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Abstract

Thyroid function testing is common and the indications for their use are
increasing. This review explores the indications and components of thyroid
testing. A panel consisting of thyroid stimulating hormone and free thyroxine
should form the first line of diagnostic tests. Further differentiation of various
pathologies can be made with thyroid antibodies or radio uptake scanning. For
the follow up of differentiated thyroid cancer serum thyroglobulin serves as a
biomarker. The sensible use of thyroid function tests and their interpretation
requires sufficient understanding of clinical medicine and laboratory science.
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Abbreviations

TFT: Thyroid Function Tests; DTC: Differentiated Thyroid
Cancer; TSH: Thyroid Stimulating Hormone; TRH: Thyrotropin
Releasing Hormone; T4: Thyroxine; fT4: Free Thyroxine; T3:
Triiodothyronine; fI3: Free T3; TPO-Ab: Thyroid Peroxidise
Antibodies; Tg-Ab: Thyroglobulin Antibodies; Tg: Thyroglobulin;
TSHoma: TSH Secreting Pituitary Adenoma; RTH: Resistance to
Thyroid Hormone; NTI: Non-Thyroidal Illness; HPT: Hypothalamic-
Pituitary-Thyroid; TRH: Thyrotropin Releasing Hormone

Introduction

Thyroid function testing constitutes the most frequent endocrine
tests requested of a clinical laboratory [1,2]. An understanding of
the components of thyroid testing and the indications for each is
essential in aiding clinical diagnosis and influencing the management
of a diverse range of thyroid related conditions. This review aims to
provide a brief scientific update for practicing doctors and a small
dose of clinical medicine for scientists. It will not include testing
for perinatal thyroid disorders, thyroid nodules and thyroid cancer
as these subjects merit more detailed consideration separately.
The rarer causes of thyroid dysfunction (TSH secreting pituitary
adenomas — TSHomas, thyroid hormone resistance syndromes —
RTH) and Familial Dysalbuminemic Hyperthyroxinemia (FDH) will
be mentioned briefly as these conditions may confound the results of
and the interpretation of Thyroid Function Tests (TFT).

Background

Thyroid hormone excess and deficiency can present in a diverse
manner, thus adequate and accurate laboratory assessment is vital.
Thyroid dysfunction is associated with adverse cardiovascular and
skeletal outcomes [3]. Thyroid testing can provide an objective
diagnosis in most instances of sometimes subtle or uncommon
clinical manifestations of disease. Treatment may include ablative
therapy (surgery or radio-iodine) and long term (anti-thyroid drugs)
or life-long (thyroid hormone replacement) medications. Frequent
monitoring of these patients is required. Thyroid disorders are
common. In the US national health survey 4.6% of the population
had hypothyroidism (0.3% overt and 4.3% subclinical) and 1.3%
had hyperthyroidism (0.5% overt and 0.7% subclinical) [4]. Thyroid
cancer is also becoming more common through increased detection

via imaging. Differentiated Thyroid Cancer (DTC) has a relatively
favourable prognosis if treated and monitored properly. The clinical
use of thyroid testing in a general practice has increased by 50%
over the last decade [5]. Radionuclide thyroid uptake testing may
occasionally be needed to evaluate the functional status of thyroid
tissue [6].

Thyroid hormones (T4 and T3) are regulated by pituitary TSH. In
turn, TSH is controlled by the interaction between feedback inhibition
by thyroid hormones and hypothalamic Thyrotropin Releasing
Hormone (TRH) [7]. The relationship between TSH and fT4 is
inversely loglinear such that a small change in fT4 is accompanied by
alarge reciprocal change in TSH [8]. Each individual has a genetically
determined unique set point for the TSH/free T4 relationship [9]. In
early thyroid dysfunction, TSH responds to this set-point wherein the
fT4 is normal while TSH is depressed (subclinical hyperthyroidism)
and vice versa in subclinical hypothyroidism (elevated TSH and
normal fT4) [10-12]. The concentration of thyroid analytes varies
widely within individuals as well as between individuals.

