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Abstract
Objective—To determine the feasibility of
annual hypothyroid screening of children
with Down’s syndrome by measuring thy-
roid stimulating hormone (TSH) on dried
blood spots at school, and to describe the
outcome in positive children.
Design—Establishment of a register of
school children with Down’s syndrome,
and procedures for obtaining permission
from parents, annual capillary blood sam-
ples, TSH measurement, and clinical
assessment of children with TSH values
> 10 mU/litre.
Subjects—All school age children with
Down’s syndrome within Lanarkshire and
Glasgow Health Boards during 1996–7 and
1997–8.
Results—200 of 214 school children with
Down’s syndrome were screened. Four of
the unscreened children were receiving
thyroxine treatment, and only 5 remained
unscreened by default. 15 of the 200
children had capillary TSH > 10 mU/litre,
and all but 1 had evidence of Hashimoto’s
thyroiditis. Seven of the 15 children
started thyroxine treatment immediately,
6 with a pronounced rise in venous TSH
and subnormal free thyroxine (fT4), and
one with mildly raised TSH and normal
fT4 but symptoms suggesting hypo-
thyroidism. Eight children with mildly
raised venous TSH and normal fT4 were
left untreated; 1 year after testing positive,
fT4 remained > 9 pmol/litre in all cases,
but 4 children were started on thyroxine
because of a rise in TSH. TSH fell in 3 of
the 4 remaining children and there was a
marginal rise in 1; all remain untreated.
The prevalence of thyroid disease in this
population is > 8.9%.
Conclusion—Dried blood spot TSH
measurement is eVective for detecting
hypothyroidism in Down’s syndrome and
capillary sampling is easily performed at
school. The existing programme could be
extended to the whole of Scotland within a
few years.
(Arch Dis Child 2000;82:27–31)
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It is well recognised that thyroid dysfunction
occurs more frequently in Down’s syndrome
than in the general population.1–3 Primary

hypothyroidism, the most common problem,
can be described as decompensated or com-
pensated according to whether the plasma thy-
roxine (T4) or free T4 (fT4) is low or
maintained within the normal range. Although
an increased prevalence of congenital hypo-
thyroidism in Down’s syndrome is
recognised,4 5 a mild and transient rise in
thyroid stimulating hormone (TSH) in infancy
is more usual,5 6 and acquired hypothyroidism
as a result of Hashimoto’s thyroiditis is the
most common disorder.1–3 7 8 Some studies
have reported relative hypothyroxinaemia in
individuals with Down’s syndrome compared
with controls.2 9 10 The prevalence of hyperthy-
roidism is also increased in Down’s
syndrome.8 11 12

Prevalence figures for hypothyroidism in
Down’s syndrome will vary not only according
to the age of the population tested, but also
according to the type and extent of thyroid
dysfunction measured: thyroid autoantibody
status, TSH concentration, and T4 or fT4
concentrations. A community study in Bedford
found raised TSH concentrations in seven of
101 individuals (7%) aged 5–21 years.7 In Bir-
mingham, a survey of 160 adults with Down’s
syndrome showed prevalences for decompen-
sated and compensated hypothyroidism of
8.1% and 11.9%, respectively.3

Clearly, it is desirable to detect hypothyroid-
ism as early as possible in any individual, and
especially in children who already have growth
impairment and learning disability. However,
clinical diagnosis is diYcult in Down’s syn-
drome. The hypothyroid features can be
masked by the phenotypic appearance,3 13 and
symptoms such as weight gain, poor growth,
and dulling of aVect might be attributed to the
syndrome itself. Conversely, symptoms such as
weight gain and cold intolerance might be
attributed to hypothyroidism in individuals
with Down’s syndrome who have only margin-
ally raised TSH values and low normal T4
concentrations. This might account for the
particularly high prevalence figure for hypo-
thyroidism in a recent study from Finland.14

Given these diYculties and the increased
prevalence of hypothyroidism in Down’s syn-
drome, regular screening has been
recommended.3 5 However, screening by ve-
nous sampling can be diYcult technically, is
often traumatic for the child, and becomes
ethically questionable in older subjects in
whom considerable restraint may be required.
For these reasons, venepuncture is not usually

Arch Dis Child 2000;82:27–31 27

Department of
Community Child
Health, Lanarkshire
Healthcare NHS Trust,
Motherwell ML1 1TB,
UK
S E Noble

