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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 T 4 . This association was significantly non-linear.
After controlling for parental occupation and educational
background,

children with a pre-treatment T4 less than

4Onmol/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/1 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,
hypothyroidism

children and adults with congenital

(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 197 0'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.

20

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 likely 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".
21

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.

22

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 hypothalamic-pituitary-thyroid axis has been accomplished prior to
normal full-term delivery and can be separated into three
stages (Klein and Fisher 1983).

23

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 iodothyronines (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 lobes
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

creases to a peak level and remains relatively unchanged to
term. This stimulates thyroid gland secretory activity and
serum T4 concentrations increase with gestation age to
their highest level at term. There is some evidence to
suggest that rudimentary feedback control mechanisms of
thyroid hormone levels are operating during this period.
For example, premature infants born after 26-28 weeks
respond to exogenous TRH with an increase in serum TSH
levels in a similar way to full term newborns and adults.
Also, in the fetus, TSH secretion can be inhibited by T4
administration. Recent observations of thyroid function
between 18 and 31 weeks gestation

(Ballabio et al 1989)

has suggested that the different thyroid hormones (T4, TSH,
Free T4) significantly increase with gestation age. However
the rate and timing of this increase varied so that Free T4
levels were comparable to adult levels at 28 weeks gesta
tion whereas T4 was lower than adult levels throughout the
period studied. TSH values were in all cases higher than
the adult range. The

T4/TSH ratio significantly decreased

with gestational age and the results suggest that there is
an incomplete responsiveness of the fetal thyroid gland to
TSH at this age and that the feedback control system be
tween the pituitary and thyroid is operating at a higher
set point from that in post-natal life.
From approximately twenty weeks gestation the fetus is
able to synthesise its own thyroxine. However, the level of
thyroid hormone in the human fetus is not solely determined
by the productivity of the fetal thyroid but is also a
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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,
circulation (Emerson 1989). Previously,

the fetal

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,
triiodothyronine

thyroxine

(T4) and

(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

THYROID
GLAND

PEROXIDASE
IODINE

3 MONOIODOTYROSINE
(MIT)
3,5,3' TRIIODOTHYRONINE
(T3)

3,5 DIIODOTYROSINE
(DIT)
3,5,3',5' TETRAlODOTHYRONINE(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 l.MEAN (2 SD) VALUES FOR SERUM THYROID
HORMONE CONCENTRATIONS VERSUS AGE
AGE

T4 (nmol/1)

T3 (nmol/1)

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 (TBPÀ), 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 evidence 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 T 4 . 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.

1. 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 1 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 Osier who
reported a series of 60 cases where the disorder involved
"the atrophy or serious perversion" of thyroid function
(Osier 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 Osier's

celebration of this

improvement in patient care. "Not the magic wand of Prospero 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" (Osier 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
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from the Karakoram mountains

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
attributable to
hypothyroidism

-SPORADIC—
-ACQUIRED
-HYPOTHYROID TYPE

Associated with
lack of iodine;
pathogenesis
not firmly
established.

-ENDEMIC-

-NEUROLOGICAL TYPE
from Pharoah and Connolly (1989)

Sporadic cretinism was seen as either occurring from
bi r t h

(congenital)

or as d e v e l o p i n g

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.
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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 levels 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/1 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 foj: 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-TSH APPROACH
FILTER PAPER BLOOD SPECIMENS
-SINGLE T4 DETERMINATIONNORMAL T4 VALUE

LOW T4 VALUE
TSH DETERMINATION-

NO FURTHER ACTION

VALUE >20 uU/ml

VALUE <20uU/ml

CH CASE

FOLLOW-UP IF T4<4.0ug/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

DAY 11-14

DRIED BLOOD SPOT ON GUTHRIE CARD COLLECTED
BY COMMUNITY MIDWIFE AND SENT BY POST TO
REGIONAL LABORATORY
FIRST TSH ASSAY COMPLETED

<25mU/l
NORMAL (NO FURTHER ACTION)

DAY 13-16

TSH REASSAY COMPLETED

<25mU/l
NORMAL
(NO FURTHER ACTION)
DAY 15-19+

>25mU/l
SECOND TSH
ASSAY REQUIRED

25-80 mU/1

>80mU/l

CONFIRMATORY BLOOD
TEST REQUESTED

TSH ASSAY ON SECOND BLOOD SPOT

>25mU/l
CONFIRMATORY BLOOD
TEST REQUESTED

<25mU/l
NORMAL
(NO FURTHER ACTION)

(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/1)

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 198588

(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 AfroCaribbean 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)
European gypsies (1:2192)

and in Eastern

(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

(Aim 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 12 0-180 nmol/1, 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 1-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 1thyroxine 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 1-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 long
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.
this is not the only interpretation.

However,

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 life?

1. NORMAL NEUROLOGICAL DEVELOPMENT IN EARLY LIFE
Prenatal development of the nervous system can be
divided into three periods, namely the germinal period (014 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
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elongation and by dendritic outgrowth,

elongation and

branching. These events are followed by synaptogenesis and
subsequently, myelination."

However, such descriptions do

not reflect the full complexity of brain development. The
timing of the processes of cell proliferation, migration
and differentiation vary according to the area of the
developing brain and are dependent on the successful
completion of previous neurological events.
(1977) wrote,

Bass et al

"it is not possible to speak of a single

maturational profile for the developing brain or cerebral
hemispheres, unless we completely neglect the fact that the
brain is exquisitely partitioned into a variety of systems
whose rates of morphological and functional maturation are
entirely different."
The beginnings of the nervous system can be observed
at the third week of gestation with the neural groove which
gradually deepens and eventually folds over on itself
resulting in a fluid filled central canal called the neural
tube

(4 weeks). Cells in the wall of the tube begin to

proliferate and growth increases at the cranial end where
three outpouchings appear which rapidly differentiate into
the rudiments of the forebrain,

midbrain and hindbrain

structures. By the end of the seventh week the cerebral
hemispheres,

the thalamus,

pons and cerebellum can be

readily identified.
At the beginning of the fetal period

(9 weeks) the

head constitutes at least half the mass of

the fetus. At

8-10 weeks the early cortical plate
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(precursor of the

cerebral cortex) forms from the first major wave of migrat
ing cells so that four layers of the cortex are visible at
this time. As the cortical plate thickens due to migrating
neurons, more layers are formed giving the cortex its final
six layered composition by approximately 28 weeks.
At the beginning of the fifth month the increasing
number of cortical cells causes the smooth surface of the
developing brain to develop the typical pattern of convolu
tions and sulci. Much of this growth is a consequence of
glial cell proliferation and axonal and dendritic differen
tiation. The weight of the brain continues to increase but
the rate of increase is not constant.
colleagues

Dobbing and his

(Dobbing 1977; Dobbing and Smart 1974)

have

found that there are two periods of development when brain
growth is particularly rapid. The first of these "growth
spurts" occurs between 15-28 weeks when there is very rapid
neuroblast (immature neuron) proliferation. When the number
of neurons in the developing brain has reached approximate
ly adult levels the second growth spurt begins at about 30
weeks and involves an enormous proliferation of glial
cells. This period continues into the second year of post
natal life. It should be emphasised that in humans the main
part of the brain growth spurt is postnatal

and that the

number of brain cells (predominantly glial cells) doubles
between birth and the sixth postnatal month (Morreale de
Escobar 1983). At birth, the brain is approximately 25% of
the adult brain weight and by 30 months this has increased
to approximately 75% (Rose 1976).
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As well as the replication of glial cells, postnatal
development also involves rapid myelination which continues
well into the third and fourth years. There is also in
creased synaptic connectivity brought about by further
axonal and dendritic growth and elaboration. This is un
doubtedly in part a response to environmental stimulation
which promotes increasing functional organisation of the
nervous system.
As emphasised at the beginning of this section, dif
ferent structures in the brain follow different timetables.
The development of the cerebellum clearly illustrates this
diversity of process and timing.

Cell proliferation is

predominantly postnatal with only 17% of the final number
of granule cells being present at birth. Cell migration, in
contrast to the cortex, occurs in an "outside-in" direction
so that the external granule cells finally form a layer
beneath the Purkinje cells.
Dobbing

(1977)

has suggested that

specific brain

structures are more vulnerable to long term dysfunction
during the earlier stages of cell proliferation and migra
tion. The time period during which the fetus or neonate
lacks thyroid hormone may be critical in understanding its
differential effects on separate brain functions. As already
described, the fetus obtains thyroid hormone from both the
mother and, after about twenty weeks gestation,

from its

own thyroid system. As there is no evidence for maternal
thyroid deficiency in CH,

it is more probable that the

insult to brain development due to thyroid dysfunction
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occurs in the second half of gestation during the period of
cell differentiation and growth.

Evidence from animal

studies does lend support to this hypothesis (see below).
The timing of the neurological insult would also have
different effects on parts of the brain depending on its
relative maturity.

For example,

in the second half of

gestation, the cerebellum is still in the process of cell
proliferation and migration so that these earlier processes
may be disturbed by thyroid deficits after twenty weeks
gestation.

2.THYROID HORMONES AND BRAIN DEVELOPMENT

"The developing brain is affected by hypothyroidism
more profoundly than any other organ.
kidneys,

The liver,

lungs, gut, muscles, blood ....continue to

function with a strong semblance of normality.
brain, however,

The

is crippled beyond possible recovery.

At some time in its development, the brain becomes a
critical

target

organ for thyroid

hormone."
(Grave 1977)

"At present we do not know at which point in develop
ment the brain becomes dependent on thyroid hormones
for normal maturation. The irreversible brain damage
leading to mental retardation in untreated CH is proba
bly due to the alteration of neurobiological events
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occurring between the end of the first trimester of
pregnancy

and

the first three months

after

birth."

(Morreale de Escobar et al 1983)

2a. Studies on humans
Evidence from the study of the morphological

and

biochemical changes observed in the brains of humans with
late treated or untreated CH has not provided a consistent
profile of specific brain defects or lesions which could be
associated with the psychological deficits of patients with
CH. It was concluded in one review that, "the nature of the
observed defects suggest that at least some have resulted
from prenatal influences,
postnatally.

although others have developed

The reported abnormalities include disturb

ances in the development of the cerebral and cerebellar
cortices which amount to hypoplasia, edema, vascular dila
tion, relative deficiency of capillaries,

and incomplete

myelination" (Brasel and Boyd 1975). The inconsistency of
these results has lead to the conclusion that no specific
brain lesions have been demonstrated as being associated
with CH, even in long term untreated cases.

2b. Studies on animals
More fruitful evidence has been produced by animal
studies. A common research protocol has been to study the
effects of hypothyroidism on neurological development in
rats by the removal of the thyroid at a specific postnatal
age

followed by the initiation of thyroxine replacement
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therapy at different time periods. Evidence from animal
studies needs to be interpreted by taking account of the
different levels of neurological maturation at birth in
different species. The newborn rat can be approximately
compared to the human fetus during the second trimester of
gestation and the rat with a

6-10 day postnatal age to the

newborn human (Dussault 1989a).
Using laboratory rats, a set of classic studies by
Eayrs effectively demonstrated that the severity of impair
ment in learning capacity was inversely related to the age
at which hypothyroidism was induced and that the effects of
hypothyroidism induced at birth were only reversible with
thyroid hormone treatment if begun within a limited time
period (Eayrs 1971).
In 1977, Ford and Cramer provided a comprehensive
review of the findings from animal research of the effects
of hypothyroidism on brain development. The wide range of
the effects across a number of different brain systems was
emphasised. Deficits were reported in neuronal growth and
myelination,

in nucleic acid synthesis,

in

CNS enzyme

systems and in the normal patterns of electrical activity.
As with the data from human subjects, the pervasive rather
than the specific nature of the effects of thyroid hormone
deficiency on brain development was very striking.
Many

studies

have

e x amined

the

neurological

development of the rat cerebellum as its predominantly
postnatal genesis has made it more accessible to experimen
tal manipulation. Hypothyroidism at birth in the rat re
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suits in a series of defects in the cerebellum. Firstly,
there is impairment in the arborisation and creation of
dendritic spines in the Purkinje cell neurons although the
overall number of Purkinje cells is not reduced. Secondly,
the period of cell division for the external granule layer
is extended past 21 days leading to delay in migration and
the laying down of the internal granular layer. The normal
timing of the establishment of synaptic contacts between
the Purkinje

and the granule cells is consequently dis

rupted resulting in a permanent impairment of neuronal
connectivity. These impairments can be corrected if thyrox
ine replacement therapy is initiated during the second
postnatal week.

If therapy is delayed beyond this time,

permanent cerebellar damage will result (Morreale de Esco
bar et al 1983).
The effects of hypothyroidism on the cerebral cortex
results in a wide range of defects.

If hypothyroidism

begins at birth, it does not reduce the number of cortical
neurons but cell differentiation is impaired. However, the
number of cortical glial cells may be reduced with de
creased migration and impaired differentiation.

There is

evidence for reduction in total DNA and for disruption of
enzyme activity associated with the formation of synapses.
A succession of studies by Ruiz-Marcos and his colleagues
(Ruiz-Marcos et al 1979; 1983) have carefully assessed the
number of dendritic spines on the apical shafts of the
pyramid cells of the visual and auditory cortex and shown
that they were severely and irreversibly damaged if the
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rats remained untreated up to 20 days of age. Treatment
from 12 days resulted in normal development. It was con
cluded that there was a critical period between 12 and 20
days when the opportunity for maturation of the cells had
been lost. Although the changes which have been described
in the cerebral cortex of rats made hypothyroid are many
and varied, there is clear evidence for an overall reduc
tion in the usual elaboration of neuronal connectivity.
Both animal and human studies have reported the sus
ceptibility of the developing peripheral auditory system to
thyroid hormone deprivation. Abnormalities in brain stem
response have been reported in hypothyroid rats and the
period of greatest vulnerability to thyroxine deprivation
lies between 3 days before delivery to 5-10 days of age.

3.OTHER NEUROPSYCHOLOGICAL ASPECTS OF THYROID HORMONE
DEFICIENCY
OUTLINE: This section will review evidence from human stud
ies on the effects of thyroid hormone deficiency on the
neuropsychological functioning of three non-CH patient
groups, namely endemic cretinism, premature neonates and
adults with acquired hypothyroidism. The mechanisms in
volved are potentially similar to those involved in CH and
may be helpful in clarifying the mechanisms and timing of
neurological impairment due to thyroid hormone deficiency.
(3a) Endemic neurological cretinism.
In an important study on endemic neurological cretin
ism, Pharoah and Connolly (1989a) carried out a longitudi
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nal study of children from a mountainous area of Papua New
Guinea.

The subjects were entered into a double blind

controlled trial and alternate families were injected with
either iodinated oil or physiological saline. The results
of the study confirmed that iodinated oil was effective in
preventing endemic cretinism, provided it was given to the
mother prior to conception.

The results suggested that

deficits in intellectual functioning were related to iodine
deficiency during early pregnancy. This was investigated in
a further study of 66 women who were pregnant at the time
when maternal thyroid hormone levels were measured. The
offspring of these mothers were subsequently followed up
and assessed for intellectual functioning at different ages
through to adolescence. The results of these assessments
indicated that cognitive and motor performance appeared to
be associated with levels

of maternal thyroxine during

pregnancy. A later report on the same study suggested that
impaired memory function in 16-17 year

olds was signifi

cantly associated with lower maternal T4 but not T3 values
during pregnancy (Pharaoh and Connolly 1989b). (No study
has so far reported T3 transfer across the placenta). The
authors hypothesised that maternal T4 had a specific, and
perhaps direct role in the neurological development of the
fetus distinct from T3.
This finding provided further indirect evidence that
maternal T4 crosses the placenta in early pregnancy and has
an active biological function during this period.

The

specific relevance of these findings for CH is that the
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neurological

impairment in endemic cretinism occurs in

early gestation when the fetus is dependent on maternal
thyroxine supply.

The type and pattern of neurological

deficits are more severe and different from those observed
in CH which would suggest that the neurological deficits in
CH occur at a later period of gestation.
(3b) Preterm neonates
Evidence from different strands of research, such as
the normal development of the fetal thyroid, from experi
ments on hypothyroid animals, and from research on endemic
hypothyroid cretinism has suggested that impairment of
neurological development in CH is associated with deficien
cy in thyroid hormones during the second half of gestation
and during the neonatal period. Studies on preterm infants
have also suggested an important role for thyroid hormones
during the period 30-40 weeks postmenstrual age for neuro
logical and later psychological development. It is recog
nised that preterm infants are clearly a special circum
stance and that parallells with full term infants must be
made with considerable caution.

No attempt is made to

review the voluminous literature on preterm babies and
psychological development. However, two recent, high quality
studies will be described.
Lucas et al (1988) carried out a follow-up study of
280 preterm infants with a mean birth weight of 1330 grams
and gestation of 30.3 weeks. Plasma triiodothyronine (T3)
samples were taken while the infants were in the special
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care baby units.

Mental development was measured at 18

months using the Bayley scales of Infant Development. The
mean score on the Bayley scale in infants with T3 concen
trations under 0.3 nmol/1 during the neonatal period was
92.3 compared with a mean of 102.7 for those with higher T3
values. The relationship between T3 and later developmental
functioning was non-linear with all children with values
above 0.3 nmol/1 performing similarly well. When mental
development scores were adjusted for sex, birth weight,
gestation, small for dates status, mode of delivery, Apgar
score at five minutes and a number of other neonatal varia
bles the difference between groups was still 8.3 points.
The authors of the study concluded that "low plasma T3
concentration is strongly predictive of developmental
outcome although the relationship may not be causal". This
finding has now been replicated from a Dutch follow-up
study (Meijer et al 1992).
À study by De Vries et al

(1986)

aimed to assess

neurological maturation as measured by nerve conduction
velocity in premature infants with normal and abnormal
thyroid function. Thirty three low birth weight babies with
a gestation age of 31 weeks or less

showed that nerve

conduction velocity was more likely to be delayed in those
infants with low T4 concentrations on the twenty first
postnatal day.

However,

some infants with very low T4

values showed no maturational delay. This observation is
important and suggests that T3 rather than T4 may be the
critical thyroid hormone for this study. The authors recog
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nised that longer follow-up would be needed to establish
whether the observed delay represented a long term deficit.
The authors of both studies recognised that relative
deficits in thyroid hormone during the period after birth
and up to 40 weeks postmenstrual age may be markers for
other processes and impairments which may be more signifi
cant for neurological and psychological development. Howev
er, both studies were methodologically sound and indicated
the direct,

or indirect,

importance of thyroid hormone

deficiency in early development.
(3c) Acquired hypothyroidism in adults
As already described, thyroid hormones have both a
direct effect on the immediate functioning of the central
nervous system

(CNS) and also an important role in the

adequate development of the CNS. In the study of children
with congenital hypothyroidism it is often assumed that the
observed deficits in psychological functioning are "perma
nent" and

associated with impairment of the usual develop

ment of the CNS which has occurred at an earlier age.
However, it is important to recognise that observed psycho
logical deficits may also be a consequence of contemporane
ous thyroxine levels for which the effects may be relative
ly "transient". This is particularly important in children
with CH who take their medication irregularly. The study of
the effects of adult onset hypothyroidism on psychological
functioning is useful as these effects are unlikely to be a
consequence of impaired CNS development but illustrate the
effects of thyroxine deficiency on contemporaneous CNS
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functioning. It is likely that children with CH, particu
larly those whose quality of treatment is not ideal, may be
at risk of mild and transitory psychological impairments
similar to those described for patients with adult onset
hypothyro id ism.
The initial psychological effects of late onset hypo
thyroidism in adults are likely to be subtle and diffuse,
only becoming progressively more pronounced over time.
Inattentiveness,

slowing of the thought processes and

reduced memory for recent events may occur leading to
increased drowsiness, lethargy, slow motor processing and
lengthening periods of sleep during the day. Perceptual
distortions, mood disturbance and psychosis may occur in
severe and untreated forms of the disorder (Baumgartner et
al 1992). The early course of the condition may be diffi
cult to distinguish from clinical depression.

The initia

tion of thyroxine replacement therapy usually results in
rapid amelioration of these symptoms without further long
term deficits.
4.SUMMARY
Insults to neurological development during the first
few weeks of gestation are likely to lead to major neuro
logical impairments (as in endemic neurological cretinism)
whereas later insults may result in more subtle functional
deficits. This principle seems relevant to the effects of
thyroid hormone (or iodine) deficiency on prenatal neuro
logical development. The overall weight of evidence,
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in

eluding the relative well being of most neonates with CH at
birth, suggests that the neurological insults involved in
CH do not occur during the early part of gestation but are
a consequence of either insults during the second half of
gestation or during the immediate postnatal period. The
impairments observed in animal studies involve a wide range
of deficits to the usual development of neuronal differen
tiation and connectivity but do not greatly affect earlier
processes of neuroblast production. The exact way, at a
cellular level, that thyroxine influences the process of
neuronal differentiation is not well understood. It should
be recognised that thyroid deficiency has immediate as well
as developmental effects on neurological processing and
that assessments of psychological functioning may be influ
enced by both aspects of hormonal action.
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E. PSYCHOLOGICAL OUTCOME IN CH BEFORE SCREENING.
OUTLINE: This section will review studies on the psycholog
ical outcome of children and adults with CH before screen
ing was introduced. Evidence for deficits in intellectual
functioning and motor skills and for an increased frequency
of neurological impairments and behaviour problems will be
presented.
1.INTRODUCTION
Before the introduction of neonatal screening for CH,
children with CH were diagnosed at any age during childhood
and even adolescence, although the majority of cases were
diagnosed in early childhood. Diagnosis was made on the
basis of classical signs (see above), particularly facial
appearance and lethargic functioning. The knowledge that
treatment with thyroxine

would not only alleviate the

physical symptoms of the disease but would also lead to
improved mental functioning,

and that this

improvement

could be enhanced by earlier onset of treatment, was only
gradually established through a progression of studies
starting in the 1930*s.
Most outcome studies of children and adults with CH
that were carried out before the introduction of screening
obtained data on at least one of three broad domains of
functioning. Firstly, data were collected on intellectual
or cognitive abilities, usually with standardised measures
of IQ. Secondly, neurological and motor function was as
sessed either by clinical examination or by using standar
dised measures of motor function. Thirdly,
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evidence for

abnormal personality types or deviant behaviour patterns
was collected either by reporting anecdotal clinical im
pressions or by the use of standard behavioural question
naires. The evidence concerning each of these areas will be
considered separately.
2. INTELLECTUAL FUNCTIONING
In 1936,

Gesell and his colleagues described the

response to treatment of six cases of CH. The mental devel
opment of the children was formally assessed at the time of
diagnosis and on subsequent follow-up of a period of be
tween 59 weeks and seven years. Four of the children were
started on treatment during their first year of life and
the remaining

two began treatment close to their second

birthday. At diagnosis all the children were reported to
have a developmental quotient (DQ) of 50 points or less and
all showed DQ gains after periods on treatment. Four of the
children remained significantly intellectually impaired (DQ
< 75) while the remaining

two children were at the lower

end of the average range. Gains during treatment ranged
from 15 to 65 points. Although the reliability of develop
mental quotients during the first year may be questioned,
the study was important in suggesting that treatment may
not only arrest the physical symptomatology of the disorder
but could lead to improved cognitive functioning. However,
in this small sample, better outcome was not associated
with earlier onset of treatment (Gesell et al 1936).
A much larger sample of 145 children and adults were
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described by Lewis and his colleagues (Lewis et al 1937).
Seventy nine of this sample were assessed for cognitive
functioning using either the Binet-Simon, Merrill-Palmer or
Gesell tests depending on the severity of their mental
impairment. Approximately three quarters of those assessed
had an IQ score of less than 70 points. It was noted that
these scores could be considered an underestimate of the
level of functioning for some of the subjects as their
'mental slowness' lowered their scores on timed tasks. It
was also acknowledged that the sample was likely to be
biased towards the most severely impaired patients as many
of the sample were recruited from large long-stay hospi
tals. Nevertheless, the cognitive outcome for a substantial
proportion of patients with CH was extremely poor.
Lewis,

like Gesell, was not convinced that earlier

treatment would lead to improved cognitive functioning. A
case was described of a patient who began treatment at four
months of age and who was assessed to have an IQ of 34.
This was contrasted with a patient who did not receive
treatment until 31 years of age and who had an IQ of 63.
Lewis recognised that the adequacy of treatment could not
be assumed

and that poor treatment, despite being initiat

ed early, could account for the poor outcome in some cases.
With the benefit of later knowledge it can be seen that the
advantages of early treatment were confounded by the tend
ency for more severe cases of CH to be diagnosed earlier
than milder forms of the disorder. In this way, the poorer
outcome of some patients treated earlier was probably asso-
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elated with a more severe form of the disorder.
This problem was fully addressed in an impressive
study on a group of 149 patients with CH treated at the
Harriet Lane Endocrine Clinic (John Hopkins University)
during the period 1935-55 (Money 1956; Smith et al 1957).
In the earlier paper. Money described the results of IQ
tests on a randomised group of 70 patients divided into
groups according to the age that each child became euthy
roid following the onset of treatment. The data were pre
sented by giving the results of each individual assessment
without any summary statistics at alii In spite of this
apparently limited treatment of the data, Money made a
number of perceptive observations which proved to be quite
forward looking. He observed that low IQ was not an invar
iable consequence of CH and also that early treatment did
not invariably result in average range IQ scores. He con
cluded that age at start of treatment was not the only
prognostic indicator and that parental IQ, the quality of
treatment following diagnosis, the aetiology of the CH and
the length of time that the infant was hypothyroid (includ
ing the fetal period) were also likely to contribute to
later mental functioning.

In retrospect these considera

tions have proved remarkably accurate in predicting the
questions addressed by many later follow-up studies of
early treated children with CH.
Smith et al (1957) described the psychological outcome
of 128 patients in relation to three diagnostic groups,
namely severe congenital cretinism, mild congenital cretin-
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ism, and acquired hypothyroidism. Severe congenital cretin
ism was defined as

those patients who developed definite

symptoms and signs of CH within the first six months of
life

(N=79) . Mild cretins

evident' symptoms

(N=32)

did not show

'readily

prior to six months of age but symptoms

were 'grossly' manifest by 6 to 18 months of age. Seventeen
patients were classified as having acquired hypothyroidism
with onset of symptoms between 2 and 12 years of age. The
mean duration of therapy was six years

(range:

1 to 16

years) prior to the last determination of cognitive func
tioning. Nearly all of the patients (109) were formally
assessed using either the revised Stanford-Binet scale for
children under five years or the Wechsler scales for older
children and adults. The remaining 19 patients were evalu
ated on the basis of clinical judgment.

TABLE 3. INTELLECTUAL FUNCTIONING IN LATE TREATED CH
(Smith et al (1957).
TYPE OF CH
Severe CH -age at
start of treatment
6 mths
7-12 mths
>12 mths
Not adequately
treated
Mild CH-treated
6mths-13yrs
Acquired CH

N

%>90

%<50

22
7
22

45
29
0

18
29
40

28

0

61

32

41

6

17

7

6

Cognitive outcome has been divided according to the
age at which adequate treatment was judged to have been
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established.

Within the

'severe*

group

(including the

patients not treated adequately) the overall proportion of
patients with an IQ less than 50 was 41%. However, of those
adequately treated during the first six months, the propor
tion was only 18%. In contrast, 61% of those patients who
were inadequately treated during the first year had an IQ
less than 50. Comparisons with the 'mild* group showed a
much smaller proportion (6%) of children within this range
of IQ scores. The authors concluded that adequate treatment
initiated during the first six months of life would reduce
the frequency of severe learning impairment in patients
with CH.
This finding was supported in studies by Andersen
(1961) and Man et al (1963) although these were based on
very small samples. Raiti and Newnes

(1971)

reviewed a

consecutive series of 141 cases treated at the Hospital for
Sick Children in London. Fifty six of these children were
formally assessed for IQ and improved cognitive outcome was
evident in those children treated before three months of
age.

Nearly 75% of children treated before three months of

age had an IQ score greater than 90 compared with only 33%
of those started on treatment between three and six months
of age. This finding was also reported in North America
(Klein et al,

1972)

in a study of 31 children in which

those treated from less than three months of age (mean IQ
89) were functioning over one standard deviation higher
compared with later treated patients (four to seven months:
mean IQ 70). Despite important methodological deficits in
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some of these studies, the overall results of these studies
were consistent in indicating the neurological importance
of the first six months of life in respect to brain growth.
The importance of early treatment was increasingly support
ed by a number of animal studies (described previously).
Between 1974 and 1981 four studies

(Hanefeld et al

1974; MacFaul et al 1978; Wolter et al 1979; Aim et al
1981)

presented broadly similar findings in respect to

psychological outcome.

All four studies

suggested that

improved IQ scores were related to early treatment, that
the overall mean IQ for patients with CH was about one
standard deviation below the population mean and that minor
neurological impairments appeared unrelated to age at start
of treatment. All four studies had relatively small sample
sizes (between 30 and 57 cases) which made within group
comparisons potentially unreliable.
In the UK

two follow-up studies with larger samples

(Birrell et al 1983; Hulse 1984b) were carried out in two
areas of England. The explicit aim of the study by Hulse
was to provide psychological data on a large community
sample of children with late treated CH in order to compare
thèsedata with the psychological outcome of children with
CH detected by screening (early treated). It was intended
that this would enable a more accurate evaluation of the
value of the screening procedure (Hulse 1984a). The study
was carried out in the south east of England and involved
the assessment of a sample of 141 children, aged between 1
and 16 years, on a wide range of psycho-neurological meas
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ures including IQ. Retrospective data were collected on the
diagnosis and early treatment and 132 cases were confirmed
to have CH. Five cases were considered to have acquired
hypothyroidism and, for four cases, the diagnosis could not
be confirmed. 31.8% of the sample began treatment during
the first three months of life and 34.1% after their first
birthday. Within this latter group 7.4% began treatment
after five years.
With respect to intellectual functioning, there was a
remarkably consistent outcome across the age range despite
using different assessment procedures. Children younger
than four years

(N=10) were assessed using the Griffiths

scale of Infant Development and had a mean DQ of 83.9. Four
to six year olds (N=21) were assessed with the McCarthy
scales and had a mean GCI of 81.7. Using the WISC-R, the
older children (N=99) had a mean score of 79.5. Overall,
children with late treated CH had an intellectual deficit
of approximately 1.3 standard deviations compared with the
general population.
The relationship between intellectual outcome and age
at start of treatment was examined without controlling for
the severity of the condition. A summary of the results is
shown below.
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TABLE 4. IQ BY AGE AT START OF TREATMENT IN CH
(Hulse 1984)
CHILDREN BEFORE SCREENING
AGE AT START OF TREATMENT
Less than six weeks
Six weeks-3 months
3-6 months
6-9 months
9-12 months
12-24 months
24-60 months
>60 months

N

Mean IQ

6
14
22
4
6
15
11
9

102.5
84.4
78.2
68.0
80.5
83.3
85.5
79.4

Intellectual outcome showed a decline when treatment
was delayed after six weeks of age. Children treated before
six weeks of age obtained a mean IQ close to that of the
general population. The decline in IQ scores during the
first year further suggested the importance of early treat
ment but only if the severity of the disease was equivalent
for all groups.
The study by Birrell et al (1983) was very similar in
design. 80 children with CH between the age of 5-15 years
within the Northern Health region of England were identi
fied and 56 of these completed full motor and intellectual
assessments.

Intellectual functioning was assessed using

either the WPPSI or the WISC-R as appropriate. The mean IQ
for the group was 83.9 points, a result very similar to
Hulse's findings. However, in contrast to Hulse, no rela
tionship between age at start of treatment and cognitive
outcome was indicated. However, poorer outcome was associ
ated with earlier onset of CH (as measured by bone age at
diagnosis)

and it is probable that this confounded the

association with the age at start of treatment.
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These estimates of intellectual functioning provided
by the two British studies were marginally higher than that
calculated by Klein (1980) who carried out a literature
review on all studies with IQ data on patients with late
treated CH. A sample of 651 cases was obtained with a mean
full scale IQ score of 76. It was also noted that some
children with IQ scores above 90 were still unable to
attend main stream school because of varying problems with
speech, perception and attention. This lower estimate of
outcome was probably influenced by the inclusion of cases
from an earlier time period when the quality of treatment
was less certain than that covered by the two UK studies.
The aim of many of the more recent follow-up studies
of children and adults with late treated CH was to provide
comparative data with the outcome of children following the
introduction of screening. However, changes in outcome may
also have been influenced by improvements in the clinical
management of patients and by more general secular trends
(e.g. rising IQ scores) which have occurred over the time
between studies of children with late treated CH and subse
quent studies of screened populations of CH children. This
difficulty has been addressed by a more recent study

(Sack

et al 198 6) who compared early and late treated children
who were treated during the same time period. The study
consisted of three groups of children with CH, namely those
detected by screening (early treated)

and two groups of

late treated patients. The results are summarised in the
table below where age (weeks) refers to age at start of
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treatment.

TABLE 5. INTELLECTUAL OUTCOME IN LATE AND EARLY
TREATED CH (Sack et al 1986)
DEFINITION OF GROUP

N

MEAN AGE
AT START
TREATMENT
(weeks)

IQ
(Mean)

Detected by screening.

14

4.6

104

Late treated,
thyroid agenesis

15

19.3

82

9

46.4

93

Late treated,
ectopic thyroid

Although the interpretation of the results of this
study is limited by the sample size, it provides a useful
illustration of the potential benefits of early treatment
and that outcome is also likely to be affected by the
severity of the condition as well as the age at which
treatment is started.
Results from a range of studies between 1930 and 1984
provide strong evidence for substantial intellectual defi
cits in patients with late treated CH. The size of the IQ
deficit can be estimated to be approximately 1.3 standard
deviations below the population mean. Patients who began
treatment during the first three months of life had a
higher IQ than later treated patients and, in some studies,
this has approximated to the expected mean for the general
population. However, it remained unclear whether the rela
tionship between age at start of treatment and intellectual
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outcome was linear or whether there was a critical period
for the initiation of treatment in order for normal intel
lectual development to be achieved as had been suggested by
some of the animal studies described above.

3. NEUROLOGICAL FUNCTIONING AND MOTOR SKILLS.
Many of the early studies of CH reported a high fre
quency of poor motor coordination and other neurological
impairments. For example, Smith et al

(1957) noted signs

and symptoms of neurological impairment in 2 6 of their 79
patients with severe CH. These included spasticity, shuf
fling gait,

incoordination, jerky movements, tremor and

increased reflexes. The more severe problems were found in
those with the lowest IQ scores and no neurological abnor
malities were observed in children with mild CH. In addi
tion, Money (1956) described a high frequency of speech
defects in the same group of patients.

He described a

number of cognitive deficits (which he called "communicational signs of neural functioning") such as perseveration,
aphasia and periphasia. His clinical impression was that
children and adults with CH showed an impairment of the
ability to form "cohesive cognitional patterns, configura
tions or Gestalten". Whether these characteristics were a
consequence of CH and independent of generally lowered IQ
could not be determined from the study.
A number of studies have reported neurological abnor
malities which were interpreted as indicating damage to the
cerebellum. Hagberg and Westphal (1970) described cerebel
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lar ataxia in 6 out of 12 children with incoordination of
movements and intention tremor but without evidence of
dysequilibrium or spasticity. The ataxia was not progres
sive and the children showed a tendency towards compensa
tion and functional improvement.

Hanefeld et al

(1974)

reported that a similar proportion (50%) of cases showed
cerebellar dysfunction and Wiebel (1976) described a series
of 67 cases in which 28 (40%) showed cerebellar dysfunc
tion. Children in which hypothyroidism was observed in the
first three months of life had a higher frequency and
increased severity of these symptoms whereas, in children
with later onset, these symptoms were comparatively rare.
It was suggested that there was a critical period for
cerebellar development during this post-natal period which
was sensitive to an insufficient availability of thyroxine.
This finding was supported by a number of animal studies
(see above).
The preponderance of cerebellar disorders in children
with CH was not confirmed by MacFaul et al

(1978) who

carried out neurological assessments on a group of 31
children with CH aged between 2 and 21 years. Twenty two
children showed symptoms of CH during the first week of
life, 4 patients showed symptoms between 4 and 16 weeks and
the remaining 5 patients between 4 and 21 months. Treatment
for the early symptoms group began between 4 and 80 weeks
of age. Overall, 30% of the sample were rated as clumsy by
parents and teachers and 50% were assessed as having a
minor motor disorder. This latter assessment was based on
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both fine and gross motor skills but did not include a high
incidence of signs of cerebellar dysfunction as reported by
other studies. Eye abnormalities were common (53% squint;
10% nystagmus; 30% other disorders) and a diverse range of
speech problems were reported in 20% of the sample. The
indications of neurological dysfunction were not more
frequent in children treated after ten weeks compared with
those treated sooner than this period. The authors raised
the question of whether early treatment based on the intro
duction of a neonatal screening programme would necessarily
lead to a reduction of the frequency of these neurological
disorders.
A similar study of neurological and psychological
functioning of 57 children with CH was carried out in a
collaborative project in Belgium (Wolter et al 1979) at
about the same time. Criteria for entering a child into the
study were precise.

All children in the study were as

sessed for bone age at the time of diagnosis, full hormonal
treatment was started immediately and normal growth, bone
maturation and hormonal control was subsequently observed.
Using these parameters it was proposed that the period of
time that the child was hypothyroid began at the time
determined by the bone age at diagnosis and ended when
thyroid replacement therapy was initiated. 32 children had
a prenatal bone age at diagnosis, 13 had a 'newborn* bone
age and 12 had a bone age ranging from 1-12 months. Neuro
logical assessment was carried out between 3 and 17 years of
age and included a wide range of neurological, motor and
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psychometric procedures.
Only eight children showed symptoms of cerebellar
ataxia in this series and all of them had prenatal onset of
CH and were treated after seven months of age. Children
with prenatal onset of CH treated before seven months and
all those with a bone age equivalent to the newborn or
later did not show any evidence of cerebellar dysfunction.
In general, other indications of neurological dysfunction
such as fine motor coordination disability,

slow motor

performance, short attention span, impaired spatial orien
tation, slow ideation were more frequent in the 'prenatal'
group. These symptoms did not appear to be affected by the
age at start of treatment although the small numbers in the
study make it difficult to assess this association more
fully than just a description of individual cases.

The

study also reported the presence of hyperkinesis, enuresis
and a specific mathematics learning disability in children
with CH. However, there were difficulties in interpreting
the findings without a control group when many of the
observed behaviours were poorly defined. Nevertheless the
study was important in two ways. It suggested the impor
tance of prenatal processes in determining outcome and that
bone age at diagnosis provided a useful predictor of longer
term psychological outcome.
A study by Aim et al (1981) was carried out on a more
homogeneous and representative sample of thirty nine 7-9
year old children with CH in Sweden. 26 of the sample were
rated as showing early onset CH (signs and symptoms present
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in the first four weeks of life). Neurological abnormali
ties were found in 17 children and were rated for severity
according to the method described by Touwen and Prechtl
(1970). Nine children were rated as having an obvious
neurological dysfunction and all of these children had
early onset CH. The most frequent impairment was in gross
motor coordination and balance, with 13 children unable to
walk in a straight line or stand on one leg.
A comprehensive assessment of motor skills, using the
Bruinincks-Oseretsky test of Motor Proficiency, and neuro
logical functioning, using the Touwen and Prechtl standar
dised tests,

was carried out in the follow-up study by

Birrell et al (1983) of 56 children and adolescents with
CH. This motor test comprised eight subtests with a stan
dardised mean score of 15

(SD 5) . The mean total motor

skills score for the CH group was approximately 1.5 stand
ard deviations below published population means. The scores
for each subtest are shown in Table 6.
TABLE 6. MOTOR SKILLS FOR LATE TREATED CH CHILDREN
USING THE BRUININCKS- OSERETSKY TEST
OF MOTOR PROFICIENCY (Birrell et el 1983)
SUBTEST
Running
Balance
Bilateral coordination
Strength
Upper-1imb coordination
Response speed
Visual-motor control
Upper-1imb speed

MEAN

SD

9.48
10. 68
10.55
7.43
5.59
8.39
15.84
6.93

6.95
6.40
5.48
4.42
5.39
4.53
7.45
4.84

Apart from visual-motor control,
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all subtest scores

were significantly different from expected population means
and indicated both gross and fine motor deficits.

The

neurological assessment compared patients with siblings and
revealed significantly higher rates of motor coordination,
speech, and eye problems in the CH group. Rates in the CH
group for abnormal balance (32%), tremor (21%), dysarthria
(60%),

and squint

(26%) were particularly high.

These

results appeared to be broadly in line with Hulse's study
(1984) who reported that 2 6% of CH children were rated as
very clumsy by their parents.

Neurological examination

indicated problems of poor balance (8.5%), tremor (6%) and
jerky hand movements (7%). None of the children were con
sidered to show classic cerebellar signs.
In late treated patients with CH there was strong
evidence for a high frequency of both gross and fine motor
deficits. Evidence was inconclusive whether these problems
were the result of specific lesions in the cerebellum and,
overall, the findings were suggestive of more pervasive
deficits consequent upon thyroid hormone deprivation.
Sensory impairments and language disorders were also
reported.

4. BEHAVIOUR PROBLEMS
Early studies of patients with CH tended to be re
stricted to adult samples and often included a discussion of
the personality characteristics associated with the condi
tion. Usually these were based on clinical descriptions of
individual patients and included aspects of a patient's
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functioning that would now be considered part of the beha
vioural characteristics of the disorder rather than person
ality. For example, Lewis (1937)

included the following

description of one of his patients as being typical of the
group.

"She is exceedingly stubborn. When she is not hu
moured,

or you cross her in any way,

she will sit

solidly in her chair for hours sulking. She is very
slow to understand, or to do what she is told, however
simple it is. She has no initiative; you have to tell
her to do the same thing day after day. She rarely
speaks of her own accord, but will sit mum sooner than
ask for anything she wants. She is very particular
about being clean and likes to have all her clothes
tidy and fresh. She will do whatever you want her to if
you promise her a reward. She is very pig-headed, and
insists on having her own way in spite of all reason."

