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MEDICAL PRACTICE

Contemporary Themes

Management of patients with congenital hypothyroidism

G J FROST, J M PARKIN

Abstract

The biochemical state and treatment of 73 children and 44
adults up to the age of 40 with proved congenital hypo-
thyroidism were assessed in a regional study in the north of
England. The findings showed that a substantial proportion of
the patients were having inappropriate treatment or were not
taking their treatment regularly and that in some of these there
were clinical effects.

Introduction

The development of children with congenital hypothyroidism has
been considerably improved as a result of early detection by
neonatal screening.' Nevertheless, satisfactory long term results
also require optimal treatment. We have assessed the adequacy of
treatment of patients with congenital hypothyroidism below the
age of 40 in the north of England.

confirmed dyshormonogcnesis; the remainder were presumed to have other
developmental anomalies of the thyroid gland.
The table gives the laboratory evidence confirming the diagnosis. Four

other children and 17 other adults with adequate diagnostic criteria were
either untraceable or not available for assessment. All the children were
treated by paediatricians (n=21); 20 of the adults were treated by medical
specialists and 24 by general practitioners. Each patient was seen in the
study either at their local hospital or at home by one of us (GJF).

Critenra for diagnosis of hIpothvroidism

Abnormal Decreased radtiolodine uptake
biochemistrvy- 20%)

Retarded
bone age

No of No of
children adults

+ 19
10

+ 38
4

+ 2
+

12
10
10

Patients and methods

All patients under 40 with a clinical onset of hypothyroidism before the
age of 10 years in the Northern region were identified through the hospital
and community services and general practitioners. There were 73 children
(49 girls and 24 boys) and 44 adults (30 women and 14 men). The median
age of the children was 8 4 years (range 1 6-15 9 years) and their median
age at diagnosis 0 8 year (0 1-13 2 years). The median age of the adults at
assessment was 22-9 years (range 16 4-36-7 years), and their median age at

diagnosis was 0 4 year (0 1-15 1 years). Two children and one adult had
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Single serum thyroxine (T4), triiodothyronine (T3), and thyroid
stimulating hormone (TSH) concentrations were obtained in most children
and adults. T4 was measured using the Mallinckrodt radioimmunoassay
diagnostic kit and TSH by a radioimmunoassay technique with MRC
standard 68/38. The T3 method used double antibody radioimmuno-
assay. A T3/T4 index was calculated as the ratio of T3:T4x 103. Serum was
examined for thyroid antibodies to exclude autoimmune thyroiditis.

Previous thyroid biochemical estimations were documented from the
notes. The initial and subsequent treatment doses of the children were
noted and compared with recent recommendations for the treatment of
patients with congenital hypothyroidismA (see appendix). The present
treatment was expressed as total dose of thyroxine, dose of thyroxine per
kilogram body weight, and dose of thyroxine per square metre of surface
area and was related to the biochemical results. Patient compliance with
treatment was assessed by a simple questionnaire given to the parents and
to the adult patients.
Symptoms and signs including bowel disturbance, abnormal appetite,

excessive weight gain, excessive energy, fatigue, acroparaesthesiae, palpita-
tions, difficulty with concentration, voice change, dryness of skin and hair,
and excessive sweating were determined at assessment and related to the
biochemical state of each patient. The teeth were examined for evidence of
enamel hypoplasia.
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All the patients were measured by the Harpenden Stadiometer with the
exception of 15 children who were measured at home with a portable wall
measure. Some parental heights were similarly measured (many were
determined by history alone) and a midparental height centile estimated.
Height standard deviation score and expected adult height (calculated from
the midparental centile for the appropriate sex') were determined for each
child. Predicted adult height was calculated from measurements of height
and bone age.' Skinfold centiles and head circumference centiles were also
recorded.67 The frequencies of previous outpatient growth measurements
were noted from the clinical records. Bone age was measured using the
RUS score' in 67 children.

