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ABSTRACT

Two studies were conducted concerning the association between iodine deficiency 

and levels of school achievement, cognition and motor skills in Bangladeshi school 

children. In 3 rural, severely iodine-deficient areas, 2003 children were screened for 

T4  and TSH. 170 children with T4  <45 nmol/L (hypothyroid) were identified and 

compared with 170 children with T4  >70 nmol/L (euthyroid), matched for school and 

grade on the following: Wide Range Achievement Test, 8  cognitive function and 3 

fine motor function tests, anthropometry and social background.

The hypothyroid children performed worse than the euthyroid children on reading 

and spelling and in one cognitive function test. A factor analysis of cognitive and 

motor function tests yielded 2  factors, a general cognitive and a fine motor one. 

There was a significant difference between the groups in the general cognitive factor, 

after controlling for socio-cultural and biological variables. Parental education, food 

deprivation, household possessions and home stimulation made significant 

independent contributions to the children’s development.

An unplanned increase in T4  levels occurred in all groups between the time of  

screening and enrolment, though urinary iodine measures remained moderately 

deficient. A double-blind placebo-controlled trial was conducted with 305 

hypothyroid children (screening T 4  <51 nmol/L) and 304 euthyroid children ( T 4  >60 

nmol/L). Four months after treatment, urinary iodine levels improved in the iodine- 

treated group, but there was no effect on T4  or TSH. No benefit was observed on 

any cognitive function test. Post-hoc analyses showed that change in T4  levels was 

significantly associated with changes in two cognitive function tests and one fine 

motor function test.

The results o f the case-control study suggest that iodine deficiency associated with 

hypothyroidism detrimentally affects school achievement and cognition. However, 

the treatment trial indicates that children with moderate iodine deficiency in the 

presence of normal T4 may not benefit in these functions from IPSO treatment.
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CHAPTER : ONE 

BACKGROUND INFORMATION

1. Introduction

The present studies concern the effects of biochemical hypothyroidism, secondary to 

iodine deficiency, on mental development and academic achievement o f school 

children in Bangladesh. Other factors which might affect the children’s development 

including nutrition, infection and socio-economic background are examined.

1.1. General introduction

Poor academic performance among school children is a serious problem in many 

developing countries (Schiefelbien and Simons, 1979). Formal education is a long 

and complex process. Children’s aptitude and attitude, necessary in formal education 

are determined in a multifactorial way, both before and after the child is enrolled in 

the school. A series of factors in the environment determine the progress o f a child 

in his class. Besides enrolment and quality o f educational facilities, socio-economic, 

health and nutritional conditions all contribute to this process. In comparison to 

studies o f the social and economic determinants of schooling, there is a scarcity of 

information on the effects that nutrition and health have on school enrolment and 

academic progress (Pollitt, 1990).

In 1990 at the World Summit for Children, many nations agreed to expand and 

improve the educational facilities in primary school. They set a target o f achieving 

basic primary education for at least 80% o f the children by the year 2000. However, 

there is growing concern that poor health and nutrition may prevent children from 

fully benefiting from this (Pollitt, 1990 ; Nokes and Bundy, 1993). Three widely 

prevalent nutritional deficiencies are recognised to have the potential for permanent 

adverse effects on learning and behaviours. These are protein-energy malnutrition, 

iron deficiency and iodine deficiency (Scrimshaw, 1994).
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1.2. Global prevalence of Iodine Deficiency Disorders (IDD)

Iodine deficiency is considered as the most common preventable cause o f brain 

damage in the world today (Hetzel, 1996). The World Health Organisation (WHO, 

1990) estimated that at least 20 million people have an intellectual disability caused 

by their mother’s iodine deficiency during pregnancy. Iodine deficiency causes a 

spectrum of disorders including goitre, cretinism, miscarriages, neonatal mortality, 

and a more subtle cognitive and motor deficits. In 1983 Hetzel suggested the term 

IDD {Iodine Deficiency Disorders) to cover the whole spectrum.

Table 1 and Figure 1 show an estimate of regional distribution of different spectrum 

of IDD (WHO, 1990 ; Hetzel and Pandav, 1994). According to this, about 1 billion 

people in the world are at risk o f iodine deficiency disorders (IDD), 200 million to 

300 million o f them suffering from goitre or other obvious consequences. Regional 

estimates are as follows: Asia, 710 million; Africa, 230 million; Latin America, 60 

million; Europe, 20 million to 30 million.

Recently, this number has been increased and according to 1993 WHO estimate, 1.6 

billion people in the world are currently at threat from Iodine Deficiency Disorders 

(IDD) and approximately 20% of them have goitre.

These people generally live by subsistence agriculture on soils that are subject to 

continuous iodine deficiency through leaching caused by glaciation, high rainfall, 

melting snow or flooding. This occurs in the mountains and on the river plains of  

countries such as Bangladesh, India, Vietnam, Papua New Guinea and China (WHO, 

1990).
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Table 1

Prevalence o f  IDD in developing countries (in millions)

Region At Risk Goitre Overt Cretinism

South-east Asia 280 100 4.0

Asia (Others) 400 30 0.9

Africa 227 39 0.5

Latin America 60 30 0.3

Eastern Mediterranean 33 12 -

Total 1,000 211 5.7

Source; Hetzel and Pandav, 1994

Figure : 1

Global distribution o f  IDD. Source : Hetzel and Pandav, 1994

r
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1.3. Global prevalence of protein-energy malnutrition, anaemia and 
qeohelminth infection

Global prevalence of mild to moderate malnutrition is very high (Grant, 1990). An 

estimated 150 million children are underweight and more than 20 million children 

suffer from severe malnutrition (World Summit, 1990).

Iron deficiency is the major cause o f anaemia. An estimated 46-51% children in less 

developed regions are anaemic (DeMaeyer and Adiels-Tegman, 1985). The most 

recent estimate of regional prevalence o f iodine deficiency anaemia among children 

aged 5-12 year ranges from 22% in East Asia to 50% in Africa and South Asia 

(Levin et al. 1993).

Intestinal helminth infections are o f great importance to school age children; Ascaris 

and Trichuris occur most intensively and commonly at this age (Halloran et al.

1989). More than a billion people are believed to be infected with round worm 

'Ascaris lum bricoides\ 500 million with whip worm 'Trichuris trichuira’ and 

around 800 million by hook worm 'Necator americanus’ or 'Ankylostoma 

duodenale’ (Crompton, 1989 ; Bundy and Cooper, 1989).

All the above nutritional or health problems have been shown to be associated with 

cognitive functions and psychomotor development of the children. A number of 

reviews (Barrett and Frank, 1987; Pollitt, 1988; Simeon and Grantham-McGregor,

1990) have strongly suggested that severe malnutrition in early life impairs cognitive 

function, but the evidence on mild to moderate malnutrition was considered 

insufficient for a definite conclusion (Pollitt et al. 1996). There is also strong 

evidence that current iron deficiency anaemia hampers cognitive performance 

(Pollitt, 1997). There is a suggestion also, that parasitic infection has an association 

with poor cognitive function o f school children, although strong evidence is not yet 

established (Watkins and Pollitt, 1997).
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1.4. Socio-economic and environmental factors and child development

It is recognised that many factors in the environment affect children in their 

development. These include stimulation in the home, matemal-child interaction, 

parental occupation and education, socio-economic status of the family and the 

quality o f housing and crowding (Richardson, 1976; Sameroff et al. 1987; Rutter, 

1988; Grantham-McGregor, Schofield and Haggard, 1989; Sameroff et al. 1993; 

Gorman and Pollitt, 1996).

2. Iodine Deficiency Disorders (IDD)

Iodine is an essential micro nutrient for humans and its importance lies in its active 

role in the formation o f important thyroid hormones. Thyroxin or Tetra- 

iodothyronine (T4 ) and Tri-iodothyronine (T3 ) A brief discussion is presented below  

about the formation o f thyroid hormones and their mode o f action from Guyton’s 

Principal o f Physiology (Guyton, 1986) and W illiam’s Text Book o f Endocrinology 

(Larsen and Ingbar, 1992).

2.1. Anatomy and phvsioloqy of the thyroid gland

The thyroid is one o f the largest endocrine organs in the body and is located at the 

front o f the neck. The normal thyroid consists of two lobes joined by a thin band of 

tissue, called the isthmus. The right lobe of the thyroid is normally more vascular 

than the left, is often the larger of the two, and tends to enlarge more in disorders 

associated with diffuse increase in size.

With light microscopy, the gland is seen to be composed o f closely packed sacs, 

called acini or follicles which are invested with a rich capillary network. The 

interiors o f the follicles are filled with the clear proteinous colloid, which normally is 

the major constituent of the total thyroid mass. The wall o f the follicle is lined by a 

single layer of closely packed cuboidal epithelial cells, which are columnar in the 

active state and flat in the inactive state.
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Iodine in the body

Iodine is an essential element for normal growth and development in animals and 

man. It occurs in the human body in only small amounts, 15-20 mg, and the 

requirement for normal growth is only 100-150 pg per day. Normally, iodide is 

largely confined to the extracellular fluid. The concentration of iodide in the 

extracellular fluid is approximately 1 0  to 15^g/L and the total content of the 

peripheral pool is approximately 250^g.

Small quantities are lost in expired air and through the skin, but the major clearance 

of iodide occurs through the thyroid and kidneys. Renal removal o f iodide determines 

the availability of iodide to the thyroid and vice versa. The kidneys are passive 

participants in iodide metabolism, not sharing in the physiological adjustments 

designed to maintain thyroid homeostasis under abnormal circumstances. The 

second, major site of removal o f iodide from the extracellular fluid is the thyroid. 

The thyroid contains the largest pool of body iodine, under normal circumstances

approximately SOOÔ g, most of which is in the form of iodinated amino acids. 

Biosynthesis o f thyroid hormones

The metabolism of iodine, leading to the biosynthesis o f thyroid hormones, occurs in 

three sequential steps- active transport o f iodide in the thyroid, oxidation o f iodide 

and iodination of tyrosyl residues, within thyroglobulin, to yield the hormonally 

inactive iodotyrosines, and coupling of iodotyrosines to form the hormonally active 

iodothyronines, T4  and T3  .

Active transport o f iodide or iodide trapping

Iodide is transported from the extracellular fluid into the thyroid glandular cells and 

follicles. The basal membrane o f the thyroid cell has a special ability to transport the 

iodide actively to the interior of the cell, known as iodide trapping. In the normal 

gland, the iodide pump can concentrate intracellular iodide to 30 times its 

concentration in the blood. However, when the thyroid gland becomes maximally
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active, the concentration ratio can rise to several times this value. The biochemical 

mechanism of active transport is unknown, but like other active transport 

mechanisms, thyroid iodide transport is an energy-dependent process, requiring 

continued supply of the phosphate bond energy.

Thyroelobulin formation

The thyroid cells are typical protein secreting glandular cells and secrete into the 

follicles a large glycoprotein, called thyroglobulin. Each molecule o f thyroglobulin 

contains 140 tyrosine amino acids, and these are the major substrates that combine 

with iodine to form the thyroid hormones.

Oxidation o f the iodide ion

The essential, first step in the formation o f the thyroid hormones is conversion of the 

iodide ions to an oxidised form of iodine, that is capable of combining directly with 

the amino acid tyrosine. This is promoted by the enzyme peroxidase and its 

accompanying hydrogen peroxide, which provide a potent system capable of 

oxidising iodides.

lodination o f tyrosine or organification o f thyroglobulin

In the thyroid cells, oxidised iodine combines with tyrosine residue o f thyroglobulin 

molecule, in a process accelerated by iodinase. Almost as rapidly as the 

thyroglobulin molecule is released from the golgi apparatus, or as it is secreted from 

the apical cell membrane into the follicle, iodine binds with about one sixth of the 

tyrosine residues within the thyroglobulin molecule. Tyrosine is first iodised to 

monoiodotyrosine (MIT) and then to di-iodotyrosine (DIT).

Couplins reaction

Next, more and more of the iodotyrosine residues become coupled with each other, 

forming thyroid hormones. Two molecules o f diiodotyrosine will couple to form one 

molecule o f Tetraiodothyronine ( T 4 ) .  One molecule of monoiodotyrosine and one 

molecule o f diiodotyrosine couple to form one molecule of Triiodothyronine { T 3 ) .  It 

is thought that the coupling reaction is mediated by a peroxidase, perhaps the same
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peroxidase that mediates the initial oxidation of iodide. During this whole process, 

the hormones thus formed, remain a part of the thyroglobulin molecule. The ratio of 

T# to Ts in human thyroglobulin is about 13:1. In order to function effectively and 

produce enough essential hormones, the thyroid gland must secure 60 pg of iodine a 

day.

The thyroid mechanism for concentrating iodide is shared by other monovalent 

anions, including perchlorate and pertechnetate. These act as competitive inhibitors 

of iodide transport, a property that may be related to the similarity o f their partial 

specific molecular volumes. Thyiocyanate, another monovalent anion that inhibits 

iodide transport, is not concentrated within the thyroid and may act by uncoupling 

thyroid oxidative phosphorylation.

Thyroid hormone secretion

Release of the thyroid hormones involves two additional steps. First, the apical cell 

membranes engulf the portion of the thyroglobulin with iodinated tyrosines by 

pseudopod extension and forming pinocytic vesicles. In the second step, the 

intracellular lysosomes fuse inunediately with this vesicle to form phagolysosomes 

and the proteolytic enzymes from lysosomes then breakdown the thyroglobulin 

molecule, with the release of thyroid hormones and some other iodinated amino 

acids. The thyroid hormones diffuse into the blood and iodine is liberated from MIT 

and DIT by intracellular iodinase and reused by the glands. The hormones are 

immediately bound to plasma protein.

Rate o f secretion and bindins with plasma protein

Over 90 percent of the thyroid hormone released from the thyroid gland is T4  and less 

than 10 percent is T3. However, during the ensuing few days while these hormones 

circulate in the blood, small portions o f thyroxin are slowly deiodinated to form 

additional triiodothyronine.

On entering the blood, all but minute portions of the T4  and T3  combine inunediately 

with several o f the plasma proteins. They combine as follows: approximately two
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thirds with thyroxin binding globulin, a glycoprotein, about one fourth with thyroxin 

binding prealbumin and about one tenth with albumin.

On entering the peripheral cells, most of the thyroxin is deiodinated to form 

triiodothyronine and it is believed that the true intracellular hormone is principally 

triiodothyronine {T3) rather than thyroxin {T4).

Thyroid hormones are small and lipophilic substances and their transport through the 

blood brain barrier is not restricted, although transport into the brain cells is active, 

saturable and stereospecific. Most of the T4  present in the brain is delivered by the 

readily dissociated albumin- T4  carrier protein complex, rather than by globulin or 

prealbumin carrier. Some T4  is also thought to be transported via choroid plexus and 

cerebrospinal fluid (Robbins, Concalves, Laksmanan et al. 1989).

Thyroid hormones conversion at cellular level

The most important pathway for metabolism of T4  is its conversion to the active 

hormone T3. The other deiodination reaction o f T4 and T3 lead to inactive products. 

There are 3 general classes o f deiodinases in both rat and human tissues. Type 1 and 

type 2  enzyme deiodinases have the capacity to remove an iodine atom from the 

outer ring of T4 and thereby produce the more active hormone T3. Type 1 deiodinases 

are mostly present in liver and kidneys, whereas type 2  deiodinases are present in 

the pituitary gland, central nervous system, brown fat and placenta. The type 2 

enzyme acts to maintain intracellular T3  concentration at constant levels in the tissues 

in which it is present. A reduction in serum T4  concentration leads to an increase in

the activity of this enzyme and vice versa.

The role of a type 3 enzyme is not clear. It inactivates T4  by converting it into

reverse- triiodothyronine (rTj), an important source of plasma rTj.

In the kidneys, liver, skeletal muscle and heart virtually all o f the nuclear T) is 

derived directly from plasma 7j. These tissues depend on the circulating T3  for the 

supply o f active thyroid hormones. The cerebral cortex, pituitary gland and brown
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fat, all o f which contain type 2  deiodinases, have a different pattern, in that half or 

more of the intracellular 7  ̂ is generated locally from T4  within the tissue. The tissues 

that depend on type 2  deiodinase activity for nuclear Tj are those in which a constant 

supply o f thyroid hormones is critical. These tissues are also characterised by a high 

degree of saturation of the nuclear T3  receptors so that the ratio of occupied to 

unoccupied receptors is quite high. In liver, kidney and heart, on the other hand, 

nuclear receptor sites are only about 50% occupied at a normal serum T3  

concentration.

Thyroid hormones resulation

The thyroid gland is regulated in a negative feedback system by a pituitary thyroid 

stimulating hormone (TSH) which regulates virtually all the steps in thyroid hormone 

biosynthesis, once there is sufficient iodine in the body. The TSH in turn is 

stimulated by thyrotropin-releasing hormone (TRH) produced by the hypothalamus 

of the brain.

All of the acute inhibition o f TSH release by T4  can be accounted for by the T3  

produced there from within the pituitary gland. If 71; to 7  ̂ conversion is blocked, T4  

no longer has this effect. A decrease in the serum T3  or T4  levels leads to an 

increased TSH release.
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2.2. Consequences of Iodine deficiency

Endemic soitre

The best known effect of iodine deficiency is endemic goitre. The swelling of the 

thyroid gland was well known to the Ancient World. Iodine deficiency is the major 

primary etiologic factor in endemic goitre (Hetzel, 1989).

Endemic cretinism

Endemic cretinism represents only the extreme stages of a broad spectrum of  

developmental abnormalities including decreased intellectual and psychomotor 

performance. There are three main features associated with endemic cretinism 

(Delange, 1986).

1. It is associated with endemic goitre and severe iodine deficiency in pregnant 

mothers

2. Clinical manifestations: these comprise mental deficiency together with either :

a) a predominant neurological syndrome including defects in hearing and speech, 

squint and characteristic disorders o f stance and gait of varying degree, this is better 

known as neurological cretinism.

b) predominant hypothyroidism and stunted growth better known as myxoedematous 

cretinism.

3. In areas where adequate correction o f iodine deficiency has been achieved, 

endemic cretinism has been prevented.

The two clinical syndromes of endemic cretinism, neurological and myxoedematous 

or hypothyroid cretinism as originally described by McCarrison (1908) have been 

well- confirmed by subsequent observations in many parts of the world: Ecuador, 

Papua New Guinea, Indonesia, Zaire, China (Hetzel, 1989). More recent studies in 

Zaire (Delong, 1987) and China (Boyages et al. 1989) indicated that two syndromes 

overlap more often, in the same individual, than previously thought. In most o f the
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places except in Zaire, neurological cretins were much more common (Hetzel, 1989). 

In Zaire the role of thiocyanate, a metabolic end product of cassava has been 

implicated in the development of myxoedematous cretinism (Delange, 1982). In 

other endemia, a role for selenium deficiency (Goyens et al. 1987) and autoimmunity 

have been postulated (Drexhage et al. 1980).

Iodine deficiency in neonates, infants and childhood

An increased rate of still births and spontaneous abortions which can be reduced by 

correction o f iodine deficiency has been reported. Data from Zaire (Thilly et al. 1994) 

and Papua New Guinea (Pharoah and Connolly, 1994) indicated an increase in still 

births and infant mortality rate in iodine deficiency. There was a substantial fall in 

the perinatal and infant mortality with improved birth weight with iodine treatment. 

Neonatal hypothyroidism is a well-recognised cause of mental defect. In western 

countries, it is generally 1 per 3500 births due to either the absence o f the thyroid or a 

congenital defect in the biosynthesis of thyroxin. In iodine deficient environments, 

observation o f blood taken from the umbilical vein just after birth revealed a much 

higher rate of neonatal hypothyroidism - up to 10 percent in Zaire and 5-10 percent in 

Northern India and Nepal (Hetzel, 1989).

Iodine deficiency in children is characteristically associated with goitre. Apart from 

goitre, in extreme conditions there may be juvenile hypothyroidism. In children, even 

moderate to severe iodine deficiency can cause mental and psycho-motor retardation 

(Hetzel, 1989).

Iodine deficiency in adults

Chronic iodine deficiency in adults is associated with goitre, often o f considerable 

size, and in long standing cases there may be nodular transformation in the gland. In 

rare situations very large goitres may compress the respiratory passage and cause 

difficulties in breathing.

There is usually an absence o f classical clinical hypothyroidism although an altered 

pattern of thyroid hormones is often observed (Beckers and Delange, 1980). In
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extreme cases, overt hypothyroidism may make the population as a whole apathetic, 

with detrimental effects on initiative and decision making (Hetzel, 1989).

Iodine deficiency and socio-economic retardation

The social benefits o f iodination have been well described by the observations of 

Professor Li and his group in China (1987). It was shown that with the introduction 

of iodised salt, the goitre rate fell and the attitude of the people changed greatly, the 

average income increased considerably and they became economically better-off. In 

Germany, the treatment of goitre due to iodine deficiency was estimated at 900 

million DM for the year 1986 (Pfannensteil, 1989). Systematic early detection 

specially in the target group like women of child bearing age and paediatric groups, 

would reduce this cost by about two thirds (Hetzel and Pandav, 1994). The cost of 

care and rehabilitation of mentally and physical handicapped individuals from iodine 

deficiency and the lower contributions to economic growth by mentally retarded and 

educationally compromised individuals, in this situation, is difficult to assess. 

Certainly, it is amazing to see the cost involved in preventing this disorder by the use 

of iodised salt which is figured as 2-8 US cents per person per year (Venkatesh- 

Mannar and Dunn, 1995).

2.3. The role of iodine in the correction of Iodine Deficiency Disorders

The two most obvious signs, in a population with iodine deficiency, are the presence 

of goitre and cretinism. The effectiveness of iodine replacement therapy in the 

elimination of goitre has been well demonstrated in the earlier part o f this century by 

the controlled trial carried out in Ohio, USA (Marine and Kimball, 1920).

The demonstration of the prevention of cretinism in a double blind clinical trial with 

iodised oil in Papua New Guinea (Pharoah, Buttfield and Hetzel, 1971) and studies in 

Ecuador (Fierro-Benitez et al. 1969) and in Zaire (Thilly et al. 1994) established the 

causal role of iodine deficiency in cretinism by an effect on the developing foetal 

brain. The apparent, spontaneous disappearance of cretinism in Europe was also
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attributed to an increase in iodine intake arising from dietary diversification with 

increasing use o f iodine supplements (Burgi, Supersaxo and Selz, 1990).

2.4. Possible mechanism whereby iodine deficiency is linked to the damage of 
the foetai brain

Although endemic goitre and endemic cretinism are associated epidemiologically 

with iodine deficiency, and they disappear after correction o f iodine deficiency, the 

exact mechanism, at molecular level, of how iodine deficiency causes developmental 

defect is still not clear. The evidence from animal and human studies suggests a 

critical role o f T4  in the developing brain, and very recently, it has been claimed that 

T4  plays an important role in the cerebral functioning. To understand this a brief 

review on animal and human studies is made:

Studies in sheep and marmoset monkey models

Sheep and Marmoset monkeys were used in experimental models to see the effect of 

iodine deficiency. Severe maternal and foetal hypothyroidism, in both the species, 

were associated with harmful effects on the maturation of the cerebral cortex and 

cerebellum. There was a reduction in brain weight and DNA content of the brain 

along with histological changes characterised by delayed maturation o f cerebellum 

(Hetzel and Mano, 1994). There was also greater neurone density in the motor and 

visual area o f cerebral hemispheres. In the sheep model, maternal thyroidectomy in 

mid-gestation and foetal thyroidectomy in earlier and late gestation had significantly 

severe effects on brain development ( Potter et al. 1986; McIntosh et al. 1979). A 

combined maternal and foetal thyroidectomy had more severe effects on the foetal 

brain development (McIntosh et al. 1983).

Studies in rat model

In a review, Morreale de Escobar and her group (1994) discussed their previous 

works in the rat model. In particular, they reviewed the roles o f maternal and foetal 

thyroid hormones at different times of foetal growth, especially before and after the 

start of the independent/oera/ thyroid function (FTF), the transfer o f maternal thyroid
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hormones to foetus and how these can be related to the foetal thyroid hormone 

homeostasis.

From earlier studies in rat model, it was evident that maternal T4  and T3  were present 

in embryonic tissues well before the start of the active FTF (Obregon et al. 1984; 

Morreale de Escobar, 1985; Swaney and Shapiro, 1975; Woods, Sinha and Ekins, 

1984). The concentration remained fairly constant until the 18th day of gestation, 

when the foetal thyroid starts secreting its own hormones. When the dams were made 

severely hypothyroid by thyroidectomy, the amounts o f both iodothyronines became 

undetectable in embryotrophoblast, placentas and foetuses before the onset of 

independent FTF (Morreale de Escobar et al. 1985 ; Porterfield and Hendrich. 1992).

There was also evidence for the presence o f nuclear receptors for 7  ̂in foetuses and 

in their brain before the onset FTF, suggesting a biological effect from maternal 

hormones (Perez-Castillo et al. 1985). This was also the case in chick embryos 

before the onset of thyroid function (Prati, Calvo and Morreale de Escobar, 1992).

At about the 18th day of gestation, once the FTF started, intrathyroidal and 

extrathyroidal T4  and T3  pools increased rapidly. The rate o f increase in T3  

concentration occurred at different rates in different tissues. Although the increase in 

circulating T3  was negligible, there was an almost 18 fold increase in the T3  

concentration o f the foetal brain (Ruiz-de-Ona et al. 1988). The brain T3  levels 

followed a pattern resembling that o f T4  in foetal plasma and brain, and not that of 

plasma T3 . During this period, 5 ’ deiodinase (5 ’D: type II deiodinase) activity in the 

brain increased six fold (Ruiz-de-Ona et al. 1988 and 1991).

In normal rat pregnancies, transfer o f thyroid hormones from the mother to the foetus 

continued even after the onset of FTF and did so until birth (Morreale de Escobar, 

1994). In the case o f maternal thyroid failure, T4  and Tj in the foetal compartment 

were undetectable until the start of FTF. There was then a progressive increase of 

extrathyroidal T4  and T3  and they attained the level o f normal for the rat by term.
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This happened at the expense of very low accumulation of 7  ̂ and T4  in the thyroid 

gland.

In the congenitally hypothyroid rat foetus, if the mother was normal, the embryo and 

the foetus received a normal supply of both iodothyronines. This maternal 

contribution of T4  and T3  , thus checked the thyroid hormone deficiency of the 

foetuses. The supply o f Tj to the foetal brain was ensured if  maternal T4  is normal 

and there is an increase in foetal cerebral type 2  deiodinase activity in response to 

the low foetal T 4 .  Normal maternal T 3  concentration had no effect if  this was not 

accompanied by a normal maternal T4  (Morreale de Escobar, 1994).

In cases o f both maternal and foetal thyroid failure, as may happen in severe iodine 

deficiency, the developing foetuses are more likely to be markedly T4  deficient 

throughout the gestation (Morreale de Escobar, 1994).

Studies in humans

Data obtained from aborted foetuses and premature babies (Fisher, 1989; Fisher and 

Polk, 1989) and analyses o f foetal blood obtained in utero by cordocentesis (Ballabio 

et al. 1989 and Thorpe-Beeston et al. 1991) suggest that independent foetal thyroid 

function (FTF) does not start until mid-gestation and that maternal T4  is present well 

before that.

The T3  has been detected clearly and quantified in purified extracts from human 

foetal brain as early as 9-10 week of gestation (Morreale de Escobar et al. 1993 and 

Ballabio et al. 1989). The brain T3  concentration increased from 0.27 ng/g at 10 

weeks to 0.48ng/g at 18 weeks, though plasma T3  was almost undetectable at this 

time. Cerebral type 2 deiodinase played an important role in this process in the 

human foetal brain (Karmarkar et al. 1989). The nuclear T3  receptor was also present 

in the brains of 1 0  week-old foetuses, at a low concentration and increased more 

than six fold by 12 weeks and 10 fold by sixteen weeks (Bernal and Pekonen, 1984 

and Su et al. 1989).
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There is also a suggestion that T4  and T3  transfer from maternal to foetal side even 

after the onset of FTF (Grumbach and Werner, 1956; Fisher, Lehman and Lackey, 

1964; Raiti et al. 1967).

The human foetus depends on its mother for its supply of thyroid hormones during 

the first, and possibly during part of the second, trimester. A decrease in maternal T4  

would risk the foetus during the important intra-uterine period of gross brain 

development (Morreale de Escobar et al. 1994). The outcome of pregnancies in 

untreated hypothyroid women was poor, with an increased proportion o f aborted 

foetuses, still birth and perinatal deaths, and decreased IQ o f the progeny, detected 

when the infants were followed up later (Man and Serunian, 1976; McMichael, 

Potter and Hetzel, 1980 ; Greenman et al, 1962 ; Pharoah et al. 1981).

In most cases of congenital hypothyroidism, the mothers have normal circulating T4  

and early foetal development proceeds normally. During the second half of 

pregnancy, this maternal contribution may not be totally sufficient as congenitally 

hypothyroid new-boms presented signs of bone retardation (Valsma and Gons de 

Viljder, 1989). A thyroid hormone deficiency in the brain may be checked by 

increased production of intra-cerebral 7j as no major brain damage is usually seen in 

most cases of congenital hypothyroidism as long as early onset of treatment is 

initiated. There was individual variability in the maternal transfer o f T4  and that may 

determine the degree o f protection of the foetal brain (Valsma, Gons de Viljder, 

1989). Infants with the lowest T4  values at screening were the ones with the poorest 

prognosis as regards to CNS development, despite prompt post natal treatment 

(Glorieux, 1989 and Rochiccioli, Alexandre and Roge, 1989 and Tillotson et al. 

1994).

In eastern and western New Guinea, where neurological cretins were prevalent, the 

pregnant mothers showed very low circulating levels of serum T4  (Choufoer, Van 

Rhijn and Querido, 1965; Pharoah and Connolly, 1989). In Zaire myxoedematous 

cretins were mostly found, in whom hearing, speech and motor functions were spared 

(Delong, 1989). Most o f the mothers o f these cretins in Zaire, showed normal T4
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levels during pregnancy despite severe iodine deficiency (Thilly et al. 1978). In these 

cases, some other nutritional factors are believed to be responsible for the 

pathogenesis of myxoedematous cretinism as a result of progressive destruction of 

the thyroid gland (Goyenes et al. 1987; Ermans et al. 1982).

Inferences from animal studies and epidemiolosical research in humans:

From the animal research, observation in human foetal studies and from trials in 

pregnancies, Morreale de Escobar and her group (1994) suggested a causal link 

between maternal iodine deficiency and the damage of the brain in neurological 

endemic cretins. Thyroid hormone of maternal origin reaches the early developing 

foetus before the onset of the foetal thyroid function. The transfer o f maternal 

thyroid hormones to the foetus continues after the onset of foetal FTF and constitutes 

a significant role in the hormonal needs o f the foetus throughout the pregnancy. The 

foetal brain is highly dependent on a supply of T4 , because intra-cerebral 7j is 

produced locally from serum T 4  by intracellular deiodination of T 4 .  Morreale de 

Escobar et al and his group (1994) consider that the different degrees o f maternal 

hypothyroxinaemia (low T 4 )  in different endemias is causally linked to the different 

frequencies o f neurological versus myxoedematous cretinism and the different 

degrees o f their CNS damage.

2.5. Possible mechanism of subnormal cerebral function in iodine deficiency

The mechanism at the molecular level, whereby iodine deficiency might produce an 

effect on intelligence or learning potential, can be explained by two ways (Stanbury, 

1994). One is through permanent structural and functional damage to the nervous 

system in utero which is irreversible or from which the recovery is slow or age 

dependent as it may happen in case of cretins or subcretins. The other way is thought 

to be the hypothyroid state, from iodine deficiency, that might be quite reversible but 

might cause poor performances on the tests o f cognitive and motor function and risks 

the learning potential. The later condition is now called cerebral hypothyroidism  

(Hetzel, 1994).
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From the above discussions from animal and human studies, it appears that the 

intracellular brain T 3  level is dependent on the serum T 4  and not on serum T 3 ,  as is 

the case with the liver, heart and lungs (Larsen, 1989). It was also shown that, in 

spite of a five to ten-fold increase in type 2  deiodinase activity in the iodine deficient 

foetal rat brain, there was persistently low foetal brain T3  levels in case of very low  

serum T4  (Morreale de Escobar et al. 1989).

Hetzel (1994) suggested that if  these findings are extrapolated to humans in iodine 

deficient situations, then the lowered T4  often evident in iodine deficient populations 

would lead to a reduced brain T3  and therefore brain functions may be impaired even 

if there are normal levels of Tj with maintenance of a euthyroid state in other organs.

Further animal research has strengthened the idea of an important link of serum T4  in 

cerebral functions. There is an indication that, T 4  might regulate brain function even 

after the so-called critical period of brain development is over (Iniguez-Miguel et al. 

1992). The Rc3 is a gene which encodes a messenger RNA specifically expressed in 

the rat brain starting from the first few days after birth. Its expression is restricted to 

the neuronal populations of cerebral cortex, hippocampus, striatum and olfactory 

bulb (Bernal et al. 1992). The Rc3 protein is identical to bovine neurogranin, a 

protein kinase substrate probably involved in long term potentiation mechanisms 

(Baudier et al. 1991). In neonatal hypothyroidism, there was a decreased expression 

of this mRNA (Munoz et al. 1991) and very recently it was shown to be decreased in 

adult onset hypothyroidism (Iniguez-Miguel et al. 1992). Rats thyroidectomized on 

postnatal day 40, and killed 3 months later, showed a decreased Rc3 mRNA 

concentration in the cerebral cortex and striatum. The same effect was observed in 

animals made hypothyroid on postnatal day 32 and killed on postnatal day 52. The 

Rc3 expression was normal when the hypothyroid animals were treated with T 4  for 5 

days before being killed. ‘This possibly could represent a molecular correlate for the 

age independent, reversible alterations of brain function induced by low T 4  in the 

adult brain’(Iniguez-Miguel et al. 1992).
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2.6. Iodine deficiency and developm ent of the  school children

It is useful to place the studies done so far, relating iodine status and cognitive 

function or motor performance of school children into two major categories, 

observational and intervention studies:

1. Observational studies :

Observational studies are usually cross-sectional studies, in which subjects from an 

iodine sufficient area are compared with other subjects from an iodine deficient area. 

Subjects are usually matched on certain criteria such as age, sex and evaluated on 

particular outcome measures. In the design and analyses o f such studies, it is

important to ensure that there are no confounding variables, such as socio-cultural

factors which may cause bias in investigating the association of interest.

2. Intervention studies or treatment trials:

Intervention studies are experiments carried out to assess the effectiveness of giving 

iodine to a particular group o f people. Studies involve some form of iodine

supplementation being given either directly to children, or indirectly through

maternal supplementation. It is important to design the trials so that any observed 

difference in the treatment group can be attributed to a real effect of the treatment. 

Therefore it is necessary to have a control group, and the groups should be initially 

similar as far as possible in all respects other than the treatment received. Great care 

should be taken to avoid selection bias, and the best way o f doing this is to use 

randomisation. The opportunity for any bias to occur during the conduct of the trial is 

also minimised by the use of double-blind design and a placebo treatment.

2.6.1. Observational studies

There are a large number of observational studies which have been done in school 

children from different iodine deficient parts o f the world. The interpretation of 

finding an association between concurrent iodine deficiency and poor performance in 

different outcome measures, such as, IQ and psychomotor development or cognitive 

function is not clear. On careful examination, it appears that most of the studies
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suffered from some sort of methodological or analytical limitation. The discussion 

below groups the studies on the strength of study design and chronologically and 

considers each study with the problems encountered.

Studies o f  unclear desim .

A series of studies in China were reviewed in a recent paper (Ma, Wang and Chen 

1994). In three case-control studies, audiometric performance was compared between 

iodine deficient and non-deficient school children (8-14 years) in three areas of 

China. In two studies, significant differences were observed in hearing acuity 

between the test and the control children. In the third study, the difference in hearing 

acuity was huge (mean db: 15.3 vs 3.7) but the sample size and the measure of 

variance were not reported in the review and the original papers were written in 

Chinese and are not available in English.

In another 9 case-control studies, the Chinese version o f the Stanford-Binet test was 

given to 8-14 year old school children from iodine deficient and control areas and 

IQs were found to be higher in all the control groups compared with those in the 

deficient groups. From the reference list, it was found that only one article was in 

English and 3 in Chinese language and the remaining five studies had no reference 

details. In the tabular presentation, sample size in two studies was not reported. 

Hence, details of study population, test procedures and age group were extremely 

scanty. Moreover authors criticised the use o f the Stanford-Binet test as- ‘it was time 

consuming and sometimes exceeded the attention limit o f the child’.

The review also reported another study by Chen (1985) who administered the 

Stanford Binet test and compared 100 children of 7-13 year old from two endemic 

villages with 105 children of similar age from two socio-economically similar 

control villages. Mean IQs were found to be higher in the control group than in the 

endemic group. Chen also mapped out IQ distribution of 7-14 year old school 

children by combining data from eleven endemic areas and showed that the curve 

from the severely iodine deficient population was shifted to the left by almost 1 0  

points o f  normal population.
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Cross-sectional studies in iodine-deficient areas: (Table : 2 }

In three studies, children from iodine deficient areas were examined on the basis of 

their academic performance or IQs. In one Bolivian study, 408 children (6-14 years) 

in a school from an endemic village were examined on height, weight, head 

circumference and thyroid size (Bautista et al. 1977). Each child’s academic 

performance was taken from teacher’s evaluations from school records. Neither 

presence of goitre nor size of the goitre showed a consistent correlation with height, 

weight, head circumference or school grade. Further analyses showed a significant 

negative correlation between goitre size and school grades (r = 0.42 - 0.49 p<0.05) 

only in boys of 7 - 8  years old, but not in any other age group or in girls.

Two cross-sectional studies in India, examined children in iodine deficient areas. In 

the first study, Mehta et al. (1987) examined 60 randomly selected goitrous school 

children (6-16 years) from two severely iodine deficient areas. The verbal part o f the 

Malin’s Intelligence Scale (WISC- standardised in urban and rural India), a short 

scale o f the Bhatia’s Battery o f Performance Test o f Intelligence and the Bender- 

Gestalt test were given to the children. Results showed that 81.6% of the children fell 

below the average intelligence, according to the Wechsler standard, and 60% showed 

poor drawing pattern on the Bender-Gestalt test. The investigators compared these 

children with another group o f rural children from a different study and found no 

significant difference on the tests of information, comparison and arithmetic. 

However, on similarities and digit span tests, iodine deficient children scored 

significantly lower than the children compared. No report was available regarding the 

details o f those children who were compared, but presumably these children were 

iodine sufficient.

In the second study, Sankar et al. (1994) examined 90 randomly selected school 

children (10-12 years old) from 4 iodine deficient villages and gave them Bender- 

Gestalt test (BGT), the Binet Kamal test (BKT) (this contains verbal and non-verbal 

items and can determine the Intelligence Quotient and neuro-psychological profile of  

the children) and Ravens Coloured Progressive Matrices.
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Urinary iodine excretion revealed that 12% of the children were severely deficient 

and another 48% were mildly deficient, while most of them had less severe goitre 

(grade-lb). The researchers divided the scores on the Bender-Gestalt test into mild, 

moderate and severe retardation and found that 31% children were normal and the 

rest were mild to moderately impaired. On the BKT, 34% children were in the border 

line category (IQ: 70-84) and 21% were mentally retarded (IQ: < 70). In Raven’s 

Matrices, 62% children did poorly, although the authors were not happy with this test 

and criticised Ravens Matrices as a culturally unfair test for the children in this 

population.