Lewis also reported that only 4 of the 79 patients
were reported to be of a depressive temperament whereas
obsessional characteristics were more common. As already
mentioned,

these observations were made only on adults

rather than children.
Similar descriptions of the behaviour and personality
of children and adults were given by Money (1956). In a
section titled "Contrariness in Hypothyroid patients" Money
began by stating that,

"inertia,

81

indifference,

stubborn

ness, and antagonism are common personality characteris
tics" of CH patients. Later he commented how newly treated
hypothyroid children "often go on a spree of refusing and
rebelling" and that "it is difficult, sometimes impossible,
to distinguish indifferent non-participation from defiant
stubbornness and refusal to perform some familiar, well
practised operation." The description of the behaviour and
personality of patients with CH in many of these reports
was often unremittingly negative.
Belief that the personality of children and adults
with CH could have a distinctive pattern and the tendency
for attempts to describe this pattern to drift towards the
pejorative was not a practice that was entirely confined to
history. In a study by Mendorla et al (1988) a series of
late treated patients were described as being characterised
by " dependence on the mother, worrying about their body,
maladjustment and socialisation problems".
Generally though,

later studies have reported more

systematic observations on children and adolescents. Three
studies in the UK (MacFaul et al 1978; Birrell et al 1983;
Hulse 1984b)

reported behaviour ratings using the Rutter

behaviour scales. Overall rates of behavioural disturbance
were higher than that expected of the general population
with estimates ranging from 21% (Birrell et al 1983) to 54%
(Hulse 1984) of children with CH. The behaviour problems
were more neurotic than antisocial in kind and included
poor attention,

fearfulness,

tearfulness,

anxiety,

and

toiletting problems. It was probable that the high frequen
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cy and severity of these problems was not independent of
intellectual

impairment.

Hulse

(1984b)

noted that the

frequency of behavioural problems increased with decline in
IQ scores.
Late treated patients with CH had a higher frequency
of behaviour problems than would be expected in the general
population. Earlier reports tended to emphasise anti-social
personality characteristics whereas more recent data sug
gested that neurotic behaviours tended to be more common.
Some of the increased rates of behaviour problems may have
been a consequence of patterns of treatment (eg being in
long stay hospitals) and generally lowered IQ rather than a
direct effect of CH itself.
5.SUMMARY
Studies on children and young adults with CH before
the introduction of screening showed substantial psycholog
ical deficits in relation to intelligence, motor skills and
behaviour. These deficits were probably not independent of
each other.
A high proportion of CH children required special
schooling and those in main stream education made greater
use of educational support services than their peers. In
adulthood, an important minority were not able to maintain
independent living and required long term residential and
occupational support.

The health,

social and financial

resources required to maintain appropriate life style needs
for this population of patients was therefore considerable.
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F. THE PILOT STUDY IN THE UK
OUTLINE: This section will describe the pilot study that
was carried out prior to the setting up of the national
register.

Psychological assessments were carried out at

one, three and five years of age on a sample of 76 children
with CH detected by screening during 1978-81.

1.INTRODUCTION.
Nationwide neonatal screening for hypothyroidism was
established in the UK in 1982. Before this date, regional
health authorities had been developing their own procedures
at varying speed. In the North West and North East Thames
Health Regions a pilot screening programme was carried out
between 1978-1981.

During this period,

eighty cases of

congenital hypothyroidism were diagnosed,

seventy six of

which were detected through the screening programme. The
mean age at start of treatment for those detected by
screening was 27 days. The remaining four cases were diag
nosed between 59 and 163 days of age and were missed by
screening for a number of reasons.

For one child,

the

Guthrie card was lost in transit and, for a second child,
the family could not be traced due to a change of name and
address. In two cases technical errors

(which have since

been rectified) were made on the screening test which gave
false negative results.
Detailed medical information was collected at diagno
sis including plasma thyroxine

(T4), thyroid stimulating

hormone (TSH), and triiodothyronine (T3) levels, bone age
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and thyroid anatomy. Not all measures were obtained on all
of the sample. Each year follow-up data were collected on
general health, growth, routine tests of thyroid function
and dosage of 1-thyroxine. Psychological assessments were
carried out at one, three and five years. Follow-up data on
this group is still being collected and psychological
assessments at ten years of age have recently been complet
ed.
At the time of the child's first birthday, 58 children
were assessed using the Griffiths Scales of Infant Devel
opment. The results indicated that on all sub-scales of the
test the developmental quotients were clearly in the normal
range compared with recent samples of normal British chil
dren (Table 7).

TABLE 7. MEAN (SD) DEVELOPMENTAL QUOTIENTS AT
ONE YEAR OF AGE IN THE UK PILOT STUDY
(Hulse et al 1982).
SUB-SCALE

MEAN

LOCOMOTOR
PERSONAL/SOCIAL
HEARING/SPEECH
EYE/HAND
PERFORMANCE
OVERALL D.Q.

106
101
101
104
107
104

S.D.
7.7
7.8
9.5
9.2
14.1
7.7

There were no significant associations between develop
ment and any of the diagnostic or treatment data.
2. PSYCHOLOGICAL ASSESSMENT AT THREE YEARS
At three years of age the children were assessed using
the McCarthy scales of children's abilities, the Richman
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behavioural screening questionnaire and a test of speeded
motor skills

using the Wallin B pegboard from the Merrill-

Palmer scale. Non-affected control children were obtained
from general practice registers of family doctors in north
London and matched for age, sex, social class and first
language.
General cognitive functioning in the CH children, as
measured by the full general cognitive index of the McCar
thy scales,

did not differ significantly from the 1971

standardisation sample of American children but did show a
significant deficit compared with the matched controls
(Table 8).
TABLE 8. MEAN INTELLECTUAL AND MOTOR SKILLS SCORES
AT THREE YEARS IN THE UK PILOT STUDY
ALL
CASES
N=58
VERBAL
PERFORMANCE
QUANTITATIVE
MEMORY
MOTOR

MATCHED
CASES
N=36

CONTROLS
N=36

47.2
54.5
50.1
48.6
48.9

48.5
55.1
50.4
49.1
49.2

50.6
55.9
53.4
51.4
50.0

101.2

101.6

105.3

MOTOR SKILLS
PEGBOARD SPEED
(SECS)
20.4

19.6

FULL SCALE

DIFFERENCE
(STD. ERR)
-2.1
—0.8
-3.1
—2. 3
— 0.8

(1.5)
(1.4)
(1.6)*
(1.6)
(2.1)

-3.9 (2.0)*

16.5**

* = p<0.05 (t test for matched pairs- one tailed)
** = p<0.05 (t test for matched pairs- two tailed)
Table adapted from Murphy et al (1986,1990)

There was no difference between CH children and con
trols in respect to behaviour problems and both groups
reported fewer problems than would be expected from a
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normal population in an

urban environment. On the test of

speeded motor skills the CH children performed the task
significantly slower than controls and this was interpreted
as reflecting mild clumsiness rather than relative deficits
in attention.
Assessment of the relationship between initial diag
nostic variables and psychological outcome at three years
indicated that pre-treatment T4 was significantly and
positively associated with the full McCarthy cognitive
index (GCI), two sub-scales of the McCarthy scale (Quanti
tative; Memory) and performance on the speeded motor skills
task. CH children with initial T4 <20nmol/l had a mean IQ
of 94 points (N=16) compared with a mean IQ of
(N=20)

106 points

in those children with an initial T4 >60nmol/l

(Murphy et al, 1986).
Assessment of skeletal maturity (bone age) at time of
diagnosis showed that 12 cases had a bone age of 30 weeks
or below and these children had a mean IQ deficit of 10
points compared with the rest of the sample. Similarly,
results of the thyroid scan showed that those children who
had no detectable tissue (N=7) tended to have lower short
form IQ scores (mean=89) compared to the rest of the group.
Both bone age and thyroid scan results correlated highly
with pre-treatment T4 and when all three variables were
entered into a multiple regression analysis only pre
treatment T4 had an independent association with cognitive
functioning at three years (Murphy et al, 1990).
Cognitive outcome was not related to treatment factors
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such as age at start of treatment or dose of 1-thyroxine
levels although there was some evidence of undertreatment
in three cases who were all doing relatively poorly at
three years. However the small numbers involved made any
wider interpretation inappropriate.

3. PSYCHOLOGICAL ASSESSMENTS AT FIVE YEARS
At five years of age 57 CH children completed psycho
logical assessments of whom fifty one were
a non-hypothyroid control for age,
language

spoken

sex,

matched

social

with

class and

at home (Fuggle et al 1991). Of the 57 CH

children, 44 had been seen at 3 years

and 46 at 1 year.

Controls were either children assessed at three years as
part of the

same study

or were selected at five years

from primary schools from the same area

as the CH chil

dren. Of the remaining 19 CH children not assessed at five
years, ten had moved abroad or to a different region in the
UK, six

did not attend repeated assessment appointments

and three completed only part of the assessment.
Comparisons between matched cases and the remainder of
the

original sample are summarised in Table 9. Matched

cases tended to have higher pre-treatment thyroxine
and

(T4)

lower thyroid stimulating hormone (TSH) which suggest

ed that the matched group contained an excess of children
with milder hypothyroidism. This group also
proportion

had a

higher

of parents of non-manual occupation. There was

no difference between the groups in age at start of treat
ment .
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TABLE 9.COMPARISON OF 'MATCHED' GROUP AT FIVE YEARS
AND REMAINDER OF SAMPLE DETECTED BY SCREENING
IN THE UK PILOT STUDY

PRE-TREATMENT T4 (nmol/1)
PRE-TREATMENT TSH (mU/1)
SOCIAL CLASS (%)
NON-MANUAL
MANUAL
UNEMPLOYED

The

REMAINDER
(n=25)
MEAN (SD)
41 (36)
694 (717)

MATCHED
(n=51)
MEAN (SD)
52 (38)
437 (348)

24
60
16

58
38
4

Wechsler Pre-School and Primary Scale

ligence

of Intel

(WPPSI) was used to assess general cognitive

functioning. Motor skills were assessed using 12

items

from the Bruinincks-Oseretsky test of Motor Proficiency and
behaviour was evaluated using the Richman Behaviour Check
list (Richman 1977) which was completed by the parents. The
assessments lasted about one and a half hours and were
carried out either in a health centre or school.
The WPPSI and Richman Behaviour Checklist were scored
in a standard manner. Six of the seven subscales of the
Bruinincks-Oseretsky test were used, namely balance, bilat
eral

co-ordination,

strength, upper limb

coordination,

visual motor control and upper limb speed and dexterity.
Two items
'strength*
jump)

and

from each subscale were administered, except for
(which used only one item - standing
'visual

motor control'

items - all drawing tasks). Raw
into point

scores in

(which used

broad
three

scores were

converted

the usual manner for

this test

(Bruinincks 1978). Total scores for
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each

subscale

were

then standardised to

a mean of 15 so that

contributed

to the total motor skills score.

equally

The CH children

did not differ

each

subscale

significantly from

the controls with respect to general intellectual ability
and there was no indication that the CH
specific deficits in the subtest

children showed

scores (Table 10).

TABLE 10. INTELLIGENCE, MOTOR SKILLS AND BEHAVIOUR
CHILDREN AT FIVE YEARS OF AGE IN THE UK PILOT STUDY

FOR CH

1.WECHSLER PRE-SCHOOL AND PRIMARY SCALE OF INTELLIGENCE
(WPPSI)
SUBTESTS
PATIENTS (N=51) CONTROLS (N=51)
P
INFORMATION
VOCABULARY
ARITHMETIC
SIMILARITIES
COMPREHENSION

10.2
11.7
11.3
10.8
10.3

10.0
11.7
11.5
10.9
10.9

NS
NS
NS
NS
NS

ANIMAL HOUSE
PICTURE COMPLETION
MAZES
GEOMETRIC DESIGN
BLOCK DESIGN

11.0
11.5
11.2
13.1
11.6

11.9
11.6
12.1
13.2
11.9

NS
NS
NS
NS
NS

105.2
111.4
108.9

105.7
114.4
111.0

NS
NS
NS

VERBAL I.Q.
PERFORMANCE I.Q.
FULL SCALE I.Q.

2.RICHMAN BEHAVIOUR CHECKLIST
TOTAL SCORE
% >10 POINTS
(>10=Behavioural
disorder)

MAXIMUM SCORE=28

5.3

4.5

NS

16.0%

1 0 .0 %

NS

Continued overleaf
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TABLE 10 (CONTINUED)
3.BRUININCKS-OSERETSKY TEST OF MOTOR SKILLS (ADAPTED)
SUBTESTS
BALANCE
BILATERAL
COORDINATION
STRENGTH
UPPER LIMB
COORDINATION
VISUAL-MOTOR
SPEED/DEXTERITY

10.1

19.7

0.0001

14.3
14.6

15.7
15.4

NS
NS

13.4
14.3
13.7

16.5
15.6
16.2

NS
NS
0.05

TOTAL MOTOR SKILLS

79.9

99.8

0.005

It should be noted that both groups
considerably

above the standardised

had

a mean IQ

of

100 points

norm

(CH

109; Controls 111) and that this probably reflected

the

rise in

IQ scores which has occurred in the general

population (Flynn 1987).
There was no significant difference between the paren
tal behavioural ratings of CH children and

the matched

controls and the figures agreed closely with those for the
general population (Richman et al, 1982). Specific items
(i.e.

sleep problems,

aggressive behaviour etc)

similar frequency for both groups
were slightly higher for
trols and the number of
(indicating behavioural

had a

although overall scores

the CH group compared with con
children

scoring above ten points

disorder) was greater (CH 16%;

controls 10%). The rate of behaviour problems was not asso
ciated with greater severity of CH or age at diagnosis.
In contrast to the IQ scores and behaviour ratings,
the

motor

scores were lower in the CH children than their

controls and the differences were highly statistically
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significant (Table 10). The

CH children did less well than

controls on all subscales and these

differences were

greatest for balance and dexterity tasks.
When subjects were grouped according to

plasma thy

roxine levels at diagnosis (T4<20nmol/1; T4 20-60 nmol/1 ;
T4>60 nmol/1) there

was a consistent trend towards higher

IQ and better motor skills with higher pre-treatment T4
(Table 11).

TABLE 11. IQ AND MOTOR SKILLS BY PRE-TREATMENT T4,
AGE AT START OF TREATMENT AND SOCIAL CLASS
IN THE UK PILOT STUDY
N

IQ

MOTOR
SKILLS

PRE-TREATMENT T4
<20 NMOL/L
20-60 NMOL/L
>60 NMOL/L

15
23
19

100.4
109.3
115.4

74.3
91.6
98.4

AGE AT START
OF TREATMENT
0-21 DAYS
22-29 DAYS
>30 DAYS

17
26
14

111.7
109.6
104.5

93.9
85.8
87.9

35
19
2

113.9
100.1
111.0

91.7
87.4
55.1

SOCIAL CLASS
NON-MANUAL
MANUAL
UNEMPLOYED

(One case had no social class data)

CH children with T4 <20nmol/l
IQ points compared
had

a

mean

with children

showed a deficit of
with

15

T4 >60nmol/l who

IQ close to that of the matched controls.

There did not appear to be any trend in IQ or motor skills
with respect to the initial TSH level. However,
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age at

start of treatment did appear to show some association with
motor skills and IQ. As expected, outcome was also influ
enced by social class. Lower IQ and poorer motor skills
scores were both associated with manual parental occupa
tion.
The independent contribution of pre-treatment T4, age
at start of

treatment and social class to the outcome

measures of IQ and motor skills were investigated using
multiple regression.

Lower pre-treatment T4 was signifi

cantly and independently associated with both lower IQ and
poorer motor skills. Social class was independently associ
ated only with IQ. Neither intellectual functioning nor
motor skills were independently associated with age at
start of treatment

(Table 12).

The results of the assessments at five years indicated
that this sample of children with early treated congenital
hypothyroidism, although showing only minor differences in
cognitive functioning compared with their controls, never
theless showed significantly poorer motor skills, particu
larly in balance. In addition, when the sample of children
was graded according to the severity of hypothyroidism at
diagnosis those with more severe disease did significantly
worse with respect to general cognitive functioning as well
as motor skills.

Overall,

the data suggested that the

degree of hypothyroidism in the perinatal

period

important long term effects on brain functioning.
of

has

The size

the effect on IQ was comparable to that due to social

class.
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TABLE 12. MULTIPLE REGRESSION: FULL SCALE IQ OR TOTAL MOTOR
SKILLS WITH PRE-TREATMENT T4, AGE AT START OF TREATMENT AND
SOCIAL CLASS AS INDEPENDENT VARIABLES ORGANISED AS GROUPED
DATA.
DEPENDENT VARIABLE: FULL SCALE IQ
df
INITIAL T4

2

F

0
10.6

16.4

0

5.3
5.6

1.89

<21 DAYS
22-29
>30
SOCIAL CLASS

STANDARD
ERROR

4.39*

<20nmol/l
20-60
>60
AGE AT START
OF TREATMENT

ESTIMATE

0

0

-1.9
-

10.2

4.8
5.5

15.52***

NON-MANUAL
MANUAL

0

-17.5

0

4.4

DEPENDENT VARIABLE: TOTAL MOTOR SKILLS.
INITIAL T4

5.7**

<20nmol/l
20-60
>60
AGE AT START
OF TREATMENT

0

19.3
29.2

7.7

0.8

<21 DAYS
22-29
>30
SOCIAL CLASS

0
8.6

0

-9.9
— 5 .0

0

7.9
9.1

1.0

NON-MANUAL
MANUAL

0

-7.3

= P<0.05, ** = P<0.01, *** = P<0.001
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0

7.2

4.SUMMARY
Psychological assessments at one, three and five years
suggested that early treatment resulted in improved psycho
logical functioning for children with CH. Results at one
year were in the normal range and there were no significant
differences with controls at three and five years for
measures of general intellectual functioning. At both three
and five years there was evidence of motor skills deficits
and also that intellectual functioning was significantly
associated with pre-treatment levels of thyroxine. This
latter finding suggested that the small overall difference
in IQ scores at five years between CH children and controls
may have been influenced by an increased proportion of
children with more severe CH who were lost to follow-up at
this stage. There was no evidence of an increased rate of
behaviour problems for children with CH.
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6. PSYCHOLOGICAL OUTCOME IN CH AFTER THE INTRODUCTION OF
SCREENING
OUTLINE: This section will review psychological outcome
studies on children with CH detected by screening and will
consider intellectual functioning, motor skills and beha
vioural deviance in turn. Different findings will be con
sidered in respect to methodological quality, particularly
in respect to sampling and types of measures used.

1. INTELLECTUAL FUNCTIONING
(la) Introduction
A large number of studies have been carried out to
assess the psychological progress of children with CH who
have been detected by neonatal screening programmes. Nearly
all of these studies have carried out assessments of the
children during the preschool or primary school age range
but not with older children. This is usually because the
screening programmes have not been in operation long enough
for the children to have reached adolescence.
Overall, the results of these studies have indicated
that the intellectual functioning of these children has
substantially improved in comparison with children with CH
before screening was introduced. This finding is generally
not disputed and any uncertainty about the benefits of
early treatment have been answered. What remains much less
clear is the extent of the improvement in cognitive proc
essing and whether early treated children with CH show
intellectual deficits compared with their peers. Has the
introduction of screening lead to the eradication of all
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the detrimental effects of CH or not? In response to this
question the results of follow-up studies from different
countries,

mainly in North America and Europe,

will be

considered.
A number of methodological considerations are common
to many of the studies. These will be discussed

before

reviewing the specific findings. In order to assess whether
children show any deficits compared with the general popu
lation, studies have either obtained a control group or
have relied on standardised assessment procedures for which
the norms for the general population were believed to be
known. The latter method (on its own) may lead to misinter
pretation of the results as some studies have not taken
into account the well documented general rise in scores on
both developmental and intelligence tests that has occurred
over time (Flynn 1984, 1987; Hanson 1985). Failure to take
this shift in general population scores into account may
lead to an overestimate of the functioning of the patient
group compared with the current functioning of their peers.
For some studies the quality of controls has been
somewhat uncertain. For example, one control group consist
ed of a mixture of siblings and children with mildly abnor
mal thyroid functioning at screening such as low thyroidbinding globulin concentrations and low concentrations of
total T4 but normal levels of free T4

(New England CH

Collaborative 1985). Very few studies have attempted to
obtain a carefully matched and representative sample from
the general population to act as controls in the study.
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Lastly, the sample size of the studies has tended to
be relatively small. Most studies have based their findings
on samples of around fifty children or less. Samples of
this size may make 'within group' comparisons more unstable
across studies and this may have contributed to the differ
ent findings in respect to the clinical factors associated
with later psychological functioning. In addition, several
longitudinal

studies have suffered considerable sample

attrition over time with fewer assessments completed on
older children. In some studies,

it is not clear whether

this reduction in numbers has indicated the number of
families lost to follow-up or whether this was the total of
children who have reached this age band. It is also proba
ble that attrition effects were not random and children
from more deprived backgrounds, and those not progressing
well, were more likely to have dropped out of the study. It
is often unclear whether these attrition effects have been
taken into account when interpreting the results of some
studies.
Three questions will be addressed in reviewing outcome
studies on children detected by screening.
1.What is the evidence that the psychological functioning
of children with CH differs from controls?
2.Does the severity of the condition influence later out
come?
3.Does the quality of treatment during early childhood
affect later functioning?
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(lb) Comparison of CH children and controls
A collaborative study carried out by a group of pae
diatricians in New England (known as the New England Con
genital Hypothyroidism (CH) collaborative) has produced an
important series of reports indicating no significant
differences in intellectual functioning for children with
CH compared with controls (New England CH Collaborative
1981; 1984; 1985; 1989; 1990). The original cohort consist
ed of 144 children with CH detected by screening between
1976-1980.

From 3-6 years, the controls consisted of a

mixture of siblings and a number of children who were false
positives from the screening programme. At 9-10 years, the
controls

were

made up of 96 classmates and

32

siblings.

One hundred and nineteen CH children were assessed
when the children were aged between 3 and 5 years using the
Stanford-Binet Test.

Details about the 25 children not

assessed during this period were as follows. Permission for
testing was not granted for 4 children, 6 families moved
away from New England and 2 others could not be located.
Four children were not assessed because of additional
handicapping conditions (2 quadriplegia; 2 Down's syndrome)
and nine children were less than three years old when
testing

was discontinued.

Of these 119 children, 56 were assessed at six years
using the WISC-R. This was 90% of the sample before funding
for the assessments ceased.

The cohort was subsequently

followed-up in relation to school progress at 9-10 years of
age and seventy two children with CH were assessed using
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the short form of the WISC-R. The results of these assess
ments are summarised in Table 13 below.

TABLE 13. MEAN IQ SCORES AT DIFFERENT AGES
FROM THE NEW ENGLAND STUDY
CH CHILDREN
AGE
(YRS)

TEST

CONTROLS

N

IQ

N

IQ

103

102

75

105

82

106

68

107

4

StanfordBinet (S-B)
S-B

5

S-B

52

16

45

103

6

WISC-R

56

109

59

110

9

WISC-R*

72

106

128

109

3

* Short form of the test was used.

Grouping the results of assessments done between 3-5
years, the mean full scale IQ for both the patients and
controls was 105. At six years, the mean difference was
only one IQ point.
Assessments at 9-10 years were particularly detailed.
Each child was assessed on a wide range of cognitive,
educational

and motor tasks and a detailed educational

history was also obtained. Using a short form version of
the WISC-R,

the children with CH had a mean IQ of 106

compared with 109 for the controls. This difference was not
statistically significant. No differences between patients
and controls were reported for overall educational attain
ments or for

educational history (the number of children

requiring additional help in school). Controls did score
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significantly higher on a reading comprehension test and
also on the vocabulary subtest of the WISC-R.

However,

considering the number of comparisons between patients and
controls, the number of differences was very small. The
authors concluded that there was no evidence of residual
intellectual deficits (as measured by IQ) following the
introduction of neonatal screening and stated that "chil
dren with hypothyroidism have no apparent specific impedi
ments to learning unrelated to intelligence"

(New England

CH Collaborative 1990).
Overall, the data from the New England study repre
sents the highest quality follow-up study that has so far
been reported. The sample was larger than most other re
ported studies and has been very carefully described with
low attrition rates. Psychological assessments have been
appropriate and comprehensive and follow-up has now contin
ued to ten years of age. The study has provided powerful
evidence for the absence of intellectual

impairment in

early treated children with CH.
As described in the previous
were reported in the pilot study

section,similar results
for the MRC Register in

London which reported statistically non-significant differ
ences between children with CH and carefully matched con
trols at three and five years although, as with the New
England study, the mean IQ for the CH children was lower
than controls at each age.
A report on the Greek screening programme (Komianou et
al 1988) described the results of developmental assessments
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at 6, 12,

18 and 24 months of age using the Griffiths

Scales of Infant Development. The CH children came from an
original sample of 130 patients diagnosed by neonatal
screening before 1984. Controls were selected according to
age, sex and social class. The presented data only included
children from middle class backgrounds as there were insuf
ficient controls of families with manual occupations. The
number of children assessed at each age band ranged from 18
to 33. The results of these assessments indicated a deficit
of approximately 4 points for the children with CH but this
was not statistically significant on account of the small
sample size. All the mean scores for both patients and
controls were between 100-110 and these relatively high
scores probably influenced the authors to diminish the
significance of the DQ deficits in the CH children.
In France, a study by Toublanc et al (1990) described
a follow-up of 52 children with CH detected by screening.
Assessments were carried out at six months, 1, 2, 4 and 7
years of age. Details about the number of children assessed
at each age band and the definition of the controls were
not provided.

The authors reported that there were no

differences in intellectual functioning between the chil
dren with CH and both age matched and sibling controls at
four and seven years. In addition, children with CH were
reported to be making normal progress in school. The study
is difficult to assess on account of the lack of detail
about many aspects of its findings.
Like the New England group,
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the Quebec group has

produced a series of reports (Glorieux et al 1983; 1985;
1988; 1989) describing the intellectual progress at differ
ent ages of a group of children diagnosed by screening.
During the period 1975-85, 250 children with CH were de
tected by the Quebec screening programme.

105 of these

children were recruited to take part in a longitudinal
study and were selected according to the criteria of being
"French Canadian Caucasians" from "stable families" (Glo
rieux 1989). It is sometimes difficult to disentangle from
the reports the proportion of the original sample that were
seen at the different age bands and how representative the
assessed children were in comparison with the overall
group.

The

patients were compared to a control group

selected according to age, sex, rank in the family, ethnic
origin, mother's occupation and socio-economic status. The
number of controls recruited for the study is not stated.
Assessments were carried out at 18 months, 3 years and five
years using the Griffiths scales, and at 7 years using the
WISC-R. A summary of the results is given in the Table 14
below. Statistically significant differences in mean IQ
scores occurred at all age bands. The number of children
assessed has declined with increased age.
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TABLE 14. SUMMARY OF RESULTS OF INTELLECTUAL
ASSESSMENTS OF PATIENTS AND CONTROLS
FROM THE QUEBEC STUDY
AGE AT
ASSESSMENT
18 MONTHS
3 YEARS
5 YEARS
7 YEARS

Overall,

TEST
GRIFFITHS
GRIFFITHS
GRIFFITHS
WISC-R

PATIENTS

CONTROLS

N

IQ

N

IQ

98
69
36
25

105
101
102
101

41
40
45

110
114
106

results from this cohort indicated an IQ

deficit for CH children of approximately 4-5 points.
A similar study in Toronto carried out annual assess
ments of a cohort of 101 children (29 boys, 72 girls) with
CH detected by screening and being followed-up by the
Hospital for Sick Children in Toronto. This sample repre
sented 95% of the early treated CH population treated by
the hospital. 70 siblings were recruited as controls, many
of whom underwent a psychological assessment on more than
one occasion.

Results from this study have been described

in a number of reports in which the sample sizes of psycho
logical assessments reported at different age groups often
varies (Rovet et al 1983; 1984; 1986; 1987; 1989; 1990). In
general, the data have not been presented in age bands but
assessments from different ages and different assessment
procedures have been grouped together. Also, when a child
has a number of IQ scores from different assessments, the
IQ has been averaged across assessments. The children were
assessed using the Griffiths scales,

the WPPSI and the

WISC-R according to their age. As with the Quebec study, it
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is difficult to assess the representativeness of the chil
dren assessed compared with the original sample. Overall,
the results

indicated intellectual functioning within the

normal range but with consistently lower scores than sib
lings. A comparison of 39 CH children with a sibling con
trol (Rovet et al 1983) indicated a full scale IQ deficit
of 4 points

(CH group 110; siblings 114) with a larger

difference in performance IQ scores of 7 points (CH group
104; siblings 111). In a later report (Rovet et al 1986)
the performance difference was reported as being only 5
points with no differences in verbal IQ.
Broadly similar findings were reported by Illig (1986)
in a follow-up study of 60 children with CH detected by
screening. Comparisons with controls in assessments carried
out at 1, 4 and 7 years revealed a deficit of 4-5 IQ points
at each age. Differences between the groups were not sta
tistically significant at seven years as the CH group was
reduced to only 20 cases.
More marked deficits in comparison with controls were
reported by Rickards et al (1989) in a follow-up study of
approximately 40 CH children from Melbourne, Australia.
Controls were matched for ethnic background and social
class. Assessments at five years of age using the WPPSI
indicated a deficit of 15 points on verbal IQ (CH group 96;
controls 111) and 6 points on performance IQ (CH group 107;
controls 113) with a full scale deficit of 12 points. The
discrepancy between verbal and performance scores is oppo
site to that reported by the Toronto study. The study was
105

reported to have very low attrition of the original sample
and the estimate of intellectual functioning in the con
trols is close to the predicted rise in IQ (expected popu
lation mean 109.5) that has been described by Flynn (1984).
Results of further assessments on the same cohort of
children at eight years of age confirmed the scale of the
IQ deficits from the earlier assessments.

However,

the

discrepancy between verbal and performance scores was no
longer apparent with verbal and performance scores both
showing a mean IQ deficit of 10 points compared with their
peers (Rickards et al 1991).
In conclusion, the majority of follow-up studies of
children with CH detected by screening have reported defi
cits in intellectual functioning compared with a variety of
differently constituted control groups. In some studies
this deficit has not reached statistical significance. In
addition,

the interpretation of the importance of such

deficits may have been minimised because of mean IQ and DQ
scores for the CH children being over 100. The size of the
deficit has varied between studies but a reasonable consen
sus estimate would be a deficit of around 4 points.

2. CLINICAL FACTORS ASSOCIATED WITH INTELLIGENCE
Although the introduction of neonatal screening has
clearly lead to an improvement in intellectual functioning,
the consensus of evidence suggests that some deficits
remain. Are these deficits related to the effects of the
condition prior to treatment (i.e. its severity), or to the
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age at which treatment is started, or to the quality of
treatment received during infancy, or to a combination of
these factors?
(2a) Severity of hypothyroidism
The severity of CH in early treated children has been
assessed in a number of different ways such as pre-treat
ment thyroxine

(T4) or thyroid stimulating hormone

(TSH)

concentrations, bone maturation at diagnosis, or by scans
showing the size and location of thyroid tissue.
measures have a high intercorrelation

These

(Letarte and La

Franchi 1983; Grant et al 1992). Pre-treatment levels of T4
have been shown to correlate with other aspects of CH, such
as bone maturation at diagnosis and the aetiology of the
disorder. Neonates without a detectable thyroid will tend
to have lower pre-treatment T4 levels than those with an
ectopic gland or those with biosynthetic defects of hormone
synthesis.
Glorieux et al

(1983)

between global quotients
the

ser u m

T4

reported a modest correlation

(using the Griffiths scale)

concentration

at

three

weeks

of

and
age

(r=0.35;p=0.002). In a later paper (Glorieux et al 1988)
reviewed the results of 4 3 assessments at 7 years of age
and suggested that pre-treatment T4 and bone surface area
at diagnosis were the most powerful predictive factors for
later intellectual functioning. The sample was divided into
two groups. The group with more severe CH at diagnosis were
those with a T4 <25nmol/l and a bone surface <0.05cm2
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(N=16), the less severe CH group were those with
value on either of these measures

a higher

(N=27). The mean IQ at

seven years for the more severely hypothyroid group was 86
points compared with 102 points for the less severely
hypothyroid group, a difference of approximately one stand
ard deviation. Using these pre-treatment variables as risk
factors for later IQ scores less than 90, these variables
correctly identified 10 out of 13 cases that fell into this
range of IQ scores.
Rovet et al (1986) reported a similar finding with a
deficit of 10 IQ points on performance items for those
children with pre-treatment T4 concentrations less than 52
nmol/1 compared with T4 concentrations greater than 129
nmol/1. However, the size of samples in each group was only
14 and 16 cases respectively. In order to assess the inde
pendent contribution of severity of CH on outcome, Rovet et
al (1986) carried out a series of stepwise multiple regres
sion analyses in which the following variables were entered
into the model:

bone age, TSH level at screening,

pre

treatment T 4 , age at start of treatment, T4 at one month,
age (days) at which T4 reached normal range.
The resulting model indicated that for full scale IQ,
the severity of CH as measured by TSH at screening was the
b est

predictor

accounting

for

17%

of the v a r i a n c e

(FI,51)=10.1, p<0.001). Age at start of treatment was also
a statistically significant predictor accounting for 5.8%
of the variance (p=0.05). For performance IQ, age at start
of treatment was not a significant predictor but bone age
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was significantly predictive

accounting for 6.8% of the

variance (p=0.05).
Although the conclusion of this multivariate analysis
was that TSH at screening was the best predictor of later
intellectual functioning, the following year Rovet et al
(1987) presented a univariate analysis of the results of
the psychological assessments at 2,3,4 and 5 years in
relation to bone age at diagnosis. In the introduction to
the paper, it was suggested that the intellectual deficits
observed in comparison with controls

(see above) were a

consequence of a lack of thyroid hormone in utero and that
delayed bone maturation was a marker for the length of time
that the fetus had been hypothyroid.

In this paper the

independent contribution of bone age was not assessed (by
regression analysis) in relation to other thyroid factors
and the possibility that bone age was highly correlated
with other thyroid factors

(as suggested by their own

previous paper) was not addressed.
Despite this contradiction, the univariate analysis of
the results of the psychological assessments in relation to
bone age were clearly presented and showed significant
differences between children with bone age less than 36
weeks (delayed group) and those with a bone age of 40 weeks
(non delayed group)

(Table 15).
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TABLE 15. MEAN IQ/DQ SCORES OF CHILDREN WITH
DELAYED AND NONDELAYED SKELETAL MATURITY
FROM THE TORONTO STUDY (Rovet et al 1987)
AGE AT ASSESSMENT

THYROID GROUP
DIFFERENCE
NONDELAYED
DELAYED

2 YEARS (N)
GRIFFITHS DQ

31
109

18
119

-10

3 YEARS (N)
GRIFFITHS DQ

28
112

20
121

-9

4 YEARS (N)
M c Ca r t h y g c i

20
103

17
115

-12

5 YEARS (N)
WPPSI FSIQ

18
98

16
109

-11

Differences were significant at the 0.05 level.

These results showed consistent differences between
the two groups of approximately 10 DQ/IQ points on assess
ments carried out between 2 and 5 years of age. It should
be noted that the number of children assessed at each age
band was approximately half the original sample.
A similar study was reported by Farriaux et al (1989)
on a group of 94 children with CH detected by screening in
the Nord Pas-de-Calais area of France who were entered into
a longitudinal

follow-up study.

These 94 patients were

selected from an overall group of 188 children detected
from 197 6. Assessments were carried out at 1, 2, 5 and 7
years of age. The results of only 17 assessments were
reported at the seven year follow-up.

No controls were

assessed in the study. The patients were divided into two
groups according to bone age measurements at diagnosis.
Children with a bone surface area below 5 mm2 were assigned
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to the delayed bone maturity group did significantly less
well at each age band, the difference at 5 and 7 years
being over 10 full scale IQ points. Bone surface scores
were highly correlated with pre-treatment T4 levels and
aetiological factors.

It was also reported that verbal

skills appeared to show greater deficits than visual-spa
tial skills. The authors acknowledged the deficiencies of
the study in respect to sampling and, in many respects, the
conclusions of the study should be viewed as considerably
speculative.
As already described, the results from the pilot study
for the MRC register at three and five years indicated
highly statistically significant differences between chil
dren according to pre-treatment T 4 . At three years, there
was a difference of 12 points on the general cognitive
index (McCarthey scales) between those children rated as
having 'mild' CH (T4 >60 nmol/1) and those rated as having
'severe' CH (T4 <20 nmol/1)

(Murphy et al 1986). This trend

was repeated at five years with a difference of 16 full
scale IQ points (Fuggle et al 1991).
Severity of CH has also been estimated by thyroid
scans. Children with no detectable thyroid tissue (athyrosis) have generally been reported to have lower pre-treat
ment T4 levels than those patients with ectopic, hypoplas
tic glands or those with enzyme defects.

As previously

described, these measures are problematic due to the wide
variation of proportions of children who fall into these
different aetiological categories from different studies.

Ill

Several studies (Rovet et al 1984 ; New England CH Collabo
rative 1984; Murphy et al 1986) have reported that children
with athyrosis have lower IQ scores than other CH children.
However, a number of other studies (Glorieux et al 1983;
Komianou et al 1988; Moschini et al 1989; Toublanc et al
1990; Illig et al 1988) reported no differences between
these groups.
However,

not all

follow-up studies have

found an

association between the initial severity of the condition
and later intellectual functioning.

Both the New England

and Greek studies found no relationship between pre
treatment T4 values and later outcome although these stud
ies were also notable for their relative lack of difference
in intellectual functioning compared with controls. The
available evidence

would suggest that there was a closer

association between outcome and T4 levels at diagnosis than
between outcome and the aetiology of the CH. This apparent
discrepancy could be explained by the transfer of maternal
T4 across the placenta. T4 levels at diagnosis are not the
sole product of fetal thyroid function as was once be
lieved.

(2b) Age at start of treatment
Most studies do not report an association between age
at start of treatment and intellectual functioning. Com
pared to the diagnosis of CH before the introduction of
screening the range of ages at start of treatment has
become much narrower although the possible age range for
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each country has varied due to the differences in the way
the screening programmes have been organised. For example,
in Finland which screened for CH using cord blood,

the

median age at start of treatment was 6 days compared with
29 days in France (Toublanc 1990).
A collaborative European study (Illig 1987) reported
the results of a sample of 790 children with early treated
CH. The distribution of the sample in relation to age at
start of treatment was as follows.
DISTRIBUTION OF AGE AT START
OF TREATMENT IN ILLIG*S STUDY
DAYS
1-15
16—30
31—45
46—60
61-90
91+

N
212
333
146
40
27
18

From this group, a sample of 116 children with athyro
sis and no additional risk factors (e.g. perinatal compli
cations) were selected. Children were assessed on a wide
range of different measures and these were converted into
standard deviation scores.

A statistically significant

negative correlation was found between the age at start of
treatment and mental development (r=0.0205 p<0.05). All
children treated after 50 days had a mental development
score below the mean, a finding which supported the results
of studies prior to the introduction of screening. However,
it was not clear from this study whether, without these
extreme scores, there would still have been a significant
relationship between age at start of treatment and cogni
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tive functioning. The question as to whether small differ
ences in age at start of treatment during the first four
weeks of life made a significant difference to later func
tioning remained unanswered.
This question was addressed by Rovet et al (1986) who
reported that age at start of treatment was a significant
predictor of later intellectual functioning even if all the
children were treated by six weeks of age. In this sample
the average age at start of treatment was 14.3 +/-V.3 days.
Only two cases began treatment after the first month and
both of these children started before 6 weeks. Children
treated during the first two weeks of life had significant
ly higher full scale IQ scores than those treated at four
weeks. The numbers of children who began treatment in each
week and who had subsequent psychological assessments was
not reported but it is probable that this finding was based
on relatively small numbers.
However,

it should be emphasised that, despite its

obvious clinical importance, the majority of studies have
shown no evidence of important effects of age at start of
treatment (within the first six weeks of life) on later
psychological functioning.

(2c) Quality of treatment
The majority of studies have not reported on whether
the quality of treatment has influenced intellectual out
come. For many studies, it is probable that detailed infor
mation on treatment may not have been collected and that
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diagnostic data were the only variables considered as
possible predictors of later functioning.
Results from the New England study (New England CH
Collaborative 1989)

have suggested that the quality of

treatment during the first year of life was associated with
later intellectual functioning.

Inadequate treatment was

defined as repeated T4 concentrations below 103 nmol/1
accompanied by TSH concentrations above 15 mU/1 after 2-4
weeks of treatment. This group of 17 children had a mean IQ
of 90 which was significantly less than the group mean.
Stepwise multiple regression, with IQ from 3-5 years as the
dependent variable,

demonstrated that inadequate therapy

was the sole significant factor in determining lower IQ.
There was no significant independent association between
pre-treatment T 4 , bone age, or type of hypothyroidism. At
nine years the effect of inadequate treatment during the
first year was not significant.
In a discussion of the discrepancy between the results
from the New England study and the Quebec and Toronto
groups, Mitchell et al (1989) proposed that the relation
ship of pre-treatment T4 with later intellectual outcome
was potentially confounded by the possibility of poorer
treatment being associated with lower pre-treatment T4. It
was suggested that the more severely hypothyroid children
took longer to achieve normal levels of thyroid hormone.
Earlier achievement of normal levels of T4, combined with
more rigorous monitoring of thyroid function over this
period, could prevent the poorer outcome presently associ
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ated with lower pre-treatment T4 concentrations in the
Canadian studies. In response to this proposal, Dussault
(1989b) indicated that there was no evidence in the Quebec
study of different post-treatment T4 levels associated with
longer term outcome. However, children in the New England
study did attain higher mean T4 concentrations at one and
two months of age than both the Quebec

and Toronto

groups.