Results

CHILDREN

Biochemical
T4 was measured in 69 children, in whom the mean value was 155-8

(51-1) nmol/I (12-1 (4-0) [tg/100 ml). Figure 1 shows the individual results
related to the normal reference ranges for age for the laboratory. There
were no differences with sex. Only one of the T4 concentrations was below
the normal range, but 27 (39%) were at or above the upper reference limit.
In 67 children both serum T4 and TSH concentrations were available. The
15 (220 ) children with a TSH concentration of >-6 mU/l were over 5 years
of age and only one had been diagnosed within two years of assessment.
The mean T4 value of those with a raised TSH concentration was 109-7
(33-6) nmol/I (8-5 (2-6) ~tg'100 ml) and of those with a normal TSH
concentration 168-0 (48-4) nmol/I (13-1 (3-8) [tg/100 ml) (p<0.001).
T3 concentrations were estimated in 63 children. The mean was 2-4

(0-7) nmol/l (1-6 (0-5) ng/ml) with no sex difference. There was a

significant correlation between T3 and T4 values (p<0-001). Figure 2 shows
the serum concentration of T3 related to T4 and the laboratory reference
ranges for T3 for childhood. Only one child had a T3 concentration below
the normal range and nine above it. Over half of the children with raised
T4 concentrations, however, had T3 values within the normal range. The
mean T3 concentration for children with normal TSH values (n=48) was
2-6 (0-7) nmol/I (17 (0-5) ng/ml), and for those with TSH concentrations of
:->6 mU/I (n=14) the T3 value was 2-0 (0-5) nmol/l (1-3 (0-3) ng/ml
(p<0O005). Most of the children who had normal TSH concentrations had
T3 and T4 values above the midpoint of the reference ranges.

Eighteen children (25%) had had no previous biochemical monitoring,
and only 39 (53%) had had their TSH concentration measured previously
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FIG I-Serum thyroxine (T4) concentrations in relation to age in hypothyroid

children.
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FIG 2-Relation of triiodothyronine (T3) concentrations with thyroxine (T4)
concentrations in hypothyroid children.

Conversion: SI to traditional units-Triiodothyronine: 1 nmol/l-0-65 ng/ml.
Thyroxine: 1 nmol/1l z0-08 ~tg/100 ml.

at follow up. Previous outpatient measurements of T4 or protein bound
iodine had been below the normal range in only four children but had been
above normal on at least one previous occasion in 62%.

Treatment
Figure 3 shows the thyroxine dosage expressed as [tg/kg body weight

together with the recommended doses at different ages' (MRC Register of
Children with Congenital Hypothyroidism, Institute of Child Health, 30
Guilford Street, London WCIN 1EH). The mean total dose was 172-3
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FIG 3--Thyroxine treatment doses/kg body weight in hypothyroid children.

(1 19 -4) ~tg and the mean dose/kg 4 -5 (2 -2) itg. Expressed as [tg/M2 surface

area the mean dose was 172-6 (104-1) ~tg. There was a significant

correlation between the thyroxine dose and the T3 and T4 concentrations

(p<0.O001) and the TSH value (p<0-05). Most of the children with serum

TSH concentrations of >-6 mU/l were being prescribed thyroxine at or

below the lowest recommended limit (fig 3). Parents of the two older

children with raised TSH values who were having treatment above the

recommended range admitted to poor compliance, forgetting treatment

more than once a week. TSH was adequately suppressed (excluding

patients who admitted poor compliance) when the thyroxine dose was

100-125 ~tg/M2 (fig 4).

About 80%/ of all children who had serum T4 or T3 concentrations above

the normal range were receiving doses per kilogram in excess of those

recommended and often more than 150 kig/in2 (fig 4).
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Treatment
The mean total thyroxine dose for the adults was 208 0 (77 7) ig. When

related to body size this was 3-3 (1 3) [tg/kg or 125 4 (47-1) ug/m2. The
serum T4 and T3 concentrations correlated with the total dose of thyroxine
however expressed.

