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ABSTRACT

The aim of the study was to determine the intellectual
and behavioural status of children with congenital hypothy-
roidism (CH) following the introduction of neonatal screen-
ing and early treatment in the UK in 1982. All 472 children
with CH detected by this programme in England, Wales and
Northern Ireland during 1982-84 were recruited for the
study. Diagnostic data and treatment records were obtained
to the age of five years when a standard psychological
assessment was carried out on the CH children along with
matched classroom controls. Children were assessed for
intelligence, motor skills and behaviour problems using the
Wechsler Pre-school and Primary scale of Intelligence
(WPPSI), the Bruinincks-Oseretsky test of Motor Proficiency
and the Conners Teacher and Parent behaviour questionnaires
and the Richman Behaviour Checklist.

Intellectual outcome was significantly associated with
the severity of CH at diagnosis as measured by pre-treat-
ment T4. This association was significantly non-linear.
After controlling for parental occupation and educational
background, children with a pre-treatment T4 less than
40nmol/1 had a significant IQ deficit (df=2; F=20.16;
p<0.0001) of 9.75 points (95% C/I 6.74-12.76) compared with
controls. This represented a fivefold increased risk of
learning impairment. In contrast, children with T4 greater
than 40 nmol/1l showed no intellectual impairments compared
with controls.

CH children also showed significant deficits with



respect to motor skills compared with their peers (t=-7.56;
p<0.0001) and there was a significant positive association
between pre-treatment T4 and motor skills after controlling
for gender and parental educational background (df=5; F=
13.30; p<0.0001). Both parents and teachers reported an
increased frequency of attentional problems (20-30%) for
all CH children compared with 10-15% of their peers.
Although the introduction of early treatment has
clearly reduced the overall impairment of CH, this study
suggests that a significant impairment remains. The prena-
tal thyroid/neurological mechanisms that may underpin these

deficits are discussed.
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A. SECTION 1. INTRODUCTION

A. AIM OF THE STUDY

In the past, <children and adults with congenital
hypothyroidism (CH) were commonly known as 'cretins'. The
pejorative nature of this expression communicates the
popular understanding of the disease's impact on normal,
and particularly, intellectual development. This popular
understanding was not inaccurate. Even with the advances of
medical practice during the first half of the twentieth
century, many children and adults with this disorder con-
tinued to show severe intellectual and behavioural impair-
ments. Progress in achieving further improvement in psycho-
logical outcome was hampered by the difficulties in diag-
nosing CH early enough to prevent its impact on brain
growth during early life.

During the 1970's, laboratory techniques were de-
veloped that overcame many of the difficulties of introduc-
ing routine screening for the condition. The practical
introduction of routine screening for CH was made easier by
the fact that it could be combined with screening for
phenylketonuria which was already in existence in many
countries.

After a number of pilot screening programmes in sever-
al health regions, routine neonatal screening was intro-
duced throughout the UK in 1982. At this time there was
considerable optimism that the initiation of early treat-
ment would result in the elimination of many, and perhaps

all, of the impairments associated with the condition.

19



The aim of this study has been to examine the psycho-
logical outcome of children with early treated CH in the UK
and to determine whether they show any clinically signifi-
cant impairments compared with their peers. As a conse-
quence of this, it will also be possible to estimate the
benefits (or otherwise) that the introduction of screening
has brought for this group of children.

The thesis will begin by describing both normal and
abnormal development of thyroid functioning and the signif-
icant effects of these processes for neurological develop-
ment. It will then review the outcome for children and
adults with CH before the introduction of screening, and
demonstrate that significant psychological impairment was
very common in this group of patients. Current evidence on
psychological outcome following screening will then be
considered.

The methods and results of this study will be present-
ed and discussed in the context of previously published
findings with respect to both psychological data and also
recent developments concerning the nature of thyroid-brain

relationships.
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B. THE THYROID GLAND

OUTLINE: This section provides a brief description of
normal thyroid functioning and development. Emphasis is
given to prenatal processes as these are most likely to be
disrupted for children with congenital hypothyroidism (CH).
Particular attention is given to the evidence concerning
whether maternal thyroxine may compensate for thyroid
deficits in the fetus as this has important implications
concerning the 1likely timing of disrupted brain develop-

ment.

1.INTRODUCTION

The thyroid gland is situated below the larynx and
lies in front of the trachea. The adult gland is a bilobed
pad of pink tissue weighing between 15-40 grams. It is
often asymmetrical with the right side being as much as
twice the size of the left lobe. It is well supplied with
blood by the superior and inferior thyroid arteries which
are regulated by sympathetic and parasympathetic autonomic
control.