Indications

Thyroid Function Tests (TFT) are used as screening tools, to
confirm clinical diagnoses, to assess adequacy of therapy, and to
monitor treatment of DTC. Thyroid function is best assessed by
measuring TSH when pituitary or hypothalamic disease is absent. In
addition, patients should not be on drugs which can affect the thyroid
[13]. Metformin (commonly prescribed for type 2 diabetes mellitus)
can cause a significant reduction in TSH levels [14,15].

Screening

Routine TFT screen in an asymptomatic subject is controversial
[16] though this was proposed by the American Thyroid Association
in 2000 [17]. However, a new systematic review has found no evidence
on benefits and harms of screening versus not screening [18].
However, screening can identify subjects with subclinical thyroid
dysfunction as well as undiagnosed overt thyroid disease. TFT may
be indicated for subjects at risk for thyroid disease such as women
over 50 years, the elderly, those with significant family (thyroid
disease) and personal medical history (palpitations, neck irradiation,
autoimmune disease), and medications (amiodarone, lithium). For
screening, TSH alone will usually suffice. Laboratories can proactively
provide reflex fT4 testing when TSH is abnormal instead of a repeat
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test on another occasion. A normal TSH indicates euthyroidism and
no further testing is needed. Thyroid antibodies (thyroid peroxidase
and thyroglobulin) may be employed in at-risk subjects to stratify for
future thyroid dysfunction.

Screening in hospitalized or ill patients is not recommended
unless thyroid disease is strongly suspected since changes in thyroid
hormones, binding proteins, and TSH concentrations occur in
severe Non-Thyroidal Illness (NTT) [19]. Also known as euthyroid
sick syndrome, NTT is a syndrome of abnormal TFT (notably low
T3 or fT3), deranged Hypothalamic-Pituitary-Thyroid (HPT) axis,
abnormal thyroid hormone binding proteins and impaired thyroid
hormone action in the absence of any intrinsic disease of the HPT
axis [20]. In NTI, patients are ill or hospitalized and can have
dynamic changes in TFT results as illness progresses or recover. Very
different fT'4-TSH combinations may be encountered underscoring
the need to avoid using TFT in hospitalized or ill subjects. In NTI, T4
and TSH levels are usually normal but in severe or prolonged illness
low T4 (and fT4) and an inappropriately low normal or decreased
TSH (0.1-0.4 mIU/L) may be seen. TSH levels below <0.01 mIU/L
are very unusual except in very severe illnesses in the intensive care
environment. Early in the course of NTI fT4 may increase followed
by progressive decline with disease progression. T3 (and fT3) decline
from the onset. Uncommonly, a low TSH and normal fT4 may be
seen in NTI and can be distinguished from hyperthyroidism by
remembering the clinical milieu and if necessary finding a low T3 (or
fT3). Thus the use of both TSH and fT4 is necessary to accurately
assess thyroid dysfunction in ill and hospitalized patients.

Diagnosis of thyroid conditions

One of the more common indications for thyroid testing is in the
evaluation of clinically suspected thyroid dysfunction. A basic initial
screen can include TSH alone but the use of TSH in conjunction
with fT4 is preferred [16,21]. Further testing such as for thyroid
antibodies, thyroglobulin or even radionuclide uptake studies should
follow based on initial test results.

Suspected hyperthyroidism: Hyperthyroidism refers to the
excessive production and secretion of thyroid hormones by the
thyroid gland. The resulting clinical condition (fatigue, nervousness,
weight loss despite normal or enhanced appetite, heat intolerance,
palpitations) is termed thyrotoxicosis [21]. While the two terms are
often used interchangeably subjects who become thyrotoxic from
exogenous thyroid hormones (e.g. surreptitious consumption) are
strictly not hyperthyroid and their thyroid hormone production may
be suppressed. Older subjects (>60 years) often present with a paucity
of symptoms other than weight loss and breathlessness [22].