There was no relation between the dose of treatment and the TSH
concentrations. Only three of the 17 adults with TSH values of ¢6 mUI1
were receiving total doses of thyroxine of <150 Rg but nine admitted to
forgetting their treatment on one or more days a week. Excluding these, all
but one adult with T4 concentrations in the upper half of the reference
range and receiving over 100 Rsg/m' had normal TSH values. Most of those
with a T4 concentration above the normal range were receiving at least 150
tg/m2. Three of the five patients with T3 concentrations below the normal
range were receiving <100 [sg thyroxine/mi.
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FIG 4-Thyroxine (T4) concentrations in relation to thyroxine dose/m2 in hypothyroid
children.

Conversion: SI to traditional units-Thyroxine: 1 nmol/l 0 08 ltg100 ml.

T3/T4 INDEX

In the children there was a highly significant correlation between the
TSH concentration and T3/T4 index (p<0001), and in both children and
adults the T3/T4 index was greater in those whose TSH value was >6 mU/1
(children 19 7 (5-4) and adults 19 2 (9-6)) than in those with a normal TSH
concentration (children 15 9 (3-8), adults 15-0 (5-0)).

ADULTS

Biochemical
The mean T4 concentration of 42 hypothyroid adults was 117-0 (42-2)

nmol/l (9 1 (3 3) [tg/100 ml). This was significantly lower than in the
hypothyroid children (p<0001). There was no difference with sex. Three
of the T4 values were below the normal range (60-150 nmol/l; 4-7-
11-7 Rg/100 ml) and seven were above it. Eleven women and six men
(41%) had TSH concentrations of >6 mU/l. The mean T4 value of these
was 87-6 (30 2) nmol/l (6-8 (2-3) Rg/100 ml), and of those with a normal
TSH concentration it was 135A4 (38-6) nmol/l (10-5 (3 0) Rg/100 ml)
(p<o00l).
The mean T3 concentration was 1-8 (0 6) nmol/l (1-2 (0-4) ng/ml). This

was significantly lower than that of the children (p<0001). Only one
patient had a T3 concentration above the normal range but five had
concentrations below the normal range (fig 5). There were significant
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FIG 5-Relation of triiodothyronine (T3) concentrations with thyroxine (T4)
concentrations in hypothyroid adults.

Conversion: SI to traditional units-Triiodothyronine: 1 nmol/l=0 65 ng/ml.
Thyroxine: 1 nmol/l 0 08 tg/100 ml.

correlations between T3, T4, and TSH concentrations (p<0001). The T3
values of those with normal TSH concentrations were greater (2-0 (0 5)
nmol/l; 1 3 (0 3) ng/ml) than of those with a raised TSH concentration (1 6
(0-6) nmol/l; 1-0 (0 4) ng/ml) (p<0 05).
Most patients with a normal TSH concentration had serum T3 and T4

values in the upper half of the reference ranges (fig 5).

CLINICAL SYMPTOMS AND SIGNS

Few patients with biochemical evidence of undertreatment or overtreat-
ment had any abnormal symptoms or signs.
The pulse rates of children correlated with their serum T4 concentra-

tions (p<005), and 13 of the 19 children with sweaty peripheries were
receiving high doses of thyroxine (>175 Ftg/m2) and had a raised serum T4
value.
There was also an association (p<005) between serum T3 and T4

concentrations and excessive energy and problems of concentration in the
children. The mean T4 value in those with poor concentration (n= 37) was
167-3 (56-2) nmol/l (13-0 (4-4) !tg/100 ml) compared with 142-4 (43-7)
nmol/l (11-1 (3 4) [g/100 ml) in those without problems. The dose of
thyroxine/m2 in those with poor concentration was 196-9 (122-6) [tg
compared with 145-0 (76 9) ,g in the rest. Multiple regression analysis8
confirmed that the concentration of serum thyroxine had an independent
effect on the child's ability to concentrate but this was less powerful than
the relation between intelligence quotient and concentration (concentra-
tion=--0584xIQ+0 36xthyroxine value). Eighteen of the adults had
problems with concentration but there was no association with the
treatment doses.
There were no children with major clinical signs or symptoms of

hypothyroidism, but five adults had acroparaesthesiae and four dry skin.
Both of these symptoms correlated with serum TSH concentrations
(p<005).