Department of Public
Health, Lanarkshire
Health Board,
Hamilton ML3 0TA,
UK
C E Clark

Department of
Community Child
Health, Glasgow
G41 8QU, UK
K Leyland
J Redfern

National Screening
Laboratory, Stobhill,
Glasgow G21 3UW, UK
J M Mackenzie
R W A Girdwood

Department of Child
Health, Royal Hospital
for Sick Children,
Yorkhill, Glasgow
G3 8SJ, UK
C A Findlay
M D C Donaldson

Correspondence to:
Dr Donaldson
email: mdcd1t@
clinmed.gla.ac.uk

Accepted 4 August 1999

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.82.1.27 on 1 January 2000. D

ow
nloaded from

 

http://adc.bmj.com/


feasible at the school or surgery, whereas
hospital based screening is diYcult to organise.

In contrast, capillary TSH sampling, using
the dried blood method used for neonatal
screening, is technically simple, can be per-
formed in the community, and is easily accom-
modated by the national or regional screening
laboratory. The purpose of our study was to
examine the feasibility of capillary TSH
screening in school children with Down’s syn-
drome aged 4–19 years and to describe the
outcome in those children who were referred
after a positive test. The relative insensitivity of
the dried blood spot TSH assay (lower limit of
detection approximately 10 mU/litre) was seen
as a potential advantage because the mild TSH
rise (5–9 mU/l), which occurs frequently in
Down’s syndrome,15 would not be detected,
thus avoiding unnecessary intervention,
whereas evolving hypothyroidism would not be
missed if screening was being carried out on a
regular basis.

Subjects and methods
A register was created for children and adoles-
cents with Down’s syndrome who were attend-
ing schools within Glasgow and Lanarkshire
Health Boards. The information was supplied
by school doctors and nurses from the two
health boards. For the academic years August
1996 to June 1997 (year 1) and August 1997 to
June 1998 (year 2) school nurses were asked to

verify inclusion of new school entrants, and to
record the details of school leavers. Infor-
mation from the preschool child health surveil-
lance programme was used to cross check new
entrants. After ethical approval had been
obtained, the school nurses distributed letters
to the parents explaining that annual screening
for an underactive thyroid was being proposed
using a finger prick test, and enclosing a
consent form. Four options were oVered: con-
sent to annual screening; refusal; opportunity
for further discussion with the school doctor or
nurse; and non-participation if the child had
recently been screened elsewhere or was
already on thyroxine treatment.

For children for whom consent had been
given, school nurses obtained capillary blood
using autolets, filling two circles on neonatal
screening cards. The cards were sent to the
National Screening Laboratory in Glasgow,
where TSH was measured using a monoclonal
antibody coated tube immunoradiometric
assay (sensitivity 1 mU/litre). For year 1 the
laboratory reported results of < 10 mU/litre as
negative, requested a repeat sample if the value
was 10–14 mU/litre, and referred the case to a
paediatric endocrinologist (MDCD) for clini-
cal assessment if either the initial value was
> 15 mU/litre, or the repeat value was
> 10 mU/litre. Because all repeat samples in
year 1 confirmed the raised TSH values, all
cases testing > 10 mU/litre in year 2 were
referred directly to the paediatric endocrinolo-
gist. Clinical assessment of referred cases
included examination for symptoms such as
fatigue, cold intolerance, dry skin and hair, and
constipation, together with signs such as
myxoedema, bradycardia, cool peripheries, and
slow tendon reflexes. The presence or absence
of goitre was also noted. Height was measured
using a Holtain stadiometer and expressed as
centile position using growth charts specific for
Down’s syndrome (Castlemead publications),
derived from the data of Cronk et al.16 Venous
blood was taken for plasma TSH and fT4
measurement using an Abbot axsym analyser.
Thyroid autoantibodies were measured as
microsomal and thyroglobulin antibodies by
murex haemaglutination during year 1. By year
2 the laboratory had changed to measuring
thyroid peroxidase (TPO) antibodies with a
chemiluminescence method using an immulite
analyser (Euro DPC Ltd, Gwynedd, UK).

