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Thyroid function testing

Introduction

Thyroid disorders are one of the most
prevalent medical conditions, so thyroid
function tests are a common laboratory
request in primary and secondary care.
This article provides a guide for the indica-
tion and interpretation of thyroid function
tests.

The hyJ)otI]qumic—pituitury—
thyroid axis

The hypothalamic—pituitary—thyroid axis
is shown in Figure 1. Thyroid-stimulating
hormone produced in the anterior pitui-
tary gland is the main regulator of thyroid
homeostasis.

Thyrotropin-releasing  hormone s
released from the hypothalamus to stimu-
late the production and release of thyroid-
stimulating hormone from the pituitary.

Figure 1. The hypothalamic—pitvitary—thyroid
axis. FT3 = free tri-iodothyronine; FT4 = free
thyroxine; (+) = stimulates; (-) = inhibits.
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Thyroid-stimulating hormone then stimu-
lates the synthesis and release of thyroxine
and tri-iodothyronine from the thyroid
gland. Tri-iodothyronine is also produced
from 5’-monodeiodination of thyroxine in
extra-thyroidal tissues.

Both thyrotropin-releasing hormone
and thyroid-stimulating hormone are
under negative feedback regulation from
free tri-iodothyronine in the circulation.
More than 99% of tri-iodothyronine and
thyroxine is bound to hormone-binding
globulins, but only the free hormones can
actively bind nuclear receptors to have a
downstream physiological effect.

What laboratory tests are
available?

Thyroid-stimulating hormone is usually
the initial test in thyroid diagnostics, as it
is the most sensitive and specific test for
detecting early dysfunction (Ladenson et
al, 2000), and for monitoring thyroid hor-
mone replacement (Association of Clinical
Biochemistry et al, 2006). A normal serum
thyroid-stimulating hormone level can
rule out thyroid disease provided there is
no evidence of hypothalamic—pituitary
disease or non-thyroidal illness syndrome,
and the individual is not taking any medi-
cation that could affect thyroid test results
(Surks et al, 2004; Warner and Beckett,
2010).

Thyroid hormones are measured in par-
allel with thyroid-stimulating hormone.
Measurement of the ‘free’ hormones is
preferred because they are not affected by
the affinity and binding of thyroid hor-
mone-binding proteins in plasma.
However, the tests can be affected by thy-
roxine-binding globulin deficiency, severe
illness and drugs that interfere with hor-
mone binding, the extent of which
depends on the assay being used (Sapin,
2001).

Free thyroxine is the primary secretory
product of the normal thyroid gland and is
the most common thyroid test used as an
adjunct to thyroid-stimulating hormone,
and as a monitor of thionamide therapy.
Free tri-iodothyronine is usually measured
as a second-line test in cases of suspected
thyrotoxicosis where free tri-iodothyro-
nine is often elevated earlier and to a
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greater extent than free thyroxine. Free tri-
iodothyronine should be determined in all
patients taking amiodarone and where
thyroid-stimulating hormone and free thy-
roxine results are equivocal (Association of
Clinical Biochemistry et al, 2006).

Antibody testing is a second-line test for
thyroid dysfunction, the most sensitive
being thyroid peroxidase antibodies which
are found in a wide range of immunologi-
cally-mediated disorders (e.g. Hashimoto’s
thyroiditis and Graves’ disease) (Roos et al,
1996).

Typical thyroid function test serum ref-
erence intervals from the authors’ labora-
tory at St Jamess University Hospital,
Leeds are provided in 7able 1. Reference
intervals and ‘cut-offs’ will differ according
to local laboratory methods and should be
used with caution and flexibility. In preg-
nant women, trimester-related reference
intervals that are appropriate to the labora-
tory should be applied (Fantz et al, 1999;
Stockigt and Lim, 2009).

How do | interpret

abnormalities?