Studies comvarins soitrous and non soitrous children (Table 3)

Two studies compared goitrous children with non-goitrous children on their IQs and 

psychomotor function. In an earlier case-control study. Rani et al. (1983) compared 

28 goitrous children (10-15 years) in one school with 2 0  non-goitrous controls of 

similar age in the same school. The children were tested with Malin’s Intelligence 

scale (an Indian adaptation of WISC) and results showed no difference in verbal and 

performance IQ scores between the goitrous and non-goitrous children.

The second study was in Chile, where Muzzo et al. (1986) compared 42 goitrous 

children with 48 age and sex matched non-goitrous children on IQs (WISC-R), 

visuo motor co-ordination (Bender Koppitz test) and hand co-ordination by an ad- 

hoc designed test. Children without goitre performed significantly better on total and 

verbal IQ than the goitrous children. However, on visuo motor co-ordination and 

hand skills, there was no difference between the groups. These children were well- 

nourished and socio economically comparable. Both the groups had normal and 

similar serum T3 , T4 , TSH and urinary iodine levels.
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Comparison between iodine deficient and sufficient villages (Tables 4-9 )

In 8  case-control studies from different parts of the world, children from iodine 

deficient areas were compared with children from iodine sufficient areas.

Querido, Bleichrodt and Diokomoelianto, 1978

The earliest study is from central Java in Indonesia, where 106 children and 

adolescents from a severe iodine deficient area were compared with 139 subjects of 

similar age from an iodine sufficient area on a comprehensive battery of cognitive 

and motor function tests. As a measure of mental function, separate tests o f a wide 

range o f functions were administered including verbal fluency, vocabulary, visual 

memory, figure comparison, closure, block design, exclusions and Ravens Matrices. 

In all these tests, the results showed no significant differences between the groups in 

the 6 - 8  year old children. In other age groups (9-12 years and 13-20 years), most of 

the test scores in iodine deficient villages were stated to be below those in the 

control, but no figure was shown in the paper. The authors explained that on close 

analysis, they found that the population of the control village had better educational 

levels. They did not discuss further the results on the cognitive function tests and 

emphasised instead on the tests that they considered to be less dependent on 

educational background, such as the tests of motor skills, concentration and 

perceptual capacity. Test results showed that 6 - 8  year old control children did 

significantly better than iodine deficient children only in 2  out o f 8  tests (pinboard 

and tapping) which measured fine motor ability. The older subjects (9 -1 2  years and 

13-30 years) in the control village performed significantly better than iodine deficient 

subjects in almost all the motor function tests.

Bleichrodt et al. 1987

Considering the difficulties in interpreting the results of the cognitive function tests 

in Indonesia, the researchers replicated the study in Spain and subsequently both the 

studies were discussed thoroughly in a later paper. All the children studied in 

Indonesia, were included in the later analysis. In this analysis, the children were 

grouped into a wider age range o f 6 - 1 2  years instead of 6 - 8  years as shown in the 

previous paper.
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In Spain, 162 children of 0-12 years from 3 iodine deficient villages were compared 

with 193 age matched children from 4 iodine sufficient villages. One hundred and 

two children of 6 - 1 2  year from iodine deficient villages were further matched for 

school and grade, with 82 children from the control villages. The average number of 

school years was slightly higher in the control villages. The authors explained that a 

greater number of non-promoted pupils among the iodine deficient group were 

responsible for this difference, however no further information was available about 

the percentage o f repeaters in both groups.

In Spain, for 6-12 year old children, 4 subtests (substitution, maze, vocabulary, and 

figure comparison) of CattelTs ‘Culture-fair Intelligence Test’ were used in addition 

to majority o f tests used in Indonesia. Both the Indonesian and the Spanish groups 

were administered with almost the same set of motor function tests (pin board, 

tapping, simple reaction, choice reaction). In addition, the Spanish children were also 

given the Bender-Gestalt test and their muscular strength was assessed by hand 

dynamometer, whereas the Indonesian children were tested with balance and 

throwing balls. The results showed significant differences in favour of control 

children in both studies in all the tests o f cognition with the exception of verbal 

fluency and closure in the Indonesian group. In motor function tests, the iodine 

deficient group did worse in all the tests except muscular strength test. The 

differences were more marked in the cases of pin board and the Bender-Gestalt test. 

There was no mention o f the maze and substitution test scores in the paper, probably 

due to the smaller number of children who were assessed in these tests. In Spain, a 

younger age group (0-5 years) and in Indonesia, an older age group (13-21 years) 

were also assessed with age appropriate test instruments and the control subjects, in 

both situations, performed significantly better than the iodine deficient subjects.

B o y a se se ta l (1989)

In China, Boyages and co-workers examined 141 school children (7-14 years) from a 

cross-sectional study, who were bom during an ineffective salt iodization programme 

in an iodine deficient village, ‘Baihuyao’. Although salt iodization had started in this 

area in 1972, in a later survey in 1978, it was found that the prevalence o f goitre and
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neurological cretinism were 60% and 10.7% respectively, showing that the iodization 

programme was ineffective.

The investigators compared this sample with 51 school children (7-14 years) from an 

iodine sufficient village, ‘Huanglo’, which was socio-culturally comparable. In order 

to determine the rural-urban difference and validate the tests, they selected another 

78 school children o f similar age range from two urban areas (24 from one city 

‘Taiyuan’, and another 54 from another city ‘Xining’). The children were given the 

Griffiths Mental Development Scales and the Hiskey-Nebraska Test of Learning 

Aptitude. In addition the rural children were assessed on audiometry and biochemical 

measures.

The results showed marked deficits in mean intelligence quotients in all the rural 

cohorts in comparison to urban school children, the authors called this the “rural 

suppression effect”. However, the IQ scores in iodine deficient children revealed a 

further deficit, with a marked skew to the left, compared with the rural control group. 

In the iodine deficient village, 44% children had IQ scores less than 70, in 

comparison to the rural control village, where it was only 18%.

On audiometric performance, 42% of iodine deficient children were found to be 

abnormal with 23% having unsuspected sensorineural deafness. No control children 

were given this test.

A subsample o f 32 iodine deficient children and all the 51 children from the control 

village were further assessed, neurologically and 50% of iodine deficient children 

were found to have pyramidal tract signs, indicating permanent damage of the brain, 

whereas 4% only had these signs in the control group. Anthropometric data were 

similar between the groups. Goitres were not found in either group and the present 

thyroid functional measures (urinary iodine excretion, serum T4  and TSH) were 

normal and the groups did not differ on these.
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Vermislio et al. (1990)

In Sicily, 368 children (6-12 years) from two severe iodine deficient villages (area A: 

goitre rate 70.3%, n=708; with endemic cretinism) and 351 children from 3 

neighbouring iodine deficient villages (area B: goitre rate 45.9%, n=763; and without 

endemic cretinism) were examined. It was not clearly mentioned in the study group 

selection section o f the paper, but cited later that a control group comprising 370 

children from an iodine sufficient, socio-culturally similar area from a small town 

was also selected (area C).

A modified Bender-Gestalt test was administered to all the children in 3 areas, and a 

score of less than -1 SD (from the mean score calculated for each age group from a 

sample of 1250 school children living in a town- ‘Messina’) was considered as 

"defective’. Children having scores as equal to -1 SD were considered as ‘borderline 

defective’. On this criterion, they found 13.8% children were ‘defective’ and 17.2% 

were ‘borderline defective ’ in areas A and B and there was no significant difference 

between area A and B, whereas it was significantly lower in area C (3.5% and 3.8% 

respectively).

The children from areas A and B were further evaluated on physical, biochemical and 

neurological examinations. Goitres were found in 28.5% of the children in area A 

and B and serum T4  and T3  concentration in all were within the normal range in both 

the areas. Only 4.8% children had TSH levels between 6-14 mU/L - of which, 5.5% 

were from area A and 4% from area B.

Impaired neurological disorders were found in 19.3% children in area A and 18.5% 

children in area B. The investigators termed both borderline defective and defective 

performance on the Bender-Gestalt test as ‘endemic cognitive deficit’ (ECD). In 

subsequent analyses, they divided the children into two groups on the presence or 

absence o f ECD  and found that children who had cognitive deficiency suffered 

more from neurological abnormalities than the cognitively normal children (33.3% vs 

15.3%).
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All the defective children and 50% of the borderline defective children were also 

assessed by the Terman Merrill Intelligence test and it was found that almost all the 

children who were in the defective group and about half o f the children in the border 

line defective group had IQs lower than 90.

Twenty nine ECD  children were studied further for bone age and 24.1% of them 

showed delayed bone age .

Fenzi et a l  (1990)

In Italy, a representative sample o f 50 children (out of 384) from a moderately iodine 

deficient area, were compared with 50 children (out of 352) from an iodine sufficient 

area. Their ages were between 8-10 years and they were matched for age sex, grade 

and socio-economic condition. No details were reported about SES matching and 

how the sub-samples were selected.

The children were evaluated biochemically and were given the WISC-R (both verbal 

and performance scale) and an additional measure of cognitive ability, PM47. No 

details about the type or content o f PM47 was discussed in the paper

Children from both the groups had normal levels of serum T4 , TSH, FT4 I and there 

was no significant difference between the groups. However, mean serum 

thyroglobulin (Tg) level was significantly higher in the iodine deficient group than in 

the control group (61 ± 8  ng/ml vs 17±1 ng/ml). The authors stated that higher values 

were found in those children with larger and nodular goitres. In the deficient group, 

51.9% o f the children had goitres (most o f grade lA  and grade IB) and very few had 

grade 2 goitres. No case of very large goitre (grade 3) was found, nor was any 

account of nodularity given in the paper. Nutritionally, on height-for-age or weight- 

for-height measures, the groups did not differ. Both class 3 and class 5 children were 

within the normal range on WISC/R and PM47. The control class 3 children 

performed significantly better than class 3 iodine deficient children on the tests of  

information, vocabulary and coding subtests. However, no differences were observed 

between them on the remaining subtests, the full scale IQ, performance IQ or on
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PM47. There were no differences on any test between two groups of class 5 

children.

Azizi et a l  (1993)

In Iran, 74 rural children from two severe iodine deficient areas (Randan, n = 54 and 

Zagoon, n =20) were compared with 31 urban children from the mildly iodine 

deficient capital city of Tehran on the tests o f the Bender-Gestalt and Ravens 

Matrices. The children also had their heights, weights, bone age and audiometric 

performance assessed. All these assessment were made in a medical centre in Tehran. 

A high prevalence o f goitre was noted in all the three groups. Five clinically 

hypothyroid children were found in Randan and mean serum T4  and FT4 I, o f the total 

children were lower and mean TSH was higher compared to Zagoon and Tehran. In 

Randan, 30% children had T4  below 64 nmol/L, whereas serum TSH was above 10 

mU/L in 24% with 22% children between 5 to 10 mU/L. All the children in Zagoon 

and in Tehran had normal serum T4  and TSH. The children from Randan showed 

marked retardation o f both bone and psychometric age, whereas the children from 

Zagoon showed only marked decrease in psychometric age but not in bone age. The 

IQ was also decreased in Randan and Zagoon compared with Tehran. There were no 

differences in mean hearing threshold among the groups. In Randan, a significant 

negative correlation was found between TSH and FT4 I, and the correlation between 

total T4  serum TSH was not reported. No correlations were observed between serum 

TSH and age, height, weight, grades of goitre, the IQ, psychometric or bone age.

Azizi et a l  (1995)

In a similar study, 6  to 16 year old school children from 2 severe iodine deficient 

villages (‘Kiga’ and ‘Keshar’) were compared with school children of similar age 

from the upper-middle class families in Tehran. From the initial sampling, 95 

children from Kiga (group A), 103 from Keshar (group B) and 73 from Tehran 

(group C) were randomly selected for neurological, audiological and psychological 

evaluation.

Marked growth retardation was observed, in group A with 70% of boys and 54% of  

girls falling below the third centile of their height-for-age. Mean heights and weights
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in group B were between group A and C. Mean head circumferences in group A and 

group B were significantly lower than those in group C, indicating an effect from 

birth and early childhood. In group A, 22% boys and 10% girls had ‘values below -2 

SD of the composite international and inter-racial head circumference’.

A  high prevalence of goitre was found in all groups. In group A, 94% children had 

visible goitres of at least grade 2, whereas in group C, most goitres were not visible. 

In group A, 14 children were found to be clinically hypothyroid and also 39% of the 

children had T4  below 4.5pg/dl and TSH above lOmU/L. The mean values o f T4  and 

TSH of initial sampling (n=190) from group A were reported. It would have been 

more interesting if mean values of 95 children evaluated for neurological and 

psychological evaluation were given, so that for this particular group the relation 

between functional outcomes and T4  and TSH levels could be better understood.

On audiometric tests, 44% of the children in group A and 15% children in group B 

were found abnormal. Half of the children in group A had signs of pyramidal 

dysfunction compared with 16 o f 103 subjects in group B and one of 73 subjects in 

group C. The number of errors, on the Bender-Gestalt test, were significantly lower 

in group C than in groups A & B. A significant difference was also observed between 

group A and B on this test. The group A children scored lower on Ravens Matrices, 

than the other two groups. In group A, 15% of children scored below 70 (mild mental 

retardation) as opposed to 3% in group B and none in group C. A positive correlation 

between serum TSH and grades o f pyramidal signs and negative correlations between 

TSH and serum T4 , T3 , FT4 I, FT3 I were found in group A. No correlation was 

observed between serum TSH and age, height, weight, grades of goitre, head 

circumference, IQs, psychomotor age or audiometric performance of the children. 

Children in group A were further divided into two sub-groups on a TSH cut-off of  

lOmU/L and the mean difference in errors on the Bender-Gestalt test was found 

insignificant between the groups, indicating a lack o f linear association.

Bone age was also found significantly retarded in children from group A when 

compared with group C children.
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Tiwari et al. (1996).

This recent study from India was a better-designed cross-sectional study, where 100 

children from severely iodine deficient (SID) villages were compared with another 

100 children from mildly iodine deficient (MID) villages. Villages were selected on 

the prevalence o f goitre and the presence or absence of cretinism. The children were 

between 9-15 years and were matched for age, SES and formal educational 

experience. This was the first study where subjects were matched on socio-economic 

characters and educational exposures. The children were given 3 separate cognitive 

function tests, involving maze, verbal, and pictorial learning tasks and a test of 

motivation. Only one third o f the randomly selected children were measured for 

biochemical evaluation on urine and blood samples. The exact number of children in 

each group who were tested for biochemical evaluation was not mentioned in the 

paper.

Results showed that most of the SID children had goitres o f grade la and Ib and only 

4 children in 12-15 year age group had grade II goitres. No details were given of 

goitre grade of MID children. On serum T4  the two groups differed significantly. 

However, the mean T4  value in the SID group (90.36±6.46 nmol/L) was within the 

normal laboratory range (70-170 nmol/L). Mean TSH value in the MID group 

(4.28±0.28 mU/L), was within the normal range (0.30 to 5.0 mU/L), but was 

significantly different from the SID group (6.23+0.34 mU/L). No report was 

available about how many children were abnormal i.e., below or above certain cut

offs o f T4  or TSH values. Both groups had low levels o f urinary iodine (SID: 2.78 

pg/dl; MID: 5.68 pg /dl, however the groups differed significantly in their mean 

values.

Results showed that the SID children were slower learners than the MID children. 

Except for free recall, the SID children performed worse in all other learning tasks 

than the MID children. The rate o f improvement in performance through practice was 

significantly greater in the MID than in the SID children and also in younger than in 

older children. The SID children made more errors and took more time doing the 

maze test than the MID children. Lack o f significant positive correlations between 

thyroxin and verbal learning and pictorial learning task were observed, however TSH 

showed a significant negative correlation with verbal learning task. This lack of
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correlations between thyroxin and verbal and pictorial learning were explained by 

authors as these were independent of thyroxin level. On the other hand, the authors 

believed that significant negative correlations between maze error and time with 

thyroxin and urinary iodine and a positive correlation between maze error and time 

with TSH could be due to a concurrent effect mediated through thyroxin. Significant 

positive correlations were also found between motivation to achieve and thyroxin 

and urinary iodine levels, however this was not consistent as it was not correlated 

with TSH.



Table; 2
Cross-sectional studies in deficient areas

Authors, Year o f 
Publication and Place

Sam ple and selection criterion M easures Results

Bautista et al, 1977 
in Bolivia

All the 408 children from one 
school in a severe iodine 
deficient area were examined.

Age : 6-14 years o f age.

Anthropometric measurements 
Thyroid glandular size assessment 
Assessed academic grades of the 
children from school records.

Heights and weights were consistently below urban population. Mean 
head circumference was less than the Am erican standard.
M ost children had some degree o f thyroid enlargem ent, slightly greater 
in boys.
No correlation between goitre size and height, weight, head 
circumference and school grades. A significantly high negative 
correlation between goitre size and school grade in boys at 7 and 8  

years only.
M ehta et al, 1987 
in India

60 children selected randomly 
on the day o f the study, who 
belonged to 2  severe iodine 
deficient areas.
N o further details about num ber 
o f schools.
Age: 6-16 years

Urinary iodine estimation for all.
6-10 years : M alin 's IQ: verbal 
scale(Indian adaptation of W ISC) 4- 
Bender-Gestalt te s t .
11 -16 years : M alin’s IQ test: verbal 
part + Bhatia’s Battery of Performance 
test (K oh’s block design and 
A lexander’s Pass Along test)

All the children had visible goitre(grade 2 and 3) and were severely 
iodine deficient on urinary iodine excretion.
IQ was assessed per criterion o f W echsler : 81.6% children fell below 
average intelligence.
Com pared the results with another population from  another study (not 
mentioned, whether iodine sufficient ?) & found that iodine deficient 
group scored significantly lower on sim ilarities and digit span test. 
60% children showed poor m otor co-ordination on the 
Bender- Gestalt test.

Sankar et al, 1994 
in India

Ninety children (45M  + 45F) 
selected in a stratified random  
sam pling from  4 severe iodine 
deficient villages, 
selected random ly on the day of 
study.
Age 10-12 years 
Children with suspected 
cretinism  - defect on hearing 
acuity were excluded.

Urine analyses for every second child 
Goitre assessment

Bender-Gestalt test
Binet Kamal test for mental ability
(BKT)
Raven’s Coloured Progressive Matrices

On urinary iodine: 12.2% severely iodine deficient and 43%  to 48% 
were mild to m oderately iodine deficient.
91.1%  had goitre, m ostly grade lb , only 2 girls had grade 2 goitre 
On the Bender-Gestalt test : 69% was mild to m oderately abnormal 
On the BKT: 34% was on the border line category and another 23% 
were mentally retarded (mild to moderate)
On Ravens: 62% did poorly (the authors were not happy with this 
test)



Table; 3
Studies Comparing goitrous and non-goitrous children

Authors, Year o f 
publication, Place

Sam ple and selection criterion M easures Results

Rani et al, 1983 
in India

Children; 50 random ly selected 
adolescent children (boys and 
girls)
age: 10-15 years;
Children from sch-grade 2&3 

n= 28 goitrous 
n= 2 2  non-goitrous

Anthropometry
M alin’s Intelligence scale (Indian adaptation of 
W ISC)

No difference in height, weight and head circumference 
between the groups.
No difference in full scale, verbal or perform ance IQ 
between children with or without goitre.

M uzzo et al, 1986 
in Chile

Children : from  public schools in 
one area where goitre was 31% 
and no prevalence of cretinism. 
Children m atched for age and 
sex.
Age: school age children.
Exact age or range not mentioned 

n= 42 with goitre 
n= 48 without goitre 

No mention how schools were 
selected.

SES and Nutritional status 
Blood: T], T4, TSH, Urinary iodine

IQ (W lSC-R) ; Visuo-motor co-ordination by 
Bender Koppitz test.
Hand co-ordination by an ad-hoc designed test.

No difference in SES or nutritional status
T4, T3, TSH  and Urinary iodine normal in both groups

Children without goitre had significantly higher total and 
verbal IQs than the goitrous children.
No difference in m anual (perform ance) IQ.



Table; 4
Comparison between iodine deficient and sufficient villages (I)

Authors, Year of
publication, Place

Sample and selection criterion Measures Results

Querido et al, 1978 
in Indonesia

Com pared children in 3 age 
groups:
Deficient vill : Sufficient vill

year age 
2  year age 

44 in 13-20 year age

n= 4 0 : 2 1 in
n= 41 : 41 in
n= 58 : 44 in

General characteristics of both population.

Cognitive function tests considered as tests 
o f ‘general intelligence’ including verbal 
fluency; vocabulary; visual memory; figure 
com parison, closure, block design, mazes 
and Ravens Matrices.

Tests on motor development including 
pinboard, tapping, simple reaction, choice 
reaction, throwing balls, balance.__________

In 6 - 8  years, no difference was observed between the groups in 
tests o f general intelligence.

In m otor developm ent tests, 6 - 8  year old iodine deficient children 
did significantly worse than the control children in 2  tests 
(pinboard and tapping test) out o f 6  tests.
O lder control children (9-12 years) did significantly better in all 
the tests and 13-20 year old control subjects perform ed 
significantly better in 4 out o f 6  tests than the iodine deficient 
subjects.

B leichrodt et al, 1987 
com bined results from 
the Indonesian study 
(Querido et al, 1978) 
and a replicate study in 
Spain.

Indonesian sample: same as 
above

Spanish sample:- 
deficient vill : sufficient vill 

n=26 : 19 in 0-2 year age 
n=22 : 7 in 2-2.5 year age 
n=63 : 34 in 2.5 -5 year age 
n= 82 :102  in 6 - 1 2  year age

Indonesia : sample and tests described above

Spain:
0-2.5 years: Bailey Scales o f Infant 
Development
2.5-5 years: M cCarthy Scales o f Children’s 
Abilities
6-12 years : same tests as used in Indonesia , 
the Bender-Gestalt test and muscular 
strength was assessed by a hand 
dynamometer

TSH m easure not reported for any group o f Spanish children. 
Iodine sufficient children still were iodine deficient ( mean 
urinary iodine was 8 .8 pg/dl).
T 4 values were normal in all groups.
0-2.5 year: Control children did significantly better in mental 
developm ent tests but not in m otor developm ent tests when 
com pared to deficient children (in Spain)
2.5- 5.0 years: significant differences in all the mental and motor 
developm ent tests in favour o f control children (in Spain).
6 - 1 2  year: significant differences in all the tests in favour o f the 
control children in both areas , except verbal fluency and closure 
in the Indonesian children.
13-20 year: Control subjects did significantly better in all the 
mental and m otor developm ent tests except throwing balls when 
com pared with iodine deficient children (in Indonesia)



Table; 5
Comparison between iodine deficient and sufficient villages (II)

Authors, Y ear o f 
publication, Place

Sample and selection criterion Measures Results

Boy ages et al, 1989 
in China

141 rural school children from 
iodine deficient area were 
com pared with 51 rural school 
children from  a control iodine 
sufficient area.

A nother 78 school children were 
also selected from two urban 
areas to exam ine rural urban 
difference.
Age o f the children = 7-14 years

G riffith’s M ental Development Scale and 
Hiskey-Nebraska Test o f Learning Aptitude were 
given to the children.

Subsample from 2 rural (comparison) groups 
were assessed also on clinical, b iochem ical, 
audiometric performance and on neurological 
tests.

Goitres were not found in either group. On urinary iodine 
and on T 4 , T 3 and TSH, the children were normal and there 
were no differences between the groups.

All rural cohorts perform ed worse on IQ than urban groups. 
Iodine deficient rural group perform ed significantly worse in 
all tests when com pared with the rural control group. 44% of 
iodine deficient children had scores below  70 on the 
G riffith’s test in com parison to 18% o f rural control.
Iodine deficient children perform ed worse on audiometric 
perform ance and half o f the iodine deficient children (50%) 
had abnormal neurological signs in com parison to 4% in the 
control group.____________________________________________

Verm iglio et al, 1990 
in Sicily

Children studied in three areas

A: 368 children from 2 deficient 
villages with high goitre rate and 
cretinism
B: 351 children from 3 
neighbouring villages with high 
goitre rate without cretinism  
C: 370 children from an iodine 
sufficient small town 
Age: 6-12 years 
Children from area A&B were 
com pared with the children from 
the third area C on one test 
(Bender-G estalt test).___________

A modified Bender-Gestalt test was administered 
to all the 3 groups and compared with a norms 
from 1250 children in nearby town and scores 
equal to -Isd  was considered as borderline 
defective and below -Isd  as defective.
All the defective children, and a subsample o f 62 
borderline defective children in area A&B, were 
further tested on the Terman M errill Intelligence 
test

In addition, children in area A& B were also 
assessed on physical, biochemical and 
neurological evaluation.
A further subsample was also assessed for bone 
age.__________________________________________

On the Bender-Gestalt test, 13.8% children were defective 
and 17.2% were borderline defective in area A  and B, in 
area C only 3.5% and 3.8% respectively were so. There was 
no significant difference in area A and B.
B lood T 4 and T 3 were normal in both groups.
All the defective children on the Bender-Gestalt test also 
scored below 90 on the Term an M errill test.

19.3 % children in area A and 18.5% in area B were found 
neurologically abnormal. On further analyses, they found 
more children in defective and borderline defective group 
perform ed worse neurologically than the children found 
normal on Bender-Gestalt test (33.3%  vs 15%).
24.1 % of a subsam ple was also found to have delayed bone 
age._____________________________________________________



Table; 6
Comparison between iodine deficient and sufficient villages (III)

Authors, Y ear o f 
publication, Place

Sam ple and selection criterion M easures Results

Fenzi et al(1990) in 
Italy

Com pared 50 children from an 
iodine deficient area (UIE: 39pg/g 
creatinine) with 50 children from 
an iodine sufficient area (UIE: 
88pg/g creatinine).
Children with severe learning 
disability were excluded.
A ge 8-10 years.
Children were m atched for age, 
sex, grade.
Subjects were stated to be 
m atched on SES also, but no 
details were reported

Goitre assessment
Biochemical assessment: Blood T4, T3, TSH 
and thyroglobulin.

W ISC-R both verbal and perform ance scale.

PM47 test : a measure of cognitive ability, but 
no details about this test was reported.

No difference in mean T4 , T 3 and TSH  between the groups 
and these were normal in both the groups.
M ean Tg was significantly higher in the iodine deficient 
group (61 ±8 ng/ml vs 17±|ig/L) than the iodine sufficient 
group.

M ost o f the children in the deficient group had mild goitre 
( la  and lb), no case o f very large goitre (grade 3) was 
found.

Perform ance on both W ISC-R and PM 47 were normal in 2 
areas. No group difference in verbal and perform ance IQ 
was found for class-5 children. Class-3 iodine deficient 
children perform ed significantly lower than the control in 
verbal IQ and on 3 subtests : inform ation, vocabulary and 
coding._________________________________________________



Table; 7
Comparison between iodine deficient and sufficient villages (IV)

Authors, Y ear of 
publication, Place

Sam ple and selection criterion M easures Results

Azizi et al (1993) in Iran Com pared 2 rural groups with 
one urban group of children of 
different degrees of iodine 
deficiency.
Age: 6-15 years

1. Randan:
2. Zagoon:
3. Tehran:

54 rural children 
24 rural children 
31 urban children

Anthropometric and goitre assessment 
Blood tests for T4, T3, TSH, T3 uptake and 
calculated FT4I and FT3I

The Bender-Gestalt test 
Ravens Progressive M atrices

Hearing threshold 
Bone age

Goitre was found in all 3 groups, w ith severity and 
frequency m ore in Randan, then in Zagoon compared 
to Tehran sample.
In Randan, 5 clinically hypothyroid children were 
found and as a group mean T4 was lower and TSH 
was higher in com parison to other 2  areas.
M ean T4 values appeared to be within normal range 
in all the groups.
On mean TSH, Randan had significantly higher 
values com pared to others who had normal TSH 
values.
Hearing threshold was not different among groups. 
M arked retardation in bone and psychom etric age 
was observed in the children from  Randan, com pared 
with the children in town school. In Zagoon, only 
psychom etric age, not bone age was retarded in 
com parison to town area.
A significant negative correlation was found between 
FT4I and TSH. No significant correlation was 
observed between TSH  and goitre, IQ or bone age.



Table: 8
Comparison between iodine deficient and sufficient villages (V)

Authors, Year of
publication, Place

Sample and selection criterion Measures Results

Azizi et al (1995) in Iran Initially selected 202 children 
from one rural iodine deficient 
area (Group A) and 103 from 
another rural iodine deficient area 
(Group B) and com pared them 
with 694 children from an urban 
capital area (Group C).

Age: 6-16 years

A  subsample was randomly 
selected from each group for 
further examination; 
com prising

A: 95 children 
B: 103 children 
C: 73 children

Initial sample measured for anthropometry and 
goitre size.

Subsample measured for
Blood: T4 , T 3 , T 3  uptake, FT 4 I, FT 3 I and TSH
Head circumference, neurological assessment
audiometric tests, radiological examination
The Bender-Gestalt test
Ravens Matrices.

M arked growth retardation was observed in group A 
with 70% of the girls and 54%  o f the boys fell below 
the 3rd centile values com pared to NCHS standards.

Group A: 94% children had goitre of grade-2 or 
more,
14 children were clinically hypothyroid and 39% 
children in group A showed low T 4  (T4  <4.5 pg/dl). 

and 70%  children had TSH above 5mU/L. T 4  and 
TSH were normal in group B and C

On audiometric test, 44%  in A and 15% in B were 
found abnormal. H alf o f the children in group A had 
signs o f pyram idal tract lesion.
On head circum ference, both group A and B had 
significantly lower mean values com pared to group 
C. Significantly retarded bone age were found in 
group A and B com pared to group C.

On the Bender-Gestalt test, significantly more errors 
were observed in group A and group B than in group 
C.
On Ravens M atrices, children in group A performed 
lower than the other 2  groups.



Table; 9
Comparison between iodine deficient and sufficient villages (VI)

Authors, Year of
publication, Place

Sample and selection criterion Measures Results

Tiwari et al, (1996) Com pared 100 children from 
severe iodine deficient villages 
(SID) with 100 children from 
m ild iodine deficient villages 
(M ID).

2 age groups: 9-12 years 
and 12-15 years 

Children selected were matched 
for age and sex

Children were m atched for SES 
and educational level, but no 
details were given

Goitre assessment
SES and educational level o f the children were 
assessed
Biochemical assessment: One third of the total 
sample assessed for urinary iodine and blood 
for T4 and TSH.

3 separate cognitive function tests:
maze, verbal and pictorial learning tasks were
given to the children.
A test o f motivation was also administered.

Goitre was mild, mainly grade la  and lb  and only 4 
children had grade 2  goitre in iodine deficient group.
No account o f goitre was reported for M ID children.

No difference between the groups on SES and educational 
experience. On urinary iodine excretion, there was 
significant difference between the groups.
The mean blood T4  value although was significantly higher 
in the SID group than in the M ID, but the levels were 
within the normal range.
M ean TSH value was mildly but significantly elevated in 
the SID group, com pared to the M ID group.

The SID children made significantly more errors in maze 
and took m ore tim e to learn maze task, serial learning and 
pictorial learning tasks when com pared to the M ID 
children. The M ID children particularly younger ones, 
were significantly more motivated than the SID children.

Significantly negative correlations o f maze errors and 
tim e with urinary iodine and T4  were found. TSH also 
showed significantly positive correlation with maze errors 
and time.
Significantly positive correlations were also found 
between tests o f motivation, pictorial learning and urinary 
iodine levels. Only test o f m otivation was significantly 
correlated with T4  , but pictorial learning did not show any 
correlation with T4 or TSH.
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Critiques on observational studies:

The extensive Chinese review (Ma, Wang and Chen, 1994) is not helpful to come to 

any definite conclusion regarding the association of iodine deficiency with IQs of the 

children, because study designs were poor in most of the situations and details were 

not reported. However, the overall impression from the large number of studies 

favours the hypothesis that the iodine deficiency has a link with low IQs of the 

children.

Similarly, the absence of any valid comparison group in three cross-sectional studies 

(Table: 2) makes it difficult to say that iodine deficiency was explicitly associated 

with poor performance in the test measures in these children. Apart from a design 

limitation, there were also some inconsistencies in the findings. In the Bolivian 

study (Bautista et al. 1977), the observed association between decrease in goitre size 

with higher school grades was found only in boys o f 7-8 years old, not in other age 

groups nor in girls. In the study by Mehta et al. (1987), the comparison with a third 

area is not valid, as it was drawn from another study and no details o f children’s 

characteristics and thyroid functional measures were reported. It may be that the poor 

performance actually represented a rural under-performance in such population. 

However, these children were residing in areas where neonatal hypothyroidism was 

extremely high (80 to 300 hundred times more than reported from developed 

countries). So the possibility of a few subcretins in the group cannot be ruled out and 

this may explain the lower performance in comparison to average figures and a 

difference between the scores in few tests between a third area and the deficient area. 

The authors admitted also that in view o f the very low school registration rates in 

these areas, the children selected were likely to be a biased sample. The findings 

from the second Indian study (Sankar et al. 1994) was also inconsistent in detecting 

severity of iodine deficiency, as severity on urinary iodine excretion did not correlate 

well with the severity detected by goitre grading. In the absence o f data on serum 

thyroid hormones, it is difficult to interpret these findings.

The findings from case-control comparison between goitrous and nongoitrous 

children in India (Rani et al. 1983) were not in agreement with the findings in Chile
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(Muzzo et al. 1986). Moreover, the Indian study did not consider biochemical iodine 

status of the children and other factors that might have explained the negative 

finding. The study in Chile clearly revealed that the lower performance in IQs by 

goitrous children did not correlate with the concurrent iodine status, as evidenced by 

the normal biochemical status by both groups, and there was no difference between 

the groups. The observed low IQs in goitrous children could be due to past exposures 

of these children to iodine deficiency or may be from other factors which were not 

controlled in the study.

From the comparative studies between iodine deficient and sufficient villages, it is 

not possible to conclude that hypothyroxinaemia (low T 4 ) ,  resulting from iodine 

deficiency was associated with poor cognitive and motor functions o f the school 

children, though most of the studies supported a link with iodine deficiency itself. 

The observed association found between iodine deficiency and poor cognitive and 

motor functions in most of the studies might have been confounded by a number of 

factors as may happen in any ecological study. The inherent limitation of village 

comparison is that some other factors like socio-economic status, educational levels 

of parents, health and educational facilities and cultural issues other than difference 

in iodine deficiency could all be responsible for poor mental and psychomotor scores 

and it is very difficult to control all the factors in such observational studies.

The earlier studies in Indonesia and Spain (Bleichrodt et al. 1987) were the most 

detailed and informative observational ones which suggest that iodine deficiency was 

related to mental and psychomotor impairment. The findings from Spain are more 

dependable than the Indonesian study, in which an alternative explanation o f lower 

educational level can be put forward for the poor performance on mental and 

psychomotor tests by the iodine deficient subjects. A strict control in this type of 

study is not always possible as revealed by a goitre prevalence o f 13% in the Spanish 

control group which was enough to define the area as endemic. Serum hormonal data 

were not used in the selection o f areas and groups were defined only on urinary 

iodine excretion level. The TSH measures were reported only for the Indonesian
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Study and mean T4 values seemed to be within normal range in both deficient and 

sufficient groups in both situations.

In the Chinese study (Boyages et al. 1989), the thyroid hormonal measures of the 

children were normal and they were no longer iodine deficient on urinary iodine 

excretion at the time of the test. The observed abnormalities in iodine deficient 

population probably had resulted from past exposure of these children to iodine 

deficiency, presumably from intra-uterine deficiency in the iodine deficient mothers. 

The damage was likely mild in nature and less than the characteristic neurological or 

psychological deficits that are observed in neurological cretins.

The lower performance on the Bender-Gestalt test by the iodine deficient children in 

Sicily (Vermiglio et al. 1990) can only explain a rural-urban difference as the 

compared children were from a town and there was no difference between the two 

rural areas. The observed association between lower performance in the Bender- 

Gestalt test with lower IQs in the Terman Merril test and more neurological 

abnormalities in these children, suggest a continuum effect from intra-uterine lives 

which was independent o f the present thyroid functional status. This was supported, 

as serum T4  and T3 were normal and only a few percent (4.8%) had mild elevation of 

TSH (6-14 mU/L)

The findings from the Italian study (Fenzi et al. 1990) were inconsistent as 

differences in performance by both the groups on few subsets o f the WISC/R were 

significant only in class 3 not in other class. The iodine deficient children differed 

from the iodine sufficient children only on serum thyroglobulin and the authors said 

that the higher thyroglobulin values were found in those children with larger and 

nodular goitres. However, goitres were mostly mild in nature and no case o f very 

large goitre was detected and the prevalence o f nodularity of the gland was not 

reported in the paper.

The two Iranian studies (Azizi et al. 1993, 1995) had one common problem as regard 

to assessment on psychological test. The children were tested in a town hospital
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which was quite unfamiliar to the rural cohort. It was likely that the performance in 

psychological tests might have been affected in the rural children. In the first study 

(1993), inclusion o f 5 clinically hypothyroid children might have inflated the results. 

In the second study (1995), 14 children who were clinically hypothyroid were also 

included. The lower mean values in T4  and higher TSH values in group A, compared 

to other two groups (group B and group C), suggest that group A children were also 

suffering from concurrent biochemical hypothyroidism. The significantly lower head 

circumference o f these children and higher percentage having neurological problems 

in comparison to group C indicate that these children were exposed to iodine 

deficiency during intrauterine lives as well as having concurrent hypothyroidism.

The recent study from India (Tiwari et al. 1996) was a well-designed case-control 

study and only the single study where SES and educational experience were 

reasonably controlled for the children. The serum hormonal data were provided for 

one third of the population and this did not support that these children were 

biochemically hypothyroid at the time of testing. Urinary iodine excretion itself 

defined the two distinct populations. If one considers that as a good indicator, there is 

a strong evidence that severely deficient children performed significantly worse on 

learning tests than mildly deficient children. However, this positive finding may be 

confounded by other nutritional factors like stunting and anaemia, which were not 

controlled in the study.

From this review, it is not possible to separate effects o f hypothyroidism in late 

childhood from those o f the effects of iodine in utero. The findings of neurological 

deficits in some studies suggest that intra-uterine deficiency played some important 

role. Lack of proper socio-economic data [except the Indian (1996) Spanish (1987) 

and Indonesian (1978)] in most of the studies posed further difficulties to interpret 

the results. No study confirms that the hypothyroid state resulting from iodine 

deficiency in late childhood is an independent determinant o f poor cognitive function 

or poor school achievement. Or, does iodine deficiency itself have a different 

mechanism to alter cognitive function not mediated through low T4?. From 

observational studies, it is difficult to answer this question, where a lot of
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confounding factors may have influenced the outcome measures, unless it is 

controlled at the beginning by a proper study-design.

2.6.2. Intervention studies

From observational studies, even those with good controls for confounding factors, it 

is not possible to find out the causality of any effect. Intervention studies always are 

recommended to prove causality. Treatment trials of the effects of iodine on mental 

function have been conducted in different parts of the world. Studies can be broadly 

classified into two categories:

First, iodine supplementation to pregnant mothers (pregnancy trials) to determine the 

effects o f treatment on the incidence o f cretinism and other neonatal outcomes and 

the effects of treatment on the intellectual and psychomotor performance o f their 

offspring who are followed up at different ages.

Secondly, treatment trials have been conducted in children to determine whether 

there is any improvement in cognition and mental development which could be 

attributed to the independent concurrent effect of iodine deficiency not confounded 

by intrauterine developmental in su lt.

