by higher serum concentrations of thyrotropin (TSH) and lower
serum concentrations of free thyroxine (FT4). Whether this phenomenon is generally
present in iodine deficient hypothyroid populations to our knowledge has not been
studied. Moreover the questions whether, at which age, and under which conditions
children become predisposed to elevated serum tHcy concentration has alsonot yetbeen
answered. At the same time, few studies have addressed the establishment of anormal
reference rangefor tHcyconcentrations inchildren(8,9).
Therefore, as part of a study on iodine status and mental performance of school
children aged 7-11 y in an iodine deficient area in northern Benin, serum tHcy
concentration was measured with the aim to assess its distribution chracteristics and to
examineitsrelationshipwithindicatorsofthyroidfunction andiodinestatus.
SUBJECTSANDMETHODS
Studyareaandsubjects
The study was carried out in 198 children from 4 villages in the province of
Atacora, northern Benin, where iodine deficiency was a problem of public health
importance. The socio-economic conditions werepoor. There was neither electricity nor
clean drinking water. The population was mainly engaged in subsistence fanning. The
main staples eaten were maize, millet, sorghum, yam and cassava. These formed part of
almost every meal and were prepared in various ways. The main meal was generally
accompanied by a relish, made of red peppers, onions, garlic, mustard from the locust
bean seed, condiment cubes, oil and salt. If available, tomatoes or okra might be added
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and,ifthefamily couldafford it,asmallquantityofdriedfish ormeat.Apartfromonions,
tomatoesandokra,othervegetableswerehardlyeaten.
Children from grades 2 and 3 in the 4 primary schools in the study area were
consideredfor enrollment.Thestudywasapprovedbythehealthandeducationauthorities
oftheprovinceofAtacora,BeninandbytheMedicalEthicsCommitteeoftheDivisionof
Human Nutrition and Epidemiology of Wageningen University. Having obtained verbal
approval from local authorities, the parents and the parents-teachers association, all
children selected were examined by a physician. Children with skin or respiratory
infections, andmalariaweretreated,butnochildrenwereexcludedonhealthgrounds.
Studydesign
A baseline survey was carried out in October-November 1995, just before
supplementation, and included anthropometric measurements (weight and height) and
collection of urine andblood samples. These measurements were repeated in the same
period in 1996.Approximately 3-4moafter thestartof the observation period of 10 mo,
the population began to have access to iodized salt. Thus,at the end of the observation
periodthestudypopulation consisted of one group of children who had received iodine
supplementation 10 mo earlier and one group who had received a placebo, while both
groupshadhadaccesstoiodizedsaltforaperiodofapproximately6-7mo.
Somaticandbiochemical indicators
Anthropometric measurements were made in duplicate. Height was measured to
thenearestmm,usingamicrotoise(Stanley®, Besancon,France). Weightwasmeasured
to the nearest 0.25 kg using a spring scale. Casual urine samples were collected early in
themorningfor determination ofiodineconcentrations.Venousbloodwasdrawnfromthe
antecubital vein for assessment of thyroglobulin (Tg), FT4 , TSH, ferritin and tHcy
concentrations in serum and hemoglobin in whole blood. Whole blood was collected in
vacutainer tubes and allowed to clot for 30-40 min at room temperature before being
centifuged, after which the samples were put on cold packs. Procedures followed and
assay methods used for assessment of the variables related to iodine status and thyroid
function havebeendescribedelsewhere(10). SerumtHcy concentrations were assessedin
the laboratory of the Division of Human Nutrition and Epidemiology, Wageningen
University, using an HPLC-FD assay in combination with SBD-F derivation (11). The
inter- and intra-assay coefficients of variation of this assessment were 6 % and 3 %
respectively. Because ofashortage of serum,tHcy concentration could onlybemeasured
in 188serumsamplesobtainedattheendoftheobservationperiod.
Dataanalysis
To check the normality of data,the Kolmogorov-Smirnov test was used. Pearson
correlation coefficients were calculated for the relationship between normally distributed
variables. Variables were logtransformed if not normally distributed. All data were
processedandanalysedusingSPSS-pcsoftware (SPSS-Windows 8.0; SPSSInc.,Chicago,
IL,USA). Anthropometric indices were calculated using Epi-Info (version 6.02; CDC,
Atlanta,GA, USA).
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RESULTS
Somaticandbiochemical characteristics
Compared to a reference population (12), the mean Z-scores for height-for-age
(HFA) and weight-for-age (WFA) were -1.60 ± 0.93 SD and -1.36 ± 0.71 SD
respectively. The proportion of children who were stunted (Z-score for HFA <-2 SD) at
the beginning ofthe study was one-third, while 17% were underweight (Z-score for WFA
<-2 SD) and 2 % were wasted (Z-score for weight-for-height <-2 SD). These proportions
did not change significantly duringthe study.
At the start of this study the study population was moderately to severely iodine
deficient (median urinary iodine concentration, 0.16 u,mol/L). As the whole population
began to have access to iodized salt,the iodine status of the placebo group also improved.
The whole study population was mildly iodine deficient by the end of the observation
period, 10 mo after supplementation (median urinary iodine concentration, 0.67 u,mol/L;
Table 1). Initially one-third of the children were anemic (hemoglobin <110 g/L), while at
theend ofthe study 19% ofthechildrenwereanemic.
With respect to serum tHcy concentration, three observations fell outside the range
of mean + 4 SD andwere excluded. Serum concentrations of tHcy ranged from 2.1 to 14.9
(xmol/L. The mean concentration was 8.5 ± 2.3 ^tmol/L (Table 2). The geometric mean
concentration was 8.2 umol/L. There was a tendency towards increased serum tHcy
concentration in tertile groups with higher serum TSH concentration Similarly, children
who were classified as having goiter on the basis of WHO normative values for thyroid
volumes in relation to body surface (13), tended to have higher serum tHcy
concentrations. These differences were however not significant (data not shown).
Concentrations of serum tHcy were not correlated with age, but were weakly, but
significantly correlated (Pearson) with WFA (r = 0.163;P = 0.026), weight (r = 0.176; P
= 0.016) andwith hemoglobin concentration (r= 0.210;P =0.004).
Table 1.Biochemical characteristics of studypopulation (n= 198) l)
Baseline

End ofstudy

Serum total homocysteine concentration
(umol/L)2)
n.a.
8.5±2.3
Serum thyrotropin concentration (mU/L) 3)
2.1 (1.5;3.4)
1.4 (1.1; 1.9)
Serum thyroglobulin concentration (pmol/L) 4) 215 (135;362)
95(66; 140)
Urinary iodine concentration (umol/L)4)
0.16(0.06; 0.42)
0.67 (0.30;1.25)
Serum free T4 concentration (pmol/L)4)
12.0±2.4
14.2+ 2.3
Thyroidvolume (ml) 4)5)
5.5 (4.5;6.9)
5.0 (4.0; 6.0)
Blood hemoglobin concentration (g/L)4)
114.5± 12.0
117.9± 10.3
Serum ferritin concentration (ug/L)
46.9(28.4; 71.8)
49.2 (25.4; 99.5)
''Resultsareexpressedasmedian(25th,75thpercentiles)orasmean±SD.
2)
Measuredin 188subjects.
3)
Atbaselinemeasuredinonly 154subjects.
4)
Baseline/final values are significantly different (PO.05); paired samples t-test (non-normally
distributedvariableswerelogtransformed).
5)
Resultsofmeasurementsin99subjects.
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Table2.Comparison ofpublished dataonplasma/serum concentration oftHcy in children
with data from Benin1'
Country
Belgium (Zf

Population
White
tl

Spain (14)
Norway (15)
South Africa (16)
USA (9)
Benin
1) All

White
White
White
Black
White
Black
Black

Age (y)
5-9
10-14
0-10
8-12
7-15

Plasma/ serum
Plasma
it

Plasma
Plasma
Plasma

n

H

13-14

Serum

tl

ii

7-11

Serum

tHcy(Mmol/L)
6.2
7.1
5.8
5.3
5.1
5.8
5.0
5.5
8.2

„_.„

2)

Reference inparentheses.

DISCUSSION
This study demonstrates that serum tHcyconcentrations inthis childpopulation arehigher
thanthosereported from Belgium,theUSA, Spain,Norway and SouthAfrica (8,9,14-16).
The children in our study, even though still mildly iodine deficient based on their mean
urinary iodine concentration, may be considered euthyroid on the basis of median serum
concentrations of TSH and FT4. This may explain why we found no significant
correlations between serumtHcy concentration and indicators ofthyroid function.
However, the Beninese children included in our study may be considered poorly
nourished. This condition may not only interfere with amino acid metabolism and thus
influence serum tHcy concentration directly, but also with various vitamin- or mineraldependent biochemical pathways, which may affect thyroid homeostasis (17,18). In their
goitrous patients Ingenbleek et al (7) noted that methionine concentrations remained
normal but that serum tHcyconcentration washigher when goiter stagewashigher. These
authors ascribed this phenomenon to functional impairment of hepatic enzymes in the
transsulfuration pathway, such as cystathionine P-synthase, asaresult of food deprivation.
Whereas Ingenbleek et al considered the poor nutritional status of their study population
as the key factor responsible for aggravating goitrogenic processes as well as the
downregulation ofprotein metabolism, morerecently other authors(5,6) have emphasized
the role of hypothyroidism per se in affecting folate metabolism and thus the
downregulation of the remethylation pathway of homocysteine metabolism. While the
relatively high serum concentrations oftHcy inour studypopulation probably may not be
ascribed to hypothyroidism, the very low intake of animal products as well as vegetables
andthus of sources offolic acid and vitamins B 6 andB 1 2 , mayvery wellbe implicated.
In view of the importance attached to high serum concentrations of tHcy, the
existing lack of standardization of assessment methods and normal reference data for
children is remarkable (19,20). The agreement among assessment methods is insufficient
to allow these to be used interchangeably (20). Among-laboratory variations within one
method can exceed among-method variations(21).Moreover, although serum tHcy
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concentrations are slightly higher than those in plasma (22), they are sometimes used
interchangeably. Leaving blood samples to clot at room temperature for up to 40 min as
we did, may have increased serum tHcy concentrations in our samples, because of an
ongoing production of homocysteine in the erythrocyte and increased export to the
extracellular compartment (23).Whenbloodwas kept atroom temperature, Osganian et al
(9) reported a 5 % increase in serum tHcy concentration during a period of 20 min, while
Fiskerstrand et al (22)reported a 20-60 % increase during a period of 4 to 24 hr. On the
basis of these findings we estimate that hemolysis may have contributed to an increase in
serum tHcy concentration of 5-10 % in our samples.
A few studies have shown that blacks have higher mean tHcy concentrations than
whites (Table 2).Whether genetic differences or whether differences in diet and lifestyles
are accountable for this difference is not known. Poor nutritional status, including proteinenergy malnutrition and micronutrient deficiencies, may affect homocysteine metabolism
either directly or indirectly through interference with thyroid homeostasis. The
schoolchildren which we studied in rural West Africa suffer from multiple deficiencies,
which not only may affect their present functional performance but may also predispose
them to chronic diseases, such as coronary heart disease, later in life. Further studies are
warranted to elucidate the interactions between hypothyroidism, deficiencies of various
nutrients andthe incidence andprevalence of elevated serum concentrations oftHcy.
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ABSTRACT
Iodine deficiency may have adverse effects on mental performance, learning and
behavior. To examine the question whether improvement of iodine status reverses such
negative effects, astudywascarried outamongiodine deficient schoolchildren aged7-11
years, in grades 2 and 3 in northern Benin. The study was set up as a double-blind
placebo-controlled intervention, involving the administration of a single oral dose of
iodized oilor aplacebo.However, during the intervention period the iodine status ofthe
controlgroupwasalsoimprovedasthepopulationbegantohaveaccesstoiodized salt.In
thispaperwedescribetheuseofa SchoolBehavior Checklist inassessing consequences
of improvement of iodine status for four dimensions of the Big Five personality model,
i.e. extraversion, conscientiousness, agreeableness and emotional stability. The fifth
dimension, a description of intellectual behavior, is not included in the checklist. The
teachersofthechildrenincludedinthestudycompleted thechecklistatthebeginningand
at the end of the intervention period. The responses of the teachers at baseline
demonstratedagood similaritywiththefour-factor modelonwhichthechecklistisbased.
Reliability coefficients were good for the scales for conscientiousness and extraversion,
but less satisfactory for agreeableness and emotional stability. During the intervention
period the marks for school achievement as well as the mean scores for emotional
stability, agreeableness and extraversion decreased significantly in the study group as a
whole. However, only in the younger children was the change in emotional stability and
agreeableness associated with change in iodine status. No correlations were observed
between the children's school marks in 1995 and those in 1996. This study provides a
basisfor further researchthat shouldbeaimedatrefinement andadaptationofthetool for
useintheeducational contextasfound inWestAfrica aswellasatthefurther elucidation
oftherelationbetweeniodinestatus,thyroidfunction andpersonalitytraits.
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INTRODUCTION
The relationship between protein-energy malnutrition, often occurring in
conjunction with other specific nutrient deficiencies, ill-health and poor socio-economic
conditions on the one hand and cognitive development on the other hand has been studied
extensively (1). The effects of malnutrition on children's social and emotional functioning
have received less attention, although there is evidence from animal and human
intervention studies that malnutrition is associated with poor attention, lack of social
responsiveness, low activity level, and changes in characteristics related to affection and
emotional control (2). These " non-cognitive" aspects of behavior may well have an
important role toplay in cognitive development as mediators of learning processes.
Deficiencies of some micronutrients, such as iron, iodine and possibly zinc, are
also associated with altered behavioral and cognitive development, the severity of which
depends on time of onset and duration of the deficiency. Iron deficiency anemia has been
shown to pose a high risk of impaired development and behavioral differences in children
(3). The reasons for these phenomena are thought to include permanent changes to
neuromaturation and altered neurotransmitter function, but also poor environments, and
"functional" isolation (4). Anemic children show increased wariness, hesitance and
tearfulness and interact less with their environment. Moreover they are less successful in
eliciting caretaker responses.
Severe iodine deficiency during intrauterine and early postnatal life is known to
impair permanently a child's potential for cognitive development. Correction of iodine
deficiency later in life may however stillhave positive effects on cognitive performance in
schoolchildren (5,6). In some ecological studies aspects of behavior such as motivation
were also shown to differ between iodine replete and iodine deficient children. According
to Tiwari and colleagues (7) iodine deficient children are slow learners with a concurrent
low "motivation to achieve". These authors ascribed poor performance to both neurologic
impairment and paucity of psychologic stimulation. However, iodine deficiency is
generally found in backward areas, which in itself may account for differences in the
learning environment and learning attitude. In a studyby Huda et al. (8), which controlled
for such environmental differences, biochemical hypothyroidism as a result of iodine
deficiency was shown to be significantly associated with school performance and
cognition.
In studies in children with sporadic congenital hypothyroidism, differences in
timing and duration of thyroid hormone deficiencies were shown to be associated with
different cognitive and behavioral impairments. These ranged from neuromotor,
visuomotor and visuospatial skills, to speech and language, attention and memory skills
(9-11). Even though the hypothyroidism had been diagnosed and treated soon after birth, a
group of Canadian children with congenital hypothyroidism still scored significantly
lower at 13years of age on general IQ tests than controls (11). Similarly, both overt and
subclinical hypothyroidism in adults appear to be associated with neuropsychological
deficits, especially with respect to attention, verbal and visual recall and reaction time (12)
as well as mood disturbances (13).
The aims of our study in an iodine deficient area of Benin were to examine
whether mental abilities of iodine deficient schoolchildren may be improved by
supplementation with iodine as well as to examine whether changes in their iodine status
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areassociated withchanges in school achievement and behavior. To this end, a series of
mostlynon-verbalmentaltests,includingaconcentrationtestwasadministered.
School behavior of individual children was assessed by their teachers, at the
beginning and end of the studyperiod, using a checklist developed by Resing et al.(14).
This checklist helps to describe school behavior in terms of four main factors or scales:
agreeableness,extraversion,emotionalstabilityandconscientiousness.