Results
In year 1, 204 children and adolescents with
Down’s syndrome aged 4–19 years were
identified as attending schools in Glasgow and
Lanarkshire Health Boards (fig 1). Twenty six
children were receiving education in main-
stream schools; the rest in special schools. Four
children were already receiving thyroxine. One
had begun treatment in the neonatal period for
probable congenital hypothyroidism and three
children, one of whom also has diabetes melli-
tus, had developed hypothyroidism (compen-
sated in two) aged 8, 10, and 11 years. In addi-
tion to these four children, six had been tested
by venepuncture either by their paediatrician
or family doctor. A further 14 (6.9%) were

Figure 1 Flow chart showing the results of screening for hypothyroidism in school children
with Down’s syndrome from Glasgow and Lanarkshire Health Boards during the academic
years 1996–7 (year 1) and 1997–8 (year 2). Positive test, dried blood spot TSH
> 10 mU/litre; negative test, dried blood spot TSH < 10 mU/litre. *Excluding 4 children
on thyroxine.
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unscreened, eight because the consent form
had not been returned by the parents despite
several requests. During year 2, by which time
23 children had left the programme (21 school
leavers) there were seven new school entrants.
Of 177 children appropriate for screening only
four were unscreened by default, whereas a
further three were too upset by the prospect of
repeat capillary testing to comply. At the end of
year 2 only five of the 214 subjects on the reg-
ister (2.3%) remained untested either by the
dried blood method or venepuncture else-
where.

During year 1, 10 children were referred for
further testing, five after the initial test, and five
after repeat sampling. No child requiring
repeat sampling tested negative on the second
occasion. During year 2, five cases were
referred, one of whom (patient 13) had not
been screened during year 1.

Table 1 shows the clinical and biochemical
data on the 15 patients referred over the two
years of screening. There were eight boys and
seven girls, with age at diagnosis ranging
between 5 and 18 (median, 13) years. The
raised capillary TSH values were confirmed on
venous sampling in all patients, and all but one
subject (patient 14) had either positive micro-
somal or TPO antibodies consistent with
Hashimoto’s thyroiditis. In contrast, thy-
roglobulin antibodies in year 1 were negative in
five of the 10 patients and strongly positive
(1/1600) in only two.

Of the 15 children referred, six had markedly
raised TSH values (36–132 mU/litre) with
subnormal fT4 levels of 5.2–8.9 pmol/litre
(normal range, 9–26). These patients were
immediately started on thyroxine and a seventh
child (patient 11) was also treated promptly in
view of symptoms suggestive of hypothyroid-
ism, although fT4 was normal and venous
TSH only mildly raised at 14.8 mU/litre.
Although three patients had symptoms of
hypothyroidism (clinically obvious in patient 1)
none of the seven children had attended the
family doctor. One girl (patient 2) who was

below the fifth height centile for Down’s
syndrome showed catch up growth on treat-
ment to the 10th–25th centile over the next
year. The remaining six children had heights on
or above the 50th Down’s centile.

Eight children had mildly raised venous
TSH values (7.3–12.7 mU/litre) with normal
fT4 (median, 11.6; range, 9.4–19.7 pmol/
litre). None of these children had clinical
features of hypothyroidism and none was
treated initially. Heights ranged between the
fifth and > 95th Down’s centile (median, 25th)
in this group. On venous retesting one year
later, fT4 remained > 9 pmol/litre in all
patients. However, four children were started
on thyroxine treatment, two (patients 7 and 8)
because TSH values had risen to 19.1 and
15.7 mU/litre, respectively, and one (patient 5)
because a marginal TSH rise to 13.8 mU/litre
was accompanied by tiredness. A fourth child
(patient 6), although actually biochemically
hyperthyroid one year after capillary testing,
developed lethargy three months later and was
found to have raised TSH values (20.4 mU/
litre), with an fT4 concentration of 9.2 pmol/
litre. Consequently, thyroxine treatment was
started in this child. Of the remaining four
children, TSH values fell in three patients (to
normal in patients 10 and 14), with a marginal
rise in one, and all remain untreated at present.