BONE AGE

Bone age was significantly more retarded in children most recently
diagnosed (p<0-001) and in those who had been treated for more than two
years whose TSH concentration was raised and who were receiving low
dosage thyroxine.

In 17 children the bone ages were delayed by at least one year; five of
these had been diagnosed within two years and were undergoing catch up
growth. Half of the rest were receiving thyroxine doses below those
recommended for age. Only one child treated for at least two years had a
delay in bone age of greater than two years. Bone age was advanced
between one and two years in 12 children and by more than two years in
five. All were or had been receiving dosages over the recommendations for
a long period, the latter group (three of whom were prepubertal) having
been taking twice the recommended dose. The predicted adult heights of
all these children fell at the lower end of the expected range for their
parents' heights. The bone ages of most of those who were receiving the
recommended dose of thyroxine were within one year of chronological age,
except four with bone ages advanced by one to two years and four whose
bone ages were delayed by one to two years.

OTHER MEASURES

Measurements of skinfold thickness were normal in all the hypothyroid
patients. The height standard deviation scores in the children correlated

1487

D

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.290.6480.1485 on 18 M

ay 1985. D
ow

nloaded from
 

http://www.bmj.com/


1488

inversely with age at diagnosis and directly with duration from diagnosis
and midparental height (p<O0O5). The treatment dose also correlated with
the score (p<O05) and with the difference between the child's score and
the parental score (p<O0O5). Fo'urteen children had heights below the 10th
centile. Four of these were children with a late onset and delayed diagnosis
who had started treatment within the preceding two years and who
probably had residual catch up growth potential. Four others had been
longer on treatment but had delayed bone ages. The remaining six children
had slightly delayed puberty or familial short stature. There were only two

children whose heights were over the 97th centile, both of whom were

receiving large doses of thyroxine.
There were no differences between the children's predicted adult heights

and their expected adult heights (based on parental heights). The height
centiles for the adult patients were all within the normal distribution for
their sex.

Although all the children were being seen regularly in clinics, one third
had had no growth measurements within the first few years after diagnosis,
and height velocities were rarely recorded.

There was evidence of enamel hypoplasia of a variable degree in 30 of the
children and residual signs of it in 12 of the adults. Twenty nine of the
children and 24 of the adults had head circumferences above the 90th
centile. There was no correlation of head circumference centiles with age at
diagnosis in the children or adults. Half of the children had had no

previous head circumference measurements recorded.

Discussion

Recent retrospective studies of congenital hypothyroidism have
suggested that early screening and treatment should lead to normal
intellectual development by protecting the brain from the damag-
ing effects of thyroid deficiency in the first few months of life.
Maximum benefit should occur if treatment is started before the
age of 1 month, although even in this group severe deficiency in

utero might lead to a degree of cerebellar damage with associated
minor motor dysfunction.9'" Dussault et al'2 and the New England
Congenital Hypothyroidism Collaborative' in preliminary pros-

pective assessments of screened populations have confirmed these
predictions. For optimal results, however, correct dosage of
replacement treatment is necessary. A number of errors are

possible. An excessive dose may be prescribed, which, especially
in early life, may lead to craniostenosis. "'4 An inadequate dose
may be the result of incorrect advice or poor compliance, and this
may adversely affect intellectual development despite early
detection.

Hulse et al reassessed a group of children with congenital
hypothyroidism diagnosed by screening at 1 year of age, noting

growth and biochemical measures in relation to treatment.' Most
patients had satisfactory growth but some had raised TSH
concentrations. A persistently raised TSH value within the initial
year after diagnosis despite adequate treatment does not neces-

sarily imply hypothyroidism because of delayed return to normal
of the hypothalamic thyroid axis.161 Hulse et al, however,
suggested that those who had thyroxine concentrations in the
upper half of the reference range during the first year of life were

less likely to have persistently raised TSH values and recom-

mended regular biochemical monitoring and adjustment of
treatment doses to achieve this.

