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Increased plasma thyroid stimulating hormone in
treated congenital hypothyroidism: relation to
severity of hypothyroidism, plasma thyroid
hormone status, and daily dose of thyroxine

D B Grant, P W Fuggle, I Smith

Abstract
Plasma thyroid stimulating hormone
(TSH) concentrations obtained during the
first four years of treatment in 418
children with congenital hypothyroidism,
identified by neonatal screening, were
examined in relation to paired measure-
ments of plasma thyroxine (n= 1945),
free thyroxine (n=836), triiodothyronine
(n=480), and free triiodothyronine
(n=231), and estimated daily dose of
thyroxine at the time of blood sampling.
Overall, plasma TSH was above 7 mUll in
1280 out of 2960 samples (43%); the
percentage was not related to severity of
hypothyroidism at diagnosis. Mean values
for thyroxine and free thyroxine, and to a
lesser extent free triiodothyronine, were
consistently lower in samples with TSH
concentrations over 7 mU/l and this was
the case in patients with either severe or
less severe hypothyroidism. Raised TSH
concentrations were also associated with
lower mean doses ofthyroxine (,ug/Ikgday)
but here the mean doses of thyroxine in
children with severe hypothyroidism were
higher than in the children with less
severe hypothyroidism. The mean dose of
thyroxine associated with low/normal
TSH values was highest in the first 6
months and fell progressively. Thyroxine
dose was significantly related to thyroxine
and free thyroxine concentrations but not
to triiodothyronine and free triiodothyro-
nine and the latter appeared to be of
limited value as measures of plasma
thyroid hormone status during treatment.
(Arch Dis Child 1993; 69: 555-558)

MRC Register of
Children with
Congenital
Hypothyroidism,
Institute of Child
Health, London
D B Grant
PW Fuggle
I Smith

Correspondence to:
Dr D B Grant, Hospital for
Sick Children, Great
Ormond Street, London
WC1N 3JH.
Accepted 11 June 1993

Over the past decade several publications have
reported that a raised plasma thyroid stimulat-
ing hormone (TSH) is relatively common in
children receiving treatment with thyroxine for
congenital hypothyroidism, particularly in
early infancy. For example, 34% of the
children with congenital hypothyroidism
reported by Hulse et al had raised TSH con-

centrations at the age of 1 year. Abrusewil et al
found TSH values above 10 mU/l in 38% of
cases tested between 5 and 11 months,2 and
Chiovato et al found high TSH values in
42% of their patients with congenital hypo-
thyroidism between the ages of 1 and 2 years.3
The MRC register of children with congeni-

tal hypothyroidism has recorded the results of

serial thyroid function tests over the first five
years of life in children with congenital
hypothyroidism detected on routine neonatal
screening and born in the UK between 1982
and 1984. The present study examines the
frequency of raised plasma TSH and relates
the findings to the severity of the underlying
disorder at diagnosis, plasma thyroid hormone
status, and dose of thyroxine.

Subjects and methods
DATA COLLECTION
Details of the subjects with congenital
hypothyroidism and documentation of the
initial diagnosis and treatment have been pub-
lished previously.4 5 Subjects were then fol-
lowed up annually to the age of 5 years.
Paediatricians were sent a questionnaire asking
for dated measurements of height, weight, and
head circumference closest to each birthday,
details of changes in the dose of thyroxine
during the previous year, and the results of all
thyroid function tests.

SUBJECTS
Altogether 472 children with congenital
hypothyroidism were born between 1982 and
1984. Of these, 418 (132 males, 286 females)
who had a measurement of plasma thyroxine
concentration before treatment and also had
complete follow up data to the age of 4 years
are the subjects of this study. These children
were split into two approximately equal sized
groups according to the pretreatment plasma
thyroxine concentration as described pre-
viously5; 195 had pretreatment thyroxine con-
centrations of 30 nmolIl or less, and 223 had
concentrations over 30 nmol/l. In the first
group, treatment was started at a median age
of 18 days (5th-95th centiles 10-38 days) and
in the second at 20 days (5th-95th centiles
12-173 days); three of the latter cases did not
start treatment until after the age of 1 year.