2.6.2.1. Iodine trials in pregnancy

In the mid sixties, three pregnancy trials were almost simultaneously but 

independently started in three different iodine deficient parts of the world. The 

studies in Papua New Guinea and Peru are robust in design as both were placebo 

controlled double blind clinical trials. The study in Ecuador was a simple comparison 

between two villages with or without iodine intervention. Subsequently all these 

studies were followed up in a series of investigations. Apart from three earlier 

pregnancy trials, two recent trials, one in Zaire and the other one in China are 

reviewed. The study in Zaire was a double-blind placebo-controlled clinical trial, 

whereas the very recent one in China, was without a placebo-controlled group, as it
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was no longer possible ethically to withhold treatment from a control group during 

pregnancy. The studies are reviewed separately.

Trial in Ecuador (Tables 10-12)

The trial started in March, 1966 involving two neighbouring villages (Tocachi and La 

Esperanza) o f comparable socio-economic and geographical condition and having 

similar degrees o f iodine deficiency. The total population of ‘Tocachi’ was treated by 

intramuscular injection of iodinated oil (IM Bthiodol) whereas ‘La Esperanza’ 

remained as a control.

In a follow up study, two years after the injection campaign programme, Fierro- 

Benitez et a l  (1969), found that three children with characteristics o f neurological 

cretinism had been bom into the non-iodinated population, but no child with such 

severe deficits was bom into the iodinated population. This finding suggested the 

benefit of iodine supplementation during pregnancy in preventing cretinism.

Ramirez et al. (1969) did the first study o f psychomotor development of the children 

in this area using the Gesell Scale. The mean developmental quotients of children at

9.5, 13 and 18 months of age were not found statistically different between Tocachi 

and La Esperanza, although the iodinated children performed slightly better than the 

control children.

In a further evaluation in 1971, Ramirez and his group (1972) found that the 

neuromotor development (assessed by the Gesell scale) in the iodinated children was 

somewhat more advanced than in the control children, but the group difference was 

not significant. Six children with severe mental and neuromotor deficits had been 

bom at this time into the non-iodinated population and no such severe deficits had 

been observed in the iodinated population.

During this time, Trowbridge (1972) studied 51 children from the iodinated 

population and 60 children from the non-iodinated population (ages: 3 years 10 

months to 5 years 4 months). He used modified version o f the Stanford-Binet test
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and found no difference in mean IQs between the groups. Subsequently he analysed 

the data only with the treated children dividing this sub-sample into three groups. 

Group 1 children comprised o f those who were bom during the 9 months period 

before injection and group 2 were those who were bom during the 9 months period 

immediately after injection. Lastly, the group 3 comprised of those children whose 

mothers were injected prior to conception.

At this time, a progressive increase in the mean IQ scores was noticed from group 1 

to group 3, with children in both groups, 3 and 2 had significantly higher IQs than the 

children in Group 1. Girls from both groups (group 2 and 3) did significantly better 

than group 1 girls, whereas boys in group 2  only did better than boys in group 1 .

In another study, Fierro-Binetz and co-workers (1972) compared 67 children in 

Tocachi with 83 children in La Esperanza. Children were over 3 years and 4 months 

and a modified version of the Stanford-Binet test was used. In the first group, 26 

children who received iodine during the last part o f the intra-uterine life, during 

lactation and directly by intramuscular injection were compared with 41 children of 

similar age from the control village. In a second group, 33 children who received 

iodine early in intrauterine life, during lactation and directly by intramuscular 

injection were compared with 50 children matched for age from the control village.

The children were undemourished in all groups and there was no group difference in 

nutritional variables. The Mean IQ score was significantly higher in the 2nd group of  

children whose mothers were treated in the early stage of gestation compared to 

control children and children treated in late gestation. Children having IQs below 70 

were considered as mentally deficient and below 50 as frankly retarded. There were 

fewer mentally retarded or frankly retarded children in the early treated group 

(20.6%; 2.6%) compared to late treated group ( 49%; 6.7%). The authors concluded 

that iodine supplementation after 5th month o f intrauterine life had little or no 

prophylactic effect in preventing mental retardation.

In a further study after two years, Fierro-Benitez et al. (1974) compared 103 children 

from the iodinated population with 113 children from the non-iodinated population
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after administering a modified Stanford-Binet test. Few younger children were also 

given the Catell Infant Intelligence Scale. In one group, 40 children who got iodine 

between 4-7 months o f foetal life through their mothers were compared with 63 

children matched for age and sex from the control village. In another group, 63 

children whose mothers got iodine injection before conception were compared with 

63 age and sex matched children from the control village.

Results showed that the children whose mothers were treated before conception had 

significantly higher IQs (p<0.002) compared to the children in the control village or 

those who got iodine through their mothers during pregnancy. There were 

significantly fewer mentally deficient children (IQ below 70) in the second group 

(9.5%) compared with the children in the first group (40%). These data strengthened 

the findings of the earlier study (1972) and the authors were convinced that iodine 

supplementation before conception largely prevented the spectrum of mental deficits 

that might occur in the regions where goitre and cretinism were endemic.

In 1981, the children between 8  to 15 years of age were studied on their school 

performance both in Tocachi and La-Esperanza (Fierro-Benitez et al. 1981). Children 

(n=128) bom to the mothers who were treated before conception, or during the first 

three months of pregnancy were compared with the children (n=293) from the 

control village who attended the schools and had complete study records. School 

registers were used to assess children’s performance, which contained student’s pass 

grade, failures, cause o f failure, drop out and transfer and remarks on the child’s 

behaviour. Annual progress reports of the students which contained marks on the 

four basic areas- reading, writing, mathematics and natural science were also used 

and teachers and the parents were interviewed.

Different neuro-psychological batteries were also given to different groups of  

children at different age ranges. These were a modified version of the Stanford-Binet 

Scale, the ‘Terman-Merrill test’ (41 treated and 113 untreated 8-12 year old 

children), a modified version o f the Wechsler Intelligence Scale (53 treated and 55 

untreated children who were older than 12 years) and the Goodenough draw a man 

test (168 untreated and 94 treated children aged 8-13 years). In addition, they also
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gave the Goddard test (fitting geometric figures into their places rapidly), the Bender- 

Gestalt test (a test of visual motor co-ordination) and Ravens Matrices to the 8-15 

ye ar old children.

The data on scholastic achievement indicated poorer school performance in the 

children from the control population when compared to those of the iodinated 

population. A larger percentage of treated children had finished elementary school 

and were in high schools. Children of treated mothers were found significantly better 

than the control children when measured in terms of school year reached for age, 

school drop out rate, failure rate, years repeated and school marks.

The study found no difference between two groups of children in the performance on 

the Terman Merrill test, the Wechsler Scale, the Goodenough test or Ravens 

Matrices. However, the treated group performed significantly better than the control 

group on the Goddard test (p<0.002) and more children in the untreated group (12%) 

showed abnormality on the Bender-Gestalt test compared to treated group (6.5%).

In a subsequent review, Fierro-Benitez and his group (1981) observed some 

important findings on the children bom into the study population between 1966-73. 

They noticed that 30.9% of subjects in Tocachi had migrated from that community as 

compared to 8 % in La-Esperanza. They hypothesised that the higher rate of 

immigration o f treated individuals had probably resulted from a higher level of 

mental ability in that group, following iodine treatment than in the individuals who 

had grown up in the untreated village. In order to test the hypothesis, Fierro-Benitez 

and his workers (1989), collected data on 134 treated individuals who had entered 

school up to 1981 and compared them with 120 children from the control village, 

who were bom between 1966-1973 and had entered school but not migrated before 

1981. They found that significantly more individuals (79.1%) from the treated village 

had emigrated compared to the control village (49.2%). Furthermore, a subsample 

was retrospective analysed on their performance in different IQs as measured in 

1981. It was found that the treated migrants had significantly higher mean IQ scores 

in the Terman-Merrill test (p<0.01), the Wechsler scale, and the Goddard test
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(p<0.01) as compared to untreated migrants. On the Bender Gestalt test, significantly 

more subjects (14%) were found abnormal in the untreated migrating group when 

compared to the treated migrating group (3.8%). The authors suggested that these 

findings might had reflected a differential migration of more capable individuals 

from the treated than untreated population.

Trial in Papua New Guinea (Tables 13-15 }

In the Western Highlands Province in Papua New Guinea, a double blind placebo 

controlled trial involving 16,5000 people was started in 1966 and ended in 1972. 

Alternate families were injected with either iodinated oil or physiological saline.

Infants bom into the trial were subsequently followed up (Pharoah, Buttfield and 

Hetzel, 1971) to see the incidence of cretinism. There was only one cretin out o f 592 

births in the iodinated group who were injected before conception whereas 26 cretins 

out of 487 births were found in the saline treated (injected before conception) group. 

On the other hand, among those who got an injection after conception, there were 5 

cretins out o f 95 births in the iodine-treated group and 5 cretins out o f 90 births in the 

placebo treated group. This finding proved that iodine supplementation before 

conception was highly effective in preventing cretinism whereas it was ineffective if 

given after conception.

To address the question of whether iodine deficiency is an all or none phenomenon 

or whether it leads to a range of abnormalities, the cohort o f non-cretins and 

apparently normal children bom into the trial was subsequently followed up serially 

in 1978, 1982, 1985 and in 1987 for their cognitive and psychomotor development.

In 1978, when the children were approximately of 6-12 years o f age, 115 children 

from the treated group were compared with 79 children from the control group 

(Connolly, Pharoah and Hetzel, 1979). Different measures of physical and motor 

performance were applied. These were: grip strength test measured by a hand 

dynamometer, tapping and dotting with pencil to measure speed o f movement, 

screwing nuts onto bolts and inserting pegs into a pegboard as a measure of 

unimanual accuracy, and bead threading task as a measure of bimanual accuracy.
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Besides these discrete tests, a few subtests of Lincoln/Oseretsky motor development 

scale were also given to the children.

Results showed that the treated children performed significantly better in the 

pegboard (p<0.05) and bead threading task (p<0.01) than the control children. 

Because of a smaller number of children in different age groups in the Bruininks test, 

the results were presented in a simple statement- ‘ in 5 of the six age groups the 

children from the treated group performed better than the control’, but without any 

analyses. In a latter publication, it was shown that, peg-board and bead threading 

scores (age adjusted) correlated significantly with maternal T4  in 35-37 children 

whose mothers volunteered to give blood samples in 1970 and 1971 (Pharoah et al. 

1981)

In 1982, when the children in the trial were approximately 10-16 years old, they 

were again tested on the pegboard and bead threading tests (Pharoah and Connolly, 

1987). A slightly modified form of Pacific Design Construction Test (PDCT) was 

also used to assess cognitive function. This later follow-up was carried out in 5 

villages. Performance below the 10th centile in the assessment of cognitive and 

motor function test was considered as poor. Significantly more cretins and possible 

cretins were found in the control group when compared to the treated group. There 

was a significant group difference in the percentage o f children who performed well 

on cognitive and motor function. After excluding the definite and possible cretins, a 

larger proportion o f children (17 out of 192) in the control group performed poorly 

compared to the children in the treated group (13 out of 235). Although the overall 

difference between the groups was significant when the cretins and possible cretins 

were included in the analysis, but when they were excluded, the difference seemed to 

be no longer significant.

In 1982, twenty-two of the 44 children who were in utero and whose mothers gave 

blood samples were measured on three motor function tests (peg board, bead 

threading and one additional test: peg frame) and on PDCT (Pharoah et al, 1984). 

The children were divided on whether attending school or not, and it was found that 

school experience significantly affected cognitive function but not motor function of
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the children. Furthermore, the scores on the PDCT and on three motor function tests 

showed highly significant associations with maternal total T 4 ,  but not with T 3 .

Pharoah and Connolly (1991a) studied a subset of children from two groups who 

were bom within 40 weeks of the mother receiving either iodinated oil or saline and 

were presumed to have been conceived before any form of treatment given. These

children were measured in 1978 and 1982 with the same motor and cognitive

function tests. None of these measures showed a statistically significant difference

between the treated and placebo group, emphasising again that iodine

supplementation to mothers after conception failed to improve psychomotor 

performance o f their children.

Forty- four children whose mother’s blood specimen were taken during pregnancy, 

were further measured in 1985 and 1987. In 1985 (Connolly and Pharoah, 1989), 

previously used motor skill tests (peg board, bead threading) were repeated along 

with an additional motor test : MRM (the Minnesota Rate of Manipulation test). A 

card sorting task was also given to these children to measure information processing 

capability. On analyses, children’s performance scores in motor and cognitive 

functions were found to be significantly correlated with maternal T 4 .

In 1987, tests of forward and backward memory spans and memory for ‘serial 

position in a list’ were administered to examine memory capacity o f these children 

(Pharoah and Connolly, 1991b). The relationship between children’s forward 

memory span and maternal T4  was not statistically significant. However, the 

backward memory span and the serial memory scores were found significantly 

associated with maternal T4  The authors viewed that these two tests were more 

demanding cognitive function tasks than the forward memory span.
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Trial in Peru (Table 16)

This third pregnancy trial was a double blind clinical trial, started in 1966 in three 

rural iodine deficient villages in Peru (Pretell et al. 1972). Out of 1771 women who 

were involved in the trial, 415 women of child bearing age were given an iodine 

injection (IPSO) and 332 got placebo (poppy seed oil without iodine, supplied by the 

Guerbet).

Of 456 children bom into the study, 56% were in the iodine-treated group, the rest in 

the placebo group. Of these, 84% were followed up comprehensively up to five years 

after their mothers were injected.

The Gesell test was given to 60% of the total children to assess motor and neuro

psychological functions. In one village (Huasahuasi), the Stanford-Binet test was 

given to the 2-4 year-old children and the Bmnet-Lezine test to the children who 

were under 2. On the Gesell test, there was no significant difference between 

iodinated and placebo group and in Huasahuasi village, the difference in mean IQs 

between the two groups of children was not significant, despite a tendency for higher 

scores by the iodised group compared to placebo group. It was found that 34% of the 

iodine treated group had IQ scores of 90 or above, whereas only 15% in the placebo 

treated group had scores of this level.

In 1988, the authors further re-assessed this set of data from Huasahuasi village 

(Pretell and Caceres, 1994) with inclusion and exclusion of a few mothers on the 

basis of time o f injection (included those who were treated in the first trimester and 

excluded those who were treated at the end of gestation), and whether data on both 

urine and serum T4  were available. They excluded those subjects who had 

unexpectedly high urinary iodine values in the placebo group. The recalculation 

resulted in a smaller sample size, with 2 2  placebo treated children, each in both age 

groups (<2 years and 3-5 years) and 14 children each in the treated group. This time 

the iodine treated children showed significantly higher mean IQs compared to the 

placebo-treated children.
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Trial in Zaire (Table 17)

From 1973 to 1980, a placebo controlled longitudinal, randomised study was 

conducted in Ubangi - ‘a severe iodine deficient area’ in northern Zaire (Vanderpass 

and Thilly, 1994). The study was based at a town hospital where the mothers visited 

for their first prenatal clinical check-up. On a randomised allocation, iodised oil 

injection (1 cc Lipiodol: IPSO) or placebo injection (iodine-free vitamin) were given 

to expectant mothers (187 urban and 796 rural). Children bom to these mothers were 

followed up for the first time in 1975 and subsequently in 1980. The Bmnet-Lezine 

scale (a modified form of Gesell test) was used to assess children’s psychomotor 

development. In the first survey, the children were assessed in three age groups : 4-9 

months ; 10-15 months and 16-23 months (Thilly et al. 1980). Results showed that 

the untreated group performed consistently worse than the treated children and the 

difference was significant for the 4-9 months age group and for all the children taken 

together.

The results of the second survey (Vanderpass and Thilly, 1994) showed that the mean 

psychomotor development score was significantly lower in the control group than in 

the treated group. Significantly more children (p<0.001) in the control group (9.7%) 

scored at or below 60 IQ points, whereas only 0.5% in the treated group scored at this 

level.

The control children were further sub-divided into two groups on the basis of high 

and low prenatal maternal semm TSH. Mothers with high TSH (>10 mU/L) were at a 

greater risk (23% vs 6 %) to have a child with very low psychomotor development 

score (less than 60 IQ point) than mothers with TSH below 10 mU/L.
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Trial in China (Table 18)

In one intervention study (Cao et al. 1994), oral Lipiodol was administered 

systematically to 295 women during pregnancy (48 in 1st trimester, 99 in 2nd 

trimester and 148 in the 3rd trimester).

The babies bom to the treated mothers were followed up for two years. The children 

were tested on fine and gross motor skills, cognitive development and language skills 

and items were taken from Bay ley Scales of Infant Development. The children also 

had their head circumference measured and neurological profile assessed. For ethical 

reasons, there were no untreated control group, rather the untreated children who 

were evaluated before the treatment served as the control subjects.

Results showed that iodine treatment during the second trimester was associated with 

significantly better neurological (p<0 .0 0 1 ) and developmental outcomes (p<0 .0 0 1 ) 

and significantly greater head circumference (p<0 .0 0 1 ) compared to treatment in 1 st 

or 3rd trimester and when compared to untreated control. Interestingly, treating 

mothers in the first trimester was associated with more microcephaly, and more 

number o f less severe neurological problems than treating in 2nd or 3rd trimester. 

The authors admitted some problems in selecting mothers in the first trimester.



Table; 10
Iodine trial in pregnancy in Ecuador (I)

Authors, Y ear o f publication, Place 
and intervention

Sample, selection criterion Measures Results

In Ecuador
Two neighbouring villages of 
com parable socio-econom ic and 
geographical condition were 
selected. In M arch, 1966 all the 
population in one village (Tocachi) 
were treated with IM iodised oil 
(IPSO), whereas the other (La 
Esperanza) rem ained as a control.

Ram irez et al(1969)

Children bom  before April, 1968 and remained 
there at the time of assessment were selected in 
both the villages.
Com pared 69 children from Tocachi with 156
children from La Esperanza
A ge groups: 9.5, 13 and 18 months

Anthropometric measurements. 
Radiological assessment 
G esell’s Scale to measure 
psycho-motor development

Three cases of severe mental deficiency were 
found in La Esperanza
High percentage o f undernutrition in both the 
villages, higher in Tocachi.
No significant effect of intervention on somatic 
growth or psychom otor developm ent 
Iodinated children perform ed slightly better but 
not significantly different from  the control

Ram irez et al (1972) 

same study as above

Children born unto August, 1971 were 
examined
Some of them were 5 years of age.

Gesell scale Six children with severe mental and neuromotor 
deficits had been born to the control village. On 
the Gesell test, treated children did slightly 
better but not significantly different from the 
control.

Trow bridge (1972) 

same study as above

C hildren’s age: 3 yrs 10 months to 5 years 4 
months.
51 children from  iodine treated village were 
com pared with 60 children from the control 
village.

A modified Stanford-Binet test No significant difference on IQs between the 
groups.
W hen only the treated children were separately 
analysed into 3 groups, children whose mothers 
were supplem ented before conception or early 
in pregnancy perform ed significantly better 
than those whose m others were treated in late 
pregnancy or children born in 9 months period 
before supplementation.______________________
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Iodine trial in pregnancy in Ecuador (II)

Authors, Year of publication, Place Sample, selection criterion and intervention Measures Results

Fierro-Benitez et al 
(1972)

same study as above

67 children from Tocachi were compared 
with 83 children from La Esperanza.
Age: 3 years 4 months 
Children were grouped into two:
G roup 1: Children treated in early 
intrauterine lives, during lactation and 
directly by IM injection after birth.
G roup 2 : children treated during last part o f 
the intrauterine lives, by lactation and by 
direct IM  injection.
Age and sex matched children from 
La-Esperanza were also included to compare 
with group I and group 2.

Anthropometric measurements.
A modified Stanford-Binet test was 
administered.

Children were undernourished in both groups. No 
group difference was observed in anthropometry.

IQs were significantly higher in those who were 
treated in early intrauterine lives (group 1 ) 
com pared to control and also those who were 
treated late in intrauterine lives (group 2 ).

Few er num bers o f mentally retarded children 
(below 70) and frankly retarded (below 50) 
children in the early treated group as com pared to 
late treated group.

Fierro Benitez et al 
(1974)

same study as above

103 children from Tocachi village were 
com pared with 113 children from the control 
village.
Children bom  during 7 years subsequent to 
the start o f the program m e and ages at least 3 
years at the tim e of the test were selected and 
grouped into two:

G roup I : 63 children from Tocachi in whom 
correction occurred between 4-7 months of 
foetal life.
G roup 2 : 47 children in Tocachi from 
m others, given iodised oil before conception. 
Children from La Esperanza were pair- 
m atched by age and sex in both group I and 
group 2 .___________________________________

A modified Stanford-Binet 
Intelligence test was given 
Catell Infant Intelligence Scale was 
also administered

There was no significant difference on IQs 
between treated and control children in group I .

Significantly higher IQ scores o f children from 
group 2  when com pared to control children and 
children in group I .

There were less mentally deficient children (below 
70) in group 2 than in treated group I and control 
group 1 and group 2 .
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Iodine trial in pregnancy in Ecuador (III)

Authors, Year of publication, Place Sample, selection criterion Measures Results and remarks
Fierro-Benitez et al, (1981)

same study as above

Com pared 128 children born to mothers who 
got injection before conception or within 
first 3 months o f pregnancies with 
293 children o f same age from control 
village.

Children who had stayed in schools at least 
for an entire year and had started a new year, 
irrespective o f whether they had completed 
the second year were included.
Age: 8-15 years

Academic achievement were measured 
from school records and annual 
progress reports o f the children. 
Interviewed teachers and parents o f the 
children

Following tests were administered at 
different age groups:
A modified Stanford-Binet test 
(Terman-M erril test).
M odified W echsler Scale, 
Goodenough-draw-a-man test,
Goddard test,
Bender-Gestalt test 
Ravens Matrices.

Children from treated m others did 
significantly better than the untreated children 
on school year reached for age, school drop 
out rate, failure rate, years repeated and school 
m arks in the taught subjects (reading, writing 
and mathem atics).
No significant differences between the groups 
on Term an M errill test, W echsler Scale or 
G oodenough Draw-a-M an test.
On Goddard test, treated group perform ed 
significantly better than the control group. 
M ore children in the control group performed 
abnormally in the Bender-Gestalt test 
Both the groups perform ed poorly on Ravens 
M atrices.

F ierro-Benitez et al (1987)

same as above

134 treated children from Tocachi were 
com pared with 1 2 0  untreated children from 
La Esperanza.
Subjects born between October, 1966 to 
O ctober, 1973.

Reanalysed 78 treated m igrating 
subjects with 57 untreated migrating 
subjects retrospectively on their 
perform ance in 1981 study on different 
tests on intelligence and psycho-m otor 
tests.

79.1%  treated subjects migrated in comparison 
to 49.2%  from  the control village.
No difference in the scores of the Goodenough 
and Ravens test between the groups.
Treated migrants had significantly higher 
scores in Term an M errill, W echsler test than 
the untreated m igrants. On the Goddard test, 
there was significant difference between the 
non-m igrating and m igrating subjects and 
between treated and untreated migrating 
subjects. On the Bender-Gestalt test, 14% 
from  the untreated m igrants were found 
abnorm al in com parison to 3.8% from treated 
migrants.____________________________________



Table: 13
Iodine trial in pregnancy in Papua New Guinea (I)

Authors, Y ear o f publication, Place and 
intervention

Sample, selection criterion Measures Results

In Papua New Guinea, a double-blind 
placebo-controlled trial w ith IM 
iodinated oil (IPSO) or saline injection to 
alternate families was initiated during 
1966-1972, covering 27 villages with a 
total population of 16,500.
Follow-up studies were confined to 5 
villages, where highest prevalence of 
cretinism were found.

Connolly, Pharoah and Hetzel (1979) 208 children were tested, 14 (13 from 
control group) cretins found were 
excluded from this study

115 children from iodine treated group 
were com pared with 79 children from 
saline treated group.
A ge approxim ately 6-12 years

Grip strength test by a hand dynam om eter
measured speed o f m ovem ent by tapping
and dotting with p e n c il.
measured unimanual accuracy by screwing
nuts onto bolts and peg board
measured bimanual accuracy by threading
beads
Few subtests of L incoln/ Ostersky m otor 
development test.________________________

Iodine treated children perform ed 
significantly better than the control 
children in the pegboard and bead 
threading tasks.

Pharaoh, Connolly and Hetzel (1981)

same study as above

During 1970-71, blood samples were 
taken from women who were pregnant. 
The offspring of those women were the 
index cases of this report

M aternal serum TT4, TT3, F T4 and 
F T 3 were assessed.
Correlational analyses between blood 
levels o f these hormones with perform ance 
in pegboard and bead threading test 
35-37 pairs were analysed .

As age correlated with these two tests, 
age was controlled in the analysis.

Significant correlations were found 
between m aternal T4 , FT4 and 
pegboard and bead threading tasks.
No correlation with T3.______________
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Iodine trial in pregnancy in Papua New Guinea (II)

Authors, Year of publication, Place Sample, selection criterion and 
intervention

Measures Results

Pharaoh, Connolly, Ekins and
Harding
(1984)

same study as above

22 o f 44 children whose mothers 
volunteered to give blood samples were 
tested for m otor and cognitive function 
tests.

Age o f the children; 10 yrs, 3 m to 11 
yrs, 9m.

Pacific Design Construction Test (PDCT) to 
measure cognitive function.
Peg board, bead threading tasks and peg 
frame tests for motor functions.
Height measurement.
School experience of the children 
M aternal thyroid hormones already known, 
but the testers were blind.

School experience was significantly associated 
with only cognitive functions but not with motor 
functions.
A highly significant association of cognitive and 
m otor function tests with maternal T4 not with T 3 

was found.
No correlation between m aternal T 4 or T 3 with 
height o f the child.____________________________

Pharoah and Connolly 
(1987)

same study as above

Children born to the study between 
1966-1972.

Com pared 274 children from iodine 
treated group with 248 children from 
the control group.

Age : between 10-16 years

3 groups of children:

1. Definite cretins: children having hearing 
and/or speech problem with evidence of 
upper motor neurone lesions.
2. Possible cretins: Hearing and/or speech 
problems without upper motor lesion.
3. Normal: not having any problem.

Peg board
Bead threading test
A modified PDCT test.

The 10th centile value was used as a cut-off 
point for assessing perform ance on the 
cognitive and motor tests.

Serum T4 was found significantly lower in 
saline treated m others com pared to treated 
subjects and normal value.
(T4: 59.8+6.3 ng/ml vs 128.1± 5.1ng/ml) 
Analysing the data with the children who were 
conceived after entry into the trial, showed that 
there were 2  possible cretins in iodine group, 
whereas 14 definite and 9 possible cretins were 
in saline group.
13 children in iodine treated group performed 
less than 1 0  th centile, whereas it was 17 in 
saline treated group. If one considers incidence 
o f cretins and possible cretins and perform ance 
less than 1 0 th centile all together, there was a 
significant group difference. But taking only the 
poor perform ers, the group difference did not 
appear significant._____________________________
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Iodine trial in pregnancy in Papua New Guinea (III)

Authors, Year o f publication, Place Sample, selection criterion and intervention M easures Results

Pharoah and Connolly (1989) 

same study as above

44 children whose mothers blood specimen 
were taken were tested in 1985

Height, mid triceps skin fold 
thickness were measured 
School information taken.

Peg board, bead threading task 
and M innesota Rate of 
M anipulation Tests to measure 
motor functions.

A card sorting task was given 
to assess information 
processing rate, a measure of 
choice reaction time.

Significant association was found between maternal T4 

with all the m otor function tests and cognitive function test 
after controlling for schooling and sex.

Pharoah and Connolly (1991) 
same study as above same children

Forward and backward 
memory span and memory of 
serial position in a list

Significant association was found with backward memory 
span and serial m emory scores with maternal T4 .

Pharoah and Connolly (1991) 

same study as above

Those children born within 40 weeks of the 
mother receiving iodine or saline were 
included in this study. In these cases, the 
m others were assumed to have conceived 
before the trial was initiated. They were 
com pared with control children.

These children were tested in 1978 when 
they were 11 years old and in 1982 when 
they were 15 years old.

Same functional measures 
as described in 1978 study and 
1982 study

No significant difference between mean scores of all o f 
these measures were observed between iodine treated and 
saline treated group both in 1978 and 1982.



Table; 16
Iodine trial in pregnancy in Peru

Authors, Year of publication, Place Sample, selection criterion and intervention Measures Results

In Peru : In 1966, in a double blind 
clinical trial, 1700 persons in 3 
villages were treated with IM  (IPSO) 
Iodine or Placebo injection.

Pretell, Torres, Zenteno and Cornejo 
(1972)

415 women were given iodine and 332 women 
were given placebo.

O f 456 new-born children, 56% were in iodine 
treated group and rest in the placebo group.
O f this, 84% were comprehensively followed 
up for 5 years.

Physical examination. 
Anthropometry, Radiological 
evaluation.
M otor and neuropsychological 
assessment was made by the 
Gesell test.

In one village (Huasahuasi: 43 in 
iodine group and 49 in placebo 
group.) Brunet Lezine test was 
given to under 2  year old children 
and Stanford Binet test to 2-4 year 
old children.

No significant difference between the groups 
on goitre, anthropom etry or radiological 
findings.

No group difference was observed in the 
Gesell test

No significant difference in the Stanford-Binet 
test or the Brunet-Lezine test although there 
was a tendency o f higher scores by iodine 
treated group regardless o f the age interval.

Significantly m ore children (40%) o f iodine 
treated group fell below normal category of 
IQ value com pared to placebo group (59%). 
Hearing deficiency found only in the placebo 
group.______________________________________

Pretell et al(1993) Children in one village (Huasahuasi) were 
selected on the basis o f T4 and urine data. 
Selected only those children, whose mothers 
U IE or T4 levels were verified and found 
consistent with a definition of iodine deficient 
or normal. Considerable manipulation in 
selection resulted in a fewer children, with 2 2  

each in deficient group(<2 yrs and >2 yrs) and 
14 each in iodine treated group.______________

Reanalysed data on previous 
perform ances on Brunet-Lezine 
and Stanford-Binet test.

Found significant differences between the 
groups, w ith iodine treated children 
perform ing significantly better than placebo 
treated children.
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Iodine trial in pregnancy in Zaire

Authors, Year of publication, Place Sample, selection
criterion and intervention

Measures Results

In Zaire:
During 1973-1977 a double blind 
placebo controlled trial was started 
in Ubangi region. 332 pregnant 
women received iodised oil (IPSO) 
and 339 received iodine free 
vitamin injection at their first 
prenatal visit, during the second 
and third trim ester (average 28th 
week).

Thilly, Roger, Lagasse Shibangu
Vanderpass et al
(1989)

Children bom  into the 
study were followed up 
in Novem ber, 1975.

Children in groups of 4-9 months, 10- 
15 months, 16-23 months were tested.

Evaluated psychomotor development 
according to Brunet-Lezine scale: 
measured development quotients, 
comparison of frequency of success in 
certain tasks,
comparison of the time of acquisition 
of four specific items of the scale.

The quotients o f the untreated groups were consistently inferior to 
those o f the treated group. Significant for 4-9 months age group and 
all the children taken together.
On number of tasks m ore frequently accom plished by the children 
there was significant group difference in 4-9 month and 10-15 
month age groups, not in 16-23 m onth group favouring treated 
group.
On particular tasks, treated children showed superior results on 
gross m otor developm ent but no difference was observed between 
treated and untreated group on fine m otor co-ordination measured 
by ringing a bell and putting a block in a cup without letting it go.

Vanderpass and Thilly (1993) 

same study as above

Sam e children followed 
up in M arch, 1980

Age groups: 0-24m, 24-48m, 48-60m, 
60-72m.

Brunet-Lezine test

M ean scores in the Brunet-Lezine test were not significantly 
different between the groups in different age range. But when the 
age groups were com bined, treated children did significantly better 
(<0.05) than the placebo children. Psychom otor scores were divided 
into 3 levels (<60; >60 and < 80; and ^  8 0 ), and significantly more 
children in placebo group were found with scores <60 ( 9% 
com pared to 0.5%  in treated group)
M others with higher T SH (^ 10 m lU /L) had a greater risk to have a 
child with a very low scores(lQs < 60).____________________________



Table: 18
Iodine trial in pregnancy in China

Authors, Year of publication, Place Sample, selection criterion and 
intervention

Measures Results

In China:

During 1990-1994, a mass oral iodinated 
oil (IPSO) cam paign program m e was 
initiated in 8  villages in Hotien 
Prefecture in X injiang region in China.

Gao Xue Yi et al, 1994

295 pregnant women in different 
trimesters were given oral iodine

48 women in 1st trimester 
99 women in 2nd trimester 
148 women in 3rd trimester

Children born to these mothers were 
evaluated at 1 year and 2  year o f age.

There was no untreated control group for 
ethical reasons. Children o f similar age 
exam ined before the treatment were 
served as a control.

Head circumference measured and 
neurological assessment was made

For developmental testing, test items 
were taken from Bayley Scales o f Infant 
Development.

Iodine treatm ent during the second 
trim ester was associated with a 
substantially better neurological outcome 
at the age of 1 and 2  years, when 
com pared with the children treated in the 
third trim ester or untreated infants o f 
sam e age. However, children treated in 
the first trimester, had higher frequency 
o f mild neurological abnorm alities (not 
m oderate or severe form) than children 
treated in the 2nd or 3rd trimester.

Children treated in the 2nd trim ester had 
significantly greater head circumference 
as com pared with controls. Frequency of 
m icrocephali was m ore in the children 
treated in the first trimester.

Children treated in the 2nd trim ester had 
m ean developm ental score significantly 
higher than the control. Treatm ent during 
1st or 3rd trim ester showed no 
significant effects on developmental 
levels.
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Critiques on iodine trials in pregnancy

Out o f 5 pregnancy trials, 3 studies, one in Papua New Guinea and the other two in 

Peru and Zaire were robust in design, whereas the Ecuadorian study was a simple 

comparison between two villages with or without iodine intervention. The recent 

study in China failed to include a placebo group because of ethical consideration.

Despite the design limitation, most o f the findings from the Ecuadorian trial 

consistently indicate a beneficial effect o f iodine treatment on the development of 

the children. However, one must be cautious in interpreting the findings on 

psychomotor development of the children who were apparently normal and live in 

extremely impoverished condition. The earlier studies by Ramirez et al. (1969 and 

1971) although showed some benefits (not significant) of iodine supplementation of 

mothers on their children’s IQs, but the absence of baseline evaluation o f the two 

populations, prior to the iodine programme, posed difficulties in inferring that the 

difference had resulted from the iodine supplementation only and not confounded by 

any other factor.

In a later report, Trowbridge (1972) failed to detect any significant difference 

between the treated and untreated group. However, further analyses within the 

supplemented group suggest that iodine supplementation during pregnancy or prior 

to conception had benefited the children on IQs. Analysis in this way decreased the 

sample size, but the difference detected might have reflected a real difference, as 

‘within-population comparison’ eliminated the possible confounding effects of 

socio-economic status and other differences between the supplemented and 

unsupplemented population. However, the age o f testing was different among the 

groups and this might introduce certain bias as Stanford-Binet standardised scores 

probably decline with age.

Subsequent reports by Fierro-Benitez et al. (1972 and 1974) demonstrated a 

significant treatment effect on IQs in those children whose mothers were treated 

before conception and even within 4 months o f conception. This is further validated 

by another report (Fierro-Benitez. 1981), where children from early treated mothers
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performed significantly better on the measures of school performance than those 

children whose mothers were treated later. The treated children also performed 

significantly better in two (the Goddard test, the Bender-Gestalt test) out of six IQ 

tests. The apparent discrepancies in the results might have resulted from other factors 

besides iodine deficiency. There is always a selection bias as may happen in any 

school study with iodine deficiency, where the more severely deficient children were 

not likely to attend schools. Another possible confounding factor could be a 

difference in the educational systems between the two villages as indicated in the 

paper.

Finally a difference between percentage of migration o f the two populations and a 

better scores by the treated migrants than the untreated migrants (Fierro-Benitez et al. 

1989) may support the authors view that a differential migration might have 

happened due to improved IQs in subjects in the treated village.

Though the trial in Papua New Guinea was a double-blind placebo-controlled one, 

there was no mention whether the randomisation was successful or not, as socio

economic status, nutritional status, education and initial degrees of iodine deficiency 

were not reported. The unit o f treatment was the family, but the unit of analyses was 

made on individuals. Distribution of dropout in either groups were not reported and 

statistically adjusted. Despite all these facts, the significantly higher frequencies of 

cretins in the unsupplemented group as found in the follow-up studies (Pharoah, 

Buttfield and Hetzel, 1971 and Pharoah and Connolly, 1987) were very persuasive 

and confirmed that iodine supplementation before conception largely prevented the 

incidence o f cretinism in the iodinated mothers.

The subsequent follow-up study (Connolly, Pharoah and Hetzel, 1979) convincingly 

showed that the iodine treatment in mothers before conception or in early pregnancy 

significantly benefited their children at later life in motor development especially the 

fine motor co-ordination. But it is not clear from the study, whether iodine treatment 

benefited children’s cognition who were not cretins.
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Further reports (Pharoah et al, 1981; Pharoah et al. 1984 and Connolly and Pharoah, 

1991) hinted the mechanism how the functional abnormalities may be mediated in 

intrauterine lives through very low T4  levels in mothers. However, one should be 

cautious in interpreting these findings as gender and socio-economic control were 

not made in the analyses.

The Pemvian study (Pretell et al. 1972) failed to detect any significant difference in 

mean scores on the Gesell test between the treated and untreated groups. But a higher 

percentage o f children with high IQs (more than 90) in the treated group than in the 

placebo group, favours that iodine treatment to mothers benefited the children. 

Further re-assessment (Pretell et al. 1994) o f this set of data resulted in the loss of 

randomisation and introduced bias in selection. So the conclusion they made in the 

paper is not valid.

The Zairian study (Thilly et al. 1980 and 1994) showed convincingly that iodine 

treatment significantly improved the developmental levels of the children and these 

results concur with those from Papua New Guinea and extend to different areas of 

function. In these children the mechanism of ‘how iodine deficiency is related to the 

developmental deficits’ may be different from the one proposed in Papua New  

Guinea. In this trial, a high maternal TSH level was found to be a significant risk 

factor for poor psychomotor development o f the children. Despite the robust 

findings, some points need mentioning in this trial. Many children in the 16-23 

months old group refused to perform the test. This might have introduced certain bias 

in selection of follow-up samples. No mention is made o f whether the refusal rate 

was higher in one group than in the other.

The Chinese study (Gao et al. 1994) was not blind as the examiners who tested the 

children knew the treatment schedule o f the population. Moreover, the results were 

not consistent, as no effect o f supplementation was found in the first trimester or 

third trimester, whereas supplementation in the second trimester significantly 

benefited children’s development. Furthermore, it is difficult to perceive why the 

children treated in the first trimester, had higher percentage of microcephaly and
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minor neurological problems than children treated in the 2nd or 3rd trimester. So it is 

difficult to interpret these findings.

Reviewing all these pregnancy trials, there is strong evidence that cretinism is 

prevented by supplementing the mothers during first trimester and preferably before 

pregnancy. In addition, mild developmental motor defects in apparently normal 

school-age children are prevented by supplementing their mothers early during 

pregnancy. Performance of the children in motor and cognitive function may be 

related to the degree of maternal hypothyroidism. However, as current thyroid 

hormonal status of the tested children were not available from any single study from 

this large series, it is difficult to rule out the possibility of a contribution of 

concurrent hypothyroidism in the lower performance on psychomotor functions in 

these children, especially when the retset was done after such a longer interval.