SUBJECTS AND METHODS
Study area and subjects

Thestudywascarriedout inthe4primary schoolsin4villages intheprovinceof
Atacora, northern Benin, among children of grades 2and 3,aged 7-11y, with ameanof
2.8yrofeducation.Thestudyareawasunderdeveloped. Therewasneithercleandrinking
waternorelectricity.Theschoolswerepoorly equippedandhadveryfew writtenorvisual
teaching materials.Themean level ofeducation oftheparents ofthechildren includedin
the study was very low (1.3 y; Table 1). Most parents were engaged in subsistence
farming.
Study design

The study was set up as a randomized double-blind placebo-controlled
intervention. In January 1996children were given a single oral dose of either iodizedoil
(Lipiodol UF 7; 540 mg I/mL) or a placebo (poppyseed oil), both provided by Guerbet
Laboratories (Aulnay-sous-Bois, France). A baseline survey was carried outjust before
supplementation, in October-November 1995, including the administration of mental
development tests, anthropometric measurements and collection of urine and blood
samples as well as completion of school behavior checklists by the teachers of the
children. All these measurements were repeated in the same period in 1996. Additional
urine samples were collected one week and 5 months after supplementation which took
placeinJanuary 1996.
Approximately 3-4 months after the start of the observation period of 10months
the population began to have access to iodized salt. Thus,by the end of the observation
period the study population consisted of one group of children who had received iodine
supplementation 10monthsearlier andonegroupwhohadreceived aplacebo,whileboth
groupshadhadaccesstoiodizedsaltforaperiodofapproximately6-7months.
Somatic and biochemical indicators

Anthropometric measurements were made in duplicate. Height was measured to
thenearestmm,usingamicrotoise(Stanley ®).Weight was measuredto thenearest 0.25
kgusingaspringscale.Venousbloodwasdrawnfrom theantecubitalveinfor assessment
of concentrations of free thyroxine (FT4), thyroid stimulating hormone (TSH),
thyroglobulin (Tg) and ferritin in serum and hemoglobin in whole blood. Casual urine
samples were collected for determination of iodine concentrations. Procedures followed
and assay methodsused for assessment ofthesevariableshavebeen described elsewhere
(6).
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Schoolbehaviorassessmentandschoolachievement
The school behavior checklist (Schobl-R) has been developed as a tool to assist
teachers in assessing the social and emotional functioning of their pupils and relating the
outcome to their learning performance (14,15). The checklist is based on the "Big Five"
dimensions of personality (16-18), but excludes one of the five dimensions, i.e. a
description of intellectual behavior. Factor analysis following the pilot-testing in large
primary school populations including groups of children with learning problems and
groups with a different ethnic background, resulted in 4 factor scales. These scales
comprise: extraversion, agreeableness, conscientiousness, and emotional stability.
The behavior checklist consists of a questionnaire comprising a series of 42
questions pertaining to different behavioral characteristics of the child. On a 6-point scale
teachers are asked to indicate the degree to which a given statement was characteristic of
the child. This questionnaire was completed for each childboth at thebeginning and at the
end ofthe observation period. Examples are the following statements:
Is anoisychild 3 2 1-12
Is easilyupset 3 2 1-12

3 Hardly says a word
3 Is inperturbable

In addition to thebehavior checklist yearly report marks ofthe children were collected. As
part of a battery of mental tests which has been described elsewhere (6), a concentration
test was administered.

Dataanalysis
The Kolmogorov-Smirnov test was used to check whether the distributions of the
scores on the variables were normal. Nonnormally distributed parameters were logtransformed. Data are reported as mean and SD for normally distributed parameters and as
median and 25 th - 75 th percentile for nonnormally distributed parameters. A factor
analysis was carried out to verify whether the responses by the school teachers show an
underlying structure corresponding with the 4 dimensions of personality on which the
checklist is based. Cronbach's alpha was computed to asses the consistency of the 4
scales, at the level of the individual teachers as well as for the entire data set. Correlation
coefficients (Pearson, Spearman) were calculated between schoolbehavior scales and
indicators of iodine status atthebeginning and atthe end ofthe observation period. Multivariate regression analysis was used to identify significant predictors of changes in school
behavior. Anthropometric indices were calculated using Epi-Info (version 6.02; CDC,
Atlanta, GA,USA). All datawere processed and analysed using SPSS-pc software (SPSSWindows 8.0; SPSS Inc.,Chicago,IL,USA).

RESULTS
Initially 211 children were enrolled in the study. Thirteen children had left school
or had moved out of the area by the end of the observation period. For 1 child the
questionnaire was not completed. This child was excluded from the study. Therefore the
study population described here comprises 197 children aged 7-11 yr at the beginning of
the study.
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Socio-economic characteristicsandnutritionalstatus
Socio-economic data of the children and their families are presented in Table 1.
The proportion of girls in the study population was only one-sixth. In 2 out of the 4
schools, all girls were excluded from the study as they had been given an iodine
supplement the previous year. Moreover, girls were underrepresented in the schools.
Polygamy was common andpeople lived in extended families (defined here as the number
ofpeople eating from the samemeal). The study population could initially be classified as
chronically malnourished with a high degree of stunting: one third of the children had Zscores for height-for-age below -2 SD of the reference population (19). The study
population was also moderately to severely iodine deficient (Table 2). While
anthropometric indices did not change significantly, most children showed clearly
improved iodine statusbythe end ofthe Study period.
Table1. General characteristics ofthe studypopulation atbaseline"
Characteristics of subjects
n (males/females)
Age (yr)
Height-for-age (z-score)
Weight-for-age (z-score)
Education (yr)
Characteristics of families
Family size(n)
Education ofparents (yr)
- father
- mother

197(167/30)
8.9 ± 1.2
-1.64 ± 0.96
-1.34 ± 0.72
2.8 ± 0.8
14.5 ± 7.6
1.4± 0.8
1.2± 0.6

"Results arepresented asmean ± SD,except for thenumber of subjects

Table 2.Biochemical characteristics ofthe studypopulation (n= 197) x)
Baseline
Serumthyrotropin concentration (mU/L) 2) 4)
Serum thyroglobulin concentration (pmol/L)4)
Urinary iodine concentration (umol/L) 4)
Serum free T4 concentration (pmol/L)4)
Thyroid volume (mL) 3)4)
Blood hemoglobin concentration (g/L) 4)
Serum ferritin concentration (ug/L)

2.1 (1.5;3.4)
215 (135;362)
0.16 (0.06;0.42)
12.0+2.4
5.5 (4.5;6.9)
114.5± 12.0
46.9(28.4; 71.8)

End ofstudy
1.4(1.1; 1.9)
95(66; 140)
0.67 (0.30;1.25)
14.2 ±2.3
5.0 (4.0; 6.0)
117.9+ 10.3
49.2 (25.4; 99.5)

" Results are expressed asmedian (25th, 75thpercentiles) orasmean ±SD.
Thebaseline serum concentration ofthyrotropin wasmeasured inonly 154 subjects
3)
Measurements ofthyroid volume met thecriteria asdescribedunderData analysisin99 subjects
4)
Baseline/final values are significantly different (P<0.05); paired samples t-test (non-normally
distributed variables were log transformed)
2)
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Schoolachievement
Aspart ofthenormalprocedures for assessing schoolachievement, childrenwere
given marks by their teachers for 5 subjects: arithmetic, reading, history, geography and
French. No correlations were observed between marks for the different subjects in 1995
andthosein 1996.Therewerealsonocorrelationsbetweenthesumsofthemarksin 1995
andthose in 1996.These sums,which areused to decidewhether a childproceeds tothe
nextgradeornot,weresignificantly lowerin 1996thanin 1995(P<0.000y. It wasonly
amongstthegroupofchildrenwhofailed atleastonceinthesetwoyears(n=30)thatthe
sum of the marks obtained in 1995 and 1996, awarded by the same teacher, correlated
well(r=0.691;P = 0.002). Moreover, no significant correlations were observed between
the sums of themarks in either 1995or 1996with performance on the mental tests.The
change in sums was not associated with the change in any of the parameters of iodine
status or thyroid function. The change in the sums was positively correlated with the
changeinscoresontheconcentrationtest(r=0.221;P =0.002).
Schoolbehavior
A factor analysis ofthe set ofresponses oftheteachers onthe Schobl-Rchecklist
given atbaseline showed areasonable agreementwiththe4-factor structure onwhichthe
checklist was based (Table 3). This pattern was less clear when the second series of
responses was examined. At that point in time conscientiousness, agreeableness and
extraversion emerged again as separate factors, but more emotional stability items were
loadingonthefactors foragreeableness andextraversion.
Individual scoresonthe4behavior scaleswerecomputedby addingupthescores
onthedifferent questionnaire itemsbelongingtothatscale.Thehigherthescore,themore
positive was the appreciation of that aspect of behavior of the child. Mean scores on all
four scales went down over the intervention period. The changes were significant (P <
0.05) in the total group for extraversion, agreeableness and emotional stability, but the
degreesofchangediffered byagegroup(Table4).
The intercorrelations between the four scales, agreeableness, extraversion,
conscientiousness and emotional stability both at the beginning and at the end of the
observation period are given in Table 5. The comparative fit index and Bentler-Bonett
normedfitindexwere0.914and0.897respectively, indicatingahighdegreeofagreement
betweenthecorrelation matrices atbaseline andattheendofthestudyperiod.The major
differences are presented by the intercorrelation between conscientiousness on the one
handandagreeablenessandemotionalstabilityontheotherhand.
Atthebeginning ofthestudytheinternalconsistencies ofthe4scalesasmeasured
byCronbach's alphaarehigh for conscientiousness andextraversion andsomewhatlower
for emotional stability andagreeableness (Table6).Thesereliability coefficients remained
almost the same during the intervention period, except for the reliability coefficient for
emotional stabilitywhichhaddecreased.
Correlations between results for the 4 behavior scales in 1995 and 1996 were
significant andrangedfromr=0.173(P=0.015)for emotional stabilitytor=0.317(P<
0.0001) for conscientiousness.
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Table3.Varimax rotated 4-factor1' matrix for behavior checklist2' (n = 197)
ItemsSchobl-R"

I

II

III

IV

Always shows immediately whetherhe/she likes aclassmate
0.54
Actsexcessivelycheerful
0.68
Triestogetasmuchattentionfromteacheraspossible
0.60
Always greetstheteacher enthusiastically
0.56
Talks loudly
0.69
Blurtsout
0.40
Is confidential withallchildren
0.62
Always showsthathe/she isthere
0.44
Acts disorderly inorder to make other children laugh
0.33
0.63
Isanoisy child
0.70
His/herthoughts areeasily read
0.76
Isalways cockofthewalk
0.76
Onlyneeds onewarning
0.60
0.33
Canwork a longtimewhilesitting inthe sameposition
0.60
Is so focused on work that he/she does not notice the
0.76
activities around him/her
Theresultsofhis/herwork are alwayspredictable
0.37
0.30
Tacklesproblems allbyhim/herself
0.53
Can work aloneeasily
0.43
0.62
Iscompletely absorbed bythework
0.65
Worksthoroughly
0.35
0.74
Does exactlywhat isbeingasked
0.67
Imposes toohigh demands orhis/herownwork
0.57
Always wantsto finish orchange his/herwork if it'stime
0.38
0.62
Keepsworking evenifproblems occur
Thinkshe/sheknowsbetterthan others
0.65
Reactsstrongly to,evenharmless,teasing
0.34
0.36
Easilytakes something awayfrom another child
Always asksfor more
0.62
Doesn't let othersuse something that ishis/hers
0.66
Always looks for largest piece incase oftreats
0.69
Seldom meetswishes ofother children
0.56
Easily criticizes proposals of classmates
0.60
Getsangrywhenclassmatetriestocorrect him/her
Wantstoknowwhat he/she will getinreturnwhen somebody
0.42
isasking for something
Is easilyupset
0.60
If something unexpected happens, he/she is usually more
0.39
confused than others
Always directly approaches teacher ifteased
0.59
0.31
Takescorrectionsfromteachertoopersonally
0.38
0.41
Getsreallyupsetifteased
0.55
In caseof small injury, he/she directly approaches teacher
0.58
Getsteary eyes in case a story is told inwhich something bad
0.55
happens to somebody
Never takes something lightly
0.42
'' I=Extraversion;II=Conscientiousness; HI=Agreeableness; IV=Emotional stability
2)
Only loadings >0.30 are shown.
3)
Only one,shortened description of each item.
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Table4.Significance ofchangeinscoresonschoolbehavior scalesbyageoverthestudy
period(P-values;Paired-samplest-test;2-tailed)

Extraversion
Agreeableness
Conscientiousness
Emotional stability

Age (mo)
> 105(n = 102)
<105(n = 95)
0.008
0.922
0.329
0.002
0.019
0.829
0.008
0.018

Total
(n=197)
0.036
0.006
0.063
<0.000

Table 5. Correlation coefficients (Spearman)1' between schoolbehavior scales in total
group(n=197),before andafter theinterventionperiod
1
2
3
4
Before After Before After Before After Before After
1.Extraversion
1.00
1.00
2.Agreeableness
-0.47*** -0.40*** 1.00
1.00
3.Conscientiousness 0.11
0.06 0.20** -0.08 1.00
1.00
4.Emotional
-0.19** -0.28*** 0.28*** 0.32*** 0.08
-0.23*** 1.00
1.00
stability
0

*P<0.05;" P <0.01;"*P <0.001

Table6. Reliability coefficients of schoolbehavior scales (Cronbach's alpha),before and
after theinterventionperiod(n=197)
Extraversion
Agreeableness
Conscientiousness
Emotional stability

Before
0.81
0.63
0.85
0.66

After
0.83
0.64
0.84
0.47

Schoolbehaviorandiodinestatus
With respect to initial iodine status,weakbut significant correlations were found
between:
• extraversionandthyroglobulin(r=-0.17;P=0.018)
• emotionalstabilityandFT4(r=-0.20;P=0.006)
At the end of the observation period the only significant correlation between iodine
variablesinbloodorurineandbehaviorwastheonebetweenFT4andemotional stability
(r = -0.16; P = 0.027). No association was observed between behavior factors and
anthropometricvariablesorfamily characteristics suchaseducationallevelsoffather and
motherandfamilysize.
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Multiple regression analysis was used to identify the significant predictors of the
changesinthesethree scales.Predictorsappliedwere:age,height-for-age, weight-for-age,
school, educational level of father, blood hemoglobin concentration, change in serum
concentrations of FT4, Tg and TSH and change in urinary iodine concentration. With
respect tothe change in agreeableness in theyounger group,the log-transformed changes
in serum concentrations of Tg and TSHwere the only significant predictors <P < 0.0001
and P = 0.002 respectively), accounting for approximately 17 % of the variance (R2
=0.191; adjusted R2=0.168; F[2>69]=8.161,P =0.001). The regression coefficients <P)
were 0.514 and -0.427 respectively. For the change in emotional stability in the younger
agegroup,the log-transformed changes in serum concentrations of Tg andTSHwerethe
only significant predictors (P <0.030 and 0.023 respectively), accounting for 6 % of the
variance (Model R:= 0.086; adjusted R2 = 0.060; F [2j 69] = 3.259, P = 0.044). The
correlationcoefficients were0.313and-0.329respectively.Thusadecrease in serumTSH
concentration was associated with an increase in agreeableness and emotional stability,
while a decrease in serum Tg-concentration was associated with a decrease in
agreeablenessandemotionalstability.
In the older age group no meaningful regression variates could be formed with
these predictors for the changes in emotional stability, extraversion or conscientiousness.
The scale for conscientiousness was significantly correlated with results on the
concentration test for both the younger and the older group (total group:r = 0.296; P <
0.0001).
DISCUSSION
The resultsfromthis study suggest that several aspects of school behavior in our
study population were affected upon improvement of iodine status. Although a causal
relationship could not be established, as iodine status of the control group had also
improved, in younger children (< 105mo) an improvement of serum TSH concentration
contributed to improvement in agreeableness and emotional stability, whereas an
improvement of serum Tg concentration contributed to a decline in agreeableness and
emotional stability, asassessedbytheirteachers.Theinfluence ofchange in indicatorsof
iodinestatusonbehavioralchangeintheolderchildrenwaslesspronounced.
In studies concerning the relationship between behavioral characteristics and
thyroid function, serumconcentration ofthyroxine(FT4ortotalT4)orTSHareoften the
indicators of choice (7,11,20,21). Although serum FT4 concentration was found to be
negatively correlated with emotional stability, both initially and at the end of the
observation period, the change in its concentration duringthe observation period wasnot
associatedwiththechanges seeninschoolbehavior inthesameperiod.Changesinserum
concentrations of Tg and TSH were more closely associated with changes in behavior,
possibly because changes in these indicators during the observation period were
proportionally much largerthan inFT4.Moreover, althoughthe serumFT4concentration
inthestudypopulation increased significantly duringtheobservationperiod, itwaswithin
the normal range, both at the beginning and at the end of the observation period. It is
remarkable that the association between FT4 and emotional stability was found to be
negative. In a study amongst children with congenital hypothyroidism, it was noted that
serum T4 concentration wasnegatively associated with attention (11). It is conceivable
that children with higher FT4 levels are less apathetic, show greater excitability and are
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more easily distracted. Such a phenomenon would also explain why an improvement, i.e.
a decrease, in serum Tg concentration contributed to a decrease in agreeableness and
emotional stability in the younger children. However, as the reliability coefficients for the
scales for agreeableness and emotional stability were not satisfactory, the association
between changes in scores on these scales and change in iodine status must be interpreted
withcaution.
Although the scale for conscientiousness comprises some items on concentration,
the scores on these items did not change significantly during the observation period. The
separate concentration test however did show a positive influence of an improvement in
iodine status (6). This concentration test was positively and significantly associated with
conscientiousness.
It is remarkable that at the end of the intervention period the teachers found the
younger children on average less agreeable and less emotionally stable, while the older
children were found to be not only less emotionally stable but also less extravert and less
conscientious. The test-retest correlations were weak, but significant. The reliability
coefficients for the different scales were good for extraversion and conscientiousness, but
less satisfactory for agreeableness and emotional stability. Factor analysis ofthe responses
of the teachers at the end of the study, as well as the change in the intercorrelations
between the behavior scales at the beginning and end of the study indicated that the
mutual relations between the scales had changed. The scale for emotional stability in
particular changed during the intervention period. These findings are difficult to interpret.
Several explanations may be possible: 1) The children in general may have become less
apathetic and more lively or restless, because of the change in iodine status. In a crowded
classroom with a traditional style of teaching this may be less appreciated. 2) The size of
grade 2 varied from 40 to 60 children in the 4 schools. The large size of the the groups
being taught by one teacher also makes an assessment of the child's behavior rather
difficult. In determining the child's rating on the items inthe questionnaire, the teacher has
to have a "reference child" in mind, with whom he compares the child being rated. In a
situation where almost everybody has undergone some change, as was the case in the
study population, this reference child may have changed as well, causing all ratings to
shift in the same direction. 3). The fact that marks for school achievement did not show
any correlation between one year and the next, suggests that the teachers had difficulty in
assessing children's overall performance. Again, the large classes, the virtual absence of
study materials and the fact that teachers themselves often have had relatively little
professional training may have contributed to this situation. In addition, the absence of a
correlation may be due to the fact that these marks were given by different teachers. For
the children who repeated a class and who were given marks by the same teacher,
correlations were high (r = 0.69). In this context the fact that school marks were
significantly lower in 1996 than in 1995 is also difficult to interpret. There were no
significant differences in marks between standards 2 and 3 in 1995, or between standards
3 and 4 in 1996. There were also no significant differences in marks between teachers
either in 1995 or in 1996.
Although the Big Fivepersonality structure is considered to provide a model that is
universally applicable, it still remains the question whether teachers across different
cultures interpret or appreciate aspects of school behavior in a similar way. As a tool to
assess different personality traits in a different culture, the checklist would need further
fine tuning, especially with regard to the scales for agreeableness and emotional stability,
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as these 2 factors emerged less clearly as independent factors from the factor analysis and
had lower reliability coefficients.
The findings imply that the results of the behavior assessment questionnaire must
be interpreted with caution. However, in view of the considerable changes in biochemical
indicators that took place during the observation period, it is likely that behavioral changes
in the children did occur. The behavior of younger children in particular appears to be
susceptible to changes in iodine status. In nutrient supplementation studies such "sideeffects" generally receive little attention. They may however affect learning processes,
whether temporary or permanently, and thus merit further investigation. To our
knowledge this is the first study that has attempted to measure changes inpersonality traits
in relation to change in iodine status, on the basis of 4 of the 5 dimensions of the "Big
Five". Thus it provides a starting point for further research that should be aimed at
refinement and adaptation of the tool for use in the educational context as found in West
Africa as well as at the further elucidation of the relation between iodine status, thyroid
function andpersonality traits.
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Iodinestatusandmentaldevelopment: an overview