Its primary function is to concentrate iodine from the
bloodstream and synthesise a range of iodine containing
hormones. The main thyroid hormones are thyroxine (T4)
which contains four iodine atoms and triiodothyronine (T3)
which contains three. In the blood both forms can exist,
either in a "free" state or "bound" to a carrier protein.
For example, concentrations of thyroxine can either be

measured as T4 or "Free T4".
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These thyroid hormones have two main effects. Firstly,
they are essential for the regulation of energy metabolism
and the metabolism of nutrients and these actions are
qualitatively similar in adults and children. Secondly,
they have important effects on growth and development which
operate only during the period of normal maturation to
adulthood. The precise action of these hormones on the
peripheral cells remains far from fully understood (Fisher
1989).

Levels of thyroid hormones in the blood are regulated
by a complex feedback mechanism involving both the hypotha-
lamus and the pituitary gland. A low level of thyroxine in
the blood stimulates the release of thyroid releasing
hormone (TRH) from the hypothalamus. This is transported
to the pituitary and stimulates the release of thyroid
stimulating hormone (TSH). TSH enables the release of T4
and T3 from the thyroid and also inhibits TRH. High levels
of T4 in the blood inhibit TSH production from the pitui-
tary. Efficient thyroid hormone production is therefore
dependent on the successful development and functioning of

the hypothalamic-pituitary-thyroid system.
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FIGURE 1. REGULATION OF CIRCULATING THYROID HORMONE

HYPOTHALAMUS

TRH

PITUITARY GLAND

TSH

HIGH T4
inhibits TSH
release

THYROID GLAND

Low T4 stimulates

hypothalamus

BODY CELLS

from The Conscious Brain (Rose 1976)

2. INTRAUTERINE DEVELOPMENT AND FUNCTIONING

Ninety per cent of the development of the hypothalam-
ic-pituitary-thyroid axis has been accomplished prior to
normal full-term delivery and can be separated into three

stages (Klein and Fisher 1983).
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Stage 1: Embryogenesis

This takes place during the first 10-12 weeks of
gestation during which the thyroid forms its characteristic
shape and position and the ability to synthesise iodothyro-
nines (thyroid hormones). The origins of the thyroid gland
can be traced from the third week of gestation when there
is a midline thickening and then an outpouching of the
endodermal floor of the pharyngeal cavity situated just
below the back of the tongue. At one month it comprises a
solid mass of cells weighing 1-2 mg and, by seven weeks, it
is clearly bilobed. Also, at this time, it descends to its
definitive location in the anterior lower neck. In this
position it develops laterally into two distinct 1lobes
connected by a narrow isthmus running across its front. By
eleven weeks gestation it is capable of trapping iodide and
releasing hormone. During this same period the pituitary
gland has also developed and contains TSH. At 10-12 weeks

TSH and T4 are first measurable in fetal serum.

Stage 2: Hypothalamic maturation.

Although thyroid releasing hormone from the hypothala-
mus (TRH) is detectable in hypothalamic tissue at 10-12
weeks the formation and maturation of the hypothalamus is
much slower than the thyroid and pituitary components of
the system and is not complete until around 35 weeks gesta-

tion.

Stage 3: Maturation of thyroid system function.

This begins at around 20 weeks when serum TSH in-

24
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consequence of the passage of maternal thyroid hormone
across the placenta. It is well known that the placenta
transfers iodide to, and excludes TSH from, the fetal
circulation (Emerson 1989). Previously, it was generally
believed that T4 and T3 did not cross the placental barri-
er. However, in animal studies using hypothyroid rats,
there is now considerable evidence that maternal T4 crosses
the placenta in early pregnancy and is available to the
developing fetus (Morreale de Escobar et al 1988). In late
pregnancy maternal T4 transfer is probably reduced, coinci-
dent with the establishment of independent fetal thyroid
functioning (Ekins et al 1989). There is now convincing
evidence for the placental transfer of T4 in late pregnancy
in human fetuses who cannot synthesise the hormone in the
fetal thyroid and in children with thyroid agenesis (Vulsma
et al 1989).

This evidence suggests that failure to form an ade-
quately functioning thyroid during the fetal period is
likely to result in a lack of thyroxine (T4) in the latter
part of gestation, and this is probably only partially
compensated by placental transfer of maternal thyroid
hormone. One of the clinical puzzles regarding CH is why CH
neonates are well enough at birth, despite very low T4

levels, to avoid detection by clinical observation.
3. THYROXINE SYNTHESIS
The functional unit of the thyroid gland is the thy-

roid follicle which consists of epithelial cells arranged
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in approximately spherical groups, the centre of which
contains the colloid.