An algorithm for evaluating suspected hyperthyroidism is
provided (Figure 1). A thyroid panel comprising TSH and fT4
will usually suffice. In overt hyperthyroidism TSH is often <0.01
mlIU/L (or undetectable) with elevations in both fT4 and fT3. The
most common causes of primary hyperthyroidism is Graves disease
(an autoimmune disease consequent to stimulatory TSH-receptor
antibodies - TRAb), followed by toxic nodular goiter (multinodular
or adenoma) and thyroiditis. In thyroiditis preformed thyroid
hormones stored in thyroid follicles are released. Thyroiditis of the
subacute variety (i.e. de Quervain’s thyroiditis) is characterised by
pain and elevated inflammatory markers (sedimentation rate and

Hyperthyroidism Suspected

TSH Low, fT4 Normal
Subclinical Hyperthyroidism
T3-toxicosis

MNon-Thyroidal lliness

TSH Low, fT4 Raised

Graves Disease

Toxic Nodular Goiter (multinodular, adenoma)
Thyroiditis (subacute, painless)

Excgenous thyroid hormone

TSH Normalor Raised, fT4 Raised
Non-Thyroidalillness
Secondary Hyperthyroidism (TSHoma, RTH)

Figure 1: Algorithm for suspected Hyperthyroidism.

C-reactive protein) whereas they are normal in painless and drug-
induced thyroiditis [23]. Most patients with Graves’ disease have
obvious presentation (symptoms of thyrotoxicosis, eye signs and a
smooth goiter on physical examination). Together with the classical
TFT results no further investigations are needed. When presentation
is atypical (e.g. euthyroid ophthalmopathy) measurement of TRAb
may be helpful [24]. Over 90% of Graves’ disease has positive TRAbs.
Where evaluation is unclear a radionuclide thyroid scan may be
needed to show homogenous increased uptake in Graves’ disease
versus a focal increase in toxic nodules (multi-nodular goiter or
adenoma). In thyroiditis and iatrogenic hyperthyroidism (exogenous
consumption) the uptake is low or absent [6]. Serum thyroglobulin
(Tg) can be used to distinguish thyroiditis (elevated Tg) from
iatrogenic hyperthyroidism (normal Tg).

A normal fT4 and a low TSH (<0.01 mIU/L) is seen in subclinical
hyperthyroidism. In early or mild hyperthyroidism TSH is
undetectable while fT4 may still be normal and only fT3 is elevated
- a state termed T3-toxicosis [21]. This condition may represent very
early disease, autonomous thyroid nodules or hyperthyroidism in
iodine-deficient areas. Aside from T3-toxicosis there is no need for
including fT3 in a thyroid test panel.

In suspected hyperthyroidism with elevated fT4 but non-
suppressed TSH (normal or raised) some rare conditions must
be considered. Pituitary TSH secreting adenomas (TSHoma)
cause hyperthyroidism, goiter (often nodular), visual problems,
headache and detectable imaging (CT scan or MRI) lesions [25].
The characteristic biochemical abnormalities are normal or elevated
TSH in the presence of high T4 (and fT4). Accounting for less than
1% of all pituitary adenomas, TSHoma may sometimes (<30%) co-
secrete growth hormone and prolactin. Another rare condition
that may be indistinguishable from TSHoma is the syndrome of
Resistance to Thyroid Hormone (RTH) [26]. In RTH there is reduced
responsiveness of target tissues to thyroid hormone due to genetic
mutations in the thyroid hormone receptor TRB. More recently
other genetic defects which decrease the efficacy of thyroid hormones
through altered cell membrane transport and metabolism have also
been included as part of the RTH syndromes. The characteristic
features of RTH include goiter, raised fT4, non-suppressed TSH, and
responsiveness to Thyrotropin Releasing Hormone (TRH). Despite
the elevated levels of thyroid hormones there is paucity of the usual
hyperthyroid symptoms other than tachycardia and hyperkinetic
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behaviour. RTH is familial in 75% of cases in an autosomal
dominant fashion. In contrast TSHoma has hypersecretion of the
hormone a-subunit, exhibits a blunted TSH response to TRH, does
not occur in families, and is associated with elevated levels of Sex-
Hormone Binding Globulin (SHBG). From a laboratory standpoint
a normal or raised TSH and elevated fT4 may be seen in some cases
of NTI as well as in the rare condition of Familial Dysalbuminemic
Hyperthyroxinemia (FDH). In FDH there is an abnormal albumin
with increased affinity for T4 resulting in elevated thyroid hormones
but subjects are euthyroid [27].