INTRODUCTION
A wealth of studies has addressed the relationships between nutritional status, both
pre- andpost-natally, and growth and development of infants and children. The notion that
deficiencies of nutrients may also affect mental development got a firm foothold in the
1960's, following the studies by Cravioto and de Licardie (1,2) and others (3,4) on the
relationship between PEM (protein-energy malnutrition) and mental performance. Studies
into the effects of micronutrient deficiencies soon followed suit. Even though the
relationship between iodine deficiency and cretinism was known for a much longer time,
the first studies into iodine deficiency and mental performance of non-cretinous
populations also date from this period. Research on the association between cognition and
iron deficiency anemia only started inthe 1970's.
The concept that various degrees of iodine deficiency may lead to a wide range of
aberrations in physical and mental development was clearly presented by Hetzel (5). His
paper helped to bring about an interest in the consequences of iodine deficiency in terms
of a country's development potential, beyond theresearch community. Even though goiter
and cretinism had disappeared in several countries in Europe and Latin America with the
introduction of iodized salt, several scientific research questions remained. For instance,
the worldwide magnitude of iodine deficiency disorders (IDD) and the specific role of
iodine deficiency in mental and psychomotor development were not fully known.
Moreover, given that nutrient deficiencies have a negative effect on mental and
psychomotor development, the question arises to what extent such effects are reversible.
Deficiency of a specific nutrient at a critical time mayproduce specific lesions inthe brain
and perhaps other regions of the central nervous system resulting in permanent mental
retardation. Whether these lesions affect specific mental abilities, the efficiency of
information processing, or a combination of these two options isnot clear (6).In addition,
stimulation from other environmental factors and adaptive mechanisms, referred to as
plasticity of mental development, including individual differences in response to external
factors, also play an important role in determining the eventual impact of a nutrient
deficiency. In this context the concepts of criticalpoint and catch-up behavior have been
introduced. As far as critical point is concerned, both the magnitude of the insult in
relation to the individual's ability to withstand the insult and its timing with respect to the
individual's developmental phase are involved.
Apart from these conceptual issues, there are also methodological difficulties in
assessing the effect of nutrient deficiencies in general and iodine deficiency in particular
on mental development. On the one hand, there areproblems related to the tests of mental
function with respect to sensitivity, specificity and validity. Similarly, the appropriateness
of using test materials and procedures, designed for use in developed societies, in the
typically non-Western context of most of the iodine deficiency studies may be questioned.
On the other hand, criteria for assessment of iodine status and thyroid function both at the
population and individual level are not unequivocal.

Conceptualframework
Malnutrition with respect to macronutrients and micronutrients impinges on the
individual's growth and development and its effects are observed throughout the life cycle,
possibly starting asearly as conception. Deficiencies ofprotein and energy and of iron and
iodine during the prenatal period have been linked with a high incidence of spontaneous
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abortions and low-birth-weight children, and compromised immune competence and
mentalperformance (7). The effects of such deficiencies during the postnatal period have
been linked with stunting, wasting, inappropriate immune response resulting in increased
incidence and severity of infections, and impaired physical and mental development(8).
During the prenatal period, the fetus is totally dependent upon the mother for the
supply of nutrients. After birth, nutrients continue to be supplied by the mother through
breastfeeding but this dependence decreases with time. As the child grows, various
environmental and social factors, such as access to food, exposure to infection, parental
income and education, social stimulation and interaction, and services including education
and health, contribute to shaping a child's development. It is within this context that
mental and psychomotor development are influenced by iodine nutriture. Based upon
empirical data, the relationship between various environmental factors, including iodine
supply, and mental development can be conceptualized as outlined inFigure 1.
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Figure 1.Pathways of iodine and non-iodine inputs during fetal and child development.
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Iodinesupply,thyroidfunctionandmentaldevelopment
Iodine exerts its function in the body only when it is incorporated into the thyroid
hormones thyroxine (T4) and triiodothyronine (T3). The pathways and control
mechanisms involved in iodine metabolism are reasonably well understood (9) as is the
physiological role of the thyroid gland in relation to various body functions. Initially the
fetus is dependent on the mother for preformed T4 but after about 18-22 weeks, the fetus
gradually becomes more independent ofthe mother for T4 as it starts to synthesize its own
from iodine supplied viatheplacenta (10). However, newborns with a total organification
defect, who cannot synthesize their own thyroid hormones, had cord serum T4
concentrations of about 20-50 % of those of normal newborns, an indication that
transplacental transfer ofmaternal T4 continues untilbirth (11).
There is adequate evidence to link iodine deficiency with impairment of the
maternal and fetal endocrine system (12-14) and consequent mental deficiency in the
new-born, which in its most severe form leads to cretinism. Iodine deficiency can also
cause less obvious intellectual deficits in non-cretins (5,15-19). Whether such individuals
are called sub-cretins (18) or mentally sub-normal is a matter of definition. Differences in
severity and timing of fetal exposure to iodine deficiency may lead to different
developmental outcomes (10,20).
Apart from the question raised in the introduction with respect to reversibility a
number of other fundamental, interrelated questions still remain to be answered: 1)is there
an age-limit beyond which mental deficits are irreversible? 2) is there a threshold in
duration and extent of exposure beyond which mental deficits are irreversible? 3) which
mechanisms are involved in reversing mental deficits? 4) what role does post-natal iodine
deficiency play in mental development?

Iodinedeficiencyandcretinism
Goiter and cretinism have been the subject of speculation and study for a few
thousand years. Research into the origin of these phenomena was accelerated in the wake
of a vivid scientific interest in human anatomy in the 17th century. Observations on
cretinism and goiter were collected in Diderot's Encyclopedia in 1754. In that same year,
the word cretinism appeared in print, in an article by one of the co-editors of the
encyclopedia, describing the condition of an "imbecile who was deaf and dumb and had a
largegoiterhanging down thewaist" (21).
Cretinism as described by McCarrison in 1908 (22) includes mental retardation,
deaf-mutism, and characteristic spastic or rigid neuro-motor disorders, abnormal somatic
development with disproportionate body and facial characteristics, growth retardation and
hypothyroidism. Using the broad terminology of McCarrison, initially two different types
of cretinism were defined: neurological andmyxedematous cretinism (23,24). A third type
that has been introduced since then is the mixed type, presenting combinations of
symptoms of neurological and myxedematous cretinism (25,26). Neurological and
myxedematous cretinism differ in terms of timing of the insult of iodine deficiency to the
developing brain. Low serum concentrations ofmaternal T4 early inpregnancy, i.e. before
the onset of fetal thyroid function, may result in the neurological type, a condition which
is irreversible. Neurological cretins may be born euthyroid. Myxedematous cretinism may
originate later in pregnancy or post-natally, when maternal and/or fetal hypothyroxinemia
persist (10,27). This form of cretinism which is often characterized by congenital
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hypothyroidism, may be reversed to some degree by T4 or by iodine provided that it is
sufficient toproducenormallevelsofT4.
Aspatternsandintensityofneurological,intellectualandaudiometricdeficits often
seemtobecommon to alltypesof endemic cretins,theusefulness of categorizing cretins
into the conventional types has been questioned (25,28). Moreover, in the past decade,
several studies have drawn attention to the combined roles of iodine and selenium
deficiency, together with dietary thiocyanate overload in the etiology of the different
manifestations ofendemiccretinism (29-34).
With the spontaneous disappearance of endemic cretinism and decline in deaf
mutism inItalyandSwitzerland following theintroduction ofiodized salt,controlledtrials
were commenced in 1966inPapuaNew Guinea (Studies 1-5 in Table 1)and inEcuador
(Studies 6-9) to see whether endemic cretinism could be prevented by supplementation
with iodine. The studies carried outby Pharoah and colleagues (Studies 1-5) were based
upon asingledoseof4ml ofNeohydriol ®(containing approximately 400mgI/mL)or
placebo given intramuscularly to persons > 12y or half of this dose to persons < 12yr.
Iodized oilor salinewas given to alternate families inthe studyarea, thuscoveringmore
than 16,000 people living in 27 villages. Longitudinal observation of children born to
mothers in these villages has provided extensive data on various aspects of iodine
deficiency disorders and the effects of iodine supplementation (35). A total of 946
children were born, 412 to treated mothers and 534 to the saline group mothers. Seven
cretins were born to the iodine-treated mothers of whom 6 were conceived prior to
treatment (the time of treatment in relation to conception was not known in the seventh)
while 26 cretins were born to the untreated mothers of whom 5were conceived prior to
injection. This work clearly demonstrated that iodine deficiency is the prime cause of
endemic cretinism and that endemic cretinism may be prevented by iodine
supplementationpriortoorearlyinpregnancy.
Iodinestatusandmentalperformance innon-cretinous populations
The above-mentioned studies not only looked into occurrence and prevention of
endemic cretinism, but also addressed the question whether mental and psychomotor
performance of non-cretinous populations are affected by iodine deficiency and to what
degree. They were the first of a variety of studies on this topic, which can be classified
intotwomaincategories:observationalandintervention studies.Theobservational studies
maybe subdivided into ecological andcase-controlstudies. The studies were carried out
in Papua New Guinea, Ecuador, Chile, Indonesia, Spain, China, Zaire, Bolivia, Malawi,
India, Italy, Bangladesh and Benin using a variety of tests to measure mental and
psychomotor development. The study sites, target groups, design, tests used and results
arepresentedinTable1.
Ecologicalstudies
Ecological studies compare population groups who live in different "ecologies"or
different physical environments, but who are not expected to differ with respect to other
variables, such as health, education and socio-economic status. The ecological studies
discussed inthispaperhavecomparedpopulationsiniodinedeficient andiodine sufficient
areas (Studies 11, 13, 16, 18 & 19). In 1976, Bleichrodt and colleagues (Study 11)
comparedchildrenaged6to20yrinaniodinedeficient andaniodine-sufficient villagein
100