The principal thyroid hormones, thyroxine (T4) and
triiodothyronine (T3) are synthesised from iodine trans-
ported in the blood. Iodine ions pass through the epithe-
lial cells into the colloid and are converted into T4 and

T3 respectively through a complex process (Figure 2).

FIGURE 2. THYROID HORMONE SYNTHESIS

BLOOD
IODIDE
PEROXIDASE THYROID
GLAND
IODINE
3 MONOIODOTYROSINE — 3,5 DIIODOTYROSINE
(MIT) (DIT)
3,5,3' TRIIODOTHYRONINE 3,5,3',5' TETRA-
(T3) IODOTHYRONINE (T4)
BLOOD

from Wilkins (1965)

Firstly, the iodine ions are oxidised by a peroxidase
enzyme into an active form of iodine. This is then attached

to tyrosine rings to form part of the thyroglobulin mole-
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cule. Thyroglobulin is situated in the colloid and is the
form in which the thyroid hormones are stored. The thyroid
hormones are synthesised from the tyrosine compounds
(Figure 2) and released into the blood by the action of
thyroid stimulating hormone (TSH) on the thyroglobulin.

The thyroid gland is the sole source of T4 but most T3
comes from the conversion (deiodination) of T4 in peripher-
al tissues. The concentration of T4 is 50-100 times greater
than that of T3 and the normal ranges of concentrations of
T4 and T3 are shown in Table 1. Concentrations of both are
relatively constant but decrease progressively with age

during the first decade of life.

TABLE 1.MEAN (2 SD) VALUES FOR SERUM THYROID
HORMONE CONCENTRATIONS VERSUS AGE

AGE T4 (nmol/l) T3 (nmol/1l)
Cord blood 140 (85-225) 0.8 (0.2-1.3)
1-4 weeks 160 (105-210) 2.7 (1.5-4.8)
1-12 months 145 (90-200) 2.7 (1.6-4.1)
1-5 years 135 (90-200) 2.6 (1.6-4.1)
6-10 years 120 (80-170) 2.3 (1.4-3.7)

from Fisher (1989)

4. METABOLISM OF THYROID HORMONES
Thyroid hormones are known to influence cell replica-
tion, the regulation of enzyme activity and also the con-

trol of pituitary hormones such as growth hormone synthesis
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and TSH secretion. The precise intracellular action of the
hormones remains unclear although it is now recognised that
the principal site of action is on the cell nucleus.

In the blood over 99% of both T4 and T3 is bound to
one of three proteins, namely; thyroxine binding globulin
(TBG), thyroxine binding pre-albumin (TBPA), and albumin.
This 'bound' hormone probably acts primarily as a reservoir
and has a minor intracellular role. In contrast 'free'
thyroid hormone, particularly free T3, has a direct intra-
cellular action, probably by binding to receptors on the
cell nucleus resulting in the increase of cytoplasmic RNA
and the formation of new protein. There has been additional
evidence for T3 action on both the mitochondria and cell
membrane. The central importance of T3 for cell metabolism

has recently been summarised by DeGroot (1991):

"The pathway through which thyroid hormone controls
metabolism begins with secretion of thyroxine and
triiodothyronine by the thyroid, peripheral deiodina-
tion of about one third of secreted T4 to T3, and
uptake of the iodothyronines by passive and active
mechanisms into the cell.... Free hormone in the cell
cytoplasm, and T3 generated from T4 within the cell
diffuse into the nucleus and bind to thyroid hormone

receptor proteins".

Although T3 receptors are found on cells throughout the

body, higher concentrations are found in the brain, the
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pituitary and the lungs in neonates, which suggests that
thyroid hormones may have a direct role in the development
of these tissues.

Recent studies by Morreale de Escobar et al (1991;
1992) have suggested that, faced with large variations in
iodine, T4 or T3 supply, the fetal brain is able to main-
tain intracellular T3 homeostasis to a greater degree than
apparent from changes in plasma and other tissues. "Fetal
brain T3 homeostasis is maintained despite large fluctua-
tions in the supply of T4". Larsen (1989) also reported
that there was evidenée for increased efficiency of T4 to
T3 conversion in the central nervous system of CH patients.
Research by Pharoah and Connolly (1989) on pregnant mothers
at risk of having a child with endemic cretinism also
observed normal plasma T3 levels concurrent with abnormally
low serum T4. These findings suggest that low serum T4
levels may only have an indirect relation to brain matura-
tion so that its significance may be difficult to inter-

pret.
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C.CONGENITAL HYPOTHYROIDISM

OUTLINE: This section will first describe the historical
background to congenital hypothyroidism, particularly its
gradual distinction from other thyroid hormone disorders
that also caused mental retardation. Present day classifi-
cation and incidence of different types of CH will be
briefly described, along with the methods used to diagnose