TABLE 16. COMPARISON OF MEAN (SD) T4 LEVELS ON
TREATMENT DURING THE FIRST YEAR FROM THE
NEW ENGLAND, TORONTO AND QUEBEC STUDIES.
AGE(DAYS)
31
45
62
93

NEW ENGLAND
154 (13)

TORONTO
112 (15)

154 (13)

127 (10)

QUEBEC
85 (22)
152 (82)

(From New England CH Collaborative, 1990)

The New England group has suggested that delay in
attaining high T4 concentrations during the first few
months of life resulted in permanent impairment of intel
lectual functioning. The group also reported low T4 concen
trations and elevated TSH in school aged children with CH
which was believed to be related to reduced treatment
compliance over time. However, the relationship between
contemporaneous hormonal control and cognitive functioning
was not assessed (New England CH Collaborative 1990).
Data from a follow-up study in Norway has also sug
gested that the quality of treatment during infancy may be
associated with cognitive functioning
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(Heyerdahl et al

1991). The study reported higher DQ scores at two years of
age (Bayley scales of Infant Development) and higher verbal
IQ scores at six years (WPPSI) were associated with average
T4 above 180 nmol/1 during the first year of life. Higher
verbal IQ at six years was also associated with average T4
above 180 nmol/1 during the second year but this associa
tion was not independent of low T4 in the first year. It
was suggested that an average T4 below 129 nmol/1 during
the first year may indicate non-optimum treatment. However,
this finding must be interpreted with some caution. Only
four children in the overall sample of 48 had an average
T4 in the first year less than 129 nmol/1. These children
clearly did less well than the remainder of the group but
the small number of children make this finding very frag
ile. The potential instability of findings due to small
sample size is illustrated by another result from the same
study. On developmental assessment at two years, boys had a
mean DQ (86.9) which was

nearly twenty points lower than

girls (105.1). On assessment at six years, this large sex
difference had disappeared.

However,

the study had the

great merit of describing the treatment data with consider
able care and thus enabling comparison of the treatment
data with other studies.
In conclusion,

present data do

, not allow a firm

conclusion about the relationship between T4 levels in the
first year and long term psychological outcome. Further
studies will be required to assess this question more
fully.
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(2D) Summary
In the majority of studies where it has been examined,
pre-treatment severity of CH has been associated with later
psychological outcome. However, this finding has not been
confirmed by some good quality studies, and the signifi
cance of the severity continues to be debated. There is
some inconclusive evidence to suggest that T4 levels of
less than 120 nmol/1 during the first year may be detrimen
tal to longer term functioning. Perhaps most surprising is
the general finding that, providing treatment is started
before six weeks of age, age at start of treatment does not
appear to be predictive of later functioning.

3.NEUROLOGICAL FUNCTIONING AND MOTOR SKILLS
Follow-up studies of late treated patients with CH had
shown a high frequency of motor difficulties

(e.g. poor

coordination), minor neurological disorders (e.g. squint)
and specific cognitive deficits (e.g. speech delay). This
section will review the evidence for motor problems and
minor neurological symptoms in early treated children with
CH detected by screening.
In a comparison of 10 children with CH and their
sibling controls assessed at 2 and 3 years of age, Rovet et
al (1983) observed a deficit for the patients on the loco
motor sub-scale of the Griffiths Scales of Mental Develop
ment (CH 112.4; Sibs 124.4 p<0.06). However, this differ
ence was less than the difference in overall DQ scores
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between the two groups and probably was an indication of
general developmental delay rather than a specific motor
problem. Further follow-up at five years (Rovet et al 1987)
using the motor sub-scale of the McCarthy scales showed a
deficit of about one standard deviation and also large
deficits in eye hand skills as measured by the Beery Test
of Visual-Motor Integration for those children with delayed
bone age at diagnosis compared with a non-delayed group of
CH children. At six years of age, using the BruinincksOseretsky Test of Motor Proficiency, Rovet et al (1986)
showed a mean deficit on overall motor functioning of
approximately one standard deviation for the CH group.
Although the number of children assessed at each age was
quite small, the results suggest a continuity of overall
motor difficulties during early childhood.
Results from the

New England study have consistently

described non-significant differences between patients and
controls on a wide range of psychometric measures and
across an age span from birth to nine years.

The only

reported significant difference between patients and con
trols was on two different motor skills tasks both measur
ing motor speed assessed at 6 and 9 years of age

(New

England CH Collaborative 1989). The assessment at six years
involved the children in placing dots within a series of
preset areas. Both groups were equally accurate in the task
but the girls with CH were significantly slower than the
female controls. The same task was assessed at nine years
and there was no difference between the groups. The authors
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concluded that the deficit at six years represented a delay
in development rather than a permanent deficit. However, at
nine years, the patients were significantly slower than
controls on a pegboard task and so continued to show minor
coordination deficits.

The authors concluded that this

difference also reflected a delay in development rather
than an indication of a permanent deficit (New England CH
Collaborative 1990).
Motor skills were assessed in the pilot study for the
MRC Register and the results of this study have already
been described. In summary, at three years children with CH
were significantly slower than matched controls on a peg
board task used as a measure of fine motor speed (Murphy et
al 1986). At five years, a more comprehensive motor skills
assessment was carried out using a short form of the Bruinincks-Oseretsky Test of Motor Proficiency. The CH group
showed a significant deficit in overall motor skills. Using
multiple regression, motor skills had a highly significant
and independent association with pre-treatment T4 level.
The authors suggested that lack of thyroxine during the
brain growth spurt may have resulted in impairment to the
vestibular system

(Fuggle et al 1991).

A study by Rochiccioli et al

(1989)

examined the

neurological status of 69 children with CH detected by
screening in the Midi-Pyrenees region of France. The as
sessment was based on that of Touwen and Prechtl (1970) and
involved the assessment of 8 neurological modalities,
namely sensorimotor skills, posture, balance, coordination
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of extremities,

fine manipulative skills,

gross motor

functions, quality of motility and motility of the head.
Assessments were carried out between 1 year and 10 years of
age and showed no differences in global neurological evalu
ation compared with controls. Specific deficits were ob
served in fine manipulative skills and coordination. The
authors concluded that neonatal diagnosis has not resulted
in the complete disappearance of the neurological dysfunc
tion that was characteristic before neonatal screening.
However impairments were infrequent, generally minor and
restricted to specific domains of functioning.

Similar

observations were reported by Moschini et al (1986) who
reported impairments of posture, coordination and subtle
deficits in motor and perceptual abilities in a small per
centage of the children in their study.
Sleep patterns in CH patients were investigated by
Hayashi and his colleagues (Hayashi et al 1989) using all
night polysomnography. They reported that body movements
during sleep were disturbed both in frequency and in rela
tion to specific sleep stages. It was suggested that brain
stem disturbances remained even though thyroid functions
were normalised.
In conclusion, the frequency and severity of motor
skills deficits in early treated children with CH is clear
ly much reduced in comparison with late treated patients.
No children have been reported as having severe motor
difficulties as a consequence of CH alone. However, there
is considerable evidence to indicate that small residual
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neurological problems, particularly in coordination and
rapid finger movements remain.

4 .BEHAVIOUR PROBLEMS

The majority of follow-up studies of early treated
children with CH have not reported an increased frequency
or severity of behaviour problems compared with controls.
However, many studies have given this aspect of development
only marginal consideration. The most comprehensive treat
ment of the behavioural characteristics of early treated
children with CH has been carried out by the Toronto group.
Rovet et al (1989) reported the results of assessments
of infant temperament at 6, 12, 18, 24 and 36 months of age
on a group of 50 infants born between 1981-86. The group
represented 89%

(50/56)

of all cases of CH identified

during this period managed by The Hospital for Sick Chil
dren in Toronto. Infant temperament was assessed at six
months with the revised Infant Temperament Questionnaire
(Carey and McDevitt 1977). This questionnaire is a parent
rating scale containing 95 behavioural descriptions which
are rated by the parents on a six point scale. The scale
classifies children into temperamental categories and
provides scores on nine dimensions of temperament. Tempera
ment was reevaluated with different scales at later age
bands.
According to the assessment at six months, 12 children
were classified as "easy", 19 as "intermediate low", 4 as
"slow to warm up",

5 as "intermediate high" and 10 as
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"difficult". In comparison with the standardisation sample
for the scale, there was a lower frequency of "easy" and
higher frequency of "difficult"

children in the CH group.

In relation to the dimensions of temperament, the CH had
lower sensory thresholds and responded more intensely to
stimulation.
Further analysis of the data was carried out by divid
ing the sample into two groups, an 'Easy' group made up of
the easy and intermediate low groups (N=31) and a 'Diffi
cult' group which comprised of the intermediate high and
difficult groups

(N=15). The "slow to warm up" group was

not included in this analysis. 'Easy' children were found to
have significantly lower

T4 levels at 1, 2,

and 3 months

of age compared to the 'Difficult' group. No other diagnos
tic or treatment variables showed a significant difference
in relation to temperament. There was a significant rela
tionship between ratings of temperament at 6 months and
later temperament ratings up to 2 years of age but not at 3
years. The authors concluded that the higher frequency of
difficult temperaments was due to increased nervous system
excitability which was associated with higher levels of T4
during the first months of life.
This study has important implications for treatment.
Some authors have recommended that T4 should be maintained
in the higher end of the normal range and that risks of
overtreatment are minimal

(Fisher and Foley 1989). Rovet

acknowledged that there was some evidence associating
higher T4 levels in the first months of life with better
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locomotor and eye hand coordination skills at three years
but that children

with the highest T4 levels did not

necessarily perform better than those with medium levels.
It remains unclear whether the increased risk of difficult
temperament in early infancy may be the cost of optimal
cognitive functioning in later childhood.
There have been no reports of a statistically signifi
cant increased frequency of behaviour problems in later
childhood (3-9 years) compared to the expected levels for
the general population. In the UK pilot study, behavioural
assessments were carried out at both 3 and 5 years of age
and showed no significant differences between patients and
controls at either age. At five years, there was a tendency
for children with CH to be more frequently rated as having
a behavioural disorder (CH group 16%; Controls 10%), to
have more sleep problems (CH group 28%; Controls 18%), and
to have more worries (CH group 10%: Controls 2%). But these
differences must be seen in the context of a large number
of behavioural items rated similarly and may well be no
more than chance differences.
Overall, the available evidence indicates that early
treatment has resulted in a significant decrease in the
occurrence of behavioural difficulties in CH children
compared with late treated patients. This is clearly not
independent of the improvement in intellectual functioning.
Whether more subtle relationships exist between the quality
of hormonal control and aspects of behaviour such as atten
tion and mood remain to be demonstrated. The study by Rovet
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et al (1989) has suggested that enquiry into aspects of
hormonal/behavioural

relationships may be fruitful.

5.SUMMARY
Current research has confirmed an improvement
psychological

in

functioning in CH children following the

introduction of screening. However, the balance of evidence
suggests that intellectual and motor deficits relative to
non-affected children remain although the clinical signifi
cance of these deficits is unclear. There is no evidence of
increased behavioural problems in CH children although
observations of infant behaviour in the first year of life
have suggested an increased tendency towards more difficult
temperament.
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H. HYPOTHESES

The

aim

of the study is to examine the psychological

effects of congenital

hypothyroidism on children who have

been diagnosed by neonatal screening and placed on treat
ment during the first few weeks of life.

Psychological

outcome has been measured in terms of intellectual

func

tioning, motor skills and behaviour. It is clearly

recog

nised that social class, ethnicity and family variables
will all have a significant effect on these measures during
the pre-school years. The hypotheses aim to identify the
specific contribution of CH within the context of these
important psychosocial variables.
For the purpose of clarity, the hypotheses are pre
sented in terms of individual factors and their effect on
outcome. This is clearly an oversimplification as there are
likely to be important interactions between some of the
main variables. For example, optimum thyroxine control may
be easier to achieve for children who have a milder form
of the disorder at diagnosis. Equally, treatment compliance
may be more critical for children with a more severe form
of the condition. Careful examination of interaction ef
fects between diagnostic and treatment factors and social
class variables will be needed in order to specify the
particular contribution of CH.

Hvpothesis 1. Children with CH will show significant intel
lectual and motor deficits and an increased frequency of
behaviour problems compared to control children.
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Hvpothesis 2. Severity of the condition at diagnosis will
explain a significant part of the variation in psychologi
cal outcome. Children with more severe CH will tend to have
lower intellectual and motor skills than children with less
severe CH.

Hvpothesis 3. Although the range of ages that children
started treatment was quite small,

CH children treated

earlier will have higher intellectual and motor skills
scores and fewer behavioural problems than those treated
later after controlling for other aspects of CH.

Hvpothesis 4. CH children with low average T4 during treat
ment will do less well on psychological outcome at five
years than those with T4 scores in the optimum clinical
range.

Hvpothesis 5. CH children with average elevated TSH during
treatment will do less well on psychological outcome at
five years than those with average TSH in the optimum
range.

Hvpothesis 6. CH children with lower average dose of thy
roxine will do less well on psychological outcome at five
years than those with higher average dose levels.
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SECTION 2. METHOD

OUTLINE: This section describes the methods used in the
study. Firstly, the size and nature of the sample is de
fined. Secondly, the procedures used in the data collection
are described along with the main clinical and psychologi
cal measures. Finally, the rationale and statistical proce
dures used in the data analysis are presented.

A. SAMPLE.
1. CHILDREN WITH CONGENITAL HYPOTHYROIDISM
(la) Case Definition
A child was entered into the study by fulfilling the
following conditions.
1. Congenital hypothyroidism was detected by screening
or by clinical signs observed before the screening result
was obtained. Cases missed by the screening procedure were
not included in the study.
2. The birth took place in England, Wales or Northern
Ireland. Offspring of armed forces personnel based overseas
were not included in the study.
3. The birth took place between January 1 1982 and
December 31 1984.
4. The child was still on treatment for CH at five
years of age. This excluded children with transient hypo
thyroidism identified by a period off treatment usually
during the second year of life and also children considered
to be *borderline'

in respect to CH and who were not on

treatment at five years.
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During 1982-84, all positive cases identified by the
screening laboratories in England,

Wales and Northern

Ireland were notified to the MRC Register of Children with
Congenital Hypothyroidism at the Institute of Child Health
in London.

Scotland was not included in the study as a

separate register was set up in Glasgow. The notification
included the name of the paediatrician dealing with the
case. Once the screening test was confirmed by the paedia
trician, the child was entered into the study. Between 180190 children each year were identified, making an overall
total of approximately 550 cases over the three year peri
od.
This total was reduced by the exclusion of children
with transient hypothyroidism identified by a brief period
off treatment during the second year of life and also by a
small number of children in which the diagnosis was consid
ered borderline and thyroxine replacement therapy was not
instituted before five years. The total number of confirmed
cases of CH, born between 1982-84, was 476. Four of these
cases were missed by the screening procedure and conse
quently did not begin treatment until between 4 and 18
months of age. As these children were late treated they
were not included in the sample, making 472 children to be
included in the study.

(lb) Parental Consent
Permission for families to take part in the psycholog
ical assessments at five years was sought by first obtain
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ing written consent from the paediatrician who then (if
they agreed) would pass on to the parents a standard letter
(Appendix 1) along with a standard consent form and stamped
addressed envelope. Consent from the child's paediatrician
was refused for only one case and the parents were subse
quently not approached to take part in the study.

Some

paediatricians preferred to discuss the assessment with the
parents in person at a routine out-patient appointment
whereas others passed on

the letter by post.

If this

initial approach did not result in any response by the
family the Register would check with the paediatrician that
the letter had been forwarded and then send a second
'reminder' letter to the parents. For the families where
this also did not produce a response a variety of other
approaches were made either through the family's general
practitioner or through the family's health visitor.
It needs to be emphasised that these efforts were only
made when no reply was received from the family. If the
parents made it clear either in writing to the Register or
in discussion with their paediatrician that they did not
wish to take part in the study, then no further action was
taken by the Register. The majority of problems in obtain
ing written consent were more often either administrative
(e.g. letters going to the wrong address) or were related
to problems of literacy and inadequate explanations of what
the study and assessment would entail. In practice, the
rate of parental refusal was low. From 443 families who
were approached, 21 families (4.7%) chose not to participate
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in the study.
Those families who did not give consent either replied
in writing to the Register or discussed it with a local
health worker (e.g. G.P., health visitor) who then contact
ed us by phone. Every effort was made to ensure that non
participation in the study was an active decision by the
family rather than being due to a failure to return the
consent form or for any other administrative reason. When a
firm refusal was confirmed with the family, the child's
paediatrician was requested to complete a brief screening
questionnaire in order to determine whether the child had
any severe psychological/developmental impairment.

(Ic) Collaboration with Education Authorities.
All 121 education authorities in England, Wales and
Northern Ireland were approached by letter for their agree
ment to take part in the study. Permission was requested to
approach schools who had a child with CH for their help in
obtaining a classroom control and to obtain data about
behaviour on both the patient and control child. The educa
tion authorities were also asked for permission for local
educational psychologists to carry out assessments for the
study. Only two authorities refused to take part in the
study, although 2 2 others gave only conditional consent.
These 22 authorities expressed support for the study and
gave permission for the Register to approach schools for
their help with the study, but educational psychology time
was not made available to carry out assessments. The major-
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ity of these

assessments were carried out by myself with

the assistance of other staff based at the Register.
In the districts where support

from educational

psychologists had been agreed, it was inevitable that the
pressure of work on their own time meant that there were
times when a research commitment of this type could not be
fulfilled. As a high priority was placed on obtaining as
full a sample as possible for the study, assessments were
then usually carried out by the staff at the

Register.

This was not possible for three children for whom geograph
ical or administrative reasons prevented any assessment
being carried out. In total, out of the 414 assessments,
approximately 2 5% were completed by the author with the
remainder being carried out by local educational psycholo
gists.

2. CONTROL CHILDREN
For each child with CH in the study, a control child
was selected from the same school class and matched accord
ing to age, sex, social class and language spoken at home.
Age was defined as being within three months of the age of
the child with CH. Social class was defined by the father's
occupation in terms of non-manual or manual occupations.
Single parent families were rated according to the occupa
tion of the child's caretaker and children from single
parent families were not required to be matched with other
single parent households. Children who did not speak English
as their main language at home were matched with a child of
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the same language background.

Every effort was made to

match precisely the main home language but, where this was
not possible, children of Asian background would be matched
to a child with another Asian language and children with a
European first language would, if necessary, be matched to
a child with another European language. One child who spoke
Welsh as his first language was matched with another Welsh
speaking child.
Control children were selected by the school (usually
the headteacher) according to instructions supplied by the
Register (Appendix 1). Every effort was made to ensure that
the children were only selected according to the stated
criteria and not according to the personal characteristics
of either the child or the parents. This was emphasised in
the instructions in order to reduce selection bias in
favour of parents who were perceived as being more coopera
tive.

The standard procedure for selecting the control

child resulted in the school selecting the two children who
were closest on the class register to the child with CH and
who fulfilled the four matching criteria described above.
Two children were selected so that, if one was off sick on
the day of the assessment, there would be a replacement
available.
The parents of both the selected children were then
approached by the school to obtain written consent to take
part in the study. The schools were provided with standard
letters (Appendix 1) explaining the purpose of the project
and the nature of the assessment procedure. Standard con
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sent forms for the parents to sign were also provided by
the Register (Appendix 1) and had to be returned to the
Register before the controls were entered into the study.

B. DATA COLLECTION
1. CLINICAL DATA
Diagnostic information and treatment details from
diagnosis to five years of age were obtained for each child
in the study from the child's paediatrician.

Following

notification from the screening laboratory and subsequent
diagnosis,

the paediatrician was asked to complete an

initial report form which requested detailed diagnostic
information on the date and result of the thyroid function
test, x-ray results of epiphyses at the knee, thyroid scan
results, initial dose of thyroxine,

and signs and symptoms

of CH. Pregnancy and delivery details such as length of
gestation, medication and illness during pregnancy, ciga
rette and alcohol consumption, type of delivery and birth
weight were also obtained. Family details concerning the
health status of all siblings (or half siblings), marital
status and ethnic background of parents,

parental age,

occupation of family breadwinner and details about any
relatives with thyroid disease

were also recorded.

Follow-up forms requesting details of treatment were
sent to the child's paediatrician each year.

This form

requested height, weight and head circumference measures,
details of all thyroid function tests during the previous
year, changes of treatment (including periods off treat-
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ment), details of any illnesses and/or signs or symptoms of
CH and details about births of new siblings.

2. PSYCHOLOGICAL DATA
Psychological assessments required careful liaison
between the school, the Register,

the parents and

the

educational psychologist (if involved). The research staff
at the Register took a

very active role in ensuring effec

tive communication between these agencies.

All correspond

ence with schools or parents was usually followed up by
phone so that anxieties or misunderstandings could be dealt
with promptly. Any telephone or written communication with
the Register was systematically recorded. This work was
extremely time consuming and painstaking.
For each case the administrative procedure for orga
nising the psychological assessments was approximately the
same and is summarised in Figure 6. Copies of all standard
letters,

assessment forms,

information and instruction

sheets are provided in Appendix 1.
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FIGURE 6. DATA COLLECTION PROCEDURE FOR PSYCHOLOGICAL
ASSESSMENTS
Consent letters sent to
paediatrician including
parent consent letter and
form.

Consent forms received from
both paediatrician and the
child's parents.

Assessment details sent
to educational
psychologist (EP).

Introductory letter
sent to school.

Detailed assessment
documents sent to
school.
1.
2.
3.
4.
5.
6.
7.

Assessment procedure
Selection of controls
General information
Control parent letters
Control consent forms
Teacher questionnaires
Parent questionnaires

Assessment date
arranged between EP
and school.
Parents informed.

Selection of controls
by headteacher.
Written consent from
parents of controls

Completion of teacher
questionnaires on CH
child and control.

Children seen at
school by EP.

Assessment data
returned to
Register
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The psychological

assessment was planned to take

approximately one hour for each child.

In practice, the

procedure took between 45-90 minutes depending both on the
fluency of the psychologist with the test procedure and
also the speed of the child to respond to the test materi
als. Non-compliance did not present a problem as the vast
majority of five year olds in this study coped without any
difficulty with this length of assessment.

Only three

children (out of 769 children assessed) failed to complete
the test because of lack of cooperation. Five other chil
dren did not carry out the verbal subtests of the WPPSI due
to an inadequate level of English which would have made
results uninterpretable.
Parents and teachers were asked to complete behaviour
questionnaires on all children in the study. Parents were
asked to complete the Conners parents questionnaire (CPQ)
and the Richman behaviour checklist (BCL). Class teachers
were asked to complete the Conners teachers questionnaire
(CTQ). Overall, the cooperation of teachers and parents in
completing these forms was extremely good. A few parents
objected to the questions about their own education and
occupation and did not answer these sections. In the early
stages of the study,

a number of parents and teachers

complained about the negative character of the question
naires and felt that some of the items were offensive in
relation to five year olds. In response to these comments,
the CPQ was amended by removing seven items (see section on
behavioural measures for more details).
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C. MEASURES.
OUTLINE: This section will describe the main explanatory
(independent)

and outcome

(dependent)

variables

in the

study. The explanatory variables were divided into four
groups, namely birth, demographic, diagnostic and treatment
variables. Outcome variables were intelligence,

motor

skills and behaviour. As several of these variables in
volved constructing summary variables derived from multiple
observations, the rationale and procedures used to con
struct these variables are described.

1.EXPLANATORY VARIABLES
The following variables were used as explanatory variables
in the study.

BIRTH VARIABLES
1.
Gender
2.
Birthweight (grams)
3.
Gestation age (weeks)
DEMOGRAPHIC VARIABLES
4.
Language at home
5.
Social class
6.
Mother's education
SEVERITY OF CH AT DIAGNOSIS
7.
Pre-treatment T4 (nmol/1)
TREATMENT VARIABLES
8.
Age at start of treatment (days)
9.
Paediatric ratings of treatment compliance
10. Average dose (meg)
0-6 mths;6-12 mths;12-24 mths;24-60 mths.
11. Average TSH (mU/1)
0-6 mths;6-12 mths;12-24 mths;24-60 mths.
12. Average T4 (nmol/1)
0-6 mths;6-12 mths;12-24 mths;24-60 mths.
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(la) Birth and demographic measures
Birthweight and gestational age were potential confounders in relation to psychological outcome. These meas
ures were collected by paediatricians at the time of diag
nosis in order to determine whether the CH group was dif
ferent from the normal population and whether clinical and
treatment variables were associated with these measures.
Similarly, basic demographic data was collected for
both patients and controls in order to ensure that differ
ences between groups were not confounded by important
socio-economic variables and to assess whether clinical and
treatment variables were associated with socio-economic
factors.
The following demographic data were collected on each
child in the study; age, gender, language spoken at home,
present employment and educational history of both parents.
This information was obtained from the first section of the
parents behavioural questionnaire (Appendix 1). The ques
tions about occupation were constructed in order to allow
accurate social class classification using the procedures
required by O.P.C.S. (OPCS, 1981).
Home language was collected in order to identify those
children who did not have English as their first language
as this would have a major impact on IQ scores. The varia
ble was not synonymous with ethnic background although the
majority of children with English as a second language were
of Asian ethnic origin.
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(lb) Severity of CH.
As described above,

CH is a condition of varying

severity. Some patients at diagnosis may have near normal
levels of T4 and normal skeletal maturation

whereas others

may have no detectable T4 and evidence of considerable
skeletal delay. Severity of CH at diagnosis can be estimat
ed in three ways. Firstly, by

measuring T4 and TSH levels

from blood serum prior to the initiation of treatment.
Secondly, by measuring skeletal maturity

(bone age) from

an X-ray of the knee, or thirdly, by measuring the location
and size of thyroid tissue using an isotope scan. These
measures have been shown to be closely associated

(see

above).
Isotope scans and bone age data were carried out on
only 40% and 60% of the sample respectively,

so these

measures were not carried out on a sufficient proportion of
the sample to be an useful estimate of the severity of CH.
The most commonly used estimate of CH at diagnosis was
blood serum T4 (N=374) or Free T4 (N=75) although neither
variable was measured for 23 patients. In order to have a
consistent measure of severity of CH for the sample. Free
T4 levels were converted into equivalent T4 values (Tillotson et al 1992).
However, not all T4 values were measured as continuous
scores.

Sixty three patients had categorical scores of

'less than normal' for T4 or Free T 4 . These values could
not be given a value on an interval scale. Subsequently,
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severity of CH was measured in two ways; as a categorical
variable for 95% of the sample and as a continuous variable
for 80% of the sample. Because this assessment of severity
(whether as a categorical or continuous measure) included
the highest proportion of the sample,

it was used as the

key estimate of severity of CH in the study.

(Ic) Quality of treatment
The accurate assessment of quality of treatment over
five years required the analysis of a number of different
variables and the computation of appropriate summary sta
tistics from continuous measures of dose, T4 and TSH. The
selection of the most appropriate summary scores involved
theoretical

considerations

(e.g.

greater neurological

vulnerability in the first two years of life) and pragmatic
choices about which variables had least missing data.
Two measures have been used in other studies to assess
the quality of treatment; either average T4 over specific
time periods, or the length of time before T4 or TSH levels
had normalised after starting treatment. The accuracy of
the latter measure was dependent on all the subjects in the
study having regular thyroid function tests at set age
points.

These would need to be more frequent than was

carried out in this study. As described above, the treat
ment data consisted of blood test results taken as part of
the clinical management of each child. This resulted in
wide variation in the frequency of blood tests carried out
and also the nature of the thyroid hormone which was as
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sessed.

This variation in data between subjects placed

considerable constraints on the computation of standard
quality of treatment measures for the whole sample.
Details concerning the rationale and computation of
the summary

variables for dose, T4 and TSH are provided in

Appendix 2. In brief, approximately 10% of patients had
less than four observations of T4 or TSH during the whole
five year period and

were considered to have insufficient

data to estimate hormone levels. Average dose, T4 and TSH
levels were computed by drawing a straight line between
observation points (thyroid function tests) and computing
the area under the curve. This enabled the estimate of
average concentration of hormone to be adjusted for time
between tests. Average levels were computed for the first
year, the second year and the remaining three years. This
was done partly because the first two years were considered
more critical in relation to brain growth and, secondly,
because more thyroid tests were carried out in the earlier
years.
In addition, treatment compliance ratings from paedia
tricians were also analysed in relation to outcome. Paedia
tricians rated treatment compliance for each year of treat
ment as being either 'good',

'uncertain' or 'poor'. Pa

tients who were rated as 'uncertain' or 'poor' for any year
were given an overall rating of 'less than optimum' for the
five year period.
Finally, quality of treatment was measured in relation
to the age at start of treatment as measured in days. Inher
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ent in the introduction of screening for CH was the assump
tion that the earliest possible start of treatment would be
advantageous for the patient.

2. OUTCOME VARIABLES
OUTLINE: The main outcome measures used in the study will
be described in this study. The validity and reliability of
the measures will be examined, along with potential differ
ences between the original standardisation samples and the
study population.
Outcome in relation to intelligence, motor skills and
behaviour was assessed using the following measures.

1. Intelligence: Wechsler Pre-school and Primary scale of
Intelligence (WPPSI) .
2.

Motor skills: Bruinincks-Oseretsky Test of Motor Profi

ciency.
3. Behaviour: Conners Teachers Rating Scale; Conners Par
ents Rating Scale; Richman Behaviour Checklist.

(2a) Intelligence.
A full discussion of the theoretical and empirical
basis of IQ is beyond the scope of this section. The par
ticular IQ measure used in the study will be described and
expected IQ scores for contemporary children will be con
sidered.
Cognitive function was assessed using the Wechsler
Pre-School and Primary Scale of Intelligence (WPPSI) which
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covers the age range 4-6 years (Wechsler,1966). The WPPSI-R
had not been published at the time the assessments were
carried out. Subjects were assessed on all ten subtests of
the scale using the standard English version of the test.
The scale has the same structure as the other Wechsler
tests (Wise and WAIS) in which the ten subtests are divided
equally between either a verbal or a performance (visual)
subscale. The subtests for the WPPSI are as follows;

VERBAL SUBSCALE
Information
Vocabulary
Arithmetic
Similarities
Comprehension

PERFORMANCE SUBSCALE
Animal House
Picture Completion
Mazes
Geometric Design
Block Design

The scale was originally standardised in 1963-66 on a
sample of 1200 American children stratified according to
age, sex, geographic region, urban-rural residence, ethnic
background and father's occupation. The proportions of the
sample on these variables was matched to the 1960 American
census data. Raw scores for each subtest were converted to
scaled scores with a mean of 10 and a standard deviation of
3 for each age level. Verbal, performance and full scale IQ
scores, with a predetermined mean of 100 and a standard
deviation of 15, were derived from the sums of the appro
priate scaled scores.
An evaluation of the WPPSI was carried out in the U.K.
in 1967
Isle

(Yule et al 1969) on 150 children as part of the

of Wight study. The results of this study indicated a
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mean full scale IQ of 105 points and that performance IQ
was consistently higher than verbal IQ for both sexes and
all social class groups. As with the American data, there
was no difference between boys and girls on verbal, per
formance or full scale scores. Part of the overall differ
ence in IQ scores between USA and UK samples was probably
related to the different ethnic composition of the two
samples. In the American group 14% of the children were
from ethnic minorities whereas the UK study was an all
white population. Flynn (1987) has suggested that an ad
justment of 2.26 points in comparing population samples
with white only data. Overall, data from this evaluation
study would indicate that the mean IQ of a population of UK
children assessed in 1967, including ethnic minority chil
dren, would be approximately 103 points.
Considerable evidence for a secular rise in IQ scores
over time has now accumulated

(Flynn 1984;

Flynn 1987)

making mean IQ scores at the time of the standardisation of
the test increasingly obsolescent. Reviewing a wide range
of data from adult and child studies Flynn has estimated
that the rate of this increase has been between 0.32 and
0.38 points per annum over the last six decades. According
to this finding the expected mean IQ of five year old
(white)

children assessed on the WPPSI between 1987-90

would be approximately 112 points.

(2b) Motor skills
Motor skills were assessed using two items of the
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Bruinincks-Oseretsky Test of Motor Proficiency (1978). The
test was standardised on a sample of 7 65 North American
children aged between 4-14 years during 1973. The sample
was stratified by age, sex, race, community size and geo
graphic region based on the 1970 U.S. Census. The full test
consists of 8 subtests

which are made up of 4 6 separate

test items.

SUBTESTS OF BRUININCKS-OSERETSKY
TEST OF MOTOR PROFICIENCY
1.
2.
3.
4.
5.
6.
7.
8.

Running speed and agility.
Balance.
Bilateral coordination.
Strength.
Upper limb coordination.
Response speed.
Visual motor control.
Upper limb and dexterity.

A composite gross motor score is derived from subtests
1-4 and a fine motor composite score from subtests 6-8. The
underlying

structure of the 46 test items was examined

using a principal components method of factor analysis with
varimax rotation. Factor 1 accounted for approximately 70%
of the total common factor item variance and was felt to
reflect general motor development.
The selection of an appropriate assessment of motor
skills also needed to take account of the research design
of the study in which educational psychologists throughout
the country would carry out the assessments. Most educa
tional psychologists would not consider the assessment of
motor functioning to be within their assumed area of exper
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tise.

It was therefore essential that the test procedure

should be short, easily learnt and that the test materials
should be readily sent by post.
It was decided that the test should be confined to the
two items with the highest factor loadings from the visual
motor control and upper limb and dexterity subtests. These
items were *Drawing a line through a straight path with
preferred hand*

(Factor loading .65), and *Making dots in

circles with preferred hand*

(Factor loading

.78).

The

latter item had the highest loading of any item in the full
test. Both items fulfilled the practical needs of the study
as they were both pencil and paper tests, easily transport
ed by post and had short and simple instructions (Appendix
1).

Scoring of the sub-tests was carried out according to
the usual procedures for the test. Raw scores were convert
ed to point scores in order that both subtests contributed
a similar weight to an overall motor skills score which was
computed by simple addition of the two point scores.

(2c) Behaviour problems.
Behaviour was assessed using the Conners behaviour
scales and the Richman Behaviour Checklist. As different
studies have used different versions of the Conners scales
and because the reliability and validity of these rating
scales has been less well documented than IQ, the back
ground to these behaviour measures will be considered in
more detail.
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(2c;i) Conners Teacher Questionnaire (CTO)
The CTQ has been very widely used as a rating scale
for child psychopathology in the age range 4-12 years, has
shown satisfactory reliability (Conners 1973; Trites et al
1981) and has had a wealth of studies which have supported
its construct,

discriminative and concurrent validity

(Barkley 1988). Despite these clear psychometic strengths,
the scale has had the disadvantage of having a number of
different versions and also a degree of inconsistency in
the factor structures reported by different studies. These
latter two issues will now be examined more carefully.
The CTQ was originally described (Conners 1969) in a
treatment study of dextroamphetamine with a group of chil
dren having learning and/or behaviour problems compared
with a placebo group. The subjects were a clinic sample and
consisted of 103 children (82 boys, 21 girls) with beha
viour disorders, hyperactivity, or attentional problems
associated with learning disorders. Children with IQ's less
than 80 or who were psychotic were excluded from the study.
The children had a mean age of 10 years and most of the
sample were between 8 and 12 years. The original scale
consisted of 39 items which the teacher rated on a four
point scale (not at all, just a little, pretty much, very
much). The results were factor analysed indicating the
presence of five factors which the author labelled in the
following way.
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Factor
1.
2.
3.
4.
5.

Construct
Variance
Defiance, conduct disorder.
39%
Day-dreaming, inattentive.
16%
Anxious/fearful.
12%
Hyperactivity.
20%
Sociable, cooperative behaviour. 14%

N.items
17
6
8
8
4

For further analysis of the data the significantly
loaded items on each factor were given unit scores and
summed to give five factor scores for each subject. The
number of items attached to each factor is shown above.
Following this study, the scale was used in a number
of drug studies with children

(Conners 1973; Werry and

Sprague, 1974). A study of 418 children, aged between 6 and
12 years, from a community based sample was carried out in
Auckland, New Zealand (Werry and Hawthorne, 1976). For this
study, five of the original items were changed although two
of these involved only a slight rewording. This version is
often referred to as the revised version of the CTQ (Con
ners 1973). This study confirmed the factor structure in
the original paper in respect to conduct disorder, hyperac
tivity and sociability. Factor 2 (inattention) and Factor 3
(anxiety/fearfulness) showed less stability across studies.
Boys scored higher on all factors except Factor 3. Age was
reported as not affecting factors significantly.
Using the revised version of the CTQ, Trites et al
(1982) reported the results of a community based study on
9583 children, aged between 4 and 12 years,

from Ottawa,

Canada. Using the same method of factor analysis, a differ
ent factor structure was identified with six factors ac
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counting for 63.3% of the variance. Factor 1 accounted for
35% of the variance and was labelled by the authors as
hyperactivity.

Factor
1.
2.
3.
4.
5.
6.

Variance
Construct
Hyperactivity
35%
Conduct disorder
10%
Emotional overindulgence
6%
Anxious-passive.
4%
Asocial
3%
Daydreams/attendance problem
3%

The authors explained the differences between this
study and previous studies as being a function of the
larger and unbiased nature of the sample. As with previous
studies, age effects on factor structure were very small
and not statistically significant. Boys scored higher on
the hyperactivity factor but not on the other factors.
In the UK, two community based studies, using the
revised version of the scale with the same minor adjust
ments in wording to make it more comprehensible in
have been carried out
1984).

the UK,

(Smith 1983; Taylor and Sandberg

The study by Smith obtained

teacher behaviour

ratings on 4113 six year old children as part of a communi
ty study of the effects of lead. Factor analysis of this
data did not produce a separate hyperactivity factor from a
more general conduct problem factor. The factors

identified

in this study were very similar to that in the study by
Taylor and Sandberg (1984) which was carried out on 437
children, aged between 6 and 9 years. Using the same factor
analytic methods as the other studies,
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six factors were

identified,

accounting for 69% of the variance.

These

factors were as follows.

Taylor and Sandberg 1984

Smith 1983

1.

Conduct problem.

Conduct problem

2.

Anxiety.

Tension/anxiety

3.

Hyperactivity-inattention

Temperament

4.

Unpopularity

Inattentive/passive

5.

Anti-social conduct

Anti-social conduct

6.

Isolation

Unpopularity.

Differences in labels of the factors do not necessari
ly indicate the level of agreement across items between the
different studies. Taking the original behaviours which
made up the factors of conduct disturbance, hyperactivity,
and inattentive-passive in Conners original study, Taylor
and Sandberg compared their own results with the original
study and with several other community based studies.

It

was concluded that there was general agreement on the
conduct disturbance factor but less agreement that the
hyperactive behaviours made up a separate dimension. Howev
er, this review did not include the study from Ottawa
(Trites et al 1976) in the comparison of results. Consist
ent with the other studies was the higher scores for boys
on the hyperactivity, inattention and conduct disorder sub
scales. Similarly, the study reported no significant effect
of age, or interaction of age with sex.
The study also provided data on the mean score for
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boys and girls on each of the subscales using the procedure
described by Conners (1969). Although these scores show
considerable differences compared with studies in North
America and New Zealand, they provide useful and recent
normative data on a population of UK children. The version
of the CTQ used in both the UK studies was selected as the
appropriate version for this study and is given in Appendix
1.

(2c;ii)

Conners Parent Questionnaire

(CPC)

Like the CTQ, the Conners Parent Questionnaire has
been shown to have adequate test-retest reliability (O'Con
ner et al 1980) and satisfactory concurrent and discrimina
tive validity (Barkley 1988). However, as with the CTQ,
there have been several different versions of the scale.
The CPQ was originally described by Conners (1970) and
consisted of a 73 behaviour items rated by parents on the
same four point scale as the CTQ (not at all, just a lit
tle, pretty much, very much). The subjects for this study
were 316 clinic children and 365 non-clinic controls, aged
between 5 and 15 years. The scale was factor analysed in
the same way as described above for the CTQ resulting in
the identification of five factors.

1.
2.
3.
4.
5.

Aggressive-conduct disorder
Anxious-inhibited
Anti-social reaction
Enuresis
Psychosomatic problems
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The most striking difference in structure compared
with the CTQ was the absence of a hyperactivity factor. The
factors were able to discriminate between clinic and con
trol groups.
Since this initial study, the scale has undergone more
extensive revisions than the CTQ and care needs to be taken
in comparing studies to ensure that the results are based
on the same version of the scale. In 1973, a 93 item ver
sion of the scale was described, along with an abbreviated
version containing only ten items relating to hyperactivi
ty/inattention (Conners 1973). This was followed in 1978 by
a 48 item version (Goyette et al 1978). This 48 item ver
sion has provided the basis for the 42 item version of the
scale used in several studies in the UK (e.g. Smith 1983) .
Smith reported parent behaviour ratings on 403 six year
olds but no data was presented about the factor structure
of the ratings.
However, it should be noted that there are considera
ble discrepancies between the 48 and 42 item versions. Only
two items on the two scales are identical in wording, with
six other items being identical in meaning although having
slightly different words. A further twenty six items have
approximate identity in the two versions. For example:-

UK version

1978 48 item version

She wakes at night.

Problems with sleep (can't
fall asleep, up too early,
up in the night.)
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However,

sixteen items in the UK version have no

equivalent item in the 1978 version and, conversely, twenty
nine items in the 1978 version have no equivalent item in
the UK version. The reason for the discrepancy in these
comparisons is that single items in one version sometimes
covered a number of specific behaviours in the other ver
sion.
The 42 item version of the parent scale was considered
the most appropriate version for this study and is shown in
Appendix 1. Scoring and factor analysis were carried out in
the standard way for this measure.
In conclusion, the Conners Teacher and Parent scales
were considered to have satisfactory psychometric charac
teristics but comparison with other studies needs to be
done with care owing the variation in the forms of the
scales. Useful reference data was available on UK children
using the same versions that were adopted for this study.

(2c;iii) Richman Behaviour Checklist (BCD
The Richman behaviour checklist was devised from the
Behaviour Screening Questionnaire

(BSQ) in order to devel

op an effective screening instrument for emotional/beha
vioural problems in the pre-school period. The instrument
was designed to be completed by parents in a few minutes
and asked the parent to choose which behavioural descrip
tion out of 3 or 4 choices best fits their child over the
last 4 weeks.
The BSQ was used in the Waltham Forest study and its
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reliability and validity have been clearly described
(Richman and Graham 1971). It comprises 12 items of beha
viour as follows:

eating;

sleeping;

soiling;

activity;

concentration; relationship with sibs and peers; dependency
and attention seeking; control; tempers; mood; worries;
fears. The BCL uses these same 12 items as the BSQ and was
assessed in respect to reliability ( four week test-retest
on sample of 68 children) and validity (results compared
with BSQ) by Richman (1977) . This study obtained BCL and
BSQ measures on a sample of 705 three year old children in
a survey of a representative sample of three year olds
living in a London borough.