Suspected hypothyroidism: An algorithm is provided (Figure 2).
A thyroid panel comprising TSH and fT4 are the tests of choice for
suspected hypothyroidism. There is no role for fT3 in the evaluation
of hypothyroidism since fT3 only declines much later than fT4,
may even be normal in less severe forms of hypothyroidism and is
decreased in NTI. In overt primary hypothyroidism the TSH levels
are often > 15.0 mIU/L with low fT4 levels. Autoimmune thyroid
disease of the Hashimoto variety is the most frequent cause and is
associated with the presence of thyroid antibodies (anti-thyroid
peroxidise and anti-thyroglobulin). Careful attention to history
may uncover iatrogenic causes (current treatment with anti-thyroid
drugs, previous thyroidectomy, neck irradiation) or side-effects of
medications (lithium, amiodarone, interferon-a, sunitinib) [13].

In subclinical hypothyroidism TSH levels are often between 4.0-
10.0 mIU/L with normal T4 levels. Thyroid antibody tests will help
identify higher risk patients for thyroxine therapy. If TSH is normal or
low and the fT4 is low consider secondary or central hypothyroidism.
This pattern may also be found during the recovery phase of NTI.
If central hypothyroidism is suspected such patients will need a full
pituitary function assessment (measurement of growth hormone,
FSH, LH, prolactin, estrogen, testosterone, ACTH and cortisol) and
pituitary imaging to look for pituitary or hypothalamic tumors. A
careful history might reveal a drug cause (e.g. aspirin, steroids, non-
steroidal anti-inflammatory drugs, phenytoin) [13], side-effect from
previous head and neck irradiation, and possible NTI. RTH might
also enter the differential diagnosis if all other causes have been ruled
out.

Monitoring therapy

Treatmentwith thyroxine: Patients with primaryhypothyroidism
on thyroxine can be monitored by assessing serum TSH [16]. If TSH
is high, the dose needs to be increased; if it is low, the dose needs
to be reduced. Excessive suppression of serum TSH can increase the
risk of both atrial fibrillation and bone disease. When commencing
thyroxine replacement, fT'4 is used to monitor therapy as there is a lag
in the pituitary TSH response in adjusting to a new homeostatic state.
T4 should also be used to titrate the thyroid hormone dose in patients
with secondary hypothyroidism due to pituitary or hypothalamic
disease since TSH release is impaired. Serum TSH is only accurate if
steady state conditions are present, which takes 1 to 3 months after
starting or adjusting the thyroxine dose. As T3 is generally not used
for treating hypothyroidism [28] there is no role for evaluating T3
(and fT3). However, when patients are on T3 therapy, assessment of
therapy then requires measurement of serum T3 (and fT3) and TSH.

Treatment of hyperthyroidism: During the early treatment
of hyperthyroidism, TSH may remain subnormal for several weeks

Hypothyroidism Suspected

TSH Raised, fT4 Normal

Subclinical Hypothyroidism

TSH Normal or Low, fT4 Low

Secondary Hypothyroidism
Non-thyroidal lliness
Drugs

TSH Raised, T4 Low

Primary Hypothyroidism

= Autoimmune Thyroid Disease

- Drugs (e.g. lithium, amicdarone, interferon-a, sunitinib)
- latrogenic {(Antithyroid drugs, Previous Thyroidectomy)
- Neck Irradiation

Figure 2: Algorithm for suspected Hypothyroidism.

and rarely for several months. One must therefore rely upon serum
fT4 when assessing the efficacy of anti-thyroid drugs, radioiodine, or
surgery. Once steady-state conditions are achieved TSH can be used
to assess the efficacy of therapy.

Treatment of differentiated thyroid cancer (DTC): In thyroid
cancer, patients are placed on thyroid hormone suppression
to minimise growth of thyroid cancer cells. The target for TSH
suppression is <0.1mU/L for high risk patients while low-risk patients
can afford less vigorous TSH suppression (0.1-0.5 mIU/L) [29]. Serum
thyroglobulin (Tg) can also be used as a sensitive and specific tumour
marker of DTC [29]. In patients who are disease-free (negative neck
ultrasound and undetectable Tg), TSH levels of 0.3-2.0 mIU/L is
permissible. In low-risk disease (Stage I or I DTC), an increase in Tg
of <1.5 ng/mL in the presence of a normal TSH is allowed.