CH and current practices regarding treatment.

l. HISTORICAL ASPECTS

Early historical references to congenital hypothyroid-
ism were often mixed together with observations of endemic
cretinism and goitre (enlarged thyroid). The high frequency
of goitres in Alpine areas was noted by several Roman
writers but the relationship between goitre and mental
retardation was not appreciated until the sixteenth cen-
tury. In 1602, a Swiss physician Felix Platter wrote, " in
Bremis a village of the Valais as I have seen myself and in
a valley in Carinthia called Bintzgerthal, it is usual that
many infants suffer from innate folly. Besides the head is
sometimes misshapen; the tongue is huge and swollen; they
are dumb; the throat is often goitrous. Thus they present
an ugly sight". The term cretin was first used in Diderot's
encyclopaedia in 1754 which defined cretins as a "species
of men who are born in the Valais, in rather great
numbers.........and are deaf, dumb, imbecile, with goitres
hanging down to their waist; rather good people otherwise,

they are incapable of ideas" (Hetzel 1989).
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During the nineteenth century there were a number of
descriptions of patients with symptoms similar to those
associated with cretinism but who had no evidence of
goitres. In 1871, Fagge suggested the term 'sporadic cre-
tinism' in contrast to 'endemic cretinism' to describe
these cases. This observation was supported by Osler who
reported a series of 60 cases where the disorder involved
"the atrophy or serious perversion" of thyroid function
(Osler 1897). With this important study the distinction
between endemic and sporadic cretinism became established.

Also, at this time, the importance of iodine to the
thyroid gland was recognised and the efficacy of using
thyroxine replacement therapy as a treatment for cretinism
was discovered. This lead to Osler's celebration of this
improvement in patient care. "Not the magic wand of Prospe-
ro or the brave kiss of the daughter of Hippocrates ever
effected such a change as that which we are now enabled to
make in these unfortunate victims doomed heretofore to live
in hopeless imbecility, an unspeakable affliction to their
parents and to their relatives" (Osler 1897). Although this
represented a significant turning point in treatment, the
aetiology of these different disorders and their associa-
tion with mental retardation was far from understood.

The process of clarifying the different types of
thyroid hormone disorders has continued during this century
with different classifications being preferred by various
authors. McCarrison (1908) reported a series of 203 pa-

tients with endemic cretinism from the Karakoram mountains
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in northern Pakistan in which he distinguished neurological
cretinism from hypothyroid cretinism. This distinction has
not always been accepted but, in 1989, Pharoah and Connolly
proposed an overall framework for sporadic and endemic

cretinism (Figure 3).

FIGURE 3. CLASSIFICATION OF CRETINISM

——CONGENITAL
Clinical
abnormalities
——SPORADIC— attributable to
hypothyroidism
—ACQUIRED

——HYPOTHYROID TYPE

Associated with
lack of iodine;
——ENDEMIC— pathogenesis
not firmly
established.

———NEUROLOGICAL TYPE

from Pharoah and Connolly (1989)

Sporadic cretinism was seen as either occurring from
birth (congenital) or as developing in later life
(acquired). For both types the primary disorder was an
inability to produce sufficient thyroid hormones despite an
adequate iodine environment. The congenital type of sporad-
ic cretinism was more closely associated with mental retar-
dation and this condition is now more commonly known as

congenital hypothyroidism, probably partly in order to
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avoid the stigma of the label of "cretin". The cause of the
hormone deficiency was due to an inability to synthesise
iodine into thyroxine. This occurred in a number of differ-
ent ways which will be described in the next section.

In contrast, endemic cretinism occurred when there was
a lack of iodine in the dietary environment and tended to
afflict large numbers of individuals (but not all) within a
community. It was proposed as being of two types as formu-
lated by the Pan American Health Organisation meeting in
1974. This stated that the clinical manifestations of
endemic cretinism comprised mental deficiency together
with either (a) a predominant neurological syndrome (known
as endemic neurological cretinism) consisting of defects of
hearing and speech and characteristic disorders of stance
and gait of varying degrees, or (b) predominant hypothy-
roidism and stunted growth known as endemic hypothyroid
cretinism. The precise aetiology of these disorders was not
fully understood. Prevention of neurological impairment can
be achieved by the injection of iodised oil either before
pregnancy or during the first trimester (Morreale de Esco-
bar et al 1983; Pharoah and Connolly 1989). It has been
suggested that neurological cretinism may be the result of
iodine deficiency and/or maternal thyroxine deficiency
during the first trimester. In contrast, endemic hypothy-
roid cretinism may be a consequence of fetal and neonatal
lack of thyroid hormones and prevention may be achieved by

the injection of iodised oil at 20 weeks gestation.

