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Occasional Survey

Which Test of Thyroid Function?

C. W. H. HAVARD
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Tests measuring ithe levels of thyroid hormone in the blood
stream are now being used increasingly in the diagnosis of

thyroid disorders. Correspondingly, less emphasis is placed on

in vivo tests of thyroid uptake. The proliferation of in vitro
tests of thyroid function has led to such confusion of nomen-

clature that many doctors do not know what they are asking
for, much less the limiitations of the particular investigation in
question. As tests of thyroid function are being sought wih
increasing frequency and with fewer indications, it is hardly
surprising that many erroneous diagnoses are made.
Two important points need emphasi7ing to begin wi-th: the

first is that clinical criteria may be a better guide to the

diagnosis of thyrotoxicosis and of hypothyroidism than any
laboratory investigation, particularly in the younger patient.
A detailed medical history and a fuRl physical examination are

mandatory, and will lead to many fewer diagnostic errors than
asking for a variety of itests af-ter a few hasty observations in

the clinic. The second point is that doctors tend to have a

naive faith in the validity of laboratory reponts. Laboratory
workers are human and are subject to the same errs as are

clnicians; furthermore, errors may also be contributed by the
methods used. Even when investigations are carried out m
the best laboratories values outside the normal range occur
in at least 5% of euthyroid people.' In adition, tests
themselves are subjet Ito limitaions, which are of-ten not
appreciated by those asking for them. Laboratory tests are

liable to interference by many factors unrelated to the thyroid
gland and are just as subject to misinterpretation as the clinical
findings.

While most clinicians are aware that iodine contamination-
whether taken in the form of a drug such as clioquinol (Entero-
Vioform) or as a result of radio-opaque contrast media-will raise
the protein-bound iodine level, it is less well appreciated that
oestrogens and hence the contraceptive pill increase the level of
thyroxine-binding globulin so that the concentrations of protein-
bound iodine (PBI) and the serum thyroxine (T-4) will be raised
when the patient is euthyroid.2 Even less well appreciated is that
thyrotoxicosis may be due to excess production of tri-iodothyronine
(T-3) without any appreciable increase in thyroxine (T-4) and so
the conventional tests (which measure thyroxine) will fail to con-
firm an accurate clinical diagnosis of hyperthyroidism.3 At the other
end of the scale, when hypothyroidism develops there may be a

sequential failure of thyroxine production preceding a failure of
the gland to produce T-3.45 Hence results of the conventional
tests (PBI and serum T-4) may be low when the patient is
euthyroid as a result of adequate T-3 production-a condition first
reported in treated thyrotoxic patients6 but subsequently in iodine
deficiency7 8 and in autoimmnune thyroiditis.9

Physiology

It is useful to review the normal physiology of thyroid
hormone syntiesis and transport to underand the hmitations
of in vitro tests. The average British diet contains 100 Ag of
iodide per day. TIhis is absorbed from the gut into in-

organic iodide pool of the body. About one-hird of the
absorbed iodide is trapped by the thyrid gland and oxidized
to iodine and the remainder is excreted in the urine.8

The iodine in the thyroid is organically bound to tyrosine to
form mono-iodotyrosine and di-iodotyrosine. Two molecules of
di-iodotyrosine are then combined to form thyroxine-or T4, as it
has four iodine atoms. One molecule of mono-iodotyrosine is com-

bined with one of di-iodotyrosine to form tri-iodothyronine, or T-3,
as it has three iodine atoms. These two hormones are stored in
the colloid of the thyroid gland as thyroglobulin and released by
the proteolytic effect of pituitary thyrotrophic hormone (TSH)
before being secreted into the blood. Pituitary TSH also controls
the rate of trapping of circulating iodide by the thyroid gland and
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the enzymes which combine iodine with tyrosine and those which
couple the iodotyrosines to form the two thyroid hormones. The
release of TSH itself is under the control of a hypothalamic
releasing factor, thytrophin-releasing hormone (TRH). TRH is a
tripeptide which has been synthesized and is now available com-
mercially. TRH does not release growth hormone, ACTH, or
FSH but does increase the output of prolactin, probably as a
result of similarities in the structure of the hypothalamic hormones
concerned.10