2.6 2.2. Iodine trials in school children

There are very few studies where iodine intervention in school children has shown a 

beneficial effect on cognitive and psychomotor function or academic performance of 

the children. Two studies, one in Bolivia and the other one in Malawai are placebo- 

controlled clinical trials, whereas the other studies are poorly designed. The studies 

are discussed separately.

Studies not properly reported (Table 19)

In a severe iodine deficient population o f ‘Bas-Uele’ a region in North-east Zaire, a 

mass Lipiodol injection campaign programme was started in 1984 and subjects were 

followed up continuously from the start o f the treatment (Downing and Geelhoed, 

1994). The school children who got Lipiodol (0.5 ml) were noticed to have improved 

their mental functions as shown by increased attention span, being more alert and 

more motivated. Few children repeated grades and authors stated that there were 

fewer accidents than before due to better balance and co-ordination and children’s 

manual work in the class increased due to better fine-motor co-ordination after



83

initiation of the iodization programme. Grip strength of the children as measured by 

hand dynamometer, increased by as much as 2 0 %.

Ma, Wang and Chen (1994) in their review described one intervention study in one 

region of China, and showed that hearing acuity in 8-14 year old children improved 

significantly after iodization programme. In three other studies no change was 

observed on the Stanford-Binet test scores in school children before and after 

introduction of iodised salt. In three more studies, school children of 8-14 years were 

administered a modified Ravens Matrices both before and after an iodization 

programme. However, it was not clear whether the same children who were 

measured at the baseline were retested or not and the time interval between the test 

and retest. Moreover, in one study (Yang et al.) the number o f follow-up children and 

measures of variance were not reported. In two other studies improvement in scores 

were shown, but no statistical figure was reported.

Comparison between supplemented and non-suvplemented villases (Table 20)

As a campaign of mass injection programme in Tocachi village in Ecuador, children 

were also injected with Lipiodol. The non-supplemented village (La-Esperenza) 

served as a control. Two years after injection, 96 (46 girls, 50 boys) first and second 

grade children from two villages were given the Goodenough-Draw-A-Man test 

(Dodge et al. 1969). No difference was found on this test in boys between two 

groups, but treated girls performed significantly better than the control girls

(p<0 .0 0 1 ).

In 1971, Greene (1976) compared 170 children from Tocachi (iodinated) with 178 

children from La Esperanza (non-iodinated) on the measures of physical growth and 

visual perception on the Bender-Gestalt test. The children were between 6-15 years 

of age. He found no significant differences between the iodinated and non-iodinated 

samples when the sexes were combined, however, the iodinated girls did consistently 

better than the non-iodinated girls (Green, 1976). Paradoxically the scores o f the 

iodinated boys were consistently poorer than the scores o f the non-iodinated boys.
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In China, hearing levels o f school children were assessed by audiometric tests in 

three areas before and after three years of iodization programme and compared with a 

control group of children from a non-endemic affluent area (Yan-You and Shu-Hua, 

1985). A progressive and significant improvement in hearing levels (P<0.001)of the 

children was observed in all 3 areas after iodization and it reached to the level of the 

control area along with the improvement o f the thyroid hormonal status.

In Spain, 102 children o f 6-12 years of age in iodine deficient villages who were 

assessed in the observational study comprised the subject of an intervention study 

(Bleichrodt et al. 1989). Immediately after the baseline measures, the children were 

given 2 ml of oral Lipiodol. After 32 months, the children were followed on the tests 

of manual dexterity and speed o f reaction.

The treatment with Lipiodol showed no effect on manual dexterity and speed of 

reaction when the treated children were compared with their baseline measure or 

with the control, iodine sufficient children from different villages. Despite a decrease 

in goitre rate from 6 6 % to 39%, no changes were observed between pre and post 

measures on cognitive function tests, on mean urinary iodine or serum T4  values. 

These children were still iodine deficient and half of them excreted low urinary 

iodine (4pg/dl). Nine-teen percent (19%) of the treated children had serum T4  values 

lower than 6 pg/dl, whereas it was 17% for the control children.

In one Chinese intervention study (Cao et al. 1994), oral Lipiodol was administered 

to 179 new-boms (less than 3 months), 170 children between 3-12 months in severe 

iodine deficient area and the children were then followed up at two years. The 

children were tested on fine and gross motor skills, cognitive development and 

language skills and items were taken from Bayley Scales o f Infant Development. The 

head circumference was measured and neurological assessment was also made. The 

untreated children who were evaluated before the treatment served as the control 

subjects.
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No treatment effect was observed as the iodine treatment at birth and even until 12 

months o f age, had no significant effect on neurological outcome or on 

developmental testing.

Double- blind placebo- controlled trials (Table 21)

In Bolivia

In a randomised controlled trial in Bolivia, (Bautista et al. 1982) 100 boys and 100 

girls (age: 5.5 to 12 years) having some degree of thyroid enlargement were given 

oral iodine (IPSO: 1 ml Ethiodol, 475 mg of iodine) or placebo. Four items from the 

Stanford-Binet Scale were selected for each age level to measure IQs. The IQ was 

calculated from the 1972 norms o f the Terman Merrill for the United States to obtain 

a number o f comparison within this group of subjects. In addition, the Bender-Gestalt 

test was administered to the children and school grades for the academic year were 

taken from school records, expressed on a numerical scale. A random urinary sample 

was taken from each subject to measure iodine and on a further random sampling, 25 

students were measured on serum FBI, total protein and TSH.

Children were followed up on the same measures after 22 months and it was found 

that mean urinary iodine increased approximately 4 fold in the treated group and 

doubled in the control. There was a significant difference in the urinary iodine levels 

between the control and treated groups, but ‘increase in the control group and the 

large Sd in both groups suggested the introduction of iodine into the community 

from other sources or perhaps a recycling of the administered iodine within the 

population’. The serum FBI (protein bound iodine) increased and TSH decreased in 

both the groups and there was no difference between the treated and placebo groups 

over the time. The size o f goitre decreased markedly in the iodine treated group and 

slightly in the controls.

The IQ scores increased in both the groups but the increments did not differ 

significantly between the groups. Though there was a net decrease in errors in the 

Bender-Gestalt test in both groups, no significant group difference was observed. 

Similarly there was no significant group difference in school grades.
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Because o f the complexities introduced by increase in urinary iodine in the controls, 

the data were analysed after pooling all the children to see whether there was any 

association between decrease in goitre size and changes in the outcome measures. 

Children’s IQs showed a significant association (p=0.014) with change in goitre size 

when both sexes were combined. However, this was contributed mostly by girls 

(p=0.029) than the boys (p=0.088). In the Bender-Gestalt test, the decrease in error 

approached significance in girls (p=0.07) but not in boys (p=0.55). Conversely, 

school grades were significantly worsened for girls (p=0.008) in relation to a 

decrease in goitre size. There was a significant decrease in TSH, and increase in 

school grade in case of boys.

In M alawai

In Malawai, a double-blind placebo-controlled trial with iodine and iron was carried 

out in Ntcheu district, involving 6 - 8  year old children in 3 primary schools 

(Sherestha, 1994). Overall, 27% children were stunted and 2% were wasted and 8 6 % 

were moderately iodine deficient (UIE <0.4 p,mol/L= 5.06 pg/dl) and 18% were 

anaemic (< llg /d l). One hundred children in each group (placebo; iron; iodine and 

combined iodine and iron group) were selected for this study. Single oral dose o f 1ml 

of Lipiodol, or Placebo and iron and placebo tablets on weekdays were given to the 

children.

At three months time, the author reported a significant improvement in urinary iodine 

levels by both iodine treated groups, but no report of iodine level for the placebo 

group was available.

At 11 months time, at a repeat urine analysis iodine status reverted near to severe 

deficient level (median urinary iodine O.18pmol/L = 2.28 pg/dl) in both iodine- 

treated groups. There was a 25% loss of children from the study. Results showed an 

improvement in all the anthropometric measures in all groups, but there was no 

difference between the groups.

On the tests of physical stamina and motor function, iodine supplementation 

improved both hand grip (p<0 .0 1 ) and sitting and standing (p<0 .0 0 1 ) but not on three 

other motor function tests (peg board, balancing and tapping tests). However, eye
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hand co-ordination as measured by a ball-throwing test was improved significantly 

by both iodine and iron supplementation (p<0.01 for single supplementation and p 

<0.001 for both supplementation).

Baseline data for mental development tests were not reported because o f a marked 

increase in post test scores in all groups including placebo treated children. Data 

were analysed on the final test scores and not on the increase in scores over the 

period o f supplementation. With the exception of the verbal meaning, it was found 

that the iodine-treated group performed significantly better than the placebo group in 

all the tests (fluency: animal’s and people’s name, exclusion, quantity, visual 

memory and closure test).



Table; 19
Iodine treatment trials: Studies not properly reported

Authors, Year of publication, Place Sample, selection criterion and 
intervention

Measures Results

In a severe iodine deficient area in Bas- 
Uele region o f north-eastern Zaire, an 
intervention program m e was initiated in 
1984 and children were followed up 
subsequently.
Downing and Geelhoed(1994) Children receiving IM  Lipiodol were 

observed and re-examined.
No time interval or sample selection 
criterion was reported .

N ot clearly reported
Children followed up on attention span, 
alertness, motivation, grip strength

No baseline data.
Reported as a statem ent that there was 
im provem ent in attention span o f the 
children who becam e more alert and 
motivated after treatment. Grip strength 
measured by hand dynam om eter was 
increased by 2 0 %.

M a W ang and Chen 
(1994)
Discussed different studies in this paper.

School children of age range 8-14 years 
Different number o f school children were 
com pared before and after iodination 
programme.

Selection criterion and treatment time 
and dosing not reported.

In different studies, different measures 
were used :
Hearing acuity 
Stanford-Binet test
Ravens Coloured Progressive M atrices.

In one study, im provem ent in hearing 
acuity was shown after iodization for 3 
years.
In 3 studies, no significant change was 
observed in the Stanford-Binet test 
before and after iodization. There was 
significant change in the num ber of 
students who fell below the levels of 60 
IQ before and after the treatment.
2  studies reported im provem ent in 
Ravens M atrices after iodization.



Table; 20
Iodine treatment trials : Comparison between supplemented and unsupplemented villages

Authors, Year of publication, Sample, selection criterion and intervention M easures Results
Dodge et al in Ecuador 
(1969)

Children o f 1st and 2nd school grade in Tocachi 
were given IM Lipiodol 2 years back when ages 
were 4-8 yrs .
26 girls from Tocachi were compared with 20 girls 
from  La Esperenza, the control village.
25 boys from Tocachi were compared with 25 boys 
from  La Esperanza.

Goodman Draw-A-M an test 
measured after 2  years o f treatm ent 
No baseline measurem ent

Only treated girls perform ed significantly better in 
the test than the control girls.

Greene et al in Ecuador 
(1976)

Random ly selected 170 children from Tocachi 
injected during injection campaign programme and 
com pared with 178 children from La Esperanza

C hildren’s age : 6-15 years

Physical growth 
Bender-Gestalt test

No difference in the mean Bender-Gestalt tests 
scores between the groups when sex was 
com bined.
Iodinated girls showed significantly better scores 
than control, whereas scores in boys were 
significantly poorer than control boys.

Yan-You and Shu-Hua in
Chin
(1985)

30 children from  each 3 areas were studied from 
1979-1982, children were com pared before and 
after 3 years o f iodization programme and with a 
control village.
A ge range 7-11 years

Blood T4 and TSH 
Urinary iodine I uptake 
and Audiometric evaluation

Significant progressive increase in hearing level 
was found over the period in the iodised group and 
reached to the level o f control group.
M ean T4 and m ean urinary iodine increased 
significantly and m ean TSH decreased 
significantly in iodised group over the time.

B leichrodt et al in Spain 
(1989)

2ml IM  Lipiodol was given to a group of iodine 
deficient children.
Foliowed-up the children after 32 months. 
C hildren’ age: 6-12 years.

Tests as described before in 
observational studies (Bleichrodt et 
al, 1987)

No change in cognitive function, manual dexterity 
and speed o f reaction in pre and post measures and 
there was no difference between pre and post 
m easure and scores o f the control children.

Cao Xue-Yi et al in China 
(1994)

Oral L ipiodol adm inistered to the following:
179 children less than 3 m 
170 children of 3-12 months 
169 children o f 2 to 3 years old.
The untreated 2-3 year old and 1-2 year old children 
served as historical control.
Follow ed up at the age o f 1 to 2 year.

Assessed the children on 
neurological examination and on 
head circumference.

Developmental assessment by taking 
items from Bayley Scale o f Infant 
Development.

Iodine treatm ent had no significant effects in any 
age group on neurological and developmental 
scores when com pared w ith the historical controls.



Table 21
Iodine treatment trials : Double- blind Placebo- controlled trials

Authors, Year of publication, 
Place

Sample, selection criterion and 
intervention

M easures Results

Bautista et ai in Bolivia (1982)
1 0 0  boys and 1 0 0  girls 
randomly assigned with oral 
iodine or placebo.

Followed up after 22 months.

Thyroid size was measured
Urinary iodine was assessed for all the
children
In a random sample of 25 students, blood 
samples for PBI, total protein, TSH and 
uptake was done.

School grade from school records
Four items o f the Stanford-Binet test and the
Bender-Gestalt test were given.
Children followed up 22 months later

There was significant difference in urinary iodine 
between the groups but not in serum PBI and TSH. 
Placebo group also increased their urinary iodine level, 
serum PBI and TSH.
N o significant difference in IQs between the groups. 
A fter pooling all the children, decrease in goitre size was 
found significantly associated with increase in IQs but 
decrease in school grade in girls only. On Bender-Gestalt 
test, no significant association was found.

In M alawi 
Sherestha et al, 
(1994)

400 children randomly assigned 
to following 4 groups:

1 . Iodine
2. Iron
3. Iodine + Iron
4. Placebo

A t 3 m onths time, only urine 
was re-tested.
All measures except blood were 
followed up after 1 1  months.

anthropometric measures 
Blood for Hb, ferritin Haematocrit 
Urinary iodine excretion test.

Physical stamina test: hand grip and 
Sitting/standing
Psychomotor test: peg board, balancing and 
ball throwing, tapping 
Reaction task
Cognitive function tests: fluency, exclusion, 
quantity, verbal meaning, visual memory and 
closure.

N o difference in baseline anthropom etry, urinary iodine. 
A t 3 months: iodine increased from baseline 
significantly in the iodine and iodine + iron group. No 
report on placebo group
There was 25% drop out in the study at follow-up 
A t 11 month: no difference in pegboard, balancing and 
tapping test and reaction task. In ball throwing test, 
significant im provem ent was noticed in iodine, iron and 
com bined treatm ent group com pared to the placebo 
group.
On cognitive function tests, significant difference was 
shown in all the cognitive function tests by the iodine 
group than the placebo group. No report on baseline 
cognitive data. The m edian values for urinary iodine 
reverted to severe level in both iodine treated groups.
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Critiques on studies with iodine intervention in school children 

Studies not reported properly (Table 19)

Unfortunately in the Zairian study (Downing and Geelhoed, 1994) no details about 

methodology, assessment of the children and measurement values for both pre and 

post test period were available to come to any conclusion about the treatment effect. 

All the study findings mentioned in the Chinese review (Ma, Wang and Chen 1994) 

are difficult to interpret as exact dosing and duration o f iodization were not reported. 

The apparent improvement in IQs over a period of time might be a practice effect or 

might have been resulted from other factors like improvement of socio-economic 

conditions o f the population.

Comparison between supplemented and non-supplemented villases (Table 20)

The Ecuadorian trial (Dodge et al. 1969 and Green, 1976) showed that only girls 

were benefited from iodine supplementation, but without a baseline psychomotor 

evaluation o f the two populations, prior to the implementation of the iodination 

programme, these results are inconclusive. The Spanish study (Bleichrodt et al. 1989) 

was not a blinded one, moreover the negative findings may have resulted from long 

interval between pre-test and post-test. The absence of any treatment effect on 

biochemical markers after Lipiodol administration and even the absence of practice 

or maturity effect on cognitive function tests indicate a failure of effective treatment 

of the samples and also raises a doubt about methodological faults in the study.

The Chinese study (Yan-You and Shu-Hua, 1985) which showed improvement of 

hearing level after 3 years o f iodization programme might have resulted from a 

practice effect or a maturity effect. However, as the thyroid hormonal status had been 

increased in these children, this supports that improvement in hearing might have 

resulted from iodination programme.

Double-blind placebo-controlled trials (Table:21)

These two studies are robust in design. In the Bolivian study (Bautista et al. 1982), 

the increase in iodine and hormonal levels in the placebo group over the study period 

prevented giving any conclusive inference. The initial study design failed to detect
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any cause effect relationship between iodine deficiency and IQs of the children. A 

post-hoc analysis showed a significant association between decrease in goitre size 

with improvement in IQs for girls only. But this was not consistent as decrease in 

goitre size in girls was not associated with an increase in school grade or decrease in 

TSH, whereas this happened so in case of boys.

The Malawian study (Sherestha, 1994), showed an effect o f iodine treatment only on 

ball throwing test (visual motor control), but not on reaction time or on 3 other fine 

motor function tests. Moreover, ball throwing test was also improved by iron 

treatment as well. The conclusion drawn in the study on cognitive function tests is 

not valid in the absence o f baseline cognitive data. At three months time, the author 

reported a significant improvement in urinary iodine levels by both iodine treated 

groups, but he did not report any figure or statistical analyses for the placebo group. 

At 11 months time, on repeat analysis, both the treated groups were found severely 

iodine deficient on urinary iodine estimation. Hence, it is difficult to interpret the 

findings o f this study.

From this present review, there is no convincing evidence that iodine treatment to the 

children improves their performance in cognitive and motor functions. The failure to 

detect any difference between the treated and untreated groups in most of the cases 

were due to methodological and environmental problems. To the best of our 

knowledge, no investigation has examined the relationship between change in T4  

after iodine administration in a deficient population and change in performance o f the 

children on their cognitive and motor abilities or in academic performance.
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3. Field studies of other nutritional deficiencies, qeohelminth infection 
and child development

A brief literature review follows concerning other common nutritional factors that 

are thought to affect child development especially during school age.

3.1. Protein-enerqy malnutrition and child development.

Severe protein-enersy-malnutrition in early childhood and cognitive and motor 
function in later life

There are many studies with school-age children, who suffered from severe 

malnutrition during the early childhood and performed worse than the control 

children on different psychomotor measures in later life. All these studies were case- 

control observational studies and controls were reasonably well matched. In most of 

these studies sibling controls were used to minimise environmental and socio

economic influence. Researchers in different studies used various types of IQs, 

cognitive function tests, motor function tests, fine motor co-ordination tests, school 

achievement tests or observations and reports from teachers and parents about 

children’s behaviour at home and at school (Champakam, Srikantia and Gopalan, 

1968; Birch et al. 1971; Hertzig et al. 1972; Richardson. 1972; Hoorweg and 

Stanfield, 1976; Stoch and Smythe, 1976; Nwuga, 1977; Pereira, Sundararaj and 

Begum, 1979; Stoch et al. 1982; Galler et al. 1983 a, 1983b and Galler et al. 1984a, 

1984b). In 13 such studies, the index children demonstrated lower levels of 

performance in the test measures than the control children and the general impression 

was that the severe malnutrition in childhood was associated with a deficit in the 

development at school-age. However, this general inference was not supported in 3 

studies (Evans, Moodie and Hansen, 1971; Bartel et al. 1978; Moodie, et al. 1980).

In developing countries, severe PEM is confounded by a multitude o f poor social 

circumstances (Grantham-McGregor, 1984). It was also shown that survivors of 

severe malnutrition, who came from better home backgrounds had higher levels of 

intelligence at school age than survivors living in worse homes (Richardson, 1976). 

Most o f the studies mentioned so far, did not consider the current nutritional status.
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dietary intake, iron status or iodine status o f the children which also are believed to 

affect children’s mental and motor performance. In most of them, the nature of the 

study was retrospective, so previous health and nutritional status of the control 

children, who belonged to the similar socio-cultural backgrounds was not possible to 

ascertain. Apart from these limitations, the overall impression from the large number 

of studies, is that there is an association between poor cognitive function at school- 

age and a past history of severe malnutrition.

Supplementation in presnancy and in early childhood and later cosnitive and motor 
function.

The effect o f supplementation in pregnancy and in early childhood on the subsequent 

cognitive function at school-age has been examined by some investigators. In a 

clinical prospective trial in Guatemala, subjects were exposed to either a high-calorie 

and high protein supplement (Atole group) or a low-calorie supplement (Fresco 

group). The mental, motor and behavioural development of the participating children 

who received supplementation during intra-uterine lives and subsequently in late 

childhood were assessed in four studies (Engle, Yarbrough and Klein, 1983; Freemen 

et al. 1980; Townsend et al. 1982; Barrett et al. 1983). The pre-school children from 

Atole and Fresco groups were combined and analyses showed that high levels of 

calorie ingestion by both mothers and infants were significantly associated with high 

scores in cognitive functions in late childhood.

Subsequently, Pollitt et al. (1993) compared the Atole and Fresco group separately 

and found a supplementation effect on general perceptual-organisational and verbal 

component o f cognitive functions, in 4 and 5 year old children from Atole group, 

with girls doing better than boys at 4 years. A significant ‘treatment x SES’ 

interaction was observed. At both ages, performance in the outcome measure was not 

associated with SES in the Atole group, but it was positively related to SES in the 

Fresco group.
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In a small Mexican study, motor development, language development and behaviour 

quotients were shown to be improved after supplementation (Chavez and Martinez, 

1982).

In Cali, Colombia, supplementation alone did not benefit undernourished children, 

whereas combined nutritional, health and educational treatments prevented large 

losses of cognitive ability (McKay et al. 1978). This effect was significantly greater 

for those children who got treatment for the maximum length of time. However, as 

little as 9 months of treatment prior to primary school entry, appeared to produce 

significant increase in ability.

A short period o f three months supplementation in an Indonesian study showed 

significant effects on weight gain and on motor development test of the children, but 

not on mental development tests (Husaini et al. 1991).

In the Bacon Chow study in Taiwan, Adair and Pollitt (1985), found a marginally 

significant difference only in motor development tests in favour o f male 

supplemented group. However, no benefits were found at a subsequent follow-up in 

late childhood.

In a Bogota study, supplementation and stimulation independently benefited the 

children’s development and there was some evidence of an interaction between the 

treatments with the stimulation, those who got both stimulation and supplementation 

benefiting the most (Herrera and Super, 1983). In a subsequent follow-up study, it 

was shown that psycho-social stimulation had long-term effects with improved 

scores in school readiness test when the children were 7 years old (Herrera and 

Super, 1991).

In a Jamaican study Grantham-McGregor et al (1991) showed that both 

supplementation and stimulation benefited the stunted children’s developmental 

quotients. The combined treatment was additive as the group receiving both was the 

only one to catch up to the non-stunted group. To examine the long-term effect, these 

children were followed up 4 years after the intervention was stopped, when they were
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7-8 years old (Grantham-McGregor et al. 1997). A significant benefit was gained 

from stimulation on the perceptual organisational factor, whereas supplementation 

benefited only those children whose mothers had higher IQs.

From these studies it appears that supplementation in infancy and in early childhood 

have effects on the later development of the children especially motor development 

both prophylactically and for those who were already stunted. This benefit is further 

added by introducing stimulation.

Undemutrition at school ase and cosnitive and motor functions:

Apart from an insult in early life, concurrent nutritional stresses in later childhood are 

also associated with poor cognitive functions and school achievement of the children. 

In many studies, low height-for-age or stunting has been shown to be associated with 

poor school achievement or lower grade attainment or poor cognitive function in the 

children (Powell and Grantham-McGregor, 1985; Moock and Leslie, 1986; Jamison, 

1986; Agarwal, Upadhyay and Agarwal, 1987, 1989a, 1989c, ; Johnston et al. 1987 ; 

Florencio, 1988 ; Clarke, Grantham-McGregor and Powell, 1991). Stunting was also 

found to be associated significantly with poor neuro-sensory integration in school- 

age children in a Mexican study (Cravioto, DeLicardie and Birch, 1966). In the 

Philippines, low weight-for-height significantly predicted school learning in children 

(Popkin and Lim-Ybaneze, 1982), whereas in India, Agarwal, Upadhyay and 

Agarwal (1989a) showed that low weight-for-age (Gomez classification) was 

significantly associated with poor cognitive function and fine motor co-ordination.

Like other cross-sectional observational studies, these studies may be confounded by 

other poor nutritional and socio-cultural factors. However, majority of them confirm 

an association between poor nutritional status especially low height-for-age and poor 

school performance or cognitive function in the children.

The role of specific nutritional factors on children’s development was examined in 

three studies. The study in Mexico (Allen, Backstrand and Pelto, 1992) and the 

Egyptian study (Wachs et al. 1995) found that children’s total energy intake was
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sufficient and this was unrelated to children’s cognitive abilities. However, 

percentage of calories derived from animal source was found significantly associated 

with verbal and performance abilities. In one Kenyan study, where, total calorie 

intake was not sufficient, both quantity of food (total calorie) and type o f food 

(protein, animal protein, fat, carbohydrate) correlated significantly with children’s 

cognitive function (Sigman et al. 1989). These correlations remained even when the 

socio-economic status was covaried. Relationships were even more strong between 

children’s abilities and intake of animal protein and fat, especially for boys. This is in 

support of the Egyptian and Mexican findings, that food quality as measured by 

intake from animal products, was more important for child development than energy 

intake as such.

The studies concerning role of specific nutrients on mental development o f the 

children are few in number, but from available information it appears that there is an 

association between animal protein intake and children’s cognitive function. It may 

be possible that nutrients like iron and zinc, which are rich in animal protein are 

responsible for this association.

3.2. Short-term food deprivation and cognitive functions

Another important nutritional condition is short term food deprivation which is 

common in third world countries. In four studies significant association was found 

between missing breakfast and cognitive function of the school children. In a hospital 

situation in adequately nourished 9-11 year old children, Pollitt, Leibel and 

Greenfield (1981) showed a deteriorating effect o f missing breakfast on 3 cognitive 

function tests (the measures of ‘speed and accuracy o f response in a problem solving 

situation’, on sustained attention and on short-term memory). In a Jamaican missing 

breakfast study, Simeon and Grantham- McGregor (1989) showed that a previously 

malnourished group o f children and a stunted group were adversely affected by 

missing breakfast in the tests of fluency, coding, arithmetic, listening comprehension 

and incidental learning. The wasted children were further detrimentally affected in 

the digit span, and efficiency of problem solving, whereas non-wasted children were 

not. A second study in Jamaica, confirmed the earlier findings and showed that the
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undernourished children did significantly better in verbal fluency when they received 

breakfast than when they did not receive breakfast, compared with adequately 

nourished children (Chandler et al. 1995). In one Swedish study adequate breakfast 

given at home significantly improved children’s performance on mathematics, 

creativity and physical perseverance (Wyon et al. 1995).

The positive effects o f breakfast on the cognitive function of the children are in 

marked contrast to the findings in 3 studies. One Indian study failed to show any 

effect of missing breakfast on children’s short-term memory, reaction time, attention, 

concentration and on arithmetic test (Upadhyay et al. 1988). Similarly, in an English 

study Dickie and Bender (1982) found no difference between the children with or 

without breakfast on memory and search tests, on a simple addition test and on a 

sentence verification task. The third study was in Chile (Lopez et al. 1993) where, 

stunted, wasted and normal children were compared before and after breakfast and no 

effect o f missing breakfast was found on short term visual memory, problem solving 

and attention tasks in any group.

Although the studies are very few in number, the findings from 4 studies (one in 

USA and 2 in Jamaica and one in Sweden) with their robust study design, indicate 

that short-term food deprivation has an effect on cognitive function, especially for the 

children who are already undernourished.

Temporary food shortage due to a disaster is not an uncommon occurrence in a third 

world situation. Little information is available about the changes that occur in the 

behaviour and cognitive abilities in children during such food shortages. It is also 

very difficult to study temporary severe food shortage because these are 

unanticipated. As a part of an extended study in Kenya, McDonald et al. (1994) 

assessed the effect o f a severe drought and temporary food shortage on school 

children’s development. The study showed that the children were seriously affected 

and there was a significant decline in energy intake, age corrected weight, activity on 

the play ground and class room attention. But no change was observed on the 

cognitive performance during the food shortage period.
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This single study failed to show an effect of temporary food shortage on the cognitive 

function o f the children. However, it is difficult to do a study in such situation, where 

a lot of other activities and interaction happen, which are difficult to control.

3.3. Iron deficiency anaemia, cognitive functions and academic achievement

Among the specific nutrients, iron is considered to have an important effect on 

cognitive functions. An association has been demonstrated by some investigators 

between iron deficiency and poor level of mental performance at school age. This is 

extensively reviewed in recent papers by Lansdown and Whraton (1995) and Pollitt 

(1997).

Longitudinal studies

In four longitudinal studies, previously anaemic infants who were treated properly, 

showed impaired performance in a variety o f cognitive function tests (Lozoff et al, 

1991), in fine motor function and psycho-linguistic abilities (De Andraca et al 1990) 

and in IQs (measured by Wechsler) and school achievement (Palti et al, 1983 and 

1985) when compared with the control children at the age o f 5-7 years.

Correlational studies:

In an Australian study (Waite and Neilson, 1916), an association found between 

heavy hookworm worm infestations with children’s poor performance in IQs 

(Stanford-Binet and Proteus IQ) was thought to be due to anaemia from worm 

infestation. Later, Watkins reanalysed the data and confirmed that scores in IQs were 

significantly correlated with Hb levels o f the children (Watkins, 1995).

In six studies significant associations were found between anaemia and school 

performance or cognitive functions of the children. Webb and Oski (1973a, 1973b, 

1974) showed that school children (12-14 years) who were anaemic, were slower on 

‘visual after image’ test, had lower achievement scores on basic skills and had more 

behavioural problems than the non-anaemic children. Popkin and Lim-Ybanez 

(1982) in the Philippines found a statistically significant association between Hb and
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language achievement test and children with higher Hb levels were less absent from 

the schools. Two Jamaican studies, one in primary school children (personal 

communication: Prof. Sally Grantham-McGregor) and the other in adolescent girls 

(Walker et al. 1996) have shown significant association between school achievement 

tests and Hb level. Seshardi and Gopaldas (1989: study 1) found significant lower 

scores in IQ (WISC-R) in 5-8 year old anaemic children when compared with 

matched control. Agarwal et al (1989), found that non-anaemic school children did 

significantly better than anaemic children in digit span and arithmetic tests, even after 

controlling for general nutritional status.

However, in two studies no such association was observed between anaemia and 

developmental test scores. Moock and Leslie (1986) found no association between 

Hb level and age at enrolment or grade attainment by the anaemic children in Nepal, 

and Cai and Yan (1990) failed to show any association between iron deficiency 

anaemia and IQs and school performance of teen-agers in Shanghai, China.

Treatment trials:

Treatment trials are powerful ways of establishing a causality of association and 

benefits were claimed in some treatment trials. In Egypt, Pollitt et al. (1985) found 

that at base line, non-anaemic children were faster and more accurate than anaemic 

children on the MEET (matching familiar figure comparison test) and iron 

supplementation led to a greater efficiency by the anaemic children but not the iron 

replete ones, when compared to the control children.

In a randomised controlled trial in Indonesia, 3 months iron treatment, showed a 

significant benefit in the educational achievement tests (language, maths, biology and 

science) but not in IQs in anaemic children (Soemantri et al, 1985; Soemantri, 1989). 

In two double blind clinical trials in India, Seshardi and Gopaldas found that iron 

treatment for a 2 months period in 8-15 year old boys (Seshardi and Gopaldas, 1989: 

study 3) and for a longer period o f 4 months and 8  months in girls (Seshardi and 

Gopaldas, 1989: study 4) significantly improved their scores on cognitive function 

tests o f clerical speed, visual recall, digit span and maze.
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Serestha et al (1994) in Malawi found that iron supplemented school children had 

better scores than placebo group in a ball throwing test and in 4 cognitive function 

tests out o f 7 tests. However, in the absence of pre-treatment data for cognitive 

function tests and the test retest reliability scores, it is difficult to interpret these 

findings.

In Thailand, a well-controlled clinical trial demonstrated a significant association, 

between body iron status and IQ and a language achievement at base line, but failed 

to establish a causal relationship (Pollitt et al. 1989). The findings did not replicate 

the studies from Indonesia or India. This is the only study where iron treatment failed 

to show any improvement. This may be due to educational differences between the 

schools in the area.

Most o f the correlational studies support an association between iron deficiency and 

cognitive function of the children and intervention studies indicate an effect of iron 

therapy in school aged children on their school performance and cognitive function. 

However, it seems that this improvement may be more selective in certain cognitive 

and learning processes in the children.
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3.4. Geohelminthic infection and cognitive functions

It is thought that three major intestinal geohelminths: Ascaris, Ttrichuris and 

Hookworm  infestation may affect the mental development of the children. This may 

be a direct effect on cognitive functioning or may be mediated through their effects 

on nutritional status and on anaemia. This is reviewed extensively by Nokes and 

Bundy (1994) and recently by Watkins and Pollitt (1997 ).

Correlational studies:

In two earlier correlational studies (Stiles, 1915a, 1915b), light infection with 

hookworm and round worm (Ascaris) showed no association with memory span of 

the children, but academic progression was found to be related with poor sanitation. 

In the Australian study (Waite and Neilson, 1919), the association of lower scores in 

mental development tests (the Binet-Simon Intelligence test: Goddard version and 

the Proteus) with hookworm infestation, was thought to be due to iron deficiency and 

toxaemia from worm infestation. In other studies, Smillie and Spencer, (1926) 

showed that school children with hookworm infestation had poor ‘mentality’ 

(assessed by teachers on children’s alertness and ability to learn) and Gordon (1925) 

found that children with mixed infection with Ascaris, Trichuris and Hookworm  had 

low IQs. Recently, Nokes et al. (1992) found a significant negative correlation 

between geohelminth infection (Trichiura:67.4%; Ascaris: 30.5% and hookworm: 

6.2%) and academic achievement in 9-12 year old Jamaican children. In a subsequent 

Jamaican study, Simeon et al. (1994) replicated this finding and showed a significant 

association between reading and arithmetic scores in children and load o f Trichuris 

infection (load o f over 4000 epg: egg per gm of stool). This association remained 

even after controlling for Ascaris infection, SES status, gender and age.

The effects o f mixed helminth infections on children’s school achievement and 

cognitive function were examined in few studies. Abdallah, Badran and Galall 

(1964) found no association between Hookworm and Schistosoma spp infections and 

school achievement and intelligence test and recently Levav et al. (1995) also found 

no association between a mixed infection, (Ascaris, Trichuris, E coli, E histolytica G 

lamblia) and cognitive and motor function test.
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Treatment trials

There are some earlier trials where deworming was found to improve certain 

psychomotor functions and academic abilities in the children (Strong, 1916) and 

improved scores in Ravens Matrices (Bell et al. 1973).

Recently, Callendar et al. (1992) treated a group of children, who suffered from 

Trichuris dysentery syndrome {TDS) and after one year o f regular treatment with 

antihelminthic drugs and iron, found that the children improvement significantly in 

locomotor development, but not in cognitive functions.

In a double blind clinical trial in Jamaica (Nokes et al. 1992), school children, 

infected with Trichuris (moderate to heavy infection), showed a significant 

improvement in the tests o f digit span and verbal fluency after removal of worms. 

However, there was no improvement on arithmetic, coding or MFFT ( Matching- 

Familiar-Figure Test).

In rural Zaire, primary school children with Ascaris and Hookworm infection were 

randomly assigned to a curative dose o f Levamisole or placebo (Boivin and Giordani, 

1993). Half of these children were also randomly assigned to 20 ml of oral iron 

supplement for 1 month. After 40 days, those children who got both antihelminthic 

and iron did significantly better on cognitive function tests (Kaufmann Assessment 

Battery) when compared with others.

Two randomised controlled studies were carried out in South Africa (Kvalsvig, 

Cooppan and Connolly, 1991). In the first trial, 100 school children with mixed 

infection (Ascaris, Tricuris and Hookworm) were tested for educational attainment, 

information processing and perceptual speed both before and after treatment. The 

load o f parasites significantly affected the outcomes, even controlling for age and 

nutritional factors, which were strong confounders in the study. In the second trial, 

1 1 0  children of 1 0  years old were measured on tests o f memory and sustained 

attention. But follow-up evaluation could not be performed due to a serious flooding 

in the study area. The baseline data showed a significant association between
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parasitic status and poor performance in the attention task. This association was not 

with educational attainment or memory function of the children.

In another intervention study, children (4-6 year old) with a mixed infection, 

(Ascaris, Trichuris and Hook worm + S haematobium, G labmlia, H nana, E 

histolytica) showed an improvement in the behavioural index after treatment 

(Kvalsvig and Connolly, 1994).

Two recent Jamaican studies failed to detect any improvement after treatment. In the 

first study with Tnchuris(>\200  epg) and Acaris, lower scores were found in the 

infected children on verbal fluency, visual search and paired associate learning test 

than the control children and treatment showed no benefits (Simeon, Grantham- 

McGregor and Wong, 1995). This is replicated in a second study, where Meeks- 

Gardner, Grantham-McGregor and Baddley (1996) found lower scores at base line on 

verbal information processing in the infected children and after treatment no 

significant change occurred in any cognitive function test.

Apart from methodological limitations, mainly in the earlier studies, it appears that 

intestinal geohelminths mainly Trichuris and hookworms are associated with poor 

mental development or school achievement of the children. But many o f the more 

vigorous controlled treatment trials failed to find a causal relationship. This demands 

more research in this field to see whether the relationship found in correlational 

studies has any significant causal link in the cognitive development of the children.
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4. Bangladesh

4.1. Historical and geographical context

Bangladesh is an agriculturally-based developing country in South East Asia 

bounded by India in the north west, by India and Burma in the east, and by the Bay of 

Bengal in the south. The last census in 1991 (BBS, 1996) showed a population of 

111.4 million, of which 51.4% were male. With a total area of 147,570 sq.km, it has 

a population density o f 755 per sq.km, literacy rate (7 year and above) is 32.4%, 

with male literacy at 38.9% and female at 25.5%. The smallest administrative unit is 

the ‘Thana’. There are 490 thanas with an average population o f 227,300 each. 

Annual population growth rate is 2.17 %. Per capita GDP, in 1993-94, was Taka 

8913.00 (US $ 198..07). Health facilities are poor. There are 396 Thana Health 

Complexes in the country to serve the rural people. Total hospital beds are 35,795; 

one bed for 3288 persons. There is one physician for 4725 persons or 802 

households. With a life expectancy of 50 (UNICEF, 1991), Bangladesh accounts for 

2% of the world’s population and at the same time for 6 % of the world’s under 5 

deaths.

Bangladesh is the largest delta in the world. Three major rivers (Padma, Meghna and 

Jamuna) and numerous small and big rivers drain the Himalayan rangers and pass 

onto the Bay of Bengal. The monsoon begins in June and continues up to September. 