Iodinestatusandmentaldevelopment: anoverview
Indonesia with similar social and economic backgrounds. They also compared children
under the age of 12yr in iodine deficient and iodine-sufficient areas in Spain. From 18
different tests for general intelligence and motor skills, appropriate tests were chosen for
different age categories. In Indonesia, the authors found no difference in general
intelligence in the youngest age group while a significant difference was noted in nonintelligence tests such as concentration, perception and motor skills which are all
independent of educationalbackground. In Spain,intheiodinedeficient children<2.5yr,
mental development was significantly lower but there was no difference in psychomotor
developmentwhileforthe2.5-5yr(Spain)and6-12yrgroups(SpainandIndonesia),both
mental and several aspects of psychomotor development (reaction time and eye-hand
coordination)werelower.
In anecological study in China, Boyages etal (Study 13)compared the IQscores
of several groups (7-14 yr & 28-35 yr) from iodine deficient and iodine-sufficient rural
areas with urban controls. The lowest IQ scores were found in the populationfromthe
iodine deficient rural area with the iodine-sufficient rural areas andurban controlsbeing
successively higher. Inthe iodine deficient villages,the authorswere ableto linkthelow
IQscoreswithlowaudiometricabilityandpresenceofabnormalneurologicalsigns.
Ma and colleagues summarized 14 studies conducted in 13 different localities in
Chinainvolvingiodinedeficient andcomparable iodine-sufficient areas(presentedhereas
Study 16). These studies, which were based upon the Stanford-Binet test and Wechsler
Intelligence Scale for Children (WISC), showed a considerably lower IQ among iodine
deficient populations. Mild psychomotor defects and hearing impairment were also
recorded iniodinedeficientpopulations.
Tiwarietal(Study 18)madeacomparisonbetweenchildren(aged9-12yrand 1215yr)fromvillages withmild iodine deficiency and severe iodine deficiency intermsof
performance on several learning tests aswell asmotivation to achieve. Childrenfromthe
mildly iodine deficient villages learned faster and were more motivated to achieve than
theirpeersfromtheseverelyiodinedeficientvillages.
Similarly, children from mildly iodine deficient and iodine-sufficient villages in
Italy were compared byAghini Lombardi and colleagues with respect to performance on
subtests of the WISC-Revised (block design and coding test) and simple reaction time
(Study 19).No difference was observed on the WISC-R tests, but childrenfromiodine
deficient villagesshowedasignificantly delayedreactiontime.
Case-controlstudies
Case-control studies compare individuals (cases) with matched peers from the
samepopulation (controls),whodifferfromeachotherwithrespecttoonlyonecondition
or variable. The case-control studies discussed in this context, compared goitrous and
non-goitrous children (Study 10), children born before or after an iodine control
programme was introduced (Study 19) or children with high vs. low serum thyroxine
concentration (Study 20).Ina study inChile (Study 10)inwhich schoolchildren (agenot
reported) with and without goiter were matched for age and sex, those children without
goiter scored higher on various tests used. In addition, there was a positive correlation
between iodine status,asmeasuredbygoitersizeandserumconcentrations ofT3andT4,
andIQscoreusingtheWISCandtheKoppitztest.Thechildrenweresimilarinnutritional
statusasmeasuredbyheight-for-age, weight-for-height and history ofpre- andpost-natal
illness. The authors concluded that a moderate prevalence of goiter alters IQ, suggesting
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that the deficit in IQ increases with increased severity of iodine deficiency. This
conclusion was substantiated by the fact that the IQ of this group of children was notas
low as that of children in more severe iodine deficient areas.The studyhowever, didnot
show any difference in visio-motor coordination between the goitrous and non-goitrous
children. The authors suggested that visio-motor coordination would only be affected in
areasofsevereiodine deficiency.
In the study in Italy mentioned above (Study 19), a comparison was also made
between children born before or after iodine prophylaxis, matched with childrenfroman
iodine-sufficient area. A delayed reaction time was observed in children born before
iodineprophylaxis.
In Bangladesh, children with low serum T4 concentrations were matched with
childrenwithhigh serumT4concentrations andcompared onawiderangeofmentaland
psychomotor tests (Study 20).The euthyroid grouphad higher scoresonthe WideRange
Achievement Test (measuring schooling-related performance). For all but one of the
cognitive function tests, differences were not significant. However, after combining the
tests into 2 principal components (cognitive and motor performance) through factor
analysis,asignificant effect oftheT4statusoncognitiveperformance wasshown.
Interventionstudies
The intervention studies discussed here comprise studies in which specific target
groups were supplemented with iodized oil. All intervention studies were carried out in
iodinedeficient areas. Someoftheintervention studieswereimplementedusingacontrol
group from within the same area (Studies 4, 5, 14, 15, 17, 21 & 22) while some were
implemented using a control groupfroman adjacent ormore distant area (Studies 6-9 &
12).Insomeoftheintervention studies,mothersweredosedwithiodizedoil(Studies4,5,
7-9,& 14)whileinotherstudiesthechildrenweregiveniodizedoil(Studies6-8,12,15,17,
21 & 22).
The results of the research work carried out by Pharoah, Connolly and colleagues
inapopulationinPapuaNewGuineawereanalyzedbothcross-sectionally(Studies 1-3)
and as intervention studies (Studies 4 & 5).In the cross-sectional analysis,psychomotor
performance ofchildren,measuredusingaselection oftests,wascorrelated withmaternal
T4duringpregnancy.TheauthorsconcludedthatmaternalT4andnotT3maybeessential
for normal neurological maturation of the fetus before the thyroid of the fetus becomes
functional. In Study4,psychomotorperformance wasmeasured inchildren aged 11yrin
1978and 15yr in 1982,but no differences were found between children ofmotherswho
received iodine during pregnancy and those of mothers who did not. Of a group of 208
childrenaged6-12 yr, 115 wereborntoiodine-treated mothers and79tothe salinegroup,
14of whomwere cretins (36). The smaller number of children in the saline group was
attributed to the high infant and child mortality rate in this group. The authors reported
(Study 5) no difference between the two groups in grip strength or movement speed as
measuredbytappinganddottingandbynuttingbolts.Althoughnodifferences werenoted
in gross motor skills, the treated group was better on the speed of movement tests of
pegboard and bead threading, indicating thatfinermotor tasks, demanding speed as well
asaccuracy,wereimprovedinchildrenborntoiodine-sufficient mothers.
Another series ofintervention studies (Studies 6-9) was also started in Ecuador in
1966when the entire population of one village (Tokachi) was injected with iodized oil
whilea secondvillage (LaEsperanza) waskept asacontrol.Womenofchild-bearingage
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and children born since 1966 inthe test village were re-injected in 1968. In 1968, a group
of 6-10yr old children, injected with iodized oil in 1966 were compared with children
from the control village using the Goodenough Draw-A-Man test (Study 6). The treated
children had higher scores than did children from the control village but with a 2-tailed
Student's t-test, the difference was only significant for girls. Using a one-tailed t-test,
which could perhaps be justified if an improvement in performance was to be expected,
the difference was significant for the boys as well. The authors conclude that the lack of
significance could be due to the small sample size and limited number of tests. However,
the results are of considerable clinical significance as they point to the possibility of
improving mental function in children living in endemic iodine deficient areas as late as
the ageof 8yr.
In another study in the same villages (Study 7), the authors compared the mental
development test scores between children who received iodine through the mother during
the last phase of pregnancy, during lactation and also directly by intramuscular injection
and children who received iodine through the mothers throughout the intra-uterine period,
during lactation and directly by intra-muscular injection. These children were also
compared with children of similar age and sex in the control village. The authors
concluded that iodine prophylaxis early in fetal life prevented mental retardation while
supplementation late in fetal life or after birth didnotprevent mental retardation.
Trowbridge (Study 8) compared three groups of children in Tokachi (test village)
according to the time of their conception with children in La Esperanza (control village).
In the test village, Group 1 received iodine post-natally; Group 2 were born within 9
months of the start of iodine supplementation; while Group 3 were born 9 to 18 months
after the iodized-oil campaign commenced. The scores of the three groups of children
using a modified version of the Stanford-Binet Intelligence test were compared among
themselves and with scores of children from the control village in each group. There was
no significant difference between the test and control villages on mean IQ score.
However, in the test village, the IQs of children in Group 1were significantly lower than
those in Group 2 and3.
In 1981 Fierro-Benitez et al (Study 9) compared school performance of 128
children born to mothers injected with iodized oil with 293 children born to control
mothers. The authors found no difference in the age of admission to school. However, a
higher proportion of children born to treated mothers were found to be in higher grades
than children from the control village: 64 % of children of treated mothers repeated a class
compared with 80 % of children of untreated mothers. The authors also administered
various tests, which measure verbal, numerical and spatial ability, immediate memory,
perception, reasoning, visual memory, speed and accuracy. Scores obtained were not
significantly different between the two groups for the Terman-Merrill, WISC and
Goodenough tests. While the treated children scored higher on the Goddard and BenderGestalt tests, on the Raven Colored Progressive Matrices test they had lower scores than
untreated children. The authors concluded that the lower scores of untreated children in
the Goddard and Bender-Gestalt tests are an indication of the effect of delayed maturation
of regions of the nervous system dealing with psychomotor development. In a paper
discussing the population referred to in Study 9, Fierro-Benitez and colleagues (37)
reported that, 21 years after the initial intervention commenced, children born to mothers
injected with iodized oil were doing better generally in life, having goodjobs, good school
records, and were able to migrate to urban areas while the less-gifted children, born to
iodine deficient mothers not treated with iodine remained in the countryside. These
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conclusions are somewhat tenuous because getting ajob, education performance, ability to
migrate and social class involve complex social dynamics,but do give an indication of the
improvement in life which can come through supplementation of mothers with iodine.
In an intervention study in Spain started in 1982 (Study 12),children who received
iodized oil in 3 iodine deficient villages were compared with untreated children with
similar educational and nutritional status as measured by weight-for-height in 2 villages
about 40 kms away. No differences were observed in mental and psychomotor
performance between the two groups after a follow-up period of 32months.
In a double-blind intervention study (Study 14) in Ubangi, Zaire, Thilly and
colleagues injected mothers with iodized oil and placebo between 1973 and 1977 and
followed thyroid function, and psychomotor and somatic development of their offspring.
They reported lower birth weight and later psychomotor development in children under
twoyearsborn to untreated mothers (38) as evaluated by the Brunet-Lezine scale. Thirtynine children born to treated mothers and 36 children born to untreated mothers were
tested at age 4-9 months, 10-15 months and 16-23 months using the Brunet-Lezine scale
(not all children were tested at all ages). The authors reported that Development Quotients
of children from untreated mothers were consistently inferior to those from treated
mothers (statistically significant for age4-9 mo and for the group as awhole).
Thilly and colleagues (39) also examined whether hypothyroidism in children can
be prevented by correcting iodine deficiency during pregnancy in a study of 671 children
aged 0 to 7years,whose mothers were given either iodized oil orplacebo during the fifth
month ofpregnancy. The concentrations of iodine inurine and of T4 in serum of children
born to the mothers who received the placebo were low throughout with about 10 %
showing clinical signs of hypothyroidism. Among the treated group of children up to the
age of 2 yr, only one case of clinical hypothyroidism was noted. Between the age of2 and
4 yr, there was a gradual decrease in T4 levels, comparable to levels in children born to
untreated mothers. Thilly et al (7) also reported that the magnitude of the thyroid
anomalies observed in newborns was directly related to those of the mothers living in
iodine deficient areas. Thus they concluded that thyroid insufficiency in pregnancy in
regions with severe endemic goiter can increase risk of hypothyroidism and associated
psychomotor defects in new-borns. These findings are in contrast to those reported by
Pharoah et al (40) and Fierro-Benitez et al (19) who showed that correction of iodine
deficiency after the fifth month of pregnancy did not have any beneficial effects on
newborns interms ofpsychomotor development. Thilly and colleagues (41)attributed this
inconsistency to other factors such as goitrogens inthe diet.
Bautista et al carried out the first double-blind, placebo controlled intervention
study in which children and not their mothers were dosed with iodine (Study 15). In this
study in Tiquipaya, Bolivia, they administered 1 mL of iodized oil orally (Ethiodol ®,
containing 460 mg I/mL)or itsplacebo to 200 school children aged 66-144 mo with goiter
butno signs ofprotein-energy malnutrition. Urinary iodine concentration, thyroid size and
height were measured and physical examinations made every 6 months. A full-scale
assessment including intelligence tests (Stanford-Binet and Bender-Gestalt) was repeated
after 22 months. During the study urinary iodine concentrations increased and goiter sizes
decreased in both treated and control groups. There were no significant differences in
mental development between the groups. Although the authors reported a correlation
between goiter reduction and improvement in IQ scores, this study did not answer the
question, whether correction of iodine deficiency could improve intelligence.
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In a study carried out in Malawi (Study 17), iodine supplementation to primary
school children was found to have a marked significant impact on mental development as
measured by verbal fluency, exclusion, visual memory, verbal meaning, quantity and
closure, one year later. The effects were quite dramatic especially with respect to verbal
fluency. If the effects observed (0.9 SD) were applied across the full range of mental
development tests used in measuring IQ, the improvement observed would correspond to
an increase in 10-15points. The performance onphysical andpsychomotor testswere less
dramatic with significant improvement being seen only for eye-hand coordination (as
measured by a ball throwing exercise), hand grip and sitting/standing. No effects were
observed inthe tapping,balancing,peg-board and reaction timetests.
On the other hand, Huda and colleagues (Study 21) found no effect of treatment on
either mental or psychomotor performance over a period of 4 months. They carried out a
double blind, placebo-controlled study in Bangladesh among schoolchildren in grades 1
and 2, in which children were dosed orally with 400 mg iodine (lipiodol) and were
subjected to a wide range of mental andpsychomotor tests.
Theresults of a studycarried outbythe authors inBenin (Study22) lend support to
the findings of Study 17.In a double blind placebo-controlled intervention study, children
(aged 7-11 yr) were dosed orally with 1 mL iodized oil, (Lipiodol, 540 mg I/mL) or
placebo and were retested 10 months after supple-mentation. Even though 3-4 months
after supplementation the whole study population began to have access to iodized salt,
there remained considerable differences in iodine status within the total group. Children
whose urinary iodine concentration improved, showed significantly greater improvement
on the combination of mental tests used than children whose urinary iodine concentration
didnotchange.
The iodine intervention studies referred to above point to an effect of iodine
deficiency on mental performance, either through the interference of maternal
hypothyroxinemia with the development of the fetal nervous system or through inadequate
production of thyroid hormones by the child itself. However, there may be additional
mechanisms for the impairment of mental development, for instance through inadequate
hearing which may limit social interaction and may lead to late learning. Several studies
have reported higher mean hearing thresholds in apparently normal individuals living in
iodine deficient areas as compared to hearing thresholds of people living in iodinesufficient areas(25,42-44).InBenin (45), hearing thresholds were shown to be associated
with iodine status as measured by serum Tg concentration, while hearing thresholds were
negatively associated with performance on mental tests. People with hearing impairment
generally are not less intelligent than people with normal hearing. However, if
schoolchildren are subjected to tests which measure schooling-related learning,
differences inperformance might be due to hearing deficits. On the other hand, if tests are
used which have been developed to measure "fluid" intelligence1^ which is independent
from education, differences in hearing capacity would not explain any differences in test
performance. In that case, hearing defects may have originated concurrently with other
injuries to the development of the nervous system, but are not the cause of poor
performance.

'* "Fluid" intelligence standsfortheadaptiveprocess ofapprehending anunfamiliar configuration and
rearranging ittosatisfy somerequirement, asopposed to "crystallized" intelligencewhichrefers toan almost
automatic response toatask, asitclosely corresponds topastpractices and experiences.
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CONCLUSION
The fact that iodine deficiency affects mental and psychomotor development of
children isnolongeranissue.ThedatafromPapuaNewGuinea,ZaireandEcuadorhave
demonstrated that correction of iodine deficiency before or early in pregnancy improves
mental and psychomotor performance of offspring. The evidence is clear that frank
cretinism cannot be fully reversed, although there are reports, mainly from China, that
treatment of cretins can result in some recovery in functions such as hearing and
reproductive performance. Almost all the ecological studies demonstrate significant
differences between children from iodine deficient areas and those from iodine-sufficient
areas in terms of IQ, aspects of psychomotor development and learning abilities as
demonstrated by school achievement. The methodological limitations of these studies
however, and in particular the question of comparability of study areas, preclude the
drawing ofconclusionswithrespecttocauseandeffect relationships. Similarly,thecasecontrol studies indicate differences inmentalperformance, some aspects ofpsychomotor
performance and school achievement between goitrous and non-goitrous children or
childrenwithlowversushighserumT4concentrations.
The relatively large number of intervention studies differ in terms of target group
(mothers or children; different age groups), severity of iodine deficiency, study design
(use of control groupsfromwithin or outside the same community; some studies used a
placebo, others did not; some designs were double-blind, others were not), types oftests
used and duration of follow-up period. In a meta-analysis Bleichrodt and Born (46)
combined 18studies, including 10studies described inthispaper (intervention studies 1,
6-9, 12, 14,15),an ecological study (Study 11)anda case control study (Study 10).The
resultsdemonstratedthattheiodinedeficient andtheiodine-sufficient groupswere0.9SD
or 13.5 IQ points apart. However, this meta-analysis which combined various study
designs,degrees ofiodinedeficiency andmothers andchildren ofvariousagegroups,did
notaddresstheissueofreversibilityofthenegativeeffects ofiodine deficiency.
Only 4 studies have applied a double blind placebo-controlled design to examine
whether negative effects of iodine deficiency in children can be reversed. Two ofthese,
the studies in Bolivia and Benin, encountered an improvement in iodine status of the
control group during the follow-up period. Still, the study in Bolivia did show that there
was a significant association between decrease in goiter size and increase in IQ, 22
monthsafter supplementation (47).In Benin, children whose urinary iodine concentration
increased, showed greater improvement in mental performance than children whose
urinary iodine concentration didnot improve, 10months after supplementation (48).The
study inMalawi clearlydemonstrated animprovement inmentalperformance andseveral
aspects ofpsychomotor performance as aresult of iodine supplementation 1 yr earlier.A
similar study in Bangladesh however did not show any difference in performance on
cognitive andpsychomotor testsbetween supplemented andnon-supplemented children4
months after supplementation (49). It is conceivable that the follow-up period in the
Bangladesh studywastoo short to detect differences inperformance onthetypes oftests
used.
Thus the evidence that supplementation of iodine deficient schoolchildren with
iodine results in improvement in mental and psychomotor development is not yet
conclusive. The questions raised in the introduction, which are highly relevant from a
public health point ofview,remain: is subtle damageproduced by iodine deficiency, less
than that required toproduce cretinism, reversible and if so,under which conditions and
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up to what age. The question with respect to the specific role of postnatal iodine
deficiency inmental development hasnotbeen addressed. Inaddition,the studiesdoneso
far do not unequivocally answer the question whether some specific mental abilities are
more readily affected by supplementation than others or whether factors such as
restoration of alertness,mental speed andconcentration following supplementation playa
roleinimprovingmentalandpsychomotor performance.
There is therefore a clear need for further study in this area. Replications of the
doubleblindplacebo-controlled studiesshouldtakeplaceinseveralsettingswith different
levelsofiodinedeficiency, indifferent agegroupsandwithdifferent follow-up periods,as
wellaswith acomprehensive set oftests.Although ethicalobjections to such studiesare
likely to be raised, the authors feel it is ethical to carry them out in primary school
children as long as there is no conclusive evidence that negative effects of iodine
deficiency in this age group may be reversed. Until now the prime target for iodine
supplementation programs aregirlsandwomen ofreproductive age.Obviously, ifwomen
arenotreachedpriortoconception,theiriodinedeficiency shouldbetreatedasamatterof
urgency. It is however not yet clear which policy should be followed for children.
Confirmation that the mental and psychomotor performance of iodine deficient children
may be influenced positively by improving their iodine status would provide a much
strongerjustification toextending iodine supplementation programmes alsoto childrenin
areas where iodised salt is not readily accessible. Up until now, there is no concrete
scientific evidence for the need to reach children in these conditions, except to reduce
theirgoiterrates.
The progress made with salt iodisation initiatives makes further trials in children
increasingly difficult. However, there are still many communities and people within
communities which have insufficient access to the amounts of iodine required for
adequatethyroidfunction andthusforlivinguptotheirfull physicalandmentalpotential.
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Study
No.
1

Reference;
Studysite
Pharoahetal (50)
PapuaNewGuinea

Ageyr,
(n)
10-12
(20)

2

Connolly&Pharoah (51)
PapuaNew Guinea

14-16
(22)

Children of treated mothers referred to
above, tested in 1985; analysed as
cross-sectional study

3

Pharoah etal
(40)
PapuaNew Guinea

6-12
(208)

Population as above, children tested in
1978;analysed ascross-sectional study

4

Pharoahetal (52);
PapuaNew Guinea

11 & 15
(28-30)

Population as above, children tested in
1978and 1982; analysed as intervention
study

5

Connollyetal (36);
PapuaNew Guinea

Children,
<12
(194)

Population as above, children tested in
1978; analysed as intervention study
(treated,n = 115;control,n =79)

6

Dodge etal (53)
Ecuador

6-10
(96)

Intervention study: children in one
village ( n = 51) injected with iodized
oil (2mL) and compared after 2 yr with
those incontrol village(n=45)

Fierro-Benitez etal (19)
Ecuador

Children age Intervention study: mothers injected
> 40 mo with iodized oil (4mL) during early (n =
(150)
41) or latepregnancy (n = 26); matched
children in control village (n = 83)
injected with iodized oil (0.5mL)
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Studydesign
Mothers injected in 1966 with iodized
oil(4mL) orplacebo and children tested
in 1980-81; analysed as cross-sectional
study
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Tests used

