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Appendix B: Scope

THYROID DISORDER IN CHILDREN AND YOUNG
PEOPLE WITH DOWN SYNDROME: SURVEILLANCE
AND INITIATION OF TREATMENT
1 Guidance title
Thyroid disorder in children and young people with Down Syndrome: surveillance and
initiation of treatment

1.1

Short title

Thyroid disorder: surveillance in children with Down Syndrome

2 The remit
The Down Syndrome Medical Interest Group (UK and Ireland) in collaboration with parents,
health care professionals, and other key stakeholders will be undertaking a project to
develop best practice guidance to increase the timely detection of thyroid disorder in children
and young people with Down Syndrome.

3 Clinical need for the guideline
3.1 Epidemiology
(a) Down syndrome is the most common human chromosomal disorder with an
incidence of 1:1000 live births in the UK (1). Thyroid dysfunctions, resulting in both
hypo- and hyperthyroidism, are considered the most frequent endocrine disorders
associated with the syndrome.
(b) Hypothyroidism in Down Syndrome can be either congenital or acquired. The
reported rate of occurrence ranges from 6% to 10% compared with 0.14% in the
general population.
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(c) The incidence of congenital hypothyroidism is higher in infants with Down
Syndrome and is reported to range from approximately 1% to 6% of neonates (2)
compared with approximately 0.2% in the general population (3): 70% is
permanent and 30% transient (4).
(d) Natural fluctuations in TSH levels mean congenital hypothyroidism is difficult to
diagnose during the first six months of life. In addition, there are secondary and
tertiary causes of hypothyroidism which would not be detected with simple TSH
level testing. However, uncontrolled hypothyroidism in the neonatal period may
be detrimental to psychomotor development, somatic growth and cognition (5).
(e) In children and adults with Down Syndrome, there is a higher predisposition to
develop hypothyroidism compared to the general population, usually as a
consequence of autoimmunity. The probability of thyroid dysfunction increases
with age, as with the general population (6). Immunological basis characterizing
the higher incidence of autoimmune diseases in Down Syndrome is still unclear.
(f) Subclinical hypothyroidism is common in children and young people with Down
Syndrome, with the estimated prevalence ranging between 25% and 60% (2). This
refers to a raised TSH level in the presence of normal T4 and T3, the majority of
which is associated with positive antibodies. There is lack of agreement as to
whether subclinical hypothyroidism has a clinically significant impact on children
and young people with Down Syndrome and what course of action should be
taken after its discovery.
(g) Hyperthyroidism is more common in children with Down Syndrome than in the
general population with the reported incidence ranging from 0.6 to 1% compared
to 0.1 – 0.4% in the general population (7). The risk of hyperthyroidism increases
with age, with onset being rare below the age of 8 years.

3.2 Current practice
(a)

A recent audit of national Down Syndrome paediatric services suggests
variation in initiation and timing of surveillance including which investigation test
to use.

(b)

There is a recognised need to support parents and health care professionals
with evidence-based guidance that is nationally endorsed and implemented to
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support outcomes that improve the quality of life for children with Down
Syndrome and their families.

4 The guideline
a)

The guideline will be developed according to RCPCH standards for guideline
development (7) which is NICE accredited.

b)

This document is the scope. It defines exactly what this guidance will (and will
not) examine, and what the guidance developers will consider.

c)

The areas to be addressed by the guideline are in the following sections.

4.1 Populations
4.1.1 Groups that will be covered
Children and young people with Down Syndrome who are under 19 years of age i.e. to the
stage of transition to adult services.

4.1.2 Groups that will not be covered
Young people and adults over 19 years of age are not the focus of this guidance. However,
the guidance on identification of thyroid disorders may be of relevance and appropriately
considered in young adults over 19 years of age.

4.2 Healthcare setting
Primary, community, secondary and tertiary care settings.

4.3 Clinical management
4.3.1 Key issues that will be covered
(a) How routine surveillance should be carried out to detect thyroid disorder i.e. what
blood tests should be performed.
(b) The appropriate frequency and timing of blood tests to ensure timely detection of
thyroid disorder (i) as part of routine surveillance and (ii) following an abnormal or
indeterminant blood test result.
(c) When treatment should be commenced where children or young people are found to
have thyroid disorder (hypo or hyper) with or without clinical symptoms.
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4.3.2 Clinical issues that will not be covered
(a) Ongoing treatment and review after initiation of treatment.
(b) Cost effectiveness reviews and analysis.

4.4 Main outcomes
4.4.1 Outcomes
Improved developmental outcomes and decreased morbidity as a result of timely detection
and treatment of thyroid disorders in children and young people with Down Syndrome.
Outcome measures include:
•

Cognitive development

•

Motor development

•

Growth

•

Cognition

•

Weight changes

•

Energy levels

•

Bowel function

•

Hair growth

•

Skin changes

4.5 Key questions
(a) What blood tests should be undertaken as part of routine surveillance to identify thyroid
disorders in children and young people with Down Syndrome?
(b) When and how frequently should routine surveillance blood tests commence in children and
young people with Down Syndrome and how often should they be repeated?
(c) At what thresholds should treatment be initiated when hypothyroidism has been detected,
including clinical symptoms and biochemical thresholds?
(d) At what thresholds should treatment be initiated when hyperthyroidism has been detected?

4.6 Status
4.6.1 Scope
This is the final scope.

4.6.2 Timing
7
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The development of this guidance will begin in April 2019 and is expected to be completed
by January 2020.

5 Related guidance
There is currently no systematically developed, accredited evidence based national clinical
guidance for the UK on surveillance for thyroid disorder in children and young people with
Down Syndrome.
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8
© DSMIG Thyroid Disorder in children and young people with Down Syndrome

Appendix C: Systematic Review Protocol
Clinical questions:
1. What blood tests should be undertaken as part of routine surveillance to identify
thyroid disorders in children and young people with Down Syndrome?
2. When and how frequently should routine surveillance blood tests commence in
children and young people with Down Syndrome and how often should they be
repeated?
3. At what thresholds should treatment be initiated when hypothyroidism has been
detected, including clinical symptoms and biochemical thresholds?
4. At what thresholds should treatment be initiated when hyperthyroidism has been
detected?
These questions are all inter-related and one sensitive search was conducted based on the
review protocol. The papers identified by the search were then used to develop one
overarching systematic review that set out to answer the four clinical questions.
PICO item
Population

Definition
Children and young people with Down
syndrome

Notes
Include: CYP up to 19th birthday; mixed samples where
majority of sample is under 19 years old and mean age is
under 19. Samples where majority (>50%) have Down
syndrome or where CYP with Down syndrome have results
reported separately.
Exclude: samples made up exclusively of CYP without Down
Syndrome. .

Interventions

Blood tests to determine thyroid function
undertaken as surveillance for thyroid
dysfunction.

Include: any blood test undertaken to determine thyroid
function.
Report blood test, timings, thresholds and other laboratory
details including how assay carried out.
Also include clinical examination, including growth,
undertaken as surveillance for thyroid function.
Exclude: any treatment/management of thyroid dysfunction

Comparator

Any alternative strategy or no alternative
strategy
Surveillance findings in general population
of CYP

Outcomes

Diagnosed thyroid dysfunction
Clinical signs and symptoms: psychomotor
development, body weight, height, hair
growth, cognitive ability, energy levels
bowel function

Study design

All study designs including comparative
experimental studies, comparative
observational studies, longitudinal
observational studies, studies of diagnostic
accuracy/predictive ability and systematic
reviews of the above.

Include: any comparator used in experimental studies e.g.
alternative blood tests, alternative timings or no testing, or
any sample comparison in observational studies.
Include: hypothyroidism, hyperthyroidism, transient
conditions, sub-clinical conditions.
Define thresholds, lengths of follow up and transitions from
one diagnosis to another.
Include: primary research
Exclude: commentaries, non-systematic literature reviews.
Cross-sectional, non-comparative observational studies.
Case reports. Studies with small sample size (N<12).
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PICO item
Other
inclusion
criteria

Definition
English language
1989 – 2019
Include studies from all countries

Notes
Search limited to 30 years back as practice has moved on
considerably since before this time.
Exclude: Abstracts, including abstracts of conference
proceedings.
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Appendix D: Search strategy
Broad search for 4 clinical questions:
Databases searched: Web of Science (Medline; Science Citation Index Expanded; Arts and
Humanities Citation Index; Conference Proceedings Citation Index – Science edition;
Conference Proceedings Citation Index – Social Science + Humanities edition; Emerging
Sources Citation Index (2015–); Book Citation Index (2005–)); BIOSIS Citation Index; BIOSIS
Previews; Cochrane Central Database of Controlled Trials (CENTRAL) [Cochrane Library];
SciELO Citation Index)
Timespan: 1989 - 2019
Search date: 10.04.19

Set
#4

Results
1,192

Search terms

#3

4,830,423

TS= (child* OR baby OR babies OR neonat* OR newborn* OR infant* OR
preschool OR pre-school OR adolescen* OR teenage* OR "young
adult*" OR "young people" OR paediatric* OR pediatric* OR school*)

#2

274,867

TS= (thyroid* OR thyroxine OR TSH OR hypothyro* OR hyperthyro* OR
Hashimoto* OR Grave* disease OR thyrotropin*)

#1

793,194

TS= ("Down syndrome" OR "Down's Syndrome" OR "Downs Syndrome"
or Down OR "trisomy 21")

#3 AND #2 AND #1
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Identification

Appendix E: Flow diagram for literature searching

Records identified through
database searching
(n = 1,192)

Additional records identified
through other sources
(n = 33)

Records screened
(n = 1,210)

Records screened out
(n = 1176)

Full-text articles assessed
for eligibility
(n = 34)

Full-text articles excluded,
with reasons
(n = 12)

Included

Eligibility

Screening

15 duplicates removed

Studies included in
systematic review
(n = 22)
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Appendix F: Evidence Table
n=22 included studies
First author, date
(country)

Study aim

Study design

Aversa 2015

To
investigate
Hashimoto’s
thyroiditis in
CYP with
Down
syndrome
and compare
this with
children
without
Down
syndrome

Study had 2
components:
Retrospective
observational
study (review of
medical
records) plus
current
observational
study
(reassessment
of thyroid
function).

(Italy)

Population and
sample
N=699 CYP
diagnosed with
Hashimoto’s
thyroiditis
followed up in
one of 6
paediatric
endocrinology
centres.
Inclusion criteria:
1.Age ≤18 years
2.Positive TGabs
and/or TPOabs.
3.Enlarged
thyroid gland (US
evaluation)
4.Hypoechogenic
thyroid pattern
on US consistent
with
autoimmune
thyroid disease
5.Preliminary
exclusion of
Turner
syndrome,
Grave’s disease

Methods

Findings

Review of medical records to obtain
demographic data, history of thyroid
dysfunction and concomitant
autoimmune disorders.

Findings for CYP with Down syndrome (n=146) compared with
control group (n=553) at time of diagnosis of Hashimoto’s
Thyroiditis:
Female predominance: 66 (45.2%) vs 449 (81.2%); p<0.001
Age (years)/mean (SD): 6.5 (4.8) vs 11.1 (3.0); p<0.001
Age<10 years: 107 (73.3%) vs 180 (32.5%); p<0.001
Family history of thyroid disease: 10 (6.9%) vs 174 (31.5%); p<0.001
Associated autoimmune disease: 85 (58.2%) vs 104 (18.8%); p<0.001

All CYP with Down syndrome reexamined to ascertain free (f)T4 and
thyroid stimulating hormone (TSH)
serum levels, and thyroid function
patterns (median time of this follow
up 5.1 years; range 3.5 – 6.4 years).
CYP receiving L-T4 treatment at the
time of re-evaluation were assessed 6
weeks after therapy withdrawal. CYP
who were receiving methimazole at
the time of re-evaluation were
included in the subgroup who
switched over time from HT to
Grave’s Disease (GD) provided that
TSH receptor autoantibodies were
positive.
Definitions:
Normal fT4: 10.3 – 24.4 pmol/l
Normal TSH: 0.3 – 4.5 mU/l
Overt hypothyroid: low fT4 with
elevated TSH
Subclinical hypothyroidism: normal
fT4 and elevated TSH

Prevalence rates of the different thyroid hormonal patterns and
median (range) serum levels of thyroid autoantibodies at the time
of diagnosis of Hashimoto’s thyroiditis comparing CYP with Down
syndrome (n=146) and controls (n=553):
Euthyroidism: 20 (13.7%) vs 300 (54.3%); p<0.001
Subclinical hypothyroidism: 92 (63.0%) vs 95 (17.2%); p<0.001
Overt hypothyroidism: 28 (19.2%) vs 122 (22.1%); p=0.450
Hyperthyroidism: 6 (4.1%) vs 36 (6.5%); p=0.278
TPOabs (IU/ml): 83 (0.2 – 4045) vs 554 (22 – 4600); p<0.001
TGabs (IU/ml): 100 (0 – 3673) vs 237 (0 – 3536); p<0.001
(Note: prevalence of thyroid dysfunction in the overall population of
CYP with Down syndrome not reported)
Prevalence rates of the different thyroid hormonal patterns in the
group of 146 CYP with Down syndrome, both at the time of HT
diagnosis and at
re-evaluation, after median time interval of 5.1 years
Euthyroidism: 20 (13.7%) vs 5 (3.4%); p<0.002
Subclinical hypothyroidism: 92 (63%) vs 92 (63%)
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(GD) and other
causes of
thyromegaly or
thyroid
dysfunction.
n=146 CYP with
Down syndrome
n=66 female
Age range 1 – 18
years
Control group:
n=553
CYP
without
Down
syndrome
n=449 female
Age range 2.5 –
18 years

Hyperthyroid: suppressed TSH with
either normal or elevated fT4.
Thyroid status of CYP with Down
syndrome at time of re-evaluation
defined according to same
classification that had been initially
used. All 12 CYP classified as
hyperthyroid at re-evaluation were
considered to be affected by GD (on
basis of history, methimazole
treatment and TSH receptor
autoantibody positivity).

Overt hypothyroidism: 28 (19.2%) vs 37 (25.4%) p<0.205
Hyperthyroidism: 6 (4.1%) vs 12 (8.2%); p<0.144
Overall dysfunctions: 126 (86.3%) vs 141 (96.6%); p<0.002
At time of re-evaluation 87 CYP with Down syndrome (59.5%) were
receiving L-T4 therapy (28 with overt hypothyroidism + 59 with
subclinical hypothyroidism).

Lab testing:
Serum concentrations of TSH and FT4
were measured
by radioimmunoassay methods.
TPOabs and
TGabs were measured by
chemiluminescent immunometric
assays, values above 20 or 30 IU/ml,
respectively, were defined as positive.
TRAB serum levels were measured by
a second generation radioreceptor
assay using the human recombinant
TSH receptor, values above 1.5 IU/ml
were defined as positive.
Statistics:
Frequencies: Chi-squared
Parametric data: Student’s t-test
Non-parametric data: Mann-Whitney
U test or Wilcoxon test
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Claret
2013
(Spain, Catalonia)

To confirm
that
subclinical
hypothyroidism in
CYP with
Down
Syndrome is
usually
transitory
and identify
factors
associated
with
spontaneous
remission.

Retrospective
observational
study

Catalan Down
Syndrome
Foundation
database, 19932008.
N=1903 cases of
Down syndrome.
n=53
children (girls =
25)
diagnosed with
subclinical
hypothyroidism
at <5 years of
age.

No comparison
group

Review of clinical records.
Thyroid function assessed using blood
tests and clinical symptoms.
Blood tests: TSH (all newborn infants
tested), fT4, TT3, antibodies: TPO and
TG.
Analysis of karyotype was available in
all cases.
Age at diagnosis of hypothyroidism
was recorded.
Clinical symptoms: weight,
length/height, sex, presence of family
history of thyroid disease, type of
genetic alterations associated with
Down syndrome, and associated
medical conditions were included.

Overall prevalence of thyroid dysfunction for all CYP with Down
syndrome (including subclinical hypothyroidism, overt
hypothyroidism, hyperthyroidism, treated and untreated CYP):
7.8% (95% CI 6.6 to 9.0) (149/1903).
Mean TSH at diagnosis was 8 ± 2.8 µU/ml, median (range) 7.1 (4.2–
23.9) µU/ml
Mean fT4 was 1.2 ± 0.48, median (range) 1.1 (0.9–1.7) µU/ ml.
Follow-up lasted 54±19 months.
Median (range) age at diagnosis was 2.2 (0.3 - 4.9) years, mean age
was 2.4 ±1.1 years. Median age at most recent visit was 6.6 (3.5 11.4) years, mean age was 6.7 ± 1.4 years.
The average interval between diagnosis of thyroid dysfunction and
documentation of remission was 13.2 ± 11.1 months, with most
cases resolving between 4 and 5 years of age.
Comparisons between treated and untreated cases
at baseline and during follow-up.
Untreated
cases

Treated
cases

p

Signs and symptoms of
hypothyroidism at diagnosis and
during follow-up were systematically
collected, using the Billewicz scoring
scale.

n (%)

39
(73.6%)

14
(26.4%)

_

resolved cases,
n (%)

35
(89.7%)

4 (28.6%)

<0.05

Definitions:
Subclinical hypothyroidism (SH):
TSH 5.5-25 µU/ml (6 mo-4 y) or 4.1325 µU/ml (4-7 y), with fT4 0.89-1.87
ng/dl (6 mo-4 y) or 0.96-1.86 ng/dl (47 y).

Symptoms/signs
of hypothyroidism, n (%)

13
(33.3%)

6 (42.8%)

0.29

Median TSH level
at
diagnosis
(range) (µU/ml))

6.9 (4.29.6)

10.7 (9.823.9)

0.46
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Overt hypothyroidism: TSH elevation
with subnormal fT4 and/or TT3.
Goitre was defined clinically when the
diameter of thyroid lobes was longer
than the size of the terminal phalanx
of the child’s thumb.
Lab testing:
TSH, fT4, and TT3 were measured
using the IBA/Cis Bio International
(Gif-sur-Yvette, France)
radioimmunoassay (coefficients of
between assay variation 5–10%).
Anti-TPOabs and anti-TGabs were
measured with the corresponding
radioimmunoassay kit (Roche,
Meylan, France). The positivity or
negativity of anti-TPOabs and/or antiTGabs was registered as a categorical
variable.

Median fT4 level
at
diagnosis
(range) (ng/dl)

1.1
1.7)

Goiter, n (%)
Antibodies
TPO/TGB + n (%)

(1–

1 (0.9–
1.5)

0.62

5 (12.8%)

7 (50%)

<0.05

4 (10.2%)

8 (57.1%)

<0.05

fT4 = Free thyroxine
TPO = thyroperoxidase
TGB = thyroglobulin
TSH = thyroid stimulating hormone
n = 13 had family history of thyroid pathology (24% (95% CI: 12.9 36.1%)), in most cases, multinodular goiter and hypothyroidism.
Positive anti-TPOabs and anti-TGabs were detected in 12 cases
(22.6% (95% CI: 11.4–33.9%)), at a median (range) age of 2.8 (1.6–
4.9) years.
Treatment with levothyroxine:
n = 14 received levothyroxine.
Mean age at start of treatment = 4.4
±3 years; mean TSH was 10.9±1.3 𝜇U/ml.