Yearly average rainfall is 1930 millimetres. The alluvation o f the soil by the 

enormous rivers combined with abundant rainfall makes the country an agriculture- 

based one, but annual flooding and heavy rains constantly wash the soil o ff iodine 

and other minerals. The cumulative yearly loss of iodine from the soil makes the 

country extremely vulnerable to the dangers o f iodine deficiency as is the case with 

other countries in the valley plains of the Himalayas- Bhutan, Nepal and Northern 

India (INFS, 1993).
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4.2.1. Prevalence of nutritional deficiency problems in Bangladesh

Prevalence o f Iodine Deficiency Disorders

A national IDD prevalence survey conducted by Dhaka University and UNICEF, 

Dhaka (INFS, 1993) revealed that the total goitre rate (TGR) in the country was 

49.9%, considerably higher than that observed in 1981-1982 survey (10.5%). A  

figure (Figure-2) following this page shows the percent prevalence of goitre found in 

that survey. The survey also revealed that 68.9% of subjects had less than 10 pg/dl of 

iodine in their urine. In the 5-11 year age range, around 50% children had goitre and 

70.7% of children in this age range were deficient in iodine, according to urinary 

iodine excretion measure. The prevalence of cretinism was 0.5%.

Prevalence o f protein-enersv malnutrition and anaemia

According to the Child Nutritional Survey of Bangladesh (BBS, 1994), 33.0% 

children between 6  months and 71 months of age were severely stunted (< - 3SD of 

height-for-age of NCHS standard) and another 31.2% was moderately stunted 

(between -2SD and -3SD). In the age range of 60-71 months, these percentages 

increased to 38.1% and 35.1% respectively in severe and moderate groups. The 

survey showed that 1.7% children of this age range was severely wasted (<-3 SD of 

NCHS standard for weight-for-height) and another 15% was moderately wasted 

(between -2Sd and -3SD of NCHS standard for weight-for-height).

According to an earlier survey (INFS, 1983), 74% of school age children (5-14 year) 

suffered from anaemia. A recent nutritional survey also confirmed the prevalence of 

anaemia of similar magnitude in this age range (Prof. Khursheed Jahan, INFS, Dhaka 

University, personal communication).

4.2.2. Educational facilities and progress in primary schools in Bangladesh

Primary education has been compulsory since 1993, but facilities for primary 

education are poor. There are 95,886 primary schools in the whole country and the 

student teacher ratio is 54:1. According to a UNESCO statistical year book (1992), 

the percentage of repeaters in primary school by grade was 25%, 12% and 17%
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Figure: 2

Fig. S u m . 1 . Map  s h o w i n g  the  pe rcent  p r e v a l e n c e  of goitre  in B a n g l a d e s h
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respectively in grade I, H, IQ. The drop-out rates in grade I, Q, QI were about 8 %, 

12% and 11% respectively (BBS, 1987). Among those children who dropped out, 

25% of girls and 18% of boys were reported to have no interest in schooling and that 

is the cause of their drop-out and about 70% drop out before completing primary 

education (UNICEF, Bangladesh, 1991). With the introduction of much emphasis on 

primary education, gross enrolment in primary education has increased, although 

drop-out and repetition remain still very high. A recent unpublished report showed a 

drop-out rate of 38.7% and a repeater’s rate of 25.2% in a cohort o f children who 

were followed up between 1990-1994, (DPE, Bangladesh, 1995).

4.3. Policy and programmes for the control of IDD in Bangladesh

4.3.1. Involvement at International fora

Bangladesh was among the 159 nations which signed The World Declaration on the 

Survival, Protection and Development of children, in September 1990 at the U N ’s 

summit for children, in New York (United Nations, 1990). This declaration pledged 

to eradicate IDD from the world by the year 2000. A target was also set to achieve 

basic primary education for 80% of the children by the year 2 0 0 0 .

The country was also an active participant in the policy conference on the Hidden 

Hunger in November 1991, in Montreal (ICCDDD, 1991). This conference addressed 

the problems of micronutrient deficiencies and strengthened the commitment of 

participating nations towards achieving the goals set in New York. At the 

International Conference on Nutrition, held in Rome in December 1992, Bangladesh 

also participated in adopting a World Declaration and Plan of Action for Nutrition.

In the regional political field of South Asia, the goals of these international 

declarations were reflected in the September 1992 Colombo Resolution o f the South 

Asian Association for Regional Co-operation (SAARC), which expressed the resolve 

for universal iodised salt availability by 1995 (SAARC, 1992).
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4.3.2. Control programmes

Two types of intervention programme has been initiated in Bangladesh to control 

IDD.

Short term measures(Liviodol intervention prosramme)

As a short-term interim measure, coverage through intra-muscular (IM) 

administration of iodine (Lipiodol: IPSO) to hyper-endemic areas in Bangladesh was 

initiated in 1977. Until 1990, Lipiodol use was the focus of IDD control in 

Bangladesh. From 1977 to 1982, about 95,000 people in several hyper-endemic areas 

were given IM Lipiodol by the Institute of Nutrition and Food Science, Dhaka 

University.

Since 1985, the Institute of Public Health and Nutrition, under the Ministry of 

Health, has been responsible for the IM Lipiodol progranune (Abdullah-Al-Momen, 

1997). In the first phase, 38 hyperendemic thanas were covered by this injection 

campaign programme, with financial assistance from UNICEF, and a target 

population of more than 3.5 million were given Lipiodol injection. In the second 

phase, the programme was implemented in another 25 hyperendemic thanas, with 

financial assistance from the World Bank. The programme was planned to continue 

till June 1997, with the idea that quality iodised salt would then be available to all 

and there will be no further need for this short term programme.

Lons term measure: Universal salt iodization in Bangladesh 

A  project named "^Control o f Iodine Deficiency Disorders through Universal 

iodization o f sa lt” has been implemented by Bangladesh Small and Cottage 

Industries Corporation (BSCIC) since 1989 (Abdullah-Al-Momen, 1997). The 

UNICEF and the World Bank have been providing financial assistance to the project, 

under which salt iodization plants of standardised capacity ( 8  tons per hour) were 

locally manufactured and provided to 265 salt refineries. Potassium iodate is 

imported by UNICEF and distributed, free of cost, by BSCIC to salt refineries 

according to their requirements.
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Problems encountered in implementins the salt iodization prosramme.

A survey in November, 1996 (IPHN, 1996), involving households, retail shops and 

factories, revealed that 56.8% of factories were open at the time of the survey and 

produced salt regularly. Among these 45.3% produced inadequately iodised salts 

(<45 ppm) compared to that recommended by the authority. Samples collected from 

retail shops, showed that, 6 .8 % salt samples contained no iodine at all, and that 

43.6% of samples contained inadequate iodine (<20 ppm). Samples collected from 

household showed that 15.2% salt samples from households contained no iodine and 

57.% of samples contained inadequate amounts of iodine (<15 ppm). It was also 

observed that while 71.1% of retail shop owners knew about the benefits of iodised 

salt intake, 84.0% in rural areas did not know about the law o f iodised salt. Nearly 

87.0% households had heard about iodised salt and 57.8% knew about its beneficial 

effect.

Various problems hamper the success of salt iodine fortification in Bangladesh. One 

problem identified was the poor compliance on the part of the salt crushers. The 

second is the difference in price between the iodised and non-iodised salts. A strong 

educational campaign, and legislative action for strengthening the policy in the 

implementation of the programme are needed.
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5. Rationale for the present study

In poor socio-economic backgrounds, problems of anaemia, food deprivation, under

nutrition and parasitic infections often coexist with iodine deficiency. These are 

frequently combined and place the children in developing countries at a greater risk 

for poor physical and mental development and may jeopardise the educational 

achievement of the individual and the nation as a whole.

The impact of iodine deficiency on the cognitive function and academic progression 

of school children is unclear, especially in view of other adverse factors, which are 

not uncommon in an iodine deficient population. There are very few studies on the 

association between iodine deficiency, biochemical hypothyroidism and impaired 

cognitive and psychomotor function in school-age children and none has effectively 

allowed for the coexistence of protein-energy malnutrition, iron deficiency, 

geohelminthic infection and breakfast consumption on cognitive performance.

In the present study, effects of biochemical hypothyroidism, secondary to iodine 

deficiency, on mental development and academic achievement o f children are 

examined taking into consideration possible confounding factors that might affect the 

outcomes in the study.
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CHAPTER: TWO 

The Study

This study has two phases:

1. A case-control cross sectional study.

2. A double-blind, placebo-controlled, intervention study.

6. Hypothesis

l.a. Biochemical hypothyroidism secondary to iodine deficiency is adversely 

associated with cognitive and motor functions and is associated with poor school 

performances of these children.

l.b. Non-iodine nutritional deficiencies, parasitic infection and socio-economic 

deprivations are also associated with cognitive function and academic achievement 

of the children.

I.e. Once non-iodine deficiencies, parasitic infection and socio-economic deprivation 

are controlled for, there is still a significant independent effect of biochemical 

hypothyroidism on cognitive function and academic achievement.

2. Oral iodised oil (IPSO) treatment will improve the cognitive ability o f the school 

children who have low levels of T4  due to iodine deficiency.
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7. Aims and objectives of the  p resent study 

General objective

To evaluate the impact of biochemical hypothyroidism, due to iodine deficiency, on 

primary school children’s performance in tests o f school achievement, cognitive 

functions and fine motor skills in two rural, iodine-deficient areas in Bangladesh.

Specific objectives

1. To compare hypothyroid and euthyroid children, in a cross-sectional case-control 

study allowing for differences in weight, height, iron status, parasitic infection and 

socio-economic and cultural conditions on the following: cognitive function, fine 

motor skills and school achievement.

2. To determine the impact o f giving a single dose o f oral iodised poppy-seed oil 

(IPSO) on children’s performance in tests of cognitive functions and fine motor skills 

in a double-blind placebo-controlled trial.
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8. Methods

8.1. Sampling

Study area selection:

The areas were selected from the National IDD survey (1993). This survey was 

made on a stratified sampling procedure at three different stages o f random sampling 

starting from thana (lowest administrative unit) and Mauzas (village) and finally to 

households. The ultimate sampling unit was randomly selected 100 households from 

each Mauza containing on average four respondents of 5-14 years and 15-44 years of 

age.

The survey (1993) was conducted in 3 ecological zones (viz.: hilly, flood-prone and 

plain zones) and identified areas of different grades o f severity. There was no 

significant difference in total goitre rates or severity of low urinary iodine excretion 

among these zones.

Following that survey, three iodine deficient areas (mauzas) were selected 

purposively for this study, consisting of two areas from the flood-prone zone and one 

area from the plain ecological zone (shown as asterisk in Figure-2 in page 107). 

Iodine levels in urine (Appendix: Table-1) and goitre rates (Appendix: Table-2 and 

3), found in three selected areas are shown in the tables in the appendix. The hilly 

zone was excluded because hilly areas, in Bangladesh, are very near to the sea and 

differing sea-food consumption throughout the year might have an effect on the 

iodine status in that population.

Description o f study areas:

Three areas selected were Sakharia mauza in Hemnagor union (administrative sub

unit) o f Gopalpur thana in Tangail district and Chak Mirakhor mauza in Bagbati 

union of Sirajgonj-sadar thana in Sirajgonj district and the third area was the 

Gorargaon mauza in Ayubpur union of Shibpur than in Norsingdi district.
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Hemnagor union in Gopalpur, Tangail is a flood-prone area with a size of 6142 

Acres and a population of 32,863 and is situated approximately 140 kilometres from 

Dhaka city. In Sirajgonj sadar, the Bagbati union is also a flood-prone area with a 

total population of 36,531 and an area size of 6575 Acres and is located 100 

kilometres away from Dhaka and required to cross two major rivers to reach to the 

area. The third area, the Ayubpur union, is 45 kilometres away from Dhaka, is in the 

plain zone of Shibpur thana with an area of 3910 Acres and total population of 

23,897.

Selection o f  screening population

The schools in the villages surveyed, in each area, were selected first, and the 

surrounding schools within the same administrative sub-unit (union) were included 

in the screening. In Char Mirakhar village in Sirajgonj, there was no regular school, 

so the nearest school in the adjacent village was selected. A total o f 24 schools were 

listed and goitre grades were assessed by myself. Schools which had a very low  

goitre rate were excluded (n=3) from the study. This left 21 schools in the screening 

sample.

As the prevalence of hypothyroidism in this age group was unknown and the 

relationship between prevalence o f low T4  and level of iodine deficiency was not 

clear, a 1 0 % prevalence of biochemical hypothyroidism was assumed based on the 

reported prevalence o f neonatal hypothyroidism in severe iodine deficient areas 

(Dunn and Van Der Haar, 1990).

Several discussions with the Primary Education Authority and local area leaders and 

parent-members of the school committee were held before the start o f the study. In 

these sessions, the problem of iodine deficiency prevailing in the areas and the 

purpose o f the study was clearly explained and consent was received to perform the 

study.

Between September and November, 1994, all the children in school grades I and II 

attending the schools, on the day of screening, were requested to participate in a 

finger-prick blood sampling procedure. A total of 2003 children gave a sample. 

These children would be in school grades II and HI when the main study was started.
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Children with obvious physical and mental handicap and a few children who refused 

to give samples, were excluded from the screening.

The samples were collected aseptically by trained technicians on special filter paper 

(Guthriecards: used in the UK for the national neonatal screening programme). The 

papers were labelled properly and stored in cool dry places. Subsequently, these 

samples were sent to the biochemistry laboratory of the Institute of Child Health, 

London for analysis of T4  and TSH from dried blood spots.

Selection o f children for the main studies 

Rationale for the sample size:

The sample size for both studies were calculated using different formula from the 

manual “ Statistics and Research Methodology ” published by the Institute of Child 

Health, The Hospital For Sick Children, London.

The outcome variables for this study were Wide Range Achievement test (WRAT), 

cognitive function tests. Ravens Coloured Progressive Matrices and tests for fine 

motor functions. As there were no local data on these variables, enrolment data from 

the study o f the stunting children in Jamaica (Grantham-McGregor et al. 1991) were 

used in order to calculate the sample size required for the case-control study. Taking 

a 5% level o f significance and 80% power, the sample size required was 

approximately 140 for each of the tests, to show a difference o f one third of standard 

deviation between the groups. A 10% increase to this number was considered for 

drop out.

For the intervention study, data from nutritional supplementation programme in 

Jamaica (Grantham-McGregor et al. 1991) were used and sample size was calculated 

on the assumption of detecting a 10-15% difference in cognitive function test scores 

at a power of 80-90%. The size was considered as 148 and to allow for drop out the 

size was increased by 1 0 %.
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Figure : 3

Diagram showing selection o f  case-control and intervention samples on different cut-offs o f  T4
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Sample selection

The study design is shown in Figure 3.

Case-control sample

For the case-control study, 170 children with T4  < 45 nmol/L (hypothyroid) were 

matched with 170 children with T4  > 70 nmol/L (euthyroid) for grade and schools. 

The lower limit of the range of normal values for T4  in our laboratory is 58 nmol/L. 

In a follow-up study in the UK of neonates with congenital hypothyroidism, our 

colleagues at ICH showed that infants with a T4  below 43 nmol/L had low 

subsequent IQ scores as children (Tillotson et al. 1994). The cut-off value for the 

hypothyroid children in the present study was taken as 45 nmol/L which was the 

lowest value that enabled us to obtain the required number of children. At this cut-off 

point, 88.2% of hypothyroid children were below 43 nmol/L. The euthyroid children 

were chosen on the basis of the reference value (2.5th centile value = 70 nmol/L) 

from a study in a group of normal children of 7-10 years in Germany (Wiedemann, 

Jonetz-Mentzel and Panse, 1993). When more than one euthyroid child was available 

to match for a hypothyroid child, we took the child with the highest T4

Intervention sample

The intervention study comprised two randomised placebo-controlled treatment 

trials, one for euthyroid and one for hypothyroid children. In order to have sufficient 

power (80%), allowing a 10% loss, we needed approximately 305 euthyroid and 305 

hypothyroid children. Therefore both cut-off values were adjusted from those used in 

the case-control study to widen the entrance criterion. A total of 305 children in the 

hypothyroid group (with T4  < 51 nmol/L) were matched with 304 children in the 

euthyroid group ( T 4  > 60 nmol/L) for school and grade. At this point, 78.4% of the 

hypothyroid children had T4  values less than 45 nmol/L and 80.8% of the euthyroid 

children had T4  values more than 70 nmol/L. All the children used in the case-control 

study were included in the intervention study. Both the euthyroid and hypothyroid 

groups were stratified into school and grade levels and assigned to either placebo or 

iodine treatment using random tables.
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8.2. Treatment schedule

According to the treatment schedule, 2 iodinated capsules (Lipiodol, 200 mg of 

iodine in each) or 2 placebo capsules (same colour, size and appearance supplied by 

the same company: Guerbet, France) were put into small envelopes, labelled with 

the name of the child and school and screen number before the study begun. At the 

time of enrolment, after giving all the children in a school the school achievement 

test and cognitive battery, a day was fixed for blood drawing and administration of 

the capsules. After the child gave his blood sample, in a private room, he was asked 

to go to a nearby place where he was given the capsules by a third person who was 

unaware of the test outcomes. He ensured that each child took capsules from the 

correct envelop, and confirmed that the child had swallowed them properly. If any 

child refused to give a blood sample, he was not forced, but he was given his 

assigned capsules.
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8.3. Measurements

8.3.1. Cognitive function tests and school achievement test

Selection o f tests to measure school achievement and cognitive function

It is difficult to select tests to measure cognitive functions in a culture quite different 

to the places where these tests were originally developed. It is also important to select 

tests which are sensitive to measure the affected cognitive processes in a biochemical 

hypothyroid state. Most studies of iodine deficiency and children’s mental 

development are not helpful in determining which cognitive functions are affected or 

whether there is just a general lowering of the intelligence.

In this study great emphasis was placed on the selection o f tests which had been 

sensitive in previous iodine studies and some new tests were included which had 

been used extensively in a third world situation by Cambridge and Jamaican 

scientists (Baddeley, Gardner and Grantham-McGregor, 1995). From a recent study, 

it was found that verbal fluency, visual reasoning and visual memory benefited most 

from iodine treatment (Sherestha, 1994). There is some suggestion that speed of 

processing may be affected more than other cognitive functions, by biological insults 

in general (Connolly and Kvalsvig, 1993), and hypothyroidism in particular 

(Osterweil et al. 1992). Studies from Papua New Guinea found the pegboard test 

(Pharoah et al. 1981) was a sensitive test that was related to maternal T4  levels, and a 

follow-up study o f congenital hypothyroid children in the UK found that 'dotting 

with pencil' (Fuggle, Grant, Smith et al, 1991) was a sensitive marker of upper limb 

speed and dexterity test for the children.

In this study, a wide range o f functions was measured, including some concerning 

speed of processing and some indicated from earlier studies (Osterweil et al, 1992; 

Pharoah et al. 1981; Fuggle et al. 1991). It was expected that the children in iodine 

deficient areas with low T4  (biochemically hypothyroid) would be functioning less 

efficiently in a broad range of cognitive functions, than those who were euthyroid, 

and that the deficits in cognitive function would be related to serum T 4 .  This poorer 

function was expected to be reflected in lower scores in the cognitive function tests.
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Further, it was expected that these functions would improve a short time after 

treatment (4 months).

A locally-translated and slightly modified form of the Wide Range School 

Achievement Test (WRAT) was also administered in order to examine the children’s 

reading, spelling and arithmetic abilities.

General consideration, trainins, pilotins o f test batteries and modification

In May, 1995, six fresh graduates in Psychology and Education from the University 

of Dhaka were recruited. Four persons were selected for testing cognitive function 

and two for School Achievement test. During June to September, 1994, the testers 

and myself were trained by Ms. Susan Chang from the Tropical Metabolism 

Research Unit (TMRU), Jamaica. During this extensive training, the testers were 

familiarised with the tests and the administration of the tests was modified, for the 

cultural context of Bangladesh.

Three city schools in the Mirpur area, in the capital city of Dhaka, and few village 

schools at Araihazar thana, very near to Dhaka city were chosen for the piloting of 

the tests and training o f the testers. After the training was completed and the testers 

reached an acceptable standard of testing, they were sent for piloting in Vhagdi, 

Ghorasal in Polash thana, an area very similar to the main study areas. Two schools 

were chosen for this purpose. Extensive piloting was made, in order to establish test- 

retest reliability and each tester tested 2 0  children on 2  separate occasions each with 

an interval of 7 days. This exercise was repeated with different children until the test- 

retest reliability reached to or above r = 0.7 for cognitive function tests and r = 0.9 

for school achievement tests. Table 22 and 23 shows the r values for different tests. 

After that. Professor Sally Grantham-McGregor visited the centres and observed the 

performances of the testers, correcting some of the finer differences.

At the training phase, the cognitive function tests and WRAT were given to 10 slow  

and 10 fast students (grade 2 and grade 3) in 3 suburban and 4 rural schools, to assess 

the difficulty level of the tests to the children at this age group in this population. The 

items were then adjusted to ensure that the test items ranged in small increments of
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difficulty. At the easiest level they were extended below the abilities of all the 

children so that all children could score on the test. Similarly the level of difficulty 

was extended beyond the ability level of the best able child so that there was room 

for improvement on retest.

Care was taken so that the sequence and duration of the whole battery of cognitive 

function tests and school achievement tests were acceptable to the children. Tests 

were arranged in the best possible sequence to keep the children interested and 

cheerful throughout the session. A total of 40 to 50 minutes was needed to complete 

the whole battery of cognitive function tests and 25-30 minutes was required to 

complete the full school achievement test. In order to avoid a lengthy session on the 

same day, the two sets of tests were administered individually on two consecutive 

days, with cognitive function tests followed by the school achievement test.

Testers were especially trained to create good rapport with the child. Between the 

tests and also within the test, the child was repeatedly praised. Testers scored the 

tests discretely, so that the children could not see them. If the children made 

mistakes, they were not told; rather they were praised every time irrespective of 

their performance in the test.
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Table: 22

The test Retest reliability (pearson*s product moment correlation) for Wide Range
Achievement Test

Name o f the Test Tester One (r) Tester Tw o (r)

Reading

Spelling

Arithmetic

0.97

0.98

0.96

0.98

0.96

0.90

T ab le: 23

Test Retest reliability (pearson’s product moment correlation) for co2nitive
function tests

Name o f the tests Tester One Tester Two Tester Three Tester Four

r r r r

Ravens Coloured Progressive M atrices 0.81 0.83 0.76 0.85

Visual Search 0.70 0.74 0.85 0.85

Symbol Symbol M odalities Test (SSMT) 0.77 0.89 0.75 0.82

S troop 0.70 0.85 0.78 0 . 8 8

French learning test 0.72 0.75 0.84 0.72

D igit Span 0.70 0 . 8 6 0.79 0.70

Corsi Block 0.70 0.70 0.80 0.70

U pper lim b speed and dexterity (ULSD) 0.70 0.85 0 . 8 8 0.84

Verbal Fluency 0.70 0.81 0.70 0.84

Peg board (dominant) 0.70 0.85 0.90 0.84

Pegboard (Non-dom inant) 0.72 0.85 0.85 0.87
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Cognitive function tests;

The following cognitive function tests were given to the children in this study:

1. Verbal fluency: This test measures the child’s ability to generate items from two 

semantic categories at speed. It is considered to measure the speed o f semantic 

processing and thought to be an indicator of the central executive component of 

working memory (Baddeley, 1986). The children were asked to name as many 

animals and then food items as possible and were given one minute to complete each 

category. The score was the total number of correct items. Any duplicate was 

discarded from scoring. This test had been used in Jamaica, where it was found to be 

sensitive to missing breakfast (Simeon et al. 1989) and parasitic infection (Simeon, et 

al. 1994).

2. D isit span: This test measures the phonologic loop component o f working 

memory (Baddeley et al. 1994 and Baddeley, 1986). The child was asked to repeat a 

series of strings of numbers which were increased by one every third string. The test 

was stopped after two consecutive failures. The score was the number of strings 

repeated correctly. This test was also sensitive to missing breakfast (Simeon et al. 

1989)and parasitic infection (Nokes et al. 1992) in previous studies in Jamaica.

The digits were given at the rate o f one per second in a monotone voice, not 

allowing the voice of the tester to be lowered on the last digit.

3. Visual Search: This test is usually considered as a measure o f speed of visual 

information processing and sustained attention (Kvalsvig, Coopan and Connolly, 

1991 and Logie and Baddeley, 1985). This test was designed by Baddeley and 

consists of 3 pages of 12 lines of pictures. To the left o f each line, there is a target 

picture, then a space, then a row of 8  pictures, one or more o f which is the same as 

the target picture. The child had to scan each line and cross out the target pictures as 

fast as possible until one sheet was completed. The time taken to complete 3 pages 

was recorded. The score was the mean time taken for each correctly marked picture.
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4. French learning test: This test was designed by Baddeley for Jamaican children 

to measure paired associate learning (Baddeley et al. 1994 ). It consists o f pictures 

whose names are to be learnt in an unfamiliar language i.e. here in French. The child 

was first told the French name of one pair o f pictures and then the tester said three 

sentences about the test. Then the child was asked to point to the picture which the 

tester named in French. If the child made a mistake, again he was taught the names in 

the same way and asked in the same way to point to the pictures. After two 

consecutive correct trials, two more additional pictures were taught and the child 

was asked to name all o f them presented in a different order. The number o f the 

pictures taught were increased by two after every two correct trials. A maximum of 

ten trials were given and the score was the number o f pictures correctly named in ten 

trials.

The child was shown all the pictures drawn free-hand on a laminated sheet and was 

asked whether he or she knew them. The tester pointed each picture and asked them 

to say the local names of theses pictures. Then the tester explained in detail about the 

test before actually administering the test. During piloting, the pictures which were 

familiar to the children of this age in this culture were chosen. It was therefore easy 

for them to name the pictures.

5. Corsi blocks: This is a measure o f visuo-spatial sketch-pad component o f working 

memory (Milner, 1971). The child was presented with a set of black wooden blocks 

arranged in a quasi-random array on a wooden frame and the child was asked to 

touch them in the same order as demonstrated by the tester. The tester started with 

touching two blocks first and then increasing by one after every three successful trials 

in each level. The score was number of correct trials and the level reached was the 

level at which the child made at least one correct trial. The test was stopped after 

two failures at the same level.

6 . Ravens coloured Progressive Matrices: This is a standard test which measures 

visual reasoning ability and is often used as a measure of IQ (Raven, Court and 

Raven, 1986). It has three sections namely A, AB, B containing 12 different
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problems in each section. It is used to determine the intellectual ability or capacity 

to reason by analogy. Each problem was printed on a brightly coloured background 

which made the nature o f the problem to be solved more obvious with the least 

possible verbal explanation.

On the top of the each page there was a picture, or series of pictures, with some 

portion, or the last picture in the series, missing. The child would be asked to find out 

the correct picture among 6  different pictures at the bottom of the page to complete 

the series or the picture. As a part of the teaching session, the first problem was 

explained very clearly to the child. The tester helped the child in finding the correct 

answer. In that process, the tester explained clearly why the first four pictures would 

not fit properly by explaining the differences. When the tester was satisfied that the 

child understood how to do the test, he began the test. If the child made four 

consecutive wrong answers, that section was stopped. In the same way the next two 

sections would be administered. The score was the total correct answers.

7. Symbol symbol modalities test (SSMT): This test measures simple paired associate 

learning and speed of information processing. The Symbol digit modalities test 

(SDMT) a verbal version (Smith, 1973), previously used in an adult hypothyroidism 

study (Osterweil et al. 1992), was modified for use with the children. Pictures were 

used instead of digits. The original version of the SDMT test presented the individual 

with a key consisting o f a row of symbols each paired with a number. The individual 

was given a page o f the symbols and was required to call out the numbers that were 

paired with each symbol as quickly as possible. Here, the child was presented with a 

key consisting of shapes which were paired with pictures. The child was given two 

pages of randomly placed shapes in several rows and was asked to name the pictures 

paired with them as fast as possible. The time was recorded separately for two pages. 

The score was the time per correctly identified picture.

8 . Stroop: This test measures speed of processing and the ability to inhibit responses. 

The test consisted o f two pages o f round circles which were painted black and white 

and these were arranged randomly in several rows. Each time the child saw a black
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picture, he would be asked to name it white and if  it was white name it black. The 

child was asked to do this as fast as possible and the total time required to complete 

two pages were recorded. The score was the time per correctly named object.

Fine Motor function tests;

1. Upper limb speed and dexterity (ULSD): This test measures the speed and 

dexterity of the upper limb. It is the subset 8 /item 7 of Bruinincks-Oseretsky Test o f  

M otor Proficiency (Bruinincks, 1978). In order to be more precise in timing, it was 

slightly modified. The original test is to make dots in rows o f circles in a specified 

time and the score is the number of correctly dotted circles in a set time (30 

seconds). In this situation, first three lines of circles were used and the child was 

asked to go as fast as possible. The score was the length of time to complete all the 

circles in three rows. The circles not dotted properly were scored as errors. As soon 

as the child had touched the paper, the stop watch was started and as soon as the 

child touched the last circle in the 3rd line the stop watch was stopped. The test was 

found sensitive in the follow-up study of neonatal hypothyroid children in England 

(Fuggle et al. 1991)

2. F es board : This is a measure of fine motor co-ordination and was found to be 

sensitive in the follow up studies of the children from mothers who participated in 

the iodised oil injection trial in Papua New Guinea (Connolly and Pharoah, 1989). 

The peg board of Lafayette Instrument Company from USA (Lafayette Instrument 

Company, Indiana, 47903,) was used here. These pegs had hooks on one side (like a 

key) which had to be rotated to match the hole before they could be inserted. This 

test required more complex visual -motor co-ordination than most other pegboards.

Once the child clearly understood the test, the test was started and he was asked to 

do first three rows as fast as possible. The dominant hand trial was administered first, 

followed by the non-dominant hand. The examiner encouraged the child to perform 

the task as fast as possible, telling him or her to speed up if necessary. Frequently, it 

was necessary to point the first hole of the new row, particularly during the non

dominant hand trial. Only one hand had to be used. So before the test started, the
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child was told to keep his other hand on his/her lap. A few extra pegs were always 

kept in the tray, so that if any peg was dropped to the floor or beside the table, the 

child would not make an attempt to pick it up, rather he was told to take a new one 

from the tray and continue doing the test without interruption. Two successive trials 

were given both for dominant and non-dominant hand and the total time was 

recorded in seconds. The score was the total time required to do two trials.

Wide Range Achievement Test (WRAT)

School achievement was measured with the Wide Range Achievement Test (Jastak 

& Bijou, 1946). The test comprises three sections of reading, spelling and arithmetic. 

Extensive piloting was necessary before applying this test to this population. Initially 

we attempted to design a new reading and spelling test and took common words from 

the text books o f the children of grade 2 and grade 3 ranging from easy to difficult. 

Four suburban schools (at Mirpur) and 4 village schools (at Araihazar) were then 

selected to pilot the word list for reading and spelling. After repeated trials, we could 

not get a good range of words of increasing order of difficulty, so we translated the 

WRAT into the local language and piloted it. In the pilot study, we gave the tests to 

70 children of grade 2 and 3, 10 each from 7 schools. The results were then collated 

for each item and the number of children getting each item correct was calculated. 

The words were then rearranged in order of difficulty. Thus the test material 

contained words which were presented to the children arranged in order o f difficulty 

from easier to more difficult ones.

The order for arithmetic problems in this population worked well and needed no 

change in arrangement. The reading, spelling and arithmetic tests were given 

individually to all the children.

1. Readins: A list of 120 words was produced and arranged in tabular form easier to 

more difficult ones. The testers acquainted themselves with the pronunciation of each 

word. This was done in training session and most o f the words were usually
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memorised by the tester. Since this was primarily a reading test, and not a test of  

speech and diction, mispronunciations due to provincialism and minor articulation 

defects were accepted as correct, whenever the tester was sure of the subject’s ability 

to associate the printed symbols with his own sound values or those of his immediate 

social group. The child was presented with a laminated long sheet with words 

arranged in a tabular form and printed clearly on it in a large bold font. The tester 

had a separate questionnaire for each child with name, grade and screen number on 

it. Very occasionally, if  the child made any mistake in the first 10 words (10 

consecutive successes), he was offered the test of pre-reading. This contained 

different letters and similar symbols in rows and a target letter at the beginning of 

each row. The child was required to cross the letter similar to the target one. If the 

child failed to do 5 out o f 7 (seven trials), he was dropped from the study. The score 

was the number of words pronounced correctly plus 7 (seven) for correct 

identification o f letters. At the beginning, the child was given clear instructions for 

the test. When the child made 10 consecutive failures, the test was stopped.

2. Spellins: The child was given a page of paper for his answers and the tester had a 

laminated sheet containing 69 words. At the beginning, on the top of the page, there 

were three empty lines where the tester asked the child to write his name, his father’s 

name or name o f the school. If the child could not do that, he would be asked to write 

anything he could do. These might be any letters he would know. He got seven points 

of credit for writing or printing seven letters correctly. Then the main test was started 

and each word was dictated clearly and the child was asked to write it down on the 

answer sheet. If he failed to spell one word, he was asked to leave that and try the 

next one as the tester dictated the next word. All through the test, the tester looked at 

the child’s answer-sheet and when there was ten consecutive failures, the test was 

stopped. The score was the number o f words correctly spelled plus seven for initial 

letter recognition.

3. Arithmetic: This test consisted of different computation problems printed on the 

answer sheets. The technical arrangement o f the problems was that which had been
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found, in many years o f experience, to be least confusing. Additions, subtractions, 

multiplication and divisions were printed on the answer sheets in separate rows. 

Simple instructions were printed in bold type and arithmetic signs were also placed 

to remind the child. The number of problems given was determined after extensive 

piloting. If the child failed to solve three problems, he was given an oral test to 

determine the development o f his number concepts at the pre school level. The 15 

items of this oral supplement was printed on a separate sheet. The total arithmetic 

score is the number o f written problems correctly solved plus the number correct in 

the oral session.

8.3.2. School a ttendance

School attendance of the children was copied from the school records and the days 

attended were expressed as a percentage of the total possible days the child could 

have attended.

8.3.3. Age determ ination of the  children

Three measures of children’s age were taken in this study. Firstly, the age was 

obtained from the school records, secondly, exact age from the home records of some 

children e.g. immunisation cards, and lastly from a detailed interview of the parents 

on a local events calendar. The teachers told the researchers that age recorded on the 

school register was not accurate and most of the time they underscore the age due to 

pressure from the guardians. Normally the age o f enrolment is 6  years. Sometimes 

they recorded the age simply as ‘ 6  years + ’ for grade I children at entry point, which 

occasionally underestimated the exact age. As the primary school education had 

recently been made compulsory, the older children were also enrolled in the schools, 

with an estimated age assessed by the teachers at the point o f entry. Considering 

these difficulties, we correlated age records from the three sources with the height of 

the children. The highest correlation with height was the age given by the parents. 

For this study, we depended in most of the cases, on interviewing the parents to 

assess their children’s age. In a few occasions, we extrapolated age for those
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children, whose parents were completely unable to describe age events, from the 

equation o f a linear association model between school age record and correct age 

records preserved by the families of 34 children.

8.3.4. Anthropom etric m easurem ents

Height, weight, mid upper arm circumference (MUAC) and head circumference 

were measured using standard techniques (NHSC Programme, UN, 1986).The 

anthropometric measurements were done by two persons who were trained and 

whose reliabilties (95 -97%) were assessed in piloting with 30 children measured 

separately under supervision. Three measurements were done on each child and the 

median figure was accepted. On going inter-observer reliabilities were also assessed 

for 1 0 % of the total sample throughout the study, as a measure o f on-going quality 

control which showed 0.95-0.97 correlation coefficients for all the measures.

1. H eisht measurement

Height was measured by Child Growth Foundation’s Height Scale. The measuring 

board was placed on a hard flat surface against a wall, tree or staircase, in order to 

make it stable. The child was requested to remove shoes or any hair band that would 

interfere with the measurement. The child’s feet were placed flat and together in the 

centre o f and against the back o f the base board. One tester placed the right hand 

just above the child’s ankles on the shins and left hand on the child’s knees. In this 

way, the child’s legs were straight and the heels and calves were against the board.

The second tester placed his open left hand on the child’s chin in a way that the 

mouth and ears of the child were not covered. He made sure that the shoulders were 

at level, the hands were at the sides and the head, shoulder blade and buttocks were 

against the board. He then lowered the head piece with his right hand on to the top of  

the child’s head with a gentle push through the child’s hair and then called out the 

measurement loudly to the nearest 0.1 cm. The third person (most o f the situations, 

myself) noted it down on the questionnaire, checking this by repeating loudly the 

exact readout.
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2. M id upper arm circumference:

The MUAC was measured with a simple plastic tape, at the eye level o f the tester, 

who sat on a chair while measuring the child. The child was told to remove clothing 

that covered the child’s left arm. The mid point of the child’s left upper arm was 

calculated by first locating the tip of the shoulder with the tester’s finger tips. The 

child’s elbow was bent to make a right angle. The zero o f the tape was placed at the 

tip o f the child’s shoulder, pulled straight down to the tip of the elbow and the 

number at the tip of the elbow was read to the nearest centimetre. This number was 

then halved to give the mid point which was marked with a pen on the arm. The 

child’s arm was then straightened and the tape was wrapped round the child’s upper 

arm at the mid point. Care was taken to make sure that the tape was flat around the 

skin and the tension o f the tape was correct. The read out was similarly written by a 

third person after verbal verification.

3. W eisht measurement'.

The child’s weight was measured by a portable digital measuring scale supplied by 

Child Growth Foundation, UK. (Soehnle 7504, 0-150 kg x 0.1 kg). The child was 

asked to remove his shirt and shoes if  any or any other accessories like hair band, 

necklaces for girls. After placing the scale in a flat surface, measurement was done 

three times and the median was taken and was written on the questionnaire by the 

third person. The scale was checked every day with a known weight before leaving 

for the field.

4. H ead circumference:

The head circumference was measured with a plastic tape. The head was steadied 

firmly and the tape was placed around the head, positioned in front and just above 

the supra-orbital ridges, and behind and over the occipital prominence. 

Measurements were made to the nearest of 0.1 cm.
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8.3.5. Goitre a sse ssm e n t

Goitre grade was assessed by myself in screening, and subsequently at baseline and 

follow-up studies, according to the criterion recommended by ICCDDD (1993, 1994), 

as follows:

Grades o f soitre:

Grade 0 : No goitre

Grade I : Palpable goitre (this includes previous grade la and grade Ib).

Grade II : Visible goitre (this includes previous grade II and grade HI).

8.3.6. Blood biochem ical m easures

Dried blood spots on Guthrie cards

For screening the children and at 4 month’s follow-up, a Guthrie card was used to 

collect 4 drops of blood from a child. Each paper was labelled with the child’s 

screen number (SCRNO), name and date of collection. After taking proper aseptic 

precautions, blood spots approximately half of an inch in diameter were collected by 

pricking a finger o f the child by a trained technician. The first drop of blood was 

wiped off with sterile cotton and the formation of subsequent drops was encouraged 

by applying gentle pressure, while holding the finger in a dependent position. To 

avoid hemolysis or dilution of the sample, excessive squeezing was avoided. 

Occasionally a second prick was required, if  the blood did not flow freely. Once a 

drop of adequate volume had formed, the filter paper was made to touch it gently, 

not pressing, against the finger bed. The technician watched the paper from the 

opposite side as blood saturated it. Contacts with water or alcohol were avoided. 

After collecting blood, spots were allowed to dry in the air, by keeping papers in a 

horizontal position for 2 to 3 hours at the ambient temperature, away from the heat 

and direct sunlight. The sheets were not stacked, but kept separate during this time so 

that one did not touch another’s surface. Once all the samples were dry, each
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Specimen was put in a separate envelope and then stored in a cool dark place in the 

sub-centre.