34



2. TYPES OF CONGENITAL HYPOTHYROIDISM

Abnormally low levels of thyroid hormones in full term
infants can be the consequence of a number of different
aetiological processes. Schoen and Weber (1990) proposed

the following classification of primary CH (Table 2).

TABLE 2. CLASSIFICATION OF CONGENITAL HYPOTHYROIDISM

1. Dysgenetic hypothyroidism.
a. Athyrosis/hypoplasia
b. Ectopia/hypoplasia

2. Dysfunctional thyrotic hypothyroidism
a. Dyshormonogenesis with goitre
b. Dyshormonogenesis without goitre
c. Transient thyrotic hypothyroidism
d. Undefined primary thyrotic dysfunction

from Schoen and Weber (1990)

The most frequent type of CH is dysgenetic hypothy-
roidism, the failure to develop a normal thyroid gland.
This can occur in three forms. Athyrosis occurs when there
is no evidence of any active thyroid tissue. Hypoplasia is
when the gland is abnormally small and located in the
normal position at the front of the neck. Ectopia occurs
when the gland is located at the base of the tongue due to
a failure to migrate to its proper location during fetal
development. Identification of these different forms of
dysgenesis can be achieved by isotope scanning although the
sensitivity and reliability of such assessments may vary
between different studies. This is suggested by the wide
variation in the proportion of patients with each of these

different forms of thyroid dysgenesis reported by different
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studies. Overall rates of thyroid dysgenesis are more
consistent, comprising about 85% of all patients with CH.

Some thyroid tissue is present in 40-60% of infants
with thyroid dysgenesis and there is a spectrum of severity
of thyroid deficiency. 10-20% of CH infants have T4 levels
in the low normal or normal range along with elevated TSH
values. These patients are more likely to have ectopic
functioning thyroid tissue (Fisher 1989).

The second type of CH is termed dysfunctional thyrotic
hypothyroidism. Dyshormonogenesis refers to those children
with inborn defects of thyroid hormone synthesis who make
up about 10% of CH children. The correctly located thyroid
does not effectively produce thyroid hormone due to one of
a number of different possible defects such as a decreased
thyroid response to TSH, decreased thyroid iodide trapping
and other abnormalities of hormone synthesis.

Transient thyrotic hypothyroidism is a condition in
which there is abnormally elevated TSH and low T4 during
the neonatal period either due to immaturity of the hypo-
thalamic-pituitary thyroid system or due to temporary
biochemical blocking of thyroxine synthesis. Thyroxine
production usually attains normal concentrations during
the first year of life. These children will be diagnosed by
screening (using TSH levels only) as having CH and will be
identified as transient by a routine period of about 3
weeks off treatment, usually during the second year of
life, when thyroid function is reassessed. Children with

transient hypothyroidism will not show a rapid drop in
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thyroid hormone 1levels during this period that will be
evident for children with CH.

Secondary hypothyroidism refers to a collection of
abnormalities of hypothalamic-pituitary function resulting
in abnormalities of TSH synthesis and metabolism. TSH is
usually not abnormally elevated in these cases. The com-
bined prevalence of these disorders has been estimated at 1
in 100,000 or about 1-2% of children with CH. Most of these
children may not be identified in neonatal screening pro-
grammes which test for elevated levels of TSH as a marker

for CH.

3.DIAGNOSIS OF CONGENITAL HYPOTHYROIDISM

Most infants with CH are asymptomatic at birth and do
not show signs of hypothyroidism during the first weeks of
life. Only about 5% of CH neonates are diagnosed by clini-
cal criteria before the result of the screening test
(usually between 2-4 weeks) is obtained. Most infants with
CH have low serum thyroxine (T4) and high TSH concentra-
tions in cord blood or in filter paper blood spots collect-
ed at 5-10 days of age.

Classical signs of CH in infants include prolonged
jaundice, feeding problems, constipation, lethargy, en-
larged posterior fontanelle, enlarged protruding tongue and
hoarse cry. Many of these signs and symptoms become more
prominent by 4-12 weeks and, if the child remains untreat-
ed, growth retardation and the typical facial appearance of

CH children will become increasingly evident.
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Congenital hypothyroidism is usually confirmed by
measurement of serum T4 and TSH concentrations in any
infant with an elevated TSH screening result. After 7 days
of age, a serum T4 less than 75 nmol/l with a TSH greater
than 50 mU/1 is indicative of CH. The condition can also be
diagnosed by measurement of serum T4 and TSH concentrations
in individual cord blood or neonatal blood samples with

appropriate adjustment of cut off levels (Fisher 1989).