CIRCULATING HORMONES

Both T-4 and T-3 circulate both as free hormone and bound
to serum proteins, particularly thyroxine-binding globulin
(TBG)."-" As with all hormones, only the minute amount of
free hormone is biologically active: -the much larger amount
bound to protein is inert. Factors affecting the concenjtration
of TBG will affect the level of protein-bound hormone even
though free levels of hormone are unchanged. The commonest
natural cause of increased TBG is normal pregnancy. Infec-
tive hepatitis may increase TBG" and also drugs such as
oestrogens' and perphenazine.15 Some of the many factors
which may reduce the capacity or circulating levels of TBG
are listed in table I.

TABLE i-Factors Reducing TBG

(1) Direct (a) Nephrosis48
(b) Acromegaly49
(c) CorticosteroidssO
(d) Malnutrition51
(e) Androgens42

(2) Indirect-Drugs binding to TBG
(a) Salicylates53
(b) Phenytoin54

The two thyroid hormones have differing affinities for TBG and
this is why conventional in vitro thyroid function tests are more
dependent on the circulating levels of T4. Thyroxine is 9995%
bound to protein'6 while T-3 is only 99 5% bound. Thus the pro-
portion of free T-3 in the serum is 10 times that of free T4.3
The normal level of TA in the serum is 5-0-110 pg/100 ml and
that of T-3 is 100-150 ng/ 100 ml." Thus the normal person has
over 60 times as much circulating T4 as T-3, and hence tests of
protein-bound hormone will reflect TA concentrations. Never-
theless, there is only six times as much free TA as there is free
T-3 and, as T-3 is four times more potent than T4, the metabolic
contribution of T-3 is nearly as great as that of T4.

Factors altering the concentrton of TBG will render the
results of test of protein-bound hormone misleading, for the
increase in protein-bound hormone will not be accompanied
by any increase in the free hormone level. The interpretaton
of tests that measure the circulatng level of TA or T-3
depend therefore on a knowledge of the concentration of
thyroxine-binding globulin and the extent to which the bind-
ing sites are oocupied. Furthermore, anything which alters the
normal ratio of T .to T-3 (table II) production will confuse
the results of convetonal investigations of thyroid function-
as changes in T-3 production will not be appreciably reflected
by these tests.

TABLE II-Causes of Discrepancy between Serum Thyroxine and true Thyroid
Status

(1) Change in serum concentration of TBG
(2) Drugs binding to TBG
(3) Conditions altering the ratio of T-3 to T-4

(a) Iodine deficiency
(b) Patients treated with thyroxine
(c) Patients treated with 131I
td) T-3 thyrotoxicosis

FACTORS AFFECTING RELATIVE PRODUCTION OF T4 AND T-3

The conditions favouring T-3 production have not been fully
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defined. Undoubtedly, however, iodine deficiency is a major
factor.' '120 This is teleologically sound since T-3 has four
times the metabolic activity of T-4 while using only 75% as
much iodine.
About a six-fold increase in hormonal effect for the same amount

of iodine can thus be achieved by a change from TA to T-3
production and this would obviously be advantageous in condi-
tions of iodine deficiency. In hyperthyroidism the amounts of both
hormones are usually increased.2' Though there is a preferential
increase in T-3 production, its concentration does not usually equal
that of T4.22 Clinical thyrotoxicosis may occur in patients with
normal TA production and an increase in that of T-3, a disorder
called T-3 thyrotoxicosis.3 It is not uncommon and the incidence
may reach 10% in regions of iodine deficiency.23
Hence obviously there is a real need to measure t¢he serum

concentrations of T-3.