In our study most children and adults who had normal TSH
concentrations had T3 and T4 values above the midpoint of the
reference range. Nevertheless, about half were receiving greater

dosages of thyroxine than those now recommended. Many of these
had raised serum T4 and sometimes T3 values, and some showed
clinical signs of thyroxine excess or advanced bone age. On the
other hand, several patients had raised TSH concentrations,

indicating undertreatment. A similar tendency to inappropriate

treatment has been shown recently by Hulse in a study in the
south of England." Most children between the ages of 5 and 12
years with raised TSH concentrations were prescribed less than the
recommended doses of thyroxine. Most of the children over 12
with raised TSH values were receiving the recommended doses,
though at the lower limit, and in these poor compliance may have
been a problem.
Recommended doses of thyroxine' (appendix) are expressed

BRITISH MEDICAL JOURNAL VOLUME 290 18 MAY 1985

either as [ig/day or as [tg/kg body weight, both adjusted to age.
Although there may be occasional discrepancies using either
method, our findings support the recommendations except pos-
sibly at puberty. Sato et al, who looked at the threshold for TSH
suppression by varying thyroxine doses in a group of children, also
suggested that a higher dose might be indicated at puberty.'6 An
alternative method of determining dose is as [tg thyroxine/M2
surface area, and our results indicate that this may be useful.
Guyda' and Rezvani and Di George'8 in longitudinal studies have
suggested 100 Ftg thyroxine/m2 to achieve biochemical normality
and satisfactory growth. We found that biochemical results were
kept mainly within the normal ranges and bone ages were least
likely to be advanced or retarded with doses of thyroxine between
100 and 125 !sg/m2.
Most of the adults in our study were receiving adequate doses of

treatment'9-2' but compliance was poor in many. Lower concentra-
tions of thyroxine hormones in the older patients were compatible
with the natural decline in values with age222' and the relatively
lower doses of treatment required at these ages.24 Smaller doses in
the elderly are necessary because of reduced thyroxine turnover.29
T4 concentrations correlated closely with T3 values both in the

children and in the adults. Several children but only one adult had
T3 values above the normal range. Macpherson et al26 and
Murchison et al27 suggested that T3 concentrations were unlikely
to rise above the normal range as a result of treatment despite
raised T4 values, but our data agree with those of Capiferri and
Evered28 and Braverman et al,29 who found raised T3 concentra-
tions in patients receiving high dosage replacement therapy. The
lack of symptoms of hyperthyroidism in most patients with raised
thyroxine concentrations may have been because production and
clearance of T3 are different from those in thyrotoxicosis leading to
lower circulating values. Desai et al have also found relatively few
clinical signs in an overtreated group of hypothyroid children."0
Reverse T3 concentrations were raised in their patients and it was
postulated that this was produced by a shunt of peripheral T4
metabolism from an activating to an inactivating pathway,
preventing raised T3 values and clinical problems.
Some children in this study with raised T4 and T3 concentra-

tions were overactive and had poor concentration, although this
effect could not easily be separated from the effect of intellectual
problems. Nevertheless, this and the association of high treatment
dosage with advanced bone age indicate a need to avoid
overtreatment. Care should be taken with dosage, particularly as
the active content of thyroxine tablets has been increased by 11%
(British Pharmacopoeia, 1980).