4.THE INTRODUCTION OF NEONATAL SCREENING

To establish a successful screening programme for CH
it was necessary to develop a method both sufficiently
sensitive and specific in detecting CH, of low cost, and
capable of being used to test large numbers of small sam-
ples of blood collected on dried blood filter paper. In
many countries the methodology for collecting blood samples
from the whole population of newborns had already been well
established for the screening for phenylketonuria. The
technical difficulty was to develop a method that achieved
satisfactory standards of sensitivity and specificity so
that false negatives were avoided and that recall rates
(false positives) were also acceptably low. Two distinct
screening approaches have developed in response to these
requirements. In most regions of North America a method
which tested for both T4 and TSH has generally been adopted
whereas in Europe the most common approach has been to test
for TSH only.

Both approaches have a number of common features.
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Blood samples have been collected on the fifth day of life
by heel prick, dried on filter paper and sent by post to a
local screening laboratory. Evidence of elevated TSH led to
the infant being recalled for a second confirmatory blood
test. Abnormal T4 and TSH serum concentrations confirmed
the diagnosis of CH and treatment was usually initiated
immediately.

One of the first screening programmes for congenital
hypothyroidism was started in Quebec during the early
1970's. In May 1975 Dussault et al (1975) reported the
results of screening 47,000 newborns using a T4 assay from
which seven children with CH were detected. The major
problem was the high rate of false positives (0.89%). A low
T4 value on its own was not specific to CH as blood thyrox-
ine (T4) concentrations could be transiently depressed in
infants with prematurity, low birth weight and neonatal
illness. The advantage of this method was that children
with secondary CH were also detected (one case). In re-
sponse to the problem of high recall rates supplementary
TSH estimations were carried out on all low T4 samples and
this reduced the recall rate to less than 0.4% (Dussault
1976). The full procedure for the T4-TSH approach is de-

scribed in Figure 4.
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FIGURE 4. FLOW DIAGRAM SHOWING SCREENING PROCEDURE USING
T4-TS8H APPROACH

FILTER PAPER BLOOD SPECIMENS

SINGLE T4 DETERMINATION
LOW T4 VALUE NORMAL T4 VALUE
TSH DETERMINATION ! NO FURTHER ACTION
VALUE >20 uU/ml VALUE <20uU/ml
CH CASE FOLLOW-UP IF T4<4.Oug/dl

CONFIRMATORY BLOOD TEST

Adapted from Mitchell and Larsen (1983).

A method of measuring TSH on cord blood was developed
by the Pittsburgh screening centre (Klein et al 1974) and
proved successful in detecting CH. This stimulated the
search for a TSH assay for use on dried filter paper speci-
mens. This was achieved by Irie et al (1975) and first
applied as a mass screening procedure in Switzerland (Illig
et al 1977). The advantage of this procedure was that the
recall rate of false positives was very low (0.04%) but
children with secondary CH were usually not detected.

In the UK screening for CH was introduced in 1978, on
a pilot basis in two health regions, using the TSH approach.
A flow diagram describing the procedure for the North

Thames regions is shown in Figure 5.
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FIGURE 5. PROCEDURE FOR TSH SCREENING IN
NORTH THAMES REGION

DAY 7 DRIED BLOOD SPOT ON GUTHRIE CARD COLLECTED
BY COMMUNITY MIDWIFE AND SENT BY POST TO
REGIONAL LABORATORY

DAY 11-14 FIRST TSH ASSAY TOMPLETED
<25mUu/1 >25mU/1
NORMAL (NO FURTHER ACTION) SECOND TSH

ASSAY REQUIRED

DAY 13-16 TSH REASSAY COMPLETED
<25mU/1 25-80 mU/1 >80mU/1
NORMAL
(NO FURTHER ACTION) CONFIRMATORY BLOOD
TEST REQUESTED
DAY 15-19+ TSH ASSAY ON SECOND BLOOD SPOT
<25mU/1 >25mU/1
NORMAL CONFIRMATORY BLOOD
(NO FURTHER ACTION) TEST REQUESTED

(adapted from Hulse MD thesis 1984)

Each regional laboratory had minor variations (dif-
ferent cut-off levels; different lengths of time for the
TSH assay) on this basic procedure. The TSH assay used in
the North Thames region required three days to complete and
elevated TSH samples (>25 mU/1l) were retested before a

positive result was reported. Most of the infants were not
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recalled for a confirmatory blood test until the third week
of life.

Following the pilot screening programme, a national
screening programme was set up in 1982. Twenty three out of
the twenty five screening laboratories used the TSH ap-
proach although the cut off point to indicate a positive
result varied from 10-30 mU/ml. Results from the first
three years of screening indicated that four cases were
missed by screening, two with dyshormonogenesis, one with a
false negative result, and no measurement was taken in the
fourth.