Results

Pegboard, bead threading, peg Psychomotor performance correlated with maternal total T4
frame, Pacific design construction during pregnancy
test

Pegboard,bead threading

Psychomotor performance correlated with maternal total T4
during pregnancy

Hand grip, dotting, bolt nutting, Psychomotor performance correlated with maternal total T4
pegboard
butnottotal T3duringpregnancy

Hand grip strength, tapping, No difference between children of treated (n = 11-13) and
dotting, bead threading, pegboard, untreated mothers (n= 15-18)
Pacific design construction test
Hand grip strength, tapping, No difference in hand grip strength , tapping, dotting, and
dotting, bolt nutting, bead bolt nutting between two groups; children born to treated
threading,pegboard
mothers performed better in bead threading and pegboard
(speed/accuracytests)

Goodenough Draw-A-Man

Mental development of treated children tended to be better
than controls; statistically significant only for girls using
two-tailed test and for boys only when a one-tailed test was
used

Stanford-Binet

Children of mothers treated early in pregnancy had
signifantly better mental performance than children of
mothers injected late inpregnancy and children from control
village
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Study
No.
8

Reference;
Studysite
Trowbridge (54);
Ecuador

Fierro-Benitez etal (55);
Ecuador

Ageyr, (n)

Studydesign

2-8
(125)

Intervention study: mothers injected
with iodized oil (4mL): children born 09mobefore (n=35);0-9mo afterwards
(n = 44); 9-18 mo afterwards (n = 46).
Children compared with controls from
non-suppl. Villages

8-15
(421)

Intervention study: mothers in one
village injected with iodized oil (4mL);
children (n = 128) compared with
matched children (n = 293) in control
village

10

Muzzoetal (56);
Chile

School-aged Case control study:comparison between
children
goitrous (n = 42) and non-goitrous (n =
(90)
48) children matched for nutritional
status

11

Bleichrodt etal (57);
Indonesia and Spain

Indonesia 620
(245);
Spain
0-12 (355)

12

Bleichrodtetal (58);
Spain

6-12(205)

13

Boyagesetal(59);
China

7-35 (369)
Ecological study: comparing individuals
270children in 3 areas differing in access to iodized
99adults
salt: rural areas with and without
iodized salt, urban areas with iodized
salt

110

Ecological studies: comparison between
children in iodine deficient and nondeficient areas

Intervention study: children given one
dose (2mL) iodized oil in one village (n
= 103) and compared with untreated
children (n = 102) in matched village,
32moafter supplementation
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Tests used

Results

Stanford-Binet

Treatmentofmothers priorto conception orduring gestation
signifantly improved sub-sequent mental performance of
children compared to children who were not treated until
after birth. No significant dif-ferences in IQ between
children from testandcontrol villages

School performance, TermanMerrill, Goddard, Goodenough
Draw-a-Man, Wechsler, BenderGestalt, Raven (not all subjects
undertook alltests)

Children from treated mothers had better school
performance, psychomotor development indices (Goddard
and Bender-Gestalt) and Goodenough Draw-a-Man test; no
significant difference in Terman-Merrill, Wechsler and
Raven tests

Wechsler,
Bender-Gestalt,
Koppitz, pegboard

Performance of non-goitrous children higher than goitrous
children, no difference in visio-motor co-ordination and
handskills

Maze, fluency, visual memory,
figural unit, hand grip, figure
comparison, exclusion, pegboard,
balancing, tapping, BenderGestalt

Subjects from iodine deficient areas: < 2.5 yr (Spain),
difference in mental, no difference in Raven and
psychomotor scores; 2.5-5 yr and 6-12 yr (Spain and
Indonesia), lower mental and psychomotor scores; 13-20 yr
(Indonesia), lower mental scores; no difference in eye-hand
coordination

Asabove

No effect of treatment

Hiskey-Nebraska,
Griffiths Mental performance in urban children > rural children with
mentaldevelopment scales
iodized salt>ruralchildrenwithout iodized salt
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Study
No,
14

Reference;
Studysite
Thillyetal(7);
Zaire

15

Bautistaetal(47);
Bolivia

5-12
(200)

16

Ma (18);
China

17

Shresthaetal(60);
Malawi

Ecological studies: comparison between
Primary
children in 13 iodine deficient areas
school
withthose incontrol areas
children
(4392)
6-8 (241- Double-blind placebo-controlled study:
321) (to be children dosed orally with iodized oil
modi-fied)
(1mL)orplacebo

18

Tiwarietal (61);
India

19

Aghini Lombardi etat (62); 7-12 (270)
Italy

112

Ageyr

M

4-23
(75)

Studydesign
mo Double blind intervention study:
mothers injected (4mL) with iodized oil
(n = 36) or placebo (n = 39) at 28 w
gestation

9-12;
12-15(200)

Double
blind,
placebo-controlled
intervention study;children with thyroid
enlargement dosed orally (lmL) with
iodized oil (n= 100),placebo (n= 100);
tested after 22mo

Ecological study: comparison between
children in villages with mild iodine
deficiency (MID) and severe iodine
deficiency (SID)
Ecological study: comparison between
children from villages with mild iodine
deficiency and iodinesufficient villages
Case-control
study:
comparison
between children born before or after
iodine prophylaxis matched for age and
sex with children from iodine-sufficient
area

Iodine status and mental development: an overview

Tests used

Results

Brunet-Lezine

Mental performance higher in children aged 4-8 mo but no
difference inchildren aged 10-15moand 16-23mo.

Stanford-Binet, Bender-Gestalt

Goiter rate lower in treated group, no difference in physical
and mental per-formance and school per-formance
Significant asso-ciation be-tween decrease in goiter size and
increase in IQ

Stanford-Binet, Wechsler

Children from iodinedeficient areashad lower IQ's

Fluency,
exclusion,
verbal Mental development, hand grip, sitting-standing, and eyemeaning, visual memory, closure, hand co-ordination improved in treated children, no
hand
grip,
sitting-standing, difference inotherpsycho-motor tests
pegboard,
balancing,
ball
throwing, tapping,reactiontime
Maze learning test, verbal and MID children performed better on maze learning and
pictorial learning test and pictorial learning tests than SID children and learned faster
achievementmotivation scale
onalltests;MIDchildren weremore motivated to achieve

Block design (WISC-R), coding No difference between children from iodine deficient and
test (WISC-R), simple reaction iodine-sufficient villages on block design and coding tests;
time
reaction time sig-nificantly delayed in children from iodine
deficient villages
Delayed reaction time in children born before iodine
prophylaxis
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Study
No.
20

Reference;
Studysite
Hudaetal(63);
Bangladesh

21

Hudaetal(49);
Bangladesh

22

VandenBrieletal (48);
Benin
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Ageyr

M

Studydesign

School
Children;
Grades 1
and 2
(340)

Case-control study: comparison of
children with low T4 with children with
highT4,matched for school and grade

School
Children;
Grades 1
and 2
(305)

Double
blind,
placebo-controlled
intervention study; children dosed orally
with400mg lipiodol

7-11(196)

Double
blind,
placebo-controlled
intervention study; children dosed orally
with iodized oil (lmL; 540 mg) or
placebo; 3-4 mo after supplementation,
iodized salt was introduced in the study
area

Iodine status and menial development: an overview

Test used

Results

Wide Range Achievement Test
(WRAT), (reading, spelling,
arithmetic), verbal fluency, digit
span, visual search, French
learning test, Corsi blocks, Raven
Coloured Progressive Matrices,
symbol modalities test, modified
Stroop test, upper limb speed and
dexterity, pegboard

The euthyroid group had better scores on the WRAT test
than the hypo-thyroid group.For the cognitive function tests
differences were not sig-nificant, except for the French
learning test. Factor analysis revealed 2 principal components (general cognitive and motor). A significant effect
ofthyroid group onthegeneral cognitive factor was shown.

Same as in study no. 20, except
WRAT test

No difference between treated anduntreated children on any
ofthecognitiveandmotortests.

Block design (WPPSI), closure, Children whose urinary iodine concentration improved,
concentration,
ex-clusion, showed significantly greater improvement on the cornfluency, mazes, hand movements bination of tests used than children whose urinary iodine
Raven, coloured progressive concentration didnotchange
matrices
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Chapter 8

In this thesis a study has been described which was set up to examine whether iodine
supplementation improves mental performance of iodine deficient schoolchildren in
Benin. This chapter evaluates the contribution this work has made to the present body of
knowledge on the relationship between iodine deficiency and mental performance. It also
identifies gaps in knowledge and areas for future research and discusses policy issues and
recommendations.

Does iodine supplementation of iodine deficient children improve their
mentalperformanceand,ifso,how?
In Chapter 1various factors were identified which may have a bearing on growth
and physical and mental development of children. In order to establish the influence of
iodine supplementation on mental performance, a double-blind placebo-controlled study
would be the most powerful method. Thus, in our study children were stratified by school,
school class, and sex and subsequently matched on the basis of similar age and height-forage. From each pair of children, one child was randomly allocated to one of two groups,
which were then randomly allocated to receive iodine supplementation or a placebo.
However, as explained earlier, iodized salt was introduced in the study area three to four
months after supplementation, necessitating a reformulation of the study hypotheses. As
the whole study population had begun to have access to iodized salt, the original study
design with a control group consisting of children, who had not received any iodine, was
no longer valid. It was therefore decided to take children whose iodine status had not
improved, as measured by urinary iodine concentration, as the control group. This
condition applied to about one third ofthe total group. This "unchanged" group had higher
initial mean scores on variables reflecting iodine status and thyroid function than the
"improved" group (Chapter 2). Based on an initial median urinary iodine concentration of
77.9 ug/L, the "unchanged" group could be considered mildly iodine deficient. At the end
of the study period this same group was still mildly iodine deficient (median urinary
concentration 85.4 ug/L). Initially, the "improved" group was severely iodine deficient
(median urinary iodine concentration 12.0 ug/L), while at the end of the study period it
was mildly iodine deficient (median urinary iodine concentration 85.5 ug/L). As the
change (delta) inperformance on a series of test items was the outcome variable of choice
rather than an absolute score,this approach isjustified in our opinion (Chapter 2).
Our results show that over an observation period of 10 months, children whose
iodine status improved as measured by urinary iodine concentration also showed a greater
improvement in scores on all mental performance tests than children whose iodine status
showed little or no change (Chapter 2). Similarly, when compared to the "unchanged"
group, the "improved" group performed significantly better on the tapping test, a test
measuring manual speed and accuracy (P=0.007; data not presented). Improved children
were also faster on the simple reaction time and choice reaction time tasks than the
unchanged children, but the differences were not significant (7M).060 and P=0.054
respectively; data not presented).
As discussed in Chapter 7, only very few double-blind placebo-controlled studies
have been carried out in children and these have produced different results. Two studies,
including ours,encountered an unexpected influx of iodine into the area. A major research
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question, i.e. whether a mental deficit, resulting from iodine deficiency may be reversed,
istherefore not yet answered unequivocally.

Potentialmechanisms
With respect to the mechanisms that may be involved in a reversal of mental
deficits, there is also still a clear need to explore different avenues further. This applies
both to the domain of psychology and to that of neurology. Different theories of
intelligence have led to different types of studies into the effects of nutrient deficiencies
on mental performance. Basically two main classes may be distinguished: psychometric
studies and those based on information processing theories (1-3). Psychometric studies
deal with differences in task performance, which abilities are measured by a test or which
combination of abilities ismeasured (1). Factor analysis is a key instrument in organizing
abilities at different levels and in different structures. Most studies into the consequences
of iodine deficiency on mental and psychomotor performance, including ours, may be
classified as psychometric studies. In our study we administered a series of tests, covering
as much as possible the primary mental abilities as identified by Thurstone (4) and
Ekstrom et al (5) (Chapter 2). Thurstone's verbal and number abilities were not included.
The test battery thus mostly tapped abilities in the domain of "fluid" intelligence, as
opposed to "crystallized" intelligence '.
Studies based on information processing theories, in analogy with computer
operations, attempt to understand the mental processes that underlie task performance.
Such research thus dealswith the processes at work between perception and action. In this
context six "performance components" have been identified: encoding, inference,
mapping, application,justification and response (3). Individual variation in the efficiency
of the various steps in information processing is thought to be affected by various nutrient
deficiencies and this in turn may be reflected to a certain degree in task performance as
measured by various mental tests (2). Besides "lower-level" processes, reflecting the
influence of biological or physiological factors, "higher level" processes, reflecting sociocultural variables, experience and learning play a key role in determining mental
performance. Both types of processes are involved in mental performance and interact in a
number of ways (2). Examples of such interaction in mental development of children
under conditions of iron deficiency anemia have been described by several authors (6-11).
In the children studied, not only the child's physiological status, but also its interaction
with environmental variables,with caretakers inparticular, were shown tobe determinants
of the final outcome. Anaemic children for instance show increased wariness, hesitance
and fearfulness. They interact less with their environment and are less successful in
eliciting caretaker responses.
With respect to consequences of iodine deficiency, the efficiency of information
processing has not been studied extensively except for reaction-time tests. Similarly, the
effects of for instance behavioral changes such as apathy, on interaction with the
environment and thus on learning and psycho-social development have not been given
much attention.
Furthermore, ourknowledge of what happens to brain development and function in
humans under conditions of iodine deficiency is incomplete. It is based to a large extent
on animal studies. The knowledge acquired from animal models cannot always be
extrapolated readily to human beings because ofthe differences between man and animals
1

' Definitions offluidandcrystallized intelligence havebeen given inChapter 1.
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in phylogenetic characteristics as well as in psycho-sensory and social responses to
external stimuli. Experiments with sheep, marmosets and rats have shown that iodine
deficiency is related to fetal development as indicated by reduced brain weight with
reduced numbers of cells,reduced birth weight and delayed fetal maturation (12-14). Both
in humans and animals transplacental transfer of maternal thyroxine (T4) to the fetus is
crucial for the normal development of its central nervous system. In rats, even mild iodine
deficiency in the mothers, leads to reduced availability of T4 for the fetus (15,16). T4 is
needed for conversion, through de-iodination, into triiodothyronine (T3), which regulates
transcription through thyroid hormone receptors in the developing brain and other tissues
following aprecise development schedule (17). Alterations in availability of T3 may lead
to alterations in expression and/or stability of specific mRNA's. This again may lead to
alterations in specific protein synthesis and thus to specific neuro-anatomical
abnormalities (18).
It does not seem likely that the neuro-anatomical lesions in the central nervous
system, resulting from pre-natal iodine deficiency is completely reversible. In that respect,
lessons may be learned from experiences with sporadic congenital hypothyroidism and
timing of treatment. While early diagnosis and adequate treatment with thyroxine (T4)
may normalize most functions of the central nervous system, the neuropathological effects
of severe fetal hypothyroidism do not seem to be reversed completely by postnatal T4
treatment (19-21). Similarly, studies into maternal thyroid dysfunction during pregnancy
have shown negative effects on the neuropsychological development of the child (22-26).
As noted in some of the retrospective surveys however, not all women had been treated
timely or adequately, while somewere not treated atall.
Assuming that most children with subclinical signs of iodine deficiency do not
have any specific gross pathology of the central nervous system, the effects of iodine
deficiency on mental performance may be general rather than focal. If this is so,
measuring specific abilities, as used in IQbatteries, according to some authors may be less
useful than measuring variables that reflect general brain damage, such as mental speed,
attention andworking memory (2).
In our study, concentration was improved in the children whose iodine status, as
measured by urinary iodine concentration, was improved. This may have contributed to a
better performance on the other mental tests.However, the change was small and by itself
not significant. Moreover, one of the children's personality traits, conscientiousness,
which also comprises concentration was not changed in the perception of their teachers
(Chapter 6).In a studyby Tiwari et al.(27), children from iodine deficient areas were less
motivated to achieve and were also described as apathetic. It may well be that an increase
in iodine supply to iodine deficient children makes them more alert to their environment
and to tasks assigned to them. A much more positive attitude towards life and
disappearance of lethargy following introduction of iodized salt, has been described for a
whole village in China (28). As a clinician might say: a hypothyroid child is ill, if it is
given medication, it will show an immediate change in its behaviour. At the beginning of
our study most children were not biochemically hypothyroid as mean serum
concentrations of free thyroxine (FT4) and thyroid stimulating hormone (TSH) were
within the normal range. Only a small proportion (4.5 %) had both a low FT4 and high
TSH concentration, while approximately 15 % had a low FT4 concentration and 11 % a
high TSH concentration.
Finally, higher hearing thresholds have been associated with iodine deficiency (2933). In our study in Benin children with poorer iodine status, as measured by serum
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concentrations of thyroglobulin (Tg), could hear less well, especially in the higher
frequency range. Moreover, hearing thresholds were negatively associated with
performance on mental tests (Chapter 3). Thus the question may be raised whether a
deficit in hearing capacity plays a mediating role in affecting mental performance. It is
conceivable that children with defective hearing lag behind in mental development
through slow learning andinteraction withthe environment. Forthatreason suchchildren
might differ from children with normal hearing in terms of school achievement or
performance on schooling-related tests. However, the tests we administered were not
measuring this type of "crystallized" intelligence, but rather the "fluid" type of
intelligence. Moreover, the hearing deficits in our study group were small and did not
impede normal interaction in anynoticeable manner. Thuswe feel that it isunlikelythat
defective hearing would provide an explanation for poorer performance on mental tests.
Consequently, the negative association found between hearing thresholds and test
performance therefore mostprobably doesnotreflect acause-effect relationshipbutrather
pointstoacommonorigin.
Assessingiodinestatus
A recurrent problem in the range of studies carried out on iodine deficiency and
mentalperformance, including our study,isthechoice ofage-specific indicators andcutoff points for the assessment of iodine status, and thus of comparablity (Chapter 4). A
number of studies have used T4, while in other studies urinary iodine concentration and
Tgwereused. Inthe age-group westudied, there isasyet nouniversally accepted single
indicator for " iodine status", while cut-off points enabling different degrees of iodine
deficiency to be distinguished are based on populations rather than on individuals. In a
number ofthe ecological studies discussed in Chapter 7, iodine deficiency istreated asa
dichotomous variable rather than a continuous variable: groups compared are considered
to be either iodine deficient or iodine sufficient. In both groups the iodine status of
individuals may vary considerably. This mayprovide an explanation why in anumberof
studies differences between groups in terms of mental orpsychomotor performance were
not significant.
Onthebasis of ourwork,we suggest that morethan one indicator isneeded tobe
able to assess iodine deficiency, particularly in conditions where the deficiency is
moderate to mild, and have suggested that serum thyroglobulin and urinary iodine
concentrationbetakenastheindicatorsofchoice(Chapter4).Classification into different
degrees of iodine deficiency still remains problematic however, as urinary iodine
concentration may vary on a daily basis, depending on the intake and the time of day,
while thyroglobulin assay methods and reference materials are not yet universally
standardized.
EnsuringabetterfutureforchildreninruralnorthernBenin
Iodine deficiency is often found in areas where most of the food consumed is
produced locally and the market infrastructure is very limited. The site that was selected
forthisstudyfell intothiscategory.Thepopulation didnothaveaccesstosufficient food
in terms of quantity and quality throughout the year. Moreover, educational, health and
sanitaryfacilities werepoor.