Both T3 and T4 concentrations were lower in those patients
with raised TSH values, and in these patients, both children and
adults, the T3:T4 ratios were higher, unlike those in the study of
Maeda et al.31 These higher ratios were probably caused by a
continuing conversion of T4 to T3 in peripheral tissues. The
relevance of this subclinical hypothyroidism shown by raised TSH
values is uncertain. Nevertheless, as there were associations of
raised TSH concentrations and treatment dosage with bone age
and height standard deviation scores in the children and with
clinical symptoms of acroparaesthesia and dry skin in the adults
they may have been clinically relevant. There is a possibility of
cardiac problems"2 and infertility33 with clinical hypothyroidism, so
there clearly is a need for continued monitoring of patients
receiving long term treatment. Children should be followed up
regularly by paediatricians with careful recording of their
thyroxine dose, thyroid biochemical state, and growth velocity.
Adults should have occasional thyroid function tests done and be
given advice about compliance either by their general practitioner
or hospital physician. A system of registration and regular follow
up similar to the Scottish automated register2' might be of value in
this respect.
The height and head circumference centiles of the children

were similar to those in Hulse's study." Those children with
heights below the third centile were mainly girls with late onset
hypothyroidism and a delayed diagnosis who had begun treatment
recently. Aynsley Green and Macfarlane in a study of short stature
in the Oxford region have shown a similar delay in diagnosis in
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children with hypothyroidism.34 Most cases of congenital hypo-
thyroidism should now be detected by neonatal biochemical
screening but cases may still be missed.35 36 Regular measurements
of children in the community should reduce any delay in diagnosis
of cases not detected by screening.
The outlook for patients with congenital hypothyroidism has

been improved by early detection and continued clinical screening.
The use of the age related treatment recommendations, regular
assessment of growth including height velocity, and biochemical
monitoring (using T4 and TSH and possibly free thyroid hormone
measurements), with identification of inadequate compliance,
should minimise the risks of complications and optimise the long
term prognosis of patients with this condition.
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department of clinical biochemistry; and Dr R Lee, of the department of
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versity. We are grateful to the patients, parents, and referring specialists
and primary care doctors. GJF was in receipt of a grant from the research
committee of the Newcastle upon Tyne Area Health Authority (Teaching)
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Appendix
Dosages of thyroxine recommended by first international
conference on neonatal thyroid screening, Quebec, September
1979

Daily dose Dose/kg body weight
Age (!tg) (ttg)

<6 months 25- 50 8-10
6-12 months 50- 75 6- 8
1-5 years 75-100 5- 6
6-12 years 100-150 4- 5
>12 years 150-200 2- 3
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Routine immunisation against mumps is recommended in the United States. Why
is it not recommended in Britain?

Immunisation with a live attenuated mumps vaccine is effective and not
associated with an increased incidence of severe adverse reactions. Its
routine use in the second year of life, combined with measles and rubella
vaccines, has led to a 98% reduction in reported mumps in the United States'
together with a similar decline in its mortality and its most severe
complication of encephalitis.2 It is estimated to be cost'effective at a ratio of
7:1 for the reported incidence and 39:1 for the estimated actual incidence of
mumps.3 A nationwide survey in 1982-3 showed that 95% of United States
school entrants had been immunised against mumps.2 Undoubtedly routine
immunisation would be equally effective in Britain if similar levels ofuptake
were achieved. Experience with measles vaccination in Britain, however,
where the uptake remains poor at 50-60% and yet the preventable morbidity
and mortality is greater than with mumps, suggests that high levels of
uptake, even with a combined measles and mumps vaccine, would not be
achieved without major promotional campaigns and greater enthusiasm
from medical and paramedical workers. High rates might not even be

obtained unless immunisation became a necessary requirement for school
entry, as occurs in many states in the United States.
A similar level of uptake of mumps vaccine to that of measles at present

would still protect those who had received it, but would reduce the number
of those susceptible and thus reduce wild virus circulation. This would
almost certainly lead to an increase in the average age at which mumps is
contracted, although the absolute numbers affected at any age may still
decrease. The severe complications are more frequent in older children and
adults. This would reverse the apparent natural trend at present for mumps
in Britain to occur in a milder form at an earlier age.4 Thus doubt still exists
in Britain regarding a policy for introducing routine mumps immunisation.
- GLYN R WILLIAMS, lecturer in infectious diseases, Glasgow.
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