The length of time between the identification of a
child with CH by the screening procedure and the initia-
tion of treatment was probably influenced by a wide range
of factors such as administrative efficiency, geography
etc. Some children begun treatment within two weeks of
birth and the majority of children from most screening
programmes will have started treatment by the fourth week
of life. Only a small minority of children have begun
treatment after six weeks of age.

In the UK, during the first three years of screening,
the median age of start of treatment was 17 days. Compara-
tive data from 13 other European countries indicated that
this was about average for most screening programmes.
Studies from North America also reported average ages at
start of treatment to be between 17 and 24 days (Rovet et
al 1987; New England CH Collaborative 1984; Glorieux et al

1983). Sweden and Finland had a mean age at start of treat-
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ment of six days due to screening on cord blood samples.
Some countries had a mean age at start of treatment in the
fourth week or later (France:23.6 days; Italy: 28.5 days:;
and Greece:31 days:;) (Working Group on Congenital Hypothy-
roidism of the European Society for Paediatric Endocrinolo-

gy 1990).

5.INCIDENCE OF CONGENITAL HYPOTHYROIDISM

A broad estimate of the incidence of CH was provided
by Fisher (1979) who reviewed the results of screening one
million infants worldwide and calculated an incidence of
1:4250. In the UK the incidence of CH, based on the first
three years of nationwide screening, was 1:3937 (Grant and
Smith 1988). The incidence for girls (1:2756) was 2.4 times
that of boys (1:6640). This finding was comparable with the
results from other screening programmes. Comparative data
from countries in Europe were published for the years 1985-
88 (Working group on Congenital Hypothyroidism of the
European Society for Paediatric Endocrinology 1990). The

following are examples of incidence figures for 1985.

Austria (1:5371) Belgium (1:4108)
France (1:4491) Greece (1:3168)
Spain (1:2893) Switzerland (1:2935)

The overall incidence for the 17 countries who partic-
ipated in the study was 1:3335.
Differences between racial groups may explain some of

the variation between national figures. For example, the
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disorder has been reported to be much less common in Afro-
Caribbean children in the U.S.A. (1:32,000) (Brown et al
1981) and was extremely rare in black infants in the UK
(only three children between 1982-84). CH was more common
in Asian infants where estimates have varied from 1:2,128
in the U.S.A. (Brown et al 1981) to 1:918 in one region of
England (Rosenthal et al 1988). This figure was remarkably
close to an estimate of the incidence of CH in Pakistan as
1:1000 (Lakhani et al 1989). The condition has also been
reported to be more common in Hispanic children (1:2000)
(Frasier et al 1982; Penny et al 1989) and in Eastern
European gypsies (1:2192) (Lescisinova et al 1989).

The incidence of CH appears to have increased since
the introduction of screening. In Scandinavia, prior to
neonatal screening, a broad estimate of the incidence of CH
varied from 1:5800 to 1:6900 whereas the rate is now
between 1:2900 and 1:3600 (Alm et al 1984). In the UK,
before screening, Hulse (1984a) estimated the rate of CH to
be 1:7600 which was again approximately half the post
screening figure. It is probable that the rise in the
incidence of CH is partly due to the early diagnosis of
children with mild forms of CH who would previously not
been diagnosed until later childhood. Although no data has
been published, it is probable that this change has been
accompanied by a large scale reduction in the incidence of
acquired juvenile hypothyroidism. Any assessment of the
psychological benefits of a neonatal screening programme

for children with CH must take account of the different
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populations before and after the introduction of screening.
It is likely that the screened group of CH children include
a larger proportion of "milder" forms of the disorder than
the pre-screening group and that this difference, if not
accounted for, could potentially lead to an overestimation

of the benefits of neonatal screening.

6. TREATMENT OF CONGENITAL HYPOTHYROIDISM

The aim of optimum thyroxine replacement therapy is to
normalise thyroid hormone levels within one month of start-
ing treatment. Subsequently, the aim is to maintain levels
towards the upper end of the normal range of T4 values,
approximately 120-180 nmol/l, and to suppress TSH to levels
below 5 mU/1. Variations in thyroxine levels within this
range have not been considered to be biologically signifi-
cant in relation to long term outcome.

Treatment of CH is carried out through the regular
administration of synthetic T4 (sodium-l-thyroxine: NaT4)
which has been shown to have uniform potency and reliable
absorption. It is common practice to maintain serum T4
concentrations in the upper normal range in order for serum
TSH levels to be normal. Following the start of treatment,
and despite normal or even elevated T4 levels, TSH levels
have remained elevated in 50-60% of infants with CH sug-
gesting that the usual set point in the pituitary feedback
mechanism has been altered.