Blood spot assays for T4

The feasibility of using T4  radioimmunoassay (RIA) from dried blood spots for 

neonatal hypothyroidism screening was established by Dussault in 1973. Since then, 

it has been extensively implemented in North America, Europe and Asia. In a 

neonatal screening programme in Asia (India, Nepal and Bhutan n= over 20,000 

new-boms), the prevalence of low T4  from dried blood spots collected in field 

conditions correlated well with the pattern of iodine excretion in urine, prevalence of 

goitre and prevalence o f cretinism (Kochupillai and Pandav,1987). It was cited in 

that paper that in one study (Kochupillai et al, 1985) T4  values obtained from venous 

blood and from spot assay techniques showed a high degree o f correlation.

Some researchers raised the question of a possibility of a loss o f T4  during collection 

on blood spots in field conditions and during storage in different conditions. A 10% 

loss was found, when the samples were kept at room temperature (20-25° C) for 5 

days and the loss was 26% if they were exposed to day light conditions (Bourdoux et 

al. 1991). However, the same research group also examined both serum and dried 

blood spots collected and preserved (at 4° for 24 hours and then at -18°C until 

assayed) from 22 subjects in Ubangi, Zaire and found consistent loss of T4  from all 

samples of dried blood spots. But in another study, Waite, Maberly and Eastman 

(1987) showed a loss o f T4  from dried blood spots only when the samples were stored 

at room temperature (37°C). They were stable when kept at 4°C. The T3 and TSH 

were found stable in different conditions and the authors suggested that the loss of T4  

might be due to a spontaneous deiodination of T4  when kept at room temperature. 

But it is unlikely that deiodination is taking place, because in another study it was 

shown that free T4  (TT4 ) in dried blood spotted papers was stable for at least one 

month when kept at room temperature (25°- 37°C) and the results o f analysis 

correlated closely (r=0.99) with the free T4  concentration in serum (Mizuta et al, 

1982). Extreme field conditions may be responsible for the loss o f T4  as in one 

previous study, T4  samples from dried blood spots were found significantly low only
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when they were exposed to sunlight, high ambient temperature and humidity (Davis 

and Poholek, 1979).

In the present study, screened samples were collected in Winter at an ambient 

temperature o f 10-20® C and samples were dried away from sunlight and kept in dark 

boxes in cool places (10-15® C) for 15-20 days. The samples were transferred to the 

Institute of Child Health, London, within 2-3 weeks, where they were kept at 4®C and 

assayed within a few days. The samples from the 4 month follow-up were kept in a 

refrigerator at 4®C within 2 hours of collection and were assayed within a short 

period.

It is possible that there was a small loss o f T4  for the screening blood spots, but it 

would have been consistent (Bourdoux et al, 1991).

Venous blood

At the time o f enrolment, 5ml venous blood were collected from the children using 

aseptic measures by trained technician in the field. After collecting all the samples, 

they were brought to the sub-centre where they were centrifuged and serum was 

transferred into duplicate cryovials, after proper labelling. They were immediately 

placed in the freezer chamber of the refrigerator at a temperature o f -20® C. On the 

second day, the samples were transferred to Dhaka city to be stored at -70® C at the 

Bangladesh Institute of Research for Diabetes, Endocrine and Metabolic Diseases 

(BIRDEM). At the end o f the study, they were transferred in porous boxes 

surrounded by dry ice to the biochemistry laboratory at the Institute o f Child Health 

at London.

Thyroxin (Tj) assay

Serum samples for T4  were measured by 'Radioimmunoassay: Coat a count total T4  

assay technique’, which is a solid phase ^̂ Î radioimmunoassay designed for the 

quantitative measurement of thyroxin (T4 ) in dried blood spots, serum or plasma. The 

kit was supplied by Diagnostic Products Corporation (DPC), 5700, West 96th Street, 

Los Angeles, CA, 90045. This is a solid-phase radioimmunoassay based on an 

iodinated tracer, antibody coated tubes and blood spot or serum calibrators. ^̂ Î-
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labelled T4  competes for a fixed time with T4  in the blood sample for antibody sites. 

The tube is then decanted and counted, and the T4  concentration is read from a 

calibration curve. The same method was used for blood spot samples and serum 

pools. The reference value supplied in the kit was 4.5 - 12.5 pg/dl (58-161 nmol/L) in 

adults and 6-17.4 pg/dl in neonatal samples (Manual: Diagnostic Products 

Corporation, Los Angeles, 1991). The quality of assay was assured by a sensitivity of 

5.1 nmol/L and intra-assay CVs of 7.7%, 6.2% and 4.9% at a concentration of 45 

nmol/L, 104 nmol/L and 205 nmol/L respectively. Inter-assay CVs were 12.6%, 7.4% 

and 7.3% respectively for 48 nmol/L, 104 nmol/L and 189 nmol/L.

Thyroid stimulatins hormone(TSH) assay:

TSH samples were assayed by "Gamma-BCTNeo-TSHIRMA’ technique which is a 

two site immunoradiometric assay (IRMA) for the quantitative determination of  

human thyroid stimulating hormone. The kit was supplied by Diagnostic Products 

Corporation (DPC), 5700 West 96th Street, Los Angeles, CA, 90045. This assay is a 

solid phase immunoradiometric assay based on monoclonal and polyclonal anti-TSH 

antibodies. ^^^I-labelled anti-TSH polyclonal antibody in liquid phase and 

monoclonal anti-TSH antibody immobilised to the wall of a polystyrene tube. TSH, 

eluted from a blood spot disk, is captured between monoclonal anti-TSH antibody 

immobilised on the inside surface of the polystyrene tube and the radiolabelled 

polyclonal anti-TSH tracer. Unbound ^^^I-labelled anti-TSH antibody, along with the 

blood spot disk, is removed by decanting and washing the tube. The TSH 

concentration is directly proportional to the radioactivity present in the tube after the 

wash step. The radioactivity is measured using a gamma counter, after which the 

concentration of TSH in the sample is determined by comparing counts per minute 

for the sample with those obtained for the set o f  calibrators provided along with the 

kit. The neonatal reference value for a normal population is < 25 mlU/L of whole 

blood (Manual: Diagnostic Products Corporation, Los Angeles ,1992). The quality of 

assay was assured by a sensitivity of 0.5 mU/L and intra assay and inter-assay CVs. 

Intra-assay CVs were 5.1%, 5% and 5.5% respectively at 20.1 mU/L, 29.9 mU/L
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and 58.4 mU/L. Inter-assay CVs were 6 .6 %, 8.2% and 9.9% respectively for a 

concentration of 13.1 mU/L, 28.3 mU/L and 53.3 mU/L.

Haemoslobin measurement:

Haemoglobin was measured in the field by the Hemocue system. This system uses a 

photometer, Hemocue Photometer, and micro-cuvettes. The reaction in the cuvette is 

a modified azide-methoglobin reaction. The erythrocyte membranes are disintegrated 

by sodium-desoxycholate, releasing the haemoglobin. Sodium nitrite converts the 

haemoglobin iron from the ferrous to ferric state to form methemoglobin which then 

combines with sodiumazide to form azide-methemoglobin. The absorbency is 

measured at two wavelengths (570 and 880 nm) in order to compensate for any type 

of turbidity

After a finger prick, the microcuvettes were allowed to fill completely from the blood 

drop by capillary action. The outside of the cuvette was wiped with a clean tissue 

paper. The cuvette was then inunediately placed in the Photometer. The measured 

haemoglobin value was read directly from the Hemocue Photometer in g/dl. No 

calculation was necessary. The calibration was checked daily by using the control 

cuvette supplied with the Photometer.

8.3.7. Urinary iodine estim ation

A casual urine sample was collected from each subject in a screw-capped, plastic 

container, labelled properly with the screen number and name o f the child. This was 

done on the first day, before measuring the anthropometry o f the child. A few drops 

of toluene were added, to make a layer over the top and the containers were kept in a 

cool place until they were transferred after 2 or 3 days to INFS (Institute o f Nutrition 

and Food Science) laboratory in Dhaka University where they were kept at 4°C, in a 

refrigerator until they were analysed for urinary iodine. Urinary iodine was analysed 

by the wet digestion method adopted by Gutekunst and recommended by ICCIDD 

(Dunn et al, 1993). All the samples were measured in an iodine free room and de

ionised water was used. The results were expressed as microgram (pg) o f iodine per
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decilitre (dl) o f urine. Validation o f biochemical estimation was checked by the 

internal quality assurance programme. Samples with very low (0.5 pg/dl) and high 

(>15 pg /dl) values were always repeated. The CV in low range (<5pg/dl) was 5.9% 

and on high range (>5 pg/dl) was 2.8%. The recovery of added potassium iodate was 

98 - 102%.

Urinarv iodine excretion in casual samples

Casual urine samples are considered as a method of choice in field conditions and 

values are usually expressed as concentrations per dl of urine as recommended by 

ICCIDD (Dunn et al. 1993). Among adequately nourished children urinary creatinine 

does correct for body size as shown by John and Escobar (1965). However, 

creatinine excretion vary considerably in malnourished populations. Bourdoux and 

others (1985) showed a variation in creatinine excretions between two areas in Zaire 

and Brussels and the authors considered that urinary iodine excretion expressed 

against g of creatinine may misleadingly underestimate the problem in iodine 

deficient situations. Following Bourdoux’s persuasive data, ICCIDD (Dunn et al, 

1993) has recommended that casual urinary iodine in surveys be expressed solely as a 

concentration in pg o f iodine per dl o f urine. In order to avoid natural variations 

(through dehydration, increased fluid consumption or dilution) samples of a 

minimum o f 40-50 subjects are recommended in field studies. A comparison o f 24 

hour urine collections and casual urine samples in 1 0 0  subjects, showed very similar 

levels o f urinary iodine in Belgium [Brussels: in 24 hr collection: 5.3 ± 4.3 pg/dl; in 

casual samples: 5.8+ 3.6 pg/dl] and in Zaire [Ubangi: in 24 hr collection: 2.3 ±1 . 6  

pg/dl; in casual samples: 2.4± 2.1 pg/dl] (Dunn et al. 1993).

8.3.8. Estim ation of parasite  egg loads in stool sam ples

A pre-labelled plastic container with screen number and name o f the child was given 

to the child on the 1 st day o f the test and he was asked to bring it back, with a stool 

sample on the following day. At the end of the day, after completing the 

anthropometric measurements, the stool samples were transferred to special screw- 

capped containers containing formol water solution, which were supplied by
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International Centre for Diarrhoea] Disease and Research, Bangladesh(ICDDR,B). 

After closing the container tightly, the samples were brought to the sub-centre and 

were kept in a cool place until they were transferred after 2 to 3 days to ICDDR,B. 

There they were preserved until analysis. The Formol Ether Concentration 

Technique was used to determine concentration of eggs per g. of stool (Hall, 1981). 

As a quality control, 10 percent of the total samples were checked by a second 

examiner in the laboratory and there was 90-95% agreement between the examiners.

8.3.9. Socio-econom ic m easures

Extensive home visits were made to develop a questionnaire to measure family 

socio-economic status, food deprivation and stimulation in the homes. The 

questionnaire was subsequently piloted and inter-observer agreement was assessed. 

Only questions having 90% agreement between two observers were included for the 

study. The interviews were given at the children’s homes by the testers after 

completion o f school achievement and cognitive function testing. Both the father 

and the mother were interviewed usually in the presence of the child. The 

questionnaire was divided into 8  major sections to gather in-depth information 

related to children’s development. The interviews were conducted between January, 

1996 to June, 1996.

Questions on the followins main topics were asked:

1. Parental Characteristics:- including occupation and educational levels o f the 

parents and their reading and writing ability.

2. Family structure:- including family size, number of people in the house, birth order 

of the child.

3. Health and Nutrition:- including age of the child related to recent important events, 

number o f illnesses in the last month and last year, frequency o f missing breakfast, 

missing afternoon meal, missing evening meal and how frequently the child 

remained hungry before going to sleep. The questionnaire was designed to reflect 

children’s experience of food deprivation over some period of time, on day to day 

basis not a one off measure.
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4. School materials: number o f reading and exercise books bought by the families, 

tutorial help provided to the children etc.

5. Home stimulation: reading to the child, playing with the child, making games or 

buying games for the child, opportunities for watching television, drama or any 

cultural functions, and taking the child on trips outside the village.

6 . Wealth: possession of furniture, use of water, electricity and possession of live

stock, rickshaws, boats and any valuable items, condition o f the house, materials 

used to build the houses and crowding.

7. Land owned by the family: how much land the family has owned and how much 

was cultivated for others.

In order to condense the data and identify underlying concepts, several ratings were 

made based on theoretical consideration. These were food deprivation rating, house 

rating, possession rating, animal rating, stimulation activity rating, stimulation 

material rating (details of rating see : Appendix III).

8.4. Data M anagem ent

Data collection stase

Every day, after coming back from the field, each tester carefully checked and scored 

the tests and transferred the scoring to a pre-coded form. He was required to check 

any mistake in scoring or any other mistake or doubts in markings or anything 

written unclearly on the sheet. After finishing checking and scoring, the tester used to 

give the form to another tester for rechecking the score. After that all the forms were 

given to the principal investigator, who re-checked all the forms for the 2 nd time 

before keeping them in a filing cabinet.
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Likewise, socio-economic questionnaires were checked. This was more time 

consuming as some o f the interviews were spread over two occasions.

Entry o f  data into the computer and data cleanins

At the end of the whole study, data were entered into computer by using D-base 

software programme on a 486 PC IBM Computer in Bangladesh. After entry into the 

computer, print-outs were made and were again rigorously checked with the raw 

forms by the testers. Further cleaning and cross checks for consistency were 

performed after converting D-base file into SPSS data entry spread sheet.

Data Analysis

Data were analysed in SPSS soft ware programme. Anthropometric measures (height 

and weight) were expressed as Z scores by using age and sex specific reference data 

to perform the computations. Reference data for height and weight were obtained 

from the National Centre for Health Statistics (Hamill et al, 1977). The distributions 

of the variables were examined and where necessary data were transformed to get 

normal distribution, mostly by log-transformations.

Screening and Case-control study

Difference between groups were tested by student t tests and ANOVA. Most skewed 

data where necessary were transformed into logs to get a normal distribution. For non 

parametric data, chi square test with continuity correction and Mann-Whitney U tests 

were used. Correlation analyses were also performed between different variables. 

Correlations were reported as Pearson’s product moment correlation coefficients ‘r’ 

or Spearmann’s correlation coefficients depending on distribution o f the variable. 

Multiple regression models were used to determine the variance for the thyroid group 

controlling for other covariates. Some of the explanatory variables, mostly socio

economic and cultural ones were treated as dummy variables in the regression model. 

A factor analysis was done to determine the underlying construct o f the cognitive
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function tests, which resulted into two factors. These factors were then analysed 

subsequently in the regression model.

Intervention study

Baseline data were analysed by using ANOVA and multiple regressions. In ANOVA, 

the initial score of each outcome measures was used as the dependent variable and 

age as a covariate and intervention group, thyroid group and sex were used as factors. 

In multiple regression, the baseline score was predicted with age and sex entered in 

the first block and treatment group, thyroid group and sex and one interacting term 

(thyroid group x treatment group) were entered in the second block.

Follow-up data were used in a multiple regression model, where final score on 

cognitive function tests was used separately as a dependent variable and initial score, 

age, sex ware entered in the first block. The assignment group, thyroid group and 

interacting term (thyroid group x assignment group) were entered in the second 

block.

In the final step, the pooled data from two groups was examined in regression 

analyses. The final score in cognitive functions was predicted against the initial 

score, age and sex in the first block. In the second block, baseline T4  was forced to 

enter followed by follow-up T 4 .  The idea was to detect whether change in cognitive 

scores was associated with any change in blood T4  level or not. Finally socio

economic and biological variables were offered in the last block, to see whether the 

results were confounded by any socio-economic or biological factor.
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CHAPTER: THREE 

Results

Results are discussed in the following 4 sections :

1. Results of screening sample

2. Results on case-control study

3. Results on intervention study

4. Results from an analysis after pooling all the children in the study.

9.1. R esults of screening  sam ple

Table 24 shows the T4 and TSH distribution of all the children in the screened 

population. The twenty-fifth centile value for T4  was 49.8 nmol/L and 75th centile 

value was 85.6 nmol/L, mean and median values were quite similar. The twenty fifth 

centile value for TSH was 1.5 mU/L and 75th centile value was 3.5 mU/L.

Values for mean T4  and TSH, body mass index (BMI) and mid upper arm 

circumference (MUAC) for the children by sex and grade level who initially 

participated in the screening programme are shown in Table 25. The children tended 

to be thin but not very anaemic. The mean T4  value was within the normal range of 

the laboratory value from this Institute ( T 4  = 58-161 nmol/L). The mean TSH value 

was 3.03 mU/L, which is within the neonatal reference range in this laboratory. There 

is no agreed reference range of TSH in this age group and we do not know the exact 

cut-off of TSH in this age group.

In comparison to girls, boys had slightly higher T4  (p=0.054) and lower TSH 

(p=0.018) values. On the anthropometric measures, girls had slightly but significantly 

greater MUAC (p=0.001) but the mean BMI was similar between the sexes 

(p=0.088). There was no sex difference in the mean values of Hb (p=0.738).
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Table ;24

Mean and centile distribution o fT 4 and TSH of total children at screening(n=2003)

Variables Gentiles

Mean sd 1 0 25 50 75 90

T4(nm ol/L) 6 8 . 8 26.6 35.5 49.8 67.2 85.6 103.0

TSH(mU/L) 3.03 4.17 1 . 0 1.5 2.4 3.5 4.8

Table ;25

Biological variables in screening population by sex and grade

BM I M UAC 
in cm

Hb. 
in g/dl

T 4 in 
nmol/L

T S H ° 
in mU/L

Sex:

M ale(n=1041) 13.9+0.9 15.8+1.1

Fem ale(n=962) 13.8+1.0 16.0±1.1

P value for sex 0.088 0.001
difference'^

School Grade:

Grade I(n= 1047) 13.810.9 15.611.0

Grade II(n=956) 14.011.0 16.211.1

P value for grade 0.001 0.001
difference‘s

12.711.3

12.711.3 

0.738

69.9126.0  2.2911.85

67.6127.1 2.4411.88

0.054 0.018

12.711.3

12.711.3 

0.093

69.3127.4 2.411.9

68.3125.7 2.311.9

0.409 0.024

a : values are means and sd 
b : geometric mean and sd 
c : t test
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Dependable age records were not available from the schools, as discussed in 

methodology (chapter two : page: 130), but the children who belonged to school 

grade I would in general have been younger than the children in school grade H. As 

expected, the older children had higher values in their anthropometry in comparison 

to younger ones. For older children, there was a small but significant fall of TSH 

value (p=0.024) without a significant change in T4  values.

Goitre grade distribution by sex and school-grade is shown in the Table 26. Seventy- 

two children, (3.6%) did not have a goitre. Fifty percent children had grade I goitre 

and 46.3% had grade II goitres. Significantly (p=0.017) more girls had goitre, but 

there was no difference in the prevalence or severity of goitre by school-grade level.

Table 27 shows correlations among T 4 ,  TSH and nutritional variables, adjusted for 

grade and sex. There was a significant but low negative correlation (r = -0.18; p< 0.0 

01) between T4  and TSH. There was a significant but weak negative correlation 

between T4  and body mass index (BMI) [r = -0.05 ; p=0.032] and a weak but 

significant positive correlation between TSH and BMI (r = 0.08 ; p=0.001). The 

children with lower thyroid function tended to be fatter. The T4  and TSH showed no 

association with haemoglobin values.

A clear relationship was found between the severity of goitre with thyroid hormone 

levels. Table 28 describes mean T4  and TSH values in different grades of goitre and 

the results of a 3-way analysis of variance using goitre, sex and class as factors. 

There was significantly lower mean T4  (p < 0.001) and higher mean TSH (p=0.016) 

with the increase of goitre grade.
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Goitre distribution by sex and grade o f screening population (n=2003)
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Grades of 
Goitre

Male: Grade I M ale: G rade II Female; Grade I Female: G rade II Total

0 4.3% (24) 3.9% (19) 2.8% (14) 3.2% (15) 3.6% (72)

1 53.8% (298) 50.9% (248) 47.5% (234) 47.5% (223) 50.1% (1003)

2 41.9% (232) 45.2% (220) 49.7% (245) 49.3% (231) 46.3% (927)

Total 554 487 493 469 100% (2003)
of goitre by class:[0.5273, p =0.7682] 
of goitre by sex: [8.150, p = 0.017]

Table : 27

Correlation coefficients between T4 and TSH with Hb, BMI and MUAC at screening (n=1999)

Haemoglobin BM I M UAC TSH

T4 0.012 (0.604) -0.048 (0.032) -0 .012(0 .582) -0.180 (0.001)

TSH 0.029 (0.183) 0.076 (0.001) -0.040 (0.072)

Values shown after controlling for sex and grade (as a proxy for age) 
parentheses showing p values
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Table ; 28

Mean ±sd  of T4 and TSH values in different grades o f goitre and results o f a 3-way analysis 
of variance using goitre, sex and class as factors in the screening sample

M ean  a n d  sd A nalysis o f v a ria n ce

Thyroid Grade 0 Grade 1 Grade 2 Grades o f goitre Sex Class
hormones (n=72) (n=1003) (n=958) rF  1 ,19911  D IF  1 ,1 9 9 1 1  D TF 1 ,1 9 9 1 1  D

T 4 (nmol/L) 82.26+28.30 71.53+26.03 64.80±26.38 24.72, <0.001 0.011, 0.916 0.054, 0.816

TSH (mU/L)* 2.17+1.59 2.28+1.83 2.46+1.93 4.156 0.016 0.130, 0.718 2.438, 0.119

* geometric mean and sd

T ab le: 29

Distribution o f hypothyroid and euthyroid children in different schools by grade
in the case-control study

Nam e o f school School grade - 2 School grade - 3
Total Total

Hypothyroid Euthyroid Hypothyroid Euthyroid H ypothyroid Euthyroid

Sakharia, Gopalpur,Tangail 7 6 3 4 10 1 0

H em n ag o r, Tangail 1 1 1 0 5 6  16 16
Uddompur, Tangail 2 3 8  7 10 1 0

Volarpara, Tangail 2 0 2 0 11 11 31 31
Belua, Tangail 5 5 7 7 12 1 2

Khamarpara, Tangail 6 7 2  1 8 8

Khallapara, Shibpur,Norsingdi 4 3 4 5 8 8

Ghasirdia, Norsingdi 2 0 2 0 18 18 38 38
SKChondondia, Norsingdi 1 0 9 6  7 16 16
Noadia, Norsingdi 1 0 9 1 1  1 2  2 1 2 1

Total no o f children 95 92 75 78 170 170
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9.2. R esults on the  case-contro l sam ple

Biological variables

Table 29 describes school and grade distribution of the children who were selected 

for case-control study. A total o f 340 children with an equal number in each of the 

two groups were selected as the hypothyroid and euthyroid group for the case-control 

study. Children who had screening T4  values below 45 nmol/L were selected from 

each school and grade to form the Hypothyroid group or ‘Case group’. 

Approximately the same number of children who had T4  values above 70 nmol/L 

were matched by school and grade with the hypothyroid group o f children to form 

the Euthyroid group or - ‘Control group’.

Biological measures of these children both at screening and at enrolment are shown 

in Table 30. As expected on screening, the mean T4  values were lower (33.02±7.6 

nmol/L) in the hypothyroid group than the euthyroid children (88.84±12.6 nmol/L). 

Hypothyroid children had significantly higher values for serum TSH than the 

euthyroid group. The euthyroid group had significantly higher haemoglobin values 

(p=0.012) and lower BMIs (p=0.045) than the hypothyroid group, though the 

difference was very small. The groups did not differ in MUACs.

At enrolment, the hypothyroid children were slightly but significantly older than the 

euthyroid children (p=0.001). We obtained 160 samples o f venous blood in each 

group to measure serum T4  and TSH. There was an unexpected significant change, in 

serum T4  and TSH values in both the groups, between screening and enrolment 

period. T4  values had increased to a mean of 96.2+25.7 nmol/L in the hypothyroid 

group and 123.2±2L5 nmol/L in the euthyroid group (paired t test between screen 

and enrolment values ; p < 0.001 for both groups). Serum TSH had significantly 

declined in both the groups (paired t test for both groups; p<0.001). However, at 

enrolment, the euthyroid group still had significantly higher T4  values than the 

hypothyroid group (p<0.001), but TSH values were no longer significantly different 

between the groups.
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Table ; 30

Biological measures o f the children on screening and at enrolment by 
hypothyroid and euthyroid group

TESTS

n

Hypothyroid

M ean±sd n

Euthyroid

M ean±sd

p yaiues o f group 
difference “

S creening:

T 4  (nmol/L) 170 33.02 ± 7 .6 170 88.84 ± 12.6 < 0 . 0 0 1

TSH (m U/L)” 170 3.00 ±2.3 170 2.20 ± 1.72 < 0 . 0 0 1

Haem oglobin (g/dl) 170 12.5±1.3 170 12.8±1.4 0 . 0 1 2

BM I 170 13.9±1.0 170 13.7±0.9 0.045

M UAC (cm) 170 15.8±1.1 170 15.7±1.0 0.263

E n ro lm en t:

Age in year 170 9.6±1.1 170 9.3±1.2 0 . 0 0 1

T 4 (nmol/L) 160 96.2±25.7" 160 123.2±21.5‘* <0 . 0 0 1

TSH (mU/L)^ 160 1.39 ± 2 .2 " 160 L32±1.8‘' 0.751

Urinary iodine (fig/dl)*^ 169 4.0 
(1 .8 , 6 .9 )

166 5.15 
(2 .2 , 1 0  )

0 . 0 1 2

BM I 170 13.9±1.3 169 13.7±1.0 0.234

M UAC (cm) 170 15.9±1.2 169 15.6±1.0 0.040

Haem oglobin(g/dl) 138 11.81±1.1 129 11.87±1.1 0.650

H eight for Age 
(Z-Score)

170 -2 .1±L 0 169 -2 .0 ± 1 . 0 0.824

Head circum ference 
(cm)

170 49.3±1.9 169 49.5±1.4 0.137

a; ANCOVA , covariates : age and factors: group & sex 
b: Geometric mean and sd
c: Median, 25 & 75 centile and Mann-Whitney U test
d: paired t test between screening and enrolment T4 p< 0.001 and TSH p< 0.001
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The urinary iodine excretion data indicated that both groups were suffering from 

mild to moderate iodine deficiency. As the urinary data were skewed, log- 

transformation was used to normalise the distribution. The geometric mean urinary 

iodine excretion of the hypothyroid group was found to be significantly lower (t test: 

p= 0 .0 1 2 ) than the euthyroid group.

Table 31 shows the percentage of children in hypothyroid and euthyroid groups in 

different categories of severity according to the ICCIDD urinary iodine cut-off values 

(Dunn, 1993). Approximately 28% of the hypothyroid group and 19% of the 

euthyroid group were severely iodine deficient, whereas 32% of the hypothyroid 

group and 28.3% of the euthyroid group were in the moderately iodine deficient 

group. Only 15.4% in the hypothyroid group were excreting iodine in the normal 

range in comparison to 25.3% in the euthyroid group.

As Table 30 shows, there was no differences between the hypothyroid and euthyroid 

children on MU AC at screening, but the hypothyroid group had slightly greater BMI 

than the euthyroid group. At enrolment, the difference in BMI between the groups 

(p=0.235) disappeared, but there was a significant but very small difference in 

MU AC (p=0.04). Between screening and enrolment there was no significant change 

either in MU AC or in BMI. Euthyroid children had slightly and significantly higher 

mean haemoglobin level (p=0.012) than hypothyroid children at screening. This 

difference had disappeared at enrolment with a significant fall (paired t tests in both 

groups : p<0.005) in mean haemoglobin level in both the groups from a mean of 

12.5±1.3 g/dl to 11.8±1.1 and 12.8±1.4 to 11.9±1.1 g/dl respectively in the 

hypothyroid and euthyroid children over the period. The groups were similar at 

enrolment on height-for-age Z score and there was no difference between the 

hypothyroid and euthyroid children in head circumference.

Not all the children in the study, gave stool samples and not every one had Hb 

measured. The percentage of children with Hb below 11 g/dl and the percentage of 

children who had ova o f geohelminths in stool samples are shown in the appendix 

(Table 4). There was no significant difference between the euthyroid and hypothyroid
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children on the percent prevalence of anaemia. The intensity of worms in this 

population was not heavy and percent prevalence showed that hook worm and 

Ascaris prevalence was not different between the groups, but significantly more 

euthyroid children had trichuris infection (p=0.032).

Table; 31

Percentage o f children on enrolment at different cut-offs for urinary iodine excretion 
(/Jg/dl) as recommended by ICCIDD

Thyroid group U p to 1.99 2.0-4.99 5.0-9.99 1 0  &> Total

Hypothyroid 27.8 (47) 32.0 (54) 24.9 (42) 15.4 (26) 100 (169)

Euthyroid 19.3 (32) 28.3 (47) 27.1 (45) 25.3 (42) 100(166)

Total 23.6 (79) 30.1 (101) 26.0 (87) 20.3 (6 8 ) 100(335)
values in parentheses are number of cases 

test; p value = 0.065

Socio-economic variables

One-hundred and sixty seven families in each group were interviewed to obtain their 

socio-economic and family information. Table 32 shows median and 25th and 75th 

centile values for the different socio-economic ratings of the children by hypothyroid 

and euthyroid group. The group did not differ significantly in the food deprivation, 

animal and house ratings, but the euthyroid children had more stimulation activity 

(p<0.001), more stimulation material (p=0.042) and more possessions (p<0.001) in 

their homes than the hypothyroid children.

Significantly more fathers (p=0.001) of the hypothyroid group had no formal 

educational experience. This difference was even greater in mothers (p<0.001). The 

parents were asked about their literacy ability. They were asked to read a simple text 

and answer questions. Table 32 also shows that significantly more fathers and 

mothers in the euthyroid group could answer the questions than the parents in the 

hypothyroid group. The writing ability of parents was also tested by asking them to
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write simple things like their own name, child’s name and name of the village. It was 

also found that the parents of the hypothyroid group performed significantly less well 

than the euthyroid group on this task. There was no significant difference between 

the groups, when father’s occupation, as a day labourer was considered.

Table; 32

Socio-economic factors o f the family by hypothyroid and euthyroid group

Variables

n

Hypothyroid 

M edian 25-75 centile n

Euthyroid 

M edian 25-75 centile
p value for 

group difference

Food deprivation 167 2 0 - 4 167 2 0 -3 0.157“
rating
Stimulation- activity 167 2 1 - 3 167 3 2 - 5 < 0 .0 0 1 “
rating
Stimulation- material 167 2 1 - 3 167 3 1 - 4 0.042“
rating
Possession rating 167 2 1 - 4 167 4 1 - 6 <0 .0 0 1 “

Animal rating 167 3 1 - 6 167 3 1 - 7 0.553“

House rating ^ 167 9.26 1 . 8 167 9.59 1.7 0.087'’

Parental
characteristics %

Fathers with no
school experience 157 61.1 162 42.6 O.OOf
M others with no
school experience 167 74.3 167 55.1 < 0 . 0 0  f
Fathers not able to
read 144 76.4 145 55.9 <0 .0 0 f
Fathers not able to
write 145 68.3 146 47.9 <0 .0 0 f
M others not able to
read 164 83.5 166 62.0 <0 .0 0 1 =
M others not able to
write 165 74.5 166 55.4 < 0 .0 0 1 =
Fathers who are
day- labourer 156 51.9 162 43.2 0 . 1 2 0 =
a: Mann-Whitney U test 
b: mean , sd and t test 
c: Chi squared test
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School achievement and cosnitive function tests

Table 33 shows the school achievement and cognitive function test scores by 

hypothyroid and euthyroid children. One hundred and seventy children in the 

hypothyroid group and the same number of children in the euthyroid group were 

tested in school achievement. To normalise the data, the reading and spelling scores 

were combined and then the sum was log-transformed. The maths score was also log- 

transformed. The hypothyroid children had significantly lower scores both in read- 

spell (p=0 .0 0 1 ) and in maths (p=0 .0 0 2 ).

One hundred and sixty eight (168) hypothyroid children and one hundred and sixty 

five euthyroid children (165) were given cognitive function tests. Four tests (visual 

search, stroop, and both pegboards) needed log-transformation to normalise the 

distribution. Among all the cognitive function tests, the euthyroid group performed 

significantly better only in the French learning test (p=0.004). There was no group 

difference in any of the other tests.

In order to determine the effect of the thyroid group on each cognitive and school 

achievement test, after controlling for the socio-economic and biological variables, 

separate multiple regressions were conducted for the school achievement and 

cognitive function tests scores. The model is shown in Table 34. For each dependent 

variable, age and sex (boys = 1 ; girls = 2 ) were entered in the first block, and then all 

the socio-economic variables were offered step wise in the second block. In the third 

block all the biological variables were offered step wise. Finally, the thyroid group 

(hypothyroid = 0 ; euthyroid = 1 ) was forced to enter into the equation in the fourth 

block.
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Table: 33

Unadjusted scores for Wide Range Achievement test and cognitive function tests by
hypothyroid and euthyroid group ’

Perform ance tests Hypothyroid 
( n= 168 )

Euthyroid 
(n = 165 )

P-value of group 
difference ̂

M aths score (n = 170 , 170)^ 17.23 ±1.3 19.0 ±  1.4 0 . 0 0 2

Read-Spell score (n= 170, 170)^ 30.2 ±2.1 40.1 ± 2 .2 0 . 0 0 1

French learning test 29.65 ±5.9 31.7 ± 6 .9 0.004

Corsi Block 10.63 ±1.9 10.7 ±1.82 0.659

Verbal fluency 24.7 ±5.7 24.6 ± 5.6 0.929

Digit Span 5.5 ± 1.3 5.7 ±  1.3 0.308

Ravens Coloured Progressive 
M atrices 12.7 ± 3 .0 13.0 ± 3 .2 0.381

Symbol Symbol M odality test 
(seconds) 0.89 ± 0 .1 9 0 . 8 8  ± 0 . 2 1 0.548

Stroop (seconds)^ 1.05 ± 1.30 1.02 ±1.33 0.398

Visual Search(seconds)^ 2.74 ± 1.24 2.67 ±1.24 0.279

Peg board dom inant (seconds) ^ 89.13 ± 1.21 91.60 ±1.22 0.207

Peg board
Non dom inant (seconds)^ 106.90 ± 1.20 110.84 ± 1.24 0.095

U pper lim b speed & dexterity 
(seconds) 26.3 ± 4.9 26.1 ± 4.9 0.667

1 : values are means±sd 
2 : t test between groups 
3: geometric means±sd
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Table: 34

Multiple regression model used to examine hypothyroid and euthyroid group differences in 
school achievement and cognitive function tests controlling for age, sex and 

significant SES and biological variables.

Variables M ethod

D ependent variables: Read-snell score and maths scores 
& each cognitive function test score.

Independent variables :

B lock 1: Age and Sex : Enter

Block 2: Socio-economic factors : 
Stimulation activity 
Stimulation material 
Possession 
Animal rating 
H ouse rating 
Father’s education 
M other’s education 
Father’s occupation

Step wise

Block 3: Biological factors:
Food deprivation rating 
BM I (Body M ass Index)
H eight for Age (SD score)
M U AC (M id arm circum ference) 
Head Circumference

Step wise

Block 4: Thyroid group: Enter

Table 35, shows that the model predicted 26% of the variance in spelling and reading 

(R  ̂ =0.26). Age (p<0.001), stimulation activity (p=0.043), stimulation materials 

(p=0.004), father’s education (p=0.008) and food deprivation rating (p=0.038) all 

made significant independent contributions to the variance. Even after allowing for 

all these factors, there was a significant thyroid group effect (p=0.013) on read-spell 

score, with the euthyroid group doing better. The children with more food 

deprivation did worse than those who experienced less food deprivation. The 

children with more stimulation materials and activity did better than those who had
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less stimulation in homes. The children whose fathers had some school experience 

did better than those whose fathers had no school experience.

Table 36 describes the same model with maths score as dependent variable and the 

model predicted 30 percent of the variance (R  ̂=0.30). In this table, significant age 

(p<0 .0 0 1 ) and sex (p<0 .0 0 1 ) effects were found on the performance o f mathematics 

with older children and boys were doing better. Stimulation activities in the homes 

(p=0.007), mothers education (p=0.002), height-for-age (p<0.001) and food 

deprivation rating (p=0.009) had significant effects. Allowing all these independent 

variables, thyroid group was no longer significant.

Table 37 shows the significant regression coefficients from the multiple regression of  

the French learning score. The total explained variance in this model was only 12% 

(R  ̂ =0.12). Age (p=0.003), mother’s education (p<0.001), child’s height (p=0.013) 

and food deprivation rating (p=0.015) were all significant and after allowing for all 

of these factors, thyroid group still had a significant effect (p=0.032) with euthyroid 

children doing better.

Table: 35

Significant regression coefficients and standard errors from the multiple regression o f  
combined reading and spelling scores

Independent variables B (regression coefficient) se p value

Age 0.058 0.015 < 0 . 0 0 1

Sex -0.057 0.033 0.086
Stim ulation activity 0.078 0.038 0.043
Stim ulation m aterial 0.115 0.039 0.004
F ather’s education 0.099 0.037 0.008
Food deprivation rating -0.083 0.040 0.038
Thyroid group 0.086 0.034 0.013

R ^ = 0 .2 6 , d f = 3 0 8
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Table: 36

Significant regression coefficients and standard errors from the multiple regression
of mathematics scores

Independent variables B (regression coefficient) se p value

Age 0.027 0.006 <0 . 0 0 1

Sex 0.055 0 . 0 1 2 <0 . 0 0 1

Stimulation activity 0.040 0.015 0.007
M other’s education 0.047 0.015 0 . 0 0 2

Height for age 0.023 0.007 <0 . 0 0 1

Food deprivation rating -0.039 0.015 0.009
Thyroid group 0.019 0 . 0 1 2 0.132

R ^ = 0 .3 0  d f= 3 0 7

Table: 37

Significant regression coefficients and standard errors from the multiple regression
of French learning test scores

Independent variables B (regression coefficient) se p value

Age 1.058 0.358 0.003
Sex 0.283 0.728 0.698
M other’s education 3.012 0.783 < 0 . 0 0 1

Height for age 1 . 0 0 0 0.402 0.013
Food deprivation rating - 1.834 0.750 0.015
Thyroid group 1.593 0.738 0.032

R ^ = 0 .1 2  d f = 3 0 4
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This model was repeated with each o f the cognitive function tests but the French 

learning test was the only one in which thyroid group made a significant effect. 

However, other independent biological and socio-economic variables had significant 

effects on the cognitive function test scores. The significant regression coefficients 

for the biological variables are shown in Table 38. All the cognitive function tests 

were significantly associated with age. The timed tests like peg broads, visual search, 

SSMT, stroop and ULSD were as expected, negatively associated with age. In both 

peg board tests, boys were doing better than girls, whereas in SSMT, stroop and 

visual search boys were not doing well in comparison to girls. On the tests o f peg 

board dominant hand and SSMT and stroop, children with more food-deprivation 

did not do well. Stunted children (as measured by height-for-age) performed 

significantly worse in peg board- dominant and non-dominant tests and in visual 

search.

Significant regression coefficients for socio-economic variables from the multiple 

regressions of each cognitive function test are shown in Table 39. Digit span, verbal 

fluency and Ravens Progressive Matrices were significantly associated with the 

stimulation activity as were the timed tasks ULSD, SSMT and visual search. 

Stimulation material was associated with corsi block and visual search tests. House 

rating was associated with verbal fluency and Ravens Progressive Matrices only. 