In Vitro Tests

PROTEIN-BOUND IODINE (PBI)

Measurement of PBI has dominated in vitro tests of thyroid
function for over 20 years.hA It is cheap, has a high degree of
reproducibility, and can be automa-ted. Its major drawback is
the lack of specificity in that it measures non-hormonal forms
of iodine in the blood. The iodine contamination of the en-
vironment is increasing steadily and a recent report from
Edinburgh2" suggested that 48% of a healthy euthyroid popu-
lation had a spuriously raised PBI level. Possibly this is due
to the fact that with greater use of laboratory facilities by
general pracitioners more patients are being referred to the
endocrine clinics on account of a raised PBI. Our experience
in London gives much greater reliability to the PBI. Indeed,
when patients on the contraceptive pill are excluded, only 2%
of a hospital population have falsely high PBI concentrations.26

Iodine is a constituent of health foods such as kelp. Iodine
compounds are used in cosmetics, and as tetraiodofluorescein
as a colouring material for many drugs and foods.2" The
commonly prescribed intestinal anitiseptic clioquinol (Entero-
Vioform) contains large quantities of iodine as does the
amoebicide Diodoquin (di-iodohyroxyquinoline) and iodine is
a constituent of many expectorants. If an autoanalyser is being
used to determine the PBI the contamination produced by
such drugs may be sufficient to invalidate the resul,ts of the
whole run. The use of iodine-containing contrast media i
radiology increases steadily. While the iodine of contrast media
for an intravenous pyelogram may be excreted within -two
weeks, that used for a cholecystogram may persist for a month
or more and the con,taniinaion resulting from bronchography
or myelography may last for many years. Some radio-opaque
intravenous cannul e contain iodine so that blood samples
withdrawn through ithem will be contaminated.

All these facts, together with the advent of a specific assay
for thyroxine by saturation analysis, means that ithere has been
a swing away from the use of PBI estimations. Nevertheless, it
is probably srtill ithe most commonly used in vitro test of
thyroid function in Britain, and when using st the risk of
contamination must always be oonsidered. The PBI also has
ithe disadvantage that it does not differentiate hyperthyroidism
from raised levels of thyroxine-bindig protein. Nor can it
dcifferentiate between hypothyroidism and a reduction in avail-
able TBG. The available TBG may be reduced without any
total reduction, because drugs such a;s phenytoin and sali-
cylates are bound to the same plasma proteins as TA and so
reduce the sites available to bind thyroxine.
The PBI gtest has a special use in thyroiditis, as the presence

of iodoproteins released from the damaged gland can be
detected in the serum: these iodoproteins are not TA so that
measuring the serum levels of thyroxine will not detect them.
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SERUM THYROXINE

Most methods of measuring serum TA use the principle of com-

petitive protein binding.28
If a small quantity of labelled TA is added to a solution of

TBG the proportion of TA which binds to protein can be deter-
mined. As more unlabelled TA is added to the system the pro-

portion of labelled TA bound to protein decreases. This added
unlabelled TA can either be a known concentration and used to

calibrate the system or TA derived from a test serum. To deter-
mine the fraction of TA bound to protein the bound TA must

be separated from the free T4. This is done by adding a

secondary binder such as a resin or Sephadex. This competitive

binding analysis has a precision comparable to that of the PBI
test,29 and has been adapted for use as commercial kits, of which
there are at least six currently available.
As it measures total T4, the test does not differentiate between

hyperthyroidism and raised levels of thyroxine-binding globulin or

between hypothyroidism and reduced levels of available TBG,
whether this is due to a total reduction or merely a reduction in

available sites because of drugs bound to the same proteins. The
normal range may vary slightly from laboratory to laboratory.
Though the serum TA overcomes the problems of iodine con-

tamination it does not overcome the problem of changes in TBG
concentration produced by the ever-increasing use of oral contra-
ceptives and other drugs. Nor does it give any indication of the
level of T-3 in the serum.

T-3 RESIN UPTAKE

The T-3 resin uptake is an indirect measure of the unoccupied
thyroxine-binding protein sites available in the pa-tient's
serum. I-t does not give any information abouft the total serum

T-3 levels. It is unaffected by iodine contamination.
The principle of the test is based on the partition of added

labelled T-3 between the binding sites of TBG on the one hand
and a secondary binder, usually a resin, on the other.30 31 In more

recent adaptations of this test Sephadex has replaced the resin as
the secondary binder. TBG has a greater affinity for TA than for
T-3 so that added T-3 will not actually displace TA from its
binding to protein. In hyperthyroidism there will be fewer un-

occupied binding sites on the serum proteins and hence the resin
uptake will be increased. Conversely in hypothyroidism there will
be an increase in available binding sites on the serum proteins as
the total thyroxine is reduced. Hence the uptake by the resin will
be reduced.