In the UK the usual daily starting dose of l-thyroxine

for CH infants is a 25 ug T4 tablet crushed and given
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orally in a small amount of liquid. This dose normalises
the serum T4 value within 1-2 weeks. Adequate dosage of 1-
thyroxine in the first year ordinarily ranges between 25-50
ug daily and from 1-5 years between 50-100 ug. The best
guide to adequacy of treatment is periodic measurement of
serum T4 and TSH. In practice, paediatricians may vary
considerably concerning the frequency of monitoring thyroid
hormone levels. Common practice after the first year is to
carry out thyroid function tests every six months. In later
childhood this frequency may be reduced to an annual as-
sessment. Overtreatment can produce tachycardia (increased
heart rate), excessive nervousness and disturbed sleep
patterns. Excessive l-thyroxine over a longer period may
result in advanced bone age and premature synostosis of
cranial sutures.

Generally, the treatment of CH is uncomplicated and
free from any unwanted side effects. Providing regular
medication is maintained, the child is symptom free and
without any restrictions to a normal life style.

Abnormal hormone levels during treatment may occur
either when both T4 and TSH take an inappropriately 1long
time to reach the normal range, when either hormone subse-
quently falls outside its normal range for specific time
periods, or when TSH remains elevated despite T4 being
within the normal range. Such deviations from optimum
treatment, or even variations within the agreed range, may
be important in relation to later (or concurrent) psycho-

logical functioning and is probably associated with three
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factors.

1. The dose of thyroxine is insufficient or excessive.

2. Treatment compliance is poor so that thyroxine
levels fluctuate and sometimes fell outside the optimum
range.

3. Biological variation in the TSH response to thyrox-
ine therapy. This occurs most commonly as persistently
elevated TSH despite normal T4 levels.

The pattern of thyroxine levels over time is likely to
be different for poor compliance compared with low dosage.
Once thyroxine concentrations within the normal range have
been achieved, the most likely explanation for low levels
of thyroxine is irregular treatment compliance. Consistent-
ly abnormal T4 levels from the start of treatment may
indicate inadequate or excessive dose levels. Patients who
have a large variation in thyroxine levels between blood
tests are more likely to have had irregular thyroxine
intake. These examples illustrate that thyroxine control
can be measured in a number of different ways which may
have important implications for data analysis.

The occurrence of elevated TSH levels concurrent with
thyroxine levels within the normal range may be an indica-
tion of insufficient thyroxine concentrations. However,
this is not the only interpretation. It is possible that
thyroxine replacement therapy does not mimic normal thyrox-
ine secretion sufficiently well and that elevated TSH
levels are an indication that levels of exogenous thyroxine

are wrongly 'interpreted' by the hypothalamus as indicating
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peripheral thyroxine deficits. At present, the exact feed-
back mechanisms during treatment remain unknown and abnor-
mally elevated TSH levels during treatment remain potential
but uncertain markers of less than ideal thyroxine replace-
ment therapy.

Timing of abnormal thyroxine levels may also be impor-
tant. Due to rapid brain growth in the first two years
after birth, abnormal thyroid hormone levels during this
period may be more significant for neurological functioning
than abnormal levels at later ages.

These aspects of treatment for CH will be taken into
account in the study. One of the central questions to be
addressed is whether variations in thyroxine control have

important long term consequences for psychological outcome.
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D. EFFECTS OF HYPOTHYROIDISM ON THE BRAIN

OUTLINE: This section will begin with a brief description
of normal neurological development during the prenatal and
early postnatal period. This will be followed by a review
of the effects of reduced thyroid hormone levels on neuro-
logical development during this period. Finally, evidence
from human studies of neuropsychological functioning on the
effects of thyroxine deficiency in endemic cretinism,
premature neonates and adults with acquired hypothyroidism
will be considered.

Two questions will be addressed. Firstly, what type of
neurological impairment results from thyroid hormone defi-
cit? Secondly, what is the evidence that the psychological
deficits are a consequence of neurological impairments
which occur at a specific time period of fetal or early

postnatal l1life?

1. NORMAL NEUROLOGICAL DEVELOPMENT IN EARLY LIFE

Prenatal development of the nervous system can be
divided into three periods, namely the germinal period (0-
14 days), the embryonic period which is characterised by
cell proliferation and migration (2-9 weeks), and the fetal
period where cell growth and differentiation are the
predominant processes (9-40 weeks). In addition, the basic
sequence of developmental events for each neuron is simi-
lar. This is well summarised by Stein et al (1991). "In a
population of specific neurons, neurogenesis is followed by

migration. Migration is followed by axonal outgrowth and

49







































































































































































































































































































































































































































































































































































































































































































































































































































































































