Discussion
We have found dried blood spot TSH screen-
ing by capillary testing in school aged children
with Down’s syndrome to be feasible in most
cases. The procedure has been well tolerated by
most of the children screened and although
some refused capillary testing we believe that
the number of refusals would have been far
higher had venous sampling been attempted.
Capillary sampling can be carried out in the
school setting with minimal inconvenience and
disruption to the child and their parents. In
contrast, we found venepuncture in hospital
very diYcult to perform in several of the cases
referred with TSH rises, and intend to monitor

Table 1 Clinical and biochemical data on 15 children and adolescents with Down’s syndrome who were found to have raised TSH values on capillary
TSH screening carried out at school during the academic years 1996–7 (year 1) and 1997–8 (year 2)

Patient
Age
(years) Year Sex

Down’s
height centile

Capillary
TSH

Venous blood

Clinical features TreatedTSH fT4

Thyroid autoantibodies

Mic Tg TP

1 15 1 F 50 119 132 5.2 > 1/6400 1/400 Pallor, bradycardia, dry skin Yes
2 10 1 F < 5 86 114 7 > 1/6400 1/100 Cold intolerance, weight gain, dry skin Yes
3 12 1 M 50 51 108 7.7 > 1/6400 Neg Goitre, dry skin Yes
4 8 1 M 75 29 36.9 8.9 > 1/6400 1/1600 Weight gain Yes
5 18 1 M > 95 19 11.6 (13.8) 9.4 (10) 1/400 Neg None Yes*
6 14 1 F 50–75 17 7.8 (0.04) 11.8 (29.3) 1/6400 1/400 None Yes‡
7 14 1 M 75–90 13 12.7 (19.1) 11.3 (10.5) > 1/6400 Neg None Yes*
8 5 1 M > 95 11 10.8 (15.7) 12 (12) 1/6400 1/1600 None Yes*
9 17 1 F 25–50 13 10 (7.9) 9.6 (13.6) 1/1600 Neg Slightly dry skin and hair No
10 16 1 M 5 16 8.7 (4.7) 19.7 (12.4) 1/6400 Neg None No
11 14 2 F 50–75 14 14.8 13.1 > 1000 Cold intolerance, lethargy Yes
12 12 2 F > 95 55 79 8.7 140 Weight gain Yes
13 13 2 M > 95 12 40.8 8 161 None Yes
14 12 2 M 25–50 14 7.3 (4.3) 10.3 (10) < 50 None No
15 9 2 F 10–25 18 9.5 (12.3) 18 (15.5) 825 Juvenile arthritis, no thyroid symptoms No

Venous TSH and free T4 values 1 year after screening are given in parenthesis for the eight children who were not initially treated with thyroxine.
Normal values: capillary TSH, < 10 mU/litre; venous TSH, < 5 mU/litre; fT4, 9–27 pmol/litre; Mic and Tg titres, < 1/100, TPO, < 50 IU/ml.
*Thyroxine started after retesting one year later.
‡See text for details.
TSH, thyroid stimulating hormone; fT4, free thyroxine; Mic, microsomal; Tg, thyroglobulin; TPO, thyroid peroxidase; Neg, < 1/100.
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their future progress by capillary rather than
venous sampling. Capillary TSH sampling
could also be extended to the screening and
monitoring of other at risk groups including
Turner’s syndrome.17

The uptake of screening in the two health
boards has been excellent, particularly in Lan-
arkshire, where no patients were unscreened
by default or error. In Glasgow, diYculties
were encountered with the return of consent
forms during year 1, and the request was
refused in two cases, but by year 2 this
problem had been largely resolved, and over
the two year screening period only five (2.3%)
of the 214 school children remained untested
by either capillary TSH screening or
venepuncture elsewhere.

Capillary TSH screening yielded 15 positive
tests over a two year period and all but one
child was thyroid autoantibody positive. Symp-
toms and signs of hypothyroidism were few,
even in those children with subnormal fT4 and
very high TSH concentrations, and none of the
15 children had been taken to the doctor with
hypothyroid symptoms. Height status repre-
sented by centile on Down’s syndrome growth
chart was subnormal in only one girl (patient
2) with decompensated hypothyroidism. Oth-
erwise, Down’s specific height centile was non-
contributory, with 10 of the 15 children on or
above the 50th centile.

Six cases with pronounced rises in TSH
clearly required immediate treatment with thy-
roxine, and this was also instituted in a seventh
patient with a mildly raised TSH concentration
but symptoms suggestive of hypothyroidism.
The decision regarding management of the
eight children with mildly raised TSH values
and no symptoms was more diYcult but we
elected to keep them under observation. One
year after capillary testing, four of the children
were started on thyroxine treatment after a rise
in TSH to between 13.8 and 20.4 mU/litre,
with one girl having a transient phase of
biochemical hyperthyroidism beforehand.
From our initial experience, we suspect that
almost all cases with venous TSH > 10 mU/
litre on initial testing will go on to require thy-
roxine treatment at some stage. However, our
data are too few for definite conclusions to be
drawn at present. Consequently, in asympto-
matic children with TSH values between 10
and 15 mU/litre we will, with parental agree-
ment, continue a policy of surveillance.