Table 2 provides a simple guide to inter-

pretation of thyroid function tests.
Algorithms suggesting routes of investi-

gation following an abnormal thyroid-

stimulating hormone result are shown in

Table 1. Typical serum reference

intervals in non-pregnant adults*

Thyroid-stimulating hormone  0.45-4.5mU/litre
Thyroid peroxidase antibodies <100 U/litre

9.0-25 pmol/litre
3.5-7.8 pmol/litre

* Currently, a reference inferval harmonisation programme is in
process in the UK (www.pathologyharmony.co.uk/)

Free thyroxine
Free tri-iodothyronine

Figures 2 and 3. If thyroid-stimulating
hormone is suppressed, the laboratory
should have a cascade system in place to
measure free tri-iodothyronine, which can
distinguish between hyperthyroidism
(high free tri-iodothyronine) and non-
thyroidal illness syndrome (low free tri-
iodothyronine).

Thyroid function tests should not be
used for general population screening, and
are not reliable in acutely unwell patients,
including those with psychiatric distur-
bance and clinical depression, since non-

thyroidal illness syndrome and drugs that
affect the axis are common in such cases
(Weetman, 1997). Nevertheless, regular
thyroid function tests are recommended in
specific patient groups (Zable 3) (Surks et
al, 2004; Smellie et al, 2010).

Non-thyroidal iliness syndrome

Non-thyroidal illness syndrome, also called
‘sick euthyroid syndrome’, can be caused
by a range of chronic or acute illnesses and
can lead to abnormalities in thyroid func-
tion tests even though patients are clini-

Figure 2. Routes of investigation when thyroid-stimulating hormone is above the reference interval,
assuming a reference interval of 0.45-4.5mU/litre for thyroid-stimulating hormone. Colour code: red
= evidence of hypothyroidism; yellow = evidence of other pathology affecting thyroid function test
results; blve = no evidence of thyroid dysfunction but monitoring is required. FT4 = free thyroxine; TSH
= thyroid-stimuvlating hormone; TSHoma = TSH-producing pitvitary adenoma. From Col et al (2004);
Association of Clinical Biochemistry et al (2006); Vaidya and Pearce (2008).
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Table 2. Thyroid function test interpretation guide

Low TSH
Low free Pituitary or hypothalamic hypothyroidism,
thyroxine  severe non-thyroidal illness syndrome
Normal Subdlinical hyperthyroidism, thyroxine

free thyroxine over-replacement, thyroid autonomy,
non-thyroidal illness syndrome

High free

thyroxine

Primary hyperthyroidism
(TSH fully suppressed)

Normal TSH
Pituitary or hypothalamic hypothyroidism,

severe non-thyroidal illness syndrome, late thyroiditis

Euthyroid, non-thyroidal illness
syndrome (low free tri-iodothyronine)

Assay interference, TSH-producing pituitary adenoma,
end organ resistance, non-thyroidal illness syndrome,

early thyroiditis

High TSH

Primary hypothyroidism (TSH
above the reference interval)

Subclinical hypothyroidism, end organ resistance,
assay interference, poor compliance

End organ resistance, assay interference, poor
compliance, TSH-producing pituitary adenoma

TSH = thyroid-stimulating hormone. From Wilson and Curry (2005)
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cally euthyroid (Warner and Beckett,
2010). In most cases, thyroid-stimulating
hormone will be normal and provides the
best guide of thyroid status.

Primary hypothyroidism

Overt primary hypothyroidism is a condi-
tion with significant morbidity, but many
of the symptoms and signs are non-specific

(Todd, 2009). It is indicated by a serum
thyroid-stimulating hormone level above
the upper limit of the reference interval
with a serum free thyroxine level below the
reference interval (Surks et al, 2004).
Possible causes of primary hypothyroidism
are listed in 7able 4 (Vaidya and Pearce,
2008). Patients with hypothyroidism who
are taking thyroxine may become hypothy-

Figure 3. Routes of investigation when thyroid-stimulating hormone is below the reference interval,
assuming a reference interval of 0.45-4.5mU/litre for thyroid-stimulating hormone. Colour code: red =
evidence of thyrotoxicosis; yellow = evidence of other pathology affecting thyroid function test results;
blve = no evidence of thyroid dysfunction but monitoring is required. FT3 = free tri-iodothyronine; FT4
= free thyroxine; T3 = tri-iodothyronine; TSH = thyroid-stimvlating hormone. From Col et al (2004);
Association of Clinical Biochemistry et al (2006); Vaidya and Pearce (2008).
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Table 3. Recommended use of thyroid function testing in specific populations