Summary of factors associated with remission of
subclinical hypothyroidism
Remission

Persistence

p

n (%)

39 (73.6%)

14 (26.4%)

_

Median age at

2.2

2.2

0.95

(0.3–

(1.1–
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diagnosis (range)
(years)

4.9)

4.7)

Median age at
the last recorded
visit
(range)
(years)

6.7 (3.5–
11.4)

6.5 (3.7–
10.9

0.67

Symptoms/signs
at diagnosis, n
(%)

11 (28.2%)

8 (28.6 %)

0.72

Median
TSH
level at diagnosis
(range) (µU/ml)

6.9 (4.2–9)

9.1 (5.4–
23.9)

0.13

Median fT4 level
at
diagnosis
(range) (ng/dl)

1.1 (1–1.7)

1 (0.9–1.5)

0.58

Absence
goiter, n (%)

of

37 (94.9%)

4 (28.6%)

<0.05

Negative
for
antibodies
to
TPO/TGB, n (%)

35 (89.7%)

6 (42.9%)

<0.05

Remission of SH was defined as the return of TSH values to normal.
No patient progressed to overt hypothyroidism (low levels of tT3
and/or fT4).
Authors suggest that the presence of goiter was found to be an
independent factor significantly associated with persistence of
subclinical hypothyroidism.
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DeLuca
2010
(Italy)

To compare
presentation
and course of
Grave’s
disease (GD)
between CYP
with Down
syndrome
and those
without
Down
syndrome

Retrospective
longitudinal
observational
study

n=28 CYP with
Down syndrome
and
hyperthyroidism
referred to one
of 6 study
centres between
1995 and 2005.
14 females
Mean age at
diagnosis of
Graves’ disease:
9.9 years (SD4.4)
Mean follow-up
period 4.0 years
(SD 2.8; range 19.6 years).
Control group
n=109 CYP with
Grave’s disease
but without
Down syndrome
referred to same
study clinics
during study
period.
89 females
Mean age: 11.5
years (SD 3.5)
Mean follow-up
period 4.4 years

Retrospective review of medical
records for details including age at
presentation, clinical signs of
hyperthyroidism, thyroid function
tests (fT4, TSH and TSH receptor
autoantibodies.
Clinical course of Graves’ disease
followed-up over time to compare CYP
with Down syndrome and those
without.
Medical records also examined for
clinical antecedents of Hashimoto’s
thyroiditis, therapy with
methimazole, remission and
association with other autoimmune
diseases.

At diagnosis of Grave’s disease:
Gender
Lower proportion of females in Down syndrome group compared
with controls: 50% vs 81.6%; p<0.0005
Age
Significantly younger in CYP with DS compared with controls
(mean): 9.9 years vs 11.5 years; p<0.05
Clinical signs/symptoms
Prevalence of exophthalmos and other clinical manifestations
similar between 2 study groups.
fT4 levels (mean (SD))
CYP with Down syndrome: 43.3 (17.3) pmol/l
Control group: 41.2 (15.1) pmol/l
NS
TSH receptor autoantibodies (median (range))
CYP with Down syndrome: 28 (9 – 205) IU/l
Control group: 20 (2 – 369) IU/l
NS
Prevalence of thyroid dysfunction and/or Graves’ disease not
reported.
Subsequent clinical course:
Initial remission during first cycle of methimazole,
relapse rates after first cycle of methimazole, persistent
remission after definitive methimazole treatment
withdrawn
Initial
Relapse
Persistent
remission
rates (%)
remission
rates (%)
rates (%)
CYP with DS
53.6
7.1
46.4
(n=28)
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(SD 3.8; range
3.4-7.9 years).

Control
group
(n=109)
Χ2
P value

Inclusion criteria:
1.Aged≤20 years
at
time
of
hyperthyroidism
presentation
2.Positive TSH
receptor
autoantibodies
3.Elevated free
thyroid
hormones and
suppressed TSH
serum level
4.No tendency to
spontaneous
normalization of
hyperthyroidism
picture before
methimazole
therapy onset
5.Sustaned
follow up for at
least 1 year
Erlichman
2016
(Israel)

To determine
whether
thyroxine
(T4)-based
screening
programs
followed by
TSH measurements in

Retrospective
observational
study

N=159
All neonates
with
Down
syndrome born
between 19982007 at the
Shaare
Zedek
Medical Centre

54.1

31.2

26.7

0.003
NS

7.4
<0.005

4.1
<0.05

Antecedents of Hashimoto’s Thyroiditis
CYP with Down syndrome: 21.4%
Controls: 3.7%
Χ²=10.4; p<0.005
Association with other autoimmune diseases
CYP with Down syndrome: 32.1%
Controls: 12.8%
Χ²=5.94; p<0.025

All tT4 and TSH values obtained
within the National Screening
Program via the Central Laboratory,
Israeli Ministry of Health, Sheba
Medical Centre.
Demographic and clinical data
extracted from charts of infants with
Down syndrome.

Final sample 159/190 infants born with Down syndrome (83.7%).
Overall prevalence of thyroid dysfunction (CYP receiving ongoing
thyroxine therapy): 24/159 (15.1%).
Children with Down syndrome had significantly lower tT4
concentrations (P < .001) and higher TSH (p< 0.01) than control
infants.
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infants with
total T4 <10th
percentile
identified
congenital
hypothyroidism in all
neonates
with Down
syndrome.

(SZMC),
Jerusalem.
Control group:
N=1,408,482
All
live-born
infants born in
Israel from 19982007
Exclusions:
Stillborn infants
and those who
died in the
immediate
postnatal period.

Phone interviews, using standard
questionnaire, conducted with
primary care doctor of each child to
obtain details of laboratory tests,
diagnosis of hypothyroidism, age at
diagnosis, and treatment with Lthyroxine and duration of therapy (if
relevant).

TSH only measured in infants whose tT4 values were <10th
percentile of the same day’s analysis, thus TSH measured in 10% of
general population compared with 27.6% of infants with Down
syndrome. Among infants with Down syndrome those whose TSH
was measured (n = 44) had a mean tT4 value significantly lower
than infants whose TSH was not measured (8.3 ± 3.2 vs 12.4 ± 2.4
mcg/dl; p<0.0001).
tT4 concentrations did not correlate with screening TSH
concentrations in infants with Down syndrome who had both TSH
and tT4 measured.
32 infants with Down syndrome (20%) were
treated with L-thyroxine.
Values of tT4 at screening were nearly identical between
children that eventually were treated (11.2 ± 3.9 mcg/dL)

-

and those who never received treatment (11.3 ± 3.0
mcg/dL; p=0.59).
TSH levels at screening were significantly higher in the
treated group (18.2 ± 18.1 mU/L; n = 12) than in the
untreated group (9.2 ± 12.0 mU/L; n = 32), p value not
reported.

These 32 infants were subdivided into 4 groups:
1. Infants who started therapy in the first month of life and
never stopped it (n=16).
2. Infants who started therapy in the first month of life but
stopped as subsequent testing ruled out permanent
hypothyroidism (n=4).
3. Infants who started therapy after the first month of life
and never stopped it (n=8).
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4.

Infants who started therapy after the first month of life
and stopped subsequent to normal laboratory results
(n=4).

Neither fT4 nor TSH concentrations differed significantly among the
groups.
20 infants (groups 1 and 2) began L-thyroxine therapy within the first
month of life. Of these:
● 10 had been diagnosed by initial screening at birth, based
on low tT4 and confirmed by high TSH.
● 10 were diagnosed after discharge based on subsequent
testing; only 1 of this group had transient hypothyroidism.
Following tables provide values of fT4 and TSH in children with
Down syndrome at the time of therapy initiation, as well as age and
duration (when discontinued) of therapy for the 4 groups (figures
expressed as mean±SD). The first table provides the normal range
in control infants.

fT4 (ng/dL)
TSH (mU/L)

Normal range
0.9 - 2.5
0.35 - 4.94

fT4 (ng/dL)
TSH (mU/L)
Age (mo) at initiation
Treatment duration (mo)

GROUP 1
1.3 ± 0.5
39.5 ± 30.7
0.25 ± 0.4
NA – ongoing

fT4 (ng/dL)
TSH (mU/L)
Age (mo) at initiation

GROUP 2
1.4 ± 0.5
17.6 ± 9.8
0.25 ± 0.5
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Gibson 2005
(UK)

To assess
whether
findings from
thyroid
function tests
in the first
decade of life
were
predictive of
hypothyroidism in
the second
decade.

Prospective,
longitudinal
observational
study

N=122 CYP with
Down Syndrome

Thyroid function assessed using blood
tests and clinical symptoms.

Age at first
testing: 6-14
years (median
9.8)

Blood tests: TSH, thyroid binding
globulin, total thyroxine (T4), and 2
autoantibodies (TGab and Thyroid
microsomal antibodies).

Follow up: 3-7
years
N=103
Age range at
follow up: 10-20
years (median
not reported)

Clinical symptoms: hair growth, skin
appearance, bowel function, height,
weight, plus family history of
autoimmune disease.

No comparison
groups

First data collection: 1986-1987
Second data collection: 1990-1993
Not clear if time between first and
second testing same for all children or
if testing was carried out
opportunistically.
Definitions

Treatment duration (mo)

32.0 ± 22.8

fT44(ng/dL)
TSH (mU/L)
Age (mo) at initiation
Treatment duration (mo)

GROUP 3
1.2 ± 0.3
10.9 ± 4.9
41.6 ± 30.8
NA - ongoing

fT4 (ng/dL)
TSH (mU/L)
Age (mo) at initiation
Treatment duration (mo)
First testing (n=121)
Normal thyroid function n=98
IR-TSH n=23
Hypothyroidism n=0

GROUP 4
0.65 ± 0.2
40.5 ± 50.7
63.0 ± 28.7
15.7 ± 13.4

Second testing (n=103)
Normal thyroid function n=91
IR-TSH n=10 (one started on thyroxine by own paediatrician)
Hypothyroidism n=2 (one from normal thyroid function group and
one from IR-TSH group at first testing)
Summary of findings: children with available results at
second testing
Thyroid function 2nd test
HypoIRNorTotal
thyroid TSH
mal
Thyroid
Hypo0
0
0
0
function thyroid
1st test
IR-TSH
1
5
14
20
Normal
2
4
77
83
Total
3
9
91
103

23
© DSMIG Thyroid Disorder in children and young people with Down Syndrome

Hypothyroidism: low thyroxine and
TSH ≥6 mu/ml
Isolated raised TSH (IR-TSH): normal
thyroxine and TSH ≥6 mu/ml
Normal thyroid function: normal
thyroxine and TSH <6 mu/ml
Positive autoantibodies: titre > 1:64

Note: Summary table shows one fewer child with IR-TSH and one
more with hypothyroidism compared with article text. Assumed this
difference represents the child who had been started on thyroxine
by her paediatrician.

Lab testing
Not reported

If IR-TSH at second testing is considered normal (i.e. not having
hypothyroidism and not requiring therapy) the following summary
is reached:

Overall prevalence of thyroid dysfunction (CYP receiving ongoing
thyroxine therapy): 4/104 (3.8%)

Summary of findings hypothyroidism vs “normal”:
children with available results at second testing
Hypothyroidism 2nd test
Hypo“Normal”
Total
Thyroid
thyroid
function IR-TSH
1
19
20
1st test
Normal
2
81
83
Total
3
100
103

Based on these findings the following diagnostic (predictive)
accuracy figures are reached for first testing:
Sensitivity: 50% (95% CI 40-60%)
Specificity: 82% (95% CI 74-90%)
Positive predictive value: 5%
Negative predictive value: 99%
Likelihood ratio for positive result: 2.7
Likelihood ratio for negative result: 0.62
Autoantibody status:
Summary of findings hypothyroidism vs “normal”:
children with available results at second testing and
their antibody status at first testing
Hypothyroidism 2nd test
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Thyroid
antibody
1st test

Positive
antibody
Negative
antibody
Total

Hypothyroid
1

Normal

Total

7

8

0

93

93

1

100

101

Antibody status of one child with hypothyroidism not available. The
very low event rate undermines the reliability of the findings.
Sensitivity: 100%
Specificity: 93% (95% CI 82-99%)
Likelihood ratio for positive result: 14
Likelihood ratio for negative result: <0.001
8 positive antibody tests: all 8 were positive for antimicrosomal
antibody and 2 additionally for anti-TGab). Of these 8, 5 remained
positive at second testing, 3 retained IR-TSH and one developed
hypothyroidism.
Two children initially negative for antibodies became positive at
second testing.
Association between positive autoantibodies on first testing and an
abnormal second test (hypothyroidism, IR-TSH, and positive
antibodies) was significant (Fisher’s exact test p<0.05).
Association between positive antibodies on first screen and
hypothyroidism at second test was not significant.
Summary of findings hypothyroidism vs “normal”:
children with available results at second testing and
their combined antibody status and thyroid function
at first testing
Hypothyroidism 2nd test
HypoNormal
Total
thyroid
Thyroid
Positive
1
5
6
antibody
for both
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and IRTSH
1st test

Negative
for one
or both
Total

0

95

95

1

100

101

Antibody status of one child with hypothyroidism not available.
Again, very low sample size undermines the reliability of the
findings.
Sensitivity: 100%
Specificity: 95% (95% CI 91-99%)
Likelihood ratio for positive result: 20
Likelihood ratio for negative result: <0.001
Children with IR-TSH (over 7.0 mu/ml) or autoantibodies on first
testing had a TRH test within 3 months. Of the 17 children tested
(including one with an IR-TSH of 6.0 mu/ml) 4 results were
abnormal, 4 very abnormal, 1 extremely abnormal. The authors
note that the TSH result had become normal in 8 of these 9 children
within 3 months.
Note: Inconsistency in reporting, IR-TSH defined as ≥6 mu/ml in
method section of article and as ≥7.0 mU/l in results section.
Symptoms
Symptoms associated with hair growth, skin, appetite, bowel
function, height and weight were not related to thyroid dysfunction
or autoantibody status. No significant association was found for
symptoms individually or when grouped, or with a family history of
autoimmune disease.
Iughetti
2014
(Italy)

To
investigate
the
probability of
thyroid
dysfunction
rising during

Prospective,
longitudinal
study

N=145/205
Caucasian
neonates with
Down syndrome
assessed at the
Department of
Pediatrics of the

Blood tests:
TSH, fT4, TGab, TPOab
Thyroid function assessed annually
from birth to 10 years.

Year 1 testing (n):
104 normal thyroid function
10 confirmed with congenital hypothyroidism
4 had hypothyroidism
27 had subclinical hypothyroidism (of these: 2 had thyroid hypoplasia
and 1 year after developed thyroid autoantibodies).
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development in
children with
Down
syndrome.

University of
Modena and
Reggio Emilia
between 19952010. 59% boys.
Exclusions:
n=20 neonates
because parents
declined
During follow-up
the following
were excluded:
n=18 with severe
heart disease,
n=4 with
leukemia,
n=3 with
seizures,
n=10 with
coeliac disease
n=2 declined to
continue with
the study
n=3 lost to
follow-up.

Ultrasonography of thyroid gland
performed at birth for those with
congenital hypothyroidism; for others
performed at 2 years of age and
repeated at time of thyroid
dysfunction and/or thyroid
autoantibodies development. In these
cases, a 2-year thyroid ultrasound
follow-up was performed.
Definitions
Children with confirmed congenital
hypothyroidism (newborn screening
based on the measurement of TSH
≥20 μIU/ml tested at 24 hours of life
and by plasma thyroid function test
performed after 8 days of life),
included in first year evaluation of
thyroid dysfunction probability but
excluded from prospective analysis.
Remaining children annually grouped
according to fT4 and TSH levels:
• euthyroidism (EuT): normal fT4
and TSH ≤ 5μIU/ml
• hypothyroidism (HT): low fT4 and
TSH ≥10 μIU/ml
• subclinical hypothyroidism (S-HT):
normal fT4 and TSH >5 μIU/ml
• hyperthyroidism (HyperT): high
fT4 and low TSH
Children with hypothyroidism treated
with L-thyroxine and placed in this
group for all the follow-up period.
Replacement therapy started in

Overall prevalence of thyroid dysfunction (congenital
hypothyroidism, hypothyroidism and hyperthyroidism) at 1 st year:
14/145 (9.7%)
Probability of any thyroid dysfunction during the study (at year 1
and at year 10 of testing):
• Congenital hypothyroidism detected in 7% of cases.
• Probability of any thyroid dysfunction increased from 30% (95%
CI 24% to 37%) at first year to 49% (95% CI 41% to 58%) at 10
years (p<0.001).
• Probability of overt hypothyroidism rose from 7% (95% CI 3% to
10%) in the first year to 24% (95% CI 17% to 32%) at 10th year
(p<0.001)
• Subclinical hypothyroidism was nearly stable throughout (22% in
first year of testing and 24% at 10th year). In this group:
• ⅓ developed normal thyroid function (euthyroidism) at
year 10 without replacement therapy;
•
⅓ developed hypothyroidism.
• Probability of euthyroidism (normal) decreased from 71% (95%
CI 65% to 78%) at year 1 testing to 52% (95% CI 44% to 60%) at
year 10 testing. In this group:
▪ 64 children had normal function,
▪ 17 developed hypothyroidism
▪ 22 developed subclinical hypothyroidism
Probability of positive thyroid autoantibodies during the study (at
year 1 and at year 10 of testing):
• Probability of positive thyroglobulin antibody increased from 3%
(95% CI not correctly reported) at 1st year to 25% (95% CI 17%
to 33%) at year 10.
• Probability of positive TPOab increased from 5% (95% CI 2% to
7%) at year 1 to 37% (95% CI 30% to 45%) at year 10.
• Significant increase in probability of positive thyroid
autoantibodies mainly found in normal (euthryoid) children (32
out of 99 initially negative, 32.3%) and children with subclinical
hypothyroidism (14 out of 27 initially negative, 51.8%).
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• TGab positivity associated with higher odds of more severe
rather than less severe hypothyroidism (OR=3.6 [95% CI 1.2 to
11.0], p=0.02).
• TPOab positivity was a better predictor of more severe
hypothyroidism (OR=6.1 [95% CI 2.3 to 16.1], p<0.001).
• Adding TGab positivity to TPOab positivity was associated with
no improvement in the prediction of the severity of
hypothyroidism as compared to TPOab positivity alone.

children with subclinical
hypothyroidism if TSH levels were
persistently ≥ 10 μIU/ml.
Lab tests:
All samples tested in same laboratory.
Plasma TSH and fT4 were measured
by fluorometric assay (AutoDELFIA
automatic immunoassay system).
TGab and TPOab were quantified by
an immunometric
assay (IMMULITE 2000): values >40
IU/ml and >35 IU/ml were defined as
positive, respectively.