TSH AND THYROID HORMONE RESULTS
Altogether 3752 measurements of plasma
TSH obtained after starting treatment and up
to the age of 4 years were recorded by the
register. Six hundred and forty three of these
values were obtained within 28 days after a
change in thyroxine dose (including temporary
withdrawal of treatment) and were excluded to
avoid difficulties of interpretation due to recent
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changes of treatment6; 61% of these latter
results were obtained before the age of 6
months and in 71% plasma TSH was above
7 mU/l. Of the remaining 3109 values, it was
possible to calculate body weight (and hence
thyroxine dose/kg/day) at the time 2960
samples were taken for TSH assay (see below);
these latter results form the basis of this report.
The median number of TSH results for
each patient in the group with severe hypo-
thyroidism was seven (5th-95th centiles 1-13)
compared with six (5th-95th centiles 2-14) in
the group with less severe hypothyroidism.
Many TSH results were reported as either

above (n= 109) or below (n=485) the limits of
assay sensitivity, or in the normal range
(n=24). These results were assigned values of
40 mU/l, 1 mU/l, and 2 mU/l respectively. The
remaining values showed a positively skewed
distribution. In the initial analysis TSH results
were divided into two groups, 7 mU/l or less
('normal'), and above 7 mU/l ('raised'); in sub-
sequent analyses the TSH results were divided
into four groups, corresponding roughly to
'low/normal' (1 mU/l or less), 'normal' (2-7
mU/l), 'mildly raised' (8-20 mU/l), and
'markedly raised' (over 20 mU/l) TSH concen-
trations.

THYROID HORMONE CONCENTRATIONS
Thyroid hormone status had been assessed
predominantly using thyroxine measurements
but free thyroxine, triiodothyronine, and free
triiodothyronine had also been used; all

Table 1 Number (%o) of TSH results greater than 7 mU/l
during treatment in the children with severe hypothyroidism
(pretreatment thyroxine 30 nmo1l or less) and less severe
hypothyroidism (pretreatment thyroxine over 30 nmolJI),
allowingfor age

Age

First 6 months
Second 6 months
Second year
Third and fourth years

Total

Table 2 Relationship between TSH and mean (SD) con

thyroxine, triiodothyronine, andfree triiodothyronine up tc
severity of hypothyroidism (severe =pretreatment thyroxine
severe =pretreatment thyroxine over 30 nmol/l). The numl
shown

Thyroxine (nmol/1)
Severe

Less severe

Free thyroxine (pmol/1)
Severe

Less severe

Triiodothyronine (nmoL/l)
Severe

Less severe

Free triiodothyronine (pmol/l)
Severe

Less severe

Plasma TSH concentration (t

--1 2-7

175-7 (37-9)
[n=256]

179-6 (40 7)
[n=230]

31-1 (85)
[n= 106]

30-6 (7 9)
[n= 107]

2-4 (0-6)
[n=74]
2-5 (0-6)
[n=48]

9-4 (1-9)
[n=42]
9-4 (1-7)
[n=32]

162-1 (36-4
[n=255]

161-8 (35
[n= 334]

26-3 (6-2'
[n= 107]

24-9 (5-0'
[n= 160]

2-5 (0 6)
[n=70]
2-6 (0 5'
[n=88]

8-8 (2-1:
[n=43]
8-7 (2-0'
[n=43]

showed normal distributions. There were 1945
measurements of thyroxine with TSH, 836
of free thyroxine with TSH, 480 of triiodothy-
ronine with TSH, and 231 of free triiodothyro-
nine with TSH.

THYROXINE DOSAGE AT THE TIME OF TSH

MEASUREMENTS
The daily dose of thyroxine was usually in
multiples of 12-5 jig but it was possible to
calculate an approximate thyroxine dose/kg
corresponding to 2960 TSH results using the
following equation to calculate body weight:

Wttest=Wl + (W2-Wl) X (Agete,t-Age1)/(Age2-Age1)

This equation assumes that the rate of weight
gain between any two measurements is linear.
Wttest is estimated weight; Agetest age at which
the sample was collected (days); Wt1 and Age,
the last recorded weight and age before Agetest;
Wt2 and Age2 the next recorded weight and age
after Agetest. If Age2-Agel was greater than
730 days Wttest values were rejected.