Patients presenting with a suspected goitre, thyroid nodule, atrial fibrillation, osteoporosis, subfertility or
dyslipidaemia

Annually in patients with type 1 diabetes and autoimmune Addison’s disease, and at diagnosis in all type 2
diabefics

Annually in women with a past history of post-partum thyroiditis
Annually in patients with Down’s syndrome or Turner's syndrome

Annually in all patients who have received radioiodine treatment, neck radiotherapy, or who have had a
subtotal thyroidectomy

In all patients on amiodarone or lithium therapy according to established guidelines

roid if given drugs that decrease thyroxine
absorption or increase its clearance
(Haugen, 2009).

Secondary hypothyroidism
Secondary hypothyroidism is a biochemi-
cal diagnosis where thyroid-stimulating
hormone can be low, within or just above
the reference interval, combined with a low
free thyroxine level (Association of Clinical
Biochemistry et al, 2006). A combination
of thyroid-stimulating hormone, free thy-
roxine and free tri-iodothyronine measure-
ment may be required to differentiate sec-
ondary hypothyroidism from non-thyroi-
dal illness syndrome, especially in older
patients where symptoms are often vague
and non-specific.

Referral to an endocrinologist for addi-
tional pituitary function tests (prolactin,
follicle-stimulating hormone, luteinizing
hormone and adrenocorticotropic hor-
mone), cortisol and sex steroid measure-
ment may be required to make a diagnosis

of hypopituitarism (Todd, 2009).

Subclinical hypothyroidism
Subclinical disease is the earliest sign of
thyroid dysfunction (Col et al, 2004), but
clinical symptoms and signs are often
mild or absent (Surks et al, 2004). In sub-
clinical disease, thyroid-stimulating hor-
mone is outside its reference interval but
free thyroxine and free tri-iodothyronine
are within expected intervals (Todd,
2009).

Subclinical hypothyroidism is common
in clinical practice, particularly in iodine-
replete populations, individuals >55 years
old, women and caucasians (Diez and

Table 4. Possible causes of primary

hypothyroidism

Autoimmune thyroiditis (Hashimoto’s, atrophic)
Thyroiditis (post-partum, subacute, silent)
Post-ablative (radioiodine, surgical)
Drug-induced (e.g. lithium, amiodarone)

Poor compliance with thyroxine therapy or
suboptimal treatment

lodine deficiency

Congenital (thyroid agenesis or dysgenesis, ectopic
thyroid remnants, dyshormonogenesis)

Treatment of head and neck cancer (surgery,
radiation)
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Iglesias, 2004). It is characterized by a
thyroid-stimulating hormone concentra-
tion above the reference interval but
<10mUl/litre and a free thyroxine within
the reference interval (Todd, 2009). It
should be confirmed by a repeat thyroid
function test after 2weeks to 3 months to
exclude transient increases in thyroid-stim-
ulating hormone (Col et al, 2004; Surks et
al, 2004). The patient should also be evalu-
ated for signs and symptoms of hypothy-
roidism, previous treatment of hyperthy-
roidism, thyroid gland enlargement and
evidence of family history of thyroid dis-
ease (Surks et al, 2004). Other causes of an
elevated thyroid-stimulating hormone level
must be excluded, e.g. drug interference,
recent adjustments in thyroxine dose, or a
transient increase as a result of recovery
from non-thyroidal illness syndrome or
thyroiditis  (Smellie et al, 2010).
Approximately 2-5% of cases of subclini-
cal hypothyroidism will progress to overt
hypothyroidism per year (Surks et al,
2004).