Combining the thyroid function data and development of positive
thyroid autoantibodies over 10-year period:
Euthyroid (normal) children • 60% (22/37) of euthyroid (normal) children with positive thyroid
autoantibodies developed a thyroid dysfunction
• 73% (49/67) of euthyroid (normal) children with negative
thyroid autoantibodies remained euthyroid (p=0.002).
Children with subclinical hypothyroidism • 50% (7/14) of children with subclinical hypothyroidism and with
positive thyroid autoantibodies had not changed at year 10 test;
whereas 28.6% (4/14) developed hypothyroidism.
• 21.4% (3/14) of children with positive thyroid autoantibodies
developed euthryoidism.

Statistical analysis:
Heteroskedastic binary and ordinal
logistic regression for repeated
measures used.

•
Thyroid ultrasounds at 10-year follow-up:
• 62% of subjects had normal echogenicity on ultrasound,
• 23.5% had diffuse hypo echogenicity (p<0.001).
• Thyroid dysfunctions in children with hypo echogenicity was
significantly higher than in individuals with normal thyroid
echogenicity (61.8% vs. 37.8%; p=0.028).
• Children with hypo echogenicity had a significantly higher
percentage of ATA positivity than those with normal
echogenicity (70.6% vs. 31.0%; p<0.001)
• All subjects with diffuse hypo echogenicity on thyroid
ultrasound but no circulating ATA (29.4%) had thyroid
dysfunctions (6 subclinical hypothyroidism and 4
hypothyroidism)
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• Diffuse hypo echogenicity on thyroid ultrasound was found in
34 out of 145 children.
Authors suggest that the probability of thyroid dysfunction does
increase during development and is higher than previously
reported.
Ivarsson
1997
(Sweden)

To
investigate to
what extent
thyroid autoantibodies
contribute to
thyroid
dysfunction
in CYP with
Down
syndrome.

Retrospective
observational
study

N=70 CYP with
Down syndrome
n=32 male
Mean age 10.5
years (range 1-19
years)
Control group:
N=386 children
n=187 male
Mean age 12
years (range 1113 years)
No
further
details reported

Diagnosis of hypothyroidism made
based upon a high basal level of TSH
and a low level of total or free T4.
Lab tests:
TGab and TPOab measured at same
laboratory with a sensitive solidphase immunosorbent radio assay.
If antibodies present at a titre of 1:5
or more the sample was considered
positive.
Statistical analysis:
Performed using Fisher’s Exact test.

Thyroid autoimmunity found in 27/70 (39%) children with Down
syndrome compared with 60/386 (16%) of controls; p<0.0001.
TGab: 25/70 (36%) vs 54/386 (14%); p<0.0001
TPOab: 22/70 (31%) vs 22/386 (6%); p<0.00001
Prevalence of thyroid dysfunction (hypothyroid and receiving
thyroxine): 17/70 (24%).
Antibody analyses done before or within the first year of treatment
for 12 children.
9/17 had TGab and TPOab detected and TSH values ranging from
5.8 – 197 mU/l (normal range: 0.4 – 4.0 mU/l).
6/17 no antibodies; TSH values 4.6 – 23.0 mU/l when treatment was
started.
1 child with both antibodies treated for thyrotoxicosis.
(1 not reported)
Gender:
At least 1 autoantibody detected in 10/32 (31%) boys and 17/38
(45%) girls – no significant diff.
Age:
At least one thyroid autoantibody present:
CYP>12 years: 20/35 (57%) vs children<12 years: 7/35 (20%); p<0.01
Both autoantibodies present:
CYP>12 years: 16/35 (46%) vs children<12 years: 4/35 (11%); p<0.01
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Karlsson 1998
(Sweden)

To
investigate
the
prevalence
and course of
thyroid
dysfunction
in CYP with
Down
syndrome

Longitudinal
observational
study
(unclear
whether
retrospective or
prospective,
assumed to be
retrospective)

CYP with Down
syndrome who
were being
followed up at
least annually at
the Uppsala
University
Children’s
Hospital.
N=93
Age range: 1 – 25
years
n=8 exclusions (6
- because of
“other
medications”, 2
– heart failure)

Method not clearly described,
assumed to be a retrospective review
of medical records.
Blood tests reported: serum TSH, tT4
and fT4, TGabs, TPOabs.
Definitions
Hypothyroidism: Raised serum TSH
and either low serum fT4, or
marginally low fT4 combined with
symptoms of hypothyroidism.
Thresholds not reported.
Note: Subclinical hypothyroidism not
mentioned as a separate diagnosis.
Lab tests
Sensitive solid phase immunosorbent
radioassay.
Antibodies present at a titre of 1/5 or
more considered positive.
Statistical analysis
Paired t-tests
(Note: data not normally distributed
so this parametric test may not be
suitable)

McGowan 2011
(UK – Scotland)

To assess
uptake of
communitybased
capillary TSH
screening

Retrospective
longitudinal
observational
study

All children with
Down syndrome
referred via the
Scottish capillary
TSH (dried blood
spot) screening

Review of proformas submitted to
the Scottish Down syndrome Thyroid
Screening Group for all CYP referred
following a raised capillary TSH level.

Prevalence of thyroid dysfunction (hypothyroidism
hyperthyroidism): 30/85 (35.3%)
CYP with hyperthyroidism: n=2
No babies born with congenital hypothyroidism

and

14/28 children with hypothyroidism developed condition before
age of 8 years.
Of these children 1/11 tested for autoimmunity had a detectable
serum TPOab concentration, none positive for TGabs.
Of the 14 CYP aged over 8 years when diagnosed with
hypothyroidism 11 had raised concentrations of TGabs or TPOabs,
or both.
Cumulative percentages of CYP developing hypothyroidism
(n=28/85)
Age (years)
Cumulative %
0
1
1
8
2
11
3
11
4
13
6
13
8
16
10
18
12
19
14
25
16
27
18
29
20
31
Number of CYP with Down syndrome aged 1-18 years screened in
2009:
n=630
Estimated uptake: 56%
From 2005 onwards proportion of preschool children screened:
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programmed
and
determine
optimal
frequency of
screening

programmed for
hypothyroidism
between 1997
and 2009.

Proformas sought details of clinical
features, venous thyroid function test
results and thyroid antibody status at
time of initial assessment, and
subsequent management.

1997-2009
inclusive
1329
CYP with Down
syndrome
tested.

Uptake of screening estimated from
national birth figures for babies with
Down syndrome and figures for CYP
with Down syndrome obtained from
the Central Register Office for
Scotland.

N=132 referred
for follow up
with TSH levels
above threshold.
5 of these
children were
excluded (n=4
diagnosed by
another method,
n=1 on
treatment).
n=16 proformas
not returned
n=13 incomplete
data
Final sample for
analysis
n=98
(77%).

Definitions:
Due to a change in assay methods 2
different thresholds were seen during
the study period:
1997 -2002:
Capillary TSH cut-off for referral
>10mU/l in whole blood (equivalent
to approx. 20mU/l in plasma).
After 2002:
Capillary TSH cut-off for referral
≥4mU/l in whole blood (equivalent to
approx. ≥8mU/l in plasma).
Reference range for venous TSH: 0.555.8 mU/l
Free(f) T4: 9-26 pmol/l
Thyroid dysfunction defined as
venous TSH above reference range,
values >6 mU/l taken as elevated.

16.7% - 24.1%
Findings for 98 CYP referred:
Age at referral: 9.4 years (range 0.9 – 17.9)
Initial venous TSH >6mU/l: n=76
Prevalence of thyroid dysfunction (venous TSH >6 mU/l): not less
than 76/1329 (5.7%)
Capillary and venous TSH closely correlated (R=0.69; p<0.001)
Preschool children
n=13 preschool children
Age: 2.1 years (range 0.9 – 3.3)
n=2 symptomatic
n=5 found to have normal thyroid function at assessment and
returned to screening programme
n=6 had normal fT4 with mild TSH elevation in 3 (6.1 – 8.1 mU/l) and
more marked in 3 (10.7 – 11.6 mU/l.
n=4 children started treatment immediately, of whom 3 had a pretreatment venous TSH >11.0 mU/l.
Clinical information for referred CYP (n=98):
Patient group (n)
All CYP (98)
vTSH <6 (22)
vTSH 6-10.9 (27)
vTSH 11.0-20.9 (25)
vTSH >21 (24)

Age at referral
(range)
9.7 (0.9-20.8)
7.7 (1.1-20.8)
10.8 (0.9-17.8)
11.1 (3.8-17.8)
8.9 (2.6-18.0)

No. with
symptoms
28 (29%)
1 (5%)
8 (30%)
9 (36%)
10 (42%)

Biochemical information for referred CYP (n=98):
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Compensated hypothyroidism: fT4
within reference range.
Decompensated hypothyroidism: fT4
below reference range.
Thy Microsomal antibodies negative:
<1/160 (measured until 1997)
TPOabs reference range <50 IU/ml
(measured after 1997)
Lab tests:
1997 to 2002: TSH measured using an
immunoradiometric
assay, IDS Gamma BCT Neo-IRMA;
sensitivity 1.0 mU/l. Capillary TSH cutoff for referral set at >10 mU/l in
whole blood (equivalent to
about 20 mU/l in plasma assuming a
haematocrit of 45%).
Since 2002: Perkin Elmer AutoDELFIA
neonatal TSH
assay used, sensitivity 2 mU/l. Using
this method, the capillary TSH cut-off
for referral was reset at ≥4 mU/l in
whole blood (equivalent to ≥8 mU/l
of plasma).

Patient group (n)

Median cap
TSH
mU/l
(range)
9.0 (4.0-283)
5.3 (4.0-12.4)
5.4 (4.1-17.0)
9.5 (4.1-45)
38 (4.7-283)

Median vTSH
mU/l (range)

Patient group (n)

Median
fT4
pmol/l (range)

All CYP (98)

12 (4.2-19.3)

vTSH <6 (22)

14 (9-19)

vTSH 6-10.9 (27)

14 (9.9-19.3)

vTSH 11.0-20.9
(25)
vTSH >21 (24)

12 (7.4-15.9)

Median
TPOabs IU/l
(range)
93 (2-4187)
(n=67)
25 (8-1384)
(n=13)
49.5 (2-4187)
(n=20)
164 (8-2499)
(n=17)
248
(101001) (n=17)

All CYP (98)
vTSH <6 (22)
vTSH 6-10.9 (27)
vTSH 11-20.9 (25)
vTSH >21 (24)

11 (1.1->150)
4.3 (1.1-5.98)
8.0 (6.1-10.8)
15 (11.3-20)
65
(21.1>150)

Cont.

9 (4.2-14.2)

Of these 98 CYP:
n=8 (8.2%) had tested positive on their initial screening test (timing
not reported)
n=56 (57%) had tested negative the previous year
Of 22 CYP with venous TSH<6 mU/l 2 were started on treatment
immediately by their clinician. A further 5 were subsequently
started on treatment, 3 of whom were asymptomatic.
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Of 27 CYP with venous TSH 6-10.9 mU/l 12 were found to be
antibody positive; 11 were started on treatment, 3 immediately and
8 subsequently.
Of 25 CYP with venous TSH 11.0-20.9 mU/l 4 had decompensated
hypothyroidism; 17 of 19 tested were antibody positive. 20 CYP
were treated, 15 initially and 5 subsequently.
Of 24 CYP with venous TSH >21 mU/l 12 had decompensated
hypothyroidism. 17/19 CYP tested were antibody positive. 22 CYP
were reported as receiving thyroxine treatment (n=2 incomplete
data).
Relationship between age and biochemical data
Significant negative correlation between venous fT4 and age, R=0.35; p<0.001.
No significant correlation between age and capillary TSH, R=0.14;
p=0.17.
Borderline significant correlation between age and venous TSH,
R=0.19; p=0.05.
Antibody status was tested in 73 CYP: 67 by TPO assay, 44 of whom
tested positive, and 6 by ThyM assay, all of whom tested positive.
The overall prevalence of antibody positivity on initial venous
sampling was therefore 50/73 (68.5%).
The age of the CYP testing antibody positive 10.6 (2.6 to17.9) years,
with 8 of 22 children aged <8 years testing positive, youngest was
2.6 years old.
TPO levels increased with increasing severity of hypothyroidism but
with a wide range of values in each group.
Comparison of CYP with and without symptoms
A significantly higher capillary TSH was found in CYP with symptoms
(p=0.03). No significant differences between the 2 groups for
venous TSH, fT4 or age at assessment.
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McGowan
2015
(UK-Scotland)

To identify a
threshold
value for
capillary TSH
elevation
below which
low venous
free
thyroxine
(fT4) (<9
pmol/L)
and/or frank
venous TSH
elevation
(>10mU/L)
range is
unlikely.

Retrospective
comparative
cross-sectional
observational
study

All children with
Down syndrome
referred via the
Scottish capillary
TSH (dried blood
spot) screening
program for
hypothyroidism
between
October 2003June 2013
N=99 children
with capillary
TSH ≥4 mU/L.
n=50 female
Median (range)
age at referral =
9.4 (0.9 - 18.1)
years.
n=23 preschool
(<5 years)
n=76 school age
(≥5 years)

Review of proformas.
Blood tests:
Venous thyroid function tests carried
out locally as required with a
reference range at the Royal Hospital
for Sick Children of 0.55 - 5.8 mU/L
for TSH and 9 - 23 pmol/L for fT4.
Thyroperoxidase (TPO) antibodies
were measured when TSH elevation
was found, with a reference range
<50 IU/mL.
Finger prick blood test:
Capillary TSH
Values for capillary TSH divided into
the following 4 ranges: 4 - 5.9, 6.0 10.9, 11.0 - 20 and >20mU/L of whole
blood.
Relationship between capillary and
venous TSH, and between capillary
TSH and venous fT4 examined using
Pearson correlation and by tabulating
data according to pre-school and
school-age status.
Sensitivity and specificity of capillary
TSH in predicting a subnormal venous
fT4 (<9 pmol/L) and significant
venous TSH elevation (>10 mU/L)
examined by receiver operator curve
analysis.

Symptoms, height and weight data
n=20 had symptoms that could have been thyroid-related
n=43 no symptoms
n=6 possible symptoms
n=30 missing data
Overall prevalence of thyroid dysfunction: not reported
n=70 children with both height and weight data: Median (IQR)
standard deviation scores (SDS):
Height -0.066 (-1.007 to 0.678)
Weight 0.288 (-0.609 to 0.85)
Children with symptoms (n = 16) compared to those without (n=36);
median (IQR):
Height SDS: -0.616 (-1.075 to 0.95) vs -0.021 (-0.75 to 0.67);
Weight SDS: 0.288 (-0.66 to 0.58) vs 0.174 (-0.57 to 0.89).
These differences were not statistically significant (p = 0.53 and
0.68)
When growth was examined in relation to venous TSH values of
<10, 10 - 20, and >20 mU/L no differences were found for median
height SDS (-0.04, -0.179 and 0.279; p=0.49]) or median weight SDS
(0.084, 0.499 and 0.285; p=0.86).
Pearson correlation coefficient between capillary and venous TSH
was high at +0.814 (p = 0.01).
Correlation between capillary TSH and venous fT4 was low at -0.522
(p=0.01).
Receiver operator curve analysis showed that capillary TSH values
above 4.0 mU/l were strongly associated with a raised venous TSH
level of >10 mU/L, see table below.
Accuracy of capillary TSH thresholds in relation to the prediction
of venous TSH values of >10mU/L:
TSH (mU/L)
4.06

Sensitivity (%)
95.9

Specificity (%)
5.8
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Clinical data collected on height and
weight at initial referral. Children
grouped according to symptoms (e.g.
fatigue, weight gain, constipation, dry
hair and dry skin): symptoms; no
symptoms reported; equivocal
symptoms; no data available.
Growth data tested for normality
using the Anderson-Darling test and
analyzed using 1-way ANOVA for
normally distributed data and
Kruskal-Wallis followed by MannWhitney test for nonparametric data.

Lab tests:
Used the Perkin Elmer AutoDELFIA
neonatal TSH assay for Down
syndrome and for newborn thyroid
screening. The assay has a sensitivity
of 2 mU/L and the capillary TSH cutoff for referral is ≥4 mU/L of whole
blood.

4.12
4.36
4.53
4.64
4.83
4.99
5.15
5.29
5.48
5.95
6.32

93.9
91.8
89.8
92.65
87.8
87.8
79.6
77.6
75.5
73.5
71.4

13.5
21.2
36.5
38.5
48.1
55.8
59.6
65.4
73.1
80.8
84.6

Capillary TSH poorly predictive of venous fT4 (data not reported).
Pre-school children results:
• If capillary TSH was <20 mU/L decompensated hypothyroidism
(venous fT4 <9 pmol/L) not seen.
• Of 15 children with borderline capillary TSH elevation (4 - 5.9
mU/L) 4 children showed significant venous TSH elevation
(>10 mU/L) with values of 10.7, 11.6, 12.5, and 12.8 mU/L.
• In 3 of 5 children with capillary TSH values of 6 - 10.9 mU/L,
venous TSH was >10 mU/L.
• 3 children had capillary TSH >20 mU/L. Of these 2 children
(aged 3.3 and 4.5 years) had compensated hypothyroidism
(fT4 10 and 11 pmol/L), one girl (2.6 years) had capillary TSH
283 mU/L, venous TSH >150 mU/L, venous fT4 4.4 pmol/L, and
TPOabs 248 IU/mL but no clinical symptoms (this child began
L-T4 𝜇g daily 1 month after screening).
School-aged children results:
• 38 children had borderline capillary TSH elevation (4 - 5.9
mU/L). Of these:
o 9 showed venous TSH >10 mU/L, median (range) values
14.7 (10.4 - 25.9) mU/L.
o 1 child aged 15.8 years had decompensated
hypothyroidism, with capillary TSH 5.14 mU/L, venous TSH
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11.2 mU/L, fT4 7.4 pmol/L, and no TPO value recorded. No
symptoms of hypothyroidism and not started on
treatment.
•
Venous TSH was >10 mU/L in 14 out of 19 children with
capillary TSH 6 - 10.9 mU /L. Of these:
o 2 children had decompensated hypothyroidism, with
venous fT4 just below reference range.
• 7 children with capillary TSH 11 - 20 mU/L had venous TSH at
>10 mU/L. None had fT4 <9 pmol/L.
• 9 children with capillary TSH >20 mU/L, 5 had decompensated
hypothyroidism with fT4 values of 4.9 and 5.1 pmol/L in 2
children and 6 pmol/L in 3 children.
Authors strongly suggest pre-school screening and annual screening
when capillary TSH method is used.
Murphy 2008

Republic of
Ireland

To assess the
prevalence of
thyroid
dysfunction
in children
and adolescents with
Down
syndrome
and the
feasibility of
screening for
hypothyroidism
using
capillary
dried blood
spot
TSH from
infancy.