Possessions were found to be significantly associated only with digit span.
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Table ; 38

Significant regression coefficients fo r biological variables and in the final equation for  
multiple regression analyses o f different cognitive function test scores

B se p value
Corsi block =0.06 )
Age 0.381 0.095 <0 . 0 0 1

Digit span =0.06 )
Age 0.147 0.068 0.031

Verbal fluency (R^ =0.12)
Age 0.571 0.289 0.050
M UAC 0.862 0.282 0 . 0 0 2

Ravens M atrices (R^ = 0.11)
Age 0.430 0.159 0.007
Head circum ference 0.257 0.126 0.040

Peg board idom inantl (R^ =0.15 )
Age -0.027 0.004 <0 . 0 0 1

Sex 0.024 0.009 0 . 0 1 0

Food deprivation rating 0.024 0.009 0 . 0 1 0

Height-for-age (Z score) -0.017 0.005 0 . 0 0 1

Peg board [non-dominant] (R^ =0.10)
Age -0 . 0 2 0 0.005 < 0 . 0 0 1

Sex 0.027 0 . 0 1 0 0.004
Height-for-age (Z score) -0 . 0 1 1 0.005 0.030

Symbol symbol modalities test (R^ = 0.15 )
Age -0.038 0 . 0 1 0 < 0 . 0 0 1

Sex -0.055 0 . 0 2 1 0.008
Food deprivation rating 0.056 0.023 0.015

Visual search (R^= 0.15)
Age -0.033 0.004 <0 . 0 0 1

Sex -0.019 0.009 0.040
Height-for-age -0.026 0.005 0.006

Stroop [R^ =0.11 )
Age -0.027 0.006 < 0 . 0 0 1

Sex -0.027 0.013 0.041
Food deprivation rating 0.030 0.014 0.040

U pper limb speed and dexterity [R^ =0.16)
Age -0.939 0.237 <0 . 0 0 1

M UAC -0.741 0.232 0 . 0 0 2

a: d f=  304-308
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Table : 39

Significant regression coefficients fo r socio-economic variables and in the final equation for
multiple regression analyses of different cognitive function test scores “

B se p value
Corsi block = 0.061

Stimulation material 0.588 0 . 2 1 1 0.006

Digit soanfR^ = 0.06)

Stimulation activity 0.430 0.160 0.008
Possession 0.344 0.169 0.042

Verbal fluencv(R^ = 0.12 )

Stimulation activity 2.033 0.655 0 . 0 0 2

House rating 0.528 0.183 0.004

Ravens MatricesfR^ = 0 .1 1 )

Stimulation activity 1 . 1 0 0 0.362 0.003
House rating 0.223 0 . 1 0 1 0.030

Peg board inon-dom inantl tR^ =0.10)

Father’s occuoation -0.019 0.009 0.045

Uooer lim b speed and dexteritvfR^ =0.16 )

Stimulation activity -1.687 0.524 0 . 0 0 2

Father’s occupation -1.562 0.525 0.003

Visual searchfR^ =0.23 )

Stimulation activity -0.293 0 . 0 1 0 0.005
Stimulation material -0.281 0 . 0 1 0 0.006

Svmbol svmbol modalities testfR^ = 0.16 )

Stimulation activity -0.530 0.023 0 . 0 2 1

a: d f=  304-308
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Factor analysis

In order to identify underlying constructs, all the cognitive function test scores were 

pooled for both groups of children and a principal component factor analysis with 

varimax rotation was conducted. Table 40 shows the result of the factor analysis with 

the extraction o f two factors and their loading strength. Variables loading more than 

0.46 were accepted and it was shown that 9 variables loaded on Factor 1 and 4 

variables loaded on Factor 2. Digit span, corsi block. Raven’s Progressive Matrices, 

French learning test, verbal fluency, stroop, visual search and SSMT loaded on 

Factor 1 forming a general cognitive factor. Pegboard o f both hands, dotting with a 

pencil (ULSD) and visual search loaded on Factor 2 which was a predominantly fine 

motor factor although visual search also involved attention and speed of visual 

information processing.

These two factors were used as dependent variables in separate multiple regressions 

using a similar model to the ones used above. Table 41 describes the results of the 

analysis o f general cognitive Factor 1. The model explained 19% of the variance (R  ̂

=0.19) and after allowing for other variables, there was a significant thyroid group 

effect (p=0.040) with the hypothyroid children performing worse than the euthyroid 

group. Stimulation activity (p=0.039), stimulation material (p=0.018) and mother’s 

education (p=0.004) all had significant independent effects on the general cognitive 

factor 1. Older children (p=0.001) and children with large MUACs (p=0.004), did 

better.

Table 42 describes the results of the analysis o f Factor 2 (R^= 0.13). All the variables 

loading on this factor were timed scores, therefore, lower the factor score the better 

the performance. The thyroid groups were not different on this factor but height of 

the children (p=0.005), age (p<0.001) and sex (p=0.034) were independently 

associated with fine motor functions. Older children did better than younger ones and 

boys did better than girls on fine motor activities. In addition, father’s occupation 

made an independent contribution to the variance in fine motor development

(p=0.016).
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Table ; 40

Result o f the factor analysis o f all the cognitive function tests after pooling both case
and control groups.

Factors Item Loading Eigen value

Factor 1

G eneral Cognitive Functions: D igit span 0.62374 4.7
Ravens Progressive M atrices 0.46280
French learning 0.73529
Verbal fluency 0.58728
Corsi block 0.61615
Stroop -0.76266
Visual search -0.62793
SSM T -0.72216
ULSD -0.51286

Factor 2

Fine m otor functions: Peg board dom inant 0.90662 1.4
Peg board non dominant 0.88297
ULSD 0.52403
Visual search 0.47653

a: n = 333

T a b le :  41

Significant regression coefficients and standard errors from the multiple regression o f the
general cognitive factor.

Independent variables B (regression coefficient) se p value

Age 0.163 0.050 0 . 0 0 1

Sex 0.195 0.107 0.069
Stim ulation activity 0.257 0.125 0.039
Stim ulation material 0.277 0.117 0.018
M other’s education 0.374 0.127 0.004
M U A C 0.141 0.049 0.004
Thyroid group 0.227 0 . 1 1 0 0.040

R ^ = 0 .1 9  d f= 3 0 3
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T able: 42

Significant regression coefficients and standard errors from the multiple regression o f the
fine motor function factor.

Independent variables B (regression coefficient) se p value

Age -0.275 0.052 <0 . 0 0 1

Sex 0.226 0.106 0.034
Father’s occupation -0.260 0.108 0.016
H eight for age(Z score) -0.164 0.059 0.005
Thyroid group 0.153 0.107 0.155

R ^ = 0 .1 5  d f= 3 0 4

Not all the children in the study, gave stool samples and not every one had Hb measured. 

This resulted in the loss of proper matching by school. So in the further analyses, schools 

were used as independent “ dunrniy” variables and class as another independent 

variable. Multiple regressions were carried out for school achievement tests and general 

cognitive factor and fine motor factor, keeping the same model as used previously, 

except these new variables were used in a separate block, and were offered stepwise. The 

Hb value was used as a continuous variable in the biological block. In the last block, 

thyroid group was forced to enter. This resulted in a decrease in degrees of freedom 

(n=245). Haemoglobin values did not predict the outcomes in school achievement or 

general cognitive or fine motor function. Similarly, regression analyses were repeated 

with the presence of Ascaris, Hookworm or Trichuris as “ dummy” variables and 

showed no significant association between them and children’s performance in school 

achievement or cognitive or motor function.
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9. 3. R esults on the  intervention sam ple

At the time o f the follow-up (four months after treatment), 13 children from the 

euthyroid group and 18 children from the hypothyroid group had stopped attending 

schools. This resulted in a follow-up sample of 291 children in the euthyroid group 

and 287 children in the hypothyroid group with a loss of 4.7 % children in placebo 

treated group and 5.4 % in iodine treated group.

Group characteristics

Table 43 shows nutritional variables and age of the children in each intervention 

group at enrolment. There were no significant differences between the treatment and 

placebo groups on any of these measures. Mean age o f the hypothyroid children were 

significantly but only slightly higher (p<0 .0 0 1 ) than that o f the euthyroid children. 

The thyroid groups were not significantly different on the anthropometric measures 

or haemoglobin levels. Girls had significantly higher MUACs (p=0.026), whereas 

boys had significantly higher head circumference (p<0 .0 0 1 ) compared to girls. 

Haemoglobin values increased significantly with age (p=0.054). A sex difference was 

observed by age. In a separate analysis using a multiple regression model (analyses 

not shown), it was found that boys were significantly older (p=0.046) than girls in the 

study.

Socio-cultural measures

Table 44 describes the socio-cultural measures o f the children and economic 

condition o f the families. As the variables could not be normalised, differences 

between the treatment groups were examined first and then between the thyroid 

groups.
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Table; 43

Nutritional measures o f the children on enrolment by thyroid and intervention group and results
o f analyses o f covariance^

Nutritional
variables

Hypothyroid

Rx group PI group 
(n=156) (n=149)

Euthyroid

Rx group PI group 
(n=156) (n=148)

Interyention 
group 
F n ,6ooi. P

Sex 
group 

F n ,6ooi, P

Thyroid 
group 
F[1,6001>  P

Age
(in years)

9.81+1.34 9.7611.17 9 .4211.20 9.3411.11 0.553, 0.457 3.896, 0.049 18.10, 0 . 0 0 1

BM I 13.86+1.27 13.9911.07 13.7510.91 13.7310.98 0.654, 0.419 2.668, 0.103 2.503, 0.114

M UAC
(cm)

15.85±1.30 15.9211.18 15.6910.96 15.6811.06 0.146, 0.703 4.978, 0.026 0.636, 0.425

Head
circumfer.
(cm)

49.51±1.31 49.3611.52 49.3011.38 49.3511.37 0 .0 3 1 ,0 .8 6 0 49.95, 0.001 0 .0 2 1 , 0 . 8 8 6

Ht. for age 
(Z score)

-2.1811.02 -2.1811.04 -2.0310.99 -1.9311.07 0.024, 0.876 2.51, 0.114 0.464, 0.496

W t. o f the 
children
(Kg)

21.0+3.2 21.1713.3 20.4712.4 20.5912.9 0.909, 0.341 1.232, 0.630 0.482, 0.488

Hb (g/dl) 11.82+1.2
(n= 1 2 2 )

11.8611.0
(n=124)

11.9811.17
(n=119)

11.7411.02
(n=123)

1.147, 0.285
P f 1.4791

0.088, 0.767
F f  1.4791

0 .141 ,0 .708
F [1 ,4 7 9 1

1 . analyses of variance taking intervention, sex and thyroid group as factors and age as a covariate.
2 . there was no significant interaction between factors of interest on any variable



166

Table; 44

Stimulation and food deprivation rating o f the children and socio-economic measures o f the 
family by the thyroid and treatment groups at enrolment

Nam e of the 
measure

Hypothyroid

Rx group 
(n=152)

PI group 
(n=146)

median, 25-75 cent, median, 25-75 cent.

Euthyroid

Rx group Pi group
(n=154) (n=142)

sig® sig®
median, 25-75 cent, median, 25-75 cent

Food
deprivation
rating

2.5 0-4 2.5 1-4 ns 2 0-4 2 0-3 ns

Stimulation
activity
rating

2 1-3 2 1-4 ns 3 1-4 3 2-4 ns

Stimulation
materials
rating

2 1-3 2 1-3 ns 2 1-4 2 1-4 ns

Possession
rating

2 1-4.5 2 1-4 ns 3 1-5 4 1-6 0.047

Animal
rating

3 1-6 2 1 - 6 ns 3 0-7 3 1-6 ns

House
rating

9.26±1.79 9.12±1.84 ns** 9.25+1.66 9.55±1.78 ns*’

a: Mann-Whitney U test 
b: mean±sd and t test
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Table ; 45

Percentage o f the parents with educational exposure and their reading and writing ability 
by the thyroid and treatment groups

Characteristics H ypothyroid 

Rx group PI group

test 

p value

Euthyroid 

Rx group PI group

test 

p value

Father’s with no 61.3 59.4 43.8 41.9
formal education (n=142) (n=143) ns (n=153) (n=136) ns

Mothers with no 71.9 71.7 58.1 55.2
formal education (n=153) (n=145) ns (n=155) (n=143) ns

Fathers 2 1 . 6 24.4 38.8 42.3
able to read (n=139) (n=135) ns (134) (n=130) ns

Mothers 18.7 16.8 32.9 34.5
able to read (n=150) (n=143) ns (142) (n=142) ns

Fathers 28.1 32.1 48.1 49.6
able to write (n=139) (n=137) ns (135) (n=131) ns

Mothers 27.0 2 2 . 6 38.7 46.5
able to write (n=152) (n=146) ns (155) (n=142) ns

Fathers who are 48.6 52.8 40.1 46.0
day-labourer (n=142) (n=142) ns (152) (n=137) ns

The only difference between the treatment and placebo group was in the possession 

rating, where the euthyroid placebo group was significantly better than the euthyroid 

iodine group (p=0.047). In a separate analysis (Mann-Whitney U test), it was found 

that there were many differences between the hypothyroid and the euthyroid children 

in these measures (analyses not shown : these were similar as case-control sample). 

The hypothyroid children as a whole were significantly more deprived of food 

(p=0.028) than the euthyroid children. The euthyroid children had more stimulation 

activities (p<0.001) and stimulation materials (p=0.041) than the hypothyroid 

children. The families o f the euthyroid children had more possessions (p=0.001) than
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the hypothyroid families, but there were no differences between the groups on house 

and animal ratings.

There were no significant differences between the iodine and placebo groups in any 

of the parental characteristics shown in the Table 45. The euthyroid group, however 

was better than the hypothyroid group in parental education and in ability to read and 

write. More fathers in the hypothyroid group were living ‘hand to mouth’ by earning 

their wages on a daily basis in temporary work (day labourers) than those in the 

euthyroid group.

Biolosical measures before and after treatment.

Table 46 describes the mean and sd of biological measures in the treated and placebo 

groups in both the hypothyroid and euthyroid children on enrolment and at follow- 

up. On enrolment, mean T4 , TSH and urinary iodine excretion values and body 

weights were not different between the iodine treated and placebo groups. As 

expected, the euthyroid children had significantly higher mean T4  values than the 

hypothyroid children (analysis shown in appendix: Table 5). The mean values for T4  

and TSH of both the hypothyroid and euthyroid groups were in the normal range of 

this laboratory. However, the median urinary iodine level (4.12pg/dl) in the 

hypothyroid children was in the moderate range o f iodine deficiency whereas the 

median urinary iodine level (5.12pg/dl), in the euthyroid children was in the mild 

iodine deficiency range.

At follow-up after four months, iodine-treated hypothyroid children’s mean T4  values 

had increased significantly (p=0.008) from 97.43+25.34 to 106.33134.26 nmol/L, 

whereas the placebo-treated hypothyroid group’s mean T4  did not increase 

significantly. The mean TSH value increased significantly in the placebo hypothyroid 

group (p=0.013) but not in the iodine-treated hypothyroid group. In the iodine-treated 

hypothyroid group, mean urinary iodine excretion values increased from 3.66±2.92 to 

9.0812.69 pg/dl, which is highly significant (p<0.001), whereas the change in the 

placebo-treated hypothyroid group was not significant.

In the euthyroid children, there was no significant change in the mean T4  levels in 

either the placebo or iodine-treated groups. The TSH levels increased significantly in
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both groups, however they remained at normal levels. Urinary iodine excretion 

increased significantly, both in placebo and iodine treated euthyroid groups, although 

this change in the iodine treated group was greater (p<0 .0 0 1 ) than in the placebo 

group (p=0.001). All groups increased significantly in weight (p<0.001).

Table; 46

Mean values and sd o f biological measures before and after intervention in 
thyroid and treatment groups and paired t test values.

Nam e of the 
measures

Baseline 
Placebo group

Follow-up 
Placebo group

Paired t test 
p  value

Baseline 
Iodine group

Follow -up 
Iodine group

Paired t test 
p value

Hypothyroid
children:

T4
(nmol/L)

98.07+24.19
(n=123)

101.15+30.59
(n=123)

0.295
( d f= 1 2 2 )

97.43125.34
(n=117)

106.33134.26
(n=117)

0.008
(d f= 116)

TSH
(mU/L)*

1.42+2.07
(n=123)

1.72+1.70
(n=123)

0.013
( d f= 1 2 2 )

1.4912.31
(n=117)

1.631.1.82
(n=117)

0.234
(d f= 116)

Urinary
iodine
(pg/dl)*

3.67+2.98
(n=138)

4.34±4.03
(n=138)

0.233
(df= 137)

3.6612.92
(n=138)

9.0812.69
(n=138)

<0 . 0 0 1

(d f= 137)

W eight 
(in Kg)

21.21+3.2
(n=142)

22.1613.3
(n=142)

<0 . 0 0 1

(d f= 141)
21.0213.27

(n=141)
22.0713.11

(n=141)
<0 . 0 0 1

(n=140)

Euthyroid
children:

T4
(nmol/L)

120.28±22.17
(n= 1 2 1 )

121.18+30.59
(n= 1 2 1 )

0.795
( d f= 1 2 0 )

119.89120.22
(n=119)

124.36138.15
(n=119)

0.195
(df= 118)

TSH
(mU/L)*

1.31 ±2.05 
(n= 1 2 1 )

1.70+1.78
(n= 1 2 1 )

0 . 0 0 1

( d f= 1 2 0 )
1 .2 1 1 2 . 0 2

(n=119)
1.8511.81

(n=119)
<0 . 0 0 1

(d f= 118)

Urinary
iodine
(pg/dl)*

4.13±2.85
(n=135)

6.02+2.94
(n=135)

0 . 0 0 1

(d f= 134)
4.6813.04

(n=142)
9.9213.42

(n=142)
<0 . 0 0 1

(n=141)

W eight 
(in Kg)

21.17±3.3
(n=149)

22.1613.3
(n=142)

<0 . 0 0 1

(d f= 140)
21.013.2

(n=156)
22.0713.1

(n=147)
<0 . 0 0 1

(n=146)
geom etric m ean and sd
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In order to examine the treatment effect, the data were also analysed in a multiple 

regression model by predicting the final value of each thyroid function test and body 

weight in turn. The independent variables were initial value, age and sex which were 

entered as a block in the first step. The treatment group (iodine =1 and placebo =0), 

thyroid group (hypothyroid = 1  and euthyroid =0 ) and interaction between treatment 

and thyroid group (treatment group x thyroid group) were entered in a second step. 

The results are shown in the Table 47. A highly significant treatment effect (p<0.001) 

was observed only on the urinary iodine excretion level and no such effect was 

noticed on the serum T4  and TSH levels or on body weight. The euthyroid group 

improved significantly more than the hypothyroid group on urinary iodine levels 

(p=0.037) and the increase approached significant levels for serum T4 in (p=0.052) 

the euthyroid group. There was no interaction between intervention and thyroid 

group. Mean body weight of the children increased significantly in 4 groups and this 

was independent of age, treatment and thyroid group, but girls showed significantly 

more increase in their weights than the boys (p=0.006).

Cosnitive function test results

Table 48 describes the mean and sd of enrolment cognitive function test scores by 

treatment groups in euthyroid and hypothyroid children. A 3-way analyses of 

covariance was calculated for each test with treatment group, thyroid group and sex 

as factors and age as a covariate. There were no significant differences between the 

treatment and placebo groups in any of the cognitive function measures. A  

significant thyroid group effect was seen only in the symbol-symbol-modalities test 

(SSMT), where the euthyroid children performed better than the hypothyroid children 

(p=0.04). The age covariate was significant in 7 o f the 11 tests.
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T ab le; 47

Regression coefficients, standard errors and p  values from multiple regression analyses 
examining the treatment effect on the children's T4, TSH, urinary iodine levels and weight.

(n=473).

Functional
measures

Treatm ent group

B p value 
( s e )

Thyroid group

B p values 
( se )

Interaction; 
Treat x Thyroid grp 

B p value 
( s e )

Age

B
( s e )

p value

Sex

B
( s e )

p value

T4 
( nmol/L)

3.66
(4.37)

0.400 -8.94
^ j g )

0.052 1.74
(6.18)

0.78 -3.10
(1.32)

0 . 0 2 0 1.71
(3.11)

0.58

TSH
(mU/L)

0.05
(0.03)

0 . 1 1 0 . 0 1

(0.03)
0.77 -0.08

(0.04)
0.08 -0.03

(0 .0 1 )
0.007 -0.03

(0 .0 2 )
0.13

Urinary
iodine
excretion
(Pg/dl)

0 . 2 1

(0.06)
<0 . 0 0 1 -0.13

(0.06)
0.037 0 . 1 1

(0.09)
0.19 -0.008

(0 .0 2 )
0.67 -0 . 0 0 2

(0.04)
0 . 1 0

W eight
(Kg)

-0.19
(0.13)

0.27 -0 . 1 0

(0.14)
0.52 0.24

(0.19)
0 . 2 2 0.052

(0.04)
0.25 -0.26

(0 . 1 0 )
0.006

1 : final thyroid functional measure was treated as dependent variable and initial thyroid functional measure, 
treatment group, thyroid group, sex, age and interaction between treatment and thyroid groups were treated as 
independent variables
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Table; 48

Mean ± sd  of enrolment cognitive function test scores by thyroid group and treatment group 
and ANOVA showing intervention, thyroid group, sex and age influence.

Cognitive Hypothyroid Euthyroid Intervention Thyroid Age Sex
function group group
tests Rx group PI group Rx group PI group F r i . 6 0 0 1 Ffi.ôooi F f l , 6 0 0 1 > P r i . 6 0 0 1 ,

(n=156) (n=149) (n=156) (n=148) (P) (P) (p) (P)

Corsi 10.75+1.96 10.5811.85 10.5611.74 10.6611.85 0.049 0.206 22.8 0.209
block (0.83) (0.65) (<0 .0 0 1 ) (0.65)

Digit 5 .51±1.30 5.6511.30 5.6011.28 5.6611.36 0.932 0.646 06.42 2.076
span (0.34) (0.42) (0 .0 1 ) (0.15)

French 30.27+6.10 30.6216.64 30.2916.39 31.8616.75 3.35 1.86 0.056 2.698
learning (0.07) (0.17) (0.81) (0.10)

Ravens 13.08±3.20 12.7212.74 12.92+2.91 12.89.912.1 0.542 0.079 5.549 4.00
M atrices (0.47) (0.78) (0 .0 2 ) (0.05)

Verbal 24.97+5.85 25.0615.64 25.0515.16 24.5715.79 0.142 0.004 5.03 8.749
fluency (0.71) (0.95) (0.03) (0.003)

Visual 2.7211.25 2 .7411 .25 2.7011.25 2.6811.25 0.002 3.146 2.378 38.52
search “ (0.97) (0.08) (0.12) (<0 .0 0 1 )

SSM T" 0.89+.19 0.891.21 0.871.20 0.881.21 0.009 4.098 4.468 44.79
(0.92) (0.04) (0.04) (<0 .0 0 1 )

Stroop " 1.03+1.3 1.0311.3 1.0411.3 1.0311.3 0.017 0.902 2.454 33.81
(0.90) (0.34) (0.12) (< 0 .0 0 1 )

Pegboard 90.9+1.2 89.4511.2 90.0511.2 94.5811.3 0.736 0.324 12.27 35.31
dom inant " (0.39) (0.57) (<0 .0 0 1 ) (<.0 0 1 )

Pegboard 108.2911.2 108.4711.2 110.0311.2 111.0711.3 0.013 0.175 21.43 26.07
non (0.91) (0.68) (<0 .0 0 1 ) (<0 .0 0 1 )
dom inant "

U LSD " 26.4415.37 26.0914.95 26.6815.69 26.3415.47 0.707 0.118 0.149 42.85
(0.40) (0.73) (0.70) (<0 .0 0 1 )

a = in seconds
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Table 49 describes mean and sd of post treatment cognitive function test scores by 

intervention group and thyroid group.

To examine the treatment effect, a series of multiple regressions were done. In the 

equation, the final score of each cognitive function test was the dependent variable 

and initial score, age and sex were entered as independent variables in the first block. 

Intervention groups, thyroid groups, interaction between intervention and thyroid 

group (intervention x thyroid group) were entered in the second block.

The regression coefficients and p values for the individual regressions are shown in 

the Table 50. There was no significant iodine treatment effect on any o f the cognitive 

function tests except digit span. In this, the placebo group did significantly better in 

digit span (p=0.049). However, there was a significant interaction between thyroid 

group and intervention group in the test of digit span (p=0.051). Examination of the 

data showed that the treated euthyroid group improved less than the placebo group, 

in contrast the treated hypothyroid group improved more than the placebo 

hypothyroid group. The treatment effect also approached significance in corsi block 

(p=0.056) and there was a near significant ‘treatment x thyroid group’ interaction 

(p=0.058). Again the direction of changes were similar to those in digit span; the 

treated euthyroid group improving less than the placebo group. A repeat o f the 

multiple regressions but in the hypothyroid group alone, showed no significant 

treatment effect.

The euthyroid children improved significantly more in digit span (p=0.008) and in 

peg board dominant test (p=0.048) than the hypothyroid children. Older children 

improved more than younger children in most of the tests except French learning, 

verbal fluency and stroop tests. Boys improved more than girls in French learning 

(p=0.03) and in Ravens Matrices (p=0.006), whereas in peg board dominant test 

(p=0.015) girls improved more than the boys.
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Table :49

Mean and sd o f post-treatment cognitive function test scores by treatment group
and thyroid group

Cognitive function tests Hypothyroid Euthyroid

Rx group 
(n=145)

PI group 
(n=142)

Rx group 
(n=150)

PI group 
(n=141)

Corsi block 11.36 ± 1.71 1 1 .2 0 ± 1.81 11.07 ±  1.73 11.45 ± 1.89

D igit span 5.92 ± 1.29 5.95 ± 1.40 5.95 ± 1.14 6.23 ± 1.42

French learning 31.89 + 6.41 32.41 ± 7 .2 3 32.07 ± 5.96 33.43 ± 7 .1 6

Ravens M atrices 14.88 ± 3 .2 8 14.60 ± 3 .1 9 14.87 ± 3.22 14.84 ± 3 .8 0

Verbal fluency 28.51 ± 5 .4 5 28.45 ± 5.50 28.97 ± 5 .1 9 28.49 ± 5 .1 7

Visual search*(seconds) 2.18 ± 1 . 2 2 . 2 1  ± 1 . 2 2.14 ±  1.2 2.16 ± 1 . 2

SSM T (seconds) 0.79 ± 0 .1 7 0.78 ± .1 5 0.79 ± 0 .1 6 0.79 ± 0 .1 4

Stroop*(seconds) 0.91 ± 1.3 0.89 ± 1 .2 0.91 ± 1.3 0.89 ± 1.3

Peg board 
dom inant (seconds)

77.57 ± 1.2 78.13±1.2 77.55 ± 1.2 78.67 ± 1.2

Pegboard
nondominant*(seconds)

95.28 ± 1.2 93.82 ± 1.2 93.50 ± 1.2 94.65 ± 1.2

U pper lim b speed & 
dexterity* (seconds)

24.64 ± 4 .1 2 24.38 ± 3.83 24.41 ± 4 .2 7 24.81 ± 4 .4 4

* geometric mean ± sd
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Table ;50

Regression coefficient and p  values from multiple regression analyses to examine 
treatment effects on the cognitive and motor function tests (n=571f

Cognitive 
function tests

Treatm ent group 

B
(p value)

Thyroid group 

B
(p value)

Interaction:
Intervn x thyroid grp

B
(p value)

Age

B
(p value)

Sex

B
(p value)

Corsi -0.364 -0.274 0.512 0.124 0.244
block (0.056) (0.15) (0.058) (0.03) (0.070)

Digit -0.241 -0.330 0.338 0.081 -0.038
span (0.050) (0.008) (0.050) (0 .0 2 ) (0.660)

French -0.642 -0.456 0.370 0.171 1.029
learning (0.350) (0.52) (0.70) (0.42) (0.030)

Ravens -0.043 -0.259 0.138 0.286 0.672
M atrices (0.899) (0.455) (0.774) (0.005) (0.006)

Verbal 0.181 -0.361 -0 . 0 1 2 0.187 0.546
fluency (0.733) (0.505) (0.987) (0.237) (0.152)

Visual search -0 . 0 0 2 0.004 0.004 -0.006 0.009
(seconds) (0.157) (0.529) (0.627) (0 .0 0 1 ) (0.055)

SSM T 0 . 0 0 2 -0.018 0.014 -0.008 0.007
(seconds) (0.892) (0.1297) (0.392) (0 .0 2 ) (0.428)

Stroop 0.008 0.005 -0 . 0 0 1 -0.005 0 . 0 0 1

(seconds) (0.362) (0.578) (0.929) (0.071) (0.841)

Peg board
dominant 0.006 0 . 0 1 2 -0.013 -0.004 0 . 0 1 0

(seconds) (0.386) (0.048) (0.106) (0 .0 2 0 ) (0.015)

Pegboard
nondominant 0 . 0 0 1 0.006 0.005 -0.007 0 . 0 0 1

(second) (0.890) (0.349) (0.594) (<0 .0 0 1 ) (0.683)

U pper limb
speed & -0.593X -0.2013 0.622 -0.386 0.244
dexterity
(seconds)

(0.088) (0.571) (0.207) (<0 .0 0 1 ) (0.326)

a: Final cognitive function test scores as dependent variables and initial score, age and sex were entered in the 1st 
block and treatment, thyroid group and intervention x thyroid group interaction were entered in the 2 nd block
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9.4. R esu lts from an analysis of all g roups com bined

Between screening and enrolment there was an unexpected, significant increase in 

mean T4 . It appeared that iodine came into the area from other, unplanned sources, 

and only a few children remained hypothyroid (7.7% had T4  below 70 nmol/L). 

However urinary iodine indicated that all groups remained moderately deficient in 

iodine. There was a treatment effect on urinary iodine, both hypothyroid and 

euthyroid treated groups improved in iodine excretion more than the placebo group. 

However the placebo euthyroid group also improved significantly.

During the planned treatment, only the treated hypothyroid group significantly 

increased their T4 . However the other 3 groups showed small non-significant 

increases and the overall treatment effect was not significant.

It seemed that the biochemical thyroid function (T4 ) o f the groups had not been 

manipulated as planned, and there was a marked overlap in T4  values between the 

thyroid groups on enrolment. Further analyses were therefore carried out to examine 

whether change in serum T4  was associated with change in cognitive functions, 

when treated and placebo groups were pooled.

In order to examine the relationship between change in T4  and change in cognitive 

functions, a series of multiple regressions were calculated. Table 51 describes the 

regression coefficients and standard errors. The final cognitive function score was the 

dependent variable, the initial scores, age and sex were entered in the 1 st step and 

enrolment T4  and follow-up T4  were entered in the 2nd step. The regression 

coefficient of follow-up T4  controlling for initial T4  in the equation, gave the effect 

of change in T 4 . The result showed that controlling for initial T4 , follow-up T4  

significantly predicted the change in cognitive scores in the tests o f digit span 

(p=0.005), pegboard dominant (p<0.001) and Ravens Matrices (p=0.025).
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Table ;51

Regression coefficients, se and p  values o f change in T4 on change in 
cognitive function test scores

Cognitive function tests B se P

Corsi block(R^=0.19) 0 . 0 0 1 0 . 0 0 2 0.519

Digit span(R^=0.38) 0.004 0 . 0 0 1 0.005

French learning test(R^=0.28) 0 . 0 1 0 0.008 0.197

Verbal fluency(R^=0.28) -0 . 0 0 2 0.006 0.765

Ravens test(R^=0.26) 0.009 0.003 0.025

Peg board dom inant in seconds (R^=0.48) -0 . 0 0 2 0 . 0 0 1 < 0 . 0 0 1

Peg board nondom inant in seconds (R^=0.47) -0 . 0 0 1 0 . 0 0 1 0.468

SSM T in seconds (R^=0.60) -0 . 0 0 1 0 . 0 0 1 0.694

Visual search in seconds (R^=0.60) -0 . 0 0 1 0 . 0 0 1 0 . 2 1 1

Stroop in seconds (R^=0.47) -0 . 0 0 1 0 . 0 0 1 0.855

ULSD in seconds (R^=0.47) -0.003 0.004 0.479
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CHAPTER FOUR

Discussion

The association between hypothyroxinaemia (low T4 ) from iodine deficiency, and 

school performance and cognitive function of school children has been examined in a 

case-control study. A placebo-controlled double-blind clinical trial was also carried 

out to determine whether iodine treatment (IPSO) improved children’s abilities in 

cognitive functions or not. The results are discussed in four sections; screening 

sample, case-control study, treatment trial and relationship between change in T4  and 

change in cognitive function.

10.1 . D iscussion on screen ing  sam ple

Prevalence o f biochemical hypothyroidism

There is no internationally accepted cut-off values for the thyroid hormonal measures 

in school children to define biochemical hypothyroidism, although there are widely 

used cut-off values for neonatal hypothyroidism. Considering the reference value for 

the supplied kit that has been used in our laboratory (Biochemistry laboratory. 

Institute o f Child Health, London), this screening revealed a high prevalence of very 

low T4  in school children in these areas. To our knowledge, this was the largest 

screening, globally, in iodine deficient school children. About 35.7% children had T4  

values below the lower limit o f reference value for adults (58 nmol/L) in this 

laboratory. Using the reference values for the children o f 7-9 years from a German 

laboratory (2.5th and 97.5th percentile value = 69.88 to 167.3 nmol/L: Wiedemann, 

Jonetz-Mentzel and Panse, 1993), 53% children o f this population fell below the 

2.5th centile of the reference value.

Mean TSH value (3.03 mU/L) was low in comparison to the neonatal reference 

values used in this laboratory. The prevalence of children with a high TSH was more 

when the reference value for children of 6-10 years in the German study (2.5th to 

97.5th centiles: 0.41 to 3.51 mU/L) was considered. Taking 97.5th centile value as 

cut-off for normal TSH, 24% of this population had high TSH values. Reference
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values for normal healthy children of this age from other studies (Struckmeyer and 

Haid, 1986; Liappis et al, 1991) showed similar ranges of TSH distribution like the 

German study.

Studies from iodine deficient areas are also difficult to interpret so far as TSH cut-off 

values are concerned. In a severe iodine deficient area, in Las Hardes in Spain, one 

school survey showed 46% of school children had serum T4  lower than 78 nmol/L 

and 40% o f children with TSH greater than 7.5 mU/L (Escobar Del Rey et al, 1981). 

In an Ethiopian survey (Wolde-Gebriel et al, 1993), school children from 7 provinces 

in a region were assessed for iodine, iron and vitamin A status. A severe iodine 

deficiency was found in the school children (goitre rate = 34.2% and median urinary 

iodine = 6.60 pg/g of creatinine; n=342). Interestingly, the range o f blood hormonal 

levels was normal, as serum T4  was 87-118 nmol/L and TSH was 1.99-4.10 plU/ml.

In Zaire, Vanderpass and Thilly (1994), considered a TSH value o f less than 10 

mU/L to be normal. The variability in TSH levels is not uncommon in iodine 

deficient areas and this level may be modulated by some external factors. In one 

study, Thilly et al. (1994) compared 4-7 year old children from two severe iodine 

deficient areas (Ubangi in Zaire and Ntcheu in Malawi) and found that children’s 

mean T4  values were 4.8 pg/dl (60.3 nmol/L) in Ubangi and 5.8 pg/dl (72.9 nmol/L) 

in Ntcheu, whereas TSH values were 24.3 pU/ml and 3.01 pU/ml respectively. 

Although on urinary iodine excretion, both areas were moderately deficient (3.4±0.1 

pg /dl vs 3.3±0.1 pg /dl) and there was no significant difference between the areas 

(p> 0.05), the thiocyanate consumption was significantly higher and serum selenium 

levels were lower in Ubangi compared to Ntcheu. The higher thiocyanate levels and 

lower selenium levels were considered to explain the difference in TSH levels 

between theses two severe iodine deficient areas. In the present study, TSH values 

were not that much raised in spite o f very low T 4 . This may be due to the relatively 

normal thiocyanate and selenium status in this population. Indeed, in a recent study 

in a nearby area thiocyante values were within the normal range in iodine deficient 

women (Filteau et al, 1994).
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Sex difference

As expected the girls had significantly lower T4  and higher TSH compared to boys. 

This sex difference was also observed in goitre distribution and has been found by 

many investigators elsewhere (Hetzel, 1989).

Relation between, Td TSH and soitre

The correlation between TSH and T4  was significant, though not strong (r=-0.18, 

p<0.0005). Severity of goitre was associated positively with T4  and negatively with 

TSH. As the goitre grade increased, the T4  values decreased and TSH increased. 

Children who had no goitre had the highest mean T4  values and the lowest mean 

TSH values. This finding is in agreement with other studies, e.g. in Guinea (Chopra, 

Hersman and Homabrook, 1975) and in Bangladesh (Filteau et al, 1994), where a 

significant association was shown in adults between the presence o f goitre and T 4 ,  

not with TSH, whereas a recent study in Guinea (Konde, Ingenbleek, Daffe et al, 

1994) compared 106 severely iodine deficient rural women and found a consistent 

relationship of low T4  and high TSH with severity o f goitre.

Nutritional status

As dependable age records were not available from the schools, distribution of 

stunting o f this population is not reported. These children were from school grades I 

and grade II and ages were presumably between 6-9 years. The children were 

moderately undernourished, mean BMIs were similar in both sexes. When compared 

to the British standard, the mean value fell below the 3rd centiles o f the British 

population of this age range (Cole, Freeman and Preece, 1995). The children with 

low T4  (r=-0.05) and high TSH (r=0.08) tended to have higher BMI. This may be due 

to hypothyroidism. Surprisingly, there was little anaemia in this population. The 

lower prevalence of anaemia in this community is probably due to use o f tube-well 

water in these areas which contained a large amount o f inorganic iron. A  recent paper 

reported growth improvement in Bangladeshi children consuming tube-well water 

which contained high amount of iron (Briend, Hoque and Aziz, 1990).
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10.2. D iscussion on the  case-control study

An unexpected, significant change in mean serum T4  and TSH values was observed 

between screening and enrolment in both the groups. It appeared that iodine came 

into the area from other unplanned sources. We do not know the exact cause of how 

iodine has leaked into the population. It is possible that iodised salt might have been 

used occasionally by this population. At the beginning o f the study, approximately 40  

household heads were asked informally about their use of salts. Although the iodine 

containing packet salts were available in the locality, people were reluctant to buy 

because o f the higher price than the open salt which contained no iodine. No 

systematic record was made but the impression was that the use o f iodised salt was 

less than 10%. During the time o f the study, there was a nation-wide campaign by 

the government to promote the use of iodised salt. It is likely that some people 

became motivated and occasionally might have used iodised salt for household 

consumption. As the daily requirement of iodine is very small, it is quite possible that 

small occasional ingestion might be sufficient to build up euthyroid hormonal state, 

but is probably not enough to increase urinary iodine.

There was still a significant difference between the hypothyroid and euthyroid groups 

on serum T 4 ,  but not on TSH. Both the groups were iodine deficient as measured by 

urinary iodine excretion, but the hypothyroid group still had significantly lower 

median urinary iodine levels than the euthyroid group. Using ICCEDD cut-off values 

for urinary iodine excretion, more children in the hypothyroid group (74%) were in 

the mild to severe deficient categories than in the euthyroid group (58%). The 

grouping therefore reflects previous marked differences in the thyroid function and 

less marked concurrent differences.