Thyroxine dose expressed as jig/kg body
weight showed a normal distribution.

STATISTICAL ANALYSIS
The relation between normal or high TSH
values and other variables (thyroxine <30 or
>30 nmol/l at diagnosis, plasma thyroid
hormone results, estimated dose of thyroxine
(jig/kg/day)) were explored in a series of tables.
Correlation coefficients were also calculated
for plasma thyroid hormone concentrations
and dose of thyroxine (SAS Institute Inc,
1987).

Severe Less severe
hypothyroidism hypothyroidism Results

140/246r(57) 151/260roi(58 Overall, 1280 out of 2960 TSH results were
140/246 (57) 158/2760 (47) greater than 7 mU/l (43%), the highest propor-
160/357 (45) 176/421 (42) tion being in the first year (table 1). The
218/557 (39) 192/608 (32) proportions of high TSH values were similar in633/1401 (45) 647/1559 (42) children with severe and less severe hypothy-

roidism at diagnosis. There was a tendency for
centrations of thyroxine, free the proportion of TSH concentrations over 7
othe age of 4 years, allowingfor mU/l to be higher in the children with more
e 30 nmoNl or below; less severe hypothyroidism after the age of 1 year.
ber of results in each group is also The relationship between plasma TSH and

thyroid hormone concentrations is illustrated
nU/l) in table 2 in which the TSH results have been

divided to give four groups. There is a progres-&-20 >20 sive fall in mean thyroxine and free thyroxine
9) 152.7 (354) 1219 (340) values with rising TSH concentration. Mean

[n=210] [n=245] free triiodothyronine values show a similar
9) 148-6 (33-3) 126-5 (39-8) though less marked trend whereas mean
I [n=231] [n= 184] triiodothyronine values show no trend. Results

23.9 (5-3) 18°0 (6-6) for cases with severe and less severe hypo-
I [n=72] [n=84]

22-0 (5 6) 19-2 (5 5) thyroidism are very similar, indicating that
[n=131] [n=69] severity of hypothyroidism does not have a
2-5 (0-4) 2-3 (0-6) major effect on the relation between TSH and
[n=50] [n=57] plasma thyroid hormone status.
2-6 (0-5) 2-4 (0-6)
[n=55] [n=38] The highest mean (SD) thyroxine (191 2
8-2 (1-5) 76 (27) (45-1) nmol/l) and free thyroxine (29-8 (7 6)
[n= 19] [n=20] pmol/l) concentrations associated with TSH
8-3 (1-6) 7-6 (2 2) concentrations of 7 mU/l or less were obtained[n=22] (n= 13]

in the first 6 months but thyroxine and free
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Plasma TSH concentration (mU/7)

--1 ~2-7

8-0 (2-5)
[n=52]

7-8 (2-5)
[n=48]

6-5 (2-4)
[n=57]

5-8 (1-7)
[n=53]

5-9 (2.0)

[n= 101]
5-4 (1-6)

[n=88]

5.1 (1-1)

[n= 185]
5.0 (1-3)

[n= 193]

7-6 (2-5)
[n=54]

6-5 (2-3)
[n=61]

5-9 (1.7)

[n=69]
5-1 (1-8)

[n=89]

5-4 (1-3)

[n=96]
4-8 (1-4)

[n= 157]

4-8 (1-1)
[n= 154]

4-1 (1-0)

[n=223]

8-20

6-3 (2-9)
[n=48]

5-3 (2-0)
[n=75]

5-4 (1-4)
[n=57]

4-4 (1-4)
[n=70]

4-6 (1-3)
[n=75]

4-1 (1-2)
[n= 106]

4.4 (1-1)
[n= 112]

3.7 (1-1)
[n= 134]

thyroxine values after this showed rn

trend with increasing age (data not
However, plasma triiodothyronines
clear trend with increasing age, the ff
centration falling from 2-9 nmolIl di

first 6 months to 2-2 nmolll by the a,

years.