In conclusion,

the BCL was

felt to be a useful epidemiological instrument in comparing
two populations of children. Using a cut-off of 10 points,
it selected 82% of the children with moderate to severe
behaviour problems compared with the BSQ which selected
100% of these, and to have 13% false positives compared
with 7% from the BSQ (Richman 1977) . The version used in
the study of children with CH was the same as the original
version of the BCL and is given in Appendix 1.

(2c:iv)

Parental response to behaviour Questionnaires.

In the original design of the study, behaviour was
planned to be assessed using the Conners questionnaires
only. During the first year of the data collection, it was
felt that these measures had some limitations in respect to
age appropriate item content. This resulted in two changes
to the behavioural measures being made after one third of
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the data had been collected. Firstly, the CPQ was amended
in response to parents comments and, secondly, the BCL was
added to the parent questionnaire.
Although the Conners teacher and parent questionnaires
were designed to cover children of five years of age, seven
items were perceived as either completely inappropriate in
relation to five year olds or were considered offensive by
some parents who then questioned the validity of the entire
questionnaire. For example, item 39 asked whether the child
has been in trouble with the police and other items re
ferred to stealing from parents or school or from the
shops. In response to these comments, a sample of 50 paren
tal questionnaires were reviewed. For all fifty question
naires, the parental response to

these seven items was

'not at all'. These items were as follows.

1.
2.
3.
4.
5.
6.
7.

He
He
He
He
He
He
He

steals at school.
steals from shops and other places.
steals from his parents.
gets into trouble with the police.
gets stiff and rigid.
twitches, jerks etc.
shakes all over sometimes.
(Boys version.)

Although the identification of rare behaviours can be
considered part of the function of behaviour rating scales,
it was decided that these items should be deleted from the
questionnaire.
It was also recognised that the Conners questionnaires
did not address behavioural problems more specific to the
pre-school period up to five years of age, particularly
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concerning domestic routines, self help skills and parental
control. Although the BCL was originally designed for three
year olds,

its content covered important behaviours not

included in the CPQ. It was also more normative in its
content and style and this was considered important as some
parents had felt that the CPQ was extremely negative and
extreme in its content. For the second two years of the
data collection, the BCL was included in the parent ques
tionnaire.

Following these changes to the questionnaire,

the Register received no further complaints about its
content for the remainder of the study.

D. DATA ANALYSIS
1. DATABASE
The database for the Register was originally located
at the University of London Computer Centre (ULCC) using
the Scientific Information Retrievals (SIR) database soft
ware package. This was later transferred on to a desktop
machine. Patient details (names, addresses etc) were stored
on a separate data base (using R-Base software) in order to
comply with data protection guidelines.

Data coding and

entry procedures have altered as the system has been updat
ed and improved. All clinical and psychological data were
coded and then checked for errors by another member of the
Register staff before entry. In addition, the database has
was carefully scrutinised for logically inconsistent or
extreme values. An error check on all data for 50 randomly
selected cases was completed in 1990 which indicated an
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error rate of less than 0.5%. Statistical analysis has been
carried out using the Statistical Analysis System (SAS)
package.

2. STATISTICAL PROCEDURES
The first stage of the data analysis described the
distribution of each explanatory variable in turn and
determined whether it was significantly associated with
other explanatory variables. The results of this analysis
are presented in the first part of the Results section.
The second stage compared the scores for all

matched

patients and controls on all outcome measures and deter
mined whether differences between the two groups were
statistically significant. Tests of significance used were
the chi-square test for frequency data (behavioural items) ,
t-test for normally distributed continuous measures

(IQ,

total motor scores) and the Wilcoxon non-parametric test
for continuous measures which were not normally distributed
(total behaviour scores). Correlation coefficients were
computed to examine the interrelationships of the outcome
measures for patients and controls separately.
The third stage described the relationship of IQ,
behaviour and motor skills to the main explanatory varia
bles in a series of tables. Continuous explanatory varia
bles were generally tabulated into five groups in order to
determine trends in the outcome variables and also to
examine whether more extreme scores tended to do less well
on outcome. Analysis of variance was used to test for
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significance between each outcome and explanatory variable.
The fourth stage involved constructing three regres
sion models for IQ, motor skills and behaviour

respective

ly. More detailed information about the way that these
models were constructed is given in Appendix 3.
Finally, a discriminant analysis was carried out in
order to determine which psychological variable was most
able to distinguish between children with CH and non
affected children.
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SECTION 3. RESULTS

NOTE: Throughout this section, the results will be
presented using a number of specific conventions. The
term "significant" will only be used in relation to
statistically significant associations or differences
at the 0.05 level or less. A "trend" or "tendency"
will indicate a non-significant observation. Due to
the large number of contrasts that are reported, the
convention of only reporting p values during the
preliminary stages of the analysis has been adopted.
Final analyses will be reported in more detail and
will include confidence intervals as appropriate.

A. SAMPLE RECRUITED AND REASONS FOR LOSS TO FOLLOW-UP
OUTLINE: In general, there was a very high level of re
cruitment to the study. However, this section will concen
trate on the small proportion of children who were lost to
follow-up at different stages of the study. Consequently,
the sample has been divided into seven subgroups according
to

reasons for children being lost to follow-up.

The

seven subgroups are compared with respect to gender, social
class, language spoken at home, pre-treatment T4 and age at
start of treatment in order to determine whether sampling
loss may have systematically influenced the findings of the
study.
More detailed comparisons are shown between:

(1) CH

children with and without a matched control; (2) matched CH
children and the remainder of the sample, as these groups
were particularly central to the proceeding analysis.
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l.CH CHILDREN
A summary of the distribution of key demographic and
clinical variables for the total sample of CH children is
shown in Table 17.

TABLE 17. TOTAL SAMPLE BY GENDER, SOCIAL CLASS,
LANGUAGE AT HOME , PRE-TREATMENT T4 AND
AGE AT START OF TREATMENT. (N=472)
%

MISSING

142

30.1

0

191

41.3

0

60

12.7

0

215

47.9

23

98

20.8

0

N
GENDER
BOYS
SOCIAL CLASS
NON-MANUAL
LANGUAGE AT HOME
NON-ENGLISH
PRE-TREATMENT T4
(<30 nmol/1)
AGE AT START
OF TREATMENT
(> 4 Weeks)

These figures are generally in line with prior expec
tation. CH is known to occur twice as frequently in girls,
and to have a higher incidence amongst Asian families than
European ethnic groups. Screening had resulted in early
treatment as the large majority of the sample began treat
ment before four weeks of age.
From this total sample, a number of children were lost
to follow-up at different stages of the study (Figure 7).
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FIGURE 7. NATIONAL SAMPLE WITH REASONS FOR
LOSS TO FOLLOW-UP

Total sample detected by
screening.
N=472
14 deaths
11 moved abroad
4 lost contact
Total sample available
for assessment at five
years of age.
N=443
21 refused consent
to take part in
the study
5 severe handicap
3 no psychologist
Total sample assessed at
five years
N=414
57 no controls
Patients with matched
control
N=357

From the original sample of 472 children with CH, 29
children were lost to the study before the child's fifth
birthday, mainly either as a result of the child's death or
because the family had moved abroad.

443 children were

therefore confirmed to be on treatment at five years and
potentially available for psychological assessment.
Written parental consent was required for the psycho
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logical assessments at five years of age. This was obtained
for 422 cases which excluded a further 21 cases from the
study. None of the children who were lost to the study at
this stage were reported by the child's paediatrician to
show evidence of severe psychological impairment.
Psychological data at five years was obtained for 414
children which represented over 98% of the sample for whom
parental consent had been obtained. Of the remaining eight
children, three lived in areas where it was not possible to
arrange for a local psychologist to carry out the assess
ment and which were too far from London for the assessment
to be done by the author. Five other children had severe
additional handicaps

which made the standard psychological

assessment inappropriate. Two of these children had Downs
Syndrome and were attending mainstream schooling at five
years.

Three children had severe mental handicap with

accompanying visual, motor and renal problems respectively.
The latter three children were all placed in units for
children with special needs and these handicaps were con
sidered to be independent of thyroid dysfunction.
2.CONTROL CHILDREN
Out of 414 children with CH, matched classroom con
trols were obtained for 357 cases in the study. The main
reasons for not obtaining a control child was that the
educational psychologist was unable to allocate sufficient
time to assess both the CH child and a control, or that the
school was unable to identify a control child who met the
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matching criteria.

As far as we know, no school was unable

to obtain a control child because permission was refused by
the parents.
3. SUBGROUPS WITHIN THE SAMPLE
The sample was divided into seven subgroups in order
to assess whether sample attrition had occurred in a sys
tematic way which may have influenced the interpretation of
the results. These seven groups were categorised according
to the reason for being lost to follow-up or whether the
patient had a matched control.

SUBGROUP (NAME)
1. Patients assessed with a control

N
(WCON)

357

2. Patients assessed without a control (NOON)

57

3. Patients where a psychological
assessment could not be arranged.

(LF/U)#

3

4. Patients with additional handicaps.

(HAND)

5

5. Families who refused consent for a
psychological assessment.

(REFC)

21

6. Gone abroad/lost to follow-up.

(L/FU)#

15

7. Infant deaths.

(DTHS)

14

# These groups were combined for some tables.

Differences between these subgroups with respect to
gender, social class, language background, severity of CH
and age at start of treatment is shown in Table 18 below.
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TABLE 18. SAMPLE SUBGROUPS BY DEMOGRAPHIC
AND CLINICAL VARIABLES (%)
SUBGROUPS
(N)

GENDER
BOYS
see. CLS
NON-MAN.
LANGUAGE
ESL
PRE-RX T4
(<30)
AGE RX
(>4 Wks)

WCON
(357)

NCON
(57)

HAND
(5)

REFC
(21)

LF/U
(18)

DTHS
(14)

30.5
(109)

31.5
(18)

40.0
(2)

28.6
(6)

22.2
(4)

21.4
(3)

38.4
(137)

55.0
(31)

20.0
(1)

47.0
(10)

55.6
(10)

14.2
(2)

7.4
(26)

21.0
(12)

60.0
(3)

14.3
(3)

55.6
(10)

42.9
(6)

45.3
(162)

43.6
(25)

60.0
(3)

66.6
(14)

50.0
(9)

64.3
(9)

18.2
(65)

31.5
(18)

40.0
(2)

61.9
(13)

22.2
(4)

28.6
(4)

KEY: WCON with controls
NCON without controls
HAND additional handicaps

REFC refused consent
LF/U lost to follow-■up
DTHS deaths

The group of CH children who died before two years of
age were more likely to have English as a second language
and more severe CH as measured by pre-treatment T 4 . The
group lost to follow-up and those with additional handicaps
also had a higher proportion of children with English as a
second language and severe CH. Parents who did not agree to
take part in the study were more likely to be of non-manual
occupation, to have more severe CH and were more likely to
start treatment after four weeks of age.
More detailed analysis of differences between children
who had a matched control

(N=357)

and those without a

control (N=57) is summarised in Table 19.
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TABLE 19. COMPARISON OF CH CHILDREN WITH A MATCHED
CONTROL (N=357) AND CH CHILDREN WITHOUT A
CONTROL (N=57) BY DEMOGRAPHIC, CLINICAL
AND IQ VARIABLES.
VARIABLE.

GROUP
WITH
WITHOUT
CONTROLS
CONTROLS

DIFF.

P

1. LANGUAGE BACKGROUND
NON-ENGLISH (%)
7.4

21.0

2. SOCIAL CLASS
NON-MANUAL (%)
MANUAL
UNEMPLOYED

38.4
49.6
12.0

55.0
35.0
10.0

3. BIRTHWEIGHT (GRAMS)
MEAN
3418.3

3440.4

22.1

0.52

50.9

61.9

11.0

0.31

45.3

43.6

0.3

0.96

101.3
107.9
105.1

98.6
108.2
103.8

-2.7
+0.3
-1.3

0.13
0.36
0.17

4. PRE-TREATMENT T4
MEAN
LESS THAN 30
(%)
5. MEAN IQ
VERBAL
PERFORMANCE
FULL SCALE

13.7

0.000

0.05

(Significance Tests: Wilcoxon , chi-square and t tests)

Patients assessed at five years but without a matched
control were more likely to have English as a second lan
guage and this was probably due to the lack of a child who
could be matched for language background in some classes.
In addition, there was a higher proportion of children from
non-manual backgrounds in this group although the reason
for this difference was not clear. The two groups did not
show a statistically

significant difference in IQ.

This pattern of differences was essentially the same
between the matched CH children (N=357) and the reminder of
the total sample (N=115) with significant differences only
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being observed in respect to language background and social
class (Table 20).

TABLE 20. COMPARISON OF CH CHILDREN WITH A
MATCHED CONTROL (N=357) AND THE REMAINING
CH CHILDREN IN THE SAMPLE (N=115)
VARIABLE.

GROUP

DIFF.

P

(357)

(115)

1. LANGUAGE BACKGROUND
NON-ENGLISH (%)
7.4

27.0

19.6

0.001

2. SOCIAL CLASS
NON-MANUAL (%)
MANUAL
UNEMPLOYED

38.4
49.6
12.0

51.4
37.1
11.4

13.0
12.5
0.6

0.05

3. BIRTHWEIGHT (GRAMS)
MEAN
3418.3
SD
587.0

3296.8
733.8

121.5

54.5
45.1

3.6

4. PRE-TREATMENT T4 (NMOL/L)
MEAN
50.9
SD
38.1

0.37

0.92

(Significance tests: Wilcoxon, chi-square and t tests)

Comparison of 357 CH children with their matched
controls

(Table 21)

in relation to sex,

language back

ground, parental occupation and parental education showed
no statistically significant differences between the
groups. On several variables, for example mothers' educa
tional background, the similarity between the two groups
was reassuringly high.
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TABLE 21. COMPARISON OF 357 CH CHILDREN AND 357
CONTROLS BY DEMOGRAPHIC VARIABLES.
VARIABLE.
1. GENDER
MALE (%)

GROUP
PATIENTS CONTROLS
30.5

30.5

1.00

7.3

7.8

0.78

2. LANGUAGE BACKGROUND
NON-ENGLISH (%)
3. SOCIAL CLASS
NON-MANUAL (%)
MANUAL
UNEMPLOYED
4. MOTHER'S OCCUPATION
NON-MANUAL (%)
MANUAL
HOUSEWIFE
UNEMPLOYED
5. MOTHER'S EDUCATIONAL
QUALIFICATIONS
NONE
CSE
O LEVEL
A LEVEL

MATCHED

38.4
49.6

39
52

12.0

8

25.7
14.2
55.6
4.5

28
17
52

34.2
29.3
15.3

34.5
19.9
28.8
16.8

0.95

47.9
15.2
21.7
15.2

38.5
17.6
26.6
17.3

0.14

68.4
11.5

66.4
14.4
19.2

0.56

48.8
28.0
23.2

0.50

21.2

2

0.29

0.30

6 . FATHER'S EDUCATIONAL

QUALIFICATIONS
NONE
CSE
O LEVEL
A LEVEL
7. MOTHER'S VOCATIONAL
TRAINING.
NONE
VOCATIONAL
DEGREE
8. FATHER'S VOCATIONAL
TRAINING.
NONE
VOCATIONAL
DEGREE

20.1

53.6
24.6
21.8

In summary, psychological data was obtained on a very
high proportion of the original sample that were available
for assessment at five years of age. Although
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the children

who were lost to follow-up and those without a matched
control did significantly differ from the matched sample of
CH children on some of the variables examined, the effect
of most of these differences was likely to be small because
of the small proportion of patients who were not assessed.
However, an important difference did emerge in relation to
language background with the matched group having a much
smaller proportion of children with English as a second
language.

It was concluded from this observation that

analysis of the results should examine outcome for these
children separately from the main group.
It was also noted that comparison of the patients and
controls showed that, as a group, the controls were very
well matched with the patients on all variables examined.
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B.

EXPLANATORY AND OUTCOME VARIABLES:
DISTRIBUTIONS AND ASSOCIATIONS

OUTLINE: In order to understand the relationships between
psychological outcome and the explanatory variables, it was
first necessary to identify the significant relationships
between the explanatory variables themselves. This is the
purpose of this section in which the missing data, distri
bution and correlates of each explanatory variable for the
sample of 443 children will be summarised in turn.
Demographic variables will be described first followed
by clinical variables. Associations between demographic
variables were generally in line with a large body of
previous research and tables have therefore not been shown.
In order to increase the coherence of the text, associa
tions between some clinical variables may be referred to
before the data on which they are based has been shown.
Generally, data relating to non-significant differences or
associations have also not been shown.
The description of the explanatory variables is fol
lowed by a similar presentation of the outcome variables,
showing missing data and interrelationships between the
different measures.
Table 21 summarises the explanatory variables which
were included in the data analysis and the number of miss
ing values for each variable.
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TABLE 22. LIST OF EXPLANATORY VARIABLES SHOWING NUMBER
OF MISSING VALUES IN SAMPLE OF 443 CH CHILDREN
NAME

TYPE(*)

No. Miss;

1.

Gender

B

2.

Birthweight

I(n)

32

3.

Gestation age

0

18

4.

Language at home

B

0

5.

Social class

N

4

6.

Mother's education

N

84

7.

Pre-treatment T4

I(s)

86

8.

Pre-treatment T4

0

21

9.

Treatment start-age

I(s)

0

10.

Treatment compliance

B

0

11.

Average dose (mths) 0-6

1(b)

12

7-12

1(b)

3

13-24

I(n)

2

25-60

I(n)

0

0-6

I(s)

53

7-12

I(s)

44

13-24

I(s)

43

25-60

I(s)

43

0-6

I(n)

43

7-12

I(n)

34

13-24

I(n)

33

25—60

I(n)

32

12.

13.

Average TSH (mths)

Average T4 (mths)

0

Type of variable:-B=Binary;I=Interval;N=Nominal;0=0rdinal
* Shape of distribution:- (n) normal;(s) skewed;(b) bimodal
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1. DEMOGRAPHIC VARIABLES
(la) Social class.
The social class distribution was very similar to the
general population as estimated by the Labour Force survey
of fathers

with 5-7 year old children in the UK

in 1989

(OPCS 1990). There was no evidence of an increased risk of
CH in children from more disadvantaged family backgrounds.
Social class was significantly associated with mater
nal educational background. In the whole sample,

15% of

mothers had passed at least one *A* level, of which 80%
came from non-manual families.

In contrast,

only 5% of

mothers from families in which the main breadwinner was
unemployed had a similar qualification.
Social class was not associated with severity of CH as
measured by pre-treatment T 4 , age at start of treatment,
average dose,

average T4 and average TSH on treatment.

However, social class was related to paediatrician's rat
ings of compliance, with 47% of "unemployed" families being
rated as having less than optimum compliance compared with
18% for the sample as a whole.
(lb) Maternal educational background.
Eighty four CH children and 41 control children had
missing data on maternal education. These families were
almost entirely from among those seen during the first six
months of data collection when the parental questionnaire
did not include this item. It was probable that they had a
similar distribution of educational attainment as the rest
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of the group.
Educational background was rated according to the
mother's highest educational attainment. Approximately 35%
of both patients and controls had no CSE (or higher) exam
passes and 15% passed at least one A level. These figures
were very close to that of those for the general population
of school leavers in the UK during the period 1967-77 (DES
1989) .
In a similar pattern to social class, mothers educa
tional background was not associated with any clinical or
treatment variables related to CH, other than ratings of
treatment compliance. Mothers with no educational qualifi
cations were twice as likely to be rated as having less
than optimum compliance,

compared with the rest of the

group.
(Ic) Language background.
A rating of the language background (as English speak
ing or other) was obtained for each patient and control
child in the study.

In the patient group,

41 children

(9.3%) had English as their second language. Nearly all of
these children were of Asian background. A small number
(less than 5) of Asian families spoke English as their
first language at home and therefore were not included in
this group. This rate of 9.3% was higher than that of the
general population although the exact proportion of chil
dren in the UK born to mothers of Asian background is not
known. A reasonable estimate of between 5-7% can be made
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(OPCS 1987) which includes Asian mothers born in the UK.
In relation to demographic variables,

families with

English as a second language were under-represented in the
non-manual group (25%) and over-represented in the unem
ployed group (25%). Over twice as many mothers were rated
as having no educational attainments
the non-Asian group

(69%) compared with

(33%). Although some Asian parents

reported educational qualifications attained abroad, the
lower frequency of educational attainments may have been
increased by under-reporting of these attainments.
The Asian children did not differ from the rest of the
group with respect to pre-treatment T 4 , age at start of
treatment or average dose. However, they had a lower aver
age T4 level over the five year period (136.6 nmol/1 com
pared with 151.9 for the non-Asian group)

and 30% of the

Asian children were in the lowest centile of the sample in
relation to average T4 level. Asian patients also had
higher median TSH values and were more likely to have
persistently elevated TSH.

In addition,

these families

were much more frequently rated as having less than optimum
treatment compliance.
These observations

suggested that differences

in

treatment measures were related to less good compliance in
this group, particularly as social class and educational
background variables were not associated with differences
in treatment measures for the CH group as a whole. This
pattern was different from the rest of the sample and,
along with the well documented differences in IQ scores for
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different cultural groups, suggested that the psychological
outcome of Asian children should be assessed separately
from the rest of the group.
(Id) Birthweight and gestational age.
Birthweight was measured in grams and was normally
distributed with a mean (SD) of 3417.7 (591.1) and a range
of 1400-5710 grams. Gestational age was measured in weeks
and divided into three time periods. There was a higher
proportion of CH children born after 4 0 weeks than in the
general population (Grant et al 1992). As expected, gesta
tional age was closely associated with birthweight (Table
23) .

TABLE 23. BIRTHWEIGHT BY GESTATIONAL AGE
IN CH CHILDREN (N=401)
Gestational Age

Birthweight
Mean (SD)

%

N

6.8

25

2464.9 (463)

37-40 weeks

47.1

185

3282.2 (549)

More than 40 weeks

46.1

191

3674.0 (475)

Less than 37 weeks

There was not a higher frequency of CH children with
birthweights less than 2500 grams compared to the general
population.

However,

there were more CH children with

birthweights greater than 3500 grams (Grant et al 1992).
Lower birthweight was significantly associated with manual
social class; mothers with no educational qualifications;
and with Asian families. For the whole sample, neither of
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the birth variables were significantly related to the
severity of CH as measured by pre-treatment T4 although
there was a tendency for more severe CH (<30 nmol/1) to be
more common in the small group of children born at less
than 37 weeks gestation. Patients born after 40 weeks did
not have more severe CH than the group as a whole.
(le) Gender.
Gender did not show any significant association with
other explanatory variables except average dose. Average
dose to five years of age for boys was 61.9 meg compared
with 57.2 for girls (p<0.05). This difference was probably
a consequence of higher average weight for boys although
this was not formally tested as average weight was not
computed for this study.

2. SEVERITY OF CH
NOTE: Normal ranges of thyroid hormones.
Mean (SD) T4
Mean (SD) T4
Normal range

(1-4 weeks): 160 (27.5) nmol/1
(1-5 years): 135 (22.5) nmol/1
TSH: 0.2-7.0 mU/1
(Fisher 1989)

Severity of CH was measured by pre-treatment T4 at
diagnosis. T4 or freeT4 were not measured before diagnosis
in 21 (4.7%) children and for a further 65 children it was
not expressed as a continuous value but as a category (e.g.
less than 30 nmol/1). Examination of the birthweights,
demographic variables and treatment measures of patients
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with missing values (N=21) did not suggest that they repre
sented an extreme group in the sample.
357 children had a specific

(ie continuous)

pre

treatment T4 value (Table 24). The distribution was skewed
with more observations occuring at the lower end of the
distribution and with a long tail of comparatively high
values. If assessed as categories, a larger group of
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children had a pre-treatment score that could be assigned
to one of four categories (Table 25).

TABLE 24. SUMMARY OF PRE-TREATMENT T4 AS
CONTINUOUS MEASURE (N=357)
Median
Range
Percentiles
10
25
75
90
Mean (SD)

43
1-238
11
21
75
105
52.4 (40.1)

TABLE 25. SUMMARY OF PRE-TREATMENT T4 AS A
CATEGORICAL MEASURE IN 30 NMOL/L
GROUPINGS (N=422)
NMOL/L

N

less than 30
30—60
60-90
more than 90

197
106
60
59

(%)
(46.7)
(25.1)
(14.2)
(14.0)

Further subdivision of this group into approximately
10 nmol/1 bands of T4 resulted in a reduction in the over
all sample size to 396 patients.
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TABLE 26. SUMMARY OF PRE-TREATMENT T4 AS A
CATEGORICAL MEASURE IN 10 NMOL/L
GROUPINGS (N=396)
NMOL/L
<12
12-20
20-30
30-40
40—50
50—60
60—70
70-80
80-90
90-100
100-120
>120

N
67
55
49
40
31
35
25
17
18
14
24
21

(%)
(16.9)
(13.9)
(12.4)
(10.1)
(7.8)
(8.8)
(6.3)
(4.3)
(4.5)
(3.5)
(6.1)
(5.3)

Pre-treatment T4 was associated with a number of
treatment variables,

namely age at start of treatment,

average dose, average T4 and average TSH.
There was a highly significant positive association
between pre-treatment T4 and age at start of treatment
(df=356;F=17.09;p>0.0001). Cross tabulation of these varia
bles suggested that there were several independent factors
which had contributed to this association

(Table 27).

Children who started treatment after 2 6 days were more
likely to have a pre-treatment T4 concentration over 90
nmol/1. This association included 12 children who did not
begin treatment until after six months of age due to having
normal T4 levels (despite elevated TSH) at diagnosis. In
addition, there was a higher proportion of children who
started treatment before 16 days of age with more severe
CH. This association was probably due to some patients with
more severe CH being identified by clinical signs which de
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creased the time taken to confirm the screening test and
start treatment. When both of these groups at the tail of
the distribution were excluded, the positive association
between age at start of treatment and pre-treatment T4 was
less marked but remained significant

(df=252;

F=9.05;

p>0.0029).

TABLE 27. AGE AT START OF TREATMENT DIVIDED INTO
QUARTILE GROUPS BY PRE-TREATMENT T4
(N=422)
N
COLUMN PERCENTAGE
AGE (DAYS)

PRE-TREAT
MENT T4
(NMOL/L)
<16

16-19

20-26

>26

TOTAL

<30

65
58.6

49
45.8

42
42.9

41
38.7

197
46.7

30-60

25
22.5

31
29.0

30
30.6

20
18.9

106
25.1

60-90

12
10.8

16
14.9

13
13.3

19
17.9

60
14.2

>90

9
8.1

11
10.3

13
13.3

26
24.5

59
14.0

TOTAL

111

107

98

106

422

The relationship of pre-treatment T4 and average
treatment measures was initially examined by dividing pre
treatment T4 at the 30 nmol/1 level into two similar sized
groups for each age period.
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TABLE 28. PRE-TREATMENT T4 AS GROUPED DATA BY AVERAGE
DOSE, T4 AND TSH
PRE-TREATMENT T4 (NMOL/L)
<30
>30
0-6 MTHS (N=431)#
N
MEAN DOSE (see note)
N
MEAN T4
N
MEDIAN TSH

MISSING

196
35.7
185
153.5
176
23.5

214
32.8
198
160.9*
195
13*

6-12 MTHS (N=440)
N
MEAN DOSE
N
MEAN T4
N
MEDIAN TSH

197
45.1
186
147.2
177

222

12-24 MTHS (N=441)
N
MEAN DOSE
N
MEAN T4
N
MEDIAN TSH

197
55.4
186
149.7
177
10

223
49.8*
207
148.0
203

24-60 MTHS (N=443)
N
MEAN DOSE
N
MEAN T4
N
MEDIAN TSH

197
71.1
186
151.0
177
10

225
63.9*
208
150.4
204
6

10

0-60 MTHS (N=443)
N
MEAN DOSE
N
MEAN T4
N
MEDIAN TSH

197
62.0
186
150.1
177
13

225
55.9*
208
150.3
225
9*

21

40.2*
206
149.5
202

9

11

8

21

34.1
17
156.0
19
32
21

41.8
17
153.7
19
13
21

54.8
17
162.6
19
6

21

65
17
155
19

57.8
17
156.1
19
14

Significance tests: t test; Wilcoxon.
* Significant difference at 0.05 level.
# Missing cases not yet on treatment for this time
period.
See note overleaf

180

Note: The distributions of dose values for the periods
0-6 months and 6-12 months were not normal but bipolar.
Median values for the two pre-treatment T4 groups were
the same. However, comparison of the two pre-treatment
T4 groups with grouped dose data using a non-parametric
statistic (chi-squared test) showed statistically sig
nificant differences between the groups with higher
doses being more frequent in the more severe CH group.
Mean dose values for the first year were only used in
the preliminary stages of the analysis and a non-parametric test (Wilcoxon) was used to assess differences
between the groups.

Lower pre-treatment T4 was associated with higher
average dose levels between six months and five years of
age.

Children with more severe CH during the first six

months of life had significantly lower average plasma T4.
After six months of age, average plasma T4 levels were not
associated with pre-treatment levels. Higher average TSH
levels during the first six months of treatment were also
related to lower pre-treatment T4 levels and, in contrast
to T 4 , this association persisted throughout the five
years.
Further analysis (Table 29) divided pre-treatment T4
into four groups (<30; 30-60; 60-90; >90nmol/l) which were
cross tabulated with those treatment variables associated
with pre-treatment T4 noted above (Table 28). There was a
consistent trend of higher average dose and higher TSH with
lower pre-treatment T4 levels. Average T4 did not show any
consistent trend.
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TABLE 29. PRE-TREATMENT BY MEAN DOSE (0-60 MTHS),
MEAN T4 (0-6 MTHS), MEDIAN TSH (0-6
AND 0-60 MTHS).
T4

<30
30—60
60-90
>90

MEAN DOSE
(meg)
(0-60 MTHS)

MEAN T4
(nmol/1)
(0-6 MTHS)

MEDIAN TSH
(mU/1)
(0-6 MTHS)

153.5
162.3
160.3
158.9

23
14
12
12

62.0
58.2
54.6
53.1

MEDIAN TSH
(mU/1)
(0-60 MTHS)
13
10
7
9

These observations were generally in line with the
expectations of clinical practice and

raised the question

whether low T4 in the first six months of life and persist
ently elevated TSH during the first five years had an
independent effect on psychological functioning, having
controlled for the severity of the condition.
3.AGE AT START OF TREATMENT
Over 90% of the sample began treatment before seven
weeks of age (Figure 8). The distribution was skewed to the
left with a long tail to the right mainly due to 12 chil
dren who were diagnosed at the usual time but were not
started on treatment until after six months of age due to
near normal T4 levels.

These twelve children did not have

especially high T4 at diagnosis compared with the rest of
the group but were considered to be atypical on account of
not being treated from the time of diagnosis. Consequently,
these children

were not included in the main analysis of

outcome. A summary of age at start of treatment for the
sample is given in Table 30.
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F IG U R E 8. AGE AT START OF T R E A T M E N T
(N=416)

PERCENTAGE

50

1

2

3

4

5

WEEKS
Note: 27 ch ild re n s t a r t e d rx a f t e r 7 w ks
not shown - s e e t e x t for d e t a ils .

18]

TABLE 30. SUMMARY OF AGE AT START OF TREATMENT
EXCLUDING 12 CHILDREN NOT STARTED ON
TREATMENT AT THE TIME OF DIAGNOSIS
(N=431)
19
1-173

Median
Range
Percentiles
10

12

25
75
90

15
26
37

In relation to other clinical variables, there was a
tendency for earlier treated patients to have higher aver
age dose levels. Patients treated before 16 days of age had
an average dose approximately 4mg higher than the remainder
of the group. There was no association between age at start
of treatment and average T4 and TSH levels on treatment.

4. TREATMENT VARIABLES: DOSE, T4 AND TSH
The biochemical

feedback mechanisms

that link T4

levels to TSH secretion predict that prescribed dose and
thyroid hormone concentrations would be highly intercorre
lated, particularly within specific time periods. In gener
al, this proved to be the case. In addition, average dose,
T4 and TSH values for one time period tended to be signifi
cantly correlated with other time periods for the same
measure.

(For example, average dose had a Pearson correla

tion coefficient of p<0.0001 for all combinations of time
periods). This high intercorrelation suggested reasonable
stability across time periods

(e.g. patients on relatively

low doses in one time period would be more likely to be on
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a low dose in other time periods).
(4a) Average dose
The distributions of average dose values for the time
periods in the first year were not normal as many patients
clustered around commonly prescribed dosages. Average dose
for later time periods and for the whole five year period
approximated to normality. As expected, average dose in
creased consistently with age.

TABLE 31. SUMMARY OF AVERAGE DOSE (meg) BY AGE
0—6
N#
431
Median
32
Range
10-77
Percentiles
10
25
25
25
75
43
90
50

6-12
440
44
10-100

AGE (MONTHS)
12—24
24—60
441
50
10-125

25
33
50
57

443
67
17-131

32
43
63
75

50
57
75
87

0—60
443
59
15-116
45
50
67
74

# missing cases not yet on treatment
for this time period.

Average dose was closely associated with average T4
but was less clearly related to average TSH (Table 32).
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TABLE 32. MEAN AVERAGE T4 (nmol/1) AND MEDIAN
AVERAGE TSH (mU/1) ON TREATMENT (0-5 YRS)
DIVIDED BY AVERAGE DOSE (0-5 YRS) N=411
AVERAGE DOSE
(meg)

N

MEAN AVERAGE
T4 (SD)

MEDIAN AVERAGE
TSH
(25-75 GENTILES)

<51

123

142.9 (21.1)

12 (6-20)

51—65

171

151.5 (23.5)

11 (6-19)

>65

127

156.7 (19.5)

9 (5-17)

(4b) Average TSH on treatment
The distribution of average TSH values were highly
skewed to the left for all time periods. Forty three pa
tients had less than four TSH observations on treatment and
were considered to have insufficient data for this measure.
Despite early treatment, many children with CH had
persistently elevated TSH concentrations above the normal
range. Over 50% of the sample had an average TSH above 10
mU/1 throughout the period up to their fifth birthday
(Table 33). Median average TSH concentrations consistently
dropped over time although the difference in later time
periods was small. More notable was the decline in 75th and
90th centile values which suggested that the number of
patients with persistently very high TSH declined more
markedly over time.
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TABLE 33 . SUMMARY OF AVERAGE TSH (mU/L) BY AGE
0—6
N
390
Median
17
Range
1-100
Percentiles
10
2
25
7
75
36
90
65

6-12

AGE (MONTHS)
24-60
12-24

398
10
1-99

0—60

399
9
1-96

400
8
1-97

400
11
1-75

1
3
21
36

2
3
15
26

3
6
19
29

2
3
24
44

with respect to other clinical variables,

higher

average TSH was strongly associated with lower average T4
and with lower pre-treatment T4.

(4c) Average T4 on treatment
Thirty two children had less than four observations
and were excluded due to insufficient data. The distribu
tions of T4 concentrations for each time period were ap
proximately normal.
Mean average T4 concentrations were at the higher end
of the normal range and were similar for each time period
although the spread of values reduced with age (Table 34).
Approximately 5% of the sample had average T4 below the
normal range during the first two years of treatment and
this fell to about 1-2% for the period 3-5 years.
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TABLE 34 . SUMMARY OF AVERAGE T4 (nmol/1) BY AGE
0—6
N
400
Mean
157.3
SD
41.4
Range 48-285
Gentiles
109
10
90
207

6-12

AGE (MONTHS)
12-24
24-60

409
148.6
33.3
50-280

410
149.4
30.0
35-254

112
191

114
187

411
150.9
25.0
19-235
122
182

0—60
411
150.4
22.3
41-225
124
178

(4d) Treatment compliance
Treatment compliance was rated by paediatricians on
each annual report form. 360 patients (81%) were rated as
having good compliance throughout the five years of treat
ment and 83 children

(19%) were rated as either having

uncertain or poor compliance for at least one year of
treatment. Patients were divided into two groups; those
with persistently good compliance and those where compli
ance was less than optimum.
Less than optimum compliance was highly associated
with having English as a second language, with the chief
breadwinner being unemployed and with mothers having no
educational qualifications. In general, compliance ratings
were less strongly associated with treatment variables al
though children with persistently elevated TSH values were
more likely to have less than optimum

compliance ratings.

The closer association of compliance ratings with demo
graphic variables not themselves associated with average T4
or TSH measures questioned the validity of the compliance
ratings themselves. In conclusion, compliance ratings were
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considered to be of insufficient validity and were excluded
from further analysis.

5. OUTCOME VARIABLES
(5a) Missing values
The frequency of missing values for the outcome varia
bles was very low, being less than 2-3% for nearly all the
variables for both patients and controls

(Table 34). As

already described, the Richman behaviour checklist

(BCL)

was only introduced in the second year of the study so
almost all the missing values for this variable were due to
this delay. No single factor was known to be associated
with missing values for the outcome variables and the very
low proportion of missing data suggested that it was un
likely to influence results in a systematic way.

TABLE 35. MAIN OUTCOME VARIABLES SHOWING FREQUENCY OF
MISSING VALUES FOR CH CHILDREN AND CONTROLS
(N=357) AND NUMBER OF MATCHED PAIRS FOR
EACH VARIABLE
PATIENTS
INTELLIGENCE
Verbal IQ
Performance IQ
Full scale IQ
MOTOR SKILLS
Fine motor
BEHAVIOUR
Parent ratings
Conners
Richman
Teacher ratings
Conners

CONTROLS

MATCHED
PAIRS

N

MISS.

N

MISS.

348
351
347

9
6
9

351
352
351

6
5
6

344

350

7

351

6

346

346
235

11
122

350
237

7
120

341
234

348

9

348

9

345
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317 cases in the study had complete data for the
patient and control for all outcome variables. After ex
cluding Asian children and patients treated after six
months of age, 205 cases had complete data for all explana
tory and outcome variables combined.

This represented

approximately half the patients who had a psychological
assessment at five years.
(5b) Correlation of outcome measures.
For both patients and controls there was considerable
intercorrelation between outcome measures (Table 36).

TABLE 36. CORRELATIONS OF IQ, MOTOR SKILLS AND
BEHAVIOUR RATINGS FOR CH CHILDREN AND
CONTROLS (N=317)

IQ

(PATIENTS)
(CONTROLS)

MOTOR

(PATIENTS)
(CONTROLS)

MOTOR
SKILLS

TEACHER
RATING

PARENT
RATING

0.35*
0.28*

-0.39*
-0.26*

-0.04
-0.13

-0.13
-0.15

-0.04
—0.08
0.30*
0.14

TEACHER (PATIENTS)
(CONTROLS)

* p<0 .0001

For the CH children, there was a significant positive
correlation between IQ and motor skills and a similarly
significant inverse correlation between IQ and teachers
behaviour ratings. This pattern of relationships was simi
lar for the controls if somewhat weaker. Compared with IQ,
motor skills were less strongly correlated with teachers
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ratings for both groups. The close association of intellec
tual

functioning,

motor skills and teachers behaviour

ratings raised the question as to whether any associations
observed in these areas were manifestations of the same
psychological effect or whether they indicated independent
effects.
For CH children, teacher and parent behaviour ratings
were significantly correlated whereas the strength of the
association was only modest for the controls. For both CH
children and controls there was no significant correlation
between IQ and parents behaviour ratings.

6.SUMMARY
1. Demographic variables,

notably social class and

maternal educational background, were not associated with
clinical measures. CH was not more common in more disadvan
taged social class groups and, when it occurred, was not of
greater severity.

Similarly,

social class and maternal

educational background were not associated with any of the
quality of treatment measures, except for treatment compli
ance ratings. Children from more disadvantaged families did
not start treatment later or lower mean plasma thyroxine
values on treatment.
2. The main exception to this pattern

was language

background. Children with English as a second language were
more likely to come from a disadvantaged background and
have less good biochemical control while on treatment. As
this group was also likely to be disadvantaged in relation
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to IQ, correct interpretation of psychological outcome for
this group presented a number of additional difficulties
compared to the main sample. It was therefore decided that
they should be excluded from the main regression analyses
and that separate analyses should be carried out to assess
outcome for this group.
3. Birth weight and gestational age for CH children
were not significantly different from those expected for
the general population. As these measures were more strong
ly associated with social class and other demographic
indices than with clinical variables related to CH, these
variables were not included in the main analyses in this
study.
4. Severity of CH was principally associated with
three treatment variables;

age at start of treatment,

average T4 during the first six months of treatment and
average TSH throughout the first five years. The associa
tion with age at start of treatment was partly influenced
by a sub-group of children for whom treatment was deliber
ately delayed. As age at start of treatment is of major
interest in relation to outcome, twelve children who start
ed treatment after six months of age due to normal T4 were
excluded from the main regression analyses.
5. A principal question to be addressed in relation to
outcome was whether persistently elevated TSH or low T4
concentrations,

independent of pre-treatment severity of
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CH, were associated with poorer outcome.
6.

The significant association of intellectual func

tioning, motor skills and teachers behaviour ratings raised
the question as to whether the deficits observed in these
areas were manifestations of the same psychological deficit
or whether they were independent of each other.
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C. COMPARISON OF CHILDREN WITH CH AND CONTROLS
OUTLINE: This section compares CH children with the control
children with respect to intelligence, motor skills and
behaviour.

1. INTELLIGENCE.
The CH children had a mean full scale IQ of approxi
mately 105 points and this was about 7 points less than the
matched controls. All of the subtests contributed to this
overall difference (Table 37).
Learning impairment has traditionally been defined as
having an IQ more than two standard deviations below the
mean. This cut-off point can be estimated from the control
scores as being 84 points (112 minus 28) allowing approxi
mately 2% of the population to fall below this score. As
expected, seven control children (2%) had a score below
this point compared with thirty four CH children (9.9%).
The risk of at least mild learning impairment for CH chil
dren was five times that of the controls. This difference
was not confined to the tail of the distribution.