Prospective,
observational
study

Data collected
from children
born between
Jan 1981 and
Dec 1997 in the
Eastern Region
Health Authority.
Total N=679
Exclusions
n=21 stillborn
babies
n=91 liveborn
babies who died
in infancy or
childhood.
Children whose
parents did not

Questionnaire sent to parents to
collect demographic and clinical data.
Appointment made for clinical
assessment and blood test.
Clinical assessment: for evidence of
thyroid dysfunction including growth
(standard growth charts and Down
syndrome specific growth charts
used) and weight gain, constipation,
fatigue.
Blood tests: capillary TSH using
fingerprick test.
If capillary TSH >10 mU/l venous
sample taken for plasma TSH and fT4
measurement; microsomal antibodies
and TGabs, and later in study,
TPOabs.
Definitions

Overall prevalence of thyroid dysfunction: 4.6% (18/394)
n=6 CYP newly diagnosed during study
n=10 CYP previously diagnosed with hypothyroidism
n=2 CYP previously diagnosed with hyperthyroidism
Hypothyroidism found to be more prevalent in females than males,
ratio 3:1.
Age range:
Mean age for boys: 8.4 years (range 3 months – 18.6 years)
Mean age for girls: 9.1 years (range: 4 months – 18.6 years)
Newly diagnosed: 5 children newly diagnosed from fingerprick test,
mean age 10.8 years (range 7.7-16.1 years), 4 CYP with
uncompensated hypothyroidism. 1 further child diagnosed by
venous sample on presentation at A&E with abdominal pain and
constipation. 5 CYP positive for thyroid microsomal or TPOabs. 3
CYP had clinical signs/symptoms (1 constipation, 1 weight gain and
fatigue, 1 fatigue). 1 CYP < 9th centile for height (Down syndrome
adjusted scale).
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consent to
participation –
number not
reported.
n=394 CYP
included in study
n=305 had
capillary TSH
fingerprick test
performed.
Reasons for not
performing
fingerprick test:
n=12 receiving
treatment for
thyroid
dysfunction.
n=73 had normal
thyroid function
test result
reported in
preceding year.
n=4 children
declined a blood
test.

Myrelid
2009
(Sweden)

To determine
whether
neonatal TSH
levels may
predict the
occurrence of
hypo-

Retrospective
observational
descriptive
study

Data collected
from children
born between
1986–1996 with
Down syndrome
who received
medical care at
the University

Hypothyroidism diagnosed if TSH
level >10 mU/l.
Lab tests
Capillary whole blood TSH measured
using the DelfiaTM neonatal TSH
fluoroimmunoassay method.
Plasma TSH and fT4 estimation
carried out using a Roche Elecsys
2010 Analyser.
Microsomal and TGabs measured by
murex haemaglutination assay. Later
in study this changed to TPOab
analysis using an enzyme-linked
immunosorbent assay.

Analysis of hospital records, including
blood tests and clinical data.
Blood tests:
TSH, antibodies: TPOabs and TGabs.

Previously diagnosed with hypothyroidism: 10 CYP, median age at
diagnosis 7.1 years (range 8 months to 15.5 years). 4 children had
been < 3 years old at diagnosis. 3/10 CYP had presented with
clinical features at time of diagnosis. 6 CYP had positive antibodies.
7/9 with blood results available had uncompensated
hypothyroidism at time of diagnosis. Previously diagnosed with
hyperthyroidism: 2 CYP, one had presented with exopthalmus and
proptosis prior to cardiac surgery, one was detected through a
routine thyroid function test and had no clinical signs or symptoms
at diagnosis.
Finger prick test was found to be feasible and accepted by most CYP
– only 4/309 declined the test.

None of the Down syndrome children in the study had a capillary
TSH level at or above the referral cut-off of 40 mU/L.
Summary: Mean TSH concentration and calculated TSHSDS in male (M) and female (F) infants with Down
syndrome (DS) at neonatal metabolic screening
Gender

n

Mean

SD

DS v
Controls

M

37

9.1

9.01

p < 0.003

F vs M
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thyroidism
during
childhood.

Children’s
Hospital,
Uppsala,
Sweden.

Clinical data: birth weight and length,
infant age at screening, maternal age;
age of gestation, sex.
Followed up until age 10 years

N=73
Exclusions:
n=3 missing
neonatal TSH
screening data;
n=2 born outside
Sweden;
n=1 immigrated
before reaching
the age of 10.
n=5 died before
reaching the age
of 10. None of
these had
developed
hypothyroidism.
n=62 children
(female = 26)
with Down
syndrome with
complete
hospital records.
Controls:
Mean and
standard
deviation (SD)
values for TSH
were calculated

Definitions:
Hypothyroidism: TSH above and T4
below reference level
Sub-clinical hypothyroidism: TSH
above reference interval and T4 on
the lower reference limit
Lab tests:
The analysis was performed on dried
capillary blood on filter paper at the
PKU lab at the Centre for Inherited
Metabolic Diseases, Karolinska
University Hospital, Huddinge,
Sweden. The laboratory performs all
neonatal screening in Sweden. A
dissociation enhanced lanthanide
fluorescent immunoassay
(PerkinElmer Inc., Waltham, MA, USA,
former Wallac Oy, Turku, Finland) was
used for quantification of TSH. A TSH
value of 0.01 mU/L plasma was used
when no numeric value of the TSH
level was obtained (i.e. when the
result was below −3 SD of the lowest
standard).

TSH

TSH
SDS

F
Both
M
F
Both

31
68
37
31
68

4.5
7.0
1.9
0.2
1.1

3.88
7.45
3.31
1.11
2.67

NS
p < 0.010
p < 0.003
NS
P < 0.012

P<0.058

P<0.009

The mean TSH level for children with Down syndrome (n=68) was
higher, 7.0 ± 7.45 mU/l plasma, than that of the controls, 3.9 ± 2.43
mU/l plasma (p < 0.010).
Infants with Down syndrome had an elevated TSH–SDS at birth, 1.1
± 2.67 (p < 0.012).
Overall prevalence (receiving thyroxine therapy): 35.5%
Analysis of the 22 CYP given thyroxine therapy (of these, n=4 were
positive for autoantibodies (TPOabs and TGabs) at start of therapy
or later in the follow-up period):
Group A: n=7 children (3 female) with hypothyroidism based on
laboratory findings
Group B: n=6 children (3 female) with subclinical hypothyroidism
and symptoms of hypothyroidism.
Group C: n=9 children (5 female) with normal TSH levels and T4
levels close to the lower reference limit, but still instituted on
thyroxine by their paediatrician due to clinical signs which could be
related to hypothyroidism.
Neonatal levels of TSH or TSH–SDS did not differ significantly
between Down syndrome children developing hypothyroidism
during childhood (group A) and Down syndrome children who
stayed euthyroid.
No correlation between the TSH level or TSH–SDS at neonatal
screening and the age at diagnosis of childhood hypothyroidism.
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for each set
(median number
of samples per
set = 234, range
78 – 251) in
which the
sample of a
Down syndrome
child was
analysed. These
values were used
as controls.

Noble 2000
(UK, Scotland)

To
investigate
the feasibility
of a schoolbased
capillary TSH
screening
programme

Prospective
longitudinal
feasibility study

CYP with Down
syndrome
attending school
in 2 health
boards of
Scotland over 2
school years
1997-8 and
1998-9.
Total N=214 CYP
with Down
syndrome
identified
Overall 200/214
CYP with Down
syndrome
screened within
programme, 9

The results did not change when the analysis was based on
instituted thyroxine treatment or when the genders were analysed
separately.
There were no differences between the Down syndrome children
who developed hypothyroidism (Group A) and those who did not
develop hypothyroidism during childhood with respect to birth
length, birth weight, Apgar score, gestational age, infant age at
screening or maternal age.
The authors note that neonates with elevated TSH were found to
have a lower birth weight than those with normal TSH (p < 0.03).
They suggest that the levels of TSH at neonatal screening did not
predict the development of hypothyroidism during childhood.
All CYP with Down syndrome entered
onto a register over 2 school years
and invited via letter to their
parents/carers to take part in an
annual screening programme using
capillary blood TSH testing (dried
blood spot collected on card).
TSH level > 10mU/l – referred for
follow up.

Over the 2 years 15/209 (7.2%) CYP referred for follow up.
14/15 had evidence of Hashimoto’s thyroiditis.
Overall prevalence of thyroid dysfunction (CYP receiving thyroxine
therapy): 11/200 (5.5%)
7/15 CYP started thyroxine treatment immediately,
6 with a pronounced rise in venous TSH and subnormal fT4, and 1
with mildly raised TSH and normal fT4 but symptoms suggesting
hypothyroidism.
8 CYP with mildly raised venous TSH and normal fT4 left untreated.
1 year after testing positive, fT4 remained > 9 pmol/l in all 8 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
remained untreated.
Clinical symptoms and signs
3/7 CYP referred and commenced on treatment for hypothyroidism
showed symptoms of hypothyroidism (clinically obvious in 1 child).
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In addition, 1 of these CYP was below the 5th height centile for CYP
with Down syndrome. The height of this child increased to 10 th-25th
centile with treatment over a year. The remaining 6 CYP had heights
on or above 50th centile.
Of the 8 CYP referred but not treated in first year, none had clinical
features of hypothyroidism and heights ranged from 5th-95th centile.

tested outside of
programme.
Year 1
n=183/207
screened

Pierce 2017

(USA)

To describe
the timing
and
prevalence of
thyroid
disorders in
CYP with
Down
syndrome, to
compare age
at diagnosis
between
different
types of
disease and
re-examine
screening
recommendations.

Retrospective
longitudinal
observational
study

Year 2
n=165/177
screened
CYP with Down
syndrome
attending the
Child
Development
and
Rehabilitation
Centre or the
Paediatric
Endocrine Clinic
(PEC) at Oregon
Health and
Science
University, Nov
2007 – Jan 2015.
N=565
(n=508 at Child
Development
clinic and n=57
at the PEC)
Mean age
(range):
Child
Development

Review of electronic medical records.
Blood tests: TSH, fT4 and tT4 from
newborn screen, antithyroid
antibodies
Clinical data: age and thyroid function
tests at diagnosis, comorbidities,
height and weight.
Definitions
Congenital hypothyroidism:
diagnosed by newborn screen or as
stated in medical records
Subclinical hypothyroidism: “high”
TSH with normal fT4 at diagnosis
Overt hypothyroidism: “high” TSH
with low fT4 at any time
Isolated hyperthyrotropinemia:
“high” diagnostic TSH without
diagnostic fT4 or while off
medication, or as stated in medical
record
Unknown hypothyroidism: Diagnosis
stated in medical record of
nonspecific hypothyroidism and/or

Prevalence of thyroid disorder (congenital hypothyroidism, overt
hypothyroidism, unknown hypothyroidism, hyperthyroidism):
12.6% (71/565)
Prevalences:
Congenital hypothyroidism: 8% (14/175)
Subclinical hypothyroidism: 43% (76/175)
Overt hypothyroidism: 5% (9/175)
Isolated hyperthyrotropinemia: 16% (28/175)
Unknown hypothyroidism: 18% (32/175)
Hyperthyroidism: 9% (16/175)
In addition, 13.5% (76/565) CYP were found to have subclinical
hypothyroidism:
TSH 5 – 10 µIU/ml: n=42
TSH> 10 µIU/ml: n=34
Median age at diagnosis of hypothyroidism: 4 years 10 months
Among those diagnosed with hypothyroidism outside of newborn
screening, n=11 (7.5% of all acquired hypothyroidism) were
diagnosed before 6 months of age.
Median age at diagnosis of hyperthyroidism: just under 9 years.
Prevalence with age
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Centre: 6.5 years
(0.05 - 26)
PEC: 11.4 years
(0.2 - 28)
No control group
of CYP without
Down syndrome

prescribed levothyroxine; no
diagnostic tests available
Hyperthyroidism: diagnosis in medical
records of Graves’ disease,
hyperthyroidism or prescribed
methimazole
Representative reference ranges after
1 month of age:
TSH 0.5 – 5.0 µIU/ml
fT4 0.8 – 1.8 ng/dl
However, classifications of “high” and
“low” decided by individual
laboratories.
Lab tests:
Details not reported

Kaplan-Meier estimate for development of thyroid disease in
children with Down syndrome:
25% by age 7.5 years
50% by adulthood
From clinical data:
24% by mean age 7 years (includes subclinical hypothyroidism)
50% by adulthood
Restricting to children with TSH>10 µIU/ml at diagnosis:
25% by 10 years of age
50% by adulthood
Autoimmunity
Antibody positive by diagnosis
Diagnosis
Antibodies positive
no. positive/no. tested
Subclinical
17/37 (46%)
hypothyroidism
TSH 5 – 10 µIU/ml
9/25 (36%)
TSH >10 µIU/ml
8/12 (66%)
Overt hypothyroidism
5/5 (100%)
Isolated hyperthyrotro4/12 (33%)
pinemia
TSH 5 – 10 µIU/ml
1/6 (17%)
TSH >10 µIU/ml
3/6 (50%)
Unknown
3/8 (38%)
hypothyroidism
Hyperthyroidism
15/15 (100%)
Euthyroid
2/22 (10%)
Statistically significant difference in proportions of positive
antibodies between CYP with subclinical and overt hypothyroidism
(p=0.02) and isolated hyperthyrotropinemia and overt
hypothyroidism (p=0.01).
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Popova 2008
(UK)

To describe
the presentation and
clinical
course of
Hashimoto’s
thyroiditis in
CYP with
Down
syndrome

Retrospective
longitudinal
observational
study

CYP with Down
syndrome with
Hashimoto’s
thyroiditis
diagnosed
between 1989
and 2004 in 2
Scottish health
regions.
N=38 (1 lost to
follow up)
n=20 males
Inclusion criteria:
1. Positive
thyroid antibody
in association
with clinical
features, goitre,
and/or
biochemical
indicators of
thyroid
dysfunction.
2. In cases where
thyroid antibody
status negative
or not known,
thyroid
dysfunction in
association with
other
autoimmune
disease.

Review of medical records.
Blood tests: capillary TSH, venous
TSH, tT4, fT4
Clinical data: year and age at
presentation; presence, size and
nature of goitre.
Definitions
Euthyroid: normal tT4 and/or fT4,
normal TSH
Compensated hypothyroid: normal
tT4/fT4, raised TSH
Decompensated hypothyroid: low
tT4/fT4, raised TSH
Hyperthyroid: raised tT4/fT4, low TSH.
Lab tests
Capillary TSH: dried blood spots on
neonatal screening cards. Until 2002
TSH measured using an
immunoradiometric assay (sensitivity
1.0 mU/l). From 2002, the Perkin Elmer
DELFIA assay was used.
Cut-off value for referral by the
screening programme was TSH ≥4 mU/l
(10 mU/l before 2002). Minimum
detection limit 2 µU/ml.
Plasma TSH: measured using
radioimmunoassay until end of 1990.
1991 – March 2002 measured using a
microparticle enzyme immunoassay
system. From April 2002 measured
using an immunometric assay.
Reference range for age 1 month to 18
years: 0.5 to 6.0 mU/l.

Prevalence of Hashimoto’s thyroiditis 29/385 (7.5%) (for cohort
period 1997 to 2004)
29/38 CYP (76%) identified by neonatal capillary TSH screening
programme, 10 of these were diagnosed in the first year of
screening (1997).
Median blood spot TSH in these 29 infants: 16mU/l (range 4.1 –
119).
Diagnosis of remaining 9 CYP:
3 diagnosed before introduction of TSH neonatal screening. 2/3 due
to symptoms (1 diagnosed before moving into health region).
6 CYP diagnosed independently of the screening programme.
Age
Median age at diagnosis of Hashimoto’s thyroiditis: 12.3 years
(range 2.1 to 17.7); only 2 children of pre-school age at diagnosis.
n=6 CYP had a goitre.
Thyroid status
Compensated hypothyroidism: 21/38 (55%)
Asymptomatic: 15/21; median TSH 10.8 mU/l (range 7.3 – 49.8)
Symptomatic: 6/21; median TSH 14.2 mU/l (range 7.8 – 29.3) and
median fT4 14.2 pmol/l (range 9.3 – 15.0).
Thyroxine therapy: 6/21 based on symptoms or TSH level >20 mU/l.
Incipient hyperthyroidism: n=1 (untreated initially but treated later)
Antibody status
TPOabs: 29/30 tested positive
TGabs: 4/10 tested positive
Evolution of Hashimoto’s thyroiditis
Follow up: median duration 6.4 years (range 2.1 – 14.2)
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Exclusion
criteria:
1. Positive
Thyroid
antibodies but no
clinical or
biochemical
abnormality.
2. Sustained
hyperthyroidism
with no
tendency to
spontaneous
hypothyroidism,
in CYP with
positive
TSH receptor
antibodies –
Graves’ disease.
3. Documented
congenital thyroid
dysfunction.

Purdy
2014
(USA)

To identify if
the incidence
of hypothyroidism
among
infants with
Down
syndrome is
higher than
previous
estimates of

Retrospective
longitudinal
observational
study

Infants with
Down syndrome
admitted to
Mattel Children’s
Hospital UCLA
2000-2012.

tT4: measured until August 1996, by
radioimmunoassay
(until the end 1990) followed by
microparticle enzyme immuno-assay
(details as for plasma TSH). Reference
range 58–140 nmol/l.
fT4: measurement replaced tT4 in
August 1996 (assay details
as for plasma TSH). Reference range
9.0–26.0 pmol/l.
Until 1998, thyroid autoantibodies were
measured as microsomal and
thyroglobulin antibodies by murex
haemaglutination, reference range of
<1/100. From 1998 onwards, TPOabs
were measured by a
chemiluminescence method, reference
range <50 IU/ml.
TSH receptor antibodies measured by a
radioreceptor assay, reference range
<15 U/l.

Baseline data collected from
electronic medical records and clinical
databases which were cross-linked
with thyroid tests on newborn
screens, and hospital laboratory
thyroid tests ordered post newborn
screen and before 4 months of age.

N=122
Age 3 – 120
days.

Plasma levels evaluated by standards
for normal age-specific ranges

Compensated hypothyroidism (n=21):
6/21 initially treated remained euthyroid on thyroxine
15/21 initially untreated:
2 CYP became euthyroid within 12 months before reverting to
decompensated hypothyroidism requiring treatment at 2 and 4
years.
9 CYP hypothyroidism remained compensated, median TSH rose to
16.1 mU/l (range 9.6 – 240.9), with clinical symptoms apparent in 2,
prompting treatment with thyroxine in all 9 CYP after 0.7 – 2.2
years.
3 CYP remitted within 1 – 2 years. 2/3 had antibodies retested and
were found to be antibody negative. All 3 CYP remained euthyroid
during follow up of 7.1, 6.2 and 5.1 years.
1 child developed incipient hyperthyroidism at 14.3 years but after
3 months reverted to biochemically compensated but symptomatic
hypothyroidism and received thyroxine therapy.
Decompensated hypothyroidism (n=16)
All but 1 child (aged 6.5 years) remained euthyroid on treatment.