If on repeat testing the serum thyroid-
stimulating hormone level is >10 mU/litre,
with a normal or low serum free thyroxine,
then treatment with thyroxine is recom-
mended  (Association of Clinical
Biochemistry et al, 2006). If serum thy-
roid-stimulating hormone is above the ref-
erence interval, but <10mU/litre, serum
thyroid peroxidase antibodies should be
measured (Figure 2). If the thyroid peroxi-
dase antibody concentration is high, serum
thyroid-stimulating hormone should be
measured annually, or earlier if symptoms
develop. If antibody levels are not raised,
repeat measurement of serum thyroid-
stimulating hormone every 3 years is suffi-
cient (Association of Clinical Biochemistry
et al, 2006).

Thyroxine therapy should always be
considered in subclinical hypothyroid
patients who are pregnant, have symptoms
(despite thyroid-stimulating hormone
being <10 mU/litre), or in the presence of
a goitre, rising thyroid-stimulating hor-
mone concentration or dyslipidaemia

(Surks et al, 2004).

Primary hyperthyroidism

Primary hyperthyroidism is diagnosed by
an undetectable serum thyroid-stimulat-
ing hormone level with a raised free thy-
roxine and free tri-iodothyronine (free

thyroxine is measured first line)
(Association of Clinical Biochemistry et
al, 2006). Biochemical confirmation is
necessary in all cases. Hyperthyroidism
may also occur with normal free thyrox-
ine concentrations but elevated free tri-
iodothyronine: this syndrome of ‘tri-
iodothyronine toxicosis’ can be seen fol-
lowing radioiodine treatment and surgery
for hyperthyroidism, or can be caused by
mild toxic thyroid nodules or early
Graves disease. Free tri-iodothyronine
may also be raised in subjects taking
porcine-derived thyroid extract (Armour
Thyroid; Forest Pharmaceuticals, USA)
that can be purchased online by the pub-
lic, but is not currently licensed in the
UK (Vaidya and Pearce, 2008). The rela-
tive quantities of thyroxine and tri-
iodothyronine differ markedly from the
healthy human thyroid and consumption
can cause a high serum free tri-iodothyro-
nine, low free thyroxine and a suppressed
thyroid-stimulating hormone.

Other causes of a low thyroid-stimulat-
ing hormone level should be excluded,
such as over-replacement of thyroxine,
normal pregnancy, commonly prescribed
drugs, stress, non-thyroidal illness syn-
drome and anorexia nervosa (Col et al,
2004). The patient should be further
evaluated to determine the aetiology by
radioactive iodine uptake measurement
and scanning. If low thyroid-stimulating
hormone is the result of thyroiditis this
should resolve spontaneously and only
requires symptomatic treatment (Surks et
al, 2004). Possible causes of primary
hyperthyroidism are listed in 7Zable 5
(Todd, 2009). If serum thyroid-stimulat-
ing hormone is within the reference inter-
val, hyperthyroidism can be ruled out,
except in the rare instances of a thyroid-
stimulating hormone-secreting adenoma
and resistance to thyroid hormone action
(Beck-Peccoz et al, 2009).

Diagnosis of Graves disease is usually
possible clinically, and measurement of
antibodies may not contribute to diagnosis
(Weetman, 2000).
Thyroid-stimulating hormone receptor

Oor management

antibodies are a more specific indicator of
Graves' disease than thyroid peroxidase
antibodies (Costagliola et al, 1999), and
have a role in assessing the risk of neonatal
hyperthyroidism in pregnant women with
a history of Graves disease, and the risk of

relapse after a course of anti-thyroid drugs
(Association of Clinical Biochemistry et al,
20006).

Subclinical hyperthyroidism
Subclinical hyperthyroidism is a biochem-
ical diagnosis, defined as a low serum
thyroid-stimulating hormone with normal
serum free thyroxine and free tri-iodothy-
ronine concentrations (Surks et al, 2004).
It can be categorized into those with low
but detectable serum thyroid-stimulating
hormone (0.1-0.45mU/litre) and those
with  thyroid-stimulating  hormone
<0.1 mU/litre (Surks et al, 2004).