Commonly Included Tests

Thyroid tests commonly used include TSH, free hormones,
thyroid antibodies (TPO-Ab, Tg-Ab), TSH receptor antibodies
(TRAD), and Thyroglobulin (Tg). Serum is used for testing. The
blood sample should be collected in a plain tube and sent to the lab
immediately for processing. Thyroid medications (thyroid hormones
and antithyroid drugs) should be omitted prior to blood taking. To
reduce the variability of test results specimens should be obtained at
the same time of day and prandial state. Early morning fasting values
are higher than late morning non-fasting TSH by an average of 25%
[30]. TSH also exhibits diurnal rhythmicity with a nadir in the late
afternoon and peak at midnight [31].

Thyrotropin or Thyroid Stimulating Hormone (TSH)

Most of the current TSH assays in use can measure TSH levels of
0.01 mIU/L or lower with an imprecision of 20%. This level of TSH
is also known as the functional sensitivity of the assay. Serum TSH
in untreated hyperthyroidism is often <0.01mIU/L. Thus we can
distinguish mild hyperthyroidism from euthyroid subjects. However,
some sick euthyroid subjects in intensive care units may have TSH
values at or near 0.01lmIU/L and require TSH assays with better
detection limits (e.g. 0.004 mIU/L) for clearer diagnostic delineation
[32]. The normal range for serum TSH is around 0.4-4.0 mIU/L.
There is some debate over the appropriate upper reference limit [33].
The National Academy of Clinical Biochemistry maintains that the
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upper TSH limit should be 2.5 mIU/L [34] since 95% of rigorously
screened euthyroid volunteers have values between 0.4-2.5 mIU/L.
Applying a lower upper reference limit for TSH will substantially
increase the diagnosis of subclinical hypothyroidism [35]. Age-
based TSH normal ranges have also been proposed. In the United
States NHANES III population of 13,444 subjects, the TSH reference
range was 0.4-4.5 mIU/L after excluding those with a positive family
history, drugs, goitre, nodules, or positive TPO-Ab [36]. Moreover, a
close examination of the NHANES III data reveals that the reference
limit for TSH only begins to move up (>7.5 mIU/L) in subjects above
70 years old.

TSH in conjunction with fT'4 has been identified as the best
screening tool for those suspected of having thyroid disorders [37]. In
early thyroid dysfunction the minor changes in T4 and T3 amplifies
serum TSH response. The entity of subclinical thyroid disease is being
increasingly recognised consequent to the ability of TSH to reflect the
minor biochemical alterations of thyroid hormones. A consistently
abnormal TSH in the face of thyroid hormone levels within the
laboratory reference range probably indicates that these thyroid
hormone levels are not normal for the individual. While there is no
firm consensus on the management of subclinical thyroid disease,
support for treatment of subclinical hyperthyroidism is growing
[38,39] especially in those who are older, with greater suppression
of TSH (<0.1 mIU/L) and with other co-morbidities [40,41]. The
case for treating subclinical hypothyroidism is less clear. A recent
re-analysis of the Wickham survey data noted the association of
subclinical hypothyroidism with coronary events and mortality as
well as attenuation of cardiac morbidity and mortality with thyroxine
therapy [42]. In a 13-year community-based cohort of women with
thyroid antibodies and TSH between 2.5-4.0 mIU/L, they progressed
to subclinical and overt hypothyroidism [43] suggesting the need
for targeted screening and follow-up. This trend can only impact
laboratory thyroid testing.

Free T4 (fT4) and Free T3 (fT3)

FT4 and fT3 assays have largely replaced total T4 and total T3
measurements but most modern methods are using an estimate of
the true free hormone levels [44]. While accurate fT4 concentrations
can be determined using liquid chromatography-tandem mass
spectrometry [45] this method remains of research interest only
and for manufacturers. For direct free hormone assays, the use of
one-step hormone-labelled analog methods is discouraged. For
one-step labelled antibody free T4 methods, the assay should extract
only 1-2% of total hormone concentration off the binding proteins.
Samples containing high hormone labels should exhibit parallelism
when diluted and show <10% deviation from expected values.