In patients on the contraceptive pill, though the total TA is
increased, there is a greater increase in the TBG and hence the
available binding sites on the serum proteins. The resin uptake
will therefore be reduced. In pregnancy or in patients on the pill
the serum TA will move into the hyperthyroid range, and the
resin uptake will move into the hypothyroid range. The converse
will occur if the level of TBG is reduced. The results may be
expressed as a percentage uptake by the resin or as the thyro-
binding capacity.

FREE THYROXINE INDEX

It has already been mentioned that when there is an altera-
tion in the TBG (the serum ithyroxine levels and the T-3 resin
uptake move in opposite directions. Thus in patients with an
increase in TBG the serum thyroxine rises in-to the hyper-
thyroid range and the T-3 resin uptake moves into the hypo-
thyroid range. A mathenmiacal combination of serum thyroxine
(or PBI) and T-3 resin uptake has been derived which gives
normal values in euthyroid patiens with abnormal levels of
TBG. This combination of tests is called the free thyroxine
factor" or free thyroxine index" and correlates closely with
the level of free thyroxine in the serum and reflects accurately
the thyroid status of the irndividual.'43
Two new tests, ithe "effective thyroxine ratio" (ETR)37 and

the "normalized thyroxine ratio (NTR)2" have recently be-
come available and give similar information in a single test.
Normalized T-4 tests promise to be useful screening tests of
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thy.roid function and will be especially valuable if they can
be automated.

SERUM T-3

With the production of specific antisera to T-3 iit is now
possible to measure the small quantifties of circulating T-3
by immunoassay.'a 39 There are several problems due to inter-
ference with the assay by endogenous TBG, and so at the
moment this test is undertaken only in research centres.
Nevertheless, -the test is potentially suitable for use as a
routine diagnostic test of thyroid function and in view of the
importance of having some knowledge of circulating levels of
T-3 it will undoubtedly become more generally available.

SERUM FREE THYROXINE

Non-protein-bound or free thyroxine can be measured by a
variety of techniques, none of which is suiltable for routine
use. Dialysis across a semipermeable membrane will separate
the free T-4 from the bound T-4 and enable the proporton
of free thyroxine to be determined.40 Wi-th a knowledge of the
total serum T-4 level it is possible ito calculate an absolute
level of free horrmone. T,he method is time-consuning and
requires .the use of isotopes. An indirect way of detemiining
*the free hormone level in the serum is to measure the urinary
excretion of TA.41 Similarly the urinary T-3 level offers an
indirecot means of estimating circulating levels of free T-3.
These methods require the collection of timed specimens of
urine and so have considerable disadvantages.

SERUM TSH

The serum concentration of TSH is measured by immuno-
assay.43-45
A mixture of unlabelled TSH and TSH labelled with a radio-

active isotope is incubated for several days with a specific antiserum.
Both the labelled and unlabelled TSH compete for binding sites
on the antibody and at the end of this time a mixture of un-
labelled TSH-antibody complex and labelled TSH-antibody com-
plex is obtained. This mixture is precipitated using a second anti-
body and the amount of labelled TSH-antibody complex is
counted. If there was little unlabelled TSH in the original sample
there will be much labelled complex, and conversely if there was
much unlabelled TSH there will be little labelled complex. By
using a series of different known concentrations of unlabelled
TSH and recording the amounts of labelled complex it is possible
to contsruct a standard curve which can be used to estimate un-
known samples.
The normal serum TSH level is low, being about 1 uU/ml.