The mean dose of thyroxine exp

terms of body weight (pRglkgday) wa

during the first year and declined

(table 3). This was true for children w

and less severe hypothyroidism and

with normal or high TSH. Mean

dose was consistently lower for sam

raised TSH values in both groups of

However, mean thyroxine dose wa

tently higher in the group with severe

roidism compared with the less seve:

indicating that in general more thyr(

required to suppress TSH in the chil4

more severe hypothyroidism. Howe-,

groups there was considerable ovei

other groups in thyroxine dose, includ
with low and raised TSH concentratii

Plasma thyroxine concentratio:

correlated with thyroxine dose durinj
year (r=0-276, n=605, p<0-000 1), di
year (r=0-362, n=501, p<0-OO0l),
to fourth years (r=0 3 10, n=764, p<

Free thyroxine concentrations were

related with thyroxine dose in the

(r=0-344, n=232, p<0-0001), the se(

(r=0-356, n=247, p<0-0001), and

fourth years (r=0-351, n=386, p<

There was no correlation betwee

triiodothyronine or free triiodothyroi

centration and thyroxine dose at any

Discussion

The above results reflect the clinical p

a large number of paediatricians in

Wales, and Northern Ireland betwc
and 1988; no attempt was made to stc-

either the type or frequency of thyroid
test carried out or the interpretatic

results. In addition, a large number of

d16 months hospital laboratories were responsible for the

pr;tea-7 measurement of TSH and thyroid hormones,
'above <30 and several different assay methods were used

to estimate plasma TSH and thyroid hormone
concentrations. Despite this lack of uniformity
in clinical and- laboratory practice, a clear

>20 picture emerges of plasma TSH and its rela-
tions to plasma thyroid hormone status and

5-9 (2-4) thyroxine dose during treatment of congenital
[n=92]

5.1 (2-1) hypothyroidism.
[n=76] In keeping with a number of previous

4-9 (2.5) reports, increase of plasma TSH during treat-
[n= 58] ment was very common, par-ticularly in the first
[n1 58]3 year, and the prevalence of abnormal TSH

concentrations was similar in children with
4-5 (2-3)

[n-85] severe and less severe hypothyroidism. The
3-8 (1-5) overall proportion of TSH concentrations

[n=70] above 7 mU/l during the first year (52%) is
4-1 (1-3) higher than that reported by Hulse et al in 36
35=(10) children with hypothyroidism at 1 year (34%)'
[n=58] and Abrusewil et al in 43 infants aged 5-1 1

months (38%)*2 However, the proportion of
TSH concentrations over 7 mUll in the second

oobvious year (43%) is very similar to that reported by
shown). Chiovato et al in 19 children with hypothy-

showed a roidism aged 1-2 years (420/) .

ilean con- In adults with hypothyroidism it has long
uring the been recognised that during treatment with
ge of 3-4 exogenous thyroxine, plasma thyroxine must

be maintained in the upper normal range to
)ressed in suppress TSH.7 This is also the case in
as highest children with congenital hypothyroidism8 and
with age several previous studies have shown that raised
ith severe TSH concentrations during treatment are
for those commonly associated with plasma thyroxine
thyroxine concentrations in the mid to lower part of the
Lples with normal range.2 7 9 10 The results reported in
children. this study fully confirm these earlier observa-
5s consis- tions. Raised TSH values were associated with
hypothy- lower mean values for thyroxine and free thy-
,re group, roxine compared with samples where TSH was
c)xine was in the low/normal range. However, there was
dren with wide overlap between the groups with low and
ver, in all raised TSH concentrations. Mean values for
rlap with free triiodothyronine were less clearly related
iing those to TSH concentration, and triiodothyronine
Ions. showed no obvious correlation with TSH.
ns were A number of reports have indicated that
g the first hypothyroid children with raised TSH values
hie second have usually been on relatively low doses of
and third thyroxine.2 3 9 10 The above results also clearly
"-.0.-000 1). indicate that normal TSH concentrations were
also cor- associated with higher mean doses of thyroxine
first year per unit body weight. In addition, the children
cond year with more severe hypothyroidism needed
third to higher doses of thyroxine to keep TSH within