125

Chapter 8

^__^__

The nutritional status of the child population studied was characterized by a
relatively high degree of stunting, iron deficiency anemia, iodine deficiency andpossibly
selenium deficiency (Chapters 2-4). Moreover, these children also appeared to have
elevated serum concentrations oftotalhomocysteine (Chapter 5),although intheabsence
of a normal reference range for children, this could not be proven. These nutritional
problems - iodine deficiency, iron deficiency and stunting in particular- further
compounded by the effects of socio-economic deprivation, all may affect mental
development ofchildrennegatively.
Another clearcut obstacle to the development of children is the poor quality of
education (Chapter 6). The observation that there is no significant correlation between
children'smarksinoneyearwiththoseofthenextyeariscauseforconcern. Similarly,no
significant correlation betweenperformance onthementaltests and school achievements
was observed (Chapter 6). The intra-observer (teacher) agreement as shown for children
whorepeated aclass,wasgood,whiletheinter-observer agreementbetweenteacherswas
very low. This implies that teachers applied their own standards in assessing school
achievementofchildren,butthatthesestandardswerenot "standardized".
The relative weight of these two major obstacles to socio-economic progress,
iodine deficiency andpoor education, is hard to assess.Moreover, these two factors may
not act independently. As shown in studies on iron deficiency anemia and on proteinenergy malnutrition, the effects of nutritional deficiencies on learning and mental
development may be moderated by psycho-social stimuli and interaction with family,
teachers,etc.(11,34-36).Thus,solvingtheproblemofiodinedeficiency isessential,butif
the quality of education is not improved, children may still not live up to their full
potential.
Policyimplications
To address the above mentioned issues, a two-pronged approach would be
required. Thefirstandcheapest approach comprisesmeasuresaimedatensuring accessto
and adequate intake of iodine by the population of Benin, mothers and children in
particular. Secondly, it is essential that attention be given to upgrading educational
services.
Iodization of salt has received world-wide recognition as the most cost-effective
meansofcontrollingIDD.Auniqueform ofcollaborationhasemergedinthepastdecade:
partnerships between the private sector (salt producers), international non-governmental
agencies (ICCIDD, Kiwani's International), UN Agencies (UNICEF, WHO, FAO) and
governments with the aim to achieve universal salt iodization. Almost 80 % of
governments in African countries with an IDD problem now have adopted legislation to
facilitate theprocessofuniversal saltiodizationwhileabout 70%ofhouseholdsin Africa
nowhaveaccesstoiodizedsalt (37).
InBenin aresolution was signedby 5ministers (Health, Commerce andTourism,
Industry, Finance, Rural Development) in November 1994, banning the import of noniodized salt andprescribing the levels of iodine in salt at all stages in theproductionand
marketing chain. Iodized salt was not yet available in the north at the end of 1995.
However, in the course of 1996, iodized salt began tobe distributed inthe study areaby
women traders who obtained their supplies from an extension worker. In a small market
surveycarriedoutattheendof 1996,twotypesofsaltwerefound onthemarket:iodized
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salt coming through the extension worker with an iodine concentration of approximately
50ppm, andnon-iodized salt coming from acrosstheborder from Togo.
To determine the potential contribution of iodized table salt to the iodine
requirements of adults and children in northern Benin, discretionary salt intake of women
and their male children aged 9-12 years was measured in one of the study villages in 1995
(38);Appendix 1).The mothers were shown tohave a total saltintake of 9.0 ± 2.9 g/d and
their sonshad an intake of 5.7 ± 2.8 g/d.Discretionary salt contributed about 50 % of total
salt consumed in diets of both sons and their mothers. Based on the median discretionary
salt intake of the women in this study, the iodine content of the table salt used should be
38 ppm to meet their daily iodine requirements. For their sons it should be 52ppm (Table
l;App.l). The stipulation, as laid down in the above-mentioned Beninese resolution, that
at retail level salt should contain 30-50 mg of iodine per kg, thus in practice might not be
adequate, especially not for children. The lower cut-off point probably is too low in view
of the fact that further losses of iodine are likely to occur at household level, during
storage and cooking. Therefore either the requirement for iodine content of the salt at
retail level should be set at a higher level, or other potential vehicles for the supply of
additional iodine should be identified. Condiment cubes (Maggi cubes ®, Nestle S.A.,
Vevey, Switzerland and similarproducts from otherproducers) are an important source of
salt in the diet of the majority of the rural people in Benin. These cubes are added
habitually to the sauces that are eaten with the main meals (and thus might be regarded as
discretionary salt as well). They would therefore provide an excellent vehicle for iodine
fortification.
The same study also points to the great variability in total and discretionary salt
intake between different cultures, necessitating a differentiated approach. Our study was
based on a small sample, thus the findings must be interpreted with caution. However, in
the framework of universal salt iodization initiatives, discretionary salt intake as well as
salt intake from non-discretionary or semi-discretionary sources, such ascondiment cubes,
shouldbe examined regularly to ensure and maintain adequate intake.
Recent surveys in Benin (37) suggest that about 90 % of households now have
access to iodized salt. As the surveys were done in areas that could be reached relatively
easily with the "Thyromobil" 2 it is likely that in the more disadvantaged areas in the
North, this percentage is still considerably lower. Moreover, salt samples examined were
shown to have variable contents of iodine.New developments in salt iodization processes,
e.g. the binding of iodine to salt through a chelation-process, are expected to prevent loss
of iodine in the marketing chain as well as during cooking. Such developments will help
to reduce the need for monitoring losses in specific brands of salt. However, as long as
such processes are not or cannot be widely adopted by the numerous small salt producers
in West Africa, monitoring of iodine concentrations at various points in the chain from
production toconsumerremainscrucial (39).
As many food products, including salt, are traded across borders, there clearly is
also a need for neighbouring countries to collaborate on harmonizing their legislation
concerning iodized salt, including regulations with respect to the level of iodine
fortification, as well as on enforcement. Similarly, inter-country collaboration is needed
on monitoring procedures and on the development of a network of regional laboratories
and the establishment of a reference laboratory. Furthermore, on a country basis,taxes and
2

TheThyroMobil isavan equipped with asonographic device and facilities for assessment ofurinary iodine
concentration and iodine content of salt.Itismade available byICCIDD andthe Merck company to assist
countries inassessingprogresstowardsuniversal salt iodization.
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duties onimport of iodate andequipment shouldbeminimized. Appropriate labellingand
social mobilization strategies need to be developed (40) to ensure that universal salt
iodizationinitiativesaresustainedandthatconsumersactivelyseektobuyiodizedsalt.
Now that salt iodization as a means of controlling IDD appears to be well on its
way in Benin, ways should be found to invest more in another determinant ofprogress:
schooling.Thisappliesnotonlytothephysical infrastructure, buildingsandteachingaids,
butalsotothequalityofteachertrainingandsupervision.Efforts mustbe strengthenedto
keepchildren inschool for alongerperiod andattractthosewhodonotenrollinschoolat
all.Justnowalotofhumanpotentialisstillleft undiscovered.
Conclusionsandrecommendations
Asdiscussed inthischapteraswellasinChapter7,thereisstillaconsiderablegap
inourknowledgewithrespecttothequestionwhetherdeficits inmentalandpsychomotor
performance of schoolchildren as a result of iodine deficiency, may be reversed. At the
same time, the conditions under which mental deficits may be reversed (age of child,
timing, duration and severity of iodine deficiency) as well as mechanisms by which
reversibility mayberealized, all need further study aswell. Such studies are increasingly
difficult to implement, because of the progress made with universal salt iodization
initiatives andbecause ofethical objections that arelikely toberaised. There is sofar no
"hard" evidence tojustify iodine supplementation to primary schoolchildren in situations
where access to iodized salt is inadequate. This is particularly true in situations of
moderatetomild iodinedeficiency. Anymotivation tosupplement inthese situationsmay
bebasedonprinciplesofequityorentitlement,butisnotbasedonscientificgrounds.
Apartfrom priorities for research,therearepriorities forprogrammes andpolicies.
Full accessto iodized salt is amatter ofpriority, even inthemost backward areas,butat
the same time monitoring of iodine content at various points in the productionconsumption chain remains essential. Similarly, food consumption patterns,including salt
intakefrom varioussourcesneedtobe(re-)assessedonaregularbasis.
In order to be able to better utilize the human resource potential for further
developmentofthecountry,thenextstepwouldbeimprovingthequalityofeducation.
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Abstract
Theuse of discretionary salt, which issalt added during cooking and at thetable,
asasuitablevehiclefor iodinehasbeenassessedbymeasuring saltconsumptionusingthe
lithium-marker technique in rural areas of Guatemala and Benin. In both countries, we
studiedboys,aged6to 12y,andtheirmothers.Subjects used lithium-labeled saltafter all
normal salt was removed from the households. In Guatemala, 24-h urine samples for 9
mother-son pairs were collected at baseline and on Days 7, 8 and 9 during the use of
lithium-labeled salt. Total maternal salt intake averaged 5.2 ±1.7 g/d (mean ± SD) of
which 77± 24%camefrom discretionary sources whereas Guatemalan boysconsumed a
totalamount of 1.8 ± 0.6 gsalt/dofwhich72± 12%camefrom discretionary sources.In
Benin,urinecollectionfrom 13mother-sonpairstookplaceatbaselineandonDays5and
7.Beninese mothers had atotal salt intake of 9.0 ± 2.9 g/dandtheir sons,5.7 ± 2.8g/d;
discretionary saltcontributed 52± 14%and50± 13%respectivelyoftotalsaltconsumed.
Therefore, fortification of household salt appears to be an appropriate method of
controlling iodine deficiency in both countries, although for Benin fortification of other
saltsourcescouldbeconsidered.
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INTRODUCTION
Iodine deficiency disorders (IDD) constitute one of the major public health
problems in the developing world, with more than one billion people at risk. Retarded
physical and mental development are important health consequences of lack of iodine in
the diet (1). For adult women, the recommended daily iodine intake is 150 (ig (200 u.g
duringpregnancy) anditis 120 u,gfor children (7-12 y) (2). The natural iodine content of
food depends onthe iodine content ofthe soil inwhich it is grown. For people living in an
iodine-deficient area, it is impossible to improve their iodine status by selecting foods
grown locally.
In the countries involved in this study, Guatemala and Benin, iodine deficiency is
still a problem of concern. While Guatemala has had a history of salt fortification for
decades, a goiter rate of 20% was found in school children in 1988 (3). Benin has no
program for fortifying salt until lately and in recent studies goiter rates of 45-60% have
been found, which indicates that Benin is a country with a severe public health problem
with respect to IDD(4).
Fortification of salt has proven to be an effective measure to combat iodine
deficiency. Salt is a basic ingredient of almost every meal worldwide, so a very large
target group can be reached. There are various technologies for fortifying salt with iodine;
all are quite simple and inexpensive (5). In order to determine the level of iodine
supplementation required for cooking and table salt, we need to know how much salt from
these discretionary sources is consumed.
Several attempts have been made to assess the dietary intake of salt in individuals
in different countries. These estimates are usually based on individual responses to
questionnaires, national food consumption statistics, or figures for household salt purchase
(5). In some developing countries, calculations of potential consumption of iodized salt
are based on food balance sheet data, that is: total consumption of salt divided by the
population. All these methods are suspected of inaccuracy because no allowances are
made for salt losses during cooking or on thetable or for the use of salt for other purposes,
suchasfor animal feed andde-icing(6).
A relatively new method for measuring the actual consumption of salt for the
individual is the lithium-marker technique (6-12). The principle of this method, first
introduced by James and colleagues, is the labeling of household salt with a known
amount of lithium. A metabolic study showed that 93% of the lithium in labeled salt is
excreted in urine, 1.7% in feces and 1.7% in sweat (7). Because of the high proportion of
lithium excreted in urine, the level of which stabilizes after six days, it is possible to
calculate the consumption of labeled household salt. Leclerq et al (13) simplified the
original design by showing that, at a constant intake, the excretion of lithium measured
over 3days after stabilization provides agood estimation of intake.
The recently released Guatemala Micronutrient Survey (14) estimated that the
average daily household salt intake per capita is 11 g/d in rural areas. In this study, salt
consumption was estimated by using information on the amount of salt purchased for
consumption by the whole family, the number of family members and the time in which
the amount purchased was consumed. For Benin, no research on salt consumption has
been done as far as we are aware. Mandated by their respective governments, the iodine
content of salt is 30 to 100 u,g/g in Guatemala and 30 to 50 (Xg/g in Benin. The present
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studiesweredesignedtodeterminetheaverageamountofsaltconsumedbyindividualsin
these two different developing countries using the lithium-marker technique. Labeling
with lithium instead of iodine has the advantage that lithium is not taken up by thebody
and that there is no or relatively little interference from other sources. There is some
consumption of iodized salt alreadyby the populations inboth Guatemala and Benin.In
this way, information was obtained about the potential contribution of discretionary salt,
which couldbe fortified, tothe iodine supply in Guatemala andBenin. Theusefulness of
thelithium-markertechniqueinthesecountrieswillalsobediscussed.
SUBJECTSAND METHODS
Subjects

In Guatemala, nine children aged 6 to 9 y and their mothers participated in the
study,carriedoutinJanuaryandFebruary 1996.AlllivedinBuenaVista,ahamletofSan
Pedro Sacatepequez, where the ambient temperature is 12 - 25 °C during the first two
monthsoftheyear.Although itisonlyabout20kmfromthecapital,thearea isstillvery
rural. The subjects were selected non-randomly by seeking families with a son in the
target age-range and, asking them to participate after an explanation of the study. In
Benin, the selection of subjects was based on the population of an ongoing study with
school children in the rural village of Penessoulou, Sous-Prefecture of Bassila in the
provinceofAtacora.After aninformation meetingforparents,thirteenchildren(aged 8 to
12y) andtheirmotherswere selected. Thefieldwork here alsotookplace inJanuaryand
February 1996,and the ambient temperature during these months was 1 0 - 3 2 °C. The
parents'consentwasobtained after theyhadbeen given a full explanation ofthe studyin
theirownlanguage,whichis Spanish orCakchiquel inGuatemala andAniiinBenin.The
Guatemalan study was approved by the CeSSIAM Ethical Committee on Studies with
Human Subjects and the Beninese study by the Medical Ethics Committee of the
UniversityofBenininCotonou.
Preparation ofthe labeled salt