All infants, except 1, had normal TSH at birth, newborn screening. 1
infant diagnosed with hypothyroidism at birth was treated with T4
and the data excluded from the analysis.
The exact TSH level at birth was available for 45 infants (5.4
μIU ml−1 )
Of the total sample, 80 infants (66%) had repeat serum plasma TSH
and total T4 or free T4 levels tested between 3 and 120 days of age:
Normal (euthyroid) n=54 (67.5%)
Primary hypothyroidism n=14 (17.5%)
Compensated hypothyroidism n=12 (15%)
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15% when
examined
prior to 6
months of
age

No comparison
group

established at research hospital’s
laboratory (details not reported).
80 infants (66% of cohort) had repeat
serum plasma TSH and total T4 or
free T4 levels tested between 3-120
days of age.
Infants with Down syndrome were
grouped into 4 categories based on
the results of age-specific plasma
thyroid hormone results:
(1) Normal: normal TSH and total T4
(2) Primary hypothyroidism: high TSH
and low total T4
(3) Compensated hypothyroidism:
high TSH and normal total T4
(4) Sick thyroid syndrome: low TSH
and low T4

Lab testing:
Serum TSH and free thyroxine (free
T4) and total thyroxine (total T4)
concentrations measured by standard
laboratory methods used at UCLA.
Determination of serum TSH is
performed by
electrochemiluminescence
immunoassay on Elecsys 2010 and
Cobas e 411 analyzers according to
the TSH assay standard against the
Second International Reference
Standard 80/558 and the Cobas
immunoassay analyzers (Roche

2 infants were diagnosed with sick thyroid syndrome
Overall prevalence of thyroid dysfunction (congenital
hypothyroidism, primary hypothyroidism): 15/81 (18.5%)

Repeat thyroid test results between 3 and 120 days of age
(median (IQR); range):
Normal (euthyroid) (n=54)
Highest TSH (µIUml-1): 5.65 (3.5 - 10.4); 0.4 - 42.9
Lowest tT4 (mcgdl-1): 9.6 (4.6 - 14.4); 1.4 - 17.1
Lowest fT4 (ngdl-1): 1.5 (0.9 - 1.9); 0.8 - 2.3
Hypothyroidism needing treatment (n=14)
Highest TSH (µIUml-1): 22.2 (11.5 - 42.2); 3.3 - 216.5
Lowest tT4 (mcgdl-1): 7.2 (1.8 - 7.7); 1.0 - 12.3
Lowest fT4 (ngdl-1): 1.5 (1.3 - 1.8); 1.3 - 1.8
Compensated hypothyroidism (n=12)
Highest TSH (µIUml-1): 14.0 (10.7 - 17.4); 7.1 - 41.4
Lowest tT4 (mcgdl-1): 10.5 (10.2 - 11.9); 9.6 - 12.3
Lowest fT4 (ngdl-1): 1.6 (1.0 - 1.9); 1.0 - 1.9
Higher incidence of hypothyroidism amongst males (34%, 20
infants) than females (20%, 12 infants), but difference not
statistically significant (p=0.0873).
Age at diagnosis of primary hypothyroidism ranged from 7 to 119
days.
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Sankar 2018

(India)

To evaluate
subclinical
hypothyroidis
m in CYP with
Down
syndrome
and identify a
TSH level at
time of
diagnosis to
predict
persistent
hypothyroidis
m.

Prospective
longitudinal
observational
study

Children with
Down syndrome.
N=192
Aged <3 years
Registered at
study hospital
2010-2015

Diagnostics, Indianapolis, IN, USA)
methods.
TSH assay cross-reactivity: luteinizing
hormone, follicle stimulating
hormone, human growth hormone
and human chorionic gonadotropin
was 0.038%, 0.008%, 0% and
0%, respectively.
For total T4 assay, the cross-reactivity
for the rapid acting thyroid hormone
liothyronine Triiodothyronine (L-T3)
and
Triiodothyronine (D-T3) was 1.3% and
0.8%, respectively. Free T4 assay
cross-reactivity was 1.53% for thyroid
hormones L-T3 and D-T3.
Thyroid function tests performed
when children referred, serum TSH
and total T4. Repeat TSH and T4
measurements carried out in first
year of life and annually after 1 year
of age.
All children with TSH >5mU/l treated
with thyroxine. Thyroxine stopped at
3 years of age in children with
subclinical hypothyroidism and
thyroid function tests repeated after
3 months. Thyroid supplementation
restarted in those children found to
have persistent hypothyroidism.
All children with overt and persistent
subclinical hypothyroidism had a
thyroid ultrasound scan performed
plus testing for anti-TPOab and antiTGab.

Thyroid function test results:
Normal TSH: 145/192 (75.5%)
Raised TSH: 47/192 (24.5%) (27 males)
Mean age at diagnosis: 11.5 months (SD 4 months)
Mean TSH value at diagnosis: 13.2 mU/l (SD 15.1)
TSH 5-10mU/l: n= 26
TSH 10.1-20mU/l: n=17
TSH >20mU/l: n=4
Overt hypothyroidism: n=4; mean TSH 46.5 (SD 41.0)
Subclinical hypothyroidism: n=43; mean TSH 10.5 (SD 3.8)
P<0.001
Evaluation of persistent subclinical hypothyroidism at 3 years of age
(n=34):
Normalisation of TSH level: n=25 (73.5%)
High TSH suggestive of hypothyroidism: n=9 (26.5%)
Exclusions: n=9 (n=7 < 3 years of age; 2 missing values)
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Definitions
Elevated serum TSH >5mU/l
Normal total T4: 4.5 – 12.5 µg/dl
Lab testing
Total serum TSH and T4 levels
measured in venous blood by
electrochemiluminescence
immunoassay.
Statistical tests
Chi-squared, Student’s t-test and
receiver-operator curve analysis.

Overall prevalence of thyroid dysfunction (overt, persistent
hypothyroidism): 13/183 (7.1%)
Mean TSH level at time of diagnosis:
Persistent hypothyroidism: 25.1 mU/l (SD 25.6)
Transient hypothyroidism: 8.9 mU/l (SD 1.8)
p=0.003
ROC curve analysis:
TSH threshold of 11.6mU/l diagnostic of persistent hypothyroidism
with a specificity of 92% and sensitivity 77%.
Ultrasound examination:
1 of 4 children with overt hypothyroidism showed agenesis of
thyroid gland.
Antibody testing
Anti-TPOab elevated in 8 children – 2 cases of overt hypothyroidism
and 6 cases of subclinical hypothyroidism.
Anti-TGab – negative in all children

Schmitt-Lobe
2018
(Brazil)

To describe
the
prevalence of
thyroid
dysfunction
in CYP with
Down
syndrome
according to
age

Retrospective
longitudinal
observational
study

CYP with Down
syndrome
attending
Regional
University
Hospital 2001 2016.

Review of medical records.

Prevalence of any thyroid disorder: 70.4% (57/81)

Blood tests: TSH, fT4, TPOab and
TGab.

Prevalence by diagnosis:
Subclinical hypothyroidism (SC-HT): 45.7% (n=37) (95% CI 34.83 to
56.53%)
Hashimoto’s thyroiditis (HT): 11.1% (n=9) (95% CI 4.27 to 17.96%)
Congenital hypothyroidism (CHT): 7.4% (n=6) (95% CI 1.7 to 13.11%)
Graves’ disease (GD): 6.2% (n=5) (95% CI 0.93 to 11.41%)

Age
Clinical data: type of thyroid disease.

N=81
Mean age at
diagnosis: 5.19
years

Definitions
Congenital hypothyroidism:
hypothyroidism diagnosed before 3
months of life
Subclinical hypothyroidism: TSH
>6μIU/mL and
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normal fT4
Hashimoto’s Thyroiditis: TSH >6
μUI/mL and low fT4 with TPOab
and/or TGab positive
Graves’ Disease: TSH <0.67 μUI/m,
high fT4 and positive anti-TSH
receptor antibody.
Lab tests
Not reported
Selikowitz 1993
(Australia)

To describe
the
prevalence of
thyroid
dysfunction
in CYP with
Down
syndrome
and its course
over 5 years
of follow up

Prospective
longitudinal
observational
study

Age at diagnosis and type of thyroid disease (n=57)
Age
(year
s)
0-4
5-9
1015
>15

SC-HT

HT

CHT

GD

21
56.8%
8
21.6%
7
18.9%
1
2.7%

3
33%
3
33%
3
33%
0

6
100%
0

1
20%
2
40%
2
40%
0

0
0

Mean
age
(SD)
1.66
(1.19)
7.32
(1.29)
12.7
(1.56)
17

Total

31
54.4%
13
22.8%
12
21.1%
1
1.8%

CYP with Down
syndrome
attending the
developmental
clinic of the
children’s
teaching
hospital, Sydney
between June
1985 – June
1987.

CYP with Down syndrome at the
study hospital recruited and followed
up annually for 5 years.

Prevalence of all thyroid dysfunction: 11/101 (11%) – 10 CYP
diagnosed with compensated hypothyroidism, 1 child with
congenital hypothyroidism on entry to study.

Blood tests: venous TSH, tT4, tT3,
thyroid uptake. Anti-TGab and antimicrosomal antibody measured in
CYP with evidence of thyroid
dysfunction.
Free thyroxine index and free triiodothyronine calculated.

Mean age at diagnosis: 5 years 3 months

N=101

Definitions
Normal TSH <3.8 (units not reported)
Free thyroxine index: normal 65 - 130
Other thresholds not reported

Of 10 CYP with compensated hypothyroidism:
4 CYP - resolved spontaneously; none had raised thyroid autoantibodies
5 CYP – continued compensated hypothyroidism; 2 with raised
auto-antibodies
1 child – developed uncompensated hypothyroidism; raised antiTGab and anti-microsomal antibody. Treated with thyroxine.

n=6 lost to
follow up
Age range 2
weeks – 11 years
4 months

Lab tests
tT4 and thyroid uptake: fluorescence
polaristation
tT3: radioimmunoassay
TSH: enhanced fluorescent
immunoradiometric assay
Anti-TGab and anti-microsomal
antibody: indirect agglutination.

Course of thyroid dysfunction
At study entry: 1 child with congenital hypothyroidism; 2 children
with compensated hypothyroidism.
Over 5 years: 8 more CYP developed compensated hypothyroidism.

Details of CYP with hypothyroidism:
Findings in 10 children with compensated
hypothyroidism
Age (years: months) at:
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Entry

Tenenbaum
2012
(Israel)

To determine
whether
untreated
subclinical
hypothyroidism or
low normal
fT4 are
associated
with detrimental
clinical
outcome

Prospective
longitudinal
observational
study

CYP with Down
syndrome
attending the
Hassadah Down
Syndrome
Center,
Jerusalem 2004 –
2010.

Methods of data collection unclear,
CYP with Down syndrome at study
centre “followed routinely” and
evaluated at regular out-patient
visits.

N=157

Clinical assessment: height, weight,
BMI, muscle tone evaluation, gross
motor function, age-expected
functional abilities, heart rate.

Median age: 5.9
years

Blood tests: venous TSH, fT4,
haemoglobin

Definitions
Normal ranges:
TSH: 0.35 – 5.5 mU/l
fT4: 11.5 – 22.7 pmol/l
Euthyroid: normal fT4 and TSH

Diagnosis

Resolution

Highest
TSH

Transient
6 months
2:6
3:6
4.2
8 months
2:8
4:8
5.7
9 months
1:10
3:11
4.3
2 years
2:0
5:2
6.2
Persistent
4 months
3:4
4.1
2:2
2:2
5.5
4:6
8:6
4.6
5:7
9:7
7.5
6:1
10:2
5.6
Uncompensated developed
10:2
14:4
24
134/157 CYP had complete thyroid function tests (23 had TSH only).
Prevalence of thyroid dysfunction (subclinical hypothyroidism,
hypothyroidism receiving thyroxine): 36.6% (49/134)
Prevalence of hypothyroidism receiving thyroxine therapy: 21.6%
(29/134)
n=25 diagnosed prior to study entry
Subclinical hypothyroidism
Comparison of signs and symptoms between CYP
with subclinical hypothyroidism (SCHT) and CYP
without hypothyroidism
SCHT
Without
P value
Number
20
85
Average age
4.7 (6.3)
8.9 (8.9)
0.04
(years) (SD)
Average fT4
16.6 (3.3)
16.0 (2.7)
0.37
(pmol/l)
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Subclinical hypothyroid: normal fT4
and elevated TSH
Hypothyroid: fT4 below normal range
with any TSH
Thyrotoxic: fT4 above normal range
with any TSH
Euthyroid submedian fT4: fT4 <15.6
pmol/l (the median value)
Euthyroid supramedian fT4: fT4 ≥15.6
pmol/l
Euthyroid submedian TSH: TSH <3.6
mIU/l
Euthyroid supramedian TSH: TSH ≥3.6
mIU/l
Lab tests
ADVIA Centaur sandwich
immunoassay kit.
Statistical analysis
Group differences
for categorical variables: Χ² test or
Fisher's exact test. Group differences
for quantitative variables:
independent samples t test, and the
Mann-Whitney nonparametric test
when the data were not normally
distributed.
Association between quantitative
variables: Pearson's correlation
coefficient.
Logistic regression
was performed including variables
found significantly associated with
hemoglobin values.

Average TSH
(mIU/l)
BMI
percentile
(SD)
Hypotonia:
without/mild
Mod/severe
(n)

9.0 (2.2)

3.6 (1.5)

0.0001

78.6
(22.0)

69.9 (29.1)

0.37

47.4 (n=9)
52.6
(n=10)

83.6 (n=56)
16.4 (n=11)

0.002

Occurrence of constipation, dry skin, bradycardia and anaemia not
significant different between the 2 groups.
fT4 level
Comparison of signs and symptoms according to
fT4 level within the normal range
fT4
fT4
P
<median
≥median
value
Number
52
53
Average age
11.2 (10.0) 5.1 (5.7)
0.0002
(years) (SD)
Average TSH
4.5 (2.5)
4.8 (2.9)
0.54
(mIU/l)
BMI
77.9 (31.9) 65.2 (22.0) 0.07
percentile
(SD)
Haemoglobin
0.001
(%)
Below
10.9 (n=5)
0 (n=0)
normal range
Normal,
45.7 (n=21) 23.8 (n=10)
below mean
Normal,
37.0 (n=17) 73.8 (n=31)
above mean
6.5 (n=3)
2.4 (n=1)
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Above
normal range
Association between fT4 and haemoglobin not affected by gender
or age (logistic regression analysis).
No significant. difference between groups for constipation, dry skin,
bradycardia, hypotonia, average TSH levels.
TSH levels as predictor of clinical outcome
128 CYP with absolute TSH levels within normal range and not
receiving thyroxine divided into 2 groups:
Euthyroid submedian TSH compared with euthyroid supramedian
TSH. No signif. difference between groups for any hypothyroidismrelated symptoms or average fT4 levels. Average age of CYP in
euthyroid submedian group 3.19 years older than the supramedian
group (p=0.05), although no correlation was found between age
and TSH levels (Pearson’s correlation coefficient = -0.096, p=0.40).
Van Trotsenburg
2006
(Nether-lands)

To describe
the etiology
and course of
thyroid
function in
infants with
Down
syndrome

Prospective
longitudinal
study

CYP with Down
syndrome
enrolled into the
placebo arm of a
single centre RCT
at the University
of Amsterdam.

Following recruitment CYP followed
up at study medical centre at 2, 6, 12,
18 and 24 months.
At all visits blood tests taken for:
plasma TSH, fT4, T4, T3, T4-binding
globulin, thyroglobulin. At 12 and 24
months of age blood samples stored
for anti-TPOab measurement.

N=97
n=7 lost to
follow up
Inclusion criteria:
1. Congenital
hypothyroidism
screening result
normal

Lab tests
TSH and fT4: time-resolved
fluoroimmunoassay
T4 and T3: in-house
radioimmunoassay methods
T4-binding globulin: commercial RIA
Thyroglobulin and anti-TPOab:
chemiluminescence immunoassay.

Mean plasma TSH concentrations (n=97)
From age 0.8 months to age 6 months: decreased from 5.45 to 4.53
mIU/l
After 6 months: stabilized between 4.24 and 4.52 mIU/l
All these mean values significantly higher than median and mean
values seen in age-comparable general population (p<0.001).
Frequency distributions seen to be shifted entirely to the right
compared to general population (rather than being due to elevated
TSH concentrations in a sub-sample of CYP with Down syndrome).
Individual TSH concentrations seen to fluctuate over time from
“normal” to “elevated” and vice versa.
Only in 9.3% CYP with Down syndrome had all TSH measurements
within the laboratory’s reference interval.
Plasma fT4, T4, T3, T4-binding globulin concentrations and T4:T3
ratio
From age 0.8 months to age 6 months: mean plasma fT4
concentrations decreased approx. 20%
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2. Gestational
age >252 days
3. 5 minute
Apgar score >7
4. Postnatal age
<28 days
Controls
After age 6
months
laboratory
reference
intervals used to
compare plasma
TSH, fT4 and
thyroglobulin
concentrations.
TSH levels in CYP
without Down
syndrome
obtained from
published
literature (n=6
studies).
Time-course of
thyroglobulin
concentrations
taken from
published study
of healthy
infants (Leger et
al, 1988).
fT4
concentrations:
age-matched T4-

Lab reference values (established in
healthy controls):
TSH 0.4 - 4.0 mIU/l
fT4 10 - 23 pmol/l
T4 70 – 150 nmol/l
T3 1.3 – 2.7 nmol/l
T4-binding globulin 200 – 650 nmol/l
Thyroglobulin <60 pmol/l
Anti-TPOab concentration <60 kIU/l
Statistical analysis
Placebo-treated Down syndrome
infants’ TSH
concentrations compared to general
population’s
means by General Linear Model
repeated-measures analysis.
The thyroglobulin concentrations
during
placebo and T4 treatment were
compared using General
Linear Model repeated-measures
analysis.
The Down syndrome infants’ mean
neonatal CH screening T4
concentration
(expressed as SD score) was
compared to the general
population mean (0 SD) using the
one-sample t test.
Other comparisons between infants
with Down syndrome and those
without Down syndrome made using
means with SD and analysed using ttests.

After 6 months: stabilized around 14.2 pmol/l. Mean fT4
concentrations and fT4 frequency distributions in lower two thirds
of the reference interval.
Age 5 days: mean T4 concentration in neonates participating in the
study lower than general population due to “left-shifted” Gaussian
T4 concentration frequency distribution in neonates with Down
syndrome. Mean T4 concentration in neonates with Down
syndrome -0.59 SD; general population 0 SD; p<0.001.
Age 0.8 months onwards: mean T4 and T3 concentrations in infants
in the study group showed a more gradual decrease than fT4,
following the course of the mean T4-binding globulin concentration,
and levelling off not before 18 months.
Ages 24 and 26 months: Mean T4:T3 molar ratios (SD) were 50.3
(10.9) and 50.8 (9.8) respectively (similar to values found in children
aged 1-5 years without Down syndrome).
Plasma thyroglobulin concentration
From age 0.8 months to age 26 months: mean plasma thyroglobulin
concentrations gradually decreased from 70.3 to 29.4 pmol/l, with
largest decrease between 0.8 to 6 months. Similar course and
values as seen in infants without Down syndrome.
Serum TPOabs
Age 12 months: (study placebo group n=90; study intervention
group treated with thyroxine n=93)
In both groups one infant anti-TPOab positive.
Age 24 months: (n=92 in each study group) Placebo group n=4
infants anti-TPOab positive; thyroxine group n=6 infants anti-TPOab
positive.
In study placebo group TSH concentration not significant different
between infants who were TPOab positive and those who were
anti-TPOab negative (anti-TPOab positive: TSH 5.35 (1.82) mIU/l and
anti-TPOab negative: TSH 4.93 (2.59) mIU/l; p=0.75).
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treated CYP
without Down
syndrome with
thyroidal
congenital
hypothyroidism
when TSH was
between 0.4 and
4.0 mIU/l.
Zori 1990

USA

To
investigate
the extent to
which
autoimmunity
contributes
to thyroid
dysfunction
in people
with Down
syndrome.