A low thyroid-stimulating hormone can
be a result of mild thyroid hormone
excess, hypothalamic or pituitary disease,
non-thyroidal illness syndrome, normal
pregnancy or ingestion of drugs inhibit-
ing thyroid-stimulating hormone secre-
tion (Surks et al, 2004; Wilson and Curry,
2005). In non-thyroidal illness syndrome,
however, free thyroxine is usually low—
normal rather than the high-normal
seen in subclinical hyperthyroidism and
approximately 1-2% of cases of sub-
clinical hyperthyroidism where thyroid-
stimulating hormone is <0.1 mU/litre will
progress to overt hyperthyroidism (Surks
et al, 2004).

If the thyroid-stimulating hormone
level is 0.1-0.45 mU/litre, and the subject
is not on thyroxine, non-thyroidal illness
syndrome and drug effects should be
excluded and thyroid-stimulating hor-
mone measurement repeated with free

Table 5. Possible causes of primary

hyperthyroidism

Graves' disease
Toxic multinodular goitre
Recurrence following partial thyroidectomy

Exogenous iodine (contrast media, amiodarone,
over-the-counter preparations)

Funciioning thyroid adenoma

Thyroiditis (viral, lymphocytic, post-irradiation, or
post-partum in the early phase)

Tri-iodothyronine toxicosis

Human chorionic gonadotropin-mediated
(hyperemesis gravidarum, trophoblastic disease)

Neonatal thyrotoxicosis
Follicular carcinoma (functioning)
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thyroxine and free tri-iodothyronine to
exclude overt hyperthyroidism. In most
instances, serum thyroid-stimulating hor-
mone will have returned to within the
reference interval. If thyroid-stimulating
hormone is still 0.1-0.45mU/litre, with
normal free thyroxine and/or free tri-
iodothyronine, then a thyroid function
test should be repeated every 6-12 months
(Figure 3).

Central hyperthyroidism

In some cases an elevated free thyroxine
and/or free tri-iodothyronine level occurs
in the presence of an ‘inappropriately’
detectable or elevated thyroid-stimulating
hormone (Beck-Peccoz et al, 2009). It
most commonly results from poor compli-
ance or assay interference in one or more
assays; however, there are rare pathological
causes of central hyperthyroidism, namely
thyroid-stimulating hormoneoma and
resistance to thyroid hormone, where
determination of a high circulating alpha-
subunit and sex-hormone-binding globu-
lin is helpful in identifying thyroid-stimu-
lating hormone-secreting adenoma (Beck-
Peccoz et al, 2009).

Drugs affecting the thyroid

There is an extensive list of drugs that can
affect thyroid function tests (Haugen,
2009; Stockigt and Lim, 2009; Smellie et
al, 2010). Some of the drugs in common
use are outlined in 7zbles 4 and 5; those of
particular note are amiodarone and lithium
(Haugen, 2009; Stockigt and Lim, 2009).
Patients taking amiodarone or lithium
require thyroid function tests before com-
mencement of treatment, and every
6months thereafter, and in the case of
amiodarone up to 12months after cessa-
tion of therapy (Association of Clinical
Biochemistry et al, 2006).

Condlusions

Thyroid function tests are a common lab-
oratory request in primary and secondary
care. Appropriate interpretation requires
an awareness of non-thyroidal disorders
and medications that can affect test results.
Thyroid function tests should not be used
for population screening, however, it is
important to monitor thyroid function in
particular patient populations. Non-
specialist doctors ordering thyroid func-
tion tests in clinical practice should be

KEY POINTS

B Serum thyroid-stimulating hormone is the most sensitive and specific marker for thyroid dysfunction.

B Serum free tri-iodothyronine measurement is usually used as a second line investigation in patients
with equivocal thyroid-stimulating hormone and free thyroxine results.

B Unless clinically indicated caution is required in the investigation of thyroid function in acute
psychiatric disturbances and clinical depression since non-thyroidal illness and medication that affect
thyroid function are both common and may prompt inappropriate infervention.

B The measurement of serum thyroglobulin has no role in the diagnosis of thyroid cancer.

B Investigation algorithms exists as national guidelines and should be referred to appropriately

investigation and treatment.

TOP TIPS

® Do not request routine testing of thyroid function in patients admitted acutely to hospital as a
screening tool unless specific clinical indications exist.