Fifty

three control children (15.4%) had an IQ over one standard
deviation below the mean compared with 98 CH children
(28.4%). Similarly, CH children were less likely to have IQ
scores in the higher range of the distribution. Eighteen CH
children (5.2%) had an IQ greater than 130 compared with 38
control children (10.8%).
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TABLE

37. MEAN (SE) IQ SCORES FOR CH CHILDREN
AND MATCHED CONTROLS (344).

(N=344)

PATIENTS
MEAN
(SE)

CONTROLS
MEAN
DIFF.
(SE)

9.8
0.2
10.2
0.2
10.9
0.2
10.6
0.2
9.7
0.2

10.8
0.2
11.7
0.2
11.8
0.1
11.6
0.2
10.8
0.2

1.0

0.6—1.4

1.5

1.1-1.9

0.9

0.5—1.4

1.0

0.6-1.4

1.1

0 .7— 1.5

11.4
0.2
10.9
0.2
11.2
0.2
11.8
0.2
10.8
0.2

12.4
0.2
11.6
0.2
12.2
0.2
12.6
0.2
11.8
0.2

1.0

0.6—1.4

0.7

0.3—1.1

1.0

0.6—1.4

0.8

0.4-1.2

1.0

0.6-1.4

101.4
0.9
108.2
0.8
105.2
0.9

108.5
0.8
114.5
0.7
112.6
0.7

7.1

5.2-9.0

6.3

4.3-8.3

7.4

5.5-9.3

95% C/I
DIFF

VERBAL SUBTESTS
INFORMATION
VOCABULARY
ARITHMETIC
SIMILARITIES
COMPREHENSION

PERFORMANCE SUBTESTS
ANIMAL HOUSE
PICTURE COMP
MAZES
GEOMETRIC DES.
BLOCK DESIGN
SUMMARY IQ SCORES
VERBAL
PERFORMANCE
FULL SCALE

Significance test: t test for unmatched pairs.
All differences significant at 0.0001 level except
picture completion and geometric design (0.001).

These results showed that the intellectual development
of early treated CH children was significantly different
from normal non-affected children and that this was likely
to be of clinical importance. CH remained an important risk

195

factor in the development of mild to severe intellectual
deficit.
2. MOTOR SKILLS.
Children with CH performed less well than controls on
both motor skills sub-tests and this difference was statis
tically significant (Table 38). The scores on the visualmotor test were not normally distributed as 47% of the
controls and 27% of the patients reached the ceiling for
the test. This probably reduced the difference in scores
between the two groups.

TABLE 38. MOTOR SKILLS SCORES FOR TWO SUBTESTS OF THE
BRUININCKS-OSERETSKY TEST: COMPARISON OF CH
CHILDREN AND THEIR MATCHED CONTROLS (N=346)
SUBTEST

SCORE

PATIENTS
N=346
(%)

0
1
2
3
4

4.8
4.2
43.1
20.3
27.6

1. VISUAL MOTOR
CONTROL

CONTROLS
N=346
(%)

P

2.6
0.8
27.3
21.6
47.6
0.0001

2. UPPER LIMB SPEED
AND DEXTERITY

1
2
3
4
5
6

11.5
30.1
42.0
13.0
3.4
0.0

7.1
19.9
40.9
24.4
7.1
0.3
0.0001

(Significance test- chi- squared test)

For the remainder of the analysis the two subtest
scores were combined to produce an overall fine motor
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score. This variable was normally distributed with a pa
tient mean (SD) of 5.2 (1.5), a

deficit of approximately

one half a standard deviation compared with controls
(Mean:6.1; SD:1.4).

This difference was statistically

significant (t test; t=-7.56 p<0.0001) and indicated that
CH children remained at increased risk of clumsiness and
mild motor incoordination.
3. BEHAVIOUR.
The children's behaviour was rated
the

Richman behaviour checklist

parent questionnaire

by parents using

(BCL)and the Conners

(CPQ), and by teachers using the

Conners teacher questionnaire

(CTQ). All three scales

produced a total behaviour score, with higher scores indi
cating more behavioural difficulties. The BCL has a cut off
score of 10 as indicating a behaviour problem. The Conners
scales do not have a cut off score to define behavioural
deviance.
Descriptive tables showing the frequency of ratings
for individual items for each of the questionnaires will be
presented.

In addition,

for the Conners scales,

factor

scores were computed using the procedure of factor analy
sis,

and differences between groups

tion to these factors. The results

are described inrela
fromeach ratingscale

will be considered in turn.
(3a) Behaviour Checklist (BCL)
The distribution of total scores for the BCL was
skewed to the left with a few high outliers to the right.
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Mean and median scores were similar and 50% of the sample
fell within one standard deviation of the mean (Table 39) .
There was no difference between total scores or individual
items for patients with or without a control.

TABLE 39. SUMMARY OF BCL SCORES

Mean (SD)
Median
Range
Percentiles
10
25
75
90
Behaviour problem
N (%)

PATIENTS
N=234
4.9 (2.7)
5
0-13
1
3
7
8
15 (6.3)

CONTROLS
N=234
4.4 (2.6)
4
0-15
2
3
6
8
9 (3.8)

Total scores for patients were significantly higher
than for the controls (Wilcoxon test: p<0.05) and more CH
children were rated as having a behaviour problem than
controls.
Comparison of the individual items of the scale (Table
40) revealed that the majority of items were rated as 'not
a problem' for patients and controls and that, for nearly
all of the items, the pattern of scores for patients and
controls was not significantly different. However, patients
were rated as having poor concentration much more frequent
ly than controls (p<0.0001).
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TABLE 40. PERCENTAGE OF PROBLEM BEHAVIOURS REPORTED BY
PARENTS ON THE BCL FOR CH CHILDREN AND CONTROLS (N=237). .
BEHAVIOUR ITEM
1.APPETITE
SOME PROBLEM
VERY MUCH A PROBLEM
2.FADDINESS
SOME PROBLEM
VERY MUCH A PROBLEM
3.BOWEL TRAINING
SOME PROBLEM
VERY MUCH A PROBLEM
4.SETTLING TO SLEEP
SOME PROBLEM
VERY MUCH A PROBLEM
5.WAKING AT NIGHT
SOME PROBLEM
VERY MUCH A PROBLEM
6.SLEEPING WITH PARENTS
SOME PROBLEM
VERY MUCH A PROBLEM
7.ACTIVITY LEVEL
VERY MUCH A PROBLEM
8.CONCENTRATION
SOME PROBLEM
VERY MUCH A PROBLEM
9.CLINGINESS
SOME PROBLEM
VERY MUCH A PROBLEM
10.DEPENDENCY
SOME PROBLEM
VERY MUCH A PROBLEM
11.MANAGEMENT
SOME PROBLEM
VERY MUCH A PROBLEM
12.TANTRUMS
SOME PROBLEM
VERY MUCH A PROBLEM
13.MISERABLENESS
SOME PROBLEM
VERY MUCH A PROBLEM
14.WORRY
SOME PROBLEM
VERY MUCH A PROBLEM
15.FEAR
SOME PROBLEM
VERY MUCH A PROBLEM
16.SIBLING RELATIONS
SOME PROBLEM
17.PEER RELATIONS
SOME PROBLEM
VERY MUCH A PROBLEM

CH

significance test; chi-square
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CONTROLS

P

23.5
7.6

23.6
4.2

0.29

54.6
13.9

66.9
8.5

0.02

2.9
0.4

1.7
0.0

0.40

21.8
9.7

20.7
5.1

0.13

30.2
4.2

30.0
0.8

0.06

33.2
7.1

33.3
3.0

0.11

7.6

4.6

0.28

29.0
3.4

14.8
1.6

0.0001

13.1
0.8

5.9
0.4

0.02

44.1
1.7

41.8
0.4

0.33

36.5
2.1

31.2
2.5

0.46

59.7
2.1

59.9
2.5

0.94

8.8
1.3

7.6
0.4

0.53

32.3
7.6

39.2
3.8

0.09

34.4
0.8

32.5
0.4

0.75

12.8

19.5

0.06

9.2
0.8

4.6
0.0

0.05

(3b) Conners Parent Questionnaire (CPQ)
The distribution of total scores
skewed to the left

for the CPQ was

with high scores forming a tail to the

right (Table 41).

TABLE 41. SUMMARY OF CPQ SCORES

Median
Range
Percentiles
10
25
75
90

PATIENTS
N=346
57
42-93

CONTROLS
N=350
55
42-87

47
51
64
70

48
51
61
68

As with the BCL, patients had higher total scores than
controls and, although this difference was not large,

it

reached statistical significance using a non-parametric
test (Wilcoxon test p<0.05).
Comparison of patients and controls on individual
items is shown on Table 42.
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TABLE 42. FREQUENCY OF PROBLEM BEHAVIOURS REPORTED BY
PARENTS ON THE CPQ FOR CH CHILDREN AND CONTROLS (N=357).
BEHAVIOUR ITEM
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

CH
%

WAKES AT NIGHT
8.7
FEAR OF NEW
6.4
FEAR OF PEOPLE
2.0
FEAR OF BEING ALONE 19.1
HEADACHES
4.9
STOMACH ACHES
7.5
VOMITING
1.4
PAIN
6.9
UNASSERTIVE
10.5
BULLIES
2.0
CHEEKY
6.4
SHY
4.0
BEING DISLIKED
4.3
NO FRIENDS
8.1
NASTY TO SIBS
4.0
FIGHTS WITH SIBS
9.0
WORRIES OVER ILLNESS1 4.3
BOASTFUL
3.7
PICKS ON OTHERS
0.9
LEARNING DIFFICULTY 3.2
DISLIKES SCHOOL
1.2
FEAR OF SCHOOL
0.9
DISOBEDIENT-SCHOOL
1.4
BLAMES OTHERS
9.2
MUST BE 'JUST SO'
16.2
DONE IN SAME WAY
11.3
PERFECTIONIST
14.7
POOR ATTENTION
20.2
FIDGETS
21.1
CANNOT BE LEFT
10.1
ALWAYS CLIMBING
24.0
EARLY RISER
26.9
RUNS AT MEALS
11.0
DIFFICULTY STOPPING 3.5
DRIVEN BY MOTOR
14.2

CONTROLS
%
6.9
2.9
1.1
10.0
2.0
4.0
0.3
2.0
2.3
0.6
5.1
2.3
3.4
5.7
2.3
8.0
4.6
5.7
0.3
1.4
1.1
0.3
0.0
3.4
14.6
7.7
15.7
11.1
14.0
12.3
24.0
27.4
4.9
1.4
11.4

RELATIVE
RISK
1.4
2.2
1.8
1.9
2.4
1.9
4.7
3.4
4.6
3.3
1.3
1.7
1.3
1.4
1.7
1.1
0.9
0.6
3.0
2.3
1.1
3.0
2.7
1.1
1.5
0.9
1.8
1.5
0.8
1.0
0.9
2.2
2.5
1.2

P

0.03
0.001
0.04
0.05
0.002
0. 000

0.02
0.02
0.002

0.002
0.02

0.003

Significance test: chi-square

CH children were more likely to be rated as having a
problem behaviour for 30 of the 35 items. On twelve items
these differences were statistically significant. Of note
was that 20% of CH children were rated as having poor
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attention compared with 11% of the controls and that pa
tients also had increased rates on

‘fidgets*

and

'runs

about at meals'. CH children also had more somatic com
plaints in relation to headaches, stomach aches and pain.
Comparison of factor scores for patients and controls
showed no differences on four out of six factors. Factor
scores were not normally distributed but skewed to the
left. Median scores varied very little between groups but,
as with the BCL, CH children were rated as having more
attentional and

activity problems than the controls.

TABLE 43. MEAN (SE) FACTOR SCORES FROM THE CPQ FOR CH
CHILDREN AND CONTROLS (N=332) •
CH
1. IMPULSIVE/HYPERACTIVE

0. 68
(0.03)
0.29
(0.02)
0.39
(0.02)
0.58
(0.04)
0.52
(0.02)
0.52
(0.02)

2. PSYCHOSOMATIC
3. CONDUCT PROBLEM
4. OBSESSIVE
5. ANXIETY
6. LEARNING PROBLEM

CONTROLS

P

0.59 0. 02
(0.02)
0.24
NS
(0.01)
NS
0.38
(0.02)
0.60
NS
(0.03)
0.47
NS
(0.02)
0.02
0.44
(0.02)

(Significance test; Wilcoxon Test)

In summary,

both parent rating measures produced

broadly similar results.

CH children were not rated by

their parents as being grossly different from their peers.
Differences between patients and controls on total scores
showed a small but statistically significant increase for
CH children which appeared to be mainly the product of
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substantially increased rates of attentional difficulties in
the CH children.

(3c) Conners Teacher Questionaire
As with the parent scores, the distribution of total
scores was skewed with a long tail of high scores (Table
44) .

TABLE 44. SUMMARY OF CTQ SCORES

Median
Range
Percentiles
10
25
75
90

PATIENTS
N=348

CONTROLS
N=348

53
39-102

48
39-103

43
47
64
75

41
43
54
63

As with parent total scores,

patients were rated

higher than the controls and this difference was more
marked than ratings by parents

(Wilcoxon test p<0.0001).

Examination of the individual items showed that the chil
dren with CH scored higher on 37 of the 39 behaviours and
that these differences were statistically significant for
23 items. Table 45 shows the relatively increased risk of
problem behaviours for the CH group.
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TABLE 45. FREQUENCY OF PROBLEM BEHAVIOURS REPORTED BY
TEACHERS ON THE CTQ FOR CH CHILDREN (N=345)
AND THEIR MATCHED CONTROLS (N=345)
BEHAVIOUR ITEM
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

PATIENTS
%
FIDGETS
20.4
ODD NOISES
6.6
EASILY FRUSTRATED
10.6
POOR COORDINATION
17.2
OVERACTIVE
14.9
IMPULSIVE
13.8
INATTENTIVE
32.2
SHORT ATTENTION
27.6
OVERSENSITIVE
11.5
OVER-SERIOUS/SAD
9.2
DAYDREAMS
20.7
SULKY
5.5
CRIES OFTEN
9.8
DISTURBS OTHERS
9.8
QUARRELSOME
4.6
RAPID MOOD CHANGE
6.3
SHOWS OFF
5.7
DESTRUCTIVE
1.4
STEALS
0.0
LIES
0.9
TANTRUMS
2.9
ISOLATED
8.9
UNACCEPTED BY OTHERS 4.9
EASILY LEAD
9.5
NO FAIR PLAY
5.5
LACKS LEADERSHIP
23.6
RELATES TO OWN SEX
3.7
RELATES TO OTHER SEX 4.0
TEASES OTHERS
8.0
SUBMISSIVE
25.0
DEFIANT
5.2
IMPUDENT
1.4
SHY
19.5
FEARFUL
8.9
DEMANDS ATTENTION
12.9
STUBBORN
13.8
ANXIOUS TO PLEASE
4.0
UNCOOPERATIVE
3.7
ATTENDANCE PROBLEM
5.2

CONTROLS
%
10.3
1.7
6.9
4.3
5.5
9.2
11.2
8.3
4.0
2.3
6.0
2.3
1.7
6. 6
5.2
1.7
4.6
0.9
0.3
0.6
1.7
2.6
1.1
4.3
2.3
7.2
2.3
2.6
6.9
19.0
2.3
1.4
10.6
4.0
6.6
6.3
3.7
2.0
0.3

RELATIVE
RISK
2.0
3.9
1.5
4.0
2.7
1.5
2.9
3.3
2.9
4.0
3.4
2.4
5.8
1.5
0.9
3.7
1.2
1.6
1.5
1.7
3.4
4.4
2.2
2.4
3.3
1.6
1.5
1.1
1.3
2.3
1.0
1.8
2.2
1.9
2.2
1.1
1.8
17.3

P
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.03
0.000
0.002

0.000
0.004
0.007
0.03
0.000

0.05
0.001
0.009
0.005
0.001
0.000

Significance test: chi- square

As with parent ratings, CH children showed signifi
cantly increased rates of attentional problems. Over 30% of
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CH children were rated as inattentive,

27% as having a

short attention span and over 20% as daydreaming and being
fidgety. However, in contrast to parents, other behavioural
domains also showed substantially increased rates compared
to their peers. Of particular note was the fourfold in
crease in coordination problems and also increased rates in
some emotional items such as shyness and submissiveness.
This pattern of larger differences between patients and
controls compared with the ratings by parents was reflected
in the differences in factor scores between the two groups.
On all four factors CH children scored significantly higher
than controls.

TABLE 46. MEAN (SE) FACTOR SCORES FROM THE CTQ FOR CH
CHILDREN AND CONTROLS
CH CHILDREN
1. CONDUCT PROBLEM
2. INATTENTIVE/PASSIVE
3. ANXIETY
4. SOCIAL WITHDRAWAL

0.44
(0.03)
0.80
(0.03)
0.53
(0.03)
0.38
(0.02)

CONTROLS
0.30
(0.02)
0.46
(0.02)
0.35
(0.02)
0.22
(0.02)

P
0.001
0.0001
0.0001
0.0001

(Significance test: Wilcoxon Test)

In summary, teacher ratings showed larger and more
pervasive differences between CH children and their peers.
Attentional problems were still very prominent and, in a
classroom context,

difficulties in this behavioural domain

may have contributed to increased difficulties in other
areas.
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4 . SUMMARY

1. In comparison with non-affected matched controls, CH
children had clinically and statistically significant
deficits in intellectual functioning,

motor skills and

behaviour. For both intelligence and motor skills, the size
of the deficit for the group was about one half a standard
deviation. For intellectual skills, this indicated a three
fold increased risk of mild learning difficulties.

2. CH children were rated by their parents as having spe
cific difficulties in relation to attention. This finding
was consistent for both parental questionnaires and was in
agreement with teacher ratings. The CH group were not rated
by their parents as more deviant than controls for emotion
al development, social relationships or general conduct.

3. CH children were rated by teachers as having a wider
range of behaviour problems than were reported by parents.
This may indicate that attentional skills and the capacity
to persist with an activity may be more central require
ments in a classroom environment than at home.
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D. RELATIONSHIP OF CLINICAL VARIABLES TO OUTCOME.

OUTLINE: The relationship of intelligence, motor skills and
behaviour to the main explanatory variables is described in
turn.

For each outcome measure,

descriptive tables and

univariate analyses are presented in order to identify
those variables likely to have an independent contribution
to outcome. These variables are then used in three multiple
regression analyses where the best predictive model of
intelligence, motor skills and behaviour are presented.

1. INTELLIGENCE
(la) Univariate analyses
Verbal,

performance and full scale IQ scores are

presented in relation to the key demographic variables. In
general, the pattern of scores for verbal and performance
IQ was very similar so that, for the majority of tables,
only full scale IQ scores will be referred to in the text.
In relation to key demographic variables,

IQ scores

for CH children followed the predicted pattern that would
be expected of non-affected children (Table 47). IQ was not
related to gender but followed the expected gradient of
scores in relation to social class, maternal educational
background

and language background. Children from families

where the chief breadwinner was unemployed had a mean IQ
more than one standard deviation below the mean for 'nonmanual

families'.

A similarly large difference existed

between children with mothers who had no educational quali
fications and those who had passed an
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'A ' level

exam.

TABLE 47. MEAN VERBAL, PERFORMANCE AND FULL SCALE IQ SCORES
BY MAIN DEMOGRAPHIC AND BIRTH VARIABLES (N=401)
N

Verb.

Perf.

Full.

P

122
279

101.9
100.4

108.7
107.6

106. 0
104.5

NS

2.
BIRTHWEIGHT (grams)
Missing
30
98.2
< 2650
34
98.4
66
98.5
2650-3100
3100-3750
169
101.9
104.4
3750-4100
68
>4100
34
98.3

106.2
102.6
105.7
109.0
112.3
105.8

102.4
101.3
102.2
106.0
109.1
102.2

0.05

3.
GESTATION AGE (weeks)
17
95.4
Missing
< 37
24
93.4
37-40
179
102 .2
>40
101.1
181

101.0
98.0
109.4
108.6

98.3
95.6
106.4
105.3

0.001

4.
FIRST LANGUAGE AT HOME
English
372
102.8
Other
29
76.0

108.9
97.0

106.5
84.8

0.0001

5.
SOCIAL CLASS
Non-manual
163
Manual
193
45
Unemployed

105.8
99.5
89.3

113.0
105.9
98.8

110.5
103.0
93.1

0.0001

6.
MATERNAL OCCUPATION
Missing
76
98.6
84
Non-manual
108.0
Manual
59
98.3
Housewife
182
99.4

105.6
113.4
105.6
107.2

102.2
111.8
102.1
103.8

0.001

7.
PATERNAL EDUCATIONAL BACKGROUND
Missing
75
98.9
105.5
No quals.
155
96.7
105.9
CSE
47
99.0
106.1
0 level
69
104.3
109.7
A level
55
112.9
116.7

102.4
101.5
103.0
107.7
116.1

0.0001

8.
MATERNAL EDUCATIONAL BACKGROUND
Missing
53
98.3
105.7
No quals.
123
95.0
102.8
CSE
69
100.6
107.9
0 level
103
104.5
111.9
A level
53
110.4
114.9

102 .1
99.0
104.7
109.0
114.1

0.0001

1.
GENDER
Male
Female

(SD scores were consistently within the expected range 14
16 and have not been shown.)
Significance test: one way analysis of variance
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As expected, children with English as a second lan
guage scored less well on verbal subtest items with a
deficit of more than 26 points compared to children with
English as their first language. This difference was much
less marked for performance IQ. Another factor associated
with lower IQ was gestational age. CH children born before
37 weeks gestation scored approximately 10 points lower
than the rest of the group. However,

this group was a

relatively small proportion (N=24) of the overall sample.
In relation to birthweight, CH children appeared to obtain
marginally lower IQ scores if they were at either end of
the distribution.
The relationship of IQ to severity of CH and age at
start of treatment

is shown in Table 48 and Figure 9.

TABLE 48. MEAN VERBAL, PERFORMANCE AND FULL SCALE IQ BY
PRE-TREATMENT T4 AND AGE AT START OF TREATMENT
(N=401)
N

Verb.

IQ
Perf.

Full

P

PRE-TREATMENT T4 (nmol/1)
Missing
< 30
30-60
60-90
> 90

19

101.7

108.4

105.5

172
102
55
53

97.5
103.1
105.1
103.0

103.5
109.9
113.0
113.7

100.5
107.4
110.0
109.2

0.0001

AGE AT START OF TREATMENT (days)
<13
41
100.5
105.0
103.1
97
13-16
99.5
106.9
103.7
147
17-24
102.0
108.8
106.0
25-36
73
99.5
107.6
103.8
43
> 36
102.9
110.9
107.6
Significance test : one way analysis of variance
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NS

F IG U R E 9. IQ BY P R E - T R E A T M E N T T 4
(CH children only: n=401)

10

130

125

120

-

115

110

105

100

40

60

80

100

120

P r e - t r e a t m e n t T 4 (nmol/l)

95% C /I
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^

Mean

160

Children with more severe CH did less well than the
remainder of the group with a relative deficit of between
7-10 IQ points. The lack of difference between the groups
with T4>30 nmol/l suggested that the relationship between
IQ and T4 might not be linear. A plot of IQ by T4 (Figure
9) grouped in smaller T4 bands supported this and suggested
that poorer outcome was more likely for those children with
pre-treatment T4 less than 40 nmol/l and that children
above this point performed very similarly to controls.
In relation to age at start of treatment, there was no
trend of scores

to suggest that earlier start to treatment

improved outcome. In fact, later start of treatment ap
peared to be associated with marginally better outcome
although this bivariate association was possibly confounded
by other clinical factors which will be examined in the
next section.
The relationship between average dose over different
time periods and IQ is shown in Table 49. These observa
tions did not indicate that children receiving higher or
lower doses of 1-thyroxine performed either better or worse
compared with their peers for any of the time periods.
A similar table showing the relationship between IQ
and average T4 is shown below (Table 50).
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TABLE 49. MEAN IQ BY AVERAGE DOSE FOR DIFFERENT TIME
PERIODS OF TREATMENT (N=401)
AVERAGE DOSE (GROUPED)

TIME PERIODS
0-6 MTHS
RANGE
<25
N
35
IQ
102.7
6-12 MTHS
RANGE
<26
N
66
IQ
102.7
12-24 MTHS
RANGE
<32
N
39
IQ
104.2
24-60 MTHS
RANGE
<51
N
71
IQ
103.3
0-60 MTHS
RANGE
<44
N
38
IQ
102.4

25
103
106.6

26-36
98
103.2

37-49
99
104.3

>50
55
106.2

MISS
11
111.0

26—40
107
106.6

41-49
54
106.9

50—56
132
105.2

>57
40
100.7

2
106.0

32-49
96
103.7

50—56
120
107.2

57—74
105
103 .8

>75
39
104.9

2
99.5

51—62
84
107.3

63—74
95
103.0

75-86
113
106.0

>87
38
104.3

45—54
116
107.0

55-62
94
102 .7

63-74
120
105.4

>75
33
105.3

TABLE 50. MEAN IQ BY AVERAGE T4 FOR DIFFERENT TIME
PERIODS OF TREATMENT (N=401) .
TIME PERIODS
0—6 MTHS
RANGE
<111
N
39
100.8
IQ
6-12 MTHS
RANGE
<113
N
35
105.6
IQ
12-24 MTHS
RANGE
<115
N
33
106.1
IQ
24-60 MTHS
RANGE
<119
N
25
102.4
IQ
0—60 MTHS
RANGE
<125
N
37
103.0
IQ

AVERAGE T4 (GROUPED)
111-145
99
105.6

146-170
84
105. 3

171-206
102
103 .8

>206
36
102.7

MISS
41
111. 3

113-135
86
103.9

136-156
105
106.2

157-191
101
104.3

>191
42
100.3

32
110. 8

115-140
103
101.9

141-156
91
106.6

157-186
104
105.8

>186
39
101.1

31
110. 7

119-139
96
105.5

140-159
113
105.2

160-178
94
104.0

>178
43
102.1

30
111. 1

125-145
107
105.7

146-159
102
104.7

160-178
86
105.0

>178
39
100.5

30
111. 1
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Examination of average T4 and mean IQ scores for each
time period did not show any consistent trends for intel
lectual functioning at five years. There was some indica
tion that lower average T4 during the first six months of
life and higher average T4 scores throughout the five year
period resulted in marginally lower mean IQ scores. Howev
er, it should be emphasised that the overall impression
from the table was that there was no significant associa
tion or trend between average T4 on treatment and intellec
tual functioning.
The relationship between IQ and average TSH over
different time periods is shown below (Table 51).

TABLE 51. MEAN IQ BY AVERAGE TSH FOR DIFFERENT TIME PERIODS
OF TREATMENT (N=401).
TIME PERIODS
0—6 MTHS
RANGE
<2
N
27
108.5
IQ
6-12 MTHS
RANGE
<2
N
38
106.7
IQ
12-24 MTHS
RANGE
<2
N
37
105.3
IQ
24-60 MTHS
RANGE
<2
N
23
104.9
IQ
0—60 MTHS
RANGE
<4
N
62
106.3
IQ

AVERAGE TSH (GROUPED)
2-10
88
103.6

11-24
106
104.8

25-64
99
106.1

>64
32
100.3

MISS
49
106. 3

2-5
94
102.2

6-16
100
106.6

17-35
79
105.5

>35
49
104.8

41
104. 5

2-5
100
104.4

6-14
107
105.1

15-35
82
106.3

>35
34
102.9

41
104. 5

2-5
113
105.1

6-10
88
105. 3

11-25
101
104.0

>25
37
106.6

39
104. 4

4-8
79
102.9

9-13
90
106.6

14-28
94
105.5

>28
37
102.2

39
104. 4
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Interpretation of the relationship between average TSH
and IQ shown in Table 51 was very similar to the average T4
observations made previously. There was some suggestion
(not statistically significant)

that elevated TSH in the

first six months was associated with lower IQ scores. As
with average T4 , elevated TSH during the first six months
of treatment was associated with pre-treatment severity of
CH and therefore required the separation of the effects of
these two variables.
A summary of analyses testing the association between
all the explanatory variables and IQ is shown below (Table
52) .
Five observations can be made from this table. First,
the relationships between gender, social class, maternal
educational background and IQ were broadly similar for the
patients and the controls. For both groups, there was no
association between gender and IQ and both groups had a
highly significant association between social class, the
educational background of both parents and both verbal and
performance IQ scores.
Second,

for the controls, there was no significant

association between language background and performance IQ
and only a modest association with full scale IQ. In con
trast,

the association between these variables for the

patients was highly statistically significant.
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TABLE 52. SUMMARY OF ANALYSES TESTING THE ASSOCIATION
BETWEEN CLINICAL AND DEMOGRAPHIC VARIABLES AND
FOR CH CHILDREN (CH) AND CONTROLS (CON).
IQ :
PERF.

FULL SCALE

VARIABLE

GRP

TYPE

N

VERBAL

Gender

CH
CON

B
B

401
351

NS
NS

NS
NS

NS
NS

Language
at home

CH
CON

B
B

401
351

**
**

**
NS

**
+

Social class

CH
CON

N
N

401
351

**
**

**
**

**
**

Maternal
occupation

CH
CON

N
N

337
298

**
**

+
NS

*

Paternal
education

CH
CON

N
N

336
301

**
**

**
**

**
**

Maternal
education

CH
CON

N
N

348
286

**
**

**
**

**
**

Birthweight

CH

I

372

NS

+

+

Gestation age CH

N

384

NS

*

*

Pre-treatment CH
T4 (grouped)

N

382

+

**

**

Age start of
treatment

I

401

NS

NS

NS

390
399
399
401

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS

360
369
370
371

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS

352
360
360
362

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS

CH

Average dose (months)
CH
I
0—6
CH
I
7-12
13-24
CH
I
25-60
CH
I
Average TSH (months)
0—6
CH
I
7-12
CH
I
CH
I
13-24
25-60
CH
I
Average T4 (months)
0—6
CH
I
7-12
CH
I
13-24
CH
I
25-60
CH
I

GRP:- CH=patients; CON=controls.
Significance Tests: Binary, T-test; Nominal, One way analy
sis of variance; Interval, Pearson correlation coefficient
NS=not significant; -fp<0.05; *p<0.001 ; **p<0.0001
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Third,

these variables

(excluding gender)

had a

stronger association with IQ than nearly all the clinical
variables except for severity of CH at diagnosis which had
a significant association with IQ that was potentially
independent of social class and educational background.
Fourth, there was very little evidence to indicate
that quality of treatment variables had an important impact
on longer term intellectual development.
Fifth, the strength of the association between IQ and
severity of CH at diagnosis was less significant when it
was treated as a continuous measure. This suggested a non
linear association between these two variables.
All these observations were taken into account in
considering the appropriate variables to be entered into
the regression model.
(lb) Multiple regression
The first step in selecting the most appropriate
explanatory variables for the model was carried out by
doing simple regressions of all explanatory variables
separately against full scale IQ. These are summarised for
the clinical variables in Table 53.
The sample used at this stage of the analysis excluded
patients without a matched control with a full scale IQ,
patients who began treatment after six months of age,
patients with English as a second language, patients who
did not have a full scale IQ score and any patients with
missing clinical data. This resulted in a sample of 220
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patients with no missing data so that all preliminary
models would use identical data.

TABLE 53. SUMMARY OF SEPARATE SIMPLE REGRESSIONS OF FULL
SCALE IQ VERSUS MAIN CLINICAL VARIABLES (N=220)
N

R-SQUARED

F

P

10.28

0.0001

PRE-TREATMENT T4
(30nmol/l groups)

220

0.09

AGE AT START OF RX

220

0.001

0.43

0.51

AVERAGE T4
(First year)
(Second year)
(3-5 years)

220
220
220

0.007
0.001
0.005

1.69
0.26
1.18

0.19
0.61
0.28

AVERAGE TSH
(First year)
(Second year)
(3-5 years)

220
220
220

0.0003
0.004
0.009

0.07
0.79
1.99

0.79
0.37
0.16

AVERAGE DOSE
(First year)
(Second year)
(3-5 years)

220
220
220

0.0007
0.002
0.0006

0.17
0.43
0.14

0.68
0.51
0.71

These regressions supported the results of the univar
iate analyses shown previously which indicated the impor
tance of pre-treatment T4 in relation to outcome and that
treatment variables did not make an independent contribu
tion to the variance of IQ. However, it was possible that
the non-significant effects of the treatment variables were
confounded by the powerful effect of pre-treatment T4 which
was known to be associated with some treatment measures.
Subsequently, a second series of regressions were carried
out in which all treatment variables were separately en
tered against IQ controlling for pre-treatment T4
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(Table

54) .

TABLE 54. SUMMARY OF REGRESSIONS OF FULL SCALE IQ VERSUS
MAIN CLINICAL VARIABLES AFTER CONTROLLING FOR
PRE-TREATMENT T4 (N=220)
VARIABLE

N

Regression
slope (SE)

F

P

AGE AT START OF RX

220

0.002 (0.06)

0.00

0.96

AVERAGE T4
(First year)
(Second year)
(3-5 years)

220
220
220

-0.04
(0.03)
-0.009 (0.03)
-0.03
(0.04)

1.25
0.08
0.60

0.20
0.78
0.43

AVERAGE TSH
(First year)
(Second year)
(3-5 years)

220
220
220

0.03
-0.04
—0.06

(0.06)
(0.06)
(0.08)

0.42
0.31
0.73

0.51
0.57
0.39

AVERAGE DOSE
(First year)
(Second year)
(3-5 years)

220
220
220

0.08
0.07
0.04

(0.09)
(0.06)
(0.07)

0.84
1.20
0.37

0.36
0.27
0.54

These confirmed the previous analyses that none of the
treatment variables had an independent effect on IQ.
A similar procedure was carried out in relation to the
demographic variables. Separate simple regressions of each
demographic and birth variable versus IQ were carried out
with a sample of 217 patients with no missing data for
these variables (Table 55).
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TABLE 55. SUMMARY OF SIMPLE REGRESSIONS OF FULL SCALE IQ
VERSUS MAIN DEMOGRAPHIC/BIRTH VARIABLES (N=217).
VARIABLE

N

R-SQUARED

F

P

SOCIAL CLASS

217

0.12

15.3

0.0001

FATHER'S EDUCATION

217

0.09

7.2

0.0001

MOTHER'S OCCUPATION

217

0.01

1.5

0.22

MOTHER'S EDUCATION

217

0.09

7.3

0.0001

BIRTHWEIGHT*

217

0.01

0.6

0.64

GESTATIONAL AGE*

217

0.03

3.1

0.05

* Grouped data.

As expected, this indicated that social class was
powerfully associated with IQ and that there were signifi
cant associations with the educational background of both
parents and also, much more modestly, with gestational age.
As it was known that many of these variables were associat
ed with social class, a series of regressions was carried
out between these demographic variables and IQ controlling
for social class (Table 56).
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TABLE 56. SUMMARY OF REGRESSIONS OF FULL SCALE IQ VERSUS
MAIN DEMOGRAPHIC/BIRTH VARIABLES AFTER CONTROLLING FOR
SOCIAL CLASS (N=217).
VARIABLE

N

R-SQUARED

F*

P*

FATHER'S EDUCATION

217

0.16

2.91

0.03

MOTHER'S OCCUPATION

217

0.12

0.55

0.58

MOTHER'S EDUCATION

217

0.17

3.69

0.01

BIRTHWEIGHT**

217

0.14

0.75

0.55

GESTATIONAL AGE**

217

0.14

2.17

0.11

* after allowing for social class
** grouped data.

This indicated that only maternal and paternal educa
tional background had an independent effect on IQ after
controlling for social class (Table 55). As maternal educa
tional background explained more of the variance than
paternal educational background,

it was decided to enter

this as the second term in the model. There was no inde
pendent effect of paternal educational background on IQ
having controlled for social class and maternal educational
background.
It was therefore decided that the most appropriate
regression model was to examine the relationship between
pre-treatment T4 and full scale IQ after controlling for
social class and maternal educational background.
Regressions were carried out which included the con
trols

(using grouped data)

and with the patients only.

Although all the models showed that social class, educa
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tional background and pre-treatment T4 had a significant
effect on IQ, previous plots of IQ versus T4 suggested that
the relationship might not be linear. This was tested by
the addition of a squared term for T4. This added term was
also significant and this model accounted for more of the
overall variance. This suggested that a non-linear rela
tionship between T4 and IQ was a better fit of the model to
the data.
The use of grouped data had the added advantage of not
assuming linearity and enabled more cases to be included in
the model. However, it was important to test which specific
groupings gave the best description of the data. This was
assessed by carrying out a number of regressions with
different groupings of patients and identifying the model
which accounted for the highest proportion of the variance
(using the R squared estimate).
Following these exploratory investigations, the rela
tionship between pre-treatment T4 and IQ, controlling for
social class and mothers' educational background, is pre
sented below. This model grouped the CH children in group
ings that accounted for the highest proportion of the
variance. Control children were entered as an additional
group. Only patients with matched controls were included in
the model. Table 57 sets out the parameters of the model
and Figure 9 plots the relationship of IQ to pre-treatment
T4 after controlling for the other explanatory variables.
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TABLE 57.MULTIPLE REGRESSION MODEL OF FULL SCALE IQ VERSUS
PRE-TREATMENT T4, SOCIAL CLASS AND MATERNAL
EDUCATIONAL BACKGROUND FOR CH CHILDREN (N=241)
AND CONTROLS (N=241)
SAMPLE EXCLUDES:
1. Cases started on treatment after six months.
2. Cases without full IQ for both patients and control.
3. Cases with English as a second language.
4. Cases with missing pre-treatment T4, social class
of maternal educational data.
P

R-SQUARED
OVERALL MODEL

0.26

INDEPENDENT EFFECTS.
SOCIAL CLASS
MATERNAL EDUCATION
PRE-TREATMENT T4

15.05

0.0001

13.12
9.97

0.0001
0.0001
0.0001

10.66

PARAMETERS

ESTIMATE (SE)

P

INTERCEPT

122.6

(1.59)

0.0001

SOCIAL CLASS
Unemployed
Manual
Non-manual

-11.6
-4.2

(2.30)
(1.41)

0.0001
0.0032

(1.97)
(2.10)
(1.82)

0.0001
0.0010
0.0031

(2.24)
(2.50)
(2.03)
(2.04)
(2.26)
(2.54)

0.0001
0.0001
0.0001
0.6536
0.3423
0.8904

0.0

MATERNAL EDUCATIONAL
BACKGROUND
No qualifications
CSE exams
0 levels
A levels

-10.7
-6.9
—5.4
0.0

)RE-TREATMENT T4 (nmol/l)
-11.5
Less than 12
12-20
-12.4
20-40
-10.3
-0.9
40—60
60-90
—2.1
Greater than 90
0.3
Normal T4 (controls)
0.0
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F I G U R E 10. IQ BY P R E - T R E A T M E N T T 4
( A D J U S T E D FO R S O C IA L C LA SS AND
M O T H E R S ’ E D U C A T IO N A L B A C K GR OU ND )

Full s c a le 10
130

125

120

115

1 10

105
0

20

40

60

80

100

120

P r e - t r e a t m e n t T 4 (nm ol/l)

95% C /I
Note: C o n t r o ls a s si g n e d T 4 - 1 5 0
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y

Mean

140

160

Finally, the same regression model was computed with
pre-treatment T4 divided into two groups (<40; >40 nmol/l).
This model showed that CH children with pre-treatment T4
less than 40 nmol/l had a mean IQ approximately 9.75 points
below their peers with 95% confidence intervals of 6.7412.76.

In contrast,

CH children with pre-treatment T4

above this level showed no significant deficit. It can also
be noted that the size of this effect was comparable to the
effect of social class on IQ.

2. MOTOR SKILLS
(2a) Univariate analyses
The relationship between motor skills and the main
explanatory variables for the patients and controls is
described in a series of tables. These tables include the
largest possible sample of children in both groups and
continuous variables have been grouped in the same way as
for IQ.
For the CH children, the relationship between motor
skills and demographic variables is shown in Table 58.
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TABLE 58. TOTAL MOTOR SKILLS FOR CH CHILDREN BY GENDER,
FIRST LANGUAGE , SOCIAL CLASS AND PARENTAL
EDUCATIONAL BACKGROUND (N=402)
MOTOR SKILLS
SE
Mean

N
GENDER
Male
123
279
Female
FIRST LANGUAGE AT HOME
English
371
Other
31
SOCIAL CLASS
Non-manual
165
Manual
191
Unemployed
46
MATERNAL OCCUPATION
Non-manual
84
Manual
59
Housewife
184
Missing
75
EDUCATIONAL BACKGROUND (MOTHER)
No quals.
125
69
CSE
0 level
103
A level
53
Missing
52
EDUCATIONAL BACKGROUND (FATHER)
No quals.
158
46
CSE
0 level
68
A level
55
Missing
75

P*

4.8
5.4

0.14
0.09

0.0004

5.3
5.2

0.08
0.30

NS

5.3
5.3
5.0

0.12
0.11
0.21

NS

5.5
5.3
5.2
5.0

0.18
0.18
0.11
0.18

5.3
5.2
5.1
5.8
5.1

0.14
0.17
0.15
0.22
0.22

5.1
5.3
5.5
5.4
5.2

0.12
0.23
0.18
0.22
0.18

NS

NS

NS

*Significance Test: One way analysis of variance.

In contrast to IQ, motor skills for CH children was
not associated with social class and parental educational
background. However, girls performed significantly better
than boys on this task.
The relationship between motor skills and demographic
variables for the controls showed a similar association
with gender but was also associated with
educational background (Table 59).
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social class and

TABLE 59. TOTAL MOTOR SKILLS FOR CONTROL CHILDREN BY
GENDER, FIRST LANGUAGE, SOCIAL CLASS AND
PARENTAL EDUCATIONAL BACKGROUND (N=351)
EXPLANATORY VARIABLES.
MOTOR SKILLS
N
Mean
SE
GENDER
Male
0.14
107
5.8
0.09
Female
244
6.3
FIRST LANGUAGE AT HOME
0.08
English
325
6.2
0.21
Other
26
6.2
SOCIAL CLASS
0.12
Non-manual
138
6.4
0.11
Manual
181
6.1
0.26
Unemployed
30
5.4
2.00
Missing
7.0
2
MATERNAL OCCUPATION
0.15
Non-manual
84
6.1
Manual
57
0.22
6.2
0.11
Housewife
152
6.2
Missing
58
6.0
0.21
EDUCATIONAL BACKGROUND (MOTHER)
No quals.
0.14
106
5.9
0.19
CSE
62
6.1
0 level
91
6.3
0.15
A level
6.7
0.21
52
6.0
0.24)
Missing
41
EDUCATIONAL BACKGROUND (FATHER)
No quals.
6.0
0.13
114
0.19
CSE
52
6.3
0 level
0.17
78
6.1
A level
52
0.19
6.6
Missing
0.22
56
5.9

P*
0.006
NS

0.003

NS

0.02

NS

♦Significance Test : One way analysis of variance.