Cross-sectional
comparative
observational
study

Individuals with
Down syndrome
identified
through parent
support groups,
a medical centre
and a residential
care centre in
Florida.
N=61 in total
Mean age of
sample: 23.9
(range 5 months
– 48 years.
Divided into 3
age groups:
<10 years n=22;
mean age 3.7
years
10-20 years
n=18; mean age
14.7 years
>20 years n=21;
mean age 30.8
years

Participants invited for blood tests to
determine thyroid status and to test
for autoimmunity.
Venous blood tests: TSH and HLA
typing; autoantibodies to ThyM
antigen, pancreatic islet cells, gastric
parietal cells, adrenocortical cells,
TGabs and ThyM antibodies.
Definitions
Hypothyroidism: venous TSH <5
µIU/ml: normal
5-10 µIU/ml: raised
>10 µIU/ml: abnormal

Prevalence of thyroid dysfunction:
Total sample:
40/61 (65.6%) identified as having thyroid dysfunction (TSH ≥5
µIU/ml or previously diagnosed Hashimoto’s hypothyroidism or
Grave’s disease))
<10 years:
15/22 (68%) thyroid dysfunction
10-20 years:
13/18 (72%) thyroid dysfunction
Children <10 years with thyroid dysfunction tended to have higher
TSH (>10 µIU/ml) compared with CYP >10 years + adults (p=0.06;
Fisher’s exact test).
Autoantibodies:

Lab tests
Autoantibodies to ThyM antigen,
pancreatic islet cells, gastric parietal
cells, adrenocortical cells: indirect
immunofluorescence.
ThyM antibodies and TGabs:
hemagglutination inhibition assay.
ThyM antibody titres of ≥1:100 and
TGabs ≥1:32 were considered
positive.

Thyroid function and presence of autoantibodies
Age
N
TSH <5 TSH 5- TSH>
Known
and
(nor10
10
disease
automal)
(n)
(n)
(n)
anti(n)
body
status
<10 y
22 7
7
8
0
Ab +
4
1
1
2
0
Ab 18 6
6
6
0
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Results reported
here for
participants aged
<20 years.
(Note: Text
states age cutoffs as <10, 1019 and >19 years
whilst all figures
and tables report
this to be <10,
10-20 and >20
years).

TSH values measured using
commercially available kit from
Diagnostic Product Corporation.

10-20
Ab +
Ab >20 y
Ab +
Ab -

18
8
10
21
5
16

5
1
4
9
0
9

8
2
6
9
2
7

2
2
0
1
1
0

3
3
0
2
2
0

n=17 individuals had thyroid autoantibodies (12 ThyM antibodies
only, 1 TGabs and 4 both), including 12 individuals who were aged
≤20 years.
In individuals with thyroid dysfunction 12/25 (48%) over age 10
years had thyroid autoantibodies compared with 3/15 (20%) <10
years (p=0.06).
All 8 individuals with TSH>10 µIU/ml or previously diagnosed
thyroid disease had thyroid autoantibodies compared with 2/8
children <10 years (p=0.001).

Abbreviations in table
HLA Human leucocyte antigen
SD Standard deviation
SDS Standard deviation scores
T4 Thyroxine
fT4 Free thyroxine
TT4 Total thyroxine
TGB Thyroglobulin
TGabs Thyroglobulin antibodies
TPO Thyroperoxidase
TPOabs Thyroperoxidase antibodies
TRH Thyrotrophin releasing hormone
TSH Thyroid stimulating hormone
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Appendix G : GRADE tables
Grade table 1 : Clinical questions :
1. What blood tests should be undertaken as part of routine surveillance to identify thyroid disorders
in children and young people with Down Syndrome?
2.

When should routine surveillance blood tests commence in children and young people with
Down Syndrome and how often should they be repeated?

№
of
stud
ies

Certainty assessment
Study Risk Inconsi Indirec Impre
Other
design of
stency
tness
cision consider
bias
ations

Effect
№ of
№ of
events individua
ls

Certainty
Rate

Aversa 2015 - Prevalence of euthyroidism at time of diagnosis in CYP with Hashimoto's thyroiditis: CYP with
Down syndrome vs controls (timing of exposure: median 5.1 years; assessed with: Serum fT4 and TSH)
1

observa seri
tional
ous
studies a,b

not
serious

serious
c

not
none
serious

20

300

146 CYP
13.7%
with
Down
syndrome
553
controls

⨁⨁◯◯
LOW

54.3%

Aversa 2015 - Prevalence of overall thyroid dysfunction in CYP with Down syndrome initially diagnosed with
Hashimato’s thyroiditis (follow up: median 5.1 years; assessed with: Serum TSH and fT4)
1

observa seri
tional
ous
studies d

not
serious

serious
c

not
none
serious

141

146

96.6%

⨁⨁◯◯
LOW

Claret 2013 – Prevalence of thyroid dysfunction in CYP with Down syndrome (subclinical hypothyroidism,
hypothyroidism and hyperthyroidism – includes untreated CYP) (assessed with: venous TSH and fT4)
1

observa seri
tional
ous
studies a,l,p

not
serious

not
serious

not
none
serious

149

1903

7.8%

⨁⨁◯◯
LOW

Claret 2013 - Resolved cases of sub-clinical hypothyroidism - untreated children diagnosed <5 years of age
(follow up: mean 54 months; assessed with: TSH and fT4)
1

observa seri
tional
ous
studies a,l

not
serious

not
serious

not
none
serious

35

39

89.7%

⨁⨁◯◯
LOW

Claret 2013 - Progression to overt hypothyroidism – children diagnosed with sub-clinical hypothyroidism <5
years of age (follow up: mean 54 months; assessed with: TSH, fT4 and/or TT3)
1

observa seri
tional
ous
studies a,l

not
serious

not
serious

serious none

0

e

53

0%

⨁⨁◯◯
LOW

Claret 2013 – presence of goiter in CYP diagnosed with sub-clinical hypothyroidism <5 years of age (follow
up: mean 54 months; assessed with: TSH, fT4 and/or TT3)
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1

observa seri not
tional
ous a serious
studies

not
serious

serious none

12

53

22.6%

⨁⨁◯◯

(95% CI LOW
11.4 to
33.9)

Claret 2013 – presence of a goitre in CYP diagnosed with sub-clinical hypothyroidism <5 years of age who
experienced spontaneous remission (follow up: mean 54 months; assessed with: TSH, fT4 and/or TT3)
1

observa seri not
tional
ous a serious
studies

not
serious

serious none

Spontaneous
remissio
n with a
goitre:

Spon12.8%
taneous
remission
: 39

⨁⨁◯◯
LOW

5
No
No
50%
remissio remission
n with a : 14
goitre: 7
DeLuca 2010 – Age at diagnosis of Grave’s disease for CYP with Down syndrome compared with control
group (follow up: 4-5 years; assessed with venous TSH, fT4 and TSH receptor autoantibodies)
1

observa seri
tional
ous
studies a.g

not
serious

not
serious

not
none
serious

CYP with Down syndrome: 9.9
years

⨁⨁⨁◯
MODERATE

Control group: 11.5 years
p<0.05

DeLuca 2010 – Antecedents of Hashimoto’s thyroiditis (follow up: 4-5 years; assessed with venous TSH,
fT4 and TSH receptor autoantibodies)
1

observa seri
tional
ous
studies a.g

not
serious

not
serious

not
none
serious

6

4

28
CYP 21.4%
with
Down
syndrom
e
109
control
group

⨁⨁⨁◯
MODERATE

3.7%

Erlichman 2016 – Prevalence of thyroid dysfunction in CYP with Down syndrome (CYP receiving ongoing
thyroxine therapy) (follow up: unclear; assessed with: venous TSH and tT4)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

24

159

15.1%

⨁⨁◯◯
LOW

a,f,l

Erlichman 2016 – Values of tT4 at screening for infants treated with L-thyroxine vs not treated (follow up:
unclear; assessed with: tT4 at screening)
1

observa very not
tional
seri serious
studies ous
a,f,l

not
serious

not
none
serious

32
(started
on
treatme
nt)

127 (not
treated)

20%
⨁⨁◯◯
started
LOW
on
11.3mcg/ treatmen
dl
t
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11.2mcg
/dl
Gibson 2005 - Prevalence of thyroid dysfunction in CYP with Down syndrome (CYP receiving ongoing
thyroxine therapy) (follow up: not reported; assessed with: venous TSH and thyroid binding globulin)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

4

104

3.8%

⨁◯◯◯
VERY LOW

f,l,q

Gibson 2005 – CYP found to be euthyroid at first testing who went on to be hypothyroid at second testing
(follow up: 3-7 years; assessed with venous TSH and thyroid binding globulin)
1

observa very not
tional
seri serious
studies ous

not
serious

serious none

2

83

2.4%

m

⨁◯◯◯
VERY LOW

f,l,q

Gibson 2005 - Prevalence of thyroid antibodies in CYP with Down syndrome (CYP receiving ongoing
thyroxine therapy) (follow up: “second decade of life”; assessed with: thyroid microsomal antibodies; first
testing: age range 6-14 years, second testing: 10-20 years of age)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

f,l,q

First
testing:

First
testing:

8

103

Second
testing:

Second
testing:

7

103

8%

⨁◯◯◯
VERY LOW

7%

Iughetti 2014 – Prevalence of thyroid dysfunction in CYP with Down syndrome up to 1 year of age
(congenital hypothyroidism, hypothyroidism and hyperthyroidism) (follow up: 10 years; assessed with venous
TSH and fT4)
1

observa seri
tional
ous
studies h

not
serious

not
serious

not
none
serious

14

145

9.7%

⨁⨁◯◯
LOW

Iughetti 2014 - Number of children with normal thyroid function and positive thyroid autoantibodies at
year one who went on to develop a thyroid dysfunction (follow up: 10 years; assessed with: venous TSH
and fT4)
1

observa seri
tional
ous
studies h

not
serious

not
serious

not
none
serious

22

37

60%

⨁⨁◯◯
LOW

Iughetti 2014 - Number of children with sub-clinical hypothyroidism and positive thyroid antibodies at year
one who developed hypothyroidism (follow up: 10 years; assessed with: TSH and fT4)
1

observa seri
tional
ous
studies h

not
serious

not
serious

serious none

4

14

28.6%

e

⨁◯◯◯
VERY LOW

Iughetti 2014 – Probability of testing positive for thyroid antibodies with increasing age
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1

observa seri
tional
ous
studies h

not
serious

not
serious

serious none

1st year: 5%

⨁◯◯◯

10 year: 37%

VERY LOW

w
th

p<0.001
Iughetti 2014 – Probability of developing more severe rather than less severe hypothyroidism in children
who are antibody positive compared with those who are antibody negative (assessed with thyroid peroxidase
antibody assay)
1

observa seri
tional
ous
studies h

not
serious

not
serious

serious none

OR=3.6 (95%CI 2.3 to 16.1)

⨁◯◯◯

p<0.001

VERY LOW

i

Ivarsson 1997 - Prevalence of thyroid dysfunction in CYP with Down syndrome (receiving thyroxine
therapy) (assessed with: venous TSH, tT4 or fT4, thyroglobulin antibodies and thyroid peroxidase
autoantibodies)
1

observa seri
tional
ous
studies a,r

not
serious

not
serious

not
none
serious

17

70

24.3%

⨁⨁◯◯
LOW

Ivarsson 1997 - Thyroid autoantibodies in CYP with hypothyroidism (follow up: 4 years; assessed with:
venous TSH, tT4 or fT4, TGab and TPOab)
1

observa very not
tional
seri serious
studies ous

not
serious

serious none

9

17

53%

h

⨁◯◯◯
VERY LOW

a,b,d,e

Karlsson 1998 - Prevalence of thyroid dysfunction in CYP with Down syndrome (hypothyroidism and
hyperthyroidism) (assessed with: venous TSH, tT4, fT4, clinical symptoms)
1

observa very not
tional
seri serious
studies ous

serious t not
none
serious

30

85

35.3%

⨁◯◯◯
VERY LOW

a,f,k.r

Karlsson 1998 – Proportion of children developing hypothyroidism before age 8 years (assessed with:
venous TSH, tT4, fT4, clinical symptoms)
1

observa very not
tional
seri serious
studies ous

serious t not
none
serious

14

28

50%

⨁◯◯◯
VERY LOW

a,f,k.r

McGowan 2011 – Prevalence of thyroid dysfunction in CYP with Down syndrome (venous TSH >6 mU/l)
(assessed with: venous TSH)
1

observa seri
tional
ous
studies a,n,o

not
serious

not
serious

not
none
serious

76

1329

5.7%

⨁⨁◯◯
LOW

McGowan 2011 – Correlation between age and TSH concentration for children referred with raised capillary
TSH (assessed with: venous TSH)
1

observa seri
tional
ous
studies a,n,o

not
serious

not
serious

not
none
serious

n=98 CYP referred

⨁⨁◯◯
LOW
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Correlation coefficient,
R=0.19, p=0.05

McGowan 2011 – Correlation between TSH concentration and thyroid peroxidase antibody level in children
referred with raised capillary TSH (assessed with: venous TSH and thyroid peroxidase antibody assay)
1

observa seri
tional
ous
studies a,n,o

not
serious

not
serious

not
none
serious

n=98 CYP referred

⨁⨁◯◯

Correlation coefficient,
R=0.417, p<0.001

LOW

McGowan 2015 - Correlation between capillary TSH and venous TSH and fT4 (assessed with: Venous TSH
and fT4)
1

observa seri
tional
ous
studies a,g

not
serious

not
serious

serious none
i

Pearson correlation
coefficients:

⨁◯◯◯
VERY LOW

Capillary and venous TSH
+0.814 p=0.01
Capillary TSH and venous fT4
-0.522 p=0.01
Receiver operator curve
analysis: capillary TSH highly
predictive of a venous TSH
level of >10 mU/L. Capillary
TSH poorly predictive of
venous fT4 (data not
reported).

Murphy 2008 – Acceptability of a dried blood spot surveillance test (assessed with: number of CYP declining
the test)
1

observa not
tional
seri
studies ous

not
serious

not
serious

not
none
serious

309

4

1.3%

⨁⨁⨁◯
MODERATE

Murphy 2008 – Number of CYP newly diagnosed with hypothyroidism following introduction of surveillance
programme (assessed with dried blood spot TSH >10 mU/l the followed up with venous TSH, fT4 and
antibody testing)
1

observa not
tional
seri
studies ous

not
serious

not
serious

not
none
serious

309

5

1.6%

⨁⨁⨁◯
MODERATE

Murphy 2008 - Number of CYP previously diagnosed with hypothyroidism who were positive for thyroid
antibodies (assessed with thyroid microsomal antibodies or thyoperoxidase antibodies)
1

observa seri not
tional
ous a serious
studies

not
serious

serious none

10

6

60%

e

⨁◯◯◯
VERY LOW

Myrelid 2009 - Prevalence of thyroid dysfunction in CYP with Down syndrome (CYP receiving ongoing
thyroxine therapy) (follow up: 10 years; assessed with: venous TSH, thyroperoxidase and thyroglobulin)
1

observa very not
tional
seri serious
studies

not
serious

not
none
serious

22

62

35.5%

⨁⨁◯◯
LOW
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ous
a,g,k,l

Myrelid 2009 – Prevalence of antibody positivity in CYP treated with thyroxine (follow up: 10 years;
assessed with: thyroperoxidase and thyroglobulin antibody assay)
1

observa very not
tional
seri serious
studies ous

not
serious

serious none

22

4

18%

e

⨁◯◯◯
VERY LOW

a,g,k,l

Noble 2000 - Prevalence of thyroid dysfunction in CYP with Down syndrome (CYP receiving thyroxine
therapy) (assessed with: venous TSH, thyroperoxidase antibodies and microsomal antibodies)
1

observa seri not
tional
ous j serious
studies

not
serious

not
none
serious

11

200

5.5%

⨁⨁⨁◯
MODERATE

Noble 2000 - CYP identified from surveillance with capillary TSH > 10mU/l (assessed with: Capillary TSH)
1

observa seri not
tional
ous j serious
studies

not
serious

not
none
serious

15

209

7.2%

⨁⨁⨁◯
MODERATE

Noble 2000 - CYP with dried blood spot capillary TSH >10 mU/l who were then found to be positive for
thyroid antibodies (follow up: at referral; assessed with: microsomal antibodies or thyroid peroxidase
antibodies)
1

observa seri not
tional
ous j serious
studies

not
serious

not
none
serious

15

14

93%

⨁⨁◯◯
LOW

Pierce 2017 - Prevalence of thyroid dysfunction in CYP with Down syndrome (congenital hypothyroidism,
overt hypothyroidism, unknown hypothyroidism, hyperthyroidism) (assessed with venous TSH, fT4 and, for
newborn screening, tT4)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

71

565

12.6%

⨁◯◯◯
VERY LOW

a,f,l

Pierce 2017 - Prevalence of thyroid antibody positivity in CYP with overt hypothyroidism compared with
those with subclinical hypothyroidism (assessed with: venous TSH, antibody assay)
1

observa very not
tional
seri serious
studies ous
a,f,l

not
serious

serious none
e

Overt
5
hypothy
roidism:
5

100%

Subclinic 17
al
hypothy
roidism:
37

46%

⨁◯◯◯
VERY LOW

Pierce 2017 -

Estimate for development of thyroid disease in CYP with Down syndrome restricting to
children with TSH >10 µIU/ml at diagnosis (follow up: unclear; assessed with venous TSH, fT4 and, for
newborn screening, tT4)
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1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

25% by 10 years of age

⨁◯◯◯

50% by adulthood

VERY LOW

a,f,l,r,s

Popova 2008 –

Prevalence of Hashimoto’s thyroiditis in CYP with Down syndrome (follow up: median 6.4
years; assessed with capillary TSH, venous TSH, venous fT4 and thyroid antibodies)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