B Ligise with endocrinology and hospital biochemist early in suspected thyroid dysfunction to best guide

B Provide accurate and relevant clinical details and relevant drug history to the biochemical
department to facilitate correct tests and result interprefation.

B Perform baseline thyroid function tests before starting antithyroid medications, amiodarone and
lithium to allow for relevant monitoring interpretation.

informed by the algorithms provided here-
in and by national guidelines. BJHM

Conflict of interest: none.

Association of Clinical Biochemistry, British Thyroid
Association, British Thyroid Foundation (2006)
UK Guidelines for the Use of Thyroid Function
Tests. /www.british-thyroid-association.org/info-
for-patients/Docs/ TFT_guideline_final_version_
July_2006.pdf (accessed 9 July 2012)

Beck-Peccoz B, Persani L, Mannavola D, Campi I
(2009) Pituitary tumours: TSH-secreting adenomas.
Best Pract Res Clin Endocrinol Metab 23: 597-606

Col NF, Surks MI, Daniels GH (2004) Subclinical
Thyroid Disease: Clinical Applications. JAMA
291(2): 239-43

Costagliola S, Morgenthaler NG, Hoermann R et al
(1999) Second generation assay for thyrotropin
receptor antibodies has superior diagnostic
sensitivity for Graves’ disease. J Clin Endocrinol
Metab 84(1): 907

Diez J], Iglesias P (2004) Spontaneous subclinical
hypothyroidism in patients older than 55 years:
an analysis of natural course and risk factors for
the development of overt thyroid failure. J Clin
Endocrinol Metab 89(10): 48907

Fantz CR, Dagogo-Jack S, Ladenson JH, Gronowski
AM (1999) Thyroid Function during Pregnancy.
Clin Chem 45(12): 2250-8

Haugen BR (2009) Drugs that suppress TSH or
cause central hypothyroidism. Best Pract Res Clin
Endocrinol Metab 23: 793-800

Ladenson PW, Singer PA, Ain KB et al (2000)
American Thyroid Association Guidelines for
detection of thyroid dysfunction. Arch Intern Med
160: 1573-5

Roos A, Links TP, de Jong-van den Berg LTW, Gans
ROB, Wolffenbuttel BHR, Bakker SJL (2010)
Thyroid peroxidase antibodies, levels of thyroid
stimulating hormone and development of
hypothyroidism in euthyroid subjects. Eur ] Intern
Med 21: 555-9

Sapin R (2001) Serum thyroxine binding capacity-
dependent bias in five free thyroxine
immunoassays: assessment with serum dilution
experiments and impact on diagnostic
performance. Clin Biochem 34: 367-71

Smellie WSA, McNulty C, Galloway M (2010)
Thyroid disorders. In: Marshall W, Harris B, eds.
Primary Care and Laboratory Medicine: Frequently
asked questions. ACB Venture Publications,
London: 233-40

Stockigt JR, Lim CF (2009) Medications that distort
in vitro tests of thyroid function, with particular
reference to estimates of serum free thyroxine. Best
Pract Res Clin Endocrinol Metab 23: 753-67

Surks MI, Ortiz E, Daniels GH et al (2004)
Subclinical thyroid disease: scientific review and
guidelines for diagnosis and management. JAMA
291(2): 228-38

Todd CH (2009) Management of thyroid disorders
in primary care: challenges and controversies.
Postgrad Med ] 85: 655-9

Vaidya B, Pearce SHS (2008) Management of
hypothyroidism in adults. BM/ 337: 284-9

‘Warner MH, Beckett GJ (2010) Mechanisms behind
the non-thyroidal illness syndrome: an update. /
Endocrinol 205: 1-13

Weetman AP (1997) Hypothyroidism: screening and
subclinical disease. BMJ 314: 1175-8

Weetman AP (2000) Graves disease. N Engl | Med
343: 1236-48

Wilson GR, Curry RW (2005) Subclinical Thyroid
Disease. Am Fam Physician 72(8): 1517-24

C118

British Journal of Hospital Medicine, August 2012, Vol 73, No 8