The relationship between CH children and clinical
variables is shown in Table 60.
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TABLE 60. MOTOR SKILLS OF CH CHILDREN BY PRE-TREATMENT T4,
AGE AT START OF TREATMENT AND AVERAGE T4, TSH
AND DOSE ON TREATMENT (N=402)
MOTOR SKILLS

EXPLANATORY VARIABLES.
N

Mean

SE

PRE-TREATMENT T4 (nmol/1)
< 20

20-40
40—60
> 60
Missing
AGE AT START OF TREATMENT
(days)
< 13
13-16
17-24
25-36
> 36
AVERAGE T4 (FIRST YEAR)
< 112
112-135
135-156
156-190
> 190
Missing
AVERAGE T4 (SECOND YEAR)
< 114
114-140
140-156
156-186
> 186
Missing
AVERAGE T4 (3-5 YRS)
< 118
118-139
139-159
159-181
> 181
Missing
AVERAGE TSH (FIRST YEAR)
> 35
16-35
5-16
1-5
< 1
Missing

82
64
108
38

4.9
5.1
5.6
5.5
5.2

0.14
0.17

42
97
148
72
43

5.2
5.4
5.2
5.0
5.5

0.23
0.15
0.13
0.17
0.23

NS

33
75
105
114
44
31

5.3
5.3
5.4
5.3
4.7
5.4

0.23
0.18
0.16
0.15
0.25

NS

33
103
91
105
39
31

5.3
5.2
5.4
5.2
5.0
5.3

0.23
0.13
0.15
0.18
0.30
0.19

24
97
112
95
43
31

5.5
5.2
5.4
5.1
5.1
5.4

0.22

5.4
5.2
5.4
5.1
5.2
5.4

0.30
0.18
0.14
0.17
0.19
0.19

110

22
60
119
102
59
40

0.20

0.15

0.003

0.22

0.20

0.16
0.15
0.16
0.28

NS

NS

0.21

NS

Continued overleaf
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AVERAGE TSH (SECOND YEAR)
> 35
14—35
5-14
1-5
< 1
Missing
AVERAGE TSH (3-5 YRS)
> 25
10—25
5-10
1-5
< 1
Missing
AVERAGE DOSE (FIRST YEAR)
1-25
25—40
40-49
49-56
> 56
AVERAGE DOSE (SECOND YEAR)
1-32
32-49
49-56
56-74
> 74
AVERAGE DOSE (3-5 YRS)
1-50
50—62
62—74
74-86
> 86

38
100
108
82
34
40

5.4
5.3
5.1
5.2
5.4
5.4

0.27
0.16
0.16
0.17
0.24
0.19

23
113
88
102
37
39

5.3
5.2
5.3
5.3
5.0
5.4

0.38
0.15
0.16
0.15
0.26
0.19

75
154
94
58
23

5.1
5.5
5.2
4.9
5.2

0.15
0.13
0.16
0.19
0.42

NS

39
97
120
105
41

5.0
5.3
5.5
5.2
5.0

0.20
0.15
0.14
0.15
0.29

NS

72
83
95
114
38

5.3
5.5
5.1
5.2
5.1

0.18
0.18
0.16
0.14
0.25

NS

NS

NS

* Significance test: One way analysis of variance

Motor skills were not associated with any treatment
variables,

but were significantly associated with pre-

treatment T4 as a grouped measure. Correlation coefficients
were computed for all these measures which confirmed the
non-significant results. This included pre-treatment T4 (as
a continuous measure) which did not have a significant
association with motor skills (r 0.06; p 0.23). As with IQ,
this suggested that the relationship between motor skills
and pre-treatment T4 might not be linear.
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The results of all the univariate analyses are summa
rised in Table 61.
TABLE 61. SUMMARY OF ANALYSES TESTING THE ASSOCIATION
BETWEEN CLINICAL/DEMOGRAPHIC VARIABLES AND MOTOR
SKILLS FOR CH CHILDREN (N=402) AND CONTROLS
(N=351)
NAME

EXPLANATORY VARIABLES.
GRP
TYPE

N

MOTOR SKILLS
P

Sex

CH
CON

B
B

402
351

*
+

Language at home

CH
CON

B
B

402
351

NS
NS

Social class

CH
CON

N
N

402
349

NS
+

Maternal educ.

CH
CON

N
N

348
310

NS
NS

Pre-treatment T4
Pre-treatment T4

CH
CH

I
N

331
364

NS
+

Start age (rx)

CH

I

402

NS

Average dose
0—6
7-12
13-24
25-60

CH
CH
CH
CH

I
I
I
I

402
402
402
402

NS
NS
NS
NS

Average TSH
0—6
7-12
13-24
25-60

CH
CH
CH
CH

I
I
I
I

373
373
373
373

NS
NS
NS
NS

Average T4
0—6
7-12
13-24
25-60

CH
CH
CH
CH

I
I
I
I

371
371
371
371

NS
NS
NS
NS

NS=not significant ; +p<0.05 ; *p<0.001

It was concluded that the relationship between pre
treatment T4 and motor skills at five years. controlling
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for the effects of gender, social class and maternal educa
tional background, should be examined by multiple regres
sion.

(2b) Multiple regression
As with IQ, a series of separate simple regressions of
all clinical variables and motor skills was carried out on
a sample of CH children with no missing data (Table 62).

TABLE

62.

SUMMARY OF SIMPLE REGRESSIONS OF MOTOR
VERSUS MAIN CLINICAL VARIABLES (N=219)

VARIABLE

SKILLS

N

R-SQUARED

F

P

PRE-TREATMENT T4
(20 nmol/1 groups)

219

0.040

3.03

0.030

AGE AT START OF RX

219

0.003

0.71

0.399

AVERAGE T4
(First year)
(Second year)
(3-5 years)

219
219
219

0.001
0.003
0.002

0.01
0.83
0.49

0.930
0.363
0.483

AVERAGE TSH
(First year)
(Second year)
(3-5 years)

219
219
219

0.001
0.001
0.003

0.05
0.06
0.79

0.828
0.807
0.376

AVERAGE DOSE
(First year)
(Second year)
(3-5 years)

219
219
219

0.001
0.001
0.008

0.33
0.37
1.95

0.565
0.541
0.163

This confirmed the previous analyses on the larger
sample. As with IQ, this series of regressions was repeat
ed, controlling for pre-treatment T 4 , with the same non
significant results for all treatment variables.
The effect of pre-treatment T4 on motor skills, con
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trolling for demographic variables,

was explored in a

number of regressions. This included carrying out regres
sions separately for boys and girls, for patients only and
with controls,

and by

entered into the model.

changing the size of the sample
These regressions showed that

social class did not significantly contribute to outcome
for the sample as a whole whereas maternal educational
background did have an independent effect after controlling
for gender and pre-treatment T 4 . The relationship between
pre-treatment T4 and motor skills did not differ for boys
and girls. For both groups, lower pre-treatment T4 had a
significantly detrimental effect on outcome.
Following these exploratory investigations, the rela
tionship between pre-treatment T4 and motor skills, con
trolling for sex and maternal educational background,

is

presented below (Table 63). This model only included CH
children with a control and entered pre-treatment T4 as a
grouped variable with control children as an additional
group.
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TABLE 63. MULTIPLE REGRESSION OF MOTOR SKILLS VERSUS
PRE-TREATMENT T4, GENDER AND MATERNAL EDUCATIONAL
BACKGROUND FOR CH CHILDREN AND CONTROLS (N=259)
F

R-SQUARED
OVERALL MODEL

0.16

INDEPENDENT EFFECTS
GENDER
MATERNAL EDUCATION
PRE-TREATMENT T4

P

10.65

0.0001

11.18
4.75
13.30

0.0009
0.0028
0.0001

PARAMETERS

ESTIMATE (SE)

INTERCEPT

6.89

(0.18)

0.0001

-0.46
0.00

(0.14)

0.0009

MATERNAL EDUCATIONAL
BACKGROUND
No qualifications -0.73
CSE
-0.63
0 Levels
-0.51
A Levels
0.00

(0.19)
(0.22)
(0.20)

0.0003
0.0043
0.0110

PRE-TREATMENT T4
Less then 12
12-20
20-40
40-60
> 60
Normal T4
(Controls)

(0.24)
(0.28)
(0.22)
(0.23)
(0.19)

0.0001
0.0001
0.0001
0.0163
0.0017

GENDER
Boys
Girls

-1.37
-1.44
-1.08
-0.56
-0.61
0.00

In contrast to the results for IQ, this model showed
that CH children,

irrespective of the severity of the

condition, had a motor skills deficit compared with their
peers (Figure 11).
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F IG U R E 11. M O T O R S K I L L S BY P R E - R X 1 4
( A D J U S T E D FOR G E N D E R AND
M O T H E R S ’ ED UCA TION )

M o to r skills

8

r

0

20

40

80

60

100

Pre-treatm ent T4

9 5 % C/1
Note: C o n t r o ls a s si gn e d T 4 - 1 5 0
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Mean

120

140

160

This impairment was greater for the children with more
severe CH at diagnosis with a mean deficit of nearly one
standard deviation. For those CH children with less severe
CH, this deficit was approximately one third of a standard
deviation. There was no evidence to suggest that the rela
tionship between motor skills and severity of CH was sig
nificantly different from linear.

3. BEHAVIOUR
(3a) Parent ratings and demographic variables
The relationship between the total behaviour checklist
(BCL) scores and the main demographic variables for the
whole sample is shown on Table 64.
BCL scores were only significantly associated with one
variable, namely language background, and this relationship
was confined to the controls. This indicated that control
children with English as a second language had significant
ly lower behaviour scores than the other controls. However,
this group consisted of only 15 subjects and therefore had
only a marginal influence on the group as a whole.
For the CH children, two variables approached statis
tically significant associations, namely gender and mater
nal

educational background. Girls tended to have fewer

problem behaviours than boys, and children with mothers
with higher educational qualifications also tended to have
fewer problem behaviours.
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TABLE 64. TOTAL BCL SCORES BY GENDER, FIRST LANGUAGE,
SOCIAL CLASS AND PARENTAL EDUCATIONAL BACKGROUND
FOR CH CHILDREN (N=274) AND CONTROLS (N=237)
CH CHILDREN
N

BCL TOTAL SCORE
Mean
SE

GENDER
Male
87
5.4
187
4.7
Female
FIRST LANGUAGE AT HOME
256
4.9
English
5.7
Other
18
SOCIAL CLASS
109
4.6
Non-manual
Manual
134
5.1
5.2
Unemployed
31
MATERNAL EDUCATIONAL BACKGROUND
No quals.
101
5.4
CSE
5.3
45
78
4.6
0 level
4.2
A level
44
3.8
Missing
6

P*

0.30
0.20

NS
(0.058)

0.16
0.79

NS

0.26
0.22
0.51

NS

0.29
0.40
0.30
0.35
0.79

NS
(0.053)

CONTROLS
N

Mean

GENDER
Male
4.3
72
Female
165
4.4
FIRST LANGUAGE AT HOME
English
222
4.4
3.3
Other
15
SOCIAL CLASS
4.1
Non-manual
90
4.4
Manual
124
5.1
Unemployed
23
MATERNAL EDUCATIONAL BACKGROUND
No quals.
78
4.6
CSE
47
4.4
0 level
68
4.0
A level
44
4.4

SE

p*

0.27
0.21

NS

0.17
0.67

0.027

0.22
0.26
0.47

NS

0.72
0.40
0.22
0.42

NS

*Significance Tests: Wilcoxon rank sum test;
Kruskal -Wallis test.

This pattern of associations was very similar for the
total scores from the Conners parent scale (Table 65).
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TABLE 65. TOTAL CPQ SCORES BY GENDER, FIRST LANGUAGE,
SOCIAL CLASS AND PARENTAL EDUCATIONAL BACKGROUND
FOR CH CHILDREN (N=399) AND CONTROLS (N=350)
A.CH CHILDREN
N

CPQ TOTAL, SCORE
Mean
SE

GENDER
59.5
Male
122
Female
277
57.2
FIRST LANGUAGE AT HOME
57.8
English
368
Other
31
59.0
SOCIAL CLASS
Non-manual
165
57.6
57.5
Manual
190
Unemployed
44
60.5
MATERNAL EDUCATIONAL BACKGROUND
No quals.
58.0
129
CSE
71
58.4
56.9
0 level
103
A level
55
56.8
Missing
41
60.5
B.CONTROLS
GENDER
Male
106
56.6
Female
56.2
244
FIRST LANGUAGE AT HOME
56.3
English
323
27
57.9
Other
SOCIAL CLASS
Non-manual
139
55.8
Manual
181
56.6
Unemployed
30
57.3
MATERNAL EDUCATIONAL BACKGROUND
No quals.
106
57.0
CSE
63
56.5
0 level
90
55.7
A level
53
55.3
Missing

38

56.9

p*

0.71
0.55

0. 0037

0.71
2.11

NS

0.71
0.60
1.47

NS

0.78
1.00
0.82
1.25
1.56

NS

0.73
0.50

NS

0.42
1.81

NS

0.61
0.58
1.73

NS

0.83
0.96
0.75
0.90

NS

1.35

♦Significance Tests: Wilcoxon rank sum test
Kruskal-Wallis test.

For the controls, there was no association with any
demographic variable whereas for the patients, boys again
scored higher than girls. In this way, the two parental
measures showed a high degree of similarity in relation to
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the key demographic variables.
(3b) Teacher ratings and demographic variables
This similarity of responses on both parental measures
contrasted with a very different pattern of associations
for the Conners teacher scale (CTQ).
TABLE 66. TOTAL CONNERS TEACHER QUESTIONNAIRE SCORES BY
GENDER, FIRST LANGUAGE, SOCIAL CLASS AND PARENTAL
EDUCATIONAL BACKGROUND FOR CH CHILDREN (N=383)
AND CONTROLS (N=351)
A.CH CHILDREN
CTQ TOTAL SCORE
P*
N
Mean
SE
GENDER
1.39
Male
116
59.8
0.0013
267
54.6
Female
0.75
FIRST LANGUAGE AT HOME
351
55.6
0.67
English
0.0471
63.0
3.15
Other
32
SOCIAL CLASS
153
54.1
1.01
Non-manual
184
56.2
0.86
Manual
0.0003
46
63.4
2.45
Unemployed
EDUCATIONAL BACKGROUND (MOTHER)
No quals.
123
58.8
1.15
57.7
CSE
64
1.98
0 level
97
53.0
1.22
0.0006
50
53.1
1.60
A level
1.94
Missing
49
57.5
B. CONTROLS
GENDER
Male
107
51.3
Female
241
49.6
FIRST LANGUAGE AT HOME
321
50.0
English
27
51.9
Other
SOCIAL CLASS
136
Non-manual
47.8
184
51.4
Manual
Unemployed
27
53.4
MATERNAL EDUCATIONAL BACKGROUND
No quals.
108
51.0
CSE
62
50.1
88
0 level
48.4
A level
53
51.2
Missing
36
50.0

0.94
0.62

NS

0.55
1.55

NS

0.61
0.80
1.94

0.002

0.96
1.09
1.02
1.59
1.32

♦Significance Tests: Wilcoxon and Kruskal-Wallis test.
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NS

For both CH children and controls, teacher ratings
were significantly associated with social class but,

for

the patients only, there were additional significant asso
ciations with maternal educational background,

language

background and gender.
This different pattern of associations compared with
the parent ratings may be interpreted in a number of ways
either indicating real relative differences of behaviour in
a school setting or, perhaps, indicating different ways of
construing similar behaviour between teachers and parents.
However, the significance for this study was that these
demographic factors needed to be taken into account in
understanding the relationship between CH and behaviour as
rated

by

teachers.

(3c) Behaviour ratings and clinical variables
The association between behaviour scores and clinical
variables was examined in the same way as for IQ and motor
skills. These analyses indicated that there was no signifi
cant association between the majority of clinical measures
and behaviour. In summary, for both the parent ratings,
there was no association with pre-treatment T4 (Table 67)
whereas, for the teacher rating, there was a strong associ
ation with pre-treatment T4 (Table 68). There was a statis
tically significant correlation between age at start of
treatment and both Conners scores but this finding was not
supported when the data was looked at in groups. In addi
tion, there was a modest association between average T4
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between 3-5 years and CPQ.

TABLE 67. BCL AND CPQ TOTAL SCORES AND PRE-TREATMENT T4,
AGE AT START OF TREATMENT AND AVERAGE T4 BETWEEN
3-5 YEARS (N=274)
N
PRE-TREATMENT T4 (nmol/1)
< 20
20-40
40—60
> 60
Missing

74
56
48
69
27

AGE AT START OF TREATMENT (days)
< 13
19
13-16
75
17-24
100
25-36
50
> 36
30

N
PRE-TREATMENT T4 (nmol/1)
< 20
20-40
40—60
> 60
Missing

110
83
63
107
38

BCL TOTAL SCORE
Mean
SE
5.1
5.2
4.5
4.9
5.0

0.31
0.36
0.41
0.33
0.52

4.7
5.3
5.0
4.7
4.5

0.57
0.32
0.29
0.35
0.42

CPQ TOTAL SCORE
Mean
SE
57.3
58.3
57.5
59.1
56.3

0.80
0.99
1.16
0.90
1.28

AGE AT START OF TREATMENT (days)
< 13
40
13-16
98
17-24
142
25-36
75
> 36
44

57.2
58.2
57.9
57.8
57.8

1.22
0.92
0.71
1.08
1.48

AVERAGE T4 (3-5 YRS)
< 118
118-139
139-159
159-181
> 181
Missing

57.7
58.6
59.7
56.6
55.3
56.9

1.9
1.0
0.7
0.9
1.1
1.5

23
97
112
91
44
32

*Significance test: Kruskal-Wallis test.
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NS

NS

p*

NS

NS

0.01

TABLE 68. CTQ TOTAL SCORES BY PRE-TREATMENT T4 AND AGE AT
START OF TREATMENT (N=383)
EXPLANATORY VARIABLES.
N

CTQ TOTAL SCORE
Mean
SE

PRE-TREATMENT T4 (nmol/1)
< 20
20-40
40-60
> 60
Missing

106
76
64
104
33

59.1
57.0
52.9
55.3
54.5

1.35
1.40
1.72
1.33
2.02

AGE AT START OF TREATMENT
(days)
< 13
13-16
17-24
25-36
> 36

41
96
134
69
43

56.8
57.1
53.8
58.1
58.4

2.11
1.43
1.04
1.78
2.13

P*

0.0017

NS

*Significance test: Kruskal -Wallis test.

Further analysis of the relationship between average
T4 (3-5 years) and behaviour was carried out by plotting
the data and computing the single regression equation.
According to the model, for every increase in average T4 of
100 nmol/1,

there would be a corresponding decrease in

total CPQ score of 4.5 points. In this way, a very large
increase in T4 levels would produce only a marginal change
in behaviour scores. It was concluded that this observa
tion, combined with the absence of a relationship between
average T4 and the other parent rating, was only of minor
significance, and may be only a chance finding.

(3d) Summary
This complex pattern of associations has been summa
rised in Table 69.
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TABLE 69. SUMMARY OF ANALYSES TESTING THE ASSOCIATION
BETWEEN EXPLANATORY VARIABLES AND TOTAL
BEHAVIOUR SCORES FOR CH CHILDREN AND CONTROLS
EXPLANATORY VARIABLES.
NAME
GRP

TYPE

BCL
P

CPQ
P

CTQ
P

Gender

CH
CON

B
B

NS
NS

*
NS

*
NS

Language at home

CH
CON

B
B

NS
+

NS
NS

+
NS

Social class

CH
CON

N
N

NS
NS

NS
NS

**

Maternal educ.

CH
CON

N
N

NS
NS

NS
NS

**
NS

Pre-treatment T4

CH
CH

I
N

NS
NS

+
NS

NS
**

Start age (rx)

CH

I

NS

+ (#)

+ (#)

CH
CH
CH
CH

I
I
I
I

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS

CH
CH
CH
CH

I
I
I
I

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS

CH
CH
CH
CH

I
I
I
I

NS
NS
NS
NS

NS
NS
NS
+

NS
NS
NS
NS

Average dose
(months)
0—6
7-12
13-24
25—60
Average TSH
(months)
0—6
7-12
13-24
25—60
Average T4
(months)
0—6
7-12
13-24
25—60

*

Tests of significance of association:
Binary, Wilcoxon rank sum test;
Nominal, Kruskal-Wallis test;
Interval, Pearson product moment correlation coefficient.
NS=not significant; +p<0.05; *p<0.01; **p<0.001
(#) This association not significant for grouped data.
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From these observations, a number of general conclu
sions can be made.
1. In general, treatment variables were not associated with
either parent of teacher behaviour rating scores.

One

exception to this was noted, namely average T4 (3-5 years)
and the CPQ score. However,

further examination of this

finding showed that, although the association was statisti
cally significant, the effect of average T4 on behaviour
scores was extremely small and not likely to be of any
clinical significance.
2. Parent behaviour ratings appeared to be largely inde
pendent of severity of CH as measured by pre-treatment T4.
This was consistent with the finding that parent ratings
showed the smallest differences between patients and con
trols of any of the outcome measures.

This raised the

question of whether the modest differences between patients
and controls reported above were independent of the sub
stantial differences in intellectual functioning between
the two groups. This question will be addressed in the next
section.
3. Teacher ratings were highly associated with pre
treatment T4. Multivariate analyses were needed to examine,
firstly, whether this association was independent of other
demographic factors and, secondly, whether this was inde
pendent of the known association of pre-treatment T4 and
IQ.
(3e) Multiple regression: Parent ratings
Statistically significant differences between patients
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and controls on parent behaviour ratings have previously
been described.

For both the BCL and CPQ scores,

differences between CH children and controls

small

became sta

tistically non-significant if adjusted for IQ. This indi
cated that these behavioural differences were not independ
ent of important differences in intellectual functioning
already described.
(3f) Multiple Regression: Teacher ratings
As with IQ, a number of exploratory regression analy
ses were carried out in order to determine the appropriate
variables to include in the model. Separate regressions
were computed for boys and girls,

and for patients and

controls which did not produce significantly different
results. As with IQ, grouped clinical variables were pre
ferred in order to include the controls as a *normal'
group. Pre-treatment T4 was grouped as being less or great
er than 40 nmol/1 as this threshold had proved important in
the relationship of pre-treatment T4 to IQ. Only patients
with a control were included in the model.
As with parents ratings, IQ scores were also included
in the model in order to determine whether clinical varia
bles had an effect on behaviour that was independent of IQ.
The close association of IQ with both social class and
maternal educational background resulted in these later
variables having a non-significant effect and so were
removed from the model. The resulting model included gen
der, full scale IQ and pre-treatment T4 as the explanatory
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variables. The details of this model are provided below.

TABLE 70. MULTIPLE REGRESSION OF CTQ BEHAVIOUR RATINGS
VERSUS PRE-TREATMENT T4, GENDER AND FULL SCALE
IQ FOR CH CHILDREN AND CONTROLS (N=332)
R-SQUARED
OVERALL MODEL

P

F

0.18

INDEPENDENT EFFECTS
GENDER
FULL SCALE IQ
PRE-TREATMENT T4

22.38

0.0001

13.04
22.79
9.64

0.0003
0.0001
0.0001

PARAMETERS

ESTIMATE (SE)

INTERCEPT

46.5

(0.95)

0.0001

GENDER
Boys
Girls

3.33

(0.92)

0.0003

(1.74)
(1 .22 )
(1.09)

0.0001
0.0001

(1.08)
(1.06)

0.0001

FULL SCALE IQ
LT 90
90-104
105-119
GT 120
PRE-TREATMENT T4
(nmol/1)
LT 40
GT 40
Normal T4
(Control)s

0.00

13.30
5.84
1.60

0.1443

0.00

4.39
3.14

0.0034

0.00

A number of observations can be made from this model.
Firstly, gender, intellectual functioning and pre-treatment
T4 each contributed to variation in behaviour at five years
of age. The most significant contribution was that of intel
ligence. According to the model, children with an IQ less
than 90 were predicted to have a behaviour score 13 points
higher than children with an IQ greater than 120. Similar
ly, boys had a higher score than girls by approximately 3
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points, a contribution similar to that of less severe CH
(greater than 40 nmol/1). Of particular importance was the
observation that more severe CH (less than 40nmol/l)

re

sulted in only a marginal increase (approximately 1 point)
in the behavioural score. This suggested that, after con
trolling for gender and intelligence, severity of CH did
not contribute very much to behaviour ratings at five years
of age. However, having CH (however mildly) did lead to a
modest increase in behavioural difficulties as reported by
teachers.

4 . SPECIFIC ATTENTION PROBLEMS

OUTLINE: All three behaviour measures reported increased
rates of attentional difficulties in CH children compared
to their peers. This section will briefly examine whether
these deficits were associated with any of the clinical
variables relating to CH.
Examination of the specific items on the BCL showed
that the largest difference between the patients and the
controls was in ratings for concentration.

Problems with

concentration were twice as common in the CH group and
nearly 30% of CH children were reported by parents to have
some difficulties in concentration.
Concentration problems were not associated with gen
der, social class or maternal educational background and
did not show any significant association with pre-treatment
T4 or any other clinical variables. However, there was a
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significant association with IQ (df l;F=6.86;p<0.009) and
children who were rated as having poor concentration had a
mean IQ 5 points lower than the remainder of the CH group.
There was no association between concentration and motor
skills.
This observation was supported by the results from the
CPQ. Poor attention was reported for 20% of the CH children
and was twice as common in CH children than the controls.
Comparison of CH children and controls on factor scores
had shown the largest difference on the 'impulsive/hyperac
tivity* factor which had high loadings on a number of items
relating to attentional difficulties.

As with the BCL

concentration ratings, this factor was not associated with
any of the clinical variables for CH but was highly corre
lated with IQ

(r -0.19 p<0.0003).

This factor was also

associated with gender; boys having significantly higher
scores than girls.
In contrast to the CPQ, teachers ratings showed dif
ferences between patients and controls on all factor
scores. However, the largest difference was for the 'inat
tentive/passive' factor. This had high loadings for all the
attention items in the scale. As with the parent ratings,
this factor was not significantly correlated with any
clinical variables except for average TSH scores for the
period 3-5 years (r 0.11 p<0.04). In this way, elevated TSH
concentrations were associated with marginally higher
inattention scores. In addition, this factor was highly
correlated with IQ (r-0.51 p<0.0001) and boys scored sig
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nificantly higher than girls. It was also associated with
social class and parental educational measures. The associ
ation between average TSH and the inattention factor re
mained significant when adjusted for gender but was margin
ally non-significant (df=l; F=3.63; p<0.058) when adjusted
for both gender and social class.
Overall,

these

findings

suggested that

important

attentional deficits for CH children were closely related
to general intellectual functioning and were relatively
independent of the clinical variables measured in this
study. However, as with total behaviour scores, there was
some evidence to suggest a very small association between
contemporaneous thyroid hormone levels and psychological
functioning. This finding will require further research
with more sensitive instruments in order to determine the
clinical importance of this observation.

5. DISCRIMINANT ANALYSIS.
The analysis of psychological outcome for CH children
has been carried out by examining the effects of explanato
ry variables on each of the different domains of psycholog
ical functioning, namely intelligence, motor skills and
behaviour. Emphasis has been placed on assessing whether
the findings for each domain were independent of previously
described outcomes. This section will examine the degree to
which each outcome variable contributed to discriminating
between patients and controls.
Stepwise discriminant analysis was used to determine
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the most efficient model for discriminating between pa
tients and controls. Other techniques were used in explora
tory work including categorical modelling and multiple
regression using the patient/control variable as the de
pendent variable. All three methods produced essentially
the same results.

For this procedure,

all patients and

controls in the study were included. The statistics for the
final model are shown in Table 71.

TABLE 71. STEPWISE DISCRIMINANT ANALYSIS WITH MOTOR SKILLS,
CTQ TOTAL SCORES AND FULL SCALE IQ ENTERED INTO
THE MODEL
VARIABLE
ENTERED
MOTOR
CTQ
IQ

NUMBER
IN

F

P

1
2
3

55.5.
27.2
4.7

0.0001
0.0001
0.0305

WILKS'
LAMBDA
0.92
0.89
0.88

P
0.0001
0.0001
0.0001

(Note: Range of Wilks' Lambda coefficient 0-1. Score of 0
predicts 100% discrimination between groups using variables
in the model; score of 1 predicts variables in model have
no discriminatory power.)

The final model showed that motor skills was the most
discriminating variable

between patients and controls,

followed by teacher rating scores and then full scale IQ.
No other variables added to the power of the model. These
observations were consistent with the previous analyses and
emphasised one of the major findings of the study, namely
that IQ, for the CH group AS A WHOLE, was a relatively poor
discriminating factor between patients and controls. This
was due to the fact that children with mild CH (nearly half
of the group) had IQ scores which were not significantly
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different from controls. In contrast, motor skills and CTQ
ratings showed small but significant deficits for CH chil
dren as a group compared with controls. This resulted in
these variables having greater discriminatory power between
the two groups.
The discriminatory analysis also suggested that the
discriminatory power of the model was rather modest. As the
data suggest, the Wilks' Lambda coefficient of 0.88 indi
cated that it would be difficult to determine whether a
child was a patient or a control on the basis of psycholog
ical variables alone.
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6. OUTCOME FOR CH CHILDREN WITH ENGLISH AS A SECOND
LANGUAGE
Note: For this section, in order to simplify the text,
CH children with English as a second language will be
referred to as Asian children and children with
English as a first language will be referred to as
English children. All the children were born in the UK
and were British citizens. There was a small group of
CH children of Asian ethnic background who used
English as their first language and were not included
in this group. All the families in this group had a
first language from the Indian subcontinent except one
child who had a Chinese mother.

1. MISSING DATA
From the sample of 472 CH children detected by screen
ing, 57 children had English as a second language. From
this group, psychological data was obtained for 35 children
at five years. The high proportion of children being lost
to follow-up has been described earlier.
From the group of 35 children, six children did not
complete a full-scale IQ assessment and an additional
twelve children did not have a matched control. Comparison
between CH children and matched controls included only 17
pairs of children. This small sample size and high propor
tion of sample attrition indicated that all observations on
this group of children should be interpreted with caution.
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2. COMPARISON OF PSYCHOLOGICAL OUTCOME IN ASIAN CH CHILDREN
AND THEIR CONTROLS
Summary scores for intelligence, motor skills and
behaviour for Asian CH children and their controls are
presented in Table 72.

TABLE 72. MEAN (SO) INTELLIGENCE, MOTOR SKILLS AND MEDIAN
(1ST-9TH CENTILE) BEHAVIOUR SCORES FOR ASIAN CH
CHILDREN (N=17) AND CONTROLS (N=17)
CH CHILDREN

CONTROLS

DIFF

VERBAL IQ

74.0
(14.2)

92.0
(16.1)

PERFORMANCE IQ

96.0
(16.9)

109.9
(17.4)

13.9*

FULL SCALE IQ

83.0
(15.7)

100.6
(16.6)

17.6*

MOTOR SKILLS

5.18
(1.85)

6.29
(1.26)

1.11*

5.0
(1-7)

4.0
(2-6)

1.0

58.0
(45-71)

53.0
(42-69)

5.0

59.0
(44-81)

51.2
(43-61)

7.8

PARENT RATINGS
BCL
CPQ
TEACHER RATINGS
CTQ

18.0*

* Significant difference at the 0.05 level.

Differences were tested using one way ANOVA for all
three summary IQ scores and motor skills. Mean differences
for the IQ scores were considerably larger than for the
English children although significance levels were modest
because of the small sample size. Performance IQ was the
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most valid general estimate of intellectual functioning for
this group as verbal IQ has a large language component and
the children were assessed using their second language.
Performance IQ showed a difference of approximately 14
points between CH children and controls. This difference
was approximately twice that of the difference for the
English children. This was not evident for the motor scores
where the size of the difference between the groups was
very similar to that of English children.
Behaviour rating scores were not normally distributed
and differences between behaviour scores were tested using
the Wilcoxon test which indicated that there were no sig
nificant differences between the groups. The median scores
and hence the size of the difference between Asian CH
children and controls on all three behaviour ratings were
extremely similar to those of the English children. These
results suggested that the pattern of behaviour scores for
Asian children in comparison with their controls was not
significantly different from English children and will not
be considered further.
3. INTELLIGENCE, MOTOR SKILLS AND CLINICAL VARIABLES
(3a) Pre-treatment T4
The relationship between psychological functioning and
clinical variables was investigated in a similar way as for
English CH children. In particular,

it was important to

determine whether the relationship between outcome and pre
treatment T4 was the same for Asian CH children as for
English CH children.
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The relationship between pre-treatment T4 and intelli
gence was examined using regression. Pre-treatment T4
values were divided

into two groups, either above or below

4 0nmol/l and performance IQ scores rather than full-scale
scores were used as the outcome measure. Social class and
maternal educational background did not make a significant
independent contribution to outcome in this group.

The

control children were included in the regression.

TABLE 73. SIMPLE REGRESSION OF PERFORMANCE IQ VERSUS
PRE-TREATMENT T4 FOR ASIAN CH CHILDREN
AND CONTROLS (N=52)
R-SQUARED
OVERALL MODEL

0.18

PARAMETERS
INTERCEPT
PRE-TREATMENT T4
Less then 40
More than 40
Normal T4
(Controls)

P

F
5.50

0.0070

ESTIMATE (SE)
108.3

(3.41)

0.0001

15.1

(4.88)
(5.81)

0.0032
0.8379

-

1.2

0.00

This model showed that the outcome for Asian CH chil
dren with respect to pre-treatment T4 was extremely similar
to that already described for English CH children. Asian
children with less severe CH showed no deficits on perform
ance IQ compared with controls. In contrast, Asian children
with more severe CH had a deficit of approximately 14
points (95% confidence limits 5.5-24.7) compared with their
peers. The confidence limits caution against the interpre253

tation that this was a significantly

larger deficit than

for English CH children.
Examination of the relationship between pre-treatment
T4 and motor skills for Asian CH children also showed
consistency with the findings on English CH children.
Social class did not have an independent effect on motor
skills. A simple regression showing the relationship be
tween pre-treatment T4 and motor skills is shown below.

TABLE 74. SIMPLE REGRESSION OF MOTOR SKILLS VERSUS
PRE-TREATMENT T4 FOR ASIAN CH CHILDREN AND
CONTROLS (N=51)
R-SQUARED
OVERALL MODEL

F

0.13

PARAMETERS

3.66

0.0332

ESTIMATE (SE)

INTERCEPT
PRE-TREATMENT T4
Less then 40
More than 40
Normal T4
(Controls)

P

6.2

(0.32)

0.0001

-1.3

(0.47)
(0.55)

0.0099
0.4647

—

0.4

0.00

This regression indicated that Asian children with
more severe CH had a motor skills deficit approximately one
standard deviation below that of their unaffected peers.
Asian children with less severe CH had a deficit which was
about one third of a standard deviation although this was
not statistically significant. These estimates are of the
same magnitude as that found in the English CH children.
The consistency of these findings with respect to the
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two groups is particularly remarkable considering the
difference in sample size between the two groups and the
inevitable influence of verbal comprehension and cultural
differences on psychometric assessments.
(3b) Other clinical variables
It was also important to determine whether the larger
difference in IQ scores between Asian CH children and their
controls was related to any other clinical variables.

In

particular, it had already been noted that Asian children
tended to have lower average T4 and higher TSH levels on
treatment.

Correlation coefficients were computed for

performance IQ against all treatment variables. None of
these associations reached statistical significance al
though the correlation between average T4 between 3-5 years
approached significance (-0.34 p>0.058). This trend towards
a negative association was also evident for average T4
levels for the first and second years. This suggested that
Asian CH children with higher average T4 levels tended to
have lower performance IQ scores at five years. This obser
vation is hard to reconcile with the previous observation
that Asian CH children tended to have lower average T4
levels compared with the English group. Removal of outliers
in the distribution greatly reduced this association and it
is probable that this trend was a chance observation.
The larger difference between Asian CH children and
their controls may be a consequence of biased selection of
controls for the study. Although there was no evidence to
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support this viewpoint, it is possible that children with
relatively poor English were not selected as controls for
the study. Equally, it may have been difficult to recruit
parents who had relatively poor English language skills of
their own.
In conclusion, the reason for the relatively poor IQ
scores compared with their own controls remains unclear.
Follow-up at an older age will be needed in order to deter
mine whether Asian children are doing relatively worse than
the English CH children.
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7. SUMMARY OF RESULTS

1. CH children with more mild CH showed no deficits in IQ
compared with their peers.
2. CH children with more severe CH at diagnosis had sub
stantial deficits in IQ at five years. After controlling
for other variables,

this deficit was estimated to be

approximately 10 IQ points.
3. There was no evidence for specific intellectual deficits
in CH children as all subtests contributed equally to the
overall difference between the groups.
4. CH children showed minor deficits on fine motor tasks
compared with their peers. This deficit was more marked for
CH children with more severe CH at diagnosis.
5. Parent behaviour ratings for CH children were only
marginally different from their peers. After controlling
for differences in IQ, these differences were statistically
and clinically insignificant.
6. CH children, as rated by their teachers,

showed more

behavioural difficulties than their peers. This statisti
cally significant difference was independent of differences
in IQ.
7. There was consistency in the three behavioural ratings
in reports of clinically significant increased rates of
attentional problems. Rates of attentional problems ranged
from 20-30% of children with CH.
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SECTION 4. DISCUSSION

OUTLINE: This section will begin by considering a number of
methodological aspects of the study and how these may have
influenced the results of the study. It will then review
the findings with respect to the initial hypotheses and in
comparison with other studies of early treated CH. A theo
retical explanatory model of the relationship between
thyroid/neurological development in early life and later
psychological functioning will then be proposed.

Lastly,

the implications of the results for the introduction of
neonatal screening will be considered along with its sig
nificance in relation to the clinical management of indi
vidual children.

A.METHODOLOGICAL CONSIDERATIONS
1. STRENGTHS OF THE STUDY.
The study had a number of important methodological
strengths.

Firstly,

the sample consisted of an entire

disease population cohort over a specific time period. As
far as it was possible to gauge, all children with CH born
in the UK (except Scotland) during 1982-4 were included in
the study and no CH children from that period have subse
quently been notified to the Register. Children with tran
sient hypothyroidism detected by screening were carefully
excluded from the study group.

In this way,

the sample

consisted of a complete and appropriately diagnosed group
of CH children.
Secondly, the sample was sufficiently large to enable
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moderate or minor psychological deficits to be identified.
The power of the research design was in line with the
hypotheses that have been tested. This aspect of the study
makes it significantly different from all other follow-up
studies on the psychological aspects of early treated CH.
Thirdly, considering the size and geographical distri
bution of the sample, psychological data wenz obtained on a
very high proportion (over 90%) of CH children available
for assessment at five years of age. The main cause of
missing psychological data for each case was the absence of
a matched control. These cases were more likely to be
Asian children and children from non-manual family back
grounds. All the Asian children were excluded from the main
analysis so the main findings are not affected by this
aspect of sample attrition. Analysis of the psychological
characteristics of the CH children without a control did
not indicate any significant differences between them and
the rest of the group.
In addition, although the group of CH children lost to
follow-up in the early stages of the study

(ie those who

died or had additional handicaps) did have a higher propor
tion with more severe CH, this was not true for the group
with incomplete data as a whole. For example, comparison of
the CH children with a matched control

(n=357) with the

remainder of the sample (n=115) did not show a difference
in relation to pre-treatment T 4 . This suggests that the
importance of pre-treatment T4 in relation to later psycho
logical outcome was not significantly influenced by sample
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attrition on other variables. It therefore seems unlikely
that sample attrition in relation to psychological data
made a significant difference to the findings.
Fourthly, the psychological assessments at five years
were both comprehensive (in that they required information
from psychologists, teachers and parents)

and detailed.

Individual full IQ assessments (not short form or group
tests) were carried out on each child in an appropriate
child-centred environment. The appropriateness of these
arrangements can be measured by the extremely high rate of
cooperation obtained from the children themselves.

In

addition, assessments at five years using the WPPSI have
been shown to have very powerful predictive validity in
relation to longer term educational attainment. An eleven
year follow-up study on children originally assessed at
five years reported a highly significant association be
tween educational attainment at 16 years and IQ at 5 years
(Yule et al 1982)
2. SYSTEMATIC BIAS: EXAMINERS AND CONTROLS?
However, the study also has a number of potential
methodological problems. It is important to consider wheth
er the observed differences between patients and controls
have been influenced by systematic bias either by the
examiners or in the selection of controls for the study.
Teachers and psychologists in the study may have had a
prior expectation that the CH children would perform less
well than controls. This issue was carefully considered in
the preliminary information that was sent to schools and
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psychologists when inviting them to participate in the
study (see Appendix 1). This suggested that the introduc
tion of neonatal screening had led to the expectation that
these children would have very few residual difficulties.
This viewpoint was also communicated in informal telephone
contacts with participating schools and psychologists as
this was the general belief of the project team during the
data collection period of the study. Also,

it should be

emphasised that the CH children were of normal appearance
and that both parents and teachers would often comment that
the CH children appeared no different from their peers.
Despite these observations,

the labelling of CH

children as being patients with a chronic disease who were
undergoing a time consuming psychological assessment insti
gated by a prestigious children *s hospital provided a
powerful implied message that these children were likely to
have more psychological deficits than randomly selected
controls. This potential examiner bias should therefore not
be minimised.
However, consideration of the results of the study,
particularly for the IQ and motor assessments,

suggested

that this was not a significant contributor of differences
between patients and controls. All assessments were carried
out blind in relation to the severity of CH at diagnosis.
As described earlier, children with more mild CH did not
show any deficits in IQ compared to control children. This
provided powerful evidence that the differences between
patients and controls were not significantly influenced by
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the labelling of children as either patients or controls.
Teacher ratings did not follow this pattern and it remains
a possibility that differences in behaviour ratings were
prejudiced by whether the child was a patient or a control.
Another potential source of bias in the results was
the selection of controls. Were the controls more intelli
gent and better behaved than the general population? Al
though each school was requested to select controls accord
ing to a strict procedure of random selection, it was not
known whether this was always complied with. From discus
sions with headteachers who participated in the study, it
was clear that a small proportion of headteachers were
influenced by considerations other than simple random
selection.