A raised free T4 should be interpreted in the context of TSH levels
to arrive at an accurate assessment. The use of fT'3 should be limited
to the evaluation of T3-toxicosis, monitoring treatment of thyroid
storm, and in the rapid pre-operative preparation of the acutely
thyrotoxic patient. A low fT4 in the clinical context suspicious of
hypothyroidism should be interpreted with accompanying TSH
levels. In both raised and low fT4, care must be taken to consider
NTI causing derangement of free hormone levels when TSH remains
normal.

Thyroid antibodies

An antibody panel consisting of Anti-Thyroid Peroxidise (TPO-
Ab) and Anti-Thyroglobulin (Tg-Ab) has been used to aid in the
differential diagnosis of thyroid disorders. TPO-Ab and Tg-Ab are
present in over 90% of patients with autoimmune thyroid disease [46].
In the US NHANES III study TgAb were positive in 10.4% and TPO-
Ab, in 11.3% of thyroid disease-free subjects [4]. Positive antibodies
were more prevalent in women than men and increased with age, and
TPO-Ab was less prevalent in blacks (4.5%) than in whites (12.3%).
TPO-Ab was significantly associated with hypo or hyperthyroidism,
but TgAb were not. Thus, TPO-Ab has sufficient sensitivity and
specificity to be used singly for diagnosis of autoimmune thyroditis
[47]. As Tg-Ab is less specific, its use is confined to the follow-up of
thyroid cancer [46]. In subclinical hypothyroidism TPO-Ab predicts
progression to overt hypothyroidism - 4.3% per year versus 2.6% per
year in TPO-Ab negative subjects [48].

TSH receptor antibodies (TRADb)

TRADs may be either stimulating or blocking in nature, but most
assays cannot distinguish between the two and measure binding
to the TSH receptor. A rapid (27 minute), automated electro-
chemiluminescent TRAb assay is now available [49]. Using this
assay TRADbs were detected in 97% of Graves’ disease. It is helpful
in the evaluation of possible Graves’ disease without extra thyroidal
features, unilateral exophthalmos or amiodarone thyrotoxicosis [24].
It has also been used to predict relapse after anti-thyroid therapy [49].
Thyroglobulin (Tg)

Tg is produced in normal states and in Differentiated Thyroid
Cancer (DTC). After thyroidectomy for DTC, Tg is commonly
measured following radioiodine ablation of the remnant normal
thyroid tissue to detect any tumor recurrence [50]. However, the
presence of Tg-Abs in serum will result in under-estimation of the
true Tg levels due to assay interference [51]. Thus it is important
that TgAb is measured at the same time as Tg [52]. If a rising Tg is
observed, careful ultrasonography of the neck should be performed
[53].

Radio nuclide uptake studies

Thyroid scans are functional studies to assess thyroid activity [6].
Technetium (99mTc) pertechnetate has largely replaced radioiodine
as the cost and radiation dose is lower. The main application of
thyroid scan is to differentiate the cause of hyperthyroidism when
conventional evaluation is unclear. The pattern of tracer uptake
will indicate the likely diagnosis. The increased uptake in Graves’
disease is diffusely homogenous while that in toxic nodular goiter
is focal. Thyroid uptake is reduced in thyroiditis and factitious
hyperthyroidism. There is no role for thyroid scans in the evaluation
of hypothyroidism.

Conclusion

Thyroid function tests have gained wide clinical utility. However
caution must be exercised whenever test results are at variance with
the clinical picture or form an unusual pattern. In such instances
re-evaluate the clinical history and consider the patient’s age,
medications (including thyroxine or anti-thyroid drugs) and possible
non-thyroidal illness. Then re-assess the thyroid status and exclude
assay artefacts. Finally consider the possibility of rare disorders. It is
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only with a firm understanding of the laboratory science underpinning
thyroid function tests and an appreciation of their medical context

will users successfully interpret the broad array of thyroid function
tests.
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