Concerning the optimal frequency of screen-
ing it is of note that one girl showed a capillary
TSH of 55 mU/litre in year 2, having tested
negative in the previous year. A second boy
showed a pronounced rise in venous TSH
(40.8 mU/litre) three months after a borderline
capillary TSH concentration was found
(12 mU/litre), whereas a third girl developed a
TSH of 20.4 mU/litre within months of a tran-
sient phase of biochemical hyperthyroidism.
These cases, which indicate rapid progression
of Hashimoto’s thyroiditis, suggest that screen-
ing should be performed on an annual basis if
the capillary TSH method is used.

The estimated 8.9% prevalence for thyroid
disease in our study is comparable with

previous reports in this age group.7 However,
the true prevalence of hypothyroidism in
school children with Down’s syndrome in
Scotland will not be known until screening is
continued over a wider area for a longer period.

Creating and maintaining a register of school
children with Down’s syndrome for the whole
of Scotland is our next goal, with the ultimate
aim of pre-empting manifest hypothyroidism in
all Scottish school children. The recent intro-
duction of unique national community health
index numbers will assist the development of
the register, which could also facilitate a more
systematic approach to surveillance of hearing,
vision, and cardiac impairment.

With regard to cost, the first two years of
screening have been carried out using existing
resources and with relatively minor expendi-
ture on materials and postage. For the screen-
ing laboratory, the extra work involved is trivial
in terms of sample handling, but the notifica-
tion of positive cases has been time consuming
and extra resources will be required when
nationwide screening is introduced, especially
if the programme extends into adulthood.

The decision to start screening at school
entry was taken for logistic reasons and
because we assumed that the prevalence of
decompensated hypothyroidism from Hashi-
moto’s thyroiditis would be low in this age
group, with cases of congenital hypothyroidism
having been identified by the neonatal screen-
ing programme.5 However, one child identified
by screening was only 5 years old, and we have
recently seen two preschool boys with positive
TPO antibodies and high TSH values, one of
whom had clinically severe hypothyroidism. We
suggest that capillary TSH testing at 18
months and 3 years is desirable in preschool
children, but that a programme for compre-
hensive screening of school aged children
should take priority.

There is a particular need for a screening
procedure for school leavers, because the likeli-
hood of developing hypothyroidism becomes
greater with age. In Glasgow, a thyroid register
exists so that the family practitioners of adult
patients receiving thyroxine are automatically
notified to carry out thyroid function tests on
an annual basis and provided with a sample
container and stamped addressed envelope for
sampling and postage. Introduction of a similar
system for adults with Down’s syndrome
should be considered.

We wish to thank all the school nurses in Lanarkshire and Glas-
gow Health Boards for their patience and support, also M
McIntyre, M Telford, A Brown, and H Smith for their clerical
assistance.
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Cost of chickenpox
The incidence of chickenpox is said to be approximately equal to the
number of births. Over 95% of cases are in children under 15 with the
highest incidence in the 5–9 year age range. Details of the financial cost of
the disease have been reported from Canada.

In two papers (Barbara Law and colleagues. Pediatrics 1999;104:1–6 and
7–14) costs are calculated from studies of 179 otherwise healthy 1–9 year
olds with uncomplicated chickenpox treated at home, 160 otherwise
healthy children with complicated (treated in hospital) chickenpox, and 40
children with leukaemia admitted to hospital with chickenpox. For
uncomplicated cases the total cost to society per case was estimated at
around CDN$370 for younger children and CDN$240 for children aged
5–9. Medical costs were about 10% of the total. The total national cost was
estimated at CDN$110 million annually.

For children admitted to hospital the total cost to society per case was
around CDN$8000 for otherwise healthy children and for children with
leukaemia the medical cost of an admission with chickenpox was over
CDN$7000. This brought the estimated total national cost of chickenpox
to CDN$122 million, with CDN$24 million of that cost being borne by
the health ministry. Added to that there were considerable quality of life
costs for children and parents. In the USA it has been calculated that vac-
cination against chickenpox would result in a total saving to society of
US$66 per child vaccinated. (CDN$1 approximately US$0.68.)
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