Some headteachers felt that the control child

should be "like" the CH child in order to get a useful
comparison. Others believed that the control child should
be "normal" for the child's class and was somehow represen
tative of the school's general performance.

These two

potential biases would tend to operate in contrary direc
tions and the extent of their influence on results was
probably small but nevertheless unknown. However, it should
be emphasised that the majority of teachers did comply with
the selection instructions.
One indirect way of assessing whether there had been a
bias in the selection of controls is to compare the mean IQ
for the controls with the expected IQ for UK children,
taking into account the well documented secular rise in IQ
scores for the general population (Flynn 1987) . This pre
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dieted an expected mean IQ of 112 points which was almost
exactly in line with the mean score for the controls. This
suggested that the control group did not have higher IQ
scores than the general population of five year olds.
Similar comparison for the behavioural measures was
not possible as norms for the general population of five
year olds in the UK were not known, particularly for the
Conners scales. On the BCL, nearly 4% of the controls were
rated as having a behavioural problem. A higher rate of 7%
for three year olds were reported from the Waltham Forest
study

(Richman et al 1982).

However,

this study only

included children from an urban environment where rates of
behavioural disturbance may be as much as twice that of
rural areas

(Rutter 1973; Richman et al 1975).

Also,

differences in age at the time of assessment between the
studies make any precise comparison inappropriate.

It is

probable therefore that, as with IQ, the control group was
representative of behavioural rates for the general popula
tion during that time period.
3. CLINICAL MEASURES
There were a number of difficulties concerning the
clinical measures used in the study. In contrast to the
psychological data collection, there was no research proto
col which specified the nature and timing of thyroid func
tion data that was required for the study. This resulted in
a considerable variability with respect to the type of
thyroid function test that was carried out and the timing
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of such tests. For example, several measures were used to
assess pre-treatment thyroid function. It was not possible
to devise a uniform measure of the severity of the condi
tion although a formula for estimating total thyroxine
levels from free-T4 levels was computed (Tillotson et al
1992) . An estimate of pre-treatment thyroid function was
not possible for those children with only TSH or T3 meas
ures.
The problem of variability of data between cases was
more marked for treatment variables. Thyroid function tests
were not carried out at set age points so that it was not
possible to compare thyroxine levels across the sample at
specific time points

(eg six months of a g e ) . The best

solution to this variability was to compute average thyroid
hormone levels over specific time periods. However, this
presented a number of methodological difficulties. Some CH
children did not have sufficient thyroid function tests to
make valid estimates of thyroxine levels for each time
period.

Clearly,

estimates of average thyroxine levels

based on more observations were more valid than those based
on fewer tests. However, thyroid tests did not occur ran
domly.

Paediatricians varied according to their normal

practice and more frequent tests were often done in re
sponse to lower thyroxine levels or elevated TSH

(see

Appendix 2 for a fuller discussion of these methodological
problems).
In order to avoid potential distortions of the data,
only CH children with more than three thyroid tests were
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used to assess thyroid status on treatment. This resulted
in approximately 10% of CH children having missing data on
treatment variables. With hindsight,

fewer thyroxine as

sessments carried out at set age points would have made
comparison of treatment between patients much more informa
tive and would probably have resulted in fewer patients
having missing clinical data.
It should be recognised that the disadvantages of not
having a research protocol for clinical measures was com
pensated by two important advantages. Firstly, psychologi
cal outcome was a result of current clinical practice
rather than an imposed treatment regime.

Secondly,

the

study made fewer demands on individual paediatricians and
this probably contributed to the very high level of cooper
ation that was achieved from them.
4. PSYCHOLOGICAL MEASURES
Some of the psychological measures used in the study
had a number of limitations. Firstly, the assessment of
motor function only provided very cursory information on
fine motor functioning.

Secondly,

the behaviour rating

scales were not ideal for five year olds.

For example,

content validity of some of the items of the Conners scales
was sufficiently poor for them to be excluded from the
version presented to parents (eg Does your child get in
trouble with the police?). The BCL was originally designed
for three year olds and therefore contained a small number
of developmental items that were largely irrelevant to five
year olds. The reliance on rating scales as the only source
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of data on each child's behaviour without additional direct
observational data or prospective reporting

(eg diary

keeping) was a necessary but significant limitation consid
ering the overall design of the study. In addition, rating
scales have been shown to be influenced by factors other
than the child's behaviour such as parental mental state
(Friedlander et al 1986; Richters et al 1989) and therefore
the behavioural data needs to be interpreted with consider
able care.
Despite these methodological shortcomings, there were
no substantial theoretical or empirical reasons to suggest
that the findings were significantly influenced by system
atic methodological errors or biases.
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B.PSYCHOLOGICAL OUTCOME; RELATIONSHIP TO OTHER STUDIES.

1.INTELLIGENCE
The results of this study indicated a seven point IQ
deficit between all CH children and their peers, and pro
vides strong evidence to support the first hypothesis that
children with CH will show significant intellectual defi
cits. This deficit is larger than a number of previous
research findings. Results from Quebec

(Glorieux et al

1985), Toronto (Rovet et al 1987), Switzerland (lllig et al
1986)

and Greece

(Komianiou et al 1988)

each reported

deficits of 4-5 points on a number of different developmen
tal/cognitive measures. However, the study from Melbourne
(Rickards et al 1989)

reported an IQ deficit of 12 IQ

points. In contrast, the New England study reported a one
point deficit at six years although this had increased to 3
points at 9-10 years while still remaining a non-signifi
cant difference (New England CH Collaborative 1990).
However, the results of this study suggested that CH
children should not be treated as a homogeneous group. The
non-linear relationship between the severity of CH and
later intellectual

functioning indicates that the mean

difference between all CH children and their peers is an
unsatisfactory description of the intellectual functioning
of CH children. This central observation of a threshold
effect will now be considered.

(a) Pre-treatment T4
The present study indicated that CH children with pre
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treatment plasma T4 greater than 40 nmol/1 (less severe CH)
showed no deficits in intellectual functioning compared to
their

peers. In contrast, CH children with a pre-treatment

T4 less than 40 nmol/1 (more severe CH) showed a deficit of
approximately 10 points. It should be emphasised that
WITHIN each of these two 'severity* groups, there was no
significant association between pre-treatment T4 and intel
lectual outcome. For example, children with a pre-treatment
T4 of 10 nmol/1 did not

do significantly less well than

children with a pre-treatment T4 of 30 nmol/1. Similarly, in
the less severe CH group, children with a pre-treatment T4
of 55 nmol/1 did not perform less well than those with a
pre-treatment T4 of 80 nmol/1. From this study,

it would

be inappropriate to exaggerate the precision of the cut-off
point between the two groups. Measurement error in the
estimation of T4 levels requires that the threshold of 40
nmol/1 be treated wth caution.

However,

a substantial

alteration in psychological outcome was associated with a
threshold within a probable range of 35-45 nmol/1. This
evidence strongly confirmed Hypothesis 2, that the severity
of the disorder will explain a significant part of the
variation in intellectual outcome.
The clinical significance of this mean deficit can be
illustrated by examining the increase in the number of
children with more severe CH who had an IQ more than two
standard deviations below the population mean

(i.e. the

traditional definition of learning difficulty). With the
assumption that the distribution of IQ scores for CH chil-
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dren is normal

(which it was for our data), it can be

estimated that approximately 10% of children with more
severe CH will have a learning difficulty compared with 2%
of control children. This indicates that children with more
severe CH are approximately five times more likely to have
learning difficulties than their peers (or
more mild C H ) . Furthermore,

children with

40% of the more severe CH

children will have an IQ more than one standard deviation
below the mean compared with 15% of their peers. This is
clearly a much less optimistic conclusion than reported by
the majority of other studies.
A similar scale of deficit was reported by Glorieux et
al (1988) who reported a 16 point difference between CH
children with both low pre-treatment T4 and more severe
skeletal immaturity compared with the rest of the group. An
important difference was that the T4 threshold was much
lower (25 nmol/1) than that reported in this study. In the
pilot study in the UK a difference of 16 IQ points was
reported for children with pre-treatment T4 less than
20nmol/ compared with those with relatively mild CH. Stud
ies by Rovet et al (1986) and Farriaux et al (1990) have
also reported an association with pre-treatment T4 and
later intellectual functioning. However, the results from
our own study suggest not only a significant association
with pre-treatment T4 levels but also indicate that this
relationship is non-linear with a significant threshold at
approximately 40 nmol/1. Although some of the previously
published observations may be consistent with this finding.
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no other study has suggested this type of association.
In order to make sense of the non-linear relationship
between pre-treatment T4 and intellectual outcome,

it is

necessary to consider a number of aspects of pre-treatment
T4 as a measure of thyroid dysfunction. Firstly, the meas
urement of plasma T4 at diagnosis provided an indication
about the relative levels of thyroxine deprivation that
were present in utero. Recent

data has suggested quite

rapid post-natal depletion of plasma T4 in children with
more severe CH (Vulsma et al 1989) , so that T4 levels in
utero were probably higher than T4 concentrations at diag
nosis. It should also be noted that estimated normal mean
plasma T4 levels rise from about 110 nmol/1 at 30 weeks
gestation to about 145 nmol/1 at term (Fisher and Klein,
1981).
Secondly, plasma T4 concentrations may not be the most
critical measurement in relation to neuronal development.
The active hormone in neuron metabolism is intracellular T3
(DeGroot 1991)

and it has been observed

(in rats)

that

normal intracellular T3 levels may occur despite abnormal
fluctuations in T4 (Morreale de Escobar et al 1992) . Al
though estimates of serum T3 in utero have been made
(Fisher and Klein 1981), recent evidence has suggested that
serum T3 may also not be predictive of levels of intracel
lular T3 (Morreale de Escobar et al 1992).

These findings

indicate that it is extremely difficult to estimate criti
cal prenatal levels of intracellular T3. The results of
this study suggest that the different outcome for children
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with CH

in relation to T4 at diagnosis may be due to a

severe depletion in T4 which results in intracellular T3
levels also become depleted.

When this occurs there is

very rapid interference in normal neuronal development with
all the neurological consequences which have been reviewed
earlier.
At present, this explanation is speculative. However,
it is interesting to note a similar pattern of results on
preterm babies reported by Lucas et al

(1988).

In this

study, a non-linear relationship was observed between the
lowest recorded postnatal plasma T3 value recorded during
the period 30-40 weeks gestation and later developmental
functioning. When T3 levels fell below a critical point,
later developmental outcome was severely compromised.

It

should be emphasised that this finding is not immediately
comparable with our own hypothesis as circulating T3 has
only a loose association with intracellular T3 (see above).

(b) Other clinical factors
There was no evidence to suggest that, within the
first six weeks of life,

earlier age at start of treatment

had a significant impact on psychological

functioning.

Hypothesis 3, namely that CH children treated earlier will
have higher intellectual scores, was therefore refuted.
This is very much in line with the majority of reported
studies of early treated children with CH although lllig et
al (1988) reported that children with athyrosis on thyroid
scan and treated after 50 days of age did less well than
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the rest of the group. The proportion of children with
athyrosis in our sample was unknown.

It was,

however,

probable that these children were unlikely to begin treat
ment after 50 days, as the majority of children who began
treatment after this age had relatively high pre-treatment
T4 values. This observation requires an additional comment.
It is now generally recognised that maternal T4 cross
es the placenta during the pre-natal period (Vulsma et al
1989). After birth, it would be expected that longer delay
before the confirmatory blood test would be associated with
lower serum T4 concentrations.

Vulsma estimated a mean

fractional disappearance rate of 19.4% per day or a half
life of 3.6 days. However, empirical observation of the
relationship between T4 and age at start of treatment did
not confirm this inverse relationship. Earlier start of
treatment was associated with lower pre-treatment T4 partly
because some severely CH children were diagnosed by clini
cal signs in the first two weeks of life. However, this
positive association remained even when children treated
before two weeks and after six weeks were removed. Vulsma's
observations were confined to CH children with no function
ing thyroid and this subgroup of CH children were only a
minority

of the CH children detected by screening. The

majority of CH patients had more circulating T4 at diagno
sis than would be predicted by Vulsma's equation, and this
suggests that the majority of CH neonates had some residual
capacity to synthesise thyroxine at the time of diagnosis.
In addition, there was no evidence that average thy
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roid hormone or dose levels during the first years of
treatment had a significant impact on intellectual func
tioning. Thus, hypotheses 3, 4 and 5 which predicted that
these variables would influence outcome, were refuted. The
majority of patients had started treatment by four weeks of
age and thyroxine (T4) levels were maintained

well within

the average range throughout the first five years of life.
This suggests that, within these broad parameters, smaller
variations in serum thyroid hormone concentrations did not
significantly affect longer term psychological functioning.
This observation included those children with persistently
elevated TSH concentrations for the first two years of
treatment and sometimes beyond. As a result of these find
ings,

it is hypothesised that, once treatment has estab

lished normal thyroxine concentrations, present clinical
practice achieves thyroxine within the parameters that
allow normal neurological development and functioning. This
interpretation is made more plausible by the observation
that CH children attain normal physical growth (Aronson et
al 1990).

This relative tolerance of variation in serum T4

appears to be in marked contrast to the effects of varia
tion in T4 prior to the initiation of treatment.
Only two previous studies have suggested that thyrox
ine levels during treatment were associated with intellec
tual outcome and both studies based these findings on very
small samples. On the basis of 17 children, the New England
study suggested that thyroxine levels repeatedly

below 103

nmol/1 during the first year of life were associated with
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poorer outcome (New England CH Collaborative 1989). From
Norway, Heyerdahl et al (1991)

reported that thyroxine

levels below 129 nmol/1 resulted in poorer outcome although
only four children from her sample fell into this group.
These observations were given careful consideration in
the present study. Lower average thyroxine levels during
the first six months of life

(but not the second six

months) were associated with lower pre-treatment T 4 . Our
results would suggest that low T4 during the first year of
treatment would only be associated with poorer outcome if
accompanied by more severe CH at diagnosis.
2.MOTOR SKILLS
The results of this study indicated that CH children
continued to show minor fine motor coordination deficits.
These deficits were more marked for children with more
severe CH at diagnosis after controlling for the effects of
gender and maternal educational background. Motor skills
were not influenced by treatment variables. These results
were generally consistent with a number of previous find
ings (New England CH Collaborative 1990; Rovet et al 1986;
Rochiccioli et al 1989; Fuggle et al 1991).
The New England study reported deficits in performance
on very similar motor tasks at both six and nine years of
age. The study also reported a difference in relation to
gender but, in contrast to our data, reported that girls
were significantly slower than boys on a speeded fine motor
task.

In our study,

regression analysis indicated that

girls performed significantly better than boys after con
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trolling for IQ and severity of CH. The inconsistency of
the results of these two studies suggests that the gender
differences in CH children may be chance findings.

The

Toronto study reported results of motor skills assessments
at six years in which CH children with more severe CH at
diagnosis showed a deficit of approximately one standard
deviation compared with their peers. This result is entire
ly consistent with our own study.
In conclusion, results of motor skills assessments for
early treated CH children have shown a reasonable consist
ency across studies. In contrast to intellectual function
ing, minor motor impairment was evident throughout the
range of CH children and there was no evidence of a thresh
old effect. The implications of this finding in relation to
understanding the neurological impairment underlying these
behaviours will be considered in a later section.

3.BEHAVIOUR
Behavioural rating data should be interpreted with
caution. Differences in ratings may be the consequence of
attitudes and expectations in the raters as much as re
flecting observable differences in the children. For exam
ple, the perception of having a child with potential
avoidable)

(if

intellectual impairment may result in increased

sensitivity and vigilance to any psychological problem.
With such children,

common childhood behaviours may be

perceived as indicating more underlying and serious prob
lems than in a child who is perceived as being healthy. It
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is likely that such influences on ratings would occur
across a wide range of behaviours.
However, both teacher and parent behaviour ratings of
CH children independently indicated higher rates of impair
ment for the same specific range of behaviours. These
behaviours were generally related to problems of inatten
tion and distractability. This consistency between raters,
and the specificity of the items that were rated, suggested
that the behaviour ratings did reflect real differences in
the CH children's observable behaviour.
The results of this study indicated that early treated
children with CH showed a complex pattern of behavioural
differences compared with their peers. According to their
parents,

CH children showed only a marginally greater

frequency of overall behaviour problems and this difference
was mainly due to an increased frequency of attentional
difficulties.

This pattern was consistent across both

parent rating scales. There was no evidence of emotional or
conduct disorder.
According to their teachers,

CH children had more

behaviour problems than their peers and this was due to
increased severity and frequency of conduct, emotional and
attentional problems. However, as with parental ratings,
the largest differences were with attentional difficulties.
For both parents and teachers, the prevalence of CH chil
dren with attentional problems was approximately 20-30%
compared with 10-15% of their peers.
The significantly increased frequency of conduct and
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emotional difficulties as rated by teachers

(but not by

parents) may be interpreted in a number of different ways.
Firstly, it should be remembered that teacher ratings were
significantly associated with social class, parental educa
tional background and gender whereas parent ratings were
not.

Behaviour ratings are essentially comparative and

parents probably make comparisons based more within the
family whereas teachers make comparisons between families.
However, although this may contribute to the association
between demographic variables and teacher ratings, it does
not explain the differences between CH children and their
peers.
Attentional skills and the ability to persist with
directed activity may be a more central behavioural re
quirement in a classroom environment than in a home set
ting.

Children with less ability to maintain directed

activity may be more likely to be perceived by teachers as
being more generally "difficult" in a classroom setting.
Also, they may be more distracting to other children and
needing more frequent and repeated adult intervention in
order to maintain pro-social and constructive activity. For
these reasons, at five years, children with attentional
difficulties

in a classroom setting

may also get higher

ratings on items associated with conduct or emotional
problems

(eg "demanding attention", "isolated" or "stub

born") .
Behaviour rating scores are well recognised as being
closely associated with IQ (Rutter et al 1970). This is
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particularly clear for children with learning difficulties
but is also evident for children within the normal range of
intellectual ability (Tokar et al, in preparation). Ob
served differences in parent ratings were not independent
of the known differences in IQ between the two groups
whereas teacher ratings remained significant after allowing
for differences in IQ. The finding that behaviour problems
were at least partially independent of intelligence was
supported by the observation that teacher ratings were not
significantly influenced by pre-treatment T4. Children with
mild CH at diagnosis had similarly raised behaviour scores
compared with the rest of the CH group. However, it raised
the question whether behavioural (and particularly atten
tional problems)

were influenced by any other clinical

factors.
Parent ratings were not associated with any clinical
variable except average thyroxine levels during 3-5 years
of age. This association was statistically weak and became
non-significant if adjusted for IQ. Some evidence for an
association between concurrent thyroxine levels and beha
viour has been reported by Rovet et al (1989) who noted an
association between the temperamental characteristics of CH
children in the first year of life and concurrent thyroxine
levels. This association was no longer apparent by three
years of age.
Sufficient evidence is not currently available on
children with early treated CH to assess whether the ob
served behavioural difficulties in CH children at five
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years are a product of earlier neurological damage or are
more dependent on concurrent biochemical events or whether
they are dependent on other factors. A recent study on
adults by Brabant et al (1992) reported significant altera
tions in performance on a visual search task in healthy
subjects receiving thyroid hormone supplementation for a
period of three weeks. This is only indirectly relevant to
children with CH but is suggestive of direct effects of
thyroxine levels on information processing tasks.

Evidence

from other chronic conditions such as phenylketonuria and
diabetes has suggested that attentional processes may be
influenced by both early impairment and concurrent biochem
ical functioning

(Fuggle and Graham 1991).

While firm

conclusions cannot be drawn from the data in this study,
further studies are required in order to examine concurrent
thyroxine status and attentional efficiency and processing.
In conclusion, CH children show important behavioural
differences compared with their peers,

particularly in

relation to attentional skills. This is a new finding which
has not been reported in other studies. Conservative inter
pretation of the data would conclude that there is no
evidence of conduct or emotional disturbance in CH children
which is independent of these attentional problems.
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C. A MODEL OF THE MECHANISMS CAUSING IMPAIRED
DEVELOPMENT IN EARLY TREATED CH CHILDREN.

NEUROLOGICAL

This section will aim to integrate current knowledge
on thyroid and neurological development in early life with
the psychological findings reported in this study. It is
recognised that the precise mechanisms linking neurological
events and normal cognitive processing still present a wide
range of conceptual and empirical problems. These issues
have not been specifically addressed in this section. An
explanatory model will be proposed which assumes a direct
link between early neurological events and later psycholog
ical functioning and will relate the specific profile of
psychological deficits to predominantly prenatal thyroid
dependent neurological events.
1. T3 is the active thyroid hormone in neuronal metabolism
and has a non-linear relation to serum T4 levels
Triiodothyronine

(T3)

has a direct

intracellular

action, probably by binding to receptors on the cell nucle
us resulting in the increase of cytoplasmic RNA and the
formation of new protein (DeGroot 1991). Normal levels of
intracellular T3 can be maintained despite very low levels
of serum T4 (Morreale de Escobar et al 1991; Leonard 1992;
Pharoah and Connolly 1989). Extremely low plasma T4 levels
may be required to reduce intracellular T3 levels suffi
ciently to disturb neuronal metabolism (Morreale de Escobar
et al 1992).
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2. Maternal T4 crosses the placenta and this may be en
hanced in the absence of fetal thyroxine production.
There is now considerable evidence from animal studies
(Morreale de Escobar et al 1988; Ekins et al 1989; Sinha et
al 1992) and human studies (Vulsma et al 1989) to indicate
placental transfer of T4 from the mother to the fetus. The
data published by Vulsma et al suggest considerable varia
bility in the quantity of maternal T4 which crosses the
placenta but indicate that this could reach as much as 50%
of normal fetal levels.

It is generally believed that

placental transfer of maternal T4 during the second half of
gestation is less significant when the fetal thyroid is
functioning adequately.
The proposed model assumes normal transfer of T4
across the placenta throughout the first half of gestation.
It could be suggested that the neurological

impairment

observed in CH is a result of thyroxine deficiency in
earlier gestation due to inadequate thyroxine transfer from
the mother. Evidence from children with endemic neurologi
cal cretinism would suggest that maternal thyroid deficits
in early gestation produce more profound and structural
neurological impairment than that observed in CH (Pharoah
and Connolly 1989). This would therefore support the view
that the neurological impairment observed in CH was not the
product of impaired neuronal development during the first
half of gestation.
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3. Extremely low fetal plasma T4, resulting in intracellu
lar T3 depletion, is a consequence of BOTH inadequate fetal
thyroid function and inefficient placental transfer of
maternal T4.
Inconsistent results for psychological outcome in
children with early treated CH have been reported in rela
tion to patient thyroid status. Some children with thyroid
agenesis have shown surprisingly good outcomes while others
do especially poorly.

Evidence from animal studies has

suggested that a fetus with no independently functioning
thyroid may obtain sufficient maternal thyroxine to main
tain adequate levels of intracellular T3

(Morreale de

Escobar et al 1991; 1992). Although not exactly comparable,
similar non-linear relationships have been observed by
Pharoah and Connolly (1989) on pregnant mothers in Papua
New Guinea where normal levels of circulating T3 were
sustained despite abnormally low plasma T4 levels. Poor
outcome may be the product of abnormally low intracellular
T3 due to an inadequate fetal thyroid AND

insufficient

transplacental thyroxine from the mother.

4. In CH neonates, depletion of thyroxine below a signifi
cant threshold

produces insufficient intracellular T3,

resulting in rapid deterioration of protein synthesis and
neuronal cell growth. This is most likely to occur between
about 20 weeks gestation and the initiation of thyroxine
replacement therapy, usually by 4 weeks after birth.
Neuronal growth and development appears able to with-
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stand considerable T4 depletion without significant impact
on intracellular T3 levels and therefore on cell differen
tiation and elaboration in the cortex.

However,

once a

critical threshold of plasma T4 is reached, neurons become
deprived of sufficient intracellular T3 resulting in rapid
and permanent impairment of neuronal development.

This

mechanism would give the appearance of a non-linear rela
tionship between circulating T4 and neurological function
ing as it is mediated by the process of T4-T3 conversion
which occurs not in the thyroid gland but in the

neurons

themselves.
As described earlier, several studies have suggested
that the fetal thyroid does not begin significant thyroid
hormone production until around twenty weeks gestation. As
hypothyroidism in the mothers of CH children is uncommon,
fetal development which is dependent on normal maternal
thyroid function should proceed without any impairment.
This viewpoint is supported by Fisher (1991) who stated
that "fetal thyroid dependent brain maturation generally
occurs during phase three (third trimester of pregnancy) of
thyroid system development, and in humans extends to about
two years of age."

5. Impaired intellectual functioning in more severely
affected CH children is the product of pervasive disruption
of normal axonal and dendritic elaboration in the cortex.
The relationship between intellectual processes and
the neurological functioning remains only poorly understood
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(Morreale de Escobar et al 1983). Evidence from the present
study indicated impaired performance on both verbal and
perceptual processing. Research on the effects of thyroid
dysfunction in early life on neurological development has
generally reported pervasive deficits in axonal and den
dritic growth occurring in many parts of the cerebral
cortex.

(These findings were reviewed more fully above.)

5. Impaired motor function in less severely affected CH
children is the product of cerebellar T3 depletion occur
ring at an earlier developmental stage than cortical devel
opment .
The different pattern of deficits in CH with respect
to intellectual functioning and motor skills may be ex
plained by the different timing for the developmental
schedule for the cerebral cortex and cerebellum.

Cell

division and migration in the cortex occurs considerably
earlier than in the cerebellum

and is well established by

twenty weeks gestation (Morreale de Escobar et al 1983). In
contrast, for the cerebellum, cell division and migration
occurs during the second half of gestation and also postnatally (Mussa et al 1989) . As thyroxine has a significant
role in cell growth and multiplication,

it is suggested

that cerebellar development will be affected in all CH
infants as thyroid hormone deficits occur during the period
of most rapid cell division and growth. It is during this
stage of development that the cerebellum is most vulnerable
to impairment (Dobbing 1977). In contrast, the cerebral
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cortex is partially protected in its early development as
this occurs when the fetus is more reliant on maternal
thyroxine.

D. BENEFITS OF NEONATAL SCREENING AND EARLY TREATMENT?
The introduction of routine neonatal screening for
congenital hypothyroidism and the subsequent early initia
tion of thyroxine replacement therapy resulted in consider
able optimism that the psychological deficits previously
associated with the condition could be eradicated.

The

results of this study confirm previous reports that the
introduction of early treatment has undoubtedly improved
the psychological functioning in this patient group. Howev
er, the results also indicate that important intellectual,
motor and attentional problems remain evident, particularly
for those children with more severe CH at diagnosis.
How large an improvement in psychological functioning
has the introduction of screening brought about? In order
to address this question adequately, it is important that
appropriate comparisons are made between early and late
treated groups. Two factors need to be taken into account.
Firstly, the quality of treatment (irrespective of screen
ing) has continued to improve over time with more accurate
measurement of serum TSH and thyroxine levels. This has
enabled thyroxine

levels to be much more

accurately

monitored with subsequent better thyroxine control. Because
of this improvement in treatment over time, comparison of
children recently diagnosed by screening with children
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treated twenty or thirty years ago would be likely to
exaggerate the benefits of screening. For this reason, the
study by Sack et al (1986) was particularly instructive as
it compared early and late treated CH children over the
same time period who received the same medical treatment
following diagnosis. This study indicated an 18 point IQ
deficit for late treated patients in comparison with the
early treated group. This figure was broadly comparable
with the data from the UK. Hulse's study reported a mean IQ
for later treated CH patients of 79.5 points (Hulse 1984),
a probable deficit in comparison with their peers of about
22 points (allowing for a general rise in IQ for the gener
al population). Results from our own study on early treated
children indicated a seven point deficit compared with
their healthy peers which would suggest a benefit brought
about by the introduction of screening to be about 15 IQ
points.
However, this comparison is potentially very decep
tive. The introduction of screening led to an apparent
increase in the incidence of CH from approximately 1:7600
to 1:4000 in the UK (Hulse 1984a; Grant and Smith 1988).
This similar scale of increase was also noted in Sweden
(Aim et al 1984). This alteration in the patient population
meant that comparisons between early and late treated
groups were not comparing similar patient groups. Although
it is not possible to quantify this precisely,

it seems

likely that the increased incidence of CH was brought about
by the diagnosis of less severe CH patients who were previ
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ously diagnosed at a later age as having acquired juvenile
hypothyroidism.

This suggestion remains speculative as

there has been no published reports indicating a reduction
in the incidence of juvenile hypothyroidism in recent
years. Unsystematic clinical observation has suggested that
this condition occurs less often in countries with screen
ing programmes in place for over ten years.
The results of this study indicated that less severe
CH patients have normal IQ scores. This finding suggests
that the inclusion of a higher proportion of milder cases
in the early treated group could result in apparently
improved IQ scores irrespective of any independent influ
ence of early treatment on outcome. The difficulty here is
that it is not possible to exactly quantify the size of
this potential bias.
A more appropriate comparison would be to compare
early treated children with more severe CH with the outcome
of late treated CH children prior to the introduction of
screening. Using this approach, the benefit of the intro
duction of screening in the UK would be a mean improvement
of approximately 10 IQ points; ie the original deficit of
22 points has been approximately halved.
This improvement of approximately 0.66 of a standard
deviation is closely parallelled with respect to motor
skills. Birrell et al (1983) reported motor skills deficits
in late treated CH patients

of approximately 1.5 standard

deviations below the mean for the general population.
Comparison of this deficit with the motor skills deficit
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reported in this study for the more severe CH group would
indicate an improvement of approximately 0.75 of a standard
deviation.
These comparisons are necessarily approximate as the
groups were assessed using different measures and the later
treated groups comprised a much wider age range. This later
problem makes comparisons between studies in relation to
behaviour even more tentative.

Previous reports on two

studies in the UK had indicated rates of behavioural dis
turbance of between 20-50% for late treated CH patients. It
seems clear from our findings at five years that early
treatment results in substantially reduced frequencies of
behavioural disturbance even in the most severely affected
CH children.
In conclusion, there is firm evidence that the intro
duction of neonatal screening has lead to a clinically
significant improvement in the psychological outcome of
children with CH. This has been reflected in all three
domains of psychological functioning that were examined in
this study. More cautious estimates of the scale of this
improvement would suggest that screening has reduced psy
chological impairment by around 50%. It must be said howev
er that the effects of CH have not been eliminated by
screening.

E. CLINICAL AND RESEARCH IMPLICATIONS
The principal clinical implication for paediatric
practice is that psychological outcome is significantly
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dependent on the severity of CH at diagnosis. Children with
early treated CH with a pre-treatment T4 greater than 40
nmol/1 and receiving current treatment practice should be
expected to show no intellectual deficits compared with
their peers while still remaining at risk for mild motor
and attentional difficulties. Information to parents can be
appropriately reassuring about the possibility of intellec
tual impairment providing adequate treatment is maintained.
In contrast, the expected psychological outcome for CH
children with pre-treatment plasma T4 values less than 4 0
nmol/1 is less reassuring. This group of children remain
significantly at risk of learning difficulties at school,
poor motor coordination and attentional problems. Although
the vast majority will be appropriately placed in main
stream schooling, it is likely that, as a group, they will
require more learning support than their peers.
Children with more severe CH will require regular
paediatric follow-up in order that any developmental diffi
culties can be picked up at an early stage and other pro
fessionals

(eg teachers)

can be appropriately informed

about the condition. Parents need to be given clear and
accurate information about possible difficulties in rela
tion to educational progress, clumsiness and attentional
difficulties.
The study has a number of implications for further
research. It seems unlikely that substantial improvement in
outcome will be brought about by improvement of current
treatment practice during early life. There is no evidence
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to suggest that additional effort in trying to initiate
treatment even sooner after birth would produce greater
benefits in relation to longer term outcome.

Further im

provement in outcome may require investigation of proce
dures to supplement fetal thyroxine, some of which have
already been explored (Davidson et al 1991). However, such
methods could only have a significant effect on CH children
as a whole if the aetiology of the disorder becomes much
better understood. There is still little known as to why
thyroid dysgenesis occurs (Dussault 1991). Unless powerful
ly predictive risk factors for CH can be identified, there
is no prospect of achieving widespread prenatal diagnosis
and treatment.
Further psychological

studies

aimed at

improving

present understanding and management of the condition are
needed. In particular, further longer term follow-up stud
ies should be done on older CH children in order to assess
their educational progress. Current data as to whether CH
children require more educational support than would be
predicted from assessments in early childhood are contra
dictory (New England CH Collaborative 1990; Rovet 1989). In
addition, it is important to determine whether there is an
clinically significant relationship between attentional
efficiency and current thyroxine levels throughout child
hood.
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MRC REGISTER OF CHILDREN WITH CONGENITAL HYPOTHY.HOIOI-JM
^ l A L REPORT FORM

REGISTER NUMBER

pgtient's name;

Hospical whtre receiving treatment

;Qfename(s) ;

DAY

jeJC
0)

□

MONTH

YEAR

Date o0 f
birth:
Consul tanc-in-charge :

pe address:

Hospital nc.vibcr-

C

DA.'i

Ute of first positive chemical test for hypothyroidism;

MONTH

YEAR

1

1

■e and address of laboratory which carried out first positive test:

lat was the reason for the first test for hypothyroidism?

tick

Routine neonatal screening
Symptoms suggesting hypothyroidism
Sibling or other relative with thyroid
disease (details pages 3 or 4)
Investigation of endocrine
abnormalities (specify,'
Other (specify)
fthe first positive test was a screening
^st, please give results:
tClFY.

tick

Results

(UNITS)

TSH alone
T4 alone
T4
TSH
Other (specify)
Not known
DAY

Date of first clinical assessment:

-----------

MONTH

YEAR

I T I !

T

L.

there any definite clinical symptoms or signs
hypothyroidism?
%IFY:
None

tick
ti ck
1
I
!
1 >kin cold or mottled
1 "'
Feeding difficulty!
—
11-- : huC roti 1ossia
»
Hypo Itiermi a
Constipation
Inac ti vi ty
Neonatal jaundice
(more than I week)

Umblical hernia
i

1 Other (spec if^
!

...J

;jne o t

the; f o l l o w i n g

record

' . rj tel y present?

lie ad

Uck

cm

S ^^-üELî
I . e ng i h

cm

or
Min.-iiil

thyroid

Wei ght

JiSu
:]ne5 3 , other than' hypothyroidism,

tick

e x l u d m g i.u r.oi ; r ' UC ! i on s. ^
None
Other endocrine

disorder

Congenital

anomalies

Perinatal

problem

'.specify)
Other

M

(specify)

«6 w5TSr^iî^.»-»»»V»'»^î5’»ÆS<CVi-^S*i»‘AS5iffü î5“

itase r e c o r d
jjis,

results

carried

jêcision n o t
*rSH
Date

out

to

(w ith

dates)

of

tests

treat

(state

if

the c o n d i t i o n

se r u m,

b lood or plasma)

Ddte

X-ray

*T4

( st a ' r

blood or

me asur es o f

results

of

’- ' V ' - i d

date o f

cîn-vitment has
C'is

t(-

beca u se

the

epiphyses

t h e r a p y h as

at

screening
or

the

pl asma 1

stain-j

wer e made ; g U e
^

knee

* T 3 Uptake

(state

s e r u m , blood

or

UNI TS

I'hvroid

test

scan

names and

results

results.

( i e

ectopic,

L h s e i v . h v p o p l a s r ic . e n l a r g e d ,

normal;

MONni

start r d ,

VEAR

been g i v e n ,
abnorm alities

i!.n

plasma)

UNITS

uud J u o f

I ai'V

,
tv de :1 i ne

repeat

therapy,

start.

tick

liv.- .,
c î^ 'î'ri
t'tf.

y t a t e se rum :

b l o o d oi

UN!IS

thyroid

including

replacement

! U P P Ê n f bT a L

replacement

record

thyroid

|*ri

plasma'

< i . e . p r e s e n t , ab s e n t^ u n c e r t a in •
LOWER FEMORAL

' i

t ^ . y _.i d s t a t u s ,
of

was t r a n s i e n t .

UNI TS

^‘Cre a l t e r n a t i v e

ot

b e t we e n de; e c t i on ar>d : . t a r t

! |)OSL-/d 1\ I
_

)06

preparation

used

to

start

and Delivery:
P r é p a r a i i on

fflo'-'vr ô u f f e r
f^nt.y.

"P

f r o m .jr.y

Dosage

illn ess,

w h i ch c o u l d p r e d i s p o s e

prior

to

to or

fetal

during

L en g t h o f g e s t a t i o n ;

abnormality?

Less

t ick

.

than

37-40

None

Not

Hypertension

wks

disease

known

Was l a b o u r

I nd u c e d ?
tick

Epilepsy
Other

37 wks

O ve r 40 c o m p l e t e d wks

Diabetes

Renal

tick

Yes

(specify)

No
N o t known
t i ck

De 1 i v e r v :
Normal, with
w ith o ut

Instrumental
iitlner

smoke c i g a r e t t e s

‘tv ti me

during

Did mother

pregnancy?

any

time

drink

durin g

alcohol

tick

-L S ie

Less

5/day

jt ^day

than

1 drink/day

section

known

Ri r t h w e i g h t

1-2 d r i n k s / d a y
More

1 .known

than

2 drinks/day

N o t known

f--cord d e t a i l s
tri

Caesarian
Not

None

delivery

Breech

at

pregnancy?

tick

or

episictomy

sibship

Sex

of

all
Ye a r

live-born
of

birth

if

siblings
there

are

(including

maternai / p a t e r n a l

any a b n o r m a l i t i e s ,

give

ha) f - s i b l m g s )

details

p a mi l /

b ack g r o un d £

ylio i s

responsible

g en e r a l

for

t he

Wfiat

patient's

care?

i ‘j

t he mar i r a i

t he n a t u r a l

status

t i ck

tick
N a t u r a l mo t he r and f a t h e r

M a r r i e d and

Foster

mo t h e r o r

f a t h e r alone

Living

(irannparent

or

rt U t i v

___________________

other

OJ.v a r c e d
'.separated by d^’ a i h o f
< one cr

Cr.i Idr-?n* s Home
_(

but

S e o a r a t cd

close

Adoot ed m o t h e r

[Othe r

together

net m a r r ie d

mother

e

1i v i n g

together

________
Natural

of

parents;’

1 Other

sp e c i f y i

b ot h n i r t r c r s

--

(sue.cifv:

SPECIFY;

tick
Pa r e n t al

Mother

Ar e p a r e n t s
related?

Father
indicate

if

mot.her o r

father

belong

to one o f

( l ie

following

t ick

i i r e mp l oy e d '

ails

breadwinner

(please

re la tive

with

Year o f

record

p er s o n named on t h e

Si g n a t u r e

in a y e a r ' s

front

of

this

rime
form';

Mother

Father

iis iiiucli d e t a i l

as p o s s i b l e ,

non-toxic

T h y r o i d a h n o r n a 1 1 1 y ( g i ve d e t a i l s ' »

whom s h o u l d we c o mm u n i ca t e
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in

h y p o l h v r o i d ism a n d / o r

bi r t h

the

i Jewish

appropriate);

o f any

groups;
t icV

F allu.r

fam ily
if

-.‘ t c u l ' u r a l

Mo I:he:

Ne g r o

1 Father

Occupat i on o f

racial

r i ck

Mother
— -----------

:...JCJ.____
1

state

2. ANNUAL FOLLOW-UP FORM TO PAEDIATRICIANS

MRC REGISTER OF CHILDREN WITH CONGENITAL HYPOTHYROIDISM
Institute of Child Health, 30 Guilford Street,London WCIN lEH.
Tel: 01 242 9789 Ext 2614.

Consultant Name
Hospital
Dear Consultant,
Re:-Patient name. DOB: (HosoitalNo)
The annual follow-up for this patient is now due and we would be
grateful for your co-operation in providing the necessary details
1. MEASUREMENTS
head circ: ......

2. DATE MEASUREMENTS TAKEN
cm.

height: .......... cm.

closest to Birthday
......................

weight: .......... kg.
3. COMPLIANCE WITH TREATMENT:

Good?

Uncertain?

4. SYMPTOMS OR SIGNS OF HYPOTHYROIDISM-Overtreatment
treatment during the last year:

Poor?
or

under

5. DETAILS OF ANY ILLNESS (excluding minor childhood complaints)
family problems which have occurred during the last year:

or

6. PLEASE GIVE DETAILS OF NEW SIBLINGS (including perinatal deaths)
Date of Birth

Sex

Test for
Hvpothvroidism

309

General
Health

7. PLEASE RECORD DETAILS OF ALL THYROID FUNCTION TESTS
Date

TSH (mU/1)

T4_ fnmol/1)

Other tests

8. PLEASE RECORD DETAILS OF ANY CHANGES IN TREATMENT
(PLEASE WRITE NONE' OR 'NIL' IF NO CHANGE)
Date of change
Dose
Thyroid preparation used

9. MISSING INFORMATION:
us with the following
last return:-

we would be grateful if you will supply
information which was omitted from your

Whom should we contact for next year's follow-up details if
different from above?
Name: ....................

Address:

Signature: ...............

.......

PLEASE RETURN TO:Dr D Grant,
MRC Register of Children with Congenital Hypothyroidism
Institute of Child Health,
30 Guilford St,
London WCIN lEH
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3a. INTRODUCTORY LETTER TO PARENTS
MRC REGISTER OF CHILDREN WITH CONGENITAL HYPOTHYROIDISM
Institute of Child Health, 30 Guilford Street,
London WCIN lEH. Tel: 01 242 9789 Ext 2614.