I,t is raised in primary hypothyroidism and almost undetect-
able in hyperthyroidism. Because the normal levels of TSH
are so low it is little help in the diagnosis of hyperthyroidism
but it is a good test of hypothyroidism. The circulating TSH
level is always raised in prnmary hypothyroidism, often to over
50uU/ml, but it is possible to find a raised level in a patienit
who is euthyroid. Indeed, raised TSH levels with normal
circulating hormone levels will precede overt thyroid
failure.E45 Possibly isuch increased stimulation from the
pituitary may prevent thyroid failure for many years.

Dynamic Tests

When the hypothalamic releasing factor TRH is given intra-
venously in a dose of 200 ,ug the level of TSH in the serum

rises from a basal level of about 1 ,U/nl to a mean peak
concentration of about 10 ,uU/ml at 20 minutes and retums
to normal by 120 minutes. The response is usually greater in
women than in men. In hypothyroidism there is an exag-
gerated rise of an already raised TSH level and in hyper-
thyroidism there is no response of a depressed TSH level.47
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The TRH test is a useful test of hypothyroidism when the rise
in the basal TSH level is marginal and it is also useful in
equivocal cases of hyperthyroidism. It is particularly relevant
to the diagnosis of T-3 thyrotoxicosis if i-t is not possible to
measure the circulating levels of T-3. The test will render re-
dundan.t the T-3 suppression test, in which the autonomy of
the -thyroid gland was assessed by measuring the radioactive
iodine uptake of the thyroid before and after five days of
administered tri-iodothyronine. As with most tests, many
drugs interfere with the results. Thyroxine, antithyroid drugs,
corticosteroids, oestrogens, and levodopa will modify the TSH
response to TRH. At present the use of TRH is restricted to
those specialized centres that can monitor its effects-namely,
,those which can measure TSH by nimniunoassay. The main
indications for ithe TRH test are in cases of mild hypo-
thyroidism or hyperthyroidism when the diagnosis is in doubt,
in hypopituitarism and in ophthalmic Graves's disease.

Plan for Diagnosis

In most cases of thyroid dysfunction confirmation of the
diagnosis can be made by an estimation of the PBI or serum
TX and a T-3 resin uptake. Calculation of a free thyroxine
index should be made when there is any change in TBG and
this is usually the result of pregnancy or of taking the contra-
ceptive pill. An effective t;hyroxine ratio (ETR) or a normal-
ized thyroxine ratio (NTR) gives similar information but has
the distinct advantage of being a single test. When the serum
T-4 and T-3 resin uptake confirm the clinical assessment
there is no diagnostic problem and if a discrepancy can be
accounted for by an abnormality in TBG further investigation
is not needed. When, however, the clinical appraisal and the
ini,tial test disagree further investigation is required. If the
patient is clinically thyrotoxic and the conventional tests are
normal, the likely diagnosis is T-3 thyrotoxicosis and the
serum T-3 level should be estimated or a TRH,test performed.
If the patienit is clinically euthyroid and the itests are in the
hyperthyroid range, the clinical assessment should be reviewed
and if -the same clinical judgement is made no action should
be taken. If there is any doubt a TRH test should be done.

I£f the patient is clinically hypothyroid but the results of
the conventonal tests are normal, the serum TSH should be
estimated; if the serum TSH is not raised the patient is not
suffering from primary hypothyroidism. The possibility of
pituitary hypothyroidism has, however, not been excluded and
an x-ray film of the pituitary fossa, an electrocardiogram, and
a TRH test may help. If the patient is clinically euthyroid
but -the test resulits are in the hypothyroid range, the serum
T-3 level should be measured. T,he probability is that TA
production is reduced but the patient is kept euthyroid by
adequate production of T-3. A raised TSH in this condition
does not prove tthe patient has primary hypothyroidism but a
normal level excludes it.

Conclusion
All tests of thyroid function have their limitations. All are
subject to interference by factors unrelated to -the thyroid,
especially drugs. All thyroid function tests are performed by
human beings and are therefore subject to both human error
and errors resulting from problems in methodology. The
initial test of thyroid funtion should be the thorough, un-
hurried clinical assessment. A knowledge of the limitations of
the various in vitro tests of thyroid function will lead to their
more fruitful application and will reduce the diagnostic errors
that so commonly result from their premature request.
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