Thyroid function^ school achievement and com ition

The performance o f the hypothyroid children in reading and spelling was 

significantly lower than the euthyroid children, even after controlling for all the 

socio-cultural and biological factors. These were very conservative analyses as 

thyroid group was entered last in all regressions.
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This is the first time where T 4 ,  as a functional biochemical marker of iodine 

deficiency, has been shown to be associated with lower school performance of the 

children by administering an appropriate school achievement test material. 

Administration of the school achievement test was very rigorous and the children 

were tested individually. The hypothyroid group performed significantly worse on 

reading, spelling and maths scores than the euthyroid group. Two previous studies 

showed that iodine deficient children performed worse than the control children on 

school performance. An intervention study in Ecuador (Fierro-Benitez et al, 1981) 

found a significant association between school performance and iodine deficiency. In 

an observational study in Bolivia (Bautista et al. 1977), a significant negative 

association was found between goitre size and school marks only in boys o f 7-8 

years, not in girls or in any other age group. In both the Ecuadorian and Bolivian 

situations, school performance were retrospectively analysed from school records 

which may have been confounded in many ways. Moreover, the strong findings in 

the Ecuadorian study may be criticised on the ground that it was not a placebo- 

controlled trial and that other differences, between the treated and control villages, 

may have explained the difference in school performance. In the present study, the 

association between reading and spelling and Low T4 values remained after 

controlling for a large number of biological, psycho-social and economic covariates.

On individual cognitive function testing, hypothyroid children in this study, did 

significantly worse only in one test - ‘French learning test’, which is a paired 

associate learning test. As this test has some relation with learning ability, the higher 

scores in school achievement tests in the euthyroid children, might have been related 

to their higher learning abilities.

The observed lack of significant association with hypothyroid state in 10 out of 11 

cognitive and motor function tests may be explained in several ways. For example, as 

many o f the children were no longer T4  deficient at the time o f the enrolment, it is 

possible that the recently improved T4  levels, in the hypothyroid group, had already 

corrected some o f the cognitive disadvantage. The reading and spelling were more
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likely to reflect a long term cumulative process of the children’s learning and 

therefore still showed differences. The school achievement may be more difficult to 

correct without specific remedial programmes. However, it was an extremely 

important finding that the hypothyroid group had lower scores on the general 

cognitive factor. This represents a more global effect on cognition rather than a 

specific defect. That this remained apparent on enrolment even after correction of 

much of the iodine deficiency, suggests that hypothyroidism has a marked 

detrimental effect on cognition. It was surprising that the fine motor function was not 

affected by hypothyroidism as these functions have been shown to be affected in 

congenital hypothyroidism (Fuggle et al. 1990) and in iodine deficiency in utero 

(Pharoah and Connolly, 1989).

In the Indonesian and Spanish studies (Bleichrodt, 1987), the lower performance by 

the iodine deficient subjects in certain cognitive and motor function tests was related 

to iodine deficiency, but mean T4  levels were reported as normal in all groups at the 

time of testing. Most likely these children had had their problems since birth as it was 

subsequently shown in the intervention study in Spain (Bleichrodt et al, 1989), that 

iodine treatment (IPSO) did not improve children’s cognition. The Indian study 

(Tiwari et al, 1996) showed a significant correlation between T4  levels and maze test 

and test of motivation, but the mean T4  level in the severe iodine deficient group was 

within the normal range. Similarly, in other studies (Boyages et al, 1989; Vermiglio 

et al, 1990; Fenzi et al, 1990 and Azizi et al, 1993) significantly poorer function in 

cognitive function by the iodine deficient groups than the controls, were not 

associated with sub-normal T4  values. An Iranian study (Azizi et al, 1995) showed 

that those iodine deficient children who did worse on the Bender-Gestalt test and 

Ravens Matrices, had lower T4 levels. But these children were markedly retarded in 

growth and also had significantly lower head circumference than the control children 

and had a high percentage of neurological problems, which suggests intrauterine 

insults. In the present study, the children were not assessed neurologically, but they 

were apparently normal and the height for age and mean head circumference were 

not different between the euthyroid and hypothyroid groups.
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Overall the effect o f hypothyroidism on cognitive function is most striking in 

intrauterine deficiency. The present study shows that some functional effect of 

hypothyroidism may be demonstrated on cognitive function in school-age children.

Social background

In contrast to previous studies with iodine deficient children, this is the first time that 

the children were compared within the same ecological background. In fact, the 

hypothyroid and euthyroid children came from the same grade levels in the same 

schools. Except for the Indian study (Tiwari et al. 1996), none of the previous studies 

had controlled for the SES of the children in any detail. In addition to matching for 

school, an extensive home inventory was used to get an in-depth assessment of 

Bangladeshi children’s home environment, which included factors likely to affect 

child development. All the children came from very poor homes with very little 

stimulation in homes and the parents were mostly illiterate. However, the euthyroid 

children were better off and came from better families than the hypothyroid children. 

This indicates that, even within the same village and same school, it is the poorer 

people who suffer most from this nutritional disease. We are unaware of any 

previous study indicating this association.

In multiple regression analyses, a number of socio-cultural factors were found to be 

significantly associated with school achievement and cognitive functions. These 

included stimulation in the homes, parental education and father’s occupation. 

Stimulation appeared to be a very important factor. Stimulation activity was 

significantly associated with reading, spelling and mathematical abilities, 5 out of 8  

cognitive function tests, and 1 out of 3 motor function tests. Similarly, stimulation 

materials were significantly associated with reading and spelling score and with two 

cognitive function tests. A number of studies have shown that stimulation in homes 

was associated with better performance in school achievement and cognitive function 

tests (Powell and Grantham-McGregor, 1989; Grantham-McGregor, Schofield and 

Powell, 1987; Grantham-McGregor et al. 1989; Simeon and Grantham-McGregor, 

1990). In addition, early childhood stimulation programmes have been shown to 

benefit children’s development (Grantham-McGregor ,Schofield and Harris, 1983;
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Grantham-McGregor, Powell, Walker and Himes, 1991 ; Herrera and Super, 1991; 

Grantham-McGregor, 1993 and Grantham-McGregor, Walker, Chang and Powell, 

1997).

Although it is difficult to change many aspects of the children’s home environment, 

it is possible that stimulation activities could be improved with parental education 

programmes. Parental level of education or schooling differed significantly between 

the groups. In the euthyroid group, more fathers and mothers had completed their 

secondary schools and higher education in comparison to parents from the 

hypothyroid group. The parents were also tested with specific questions to assess 

their reading and writing abilities and significant differences were found between the 

groups in the expected direction. This validated the questionnaire on parental 

education and subsequently parental education alone was used in the further 

analyses. Father’s education significantly predicted children’s performance in 

reading and spelling, whereas mother’s education predicted their scores on 

mathematics. Mother’s education significantly predicted the performance in general 

cognitive factor and in one (French learning test) out of 11 cognitive and motor 

function tests. This is in agreement with other studies where parental education was 

found significantly associated with child development (Powell and Grantham- 

McGregor, 1985; Jamison and Lockhead, 1986; Sommerfelt, Ellertsen and 

Markestad, 1995; Rose, 1994). The importance o f parental education to their 

children’s cognitive and educational performance has thus been frequently 

demonstrated and emphasises the increased need to push the universal access to 

education.

Farming was the major subsistence occupation in this community and there was no 

difference between the groups, as 50.4% in the hypothyroid group and 49.6% in the 

euthyroid group had some land to farm by themselves. However, more fathers in the 

hypothyroid group were landless, earning their livelihood on a day-to-day work basis 

(51.9% vs 43.2%), than the euthyroid group, which indicates that they were poorest. 

It was found that children of fathers who were day labourers, did worse on two fine
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motor activities (peg board non-dominant test and ULSD) than the children whose 

fathers were not day-labourers.

The euthyroid group had more household possessions than the hypothyroid group 

and possession rating significantly predicted children’s performance on the digit span 

test. Although there was no significant difference in house ratings between the 

groups, house rating significantly predicted performance in two cognitive function 

tests (verbal fluency and Ravens Matrices).

It is clear that many aspects of the children’s socio-economic environment were 

related to the children’s cognitive and motor function. This was found even though 

all children apparently lived in similar poor villages.

Biolosical variables

The state o f food deprivation in these children was assessed by an elaborate and 

extended questionnaire to get an overall impression, not just a one off measure. The 

children’s performance on the tests was controlled for short term food deprivation by 

giving similar snacks to all in the study, 15-30 minutes prior to testing. The children 

having higher food deprivation ratings did worse in all the domains o f academic 

abilities, in 3 cognitive function tests and in one motor function test. It appears that 

food deprivation may be a serious obstacle to these children achieving in school, and 

suggests that school feeding programmes should be encouraged. This is especially 

important and there is evidence that undernourished children’s cognition is more 

vulnerable to the detrimental effects of food deprivation than those o f adequately 

nourished children (Simeon and Grantham-McGregor, 1989).

All the children had poor nutritional status. The mean z score for height for age was 

-2sd o f NCHS standard and the mean BMI was below the 3rd centile o f British 

standard values. The groups were not however, different on any o f the other 

anthropometric measures. Stunting was a problem in this community and 52.2% of  

the children were found to be stunted (below- 2sd) on height-for-age o f NCHS 

standard. Height-for-age, a measure of chronic undemutrition (stunting), predicted



187

children’s performance in mathematics and 4 developmental functions (French 

learning test, both peg boards and visual search). This confirms the earlier findings 

where stunting was found to be significantly associated with cognitive function and 

school achievement (Powell and Grantham-McGregor, 1985; Clarke, Grantham- 

McGregor and Powell, 1991; Pollitt et al 1995). Head circumference significantly 

predicted the scores in Ravens Matrices only. In the Iranian study, (Azizi et al. 1995) 

children’s performance in Ravens Matrices was significantly associated with head 

circumference. MU AC, a measure o f acute undemutrition, predicted children’s 

performance in verbal fluency and the test of upper limb speed and dexterity 

(ULSD), whereas BMI did not show any association with any o f these measures 

after MU AC was controlled.

Taking a cut-off value of 11 g/dl (WHO, 1996), around 18% of the total children 

were found to be anaemic and only 6 % were below lOg/dl indicating that anaemia 

was not a major problem in this community. There was no significant difference in 

the prevalence of anaemia between the groups at screening and the finding was 

replicated at the enrolment. As previously explained in the discussion o f the 

screening sample, that the low prevalence could be due to use o f tube-well water 

which contained large amounts of inorganic iron. In contrast to other studies as 

reviewed by Pollitt et al. (1997), Hb levels, in these children failed to show any 

association with performance in school achievement or cognitive function o f the 

children, which were most likely due to the low prevalence of anaemia.

In this study a significant difference was observed in the prevalence o f trichuris 

infection between euthyroid and hypothyroid children. In subsequent analyses, the 

presence o f worms did not show any association with school achievement tests or 

cognitive or motor functions in the children. In a number o f studies trichuris 

infection (Callender et al. 1992; Nokes et al. 1992; Simeon et al. 1994) showed an 

association with cognitive functions in the children. In comparison to Jamaican 

study, these children were mildly infected and the egg load was very low and this 

may be a reason why there was a lack of association between presence of 

geohelminths and poor cognitive function.
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10.3. D iscussion on the treatm ent trial

There was an unplanned influx of iodine into the study area between screening and 

enrolment which boosted the baseline T4  levels to normal levels in almost all 

children. This was not immediately apparent because the blood samples were 

analysed later and the results were revealed at the end of the study. Only 7.7 % of 

the children were below 70 nmol/L on base line T4  measure. In both hypothyroid and 

euthyroid groups, however, urinary iodine excretion was still low and would be 

classified as iodine deficient. The randomisation in the treatment trial was adequate, 

showing no difference in baseline T 4 ,  TSH or urinary iodine values or in school 

achievement test or cognitive function tests between the iodine treated and placebo 

group. There was also no difference in socio-economic (except possessions) and 

biological variables between the placebo and iodine treated group. The difference in 

possession (p=0.05) may have occurred by chance.

In spite o f the influx of iodine into the study area, the trial and study design remained 

valid in that, urinary iodine was low in both thyroid groups (hypothyroid and 

euthyroid) initially and in both iodine treated groups, it increased significantly 

compared with both placebo groups. However, there was also a slight but significant 

increase of urinary iodine in the placebo euthyroid group, but not in the placebo 

hypothyroid group. The increase in serum T4  after treatment, was more in the iodine 

treated groups and it was significant only in the iodine treated hypothyroid group, 

though the overall treatment effect on T4  was not significant. The iodine treatment 

thus showed a significant effect on the urinary iodine levels of the children who had 

already a normal T4  level. However, the trial was more valid in the hypothyroid 

groups which did not show a significant increase in urinary iodine levels in the 

placebo group and showed a significant increase in T4 in the treated group.

In the post treatment measures, all the test scores increased, probably due both to a 

‘practice effect’ and a ‘maturation effect’. No treatment improvement was observed 

on any cognitive function test. However, the euthyroid group receiving placebo 

increased significantly more in digit span scores than the iodine treated euthyroid 

group. There was a significant thyroid group and treatment group interaction. Change
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in this direction was also found in corsi block, although the difference did not quite 

reach significance levels [for treatment (p=0.056) and for interaction (p=0.058)]. 

These may be chance findings, however these two measures are tests of working 

memory. Lower performance in the iodinated group raises the question whether 

treatment with large dose of iodine (IPSO) given to normal euthyroid children, 

detrimentally affected working memory. Although one should be cautious in 

interpreting this finding, it has been questioned before whether high doses of 

micronutrients may have detrimental effects. A recent study, (Idjradinata, Watkins 

and Pollitt, 1994) found an adverse effect of iron supplementation on weight gain of 

iron-replete young children.

The failure to show a treatment effect in the hypothyroid group in particular indicates 

that, treatment of children with this level of iodine deficiency in the absence of 

hypothyroidism is unlikely to benefit cognition. The study had sufficient statistical 

power with the hypothyroid group alone to show a difference o f 1 0 %.

There were only two previous placebo-controlled intervention studies in school 

children. In the Bolivian study (Bautista et al. 1982), the influx of iodine in the 

placebo-group posed problems in further analyses. As in the present study, only 

urinary iodine significantly differed between the post treatment groups but serum PBI 

(protein-bound-iodine) and TSH did not show any difference. When the pooled data 

were analysed, a significant association was found between decrease in goitre size 

and outcome measures, but the results were inconsistent. A decrease in goitre size 

was found to be significantly associated with a decrease in TSH and increase in IQs 

in girls only, whereas school grade significantly worsened in relation to decrease in 

goitre size in girls. In boys no such association was observed between TSH, IQs or 

school grade with the decrease of goitre size.

The other Malawian study (Sherestha, 1994) did not include blood hormonal 

measures and 3 months after treatment was given, urinary iodine was measured and 

found to have significantly increased in iodine-treated groups. Iodine levels of 

placebo groups were not reported. More interestingly, the median values o f urinary
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iodine excretion in both the iodine treated groups reverted to the levels of severe 

deficiency 1 1  months after treatment, when the children were re-tested for motor and 

cognitive function tests. On psychomotor tests, the iodinated group performed 

significantly better than the placebo group only in one out of 5 tests. The author 

claimed significant improvement by iodinated group compared to placebo group in 

all the cognitive function tests, but the question o f validity remains, as the baseline 

measures o f cognitive functions were not reported in that study.
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10.4. D iscussion on relationships betw een change  in Ta and change in 
cognitive function

The original hypothesis that ‘iodine would benefit the children with low T4 ’ could 

not be tested using the children assigned to the two intervention groups, because 

iodine had been introduced into the study area through other, unplanned routes. 

Further analyses were therefore calculated after pooling results from all the children 

irrespective of treatment schedule, to examine whether change in T4  was associated 

with a change in cognitive function scores. It was found that changes in T4  

significantly predicted changes in two cognitive function tests; digit span and 

Ravens Matrices and one motor function test: pegboard dominant test. These 

findings apparently contradict the previous statement from the treatment trial that 

iodine treatment did not have any effect. However, it is possible that, because of 

pooling all the subjects in the analyses, the power increased sufficiently to detect 

very subtle changes that might have occurred in those children who benefited by an 

increase in their T4  from treatment or by getting iodine from any other source. This 

was independent of other confounding factors, as this association remained 

significant even after controlling important socio-cultural and biological factors.

In the study from Papua New Guinea (Pharoah and Connolly, 1994) a significant 

association was observed between maternal T4  and fine motor function and cognitive 

function of the children in later life. The defect was believed to be mediated through 

maternal T4  by its profound effect on brain development. In the present study, the 

association between change in T4  and change in cognitive and motor function 

indicates a concurrent effect of T4  on cognition and motor function.
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CHAPTER : FIVE 

SUMMARY AND CONCLUSIONS

11.1. Sum m ary of main findings

In summary the main findings are as follows:

Screenins study

1. Approximately half o f the school children from three severely iodine deficient 

areas in Bangladesh, were found to be biochemically hypothyroid on screening. 

Nearly 53% of the children were below the 2.5th centile value for T4  (69.88 nmol/L) 

compared with a German population.

2. There was a clear-cut relationship between thyroid hormonal status (T 4  and TSH) 

and severity of goitre at screening. Girls were more hypothyroid and had more goitres 

than boys.

3. The children were moderately undernourished but there was little anaemia in this 

population.

Case-Control study

1. Significant associations were found in these children between low T4  and poor 

school achievement and cognitive functions, controlling for a comprehensive array of 

biological and socio-cultural factors.

2. Many of the biological and socio-cultural factors also affected cognitive and 

motor development and school achievement of these children. The independently 

significant socio-cultural factors were stimulation, possessions, housing condition 

and parental education. The independently significant biological factors were food
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deprivation, height of the child, MUAC (mid-arm-circumference), head 

circumference, age and sex. Boys performed better than girls in school achievement 

tests and in two tests o f fine motor function (both peg boards), whereas girls 

performed better than boys in 3 tests of information processing (SSMT, stroop and 

visual search).

3. An unplanned significant increase of T4  levels was observed in these children 

between screening and enrolment, and both hypothyroid and euthyroid groups had 

normal T4  and TSH on enrolment to the treatment trial. However, 80% of the 

population had still mild to severe iodine deficiency on urinary iodine excretion 

criterion.

Intervention study

1. Iodine treatment (IPSO: 200x2=400 mg of elemental iodine) clearly showed, a 

benefit on urinary iodine levels to the treated group after a 4 month period, but not on 

hormonal levels in the blood.

2. No benefit was observed on cognitive functions after giving iodinated capsules 

(IPSO) to those children, who had normal T4  levels at the time o f enrolment, but 

were moderately iodine deficient on urinary iodine excretion measure.

3. High dose iodine treatment detrimentally affected the short term memory in those 

children who had had euthyroid T4  levels.

4. Post-hoc analyses showed a significant positive association between the change of 

T4  and change in two cognitive function test scores (Ravens Matrices, digit span) and 

one fine motor test score (peg board dominant), even after controlling for biological 

and socio-cultural factors.
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11.2 . C onclusions and im plications

The significant association found in the case-control study between low T4  and poor 

cognitive functions and school achievement emphasises the need for implementing 

the universal salt iodization programme in iodine deficient areas.

The intervention study showed that children already having normal T4  levels, did not 

benefit from a high dose of iodine (IPSO) treatment in their cognitive functions. 

There was a suggestion, that high-dose-iodine (IPSO) treatment may detrimentally 

affect working memory in those children who had had normal T4  levels for some 

time. However, one should be cautious in interpreting these data, as this may be a 

chance finding and needs to be replicated through further research in similar 

situations.

In view o f the negative findings and the suggestion of a small detrimental effect of 

high-dose-iodine, there is probably little gain in extending Lipiodol (IPSO) 

programmes to the children who have normal T4  levels, though urinary iodine might 

show a moderate iodine deficiency. It must be emphasised that, this does not negate 

the need for implementing a universal salt iodization programme in all deficient 

populations or of giving high dose iodine to those who are severely iodine deficient. 

Rather, these findings, should help to direct the limited resources to adolescent girls 

and pregnant women, in which it was well established that Lipiodol treatment 

prevented cretinism and significantly benefited the subsequent development o f the 

children.

Bangladesh has already implemented a universal salt iodization programme and the 

necessary technical know-how has been well established. It is crucial to strengthen 

the system, so that iodated salt with correct concentration reaches the majority of 

people. A  recent study (IPHN, 1996), indicated a lack o f compliance on the part of 

the owners o f factories and retail shop keepers. So, continuous monitoring and 

surveillance o f the universal salt iodization programme is now the most important 

step to fulfil the goal to eradicate IDD from the country. However, this will solve
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only a part of a whole complex problem that is related to development of school-age 

children.

In order for children to achieve their full potential, multiple interventions are 

necessary. These children were living in extremely deprived and poor conditions 

which were also significantly associated with poor development. Many were 

chronically deprived o f food, had very little stimulation in their homes and were 

moderately undernourished. So comprehensive programmes are required if these 

children are to benefit fully from school. Programmes should include income 

generation projects along with provision o f stimulation materials and activities in 

schools as well as nutrition interventions, like salt iodization and school feeding. The 

on-going food for education programme, by which food supplements are given to 

children who attend schools should help these children to get rid of food deprivation 

and be more interested to come to school and learn more effectively. This 

programme should be sustained and expanded.

Parental education was found to be significantly associated with children’s 

performance in school achievement and some cognitive function tests. This simply 

reinforces the need for a strong campaign to extend and improve primary education 

which is now on-going. Adult learning programmes can suitably be incorporated into 

the programme and into many other village development programmes that are 

currently run by many NGOs throughout the country. A specific training component 

for the parents to understand the need for stimulation to promote their children’s 

development should be included in this.
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APPENDIX : I

Table 1

Median urinary iodine level o f 5-11 year old children in 3 selected areas

Study areas M edian urinary iodine levels
Gorargaon, Shibpur, Norsingdi. 0.3 pg/dl
Shakaharia, Gopalpur, Tangail 0.8 pg/dl
Chor M irakhor, Sirajgonj Sadar, Sirajgonj 0.0 pg/dl

Source: National IDD Survey( 1993), Bangladesh

T ab le  2:

Prevalence o f goitre in the plain zone

Population Total
examined

% prevalence o f goitre Total goitre rate

Grade 0 Grade 1 G rade 2
Children 4619 51.3% 40.0% 8.7% 48.7
(5 to 11 yr.) 
Adults 6688 56.6 33.6 9.9 43.5
(15 to 44 yr.)

Overall 11307 54.4 36.2 9.4 45.6
Source: National IDD SurveyC 1993), Bangladesh

T ab le  3:

Prevalence o f goitre in the flood prone zone

Population Total
examined

% prevalence o f goitre Total goitre rate

Grade 0 Grade 1 G rade 2
Children 4910 46.9% 48.6% 4.5 53.1
(5 to 11 yr.) 
Adults 6535 51.0 41.4 7.4 48.8
(15 to 44 yr.)

Overall 11445 49.2 44.5 6.2 50.7
Source: National IDD Survey( 1993), Bangladesh
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Table : 4

Percent distribution o f anaemic children and percent distribution o f the children 
who had some ova o f geohelminths in both hypothyroid and euthyroid group and values

V ariables Hypothyroid
(n=134)

Euthyroid 
(n= 131)

C hi-square with p value

Anaem ia (Hb. below llg /d l) 18.6% 18.0% 0.013 (0.911)

Hook worm 37.7% 35.6% 0.125 (0.724)

Trichuris Trichura 21.0% 32.6% 4.590 (0.032)

Ascaris 47.8% 41.7% 1.030 (0.309)

Table : 5

Regression coefficients and p  values from multiple regression analyses where thyroid 
functional measures and weight were regressed against treatment group, thyroid group, interaction 

between thyroid and treatment group, age and sex.

Functional measures Treatm ent
group

Thyroid
group

Interaction: 
Interven x Thyroid 
group

Age Sex

T4 (nmol/L) -1.060 -21.498 0.063 -2.290 -0.461
(n=581) (0.688) (<0.001) (0.987) (0.003) (0.806)

TSH  (mU/L) -0.028 0.031 0.028 0.023 0.040
(n=581) (0.453) (0.425) (0.597) (0.0.03) (0.137)

Urinary iodine excretion 0.040 -0.051 -0.032 -0.039 0.027
(pg/dl) 0.468) (0.365) (0.684) (0.017) (0.487)
(n=590)

W eigh t(Kg) -0.220 0.102 -0.016 1.160 0.148
(n=603) (0.465) (0.739) (0.969) (<0.001) (0.487)
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APPENDIX ; Il

Socio-economic, stimulation and food deprivation questionnaire

Question No Variable name Variable labels Value code labels 
and explanation

la Vill Nam e o f  the village 01 20
lb Scm o Screen number exact value
Ic Sci School number 1. Case 2. Control
Id Cls Exact class 1. Grd 1 2. Grade 2
le Tstn Tester number 1-6
If Date Day, month, year o f  exam 1-30, 1-12, 97
Parental characteristic
IPÇ)

Aa PC_A Respondent 1. Father 2. Mother
3. Father + Mother
4. Other

Ah PC_B1 Child lives with father 1. Yes 2. No
PC_B2 lives with mother
PC_B3 lives with step father
PC_B4 lives with step mother
PC_B5 with adult male relative

Ac PC_C Religion 1. Muslim 2. Hindu
3. Christian
4. Others

Adi PC_D1 Father’s education
Different grades
from 1-16 and
17. No education

Ad2 PC_D2 Mother’s education
same as above

A el PC_E1 Informal education father
1. yes 2. No

Ae2 PC_E2 Informal education mother
1. yes 2. No

Afl PC_F1 Father’s major occupation
PC_F2 Father’s subsidiary 1- 23 categories
PC_F3 occupation
PC_F4 M other’s major occupation

Mother’s subsidiary ”
occupation

Family structurefFS)

Ba FS_A1 Father alive ? 1. Y es 2. No
FS_A2 Mother alive ? 1. Y es 2. No

Bb FS_B1 Father has more than one 1. Y es 2. N o
FS_B2 wife exact value
FS_B3 If yes, how many ? 1. Y es 2. No

Live in the same family
Be FS_C1 exact value

How many children bom
FS_C2 alive in his family (Live 1. yes 2. No
FS_C3 birth) exact value

Any one dead
Bd. FS_D Number o f  dead children exact value

Be. FS_E Birth order o f  this child exact value

How many children in the
household



224

Question No Variable name Variable labels Value code labels and 
explanation

Health and Nutrition
fH N l and HN2)

C ia HN1_A1 (gauge) Child’s age : year exact value
gauge :month exact value

:day exact value
H N1_A2 (exact) Child’s exact age if  known exact value

C lb HN1_B1 Birth in relation to 1988 flood I. Before 2. after 3. during

H N1_B2 How many years exact value
H N1_B3 W hich month exact value in chronological way

C lc HN1_C W as this child too small at birth 1. Y es 2. No
that worried you or needed care

C ld HN1_D1 W as ever admitted to Hospital within 2 years 1. Y es 2. No
o f age

H N1_D2 If yes, how many times exact value
HN1_D3 1 St time cause I: Diarrhoea 2. Resp disease 3.

M easles 4. Fever 5. Other
H N1_D4 2nd time cause same
HN1_D5 3rd time cause same

C le HN1_E1 Immunisation card? 1. Y es 2. No
HN1_E2 Date o f  birth exact value

G if HN1_F1 In the last 1 year did suffer to the extent to I. Yes 2. No
contact doctors

HN1_F2 How many times exact value
HN1_F3 1 St time cause 1. Diarrhoea 2. Resp disease 3.

M easles 4. fever 5. other
2nd time cause same as above
3rd time cause same as above

c i g HN1_G1 In the last one month did he suffer so bad not
to attend school 1. Yes 2. No

H N1_G2 How many times exact value
HN1_G3 1st time cause I. Diarrhoea 2. Resp disease 3.
HN1_G4 M easles 4. fever 5. other
HN1_G5 2nd time cause same as above

3rd time cause same as above

C2a HN2_A How many times your child takes major exact value
meals in a day

C2b HN2_B1 D oes you child often go to school hungry 1. Y es 2. No
because o f insufficient food at home

H N2_B2 If yes, how many days usually in a week exact value
C2c HN2_C1 When he returns home, does it happen

som etimes that he could eat more, but you I. Y es 2. No
can’t afford?

H N2_C2 If yes, how many days usually in a week exact value
C2d HN2_D1 At evening, whatever quantity he takes, does I. Y es 2. No

it occur som etimes that he could still take
more but you can’t provide

H N2_D2 If yes, how many days usually in a week exact value
C2e HN2_E1 D oes it happen som etimes that he go to bed 1. Y es 2. No

hungry?
H N2_E2 If yes, how many days usually in a week exact value
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Question No Variable name Variable labels Value code labels and explanation

School experien ce(SE)
Da SE_A1 Did this child go to nursery 1. Y es 2. No

SE_A2 If yes, for how many days exact value
Db SE_B1 At what age he started going to regular class:

SE_B2 Year, month exact value
Do SE_C Number o f  writing books bought by

parents(verified) exact value
Dd SE_D Number o f  reading books bought by

parents(verified) exact value
De SE_E How many days in a week given hom e work

from school exact value
D f SE_F1 Do you or anyone over 15 helps him doing I. Y es 2. No

home work
SE_F2 If yes, how many times 1. all the days 2. half o f  the days

3. less than half 4. none
Dg SE_G1 D o you have a private tutor for this child 1. Y es 2. No

SE_G2 If yes. 1. Part-time 2. Full-time
SE_G3 How many days he was taught in last year exact value

Dh SE_H1 Besides illness, for what reason your child l.T o  help parents at home or field
often miss school 2. Not having enough food before

going to school 3. other
SE_H2 How many days usually in a month exact value

Home stimulation (HS)

Ea HS_A1 Do your child has toys /  gam es to play 1. Y es 2. No
HS_A2 If yes, how many bought(verify) exact value
HS_A3 how many home-made exact value

Eb HS_B1 Besides school book, any other children’s 1. Y es 2. No
books available at home?

H S_B2 How many exact value
Ec HS_C1 Any adult book at home 1. Y es 2. No

HS_C2 How many: Religious exact value
HS_C3 : other books exact value

Ed HS_D1 Is there any news paper/magazine at home 1. Y es 2. No
H S_D2 daily exact value
HS_D3 weekly exact value
H S_D4 monthly exact value

Ee HS_EI Does anyone tell stories to this child I. Y es 2. No
HS_E2 If yes, how many days in a week exact value

E f HS_F1 Do you or anyone reads newspaper to him 1. Y es 2. No
HS_F2 If yes, how many times in a week exact value

Eg HS_G1 Do you or any adult plays with this child 1. Y es 2. N o
HS_G2 If yes, how many days in a week exact value.
HS_G3 how many days in a month exact value

Eh HS_H1 In the last 12 months, did anyone take this I. Y es 2. No
child to Dhaka, capital city

HS_H2 If yes how many times exact value
Ei HS_I1 Did any one take him to trip outside village 1. Y es 2. No

HS_I2 How many times in last one year exact value
Ej HS_J1 D oes your child watch TV I. Y es 2. No

How many days in a week exact value
Ek HS_K1 Do you or anyone takes him often to drama. I. Y es 2. No

cinema, folk-songs party?
HS_K2 If yes, how many times in last 6 months exact value



226

Question No Variable name Variable labels Value code labels and 
explanation

Home condition (HC)
Fa HC_A Family members exact value
Fb HCJB Number o f  bed rooms exact value
Fc HC_C R oof condition 1. Cement 2.Tin 3.Straw 4.Tali 5. 

Golpata 6. others
Fd HC_D Wall o f  the house 1. Earthen 2.Tin 3. Bam boo  

4. W ood S.Cement ô.Starw 6. Jute 
7. Others

Fe HC_E1

HC_E2

Source o f  drinking water 

It’s location

1. Tube well 2.River/canal 3. 
Pond 4. W ell
1. W ithin house compound
2. Outside

Ff HC_F Electricity 1. Y es 2. No

Fg HC_G Latrine 1. Sanitary 2. Som e form o f  
sanitary 3. Katcha open 4. No  
fixed place

Wealth and possession  
(WP)
Ga WP_A Number o f  beds exact value
Gb WP_B Number o f  tables exact value
Go WP_C Number o f  chair exact value
Gd WP_D Number o f  radio/C_player/TV/watch exact value
Ge W P_E Number o f  fans/electric goods/ bicycle / 

rickshaws/boat/ others
exact value

Gf WP_F1
W P_F2

Any business o f  the family 
Exact type

1. Y es 2. No

Gg WP_G1
W P_G2

Anyone does service 
If yes, how many

1. Yes 2. No  
exact value

Gh WP_H1
W P_H2
W P_H3
W P_H4
W P_H5

Any domestic animal at home
Cows/Buffalo
Goat/lamb
Hen/Chicken
Pigeon

1. Y es 2. No  
exact value 
exact value 
exact value 
exact value

Land used by the house 
(LAND)
Ha L A N D .A l  

LAN D_A2  
LAND_A3 
LAN D_A4  
LAND A5

Any land under use by the family
Dwelling
Courtyard
garden
farmland

1. Y es 2. No  
exact value 
exact value 
exact value 
exact value

Hb LAND_B1 
LAND_B2  
LAND_B3  
LABD_B4  
LAND B5

Land under cultivation: own land
Share-in
Share-out
Rent-in
Rent-out

exact value 
exact value 
exact value 
exact value 
exact value

He LAND_C Tax paid to Union council exact value
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APPENDIX: III 

Ratines o f different socio-economic indicators

House ratine: The following house hold conditions were included in the house rating.

1. Roof.: depending on the materials used in building the roof o f the house, 2 points 

were given to roofs:

1 = Straw or Jutesticks
2 = Tin or Cement

2. Wall: depending on the material used similarly 3 points were assigned for wall o f the 

house:

1 = Straw; Jutesticks
2 = Mud, Bamboo shoot
3  = Wood, Tin or Cement

3. Drinking water; 2 points were assigned depending on the outside or inside availability 

of the source of water:

1 = Outside the campus of the house
2 = Inside the house

4. Electricity: depending on the availability in the house 2 points were assigned :

0 = No
1 = Yes

5. Latrine: depending on the use and type of latrine 3 points were assigned:

0 = Indiscriminate use: no fixed place
1 = Some form of ordinary latrine
2 = Some form of sanitary latrine
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6 . Crowding index: This was computed by number of persons in the family divide by 

the number of rooms used by the family. After getting a distribution, 4 points were 

assigned starting from highest score.

1 = 6 . 1  and above
2 = 4.1 to 6.0
3 = 3.1 to 4.0
4 = 1.0 to 3.0

Hunger rating: Four questions were asked for the whole day of food intake partitioned in 

to 4 major times. After seeing frequency distribution, different points were given which are 

as follows:

1. missing breakfast has given 4 points:

0  = no missing breakfast
1 = one and two missing breakfast in a week
2 = three and four missing breakfast in a week
3 = five and more missing breakfast in a week

2. missing afternoon meal was given 4 points in a similar way

3. missing evening meal was given 4 points; in a similar way

4. going to bed still hungrv was given 3 points:

0  = no hungry occasion in a week
1 = one and two occasions in a week
2  = three or four days in a week

All the points were then added to get the ' hunger rating’.
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Animal ratinss: All the animals possessed by the family were included in rating. Hens or 

ducks were listed in one column and it was added to pigeons to get the number of ‘small 

animals’ in one group.

Depending on the local market prices o f the animals, appropriate weight was given in the 

following way. Finally the animal rating was extracted by adding points.

Rating 0 1 2 3 4 5 6 7 8

Small 0 - 1 0 1 1 - 2 0 21-40 41-60 61-80 81-100 1 0 1 - 1 2 0 121-140 141 and

animals more

Goats

or lamb 0 1 2 3 4 5 6 7 8

Cows or

Buffalo 0 0 1 2 3 4

Total possession rating:

Possession rating 1 :

Radio, Television and Cassette recorder were included in the Possession rating 1
For each variables two points were assigned having any number as ‘1’ and not having as ‘0 ’

Possession rating 2:

Bed. : 4 points were given depending on the availability and number of beds in the family
0  = no bed
1 = Single bed
2 = 2 or 3 beds 
4 = 4  and more

Tables: 3 points were allocated
0  = no table
1 = single 
2 = 2  and more

Chairs: 3 points were assigned
0  = no chair
1 = single 
2 = 2  and more

Total possession ratins was made after adding possession 1 and possession 2.
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Stimulation materials ratins: The presence o f eight types of materials were thought to play 

as home stimulants in this situation.

1. Books: These are children’s reading and writing books bought by the parents for aiding 

school work. As they were not many in number, we added them together and numbered 

them with points as follows:

0  = no book bought for the child
1 = one to two in number
2  = three or more in number

2. Dolls: these are dolls bought by the family, so having any number o f dolls as ‘1’ and 
not having any as ‘0 ’

3. Balls: similar as ‘0 ’ and ‘1’

4. Clav games: games bought but made of clay pointed similar as ‘0 ’ and ‘ 1 ’

5. Children’s storv books etc.: available at home: as ‘0 ’ and ‘1’

6 . Adult book: religious as ‘0 ’ and ‘ 1 ’

7. Adult book: others as ‘0 ’ and ‘ 1 ’

Stimulation activities ratins: Similar to stimulation materials, the following activities were 

thought to have stimulatory effects on child’s development and each factor was assigned 

with different points.

1. Reading story, newspaper to the child was given 2 points

0  = no
1 = yes

2. Trip outside the village was given 3 points

0  = none in last one year
1 = one to three times in last one year
2  = four and more times in last one year.
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3. Helping the child in doing homework was assigned 3 points

0  = not a single day
1 = half and less number of the days given the home work
2  = all the days given the home work

4. Tutorial help of the child was given 3 points.

0  = no help
1 = help less than 6  months in the last year
2  = help 6  months and more in the last year.

5. Playing with the child: assigned as

0  = not playing with the child
1 = some play with the child

6 . Frequency of watching television.

0  = not a single day
1 = once in a week
2  = twice or more in a week.

7. Home-made games prepared for the child.

0  = no such preparation
1 = some preparation.
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I

R esearch  team  in the f ie ld , G opalpur, T angail

Children from  Beliia school in Gopalpur, Tangail
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S

Children with goiter in extended neck position

Technician collecting blood on Guthriecard
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Tester giving cognitive function test (corsi block)

Tester administering Ravens Matrices
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Tester administering school achievement test

Technician adding toluene to the the urine sample
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Child^s height measurement in the field

One o f  the schools studied, Gorargaon Government Primary School
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APPENDIX :V

ABBREVIATIONS:

BBS : Bangladesh Bureau of Statistics

BCSIR : Bangladesh Council o f Science and Industrial Research

BIRDEM: Bangladesh Institute of Research for Diabetes, Endocrine and Metabolic

Diseases 

BMI: Body Mass Index

BSCIC Bangladesh Small and Cottage Industries Corporation, Dhaka.

IDD Iodine deficiency disorders

ICCIDD: International Council for Control of Iodine deficiency disorders

ICH Institute of Child Health, London, UK

ICDDR,B: International Centre for Diarrhoeal Diseases and Research, Bangladesh

INFS: Institute of Nutrition and Food Science, Dhaka University, Bangladesh

IPHN: Institute of Public Health Nutrition, Mohakhali, Dhaka, Bangladesh

IPSO: Iodized poppy seed oil

MU AC: Mid upper arm circumference

PBI: Protein Bound Iodine

T4: Thyroxin

TSH: Thyroid stimulating hormone

VGR: Visible goitre rate

UIE: Urinary iodine excretion

UNICEF: United Nation’s Children’s Fund

WHO: World Health Organisation