..O-OOO1). the normal range, falling from a mean (SD) of
,n either 7 -6 (2.-5) rig/kg/day during the first 6 months to
nine con- 4 -8 (1 - 3) iLg/kg/day during the third and fourth
age. years. The corresponding means were for the

children with less severe hypothyroidism were
6-5 (2d1) p.g/kg/day and 4-1 (1-0) p.g/kg/day.
The mean thyroxine doses for the third and

)ractice of fourth years are slightly higher than those
England, reported by others in older children. For
een 1982 example, Rezvani and DiGeorge concluded
andardise that a mean dose of 3-8 p.g/kg/day was neces-
i function sary to maintain normal TSH in 1 1 children
)n of the with congenital hypothyroidism aged 1-14
fdifferent years,9 while Abbassi and Aldridge found that

Table 3 Mean (SD) dose of thyroxine (,ttg/kg/day) during the first and secon
of age, the second year, and third to fourth years; relation with TSH (<1 mU/7
mU1L1; 7-20 mU/7; >20 mU1L() allowing for severity of hypothyroidism (sever-
ment thyroxine 30 nmolll or below; less severe =pretreatment plasma thyroxine
nmol/). The number of results in each group is also shown

Severnty of hypothyroidism

First 6 months
Severe

Less severe

Second 6 months
Severe

Less severe

Second year
Severe

Less severe

Third to fourth years
Severe

Less severe
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a mean dose of 3-5 pig/kg/day was required in
13 children aged 2-15 years with hypothy-
roidism.11 Germak and Foley reported that a
thyroxine dose of 10-14 ,ug/kg/day was needed
during the first 6 months, falling to 5-6
,uglkg/day at 6-12 months.12

In most accounts of thyroxine requirements
in hypothyroid adults and children, suppres-
sion of plasma TSH into the normal range has
been used as the marker of adequate treat-
ment, rather than plasma thyroid hormone
concentrations. While the present study
showed a close relationship between TSH and
plasma thyroxine and free thyroxine, and to a
lesser extent free triiodothyronine, the signifi-
cant overlap of thyroid hormone concentra-
tions between samples with raised and
low/normal TSH values illustrates the limita-
tion of using measurements of thyroid hor-
mone concentration to monitor treatment.
However, the use of TSH alone to monitor
treatment has the drawback that plasma TSH
may take several weeks to readjust to a change
in thyroxine dosage.6 In contrast, plasma
thyroxine and free thyroxine rapidly reach new
equilibria'2 and this can be helpful in monitor-
ing the initial stages of treatment in congenital
hypothyroidism when TSH concentrations
may remain abnormal for some time.
Estimation of thyroxine or free thyroxine may
also help identify when a persistent increase of
TSH is due to poor compliance with
treatment, leading to either unexpectedly
low thyroid hormone concentrations, or appar-
ently adequate concentrations after improved
compliance immediately before a clinic visit.

It is becoming widely accepted that recently
introduced highly sensitive assays for TSH
provide the most reliable method of monitor-
ing treatment in hypothyroidism, particularly
as they can also detect overtreatment leading
to subnormal TSH concentrations.13 14 It has
not been possible to assess this latter aspect in
the present study as the methods used to esti-
mate TSH between 1982 and 1988 generally
lacked sufficient sensitivity to identify abnor-
mally low TSH concentrations. However, 16%
of the TSH results recorded were classified as
below the limits of assay sensitivity and it

seems likely that some of these results would
have been abnormally low if highly sensitive
TSH methods had been available. As reduced
bone mineral content occurs in thyrotoxicosis
and has been described in adults and children
during treatment with thyroxine,'5 16 future
strategies for monitoring treatment in congeni-
tal hypothyroidism need to ensure that
overtreatment is also recognised and corrected.
We thank the many paediatricians who supplied information
about their patients; without their help this study would have
not been possible. The National Register of Children with
Congenital Hypothyroidism was supported by a MRC project
grant.
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