The lithium-labeled salt given to the subjects was prepared by AKZO-Nobel
(Hengelo,TheNetherlands), according tothemethod described by Sanchez-Castillo etal
(8). Sodium chloride (NaCl)andlithiumcarbonate (Li2C03) wasmixed intheproportion
of 92 g Li2C03 per kg salt. Portions of this mixture were placed in alumina crucibles
(AlsintHaldenwanger,Berlin,Germany)andheatedinafurnace at900°C. After cooling,
the labeled salt was milled into fractions of different size. From this premix, 2 kg were
mixedwith 18 kgofnormal,unlabelledhouseholdsalt.Ofthis20kg,onehalfwasusedin
Guatemala, andtherest inBenin. Thegrain size ofthe salt in Guatemala was set at300800um, as the general salt in Guatemala is quite coarse, while for Benin the grain size
was 150-630um
The limits of the lithium content were checked, after packing the salt in plastic
bags of 250 g each, by taking samples of 10gfromevery 4th bag and sending these to
Wageningen Agricultural University for analysis. The Guatemalan samples showed a
mean content of 1,575 mgLiper kg of salt (CV:3.7%) and theBeninese samples 1,579
mg Li per kg (CV: 19.6%). Unfortunately the CV of the lithium content of the salt in
Beninwassomewhatlarge,probablyduetosettlingoutofthelithiuminthestoredsalt.
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Experimentaldesign
The experimental period lasted ten days for each family in Guatemala and seven
days in Benin. On Day 0, one day before the start of the intervention, the subjects
collectedurinefor 24h.Aswaterandsomevegetablesmaybeasourceoflithium(7)this
wasusedtomeasurethebasalexcretionoflithiumaswellassodiumandchloride.During
the experimental days, the families used the lithium-labeled salt instead of their usual
household salt. Inboth countries,allpre-existing salt inthehouseholdswaspurchased so
thatnounlabeled saltwasavailable inthehouseholdsduringthestudy.InGuatemala,24h urine samples were collected on Days 7, 8 and 9 for measurement of urinary lithium,
sodium and chloride excretion while using the labelled salt. In Benin, this was done on
Days5and7.
Urinecollections
Labeled plastic bottles were distributed to the mothers and children for collection
andstorage.Smallerbottleswere alsousedtocollecturine atschool(withthehelpofthe
teachers),thefieldorthemarket.Thymolwasusedasapreservative(ca. 1 gperbottle)in
Benin.Urinecollectionswereplanned sothattheydidnottakeplaceduringthemenstrual
periodofthewomen.Onthedaythecollectionbegan,thefirsturinevoidedonrisingwas
not collected,but all subsequent urine voided overthe next 24-hperiod, endingwith the
firsturine voided on the following day, was collected. Total volume of the urine was
calculatedbyweighing iton adigitalbalance,assumingthatthedensity ofurineis 1.000
kgm3. Then,theurine wastransferred in duplicate intoplastic, screw toptesttubes.The
aliquotswereplaced inafreezer within 24h ofcollection.Allurine samplesweresentto
the laboratory of the Division of Human Nutrition and Epidemiology of Wageningen
AgriculturalUniversityandstoredat-18°Cuntilfurther analysis.
Analysisofurinesamples
Urinary sodium and lithium were measured on an atomic absorption
spectrophotometer (Perkin-Elmer 2380, Norwalk, Connecticut, USA). Chloride was
measuredusing acoulometricmethodwith aChloor-o-counter(type77,Marius,Utrecht,
TheNetherlands).Allmeasurementswerecarriedoutinduplicate.
Calculations
Becauseofpossibleintake ofsodiumasthesodiummonoglutamate orothernonchloride sodium sources in foods, total salt intakewas calculatedfromtheurinary output
of chloride, assuming that non-sodium forms of dietary chloride were negligible. The
lithium output derivedfromthe labeled salt wascalculatedfromthemeanonDays 7to9
(Guatemala) or Days 5and 7(Benin), corrected for thebackground lithium excretion on
Day0. Leclercq et al (13) reported that 95 ± 6%(mean ± SD) of lithium consumed is
excretedinurine.Discretionary saltconsumptionwascalculatedbydividingtheexcretion
of lithium (g/d) for each day urine was collectedfromeach subject by the proportion of
lithium in the salt. Individuals' means were calculated for all days of complete urine
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collection. Finally, the means of groups of mothers and of children were calculated.
Discretionary salt consumption was expressed asapercentage oftotal salt intake.

Statistics
All statistics were carried out using SAS, version 6.09 (15). All variables were
checked for normality using tests for skewness, kurtosis, Shapiro/Wilk, Stem Leaf and
Normal probability plots. Because all variables were found to be reasonably normal
distributed, the differences between groups and days were compared using Student's ttest.