29

385

7.5%

⨁⨁◯◯
LOW

a,p

Popova 2008 – Evolution of Hashimoto’s thyroiditis in CYP with Down syndrome – proportion of CYP
receiving ongoing thyroxine therapy (follow up: 4 years; retrospective review of medical records)
1

observa seri not
tional
ous a serious
studies

not
serious

not
none
serious

34

37

92%

⨁⨁◯◯
LOW

Popova 2008 – Number of CYP with hypothyroidism identified as having decompensated hypothyroidism
1

observa seri not
tional
ous a serious
studies

not
serious

not
none
serious

16

37

43%

⨁⨁◯◯
LOW

Popova 2008 – Prevalence of CYP with hypothyroidism testing positive for thyroid peroxidase antibodies
(assessed with: thyroid peroxidase assay)
1

observa seri not
tional
ous a serious
studies

not
serious

not
none
serious

29

30

97%

⨁⨁◯◯
LOW

Purdy 2014 – Prevalence of thyroid dysfunction in infants with Down syndrome (infants receiving thyroxine
therapy) (follow up: from birth to age 120 days; assessed with: plasma TSH and total T4)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

15

81

18.5%

⨁⨁◯◯
LOW

a,g,k

Purdy 2014 - Incidence of hypothyroidism requiring treatment in infants with Down syndrome with normal
TSH at birth (follow up: from birth to age 120 days; assessed with: plasma TSH and total T4)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

14

80

17.5%

⨁⨁◯◯
LOW

a,g,k

Sankar 2018 - Prevalence of thyroid dysfunction in CYP with Down syndrome at 3 years of age (CYP with
overt, persistent hypothyroidism) (assessed with: serum TSH and tT4)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

13

183

7.1%

⨁◯◯◯
VERY LOW

j,p,r
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Sankar 2018 – Normalisation of raised TSH level (TSH >5 mU/l) (follow up: 3 years; assessed with:
serum TSH)
1

observa seri
tional
ous
studies p

not
serious

not
serious

not
none
serious

25

34

73.5%

⨁⨁◯◯
LOW

Sankar 2018 – Prevalence of thyroid peroxidase antibody positivity in CYP diagnosed with subclinical
hypothyroidism (assessed with: thyroid peroxidase antibody assay
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

43

6

14%

⨁◯◯◯
VERY LOW

j,p,r

Schmitt-Lobe 2018 - Prevalence of thyroid dysfunction in CYP with Down syndrome (congenital
hypothyroidism, subclinical hypothyroidism, Hashimoto’s thyroiditis, Graves’ disease) (follow up: not
reported; assessed with TSH, fT4, TPOab and TGab)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

57

81

70.4%

⨁◯◯◯
VERY LOW

a,f,l

Schmitt-Lobe 2018 – Prevalence of thyroid dysfunction reported by age at diagnosis (congenital
hypothyroidism, subclinical hypothyroidism, Hashimoto’s thyroiditis, Graves’ disease) (follow up: not
reported; assessed with TSH, fT4, TPOab and TGab)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

a,f,l

Age 0-4 years: 31/81 (38%)

⨁◯◯◯

Age 5-9 years: 44/81 (54%)

VERY LOW

Age 10-15 years:56/81 (69%)
Age >15 years: 57/81 (70%)

Selikowitz 1993 - Prevalence of all thyroid dysfunction in CYP with Down syndrome (congenital
hypothyroidism, compensated hypothyroidism and uncompensated hypothyroidism) (follow up: 5 years;
assessed with venous TSH, tT4, tT3, anti-TGab, anti-microsomal antibodies, free thyroxine index)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

11

101

11%

⨁⨁◯◯
LOW

g,k,r

Selikowitz 1993 - Prevalence of uncompensated hypothyroidism in CYP with Down syndrome (follow up: 5
years; assessed with venous TSH, tT4, tT3, anti-TGab, anti-microsomal antibodies, free thyroxine index)
1

observa very not
tional
seri serious
studies ous

not
serious

serious none

1

101

1%

m

⨁◯◯◯
VERY LOW

g,k,r

Tenenbaum 2012 - Prevalence of thyroid dysfunction in CYP with Down syndrome (subclinical
hypothyroidism and hypothyroidism receiving thyroxine therapy) (follow up: up to 6 years; assessed with
venous TSH, fT4)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

49

134

36.6%

⨁◯◯◯
VERY LOW

f.u,v
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Tenenbaum 2012 – Incidence of moderate/severe hypotonia in CYP with subclinical hypothyroidism (SCHT)
compared to those without hypothyroidism (follow up: up to 6 years; assessed by grading based on combined
evaluation of gross motor function scales (testing upper and lower extremities muscle strength) and ageexpected functional abilities)
1

observa very not
tional
seri serious
studies ous

not
serious

serious none
e

SCHT:
10

SCHT: 19 52.6%

Without:
Without: 65
56

f.u,v

83.6%

⨁◯◯◯
VERY LOW

Van Trotsenburg 2006 – Mean plasma TSH concentrations in infants with Down syndrome aged 0.8
months to age 6 months who screened negative for congenital hypothyroidism in the neonatal period
(assessed with plasma TSH; lab reference interval: 0.4 – 4.0 mIU/l)
1

observa not
tional
seri
studies ous

not
serious

not
serious

not
none
serious

0.8 months: 5.45 mIU/l
(n=97)

⨁⨁⨁◯
MODERATE

6 months: 4.53 mIU/l (n-97)

Van Trotsenburg 2006 – Prevalence of anti-TPOabs in CYP with Down syndrome aged 24 months who
screened negative for congenital hypothyroidism in the neonatal (assessed with anti-TPOab

chemiluminescence immunoassay)
1

observa not
tional
seri
studies ous

not
serious

not
serious

not
none
serious

10

184

5.4%

⨁⨁⨁◯
MODERATE

Zori 1990 – Prevalence of thyroid antibodies in CYP with thyroid dysfunction aged over 10 years compared
with those aged 10 years and younger (assessed with thyroid peroxidase assay)
1

observa seri
tional
ous
studies w,y

not
serious

serious

serious none

z

e

>10
years:
12

>10
48%
years: 25

⨁◯◯◯
VERY LOW

≤10
≤10
20%
years: 3 years: 15

Explanations
a. Retrospective review of medical records
b. Timing of data collection includes pre and post treatment
c. All participants diagnosed with Hashimoto's thyroiditis
d. Half sample or more had been receiving L-T4 treatment
e. Small sample size
f. Length of follow up not reported/unclear
g. Assessor blinding not reported
h. Loss to follow up not reported separately for sub-samples
i. Wide confidence intervals
j. No follow up reporting of CYP who tested negative at first time point
k. Thresholds not reported
l. Details of laboratory testing and/or consistency between research sites not reported
m. Underpowered, low event rate
n. Follow up restricted to those who tested positive
o. Low response rate
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p. Thyroid dysfunction includes treated and untreated CYP
q. High loss to follow up
r. Definition of hypothyroidism unclear
s. Calculation not shown
t. Includes young people up to age 25
u. Methods of data collection unclear
v. Age at diagnosis unclear
w. Numbers not reported
x. Study recruitment and sampling method unclear.
y. Unclear reporting of sub-group definitions
z. Low TSH threshold for diagnosing thyroid dysfunction
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Grade table 2: Clinical questions:
3. At what thresholds should treatment be initiated when hypothyroidism has been detected,
including clinical symptoms and biochemical thresholds?
4. At what thresholds should treatment be initiated when hyperthyroidism has been detected?

№
of
stud
ies

Certainty assessment

Effect

Study Risk Inconsi Indirec Impre
Other
design of
stency
tness
cision consider
bias
ations

№ of
№ of
events individua
ls

Certainty
Rate

Aversa 2015 - Prevalence of overall thyroid dysfunction in CYP with Down syndrome initially diagnosed with
Hashimato’s thyroiditis (follow up: median 5.1 years; assessed with: Serum TSH and fT4)
1

observa seri
tional
ous
d
studies

not
serious

serious
c

not
serious

none

141

146

96.6%

⨁⨁◯◯
LOW

Claret 2013 - Resolved cases of sub-clinical hypothyroidism - untreated children diagnosed <5 years of age
(follow up: mean 54 months; assessed with: TSH and fT4)
1

observa seri
tional
ous
studies a,l

not
serious

not
serious

not
none
serious

35

39

89.7%

⨁⨁◯◯
LOW

Claret 2013 – Presence of signs and/or symptoms of hypothyroidism in CYP with remission of subclinical
hypothyroidism compared with those with persistent hypothyroidism (assessed with: clinical examination
e.g. constipation, rough/dry/cold skin, overweight)
1

observa seri not
tional
ous a serious
studies

not
serious

not
none
serious

Remissi
on: 11

39

Persiste
nce: 8

28

28.2%

⨁⨁◯◯
LOW

28.6%

Claret 2013 – Absence of goitre in CYP with remission of subclinical hypothyroidism compared with those
with persistent hypothyroidism (assessed with: not reported)
1

observa very not
tional
seri serious
studies ous

not
serious

serious none
m

a,h

Remissi
on: 37

39

Persiste
nce: 4

14

94.9%

⨁◯◯◯
VERY LOW

28.6%

Claret 2013 - Progression to overt hypothyroidism – children diagnosed with sub-clinical hypothyroidism <5
years of age (follow up: mean 54 months; assessed with: TSH, fT4 and/or TT3)
1

observa seri
tional
ous
studies a,l

not
serious

not
serious

serious none

0

53

0%

4

109
control
group

3.7%

e

control
group

⨁⨁◯◯
LOW
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DeLuca 2010 – Clinical signs/symptoms of Grave’s disease (follow up: 4-5 years; assessed with clinical
examination)
1

observa seri
tional
ous
studies a.g

not
serious

not
serious

serious none

No significant difference
reported between CYP with
Down syndrome and control
group of CYP without Down
syndrome

⨁◯◯◯
VERY LOW

Erlichman 2016 – Values of tT4 at screening for infants treated with L-thyroxine vs not treated (follow up:
unclear; assessed with: tT4 at screening)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

a,f,l

32
(started
on
treatment)

127 (not
treated)

20%
⨁⨁◯◯
started
LOW
on treat11.3mcg/ ment
dl

11.2mcg
/dl
Gibson 2005 – CYP found to be euthyroid at first testing who went on to be hypothyroid at second testing
(follow up: 3-7 years; assessed with venous TSH and thyroid binding globulin)
1

observa very not
tional
seri serious
studies ous

not
serious

serious none

2

83

2.4%

m

⨁◯◯◯
VERY LOW

f,g,l,q

Gibson 2005 – Presence or absence of symptoms in CYP with thyroid dysfunction (follow up: 3-7 years;
assessed with clinical examination, venous TSH and thyroid binding globulin)
1

observa seri
tional
ous
studies f,l,q

not
serious

not
serious

serious none
z

Symptoms associated with
⨁◯◯◯
hair growth, skin, appetite,
VERY LOW
bowel function, height and
weight were not related to
thyroid dysfunction or
autoantibody status. No
significant association was
found for symptoms
individually or when grouped,
or with a family history of
autoimmune disease.

Iughetti 2014 – Prevalence of thyroid dysfunction in CYP with Down syndrome up to 1 year of age
(congenital hypothyroidism, hypothyroidism and hyperthyroidism) (follow up: 10 years; assessed with venous
TSH and fT4)
1

observa seri
tional
ous
studies h

not
serious

not
serious

not
none
serious

14

145

9.7%

⨁⨁◯◯
LOW

Ivarsson 1997 - Thyroid autoantibodies in CYP with hypothyroidism (follow up: 4 years; assessed with:
venous TSH, tT4 or fT4, TGab and TPOab)
1

observa very not
tional
seri serious
studies ous

not
serious

serious none

9

h

17

53%

⨁◯◯◯
VERY LOW

a,b,d,e
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Karlsson 1998 - Prevalence of thyroid dysfunction in CYP with Down syndrome (hypothyroidism and
hyperthyroidism) (assessed with: venous TSH, tT4, fT4, clinical symptoms)
1

observa very not
tional
seri serious
studies ous

serious t not
none
serious

30

85

35.3%

⨁◯◯◯
VERY LOW

a,f,k.r

McGowan 2011 – Prevalence of symptoms in pre-school children referred following surveillance testing
(TSH ≥4 mU/l) (assessed with: capillary dried blood spot TSH)
1

observa seri
tional
ous
studies a,n,o

not
serious

not
serious

serious none

2

13

15%

m

⨁◯◯◯
VERY LOW

McGowan 2015 - Correlation between capillary TSH and venous TSH and fT4 (assessed with: venous TSH
and fT4)
1

observa seri not
tional
ous a serious
studies

not
serious

not
none
serious

Pearson correlation
coefficients:

⨁⨁◯◯
LOW

Capillary and venous TSH
+0.814 p=0.01
Capillary TSH and venous fT4 0.522 p=0.01
Receiver operator curve
analysis: capillary TSH highly
predictive of a venous TSH
level of >10 mU/L. Capillary
TSH poorly predictive of
venous fT4 (data not
reported).

McGowan 2015 – Prevalence of thyroid-related symptoms in CYP referred following TSH surveillance
testing (including possible symptoms; assessed with: capillary dried blood spot TSH >4.0 mU/l; 30 missing
values)
1

observa seri not
tional
ous a serious
studies

not
serious

not
none
serious

26

69

38%

⨁⨁◯◯
LOW

McGowan 2015 – Median height in relation to venous TSH concentration (TSH<10 mU/l vs TSH 10-20 mU/l
vs TSH >20 ml/l; assessed with SDS)
1

observa seri not
tional
ous a serious
studies

not
serious

not
none
serious

TSH <10 mU/l: -0.04

⨁⨁◯◯

TSH 10-20 mU/l: -0.179

LOW

TSH >20 mU/l: 0.279
p=0.49
McGowan 2015 – Median weight in relation to venous TSH concentration (TSH<10 mU/l vs TSH 10-20
mU/l vs TSH >20 ml/l; assessed with SDS)
1

observa seri not
tional
ous a serious
studies

not
serious

not
none
serious

TSH <10 mU/l: 0.084

⨁⨁◯◯

TSH 10-20 mU/l: 0.499

LOW

TSH >20 mU/l: 0.285
p=0.86
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Murphy 2008 – Number of newly diagnosed CYP with signs and/or symptoms of hypothyroidism (assessed
at referral)
1

observa seri not
tional
ous a serious
studies

not
serious

serious none

5

3

60%

e

⨁◯◯◯
VERY LOW

Myrelid 2009 - Neonatal TSH levels as predictor of hypothyroidism (follow up: 10 years; assessed with:
Venous TSH, thyroperoxidase and thyroglobulin)
1

observa very not
tional
seri serious
studies ous

not
serious

serious none
e

a,g,k,l

None of the children with
Down syndrome had a
capillary TSH at or above the
cut-off level of 40 mU/l.
Neonatal levels of TSH or
TSH–SDS did not differ
significantly between children
with Down syndrome
developing hypothyroidism
during childhood and those
who stayed euthyroid.

⨁◯◯◯
VERY LOW

Noble 2000 - CYP identified from screening with capillary TSH > 10mU/l (assessed with: Capillary TSH)
1

observa seri not
tional
ous j serious
studies

not
serious

not
none
serious

15

209

7.2%

⨁⨁⨁◯
MODERATE

Noble 2000 - CYP with signs/symptoms of hypothyroidism identified by venous TSH and fT4 following from
screening with capillary TSH (assessed with: venous TSH and fT4 and clinical examination)
1

observa not
tional
seri
studies ous

not
serious

not
serious

serious none

15

3

20%

e

⨁⨁◯◯
LOW

Pierce 2017 -

Estimate for development of thyroid disease in CYP with Down syndrome restricting to
children with TSH >10 µIU/ml at diagnosis (follow up: unclear; assessed with venous TSH, fT4 and, for
newborn screening, tT4)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

25% by 10 years of age

⨁◯◯◯

50% by adulthood

VERY LOW

a,f,l,r,s

Popova 2008 – Number of CYP with hypothyroidism identified as having decompensated hypothyroidism
1

observa seri not
tional
ous a serious
studies

not
serious

not
none
serious

16

37

43%

⨁⨁◯◯
LOW

Sankar 2018 – Diagnostic accuracy of venous TSH level to for identifying persistent hypothyroidism (follow
up: 3 years; assessed with serum TSH)
1

observa very not
tional
seri serious
studies ous
j,p,r

not
serious

not
none
serious

ROC curve analysis: TSH
threshold of 11.6mU/l
diagnostic of persistent
hypothyroidism with a

⨁◯◯◯
VERY LOW
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specificity of 92% and
sensitivity 77%.
Schmitt-Lobe 2018 – Prevalence of thyroid dysfunction reported by age at diagnosis (congenital
hypothyroidism, subclinical hypothyroidism, Hashimoto’s thyroiditis, Graves’ disease) (follow up: not
reported; assessed with TSH, fT4, TPOab and TGab)
1

observa very not
tional
seri serious
studies ous

not
serious

not
none
serious

a,f,l

Age 0-4 years: 31/81 (38%)

⨁◯◯◯

Age 5-9 years: 44/81 (54%)

VERY LOW

Age 10-15 years:56/81 (69%)
Age >15 years: 57/81 (70%)

Selikowitz 1993 - Prevalence of all thyroid dysfunction in CYP with Down syndrome (congenital
hypothyroidism, compensated hypothyroidism and uncompensated hypothyroidism) (follow up: 5 years;
assessed with venous TSH, tT4, tT3, anti-TGab, anti-microsomal antibodies, free thyroxine index)
1

observa seri
tional
ous
studies k,r

not
serious

not
serious

not
none
serious

11

101

11%

⨁⨁◯◯
LOW

Tenenbaum 2012 – mean TSH levels in group of CYP with subclinical hypothyroidism compared with CYP
without hypothyroidism
1

observa seri
tional
ous
studies f.u,v

not
serious

not
serious

not
none
serious

SCHT: mean TSH 9.0 mU/l (SD 2.2)

⨁⨁◯◯
LOW

Without: mean TSH
3.6 mU/l (SD 1.5)

Van Trotsenburg 2006 – Mean plasma TSH concentrations in infants with Down syndrome aged 0.8
months to age 6 months who screened negative for congenital hypothyroidism in the neonatal period
(assessed with plasma TSH; lab reference interval: 0.4 – 4.0 mIU/l)
1

observa not
tional
seri
studies ous

not
serious

not
serious

not
none
serious

0.8 months: 5.45 mIU/l
(n=97)

⨁⨁⨁◯
MODERATE

6 months: 4.53 mIU/l (n-97)

Zori 1990 - Prevalence of thyroid dysfunction in CYP aged up to 20 years with Down syndrome (defined as:
venous TSH >5 µIU/ml or previously diagnosed Hashimoto’s thyroiditis or Grave’s disease)
1

observa seri
tional
ous
studies w,y

not
serious

serious

serious none

x

e

28

40

70%

⨁◯◯◯
VERY LOW

Explanations
a. Retrospective review of medical records
b. Timing of data collection includes pre and post treatment
c. All participants diagnosed with Hashimoto's thyroiditis
d. Half sample or more had been receiving L-T4 treatment
e. Small sample size
f. Length of follow up not reported/unclear
g. Assessor blinding not reported
h. Loss to follow up not reported separately for sub-samples
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i. Wide confidence intervals
j. No follow up reporting of CYP who tested negative at first time point
k. Thresholds not reported
l. Details of laboratory testing and/or consistency between research sites not reported
m. Underpowered, low event rate
n. Follow up restricted to those who tested positive
o. Low response rate
p. Thyroid dysfunction includes treated and untreated CYP
q. High loss to follow up
r. Definition of hypothyroidism unclear
s. Calculation not shown
t. Includes young people up to age 25
u. Methods of data collection unclear
v. Age at diagnosis unclear
w. Study recruitment and sampling method unclear.
x. Low TSH threshold for diagnosing thyroid dysfunction
y. Unclear reporting of sub-group definitions
z. Event numbers not reported
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Appendix H: Excluded studies table
n=12 references

Reference
Aversa, Tommaso; Salerno,
Mariacarolina; Radetti, Giorgio; et al. 2014
Peculiarities of presentation and evolution
over time of Hashimoto's thyroiditis in
children and adolescents with Down's
syndrome. Hormones – International
Journal of Endocrinology and Metabolism
14(3): 410-416
Donaldson, M. D. C.; Findlay, C. A.; Noble, S.
E.; et al. 1998 Guthrie screening for
hypothyroidism in school children with
Down's syndrome. Conference: 37th Annual
Meeting of the European Society for
Paediatric Endocrinology, Florence, Italy.
Hormone Research 50 (Supplement 3): 69
Esposito, Mariela; Morin, Analia; Gonzalez,
Veronica; et al. 2018 Neonatal Screening for
Congenital Hypothyroidism in Children with
Down Syndrome Hormone Research in
Paediatrics 90 (Supplement 2): 57
Gustafsson, J.; Karlsson, B.; Hedov, G.; et al.
1997 Thyroid function in children and
adolescents with Down syndrome - Relation
to age and occurrence of thyroid
autoantibodies Conference: 5th Joint
Meeting of the European Society for
Paediatric Endocrinology and the Lawson
Wilkins Society for Pediatric Endocrinology,
in Collaboration with the Australian
Paediatric Endocrine Group, the Japanese
Society for Pediatric Endocrinology and the
Latin American Society for Paediatric
Endocrinology, Stockholm, Sweden.
Hormone Research 48 (Supplement 2): 169
John S.T. 2016 Thyroid function in children
with Down syndrome Journal of Intellectual
Disability Research 60 (7-8 Special Issue):
790
Mancini, A; Mariotti, P; Conte, G; et al. 2006
Hormonal and metabolic evaluation in

Reason for Exclusion
Mixed population, CYP with Down
syndrome not reported separately.