Dear Mr. and Mrs. ****,
Dr ****** has sent you this letter on our behalf to
ask for your help in a national study on congenital hypo
thyroidism, the condition for which ******** receives
treatment.
Since January 1982 all babies born in the U.K. have
been tested for hypothyroidism so that treatment with
thyroxine could be started as soon as possible.
The na
tional survey is being conducted to ensure that the system
of testing is working well and that the children with
hypothyroidism are making good progress when they reach
school age.
We would like to have your permission for ******** to
have some psychological tests at school, together with
other children from the same class. The tests consist of
puzzles, games and drawing which children generally enjoy.
In addition, we would like to have your comments on
how ******** is settling at school.
This will take the
form of a short questionnaire for you to complete about
behaviour.
There will also be a similar questionnaire for
the class teacher.
The results of the assessment will be strictly confi
dential and will only be given to you and Dr ******. if the
psychologist thinks that there is something the school
should know about ******** he will discuss it with you
and ask your permission before talking to the teaching
staff.
1 very much hope that you will agree to let ********
participate in this national survey, and that you will
return the signed consent form to our office as quickly as
possible, using the stamped addressed envelope which is
enclosed.
Yours sincerely.

Dr. D. B. Grant
Consultant Paediatric Endocrinologist,
Director of Project

311

3b. CONSENT FORM FOR PARENTS

MRC REGISTER OF CHILDREN WITH CONGENITAL HYPOTHYROIDISM
Institute of Child Health
30 Guilford Street
London WCIN lEH
Tel. 01-242-9789 ext.2614

PARENT CONSENT FORM

I/We consent to our child being assessed as part of the
National Study of Children with Congenital Hypothyroidism.
1/We understand that the results are strictly confidential
and will not be communicated to anyone outside the Register
other than the paediatrician without my/our consent.

Signed ..............................
Relationship .................
Address
Telephone ....
Name of School
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Date

N A T I O N A L S TUDY OF CHILDREN WITH CONGENITAL HYPOTHYROIDISM

PARENT QUESTIONAIRE
CONFIDENTIAL

Dear Parent,
T h a n k y o u for a g r e e i n g to h e l p in this study.
Please complete
the f o l l o w i n g q u e s t i o n a i r e as fully as possible.
It shou ld n' t
t a k e m o r e t h a n a b o u t 15 m i n u t e s to do and w i l l p r o v i d e us w i t h
some very useful information for the study.
W h e n it is c o m p l e t e ,
s e n d it on to us.

p l e a s e r e t u r n it to school,

Yours sincerely,

%
o

4 ^ . V /,

Cr.
^
^

rl

:r:

■<

Peter Fuggle
Senior Psychologist

who will then

SECTION ONE

Child's

: GENERAL BACKGROUND INFORMATION

Name

...............

Date

of B i r t h ................

Main

language

spoken

Sex

(M /F )

at home

PARENTAL BACKGROUND
(A) WORK.

Mother

Are you currently in employment?
(Y e s / N o )
Occupation (e.g. car mechanic,
cas hier, h o u s e w i f e etc)
Job title ( e.g. foreman,
manager,
apprentice

etc)...

Are you self employed?
(Y e s / N o )
Do you employ more than
4 persons?(Yes/No)

(B) EDUCATION
Please tick boxes if either of you
have any of the following.
1)

C.S.E.'s

2)

0 Levels

3)

A Levels

4) Education or training after school:A) HNC, In-service training, etc
B) Degree/Professional Qualifications
e.g teaching, accountancy, etc

314

Father

SECTION TWO

f'

: GENERAL BEHAVIOUR

B e l o w is a list of b e h a v i o u r s w h i c h are o f t e n see n in children.
Tick the box which best applies to your child at the present time
1. Usually has a good appetite
Sometimes has a poor appetite
Nearly always has a poor appetite

2.

Not faddy about eating
Has a few fads, won't eat certain things
Very faddy,

3.

won't eat many different foods

Completely bowel trained. Never dirties pants
Occasionally soils,

up to once or twice a week

Soils pants three or more times a week

4.

Easy to get to bed and to sleep
Some difficulties in settling at bedtime
Often takes over an hour to settle at bedtime

5. Hardly ever wakes at night
Scmetrmes wakes at nighr
Frequently wakes at nighr and difficult to settle

5. '.Ve-zer sleeps with parents
Occasionally sleeps with parent because upset or doesn't
want to sleep alone.
Frequently sleeps with parent because upset or doesn't
want to sleep alone.
7. Not active enough
Not markedly active
Very active
Too active,

won't sit still for meals or at other times
for more than five minutes

3. Concentrates on play indoors for 15 minutes or more
Concentration 5-15 minutes,
Hardl y ever concentreras
5, Net ciinclng,

or very variable.

for more than 5 mins.

can easily he laf: wrth people she knows

Gets upset if away from mother,
Ver v clincinc;

on play indoors

but gets over it

can't be lert wren others

* ^ .i-naepenceni ; c 32zr. % cic.'-i l'or

.

0

o;. L%%ent 2 cn

Sometimes esks for a lot cf atrenoion
Demands roo ir.ooh aooenoion,

fell 0 0 s mother round ail day

11.Easy to manage and control
Sometimes difficult to manage or control
Frequently very difficult to manage or control

12.Doesn't have temper tantrums
Sometimes has tanrrums

(lasting a few m i n u t e s )

Has frequent or long temper tantrums

13.Usually happy except for brief periods,

e.g.

when tired

Sometimes miserable or irritable
Frequently miserable or irritable

r;ot o worrier

•^
Has dll feront ;;crrier

'pO^

;r broods • .g.ovcr illness, accidents
monsters, changes

Few or no fears
o Eame fears
\-er-. fearful,

nas & lot

>1 correren-

brothers

-u.Jcts on we_._

fears

and sisters

Some difficulties with brothers or sisters

,

V. —

V
- •
*
—.
—■■
'
—^
4
.

.. _

—

s_ ’ w . • to. —

•».

Lu

O

h— —- O

C- -w- ^

O

O

Gsts on well with ctner children
Some -iffaculties : laying with ether children
Finds it ^'ery difficult to play with other children
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SECTION THREE

: PROBLEMS

This se c t i o n c on s i s t s of a list of m o r e s p e c i f i c p r o b l e m s and
also asks about some items from section t wo in greater detail. We
a p p r e c i a t e that these q u e s t i o n s focus on bad b e h a v i o u r and
p a r e n t s s o m e t i m e s find this a li tt le o f f - p u t t i ng . W e r e c o g n i s e
that all c h i l d r e n sho w m a n y good b e h a v i o u r s that h a v e not b e e n
included in this questionaire, and so it does not give a complete
picture of your child.
Read e ac h item c a r e f u l l y and tick the m o s t s u i t a b l e box by
d e c i d i n g h o w m u c h you c h i l d has b ee n a f f e c t e d by t hi s p r o b l e m
curina the east month :Q u i t e a jA lot
! Not at Just a
lot
I
little
1 all
I1. Wakes at night

!

1

3. Afraid of people

1
|
I
;

4, Afraid of being alone

|

1. ^erald of new situations

:. Complains of headaches

i

'

:

Complains cf being sick
•
(vomiting)
•
3. Comolains of aches & oains
;
■
.......
■
.. .
■ ■ ■■■■■■■;■■■ "
5. Lets him/herself be pushed
around by other childrsni

i
!
,
i

;

.

J 1

1
i
!
1

Comclains of stomach aches

I
1
1

...

j

'
1
I
|
!

N o t at
all

Just a
little

1
1
1

.

!
1
!
1
1

,
■

Quite a
lot

A lot

1
1

10.Bullies other children
11.Cheeky to grown-ups
12.Shy with other children
13.Afraid other children don't
like him/her
14.Would you say s/he has no
friends?
DO NOT ANSWER 15 & 16 IF S/HE HAS N 0 BROTHE ■RS AND S][STERS
1
i1
1
1
i1

15.Nasty with his/her brothers
and sisters
16.Fights constantly his/her brothers
and sisters
1 7 .

Worries about illness

&

18.Boastful
19.Picks on other children
________

death

j'
1

!
1

1
1

i

Not at
all

Just a Quite a A lot
little
lot

20.Has a learning difficulty
at school
21.Dislikes going to school
22.Afraid to go to school
23.Disobeys school rules
24.Blames others for his/her mistakes
25.Everything must be "just so"
!
1

26.Things must be done in the
same way every time

t
f.
s
t

27.1s a perfectionist

1
y
5
5
1

28.Doesn't pay attention and is
easily distracted

1

29.Constantly fidgets

I'ùri'i
Not at
all

Just a
little

*—«î-jkrj* Tjrtw

Quite a
lot

A lot

30.Cannot be left alone
31.Always climbing
32.A very early riser
33.Runs around between mouthfuls
at meals.
—

34.Has difficulty in stopping an
^^^ivity that is repetitve
35.Acts as if driven by a motor

Do you think your child has any problems at this time?
( ) No problems

( ) Minor problem

MANY THANKS FOR YOUR HELP
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( ) Serious problem

..

4a. INTRODUCTORY LETTER TO SCHOOLS

MRC REGISTER OF CHILDREN WITH CONGENITAL HYPOTHYROIDISM.
Institute of Child Health, 30 Guilford Street,
London WCIN lEH
Tel: 01 242 9789 Ext 2614.
CONFIDENTIAL
Dear headteacher.
Re:- Child's name (D .O .B ._
We have received permission from CHILD'S PARENTS to contact
you in order to include &pforename& in the national study
of children with congenital hypothyroidism (CH) which is
being coordinated at the Institute of Child Health in
London. CHILD NAME was identified at birth as having this
condition and subsequent clinical progress has been moni
tored by the Register for Hypothyroid Children. We are
carrying out a follow up study of the children born between
January 1982 and December 1984 as they reach five years of
age. I am writing to ask for your assistance with this
study which has been agreed in principle by LOCAL DIRECTOR
OF EDUCATION.
Hypothyroidism is a condition which affects about 175
children each year in England, Wales and Northern Ireland.
If untreated the condition would result in severe mental
handicap and disability. However since 1981 all babies have
been routinely tested for this condition and treatment has
been successful in preventing all the major ill-effects
of the condition. The treatment using thyroxine is nearly
always straight forward and
only requires occasional
checkups at the hospital.
The present study will assess whether , by the age of
school entry, these children differ from other chil
dren in their cognitive
or
behavioural
development.
Previous
studies suggest
that
there may
be
small
differences
and that these may be related to various
aspects of treatment. Obviously it is most important to
clarify this in order that the screening and treatment
of
these
children
be carried out as efficiently and
effectively as possible in the future. In order to assess
the situation properly it was essential that a representa
tive national sample of children with hypothyroidism be
studied. The study has been running since January 1987, and
assessments have now been
completed on 300 children
throughout the country.
An important aspect of the study is the need to compare
these children with normal children. This will involve
choosing a suitable comparison child from the same class
to be assessed in the same way. Precise details about how
319

to select an appropriate comparison child and also the
specific information regarding the assessment will be sent
to you shortly. Essentially
it will involve a stand
ard intellectual assessment carried out by your educa
tional psychologist (which should take approximately one
hour) and also a brief behavioural questionnaire to be
completed by the class teacher and the parents. The
whole procedure has been carefully designed to be completed
within one visit by your educational psychologist whom we
are also contacting.
I appreciate that our study will cause extra work for
yourself and your staff but I hope that in practice the
organisation of the
assessment
will
be reasonably
straight
forward. Also considering the rarity
of the
condition it is extremely unlikely that there will be more
than one child in our study from your school. Please do
not hesitate to
contact me
if you would
like more
information at this stage.

Yours

sincerely

Peter Fuggle
Senior Clinical Psychologist
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1.

DOCUMENT N O . 1

SUGGESTED STEP BY STEP PROCEDURE FOR THE ASSESSMENT.
(This may be useful for ticking off tasks when completed.)
1. Contact your educational psychologist to check that he/she has
received information from us and make a provisional date for
assessments. (Psychologist’s information has
been sent via
the Principal or Chief Educational Psychologist.) M a k e a
provisional date for the assessments.
2. Select TWO ’control’ children following the procedure laid out
on sheet 2. enclosed with this letter.
3.

(a) Contact parents of the two control chi ldren selected,
passing on explanatory letters ( sheet no.3 enclosed),
consent forms (sheet no. 4) and also one copy of the
p a r e n t ’s que stionaire ( sheet no. 7).
(b)

4.

Receive written
questionaire.

consent

from

them

and

completed

Pass t e a c h e r ’s que stionnaires in
respect of tw o control
children and the hypothyroid child to class teacher.

5. Contact parents of hypothyroid child and arrange for th em to
c o m p l e t e p a r e n t s q u e s t i o n a i r e as well. (Their consent form
was completed before we contacted you.)
Parents should also be informed of the planned date of the
assessment.
5. On day of assessment:
(a) If both ’control’ children are present select one of them
to be assessed. It does not matter which.
(b) Receive teachers questionaire on the hypothyroid child and
the control children.
(c) Give these q u e st io na ires plus the parents qu estio na lr es
to the psy ch ol ogist wh o has can then send the c o m p l e t e d
information back to us, together with the completed test
forms.
Many thanks for your help.
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2.

DOCUMENT N O . 2

PROCEDURE FOR OBTAINING A 'CONTROL' CHILD.
INTRODUCTION.
In this study it is very important that we carry out assessments
on c o m p a r a b l e n o r m a l c h i l d r e n in or d e r that we can m o r e
confidently interpret our results on the hypothyroid children in
general. In this way every hypothyroid child throughout the
country will be matched with a similar child from the same class
at school. This 'control' child should not be selected at random
but by following the procedure set out below.
We w i s h to c o n t r o l for s e x ,ag_e, soc i^a
and ^ ^ r s_t
language. The 'control ' child should therefore be the same sex as
the subject, within three months of age and of similar social
class background. This is defined in terms of. whether the
occupation of the family
breadwinner
falls
into
either the
manual or non-manual group. Non-manual occupations include all
professional,
managerial and clerical jobs including policemen
and traffic wardens I
Manual occupations includes s k i l l e d
craftsmen as well as unskilled workers. First language refers to
the language that is used in the family home. For some ethnic
minority groups an exact matching may not be p o ss ib le but if
English is not the hypothyroid child's first language then it is
essential that this should apply to the 'control' as well.
Lastly we suggest that you arrange to obtain agreement from two
sets of
parents concerning
a control
child. This
may seem
unnecessary work but in our experience it w i l l mean that itis
extremely unlikely that both control children would be absent on
the day
of the assessment. Only one of these control children
would actually be assessed by the psychologist, the other simply
being a reserve.
PROCEDURE.
1. Identify children from same intake as hypothyroid child.
2. Select out those of same sex.
3. From these children select those from same social class
background.
4. From these children select all those with same first language.
5. From this group choose the two chi ldre n cl o s e s t to the
hypothyroid child in the class register. This last step is
important as we would also
like to avoid
only the most
cooperative parents being asked! It means
that you
have
genuinely not made a personal
selection and this might be
helpful
in explaining things to parents.
6. If this procedure doesn't
result .in
finding
two
control
children we suggest that you discuss it with your educational
psychologist or contact us direct.

IP?
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MRC REGISTER OF CHILDREN WITH CONGENITAL HYPOTHYROIDISM
Institute of Child Health, 30 Guilford St, London WCl lEH.
Tel. 01-242-9789 ext. 2614

Dear Parents,

You r h e a d t e a c h e r has sent you this l e t t e r on our be ha lf to ask
for y o u r h el p in a n a t i o na l st ud y on y o u n g c h i l d r e n w i t h a
p a r t i c u l a r m e d i c a l c o n d i t i o n c a l l e d congenital hypothyroidism.
We n e e d to c o m p a r e c h i l d r e n w h o ha v e this c o n d i t i o n w i t h o t h e r
c h i l d r e n of the s a m e age.
I am t h e r e f o r e w r i t i n g to ask if you
w o u l d be w i l l i n g to a l l o w y o u r c h i l d to be o n e of t h e
'comparison' children in our study.
We would like to stress that
your c h il d has be e n s e l e c te d only b e c a u s e h e / she is a s u i t a b l e
age for comparison child and not for any other reason.
T h e a i m of t h e s t u d y is to a s s e s s
all c h i l d r e n w i t h
h y p o t h y r o i d i s m w h e n they strt sc h o o l and to see h o w they are
g e t t i n g on c o m p a r e d to a g r o u p of c h i l d r e n like yo u r own.
The
a s s e s s m e n t is not m e d i c a l but s i m p l y looks at wh a t thing s y o u r
c h i l d is go o d at.
It w o u l d be c a r r i e d out at schoo l and w o u l d
i n v o l v e d o i n g a n u m b e r of p u z z l e s and g a m e s w i t h the sc h o o l
e d u c a t i o n a l p s yc ho lo gis t.
The a s s e s s m e n t is not s t re ss fu l and
m o s t c h i l d r e n of t h i s ag e e n j o y t h e i n d i v i d u a l a t t e n t i o n
involved.
It w o u l d last a p p r o x i m a t l y one hour and take p l a c e
during normal school hours.
In addition to this assessment, we
are a ls o a s k i n g the p a r e n t s and the c l as s t e a c h e r to c o m p l e t e a
brief questionaire about your child's behaviour.
I h o p e v e r y m u c h that you wi l l feel able to h el p us w i t h this
study.
If so, c o u l d you sign the e n c l o s e d c o n s e n t form and
r e t u r n it to the sch oo l as we ll as the q u e s t i o n a i r e about y o u r
child's b e h a v i o u r at home.
This i n f o r m a t i o n wil l of c o u r s e be
treated with the strictest confidence and no individuals will be
ever be discussed by name when the study is completed.

/ "^Yoilrs sincerely.
I
-

Peter Fuggle
Senior Psychologis
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MRC REGISTER OF CHILDREN WITH CONGENITAL HYPOTHYROIDISM
Institute of Child Health,
30 Guilford St, London WCl lEH
Tel. 01-242-9789 ext .9

PARENT CONSENT FORM

I/We consent to our child being assessed as part of the National
S t u d y of C h i l d r e n w i t h C o n g e n i t a l H y p o t h y r o i d i s m .
I/We
understand ' that
my/our
child
is being
assessed
in order
to
provide a comparison
with children
who have this condition. The
results are strictly confidential and will not
be
communicated
to anyone outside the Register without my/our permission.
S i g n e d ...........................................

R e l a t i o n s h i p ..............................

Date

Name of Child.

Name of School

Please return this form together with the completed questionaire
to your Childs' Head Teacher in the envelope provided.

MANY THANKS FOR YOUR SUPPORT AND CO-OPERATION
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CfJNFlDENTIAL

Tü;ACHi^E RATING FORM

OFFICE USE
pVIOUR RATING
of c h i l d . . . . . . . . . . . . . . . . . . . . . . . . . . .
|tc‘ .. . . . . . . . . . . . . School

..............

0 long have you known this c h i l d ?

C l a s s . . . . . . . . . . . . ..

................

UCher’s signature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
sted below is a series of items concerning children's behaviour.
pefully and decide how well it describes the child.

Read each statement

ice a tick in the column which best describes the degree to which the child shows this
laviour. PLEASE ANSWER ALL ITEMS.
Degree to which this observation
describes the child
aevATioN

Not at
all

Just a Quite a
little
lot

CJFK

A lot

ttSROOM BiiZ-IAVIOUR
. Constantly fidgeting
1.

Hums and makes other odd noises

ii Demands must be met immediately easily frustrated

•

Coordination poor
Restless or overactive
1. Excitable, impulsive
f. Inattentive 1 easily distracted
3» Fails to finish things he starts short attention span.

■

h Oversensitive
9 Unduly serious or sad
h Daydreams
( Sullen or Sulky
) Cries often and easily
Disturbs other children
) Quarrelsome
Mood changes quickly and drastically
Shows off
Destructive
p* Steals
Lies
Temper outbursts, explosive auid
unpredictable behaviour
Please turn over

•
OFFICE USE

Degree to which this observation
describes the child
jSERVATION

•

Not at
ail

Just a
little

A lot

Quite a
lot

;Cl'F -■ARTICIPATlOlv'
j. Isolates himself from other
children
Appears to be unaccepted by
group
Annears to he easily led
i. No sense of fair play
Appears to lack leadership

1
1
1

Does not got along with
oppoFr.’.e sex
i. Does not get along with
same sex

i
1
!
I
!

?. Teases other children or
interferes with their
activities
•ÎTITUDE TOWARD AUTHORITY
h Submissive
1. Defiant
'2. Impudent
>5. Shy
Fearful
5. Excessive demands for
teacher's attention
t. Stubborn
1
i
i

7. Unduly anxious to please
Uncooperative
9. Attendance problem

1

Anything else unusal about
tnis child's behaviour?
(please specify)
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5.

DOCUMENT

NO.5

NATIONAL STUDY OF HYPOTHYROID CHILDREN : PSYCHOLOGICAL ASSESSMENT
AT FIVE YEARS OF. AFFECTED CHLD AND CONTROL

Notes for Headteachars/Educational Psychologists.

The tests wh i c h h a v e been chosen for the study i n clud e an
assessm ent
of
general
cognitive
ability , a test of motor
pr oficienc y and an assessm ent of b enav io ur .
The r e su lt s of a
pilot study suggest that these tests may uncover small but real
diffe ren ces b e t w e e n c h i l d r e n with h y p o t h y r o i d i s m and n o r m a l
children, but this is by no means fully established. A national
study of hypothyroid children and controls is needed to confirm
or refute the p r e l i m i n a r y results.
If .the dif fe re nces are
confirmed it will be useful to examine associated factors.
The tests to be used are as follows
1. Wechsler Preschool and Primary Scale

of I n t e l 1 igence (WPPSI)

2. Bruininks-Oseretsky Test (2 sub-tests,instructions provided)
3. Conners teacher's questionaire
4. Conners parent's questionaire

It is intend ed that a l l four tests s h o u l d be carri ed out on the
patient and control child.
The Conners questionaires should be
c o m p l e t e d (by the pa r e n t s and the c l a s s teacher r e s p e c t i v e l y )
before the psychologist visits to carry out the WPPSI
and
Bruininks-Oseretsky tests. All completed test forms can then be
returned to us in the envelope provided without any delay.
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INSTRUCTIONS FOR USING THE BRUININKS OSERETSKY SUB TESTS

1.Drawing a straight line through a stra ight path with prefered hand
The subject uses the prefered hand to draw a pencil Ine through a
path.
The number of errors made is recorded.
Administration of Test - no demonstration.
Say:

"This is a road (point to path). Take the pencil and draw
a line from here (point to car) to the end of the road,
here
(point to garage).
Stay inside the
lines - try not
to go off the road. Take as much time as you need. Ready,
begin."

Scoring:

An error
boundary
one-half
boundary

is made each time the line goes outside the
lines.
Count an additional error for each
inch (1.27 cm) the line remains outside the
lines.

Record score in box on sheet.
2. Making dots in circles with prefered hand
The subject makes a pencil dot inside each of a series of
circles. The numbers of circles dotted correctly in 15 seconds
is recorded.
Administration of Test
Say:

"When I say go, take the pencil
and make one dot in each circle

Demonstrate:
Say:

in your (right/left) hand
as fast as you can."

with blunt end of own pencil in practice circles and
allow child to practice as well:-

"Now you try it here." (Point
to practice circles and
have the subject make one dot in each.)

For the actual test Say:

Make one dot in each of these circles (point to circles
below line). Put a dot in as many of the circles as fast
as you can. Ready, go!

Begin timing: when the subject touches the pencil to the paper.
After 15 seconds, tell the subject to stop.
Scoring: Record the number of dots in box on sheet.
Reproduced by p e r m i s s i o n of A m e ri ca n Guidance Service.

BRUININKS OSERETSKY TEST OF MOTOR PROFICIENCY

SUB TEST 1.

VISUAL-MOTOR CONTROL.

Item ss*" / Drawing a Line Through a Straight Path with Preferred Hand

START

Num ber of
Errors

Reproduced by permission of American Guidance Service,
Circle Pines, MN 55014 U.S.A. Bruininks-Oseretsky Test
of Motor Proficiency by Robert H. Bruininks 8 1978.
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SUB TE S T

2.

SPEED AND D E X T E R IT Y .

Item ysF / Making Dots in Circles with Preferred Hand

Practice:

Number
Correct

Reproduced by permission of American Guidance Service,
Circle Pines, MN 55014 U.S.A. Bruininks-Oseretsky Test
of Motor Proficiency by Robert H. Bruininks @ 1978.
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APPENDIX 2. MEASURING THYROID HORMONE LEVELS
DURING TREATMENT.
OUTLINE: The method of data collection for the treatment
data and the characteristics of the dataset in this study
will be described. The appropriate method for the analysis
of this data will then be proposed.

A. THYROID HORMONE MEASUREMENT DURING TREATMENT.
Thyroid hormone was estimated by taking periodic blood
samples.

Paediatricians were not requested to follow a

research protocol which prescribed at what age blood sam
ples should be taken. Data consisted of blood test results
taken as part of the clinical management of each child.
This resulted in wide variation in the frequency of blood
tests carried out and also the nature of the thyroid hor
mone which was assessed.
1. TYPE OF THYROID HORMONE MEASURED
For the sample of 443 CH patients, 4892 thyroid func
tion tests were carried out while the patients were on
treatment between diagnosis and the child's fifth birthday.
Thyroid function tests carried out during planned periods
off treatment were not included.
Thyroid function was not assessed in a uniform way by
all paediatricians in the study. Although the majority used
an estimate of T4 or TSH levels to assess thyroid function
ing, others preferred to use T3 or unbound hormone levels.
Additionally, some patients had different hormone measures
at different times during the period of the study. This
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presented a number of problems in constructing a standard
estimate of thyroid function during treatment.
The majority of thyroid function tests measured both
T4 and TSH. However, out of 4892 tests, 503 (approximately
10%) did not measure T4 or Free-T4. The majority of these
tests did measure TSH. Thyroid function tests which meas
ured FreeT4 without T4 values were converted to an equiva
lent T4 score using the conversion equation from Tillotson
et al (1992) . Tests which only measured T3 or Free-T3 were
not used in the estimate of thyroid function on treatment.
Twenty per cent of TSH values were reported by the
paediatricians as one of three categorical values, namely
'low normal',

'normal',

or

'greater than

majority of these scores were for
categories were given numerical

normal'.

'low normal'.

The

These

values of 1, 3 and 100

respectively in order that they could be handled with the
remainder of the TSH data.
It was concluded that T4 and TSH provided the best
estimate of thyroid function during treatment.

2. FREQUENCY OF T4/TSH TESTS
The average number of thyroid function tests for CH
children between the start of treatment and five years of
age was approximately 11 with a range of between 1-29
tests. The frequency of T4 measurements recorded for each
child while on treatment between diagnosis and the fifth
birthday is shown below.
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TABLE A2.1 TWO-WAY FREQUENCY TABLE SHOWING NUMBER OF
PATIENTS BY NUMBER OF THYROID FUNCTION
TESTS.
NO. OF PATIENTS
All Tests
T4 Tests
NO. OF
TESTS
0-3
4-10
11-15
15+
Total

15
199
154
75
443

32
223
129
59
443

TSH Tests
43
207
132
61
443

There were a number of factors associated with the
frequency of thyroid tests. Firstly, paediatricians dif
fered in the number of tests considered necessary to rou
tinely monitor thyroid function. This did not result in
systematic bias as there were no associations between other
critical variables relating to outcome and individual
paediatricians. For example, each paediatrician was likely
to be treating children with a wide range of severity of
CH.
Secondly,

across paediatricians,

a higher number of

tests was associated with an increased frequency of

low T4

observations. Lower T4 levels increased the likelihood of
further blood tests being carried out. This association was
in line with expectations of good paediatric

practice.

Thirdly, the group with the highest number of thyroid
function tests had a lower mean IQ.
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TABLE A2.2 FREQUENCY OF THYROID TESTS ON TREATMENT BY
FULL SCALE IQ
No. of tests
1-8
9-11
12-17
18-20
21-29
Total

No. of cases
78
86
166
42
29
401

Mean (SO) IQ
104.5 (15.9)
107.3 (16.2)
105.2 (16.6)
105.6 (14.6)
96.5 (16.9)

Children who had 21 tests or more had a mean IQ ap
proximately 8 points below the mean for the total patient
group. This poorer outcome may be related to lower thyrox
ine levels but this is not the only explanation. Children
who presented with more developmental difficulties may have
prompted closer medical monitoring. However, this group was
a small number (N=29) and there was no consistent trend
across the whole group.
Fourthly, cross tabulation tables of number of tests
against other variables indicated that it was not associat
ed with birth weight, gestation age, dose of 1-thyroxine,
social class or with the pre-treatment T4 level.
It was concluded that patients with less than 4 tests
for T4 and TSH over the five year period had insufficient
data on these measures. This excluded 43 and 32 patients
respectively. The total sample for T4 and TSH measures on
treatment was therefore 400 and 411 respectively.

3. DISTRIBUTION OF THYROID TESTS OVER TIME
The distribution of thyroid function tests was not
evenly spread over the five year period (Table À2.3-4). The
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number of tests declined with age so that there was an
increasing number of patients with no thyroid test within a
particular year period. For example, 18.2% of patients did
not have an estimate of T4 concentration during the fifth
year of life.

TABLE A2.3 FREQUENCY OF T4 TESTS BY AGE SHOWING NUMBER
OF CASES WITH M I S S I N G DATA (N=411)
YEAR

CASES(N)

1
2
3
4
5

409
410
411
411
411

Total T4 TESTS
1543
899
722
588
568
4320

CASES (N) WITH
NO T4 VALUE
19 (4.6%)
26 (6.3%)
55 (13.4%)
78 (19.0%)
75 (18.2%)

This pattern was very similar for TSH tests with far
more tests being carried out in the first year.

TABLE A2.4 FREQUENCY OF TSH TESTS BY AGE SHOWING
NUMBER OF CASES WITH MISSING DATA (N=400)
YEAR
1
2
3
4
5

CASES (N)
398
399
400
400
400

Total T4 Tests
1560
920
659
644
618

CASES (N) WITH
NO TSH VALUE
19 (4.7)
30 (7.5)
48 (12.0)
57 (14.3)
44 (11.0)

For the final estimates of average T4 and TSH levels
during treatment,

annual values were considered to be

inappropriate for the third to fifth years as this would
result in too many missing values. A single overall esti
mate of these three years was preferred as this would
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include a higher proportion of patients. However, annual
estimates were computed for a number of exploratory meas
ures of treatment in order to assess whether there were any
significant differences in treatment between these years.

B. EXPLORATORY SUMMARY VARIABLES OF THYROXINE CONTROL.
The computation of uniform and unbiased summary varia
bles of thyroxine levels during treatment was essential in
order that data from different patients could be systemati
cally compared.

It was decided that summary variables

should be calculable for at least 90% of the sample and
that any extrapolated values should not make up more than
10% of the dataset. Preliminary analyses of the data was
concerned with defining the appropriate time periods which
would have sufficient data to meet these criteria and
exploring a number of potential summary variables.
Firstly, thyroid function during treatment was exam
ined by drawing individual plots of T4, TSH and dose of Lthyroxine against time for a 10% random sample of cases
(N=40) (see Figures A2.1-2 for examples).

These plots were

instructive in emphasising the heterogeneous nature of the
data, particularly the variation in the number of thyroid
function tests and the frequency of persistently elevated
TSH during treatment.
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Secondly, the following summary variables were comput
ed for each year up to the child's fifth birthday, for both
T4 and TSH values.
1. T4 and TSH concentration closest to child's birthday.
2. Mean T4 and TSH concentration for each year.
3. Lowest T4, highest TSH concentration for each year.
4. Variance (SD) of T4 and TSH (1-2 yrs; 3-5 yrs).
Mean scores were computed by taking all values within
the time period and calculating the average value. This
procedure did not take account of time intervals between
measurements.
The summary variables for T4 are shown in Table A2.5.
The distribution of each of these measures was approximate
ly normal. The percentage of patients for whom each summary
variable could be computed is shown in the first column of
the table. Most measures for years 3-5 included less than
90% of the sample. As stated earlier, the aim was to use
measures that included at least 90% of the sample.

339

TABLE A2.5 SUMMARY VARIABLES OF T4 (nmol/1) ON
TREATMENT (N=411).
NAME

CASES
(%)

MEAN(SD)

MEDIAN

CENTILES
5th 95rd

RANGE

1.T4 MEASUREMENT
NEAREST TO BIRTHDAY
1st
2nd
3rd
4th

94
91
86
82

146(40)
155(37)
151(35)
150(34)

144
152
149
148

84
105
100
100

216
220
211
214

18-335
8-307
27-271
22-247

152
148
153
149
149

102
100
108
100
108

215
202
213
205
200

56-289
5-290
27-279
21-268
50—244

119
131
138
141
145

51
63
81
89
93

181
189
207
195
195

7-289
5-290
9-279
21-266
22-234

33
21

10
6

68
65

0-127
0-120

2.MEAN T4 DURING EACH YEAR
Yrl
Yr2
Yr3
Yr4
Yr5

95
93
87
81
82

152(34)
148(34)
154(33)
150(32)
151(29)

3.LOWEST T4 DURING EACH YEAR
Yrl
Yr2
Yr3
Yr4
Yr5

95
93
87
81
82

118(40)
132(38)
141(37)
141(34)
143(32)

4.STANDARD DEVIATION T4
Yrsl-2
Yrs3-5

96
91

34(18)
25(18)

The normal range of T4 values in the general popula
tion is 60-180 nmol/1. In this sample, T4 tended to have a
mean and median value of approximately 150 nmol/1 and this
remained constant during the period from birth to five
years. Low values occurred more frequently in the first
year and there was greater variation in T4 values during
the first two years.
The summary variables for TSH are shown in Table À2.6.
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TABLE A2.6 SUMMARY VARIABLES OF TSH (mU/1) ON
TREATMENT (N=400)
NAME

CASES
(%)

MEAN(SD)

MEDIAN

CENTILES RANGE
5th 95 th

l.TSH MEASUREMENT
NEAREST TO BIRTHDAY
1st
2nd
3rd
4th

94
92
88
87

17.8(25)
12.3(20)
10.5(18)
8.4(15)

7
5
4
4

1
1
1
1

99
48
39
30

1-100
1-100
1-100
1-100

20
8
5
5
4

2
1
1
1
1

70
55
51
46
33

1-100
1-100
1-100
1-100
1-100

40
14
8
6
4

3
1
1
1
1

100
100
93
100
48

1-100
1-100
1-100
1-100
1-100

16
5

1
0

47
42

0-70
0-70

2.MEAN TSH DURING EACH YEAR
Yrl
Yr2
Yr3
Yr4
Yr5

95
92
88
86
88

24.7(21)
15.3(19)
11.7(18)
10.4(16)
8.6(14)

3.HIGHEST TSH DURING EACH YEAR
Yrl
Yr2
Yr3
Yr4
Yr5

95
92
88
86
88

49(37)
24(28)
17(23)
15(24)
12(18)

4.STANDARD DEVIATION TSH
Yrsl-2
Yrs3-5

96
96

20(15)
10(12)

The normal range of TSH values in the general popula
tion is between 1-7 mU/1. In this sample, TSH values were
not normally distributed which resulted in wide divergence
between mean and median values. Mean and median TSH were
above the normal range for the first two years and declined
steadily thereafter. As with T 4 , final TSH measurements
were computed for the following time periods; year 1, year
2, and years 3-5.
However, these summary variables had the limitation of
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not making the best use of time intervals between tests
particularly as the distribution and frequency of thyroid
tests over time was not uniform (ie at set time points) or
random. A low T4 value would tend to result in more tests
and the next test would tend to occur sooner. Subsequently,
estimates of thyroid status during a

specific time period

would be systematically inflated or depressed if the pre
ceding or proceeding value was taken as representative of
the thyroid level between the two measures.

This problem

could be avoided by computing the line between thyroxine
measures and calculating the area under the curve.

C. COMPUTATION OF AVERAGE T4/TSH CONCENTRATIONS OVER TIME.
As already described, patients with three or less T4
or TSH observations over the five year period were consid
ered to have insufficient treatment data to be included in
the analysis of treatment. This excluded between 5-10% of
the original sample.
Average T 4 , TSH and dose levels were computed by
calculating the area under the curve for three time peri
ods, namely year 1, year 2 and years 3-5. This was calcu
lated in the following way.
1. Computation of the line
a.

Cases varied according to when the first T4 value

was taken during treatment. In order to make the data more
comparable it was decided to estimate T4 at 14 days after
starting treatment for each case by making this value equiv-
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aient to the first T4 value on treatment.

b. Some cases did not have a T4 value on or after the
child's fifth birthday. T4/TSH at five years was estimated
to be the same as the last hormone concentration value for
that case.
c. A straight line was drawn between each of the
points.
2. Computing the area under the line
Area under the line was computed for the first year,
second year, and subsequent three years. This was done in
the same way for T4, TSH and dose. For example, for average
T4 levels, a sequence of trapeziums beneath the T4 line was
constructed

by drawing a vertical line from each T4 point

and the X axis. A vertical line was also drawn between each
time period, eg at 365 and 730 days. The
trapezium within a time period was
summed.

area of each

then computed and

(This procedure may be more accessible by referring

to Figures A2.1-2)

Each estimate was also coded for number

of observations.
The length of time periods were selected in order to
have as few extrapolated values as possible but also to
allow the potential for detailed analysis of specific
subgroups particularly in respect to the first year of
treatment. Three variables were calculated for both T4 and
TSH for each case for each of these time periods, namely
average hormone concentration, the number of days on treat
ment and the number of observations within the time period.
The latter variable was computed as a code for the reli
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ability of the estimated average T4 level. For example, a
time period with four measures would be given a code of 4
and would be a reasonably reliable estimate. The average T4
of a time period with a code of zero would have been esti
mated from T4 measures either before or after the particu
lar time period. This estimate was potentially more open to
error. However, using the number of measurements of T4 as a
code for reliability enabled all such extrapolated values
to be easily identified. In subsequent analyses, extrapo
lated values were checked for systematic differences from
more reliable estimates. This system provided a flexible
way of making the best use of data of variable quality
between cases.
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APPENDIX 3. PROCEDURES IN CONSTRUCTING MODELS USING
REGRESSION.
OUTLINE: Explanatory models were constructed in order to
determine the multivariate relationship between outcome and
explanatory variables. For each of the three models that
have been presented, the procedure of exploratory work and
model construction was the same. This process is described
in this section.
A. INTRODUCTION
The construction of an appropriately robust and in
formative regression model involved a series of stages in
which a number of empirical and theoretical questions were
addressed. Models were not considered satisfactorily robust
if changes in the sample that was entered into the model
resulted in important changes in the equation. The model
was considered informative if it made predictions about the
relationship of CH variables and outcome. The analysis was
not primarily concerned with the relationship of social
class etc and IQ.
The aim of the analysis was firstly to determine which
explanatory variables made an independent contribution to
variation of outcome measures in CH patients. Secondly, it
aimed to specify the nature of the relationship between any
CH variables that were identified in the first stage. For
example, was the relationship linear, curvilinear or some
thing else?
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B. USE OF CONTROLS

During the exploratory work,

models were usually

tested with and without the control data. It was necessary
to decide on the most appropriate way of using the control
data and two different ways were considered, either using
'difference scores',

or with the controls entered as a

separate group. The relative advantages of these two ap
proaches will now be briefly considered.
As the study had used a matched patient-control de
sign, a difference score (eg control IQ minus patient IQ)
was the most theoretically powerful outcome measure for
each case.

The difference score itself would not only

control for age, sex, social class and language background
but also for a wide range of non-specified variables such
as school, class teacher, geographical region and, perhaps
most significantly, for the psychologist carrying out the
assessment. Having controlled for these variables in the
outcome measure itself,

the regression model could be

greatly simplified to include only the clinical variables
that were the main interest of the study. However, this
potentially powerful technique, required very high quality
matching in order to ensure the avoidance of systematic
bias.

Hence,

the quality of matching was carefully re

examined.
As already described, the patients and controls,

as

two groups, did not show any significant differences on any
demographic variables. In fact, the degree of similarity was
reassuringly high. However,
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this did not identify the

number of matched pairs who were discrepant on any of the
matching variables.
Mismatching was known to be non-existent for gender
and subsequent analysis revealed satisfactory matching for
age with 95% of the sample having an age difference of less
than three months. However, cpaality of matching for social
class was not so reassuring. Approximately 65% of the
sample were correctly matched in respect to non-manual,
manual and unemployed groups. However, 15% were incorrectly
matched

'downwards'

manual control)

(eg non-manual patient matched with

and 20% were incorrectly matched upwards

(eg manual patient matched with non-manual control). This
approximately even distribution of matching errors in both
directions accounted for the overall similarity of the two
groups. Further examination of the data indicated that,
because social class was in effect an ordinal measure, this
mismatching did not occur in a random way and could lead to
important distortions in the data. One example will be used
to illustrate this.
Mean IQ difference scores for non-manual, manual and
unemployed patients was -4.9, -5.9 and -13.9 respectively.
This suggested that patients from unemployed families did
significantly worse relative to matched controls than the
rest of the group. However, mismatching for this group
could only occur in an 'upward' direction and, as a signif
icant proportion of this group were mismatched, this in
creased the IQ difference score. A similar process in the
opposite direction took place for the non-manual group.
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Hence, the apparent variation in difference scores for the
three social class groups was partly a product of systemat
ic bias of mismatching. For this reason the use of differ
ence scores was rejected for the regression.
An alternative way of using the controls in the re
gression was to enter them as an additional group and to
generate

'normal'

scores for any clinical explanatory

measures in the model. This had the disadvantage of needing
to use grouped data but this was outweighed by being able
to anchor the regression line to a large unaffected group.
In this way,

relative deficits of CH children would be

estimated against non-affected children while controlling
for the other explanatory variables in the regression. This
was the procedure that was adopted for the final regression
model.
C. STAGES IN CONSTRUCTING REGRESSION MODELS
Firstly, a sample of 220 cases with matched controls
was identified to have no missing data on any key explana
tory or outcome variables and this sample was used to
compare all subsequent regression models.
Secondly, all explanatory variables were entered into
a simple regression on their own against each outcome
variable. Those variables which had significant associa
tions with the outcome variable were then entered as second
terms in a second series of regressions. Having identified
the variables that were significantly associated with out
come, the sample size was then expanded to include as many
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cases as had no missing data on these variables. The nature
of the relationship between significant explanatory varia
bles and outcome was examined for linearity by the addition
of a squared term in the equation.
Thirdly,

for each of the regression models,

this

process resulted in the identification of less than five
variables with a significant independent effect on outcome.
The resulting model examined the relationship between
clinical variables related to CH and outcome while control
ling for the significant contribution of demographic fac
tors.
Fourthly, the controls were included in the regression
by using grouped data and including the controls as an
additional group with an assumption of normal thyroid
functioning.

349