RESULTS
The mean ages of the Guatemalan mothers and children were 37.4 and 8.1 y,
respectively; for the Beninese, these were 38.0 and 9.7 y, respectively. Beninese mothers
had a mean height of 1.58 ± 0.03 m (mean ± SD) and their weight was 58.5 ± 10.9 kg.
Their sons had a height of 1.26 ± 0.06 m and a weight of 24.1 ± 3.0 kg. Anthropometric
data for the Guatemalan subjects arenot available.
In Guatemala, 56 of the 72 urine collections (78%) were complete. The 16
collections reported as incomplete were distributed over 11 subjects. In Benin, all 78
collections (100%) were complete. The collections were classified as complete based on
self-report criteria. The urinary volume, ion excretion and data on salt intake are shown in
Table 1.Mothers had a total salt intake of 5.2 ±1.7 g/d (mean ± SD) in Guatemala and of
9.0 ± 2.9 g/d in Benin based on chloride excretion. Discretionary salt contributed 77 ±
24% of the total salt ingestion of Guatemalan mothers and 52 ± 14% of that of Beninese
mothers. Guatemalan children consumed atotal amount of 1.8 ± 0.6 g salt/d ofwhich 72 ±
12% came from a discretionary source. For Beninese children, the mean total salt intake
was 5.7 ± 2.8 g/d. Discretionary salt contributed 50 ± 13%to their total intake. In both
countries, total salt intake and discretionary salt intake were lower in thejuvenile group
than in the maternal group (P < 0.01). No significant differences were found for mean
sodium and chloride excretion during the experimental days compared to the baseline
values,except for Guatemalan boys,where absolute excretion ofboth sodium and chloride
was 40% lower (PO.05) during the experimental days (Table 1).Also, urine volume was
significantly (PO.01) lower in Guatemalan boys during days 7 - 9 compared to the
baseline collection. The molar concentration of sodium and chloride was not different
betweendays.
No significant differences in salt intake between Beninese mothers and their sons
were found when their body weights were taken into account. Total salt intake on a body
weightbasis for Beninesewomen was 0.16 ± 0.05 g/kgbodyweight and for their sons 0.23
±0.10 g/kgbodyweight. In both countries, no significant differences between mothers and
children were found in theproportion of discretionary salt. In Guatemala, the difference in
mean urine volume between mothers and children was significant (PO.001). Because salt
intake is not always normally distributed, it may be better expressed by median values,
which is also included in Table 1.As the data are normally distributed, mean and median
are very similar.
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DISCUSSION
In the work of James and colleagues (12), the application of the lithium-marker
technique was aimed at providing advice to individuals at risk of hypertension. Such
people need to know how to reduce salt intake, especially which sources of salt in food
should be reduced. In the present studies, we have extended the application of this
technique to the estimation of adequate fortification levels for iodine in commercial salt
supplies inorderto control IDD ina developing country setting.
Moreover, in contrast to the situation in the United Kingdom (10), where only 15%
of the sodium excreted came from salt used for cooking and for adding at the table
(discretionary salt), the corresponding figures for the specific populations involved in
Guatemala and Benin were 75% and 50% respectively. Although the precision of our
studies was low because of the small number of subjects studied, our estimates are 3 to 5
times higher than the proportion of discretionary salt in the United Kingdom (10). They
almost certainly reflect real differences from the United Kingdom studies and a difference
between the subjects in Guatemala and Benin. We speculate that thepractices contributing
to the relatively lower contribution of discretionary salt per se in Benin is the use of
condiment cubes (Maggi cubes ®, Nestle S.A. cubes, Vervey Switzerland, and similar
products from other manufacturers). These are used in sauces for eating with staple foods
and arerich sources of salt.
With the present study, there are now four reports of data on salt intake of
populations of four discrete societies studied using a lithium-labeled salt technique (Table
2). The first two studies were from European countries in temperate climates, and
involved adults in both, as well as children in Italy. With Guatemala and Benin, we add
data from tropical latitudes and involving two groups of mothers and their male offspring.
As shown in Table 2, the Beninese women in our study consumed more salt than
European women, whereas Guatemalan mothers consumed less. Salt intakes from all
sources for Beninese children are the equivalent to that of adult Guatemalan women. The
lowest average daily salt intakes yet documented by this method are those of the children
from Guatemalan households, atabout 2 gper day.
Physiological adaptation, expressed through cultural factors, however, may explain
more of the two-fold difference in total salt intake across these two nations. Indeed, both
are in the tropical latitudes, but the indigenous population of Buena Vista live in the
highlands, where the ambient temperature is 12-25 °C in the first two months of the year,
and humidity is low. The Beninese community of Penessoulou is close to sea-level in a
climate that is both humid and hot, with ambient temperatures in January and February of
10-32°C. It may be that higher salt intakes are physiologically appropriate to compensate
for higher evaporation losses inthe hotter African setting.
Another notable finding is that the discretionary salt consumption estimates are
much lower by this urinary excretion method than those based on other methods for
assessing salt intake (14,17). The question arises as to how much of this difference can be
explained by incompleteness ofurine collections. Without the benefit of external markers,
such as para-amino benzoic acid (PABA) (18) or intrinsic markers, such as creatinine
from endogenous muscle turnover, it is difficult to verify the completeness of urine
collections. We opted to address the issue of collection losses by relying on self-reported
criteria. As all urine collections that were reported as incomplete were left out of the
calculations and the measured 24-h volumes ofurine between the women (Table 1)are not
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different, we feel that the differences between the lithium-marker technique and other
methods of estimating discretionary salt intake are not based on a major error in the
lithium-marker technique. Of all population groups only the Guatemalan boys showed a
decrease in absolute excretion of sodium and chloride during the experimental days,
coupled with a decreased urine volume and steady sodium and chloride concentrations.
This may have been caused by incomplete collections of urine during the experimental
days. This would lead to an underestimation of the salt consumption by this group of
about 40%,but even if corrected by this proportion, salt consumption would still be quite
low. In addition, the estimate of the proportion of discretionary salt consumed is not
affected by incomplete collection of urine, as shown by Leclercq et al (13). Overall,
subjects did not change their salt intake habits, although the lithium-labeled salt was less
coarse than the salt they were used to. Though the authors are aware of the limits of this
study, the results are nevertheless striking. For Guatemala, the national discretionary salt
intake per capita estimated by data on household salt purchases is 11 g (14) whereas we
found it to be 4 g for adult women, based on the urinary lithium-marker technique. Even if
we underestimated the salt consumption by 50% due to incomplete collections, salt
consumption would still be much lower than expected from estimates using other
methods.
In Table 3, we illustrate a comparison of the mandatory iodine content of salt in
Guatemala and Benin with the recommendations of WHO. We have undertaken an
exercise of assigning the levels of iodine that would be needed inthe salt of the respective
areas to meet the daily recommended intakes of 150 (ig for adult women and 120 u.g for
children in the present age-range. A number of assumptions and caveats are worth
examining. The first is that there are no systematic errors and that the estimates of total
salt intake based on chloride excretion and of discretionary salt intake are accurate.
Although inboth countries the same original mix was used, the lithium inthe salt in Benin
was variable (CV: 19.6%). This might have been a cause of error in the outcome of the
calculations for Benin. Losses of lithium in sweat in England during wintertime were
small as determined by Sanchez-Castillo et al (7), but it is likely that Guatemalan and
Beninese people will sweat more due to the climate and exertion. However, analysis of
sweat of physically active people, after ingestion of lithium, showed that sweat is not an
important route of lithium excretion (19).
Beyond the specifics ofthe accuracy of methods wouldbe the issue ofhow prudent
it is to generalize our particular values beyond the two isolated rural populations in their
respective nations. Inthisregard, there is apremisethat the ruralpopulations will be more
vulnerable to IDDthan urban ones.Itwould then be important thatthe two areas chosen —
Buena Vista in Guatemala and Penessoulou in Benin - be typical, rather than atypical, of
the dietary total and discretionary salt use patterns of the rural societies of the respective
nations. Finally, beyond the representative nature of the populations are issues based on
the sample-sizes that our limited supply of lithium-labelled salt permitted us to study. It
can be asked whether the total of 26 person-days of excretion covered by the Beninese
design for each age-group and the 27 person-days of excretion per age-group in
Guatemala were sufficiently representative to reflect the usual, year-round pattern for the
respective localities. On a person-to-person basis, the same concern can be voiced for the
true stability of two days of observations in Benin and the three days in Guatemala, in
order to define "usual" intakes for individuals reflecting the intake of individuals
throughout the year.
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Assuming the aforementioned assumptions and premises are valid, the
recommendable fortification levels of iodine for the 3.4 and 3.9 g/day median
discretionary saltintakes for thewomenofGuatemala andBenininorderto achievetheir
150 ug/d would be 44 and 38 |ig/g respectively (Table 3). Based on this common
experience of the central tendency hypothesis, the iodization levels to protect children
wouldbe92and52(ig/g intherespectivenations.The currently mandated levels for both
nations would embrace these estimates of iodine fortification, but the WHOrangewould
notbeprotective.
In conclusion, fortification of household salt is a promising approach to
overcoming IDD in the rural areas of both countries. Nothing in the present study
challenges this tenet. However, we can conclude that the real salt consumption varies
considerably between countries and can be much lower than expected from existing
research. It is obvious that this has a direct effect on iodine intake of a population.
Therefore, we think it is necessary to examine salt intake patterns carefully within the
framework ofiodinefortification programs.
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SUMMARY
The relationship between iodine deficiency, goiter and cretinism has long been
known. However, the concept that iodine deficiency may lead to a broad spectrum of
problems, ranging from abortion and stillbirth to goiter, deafness and cretinism as well as
less obvious mental deficits innon-cretinous populations, evolved only relatively recently.
Sincethe early 1980'sthese are collectively called iodine deficiency disorders(HDD).
A wide range of studies has been carried out to examine the relationship between
iodine deficiency and physical and mental development in different population groups. An
overview of these studies is given in Chapter 7. The first controlled trials were set up by
the end of the 1960's to see whether endemic cretinism could be prevented by the
administration of iodized oil to women before or during pregnancy. Results were
unequivocal: endemic cretinism is prevented by supplementation with iodine prior to or
early in pregnancy. Subsequently the question was addressed to what extent different
degrees and duration of maternal iodine deficiency were reflected in the mental and
psychomotor performance of non-cretinous children at various stages in their lives.
Several observational and intervention studies also focused on the association between
iodine status of children later in life or changes therein and their mental and motor
performance. Although most of the observational studies demonstrated significant
differences in mental and psychomotor performance between iodine deficient and iodine
replete children, intervention studies in children produced mixed results. By 1994, the
question whether deficits in mental performance as a result of iodine deficiency may be
reversed had been dealt with in only 2 double blind placebo-controlled studies. One of
these studies demonstrated a clearcut improvement, the other study encountered an
improvement of iodine status of the control group, but still demonstrated an association
between decrease in goiter size and increase in IQ.
Therefore, our study was designed to address the question whether mental
performance of iodine deficient schoolchildren is improved by iodine supplementation. In
addition other aspects associated with iodine deficiency were studied, including
behavioral change and hearing thresholds and their relation with mental performance.
Different indicators were used to describe iodine status and thyroid function, both at the
beginning and at the end of the study: serum concentrations of free thyroxine (FT4),
thyroid stimulating hormone (TSH) and thyroglobulin (Tg), urinary iodine concentration
and thyroid volume. The study was carried out in an iodine deficient area of northern
Benin between 1995 and 1996.The study was set up as a double blind, placebo-controlled
study, involving supplementation of children with a single oral dose of iodized oil (540
mg iodine) or a placebo (poppyseed oil) in January 1996. Approximately 4 months later
iodized salt was introduced into the area. This resulted in an improvement of the iodine
status of the control group as measured by serum concentrations of FT4, Tg and TSH as
well as urinary iodine concentration. Thus, at the end of the study, children were divided
into two groups: one group of children whose iodine status, asmeasured by urinary iodine
concentration, had improved and one group of children whose urinary iodine
concentration had remained unchanged.
For assessing mental performance of the children a series of tests was chosen from
the African Child Intelligence test, developed for use in East Africa, as well as some other
"culture-fair" tests of general intelligence, such as the block design test from the Wechsler
Intelligence Scale for Children and the Raven test. These tests do not measure any
schooling-related skills or "crystallized intelligence", but rather "fluid intelligence", i.e.
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the ability toreason by analogy, to apprehend an unfamiliar configuration and to construct
a solution. Results showed that an improvement in iodine status as measured by urinary
iodine concentration, was reflected in a significantly improved performance on the
combination of tests, 10 months after supplementation (Chapter 2). Children whose
urinary iodine concentration remained basically unchanged showed less progress in
performance, even though their iodine status as measured by several variables was on
average better than that of their improved counterparts, both initially and at the end of the
study. This finding suggests "catch-up"ofthe iodine-deficient children.
Hearing thresholds were shown to be associated with iodine status as measured by
serum Tg concentration (Chapter 3). Children with higher, i.e. less favorable, serum
concentrations of Tg had higher hearing thresholds than children with lower serum
concentrations of Tg. In other words: they could hear less well, especially at higher
frequencies. Moreover significant negative correlations were found between hearing
thresholds and performance on all mental tests except the Raven test. Thus, children who
performed better on the tests could also hear better. As the hearing impairment was small
and the mental tests did not address schooling-related learning, it is unlikely that children
performed less well because of hearing deficits. Moreover, children with lower hearing
thresholds did not differ from children with higher hearing thresholds in terms of their
initial serum concentration of Tg or urinary iodine concentration. At the end of the study
however children with lower hearing thresholds had a lower, i.e. better, serum
concentration of Tg and higher urinary iodine concentration than the children with higher
hearing thresholds. This suggests that the differences in hearing thresholds result from a
recent differentiation in iodine status.
Several studies have shown that, while median urinary iodine concentration and
thyroid volume were indicative of iodine deficiency in the populations studied, mean
serum concentrations of TSH and FT4 were found to be within the normal range. In our
study we evaluated the suitability of serum concentrations of Tg, TSH and FT4, thyroid
volume and urinary iodine concentration as indicators of change in iodine status and
thyroid function under conditions of an increase in iodine supply (Chapter 4). Initial
mean serum concentrations ofTSH andFT4 were within the normal range,whereas serum
Tg concentration, urinary iodine concentration and thyroid volume were indicative of
moderate to severe iodine deficiency. As iodized salt had become available in the study
area a few months after supplementation with iodized oil, both the supplemented group
and the non-supplemented group showed significant improvement on all variables studied
with the exception of thyroid volume, which decreased in the supplemented group only.
Thyroid volume and serum concentrations of TSH and FT4 were not significantly
different between the supplemented and non-supplemented groups 10 months after
supplementation. The supplemented group still had significantly lower serum Tg and
higher urinary iodine concentrations than the non-supplemented group. The latter two
indicators would be the most suitable for measuring change in iodine status, but methods
for estimating serum Tg concentration need to be standardized before this indicator can be
used widely in iodine deficiency control programmes.
Hypothyroidism has been associated with an increased risk for cardiovascular
disease through different mechanisms, including hyper-homocysteinemia. We assessed the
serum concentration of total homocysteine (tHcy) at the end of the intervention period and
examined whether there is an association with iodine status (Chapter 5). The geometric
mean serum tHcy concentration of 8.2 umol/L (range 2.1- 14.9 u.mol/L) was high as
compared to findings in other countries. However, as there is not yet a normal reference
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range for tHcy in children, it is not possible tojudge whether or not tHcy was elevated in
this group. Children with higher serum TSH concentrations or with goiter tended to have
higher serum tHcy concentrations than children with lower serum concentration of TSH or
without goiter, but the differences were not significant. At the time of tHcy measurement,
the children were still mildly iodine deficient, based on their median urinary iodine
concentration, but might be considered euthyroid, based on mean serum concentrations of
TSH and FT4. This may explain why we found no significant association between tHcy
and indicators of thyroid function.
To examine the question whether an improvement of iodine status is associated
with behavioral change, a School Behavior Checklist was used. This checklist has been
developed for assessing four ofthe "Big Five" dimensions ofpersonality, i.e. extraversion,
conscientiousness, agreeableness and emotional stability (Chapter 6). The list was
completed by the teachers of the children included in the study, both at the beginning and
at the end of the study. Factor analysis of the responses of the teachers at baseline
indicated a good agreement with the four-factor model on which the checklist is based.
The reliability coefficients for the scales for agreeableness and emotional stability proved
to be less satisfactory than those for conscientiousness and extraversion. No correlation
was found between the children's marks in 1995 and those in 1996. At the end of the
study, the sums of the marks for school achievement as well as the mean scores on the
behavior scales for extraversion, agreeableness and emotional stability had decreased
significantly in the group as a whole. No association was found between the decline in
school achievement and change in iodine status. The change in iodine status was found to
contribute to change inemotional stability and agreeableness intheyounger children only.
In conclusion it may be said that a major research question, i.e. whether a mental
deficit resulting from iodine deficiency may be reversed and if so, through which
mechanisms, has not yet been answered unequivocally. Such studies are increasingly
difficult to carry out inview of salt iodization programmes being implemented all over the
world, but remain pertinent. Iodine status was improved considerably in our study
population, not only because of the supplementation with iodized oil, but also because of
an increase in access to iodized salt. Data collected in 2000 show that about 90 % of
households in Benin have access to iodized salt. However, close monitoring of iodine
intake and supply, especially inmorebackward areas,remains crucial.
Apart from iodine deficiency, another obstacle to socio-economic progress in the
underprivileged parts of the country is the poor quality of education. In order to ensure
that children live up to their full potential, access to iodized salt is a must, but so is the
provision ofgood education.
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SAMENVATTING (DutchSummary)
Het verband tussen jodiumgebrek, struma (krop) en cretinisme is al lange tijd
bekend. De opvatting dat een tekort aan jodium kan leiden tot een breed scala aan
problemen, van abortus en doodgeboorte tot krop, doofheid en cretinisme alsook tot
minder in het oog vallende beperkingen in mentaal functioneren bij niet-cretins, werd
echter pas vrij recent gemeengoed. Sinds het begin van de tachtiger jaren worden deze
afwijkingen als gevolg van een jodiumtekort samengevat met de Engelse term "Iodine
Deficiency Disorders" (IDD).
Een hele reeks studies is uitgevoerd om het verband te onderzoeken tussenjodiumtekort en lichamelijke en geestelijke ontwikkeling in verschillende bevolkingsgroepen.
Een overzicht van deze onderzoeken wordt gegeven in hoofdstuk 7. De eerste
gecontroleerde studies werden tegen het eind van de zestiger jaren uitgevoerd om te
onderzoeken of endemisch cretinisme voorkomen kon worden door het toedienen van
gejodeerde olie aan vrouwen voor of tijdens de zwangerschap. De resultaten waren
eenduidig: cretinisme wordt voorkomen door jodiumsuppletie voor of in een vroeg
stadium van de zwangerschap. Vervolgens onderzocht men in welke mate verschillende
gradaties en duur van jodiumtekort bij de moeder van invloed waren op het mentaal en
psychomotorisch functioneren van hun ogenschijnlijk normale kinderen in verschillende
levensfases. Diverse observatie- en interventiestudies richtten zich toen ook op het
verband tussen (veranderingen in) jodiumstatus en mentaal en psychomotorisch
functioneren van kinderen op oudere leeftijd. Hoewel de meeste observatiestudies
significante verschillen aantonen tussen kinderen diejodiumdeficient zijn en kinderen die
dat niet zijn, waren de resultaten van de interventiestudies niet eenduidig. In 1994 waren
er nog maar 2 dubbelblinde placebo-gecontroleerde onderzoeken uitgevoerd naar de vraag
of een achterstand in mentaal functioneren als gevolg van een jodiumtekort reversibel is.
Een van deze onderzoeken toonde een duidelijke verbetering aan als gevolg van
jodiumsuppletie van schoolkinderen, het andere onderzoek kreeg te maken met een
onverwachte verbetering van dejodiumstatus van de controle-groep, maar toonde wel een
verband aantussen een afname van deomvangvan de schildklier en een stijging in IQ.
Onze studie was derhalve opgezet om te onderzoeken of het mentaal functioneren
van jodiumdeficiente schoolkinderen verbeterd wordt door jodiumsuppletie. Bovendien
werden andere aspecten van het functioneren van kinderen die mogelijkerwijs bei'nvloed
worden door jodiumtekort en die eventueel ook een interactie vertonen met mentaal
functioneren, zoals gehoor en gedrag, meegenomen in het onderzoek. Verschillende
indicatoren werden gebruikt om de jodiumstatus en schildklierfunctie te beschrijven,
zowel aan het begin als aan het eind van de studie: concentraties in serum van vrij
thyroxine (FT4), thyrotropine of schildklier stimulerend hormoon (TSH) en
thyroglobuline (Tg), de concentratie van jodium in urine en het schildkliervolume. Het
onderzoek werd uitgevoerd in eenjodiumdeficient gebied in noord-Benin tussen 1995 en
1996. Het onderzoek was opgezet als een dubbelblind, placebo-gecontroleerd onderzoek,
waarbij kinderen eenmalig een orale dosis gejodeerde olie (540 mg jodium) danwel een
placebo (papaverzaadolie) kregen in januari 1996. Ongeveer 3-4 maanden later werd
gejodeerd zout gerntroduceerd in het onderzoeksgebied. Dit leidde tot een verbetering van
de jodiumstatus van de controle (placebo) groep, zoals bleek uit de serum concentraties
van FT4, Tg en TSH alsook uit de concentratie van jodium in de urine. De kinderen
werden aan het eind van het onderzoek dientengevolge in 2 groepen ingedeeld: een groep
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kinderen van wie de jodiumstatus, bepaald aan de hand van de jodiumconcentratie in
urine, verbeterd was en een groep kinderen bij wie de jodiumconcentratie in urine niet
veranderd was.
Voor het vaststellen van het mentaal functioneren van de kinderen werd een aantal
testen genomen uit de Afrikaanse Kinder Intelligentie Test, ontwikkeld voor gebruik in
Oost Afrika, alsook enkele algemene, zogenoemde "culture-fair" intelligentie-tests, zoals
de blokken-test uit de Wechsler Kinder Intelligentie Test en de Raven test . Deze testen
meten geen onderwijs-gebonden vaardigheden ("crystallized intelligence"), maar veeleer
"fluid intelligence", ofwel de mate waarin een kind redeneert op basis van analogieen en
daarmee een onbekend vraagstuk kan doorgronden en met een passend antwoord kan
komen. De resultaten laten zien dat, 10 maanden na de suppletie, kinderen met een
verbeterde jodiumstatus, gemeten aan de hand van jodiumconcentratie in urine, een
significant grotere vooruitgang op de mentale testen boekten dan de kinderen bij wie de
jodiumstatus niet veranderd was (hoofdstuk 2). Deze laatste groep kinderen toonde een
veel kleinere vooruitgang, ofschoon hunjodiumstatus gemiddeld genomen beter was dan
die van hun "verbeterde" maatjes, zowel aan het begin als aan het eind van het onderzoek.
Deze bevinding suggereert een inhaalslag ("catch-up") van dejodiumdeficiente kinderen.
De gehoordrempels bleken geassocieerd te zijn met jodiumstatus gemeten aan de
hand van de concentratie van Tg in serum fioofdstuk 3). Kinderen met hogere, dwz.
minder gunstige, concentraties van Tg in serum hadden hogere gehoordrempels dan
kinderen met lagere Tg-waarden, oftewel: zij konden minder goed horen, vooral bij
hogere frequenties. Bovendien werden er significante negatieve correlaties gevonden
tussen gehoordrempels en scores op alle mentale testen, behalve de Raven test. De
kinderen die het beter deden op de testen, hadden lagere gehoordrempels. Aangezien de
mate waarin het gehoor was aangetast, beperkt was en de mentale testen niet onderwijsgebonden waren, is het niet waarschijnlijk dat de kinderen het op de testen minder goed
deden vanwege eventuele hoorproblemen. Bovendien verschilden de kinderen in de
tertielen met de hoogste danwel laagste gehoordrempels niet van elkaar voor wat betreft
de concentraties van Tg in serum of vanjodium in urine aan het begin van de studie. Aan
het eind van het onderzoek echter hadden de kinderen met lagere gehoordrempels een
lagere, ofwel betere, concentratie van Tg in serum en een hogerejodiumconcentratie in de
urine dan kinderen met hogere gehoordrempels. Dit suggereert dat de verschillen in
gehoordrempels voortkomen uit een recente differentiatie injodiumstatus.
Verschillende studies hebben aangetoond dat terwijl de mediaan-waarden voor
jodiumconcentratie in urine en schildkliervolume indicatief waren voor een jodiumtekort
in de onderzochte populaties, de gemiddelde concentraties van zowel TSH als van FT4 in
serum normaal waren. In onze studie onderzochten we de geschiktheid van de
concentraties van Tg, TSH en FT4 in serum, de concentratie vanjodium in urine alsook
het schildkliervolume als indicatoren van veranderingen in jodiumstatus en
schildklierfunctie in een situatie van toename in jodiumvoorziening (hoofdstuk 4). De
concentraties van TSH en FT4 in serum vielen binnen de normale range, terwijl de
concentraties van Tg in serum en die vanjodium in urine, alsmede het schildkliervolume
wezen op een matig tot ernstigjodiumgebrek. Nadat er enkele maanden na aanvang van
de studie gejodeerd zout in het onderzoeksgebied werd ge'introduceerd, toonden zowel de
gesuppleerde als de placebo-groep een significante verbetering van alle indicatoren, met
uitzondering van het schildkliervolume, dat alleen significant afnam in de gesuppleerde
groep. Tussen de gesuppleerde en de niet-gesuppleerde groep bestonden 10 maanden na
de suppletie geen significante verschillen voor wat betreft het schildkliervolume en de
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serumconcentraties van TSH en FT4. De gesuppleerde groep had echter nog wel een
significant lagere concentratie van Tgin serum eneen significant hogere concentratievan
jodium in urine dan deniet-gesuppleerde groep.Detwee laatstgenoemde indicatoren zijn
naar onze mening dan ook het meest geschikt voor het meten van veranderingen in
jodiumstatus.DemethodenvoordebepalingvandeserumTgconcentratiemoetenechter
gestandaardiseerd wordenvoordattoepassing inbevolkingsonderzoek zinvolis.
Hypothyreoidie wordt geassocieerd met een verhoogde kans op hart- en vaatziekten, waarbij verschillende mechanismen een rol kunnen spelen, waaronder hyperhomocysteinemie. In ons onderzoek is aan het eind van de interventieperiode de
serumconcentratie van totaal homocysteine (tHcy) bepaald en onderzocht of er een
associatieismetjodiumstatus(hoofdstuk 5). Hetgevondengeometrischgemiddeldevoor
de serum tHcy concentratie van 8.2 umol/L (spreiding 2.1-14.9 umol/L) was hoog in
vergelijking metbevindingen in andere landen. Daar erechternog geennormaal-waarden
bestaan voor tHcy in kinderen, is het niet mogelijk om aan de gevonden waarde een
oordeel te verbinden. Kinderen met hogere TSH-waarden of met een groter schildkliervolume hadden hogere serumconcentraties van tHcy, maar de verschillen waren niet
significant.
Omteonderzoeken ofeenverbetering injodiumstatus ookgeassocieerd ismeteen
verandering in gedrag, werd een Schoolgedrag Beoordelingslijst gebruikt. Deze lijst is
ontwikkeld voor het beschrijven van 4 van de "Grote Vijf' persoonlijkheidsdimensies, te
weten: extraversie, werkhouding, aangenaam gedrag en emotionele stabiliteit (hoofdstuk
6). De vijfde dimensie, intelligent gedrag, is hierin niet opgenomen. Tevens werden de
schoolcijfers van dekinderen verzameld.De gedragbeoordelingslijst werd ingevuld door
de onderwijzers van dekinderen,zowelaanhetbegin alsaanhet eind van destudie.Een
factoranalyse vandeantwoorden vande leerkrachten aanhetbegin van de studie gafeen
goede overeenkomst met het 4-factoren model waarop de lijst is gebaseerd. Aan heteind
vanhetonderzoek,blekendegeaggregeerde schoolcijfers alsookdegemiddeldescoresop
degedragsschalenvoorextraversie,aangenaamgedragenemotionelestabiliteit significant
gedaaldtezijn. Erwerd geenverband gevonden tussen decijfers vandekinderen in 1995
en die in 1996. Er werd evenmin een verband gevonden tussen de afhame in
schoolresultaten en deverandering injodiumstatus.Deverandering injodiumstatus droeg
voor een klein, doch significant deel bij aan de verandering in emotionele stabiliteit en
aangenaamgedragbijalleendejongerekinderen.
Concluderend kan gesteld worden dat een belangrijke onderzoeksvraag, namelijk
of een achterstand inmentaal functioneren alsgevolg vanjodiumdeficientie reversibelis,
en zoja, viawelke mechanismen, nog niet eenduidig beantwoord kan worden. Ofschoon
steeds moeilijker vanwege de zoutjoderings-programma's die overal ter wereld worden
opgezet enuitgevoerd, blijft het doenvan dergelijk onderzoek relevant. Dejodiumstatus
van onze onderzoekspopulatie verbeterde aanzienlijk, niet alleen vanwege de suppletie
met gejodeerde olie, maar ook vanwege de toegenomen toegang tot gejodeerd zout.
Recente gegevens uit Benin (2000), tonen aan dat ongeveer 90% van de huishoudens
toegang zou hebben tot gejodeerd zout. Met name in slecht bereikbare gebieden zijn er
echternog steeds mensendieverstoken zijn van dit "kostbare" element. Eennauwlettend
toezienopeenadequatejodiumvoorziening enopnameblijft derhalvecruciaal.
Afgezien vanjodiumdeficientie lijkt een ander obstakel voor sociaal-economische
vooruitgang in de minder bevoorrechte gebieden van Benin de slechte kwaliteit van het
onderwijs te zijn. Voor een optimaleontwikkeling van kinderen isniet alleen toegangtot
gejodeerd zouteen"must",maarooktotgoedonderwijs.
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