Conference proceedings, insufficient detail

Conference proceedings, insufficient detail

Conference proceedings, insufficient detail

Conference proceedings, insufficient detail

Cross-sectional observational study
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Reference
Down's syndrome: Preliminary evidence for
TSH dysregulation in hyperthyrotropinemic
patients Experimental and Clinical
Endocrinology and Diabetes 114(1): 39-40
McGowan, S, Jones J and Donaldson M.
2010 Recommendations regarding the
surveillance and subsequent management
of children with Down syndrome with a
raised capillary thyroid stimulating
hormone level on screening Hormone
Research in Paediatrics 74: 162
McGrath, Niamh; Mayne, Philip; Murphy,
Nuala P. 2017 Congenital hypothyroidism in
patients with Down Syndrome diagnosed on
newborn screening in the Republic of
Ireland Hormone Research in Paediatrics 88
(Supplement 1): 585-586
Meyervovitch, Joseph; Antebi, Felice;
Greenberg-Dotan, Sari; et al. 2012
Hyperthyrotropinaemia in untreated
subjects with Down’s syndrome aged 6
months to 64 years: a comparative analysis
Archives of Diseases in Childhood 97 (7):
595-598
Niegawa, Tomomi; Takitani, Kimitaka;
Takaya, Ryuzo; et al. 2017 Evaluation of uric
acid levels, thyroid function, and
anthropometric parameters in Japanese
children with Down syndrome Journal of
Clinical Biochemistry and Nutrition 61 (2):
146-152
Sarici, Dilek; Akin, Mustafa Ali; Kurtoglu,
Selim; et al. 2012 Thyroid functions of
neonates with Down syndrome Italian
Journal of Paediatrics 38: Article number 44
Van Trotsenberg ASP; Vulsma T; van Santan
HM; et al. 2003 Lower neonatal screening
thyroxine concentrations in Down
syndrome newborns Journal of Clinical
Endocrinology and Metabolism 88 (4):
1512-1515

Reason for Exclusion

Abstract only. Study details covered in later
publications which are included in the
review.

Meeting abstract

Cross-sectional observational study; mixed
population

Cross-sectional observational study

Cross-sectional observational study

Cross-sectional observational study
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Appendix I: GDG members declaration of interests
Name of GDG member
Dr Shiela Puri (Chair)

Declared interest
Chair of the Down Syndrome Medical Interest Group U.K.
Co-editor Down Syndrome: Current perspectives; Clinics in Developmental
Medicine; Mac Keith Press; 2015

Dr Mary Small (Clinical Lead)

Member of DSMIG Steering Group
Lead clinician on the development of Leicester ‘s Down’s syndrome pathway

Dr Gita Croft (Clinical Lead)

Local clinical lead for children with Down Syndrome
DSMIG Steering Group member

Andrew Boys

Executive Director Down Syndrome International
Brother with Down Syndrome
Mother is CEO of Down’s Syndrome Association
Have been investigating the prospect of an international thyroid guideline but
no material progress

Ruth Harris

Parent of child with Down Syndrome and hypothyroidism (age 5)
Employed as a Speech and Language Therapist in Wandsworth Learning
Disability CAMHS
Husband is Head of Public Affairs at the charity Mencap

Dr Kath Leyland

Co-author of:
• Gibson paper 2005
• Noble paper 2000
• McGowan papers 2011; 2015
Co-author of chapter in Down Syndrome: Current perspectives; Clinics in
Developmental Medicine; Mac Keith Press; 2015

Dr Liz Marder (RCPCH
representative)

Information lead DSMIG
Treasurer RCPCH
Clinical lead Nottingham Children’s Hospital, Down Syndrome Service
Co-editor Down Syndrome: Current perspectives; Clinics in Developmental
Medicine; Mac Keith Press; 2015

Catherine Peters

Consultant Paediatric Endocrinologist, Great Ormond Street Hospital
Trustee British Thyroid Foundation
Member Congenital Hypothyroidism (CHT) Screening Advisory Board (UK)

Dr Edna Roche

Member of the Steering Group of DSMIG
Co-author of an included study
Professor with a special interest in paediatric endocrinology

Dr Jill Rasmussen

Advisor to Surrey Heartlands STP on Dementia and Learning Disability
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RCGP member of Special Interests Group for Learning Disability
Member of the AAIC PIA Downs Syndrome
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Appendix J: Prevalence data reported in included studies
Studies listed in ascending order for age of CYP
Note: not all reviewed studies reported prevalence data.

Study first
author, year
Karlsson 1998

Schmitt-Lobe
2018

Country

Prevalence

Sweden

Cumulative
percentages of CYP
developing
hypothyroidism
(n=28/85)

Brazil

Age/ Cumulative
years %
0
1
1
8
2
11
3
11
4
13
6
13
8
16
10
18
12
19
14
25
16
27
18
29
20
31
Cumulative
percentages of CYP
developing thyroid
dysfunction
(n=57/81)
Age/
years
0-4
5-9
10 15
>15

Cumulative
%
38
54
69

Definition of thyroid
dysfunction
Hypothyroidism
(n=28) and
hyperthyroidism
(n=2)

Age

Evidence level

0 – 20 years (See
embedded
table)

VERY LOW

Any thyroid disorder:
subclinical hypothyroidism,
Hashimoto’s
thyroiditis,
congenital
hypothyroidism,
Graves’ disease

Mean age at
diagnosis: 5.2
years (range 017)

VERY LOW

Congenital
hypothyroidism and

3-120 days

77.2% aged ≤9
years

70

(11.1% Hashimoto’s
thyroiditis, 9/81)
Purdy 2014

USA

18.5%

LOW
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Study first
author, year

Country

Prevalence
(15/81)

Erlichman 2016

Israel

15.1%
(24/159)

Iughetti 2014

Italy

1st time point: 9.7%
(14/145)

Definition of thyroid
dysfunction
primary
hypothyroidism
CYP receiving
ongoing thyroxine
therapy

Age

Evidence level

Infants followed
up following
raised neonatal
screening.
Unclear but
assumed < 1
year of age.

LOW

1st time point:
congenital
hypothyroidism and
overt hypothyroidism

1st time point:
infants up to 1
year of age

LOW

2nd time point: 19.3%
(28/145)

[Probabilities from
logistic regression
modelling at each
time point: 7% and
24% respectively)
Sankar 2018

Selikowitz 1993

India

7.1%

Australia

(13/183)
11%
11/101

Myrelid 2009

Tenenbaum 2012

Sweden

35.5%

Israel

(22/62)
36.6% (overall)
49/134
21.6%
(hypothyroidism
treated with
thyroxine)

2nd time point:
congenital
hypothyroidism,
overt
hypothyroidism,
hyperthyroidism
(n=1)

2nd time point:
children in 10th
year

CYP with overt,
persistent
hypothyroidism
Any thyroid
dysfunction:
compensated
hypothyroidism,
congenital
hypothyroidism

Up to 3 years of
age

VERY LOW

Mean age at
diagnosis 5 years
3 months (range
2 weeks to 11
years 4 months)

LOW

CYP receiving
ongoing thyroxine
therapy
Overall thyroid
dysfunction:
subclinical
hypothyroidism,
hypothyroidism
treated with
thyroxine)

Up to 10 years of
age

LOW

Median age 5.9
years (range not
reported)

VERY LOW

29/134
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Study first
author, year
Pierce 2017

Country

Prevalence

USA

12.6% (overall)
(71/565)
From modelling:
25% by 7.5 years old
50% by adulthood

Definition of thyroid
dysfunction
Congenital
hypothyroidism,
overt
hypothyroidism,
unknown
hypothyroidism,
hyperthyroidism

Age

Evidence level

Median age at
diagnosis of
hypothyroidism:
6.5 years

VERY LOW

Median age at
diagnosis of
hyperthyroidism:
just under 9
years
Age range across
whole study:
0.05 years – 28
years

Popova 2008

UK

7.5%

Hashimoto’s
thyroiditis

(29/385)

Median age at
diagnosis 12.3
years (range 2.1
to 17.7).

LOW

2 children of
pre-school age
at time of
diagnosis
Ivarsson 1997

Sweden

24.3%

Hypothyroid and
receiving thyroxine

Age range 1 – 19 LOW
years (mean age
10.5)

CYP receiving
thyroxine therapy

5 – 18 years

Age range 10-20 VERY LOW
years

(4/104)

CYP receiving
ongoing thyroxine
therapy
Venous TSH >6mU/l

1-18 years

Sub-clinical
hypothyroidism,
overt
hypothyroidism,
hyperthyroidism,
includes treated and
untreated CYP

“All CYP with LOW
Down syndrome
referred”

(17/70)
Noble 2000

UK

5.5%

Gibson 2005

UK

(11/200)
3.8%

McGowan 2011

UK

5.7%

Claret 2013

Spain

(76/1329)
7.8%
(149/1903)

MODERATE

LOW
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Appendix K: Thresholds for defining hypothyroidism, referral for
further assessment and/or treatment reported in included studies
Study first author,
year, country
Erlichman 2016

Age

TSH thresholds

Other thresholds

Neonates

-

Neonates

For referral: dried
capillary blood spot
≥40 mU/l
For initiation of
treatment: not
reported
For referral: dried
capillary blood spot
>10 mU/l
For treatment:
“markedly raised” TSH
levels reported as
between 36-132 mU/l
For referral: dried
blood spot ≥4 mU/l in
whole blood

For referral: tT4
values <10th
percentile of same
day’s analysis.
-

Israel
Myrelid 2009
Sweden

Noble 2000

5 – 18 years

UK

McGowan 2011
UK

McGowan 2015
UK

1 – 18 years

Evidence
level
LOW

VERY LOW

For treatment: fT4
>9 pmol/l

MODERATE

fT4 reference range
venous blood: 9-26
pmol/l

LOW

Reference range
venous blood: 0.55-5.8
mU/l
School age and Dried blood spot
pre-school
threshold associated
children
with high probability of
raised venous TSH:
>4.0 mU/l
(modelling study)

VERY LOW

Decompensated
hypothyroidism:
venous TSH >10 mU/l

Murphy 2008
Republic of Ireland

Decompensated
hypothyroidism:
venous fT4<9 pmol/l
Mean for boys For referral: Dried 8.4 years
capillary blood spot >10
Mean for girls mU/l
9.1 years

MODERATE
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Study first author,
year, country

Sankar 2018

Age
Range: 3
months – 18.6
years
Up to 3 years

India

Gibson 2005

10 - 20 years

UK
Iughetti 2014

Neonates

Italy

Pierce 2017
USA

Aversa 2015
Italy
Popova 2008
UK

TSH thresholds

Other thresholds

Evidence
level

For treatment: serum
TSH in venous blood >5
mU/l

Normal range:
serum tT4 4.5 – 12.5
µg/dl

LOW

-

VERY LOW

-

VERY LOW

fT4 representative
reference range
after age 1 month:
0.8 to 1.8 ng/dl

VERY LOW

Threshold suggested
from modelling venous
TSH >11.6 mU/l (not
clear if for referral or
for treatment)
Defined as abnormal:
≥6 mu/ml in venous
blood
Neonates: for referral
for congenital
hypothyroidism
≥20µIU/ml on dry
blood spot testing

Children up to 10th
Children up to year: for referral
10th year
≥ 10µIU/ml in venous
blood
0.05 years – 28 Representative
years
reference range after
age 1 month: 0.5 – 5.0
Median age at µIU/ml
diagnosis of
hypothyroidism
approx. 6 years
3.5 – 6.4 years Normal range: 0.3 – 4.5
mU/l in venous blood
Median age at
diagnosis 12.3
years

Reference range from
age 1-month plasma
TSH: 0.5 – 6.0 mU/l

fT4 normal range:
LOW
10.3 – 24.4 pmol/l in
venous blood
fT4 reference range: LOW
9.0 – 26.0 pmol/l

Range 2.1 to For referral: ≥4 mU/l
17.7 years
dried blood spot
For treatment: >20
mU/l in venous blood
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Study first author,
year, country
Selikowitz 1993

Age

TSH thresholds

Other thresholds

Mean age at
diagnosis 5
years 3 months

Normal TSH <3.8 (units
not reported)

Free thyroxine
index, normal: 65 –
130

Range 2 weeks
to 11 years 4
months
Schmitt-Lobe 2018
Mean age at
Abnormal TSH >6
diagnosis 5.19
µIU/ml
Brazil
years
(Graves’ disease: TSH
<0.67 µIU/ml)
Zori 1990
CYP aged 5
Normal venous TSH: <5
months – 20
µIU/ml
USA
years
Raised TSH: 5-10
µIU/ml
Abnormal TSH: >10
µIU/ml
Tenenbaum 2012
Median age 5.9 Normal range: 0.35 –
years
5.5 mU/l in venous
Israel
blood
Claret 2013
Median age at Subclinical
most recent
hypothyroidism:
Spain
visit 6.6 years
6 months-4 years: 5.5 –
25 µU/ml
Range 3.5 – 4-7 years:
11.4 years
4.13-25 µU/ml
Van
Trotsenburg Birth to 24
Neonatal dried blood
2006
months
spot level for referral ≥
50 mIU/l
Netherlands
Reference range
plasma concentrations
(age not stated but
assumed age over 1
month): 0.4-4.0 mIU/l
in venous blood

(units not reported)

Australia

Evidence
level
VERY LOW

-

VERY LOW

-

VERY LOW

fT4 normal range:
VERY LOW
11.5 – 22.7 pmol/l in
venous blood
fT4 subclinical
LOW
hypothyroidism:
6 months-4 years:
11.45 – 24.07 pmol/l
4-7 years:
12.35 – 23.94 pmol/l
Neonatal dried
MODERATE
blood spot T4
concentration for
referral: T4 SD -0.8
or less compared
with mean
concentration for
that day (i.e. in the
lowest 20%
concentrations for
that day)
fT4 reference range:
10-23 pmol/l in
venous blood
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Appendix L: Feedback from young people with Down syndrome
Focus group – Down’s Syndrome Association Scotland
A group of five young people with Down’s syndrome from south-east Scotland, aged 17-19
years (three female and two male) discussed thyroid issues and their experiences of having
blood tests.
All five said they had been to the doctor and had had finger prick blood tests. Three said they
had also had a blood sample taken. There was some confusion about the difference between
giving a blood sample and having an injection.
Two described being frightened of having blood samples taken when they were young but all
five said that they didn’t mind it now.
‘I don’t mind it’
‘It’s not that sore, it’s not really sore at all’
When asked about finger prick tests, all five said they had experienced these several times.
They all agreed it wasn’t sore and they didn’t mind having them. None of them knew why
they were having the test. Two thought the doctor had explained to them what the test was
for, but they couldn’t remember what they had been told.
When we talked about the thyroid gland and thyroid tests, two said they had heard of it but
couldn’t remember anything about it.
We looked at some of the easy read information about where the thyroid gland is and what
it does. We talked about what hypothyroidism is and what having an underactive thyroid
means.
We then played a memory game turning over cards describing some of the symptoms of
hypothyroidism. The group were able to remember some of the main symptoms in particular:
tiredness, dry skin, feeling achy and feeling cold. We discussed why it is important to have a
blood test every year to see whether the thyroid gland is working properly.
We talked about what the doctor would do if the blood test showed an underactive thyroid.
The group suggested that the doctor would give you medicine.
None of the group had hypothyroidism but they shared several stories about friends and
relatives who had been ill or been in hospital.

Young adult discussion on thyroid function
A young woman aged 28 years with Down syndrome from south-east Scotland discussed the
thyroid gland and thyroid function.
The young woman had experienced finger prick tests and had blood samples taken. She said
she had regular finger prick tests for thyroid because she was overweight. She thought the
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test was every 6 months. She said she would prefer not to have blood tests at all, but would
prefer a finger prick test to having blood taken. She understood that having the test was a
good thing because it meant that she could have treatment if she needed it.

Feedback from 2 informal discussion groups – Down Syndrome Association
Two informal discussion groups were held with 25 young people with Down syndrome (16 in
London and 9 in Devon) as part of their monthly meeting “Having a Voice” (see
https://www.downs-syndrome.org.uk/?s=our+voice+our+choice+2019 ). Both groups were
facilitated by a member of the Down Syndrome Association.
The groups shared what they knew about the thyroid gland and thyroid function tests.
Brief notes from the meetings:
‘Makes you feel tired and sleepy’
‘It’s in your neck’ – one of the groups pointed to the front of the throat area
‘Blood tests’ – ‘you get an email from the doctor to tell you to come’
‘Headaches’
‘Woozy’
‘Annual health check’
‘Medication’ – ‘pills’ – one of the groups said he takes Thyroxin
‘Sometimes you can take liquid medication if you can’t take pills’

We looked at an easy read resource about Thyroid the DSA is helping with.

We thought ‘symptoms’ was a hard word – ‘signs’ is a better word

We talked a bit about ‘reasonable adjustments’ – we found this hard to understand.
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