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Assessment ofthyroid status in elderly people
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Despite exhortations that counsel against biochemical
screening for thyroid disease in a hospital population,'
this advice still remains largely unheeded. In our
experience it is geriatricians who most frequently
request screening tests of thyroid function as they do
not wish to miss disorders which are common in elderly
people,47 may be notoriously difficult to diagnose
clinically, and if treated appropriately may result in a
significant improvement in quality of life. In a large
study of elderly non-hospitalised subjects abnormal
serum concentrations of thyroid stimulating hormone
were common.7 In about 8% the concentration was
raised; in 6% it was low, and in a quarter of these was
undetectable. However, overt thyroid disease was
much less common: a fifth of those with raised thyroid
stimulating hormone concentrations were hypothyroid
and only one of the 17 subjects with undetectable
thyroid stimulating hormone was hyperthyroid.
There are well recognised physiological changes in

thyroid function due to aging.46 Iodine uptake by the
thyroid and the weight, colloid content, and follicular
volume of the thyroid are all diminished. Thyroid
hormone production is also reduced, but serum con-
centrations of thyroxine (T4) and triiodothyronine
(T3) are maintained owing to reduced peripheral
degradation. Basal serum concentration of thyroid
stimulating hormone is normal, but in elderly men the
response of thyroid stimulating hormone to thyro-
trophin releasing hormone may be blunted, suggesting
reduced thyrotroph reserve.8 9 The problems of
interpreting thyroid function tests in elderly patients
are not, however, usually the result of these physio-
logical changes but of non-thyroidal illness often
compounded by concomitant drug treatment.

Changes in thyroid function tests in non-thyroidal
illness
The abnormal thyroid function test results often

recorded in non-thyroidal illness are a consequence of
a complex interplay of many factors, some poorly
understood, and of the timing of blood sampling
relative to the stage of the illness."7 For example,
thyroid stimulating hormone concentration is reduced
and may be undetectable in the acute phase, particu-
larly in those with a low energy intake" 15 or receiving
treatment with corticosteroids or dopamine,'8 '9 but it
may rise as high as 15-20 mU/l during convalescence.'5
If abnormal, serum total T4 concentration is usually
low owing to reduced synthesis and inhibition of
binding to plasma proteins by free fatty acids.'0 The
important factors contributing to a raised serum total
T4 concentration occasionally recorded in non-
thyroidal illness are reduced peripheral conversion of
T4 to T3 and increased concentration of thyroxine
binding globulin.'0

The inhibition of binding of T4 by free fatty acids
causes an increase in the concentrations of free T4 in
the serum which is accurately reflected by equilibrium
dialysis and "two step" methods of assay.5-23 This is
particularly the case in mild illness. Hyperthyroidism
does not result from this increase in free hormone
concentration as there is thought to be reduced cellular
uptake of T4 and also impaired conversion of T4 to
T3.'° There may even be "tissue hypothyroidism" as
part of the compensatory physiological response to a
catabolic state.'
For methodological reasons serum free T4 concen-

tration may be recorded as being low in all grades of
non-thyroidal illness when measured by "analogue" kit
methods.2426 In severe illness free T4 may be low
irrespective of the assay method used.'0
Both total T3 and free T3 concentrations tend to fall

in non-thyroidal illness, and low values may be
recorded in up to 50% of patients,20 25 mainly because of
reduced peripheral 5'-monodeiodination of T4, a con-
version also inhibited by drugs such as propranolol."'
The most robust test of thyroid function in non-

thyroidal illness is a sensitive thyroid stimulating
hormone assay.2527 However, in a hospital population
tested with an assay with a detection limit of 0 05 mU/l
an undetectable serum concentration of thyroid stimu-
lating hormone was three times more likely to be due to
non-thyroidal illness than to hyperthyroidism, and a
raised concentration was as often due to illness as to
primary hypothyroidism.'7 By using an even more
sensitive assay it has been possible to show that serum
thyroid stimulating hormone concentrations in non-
thyroidal illness are not usually as low as in hyper-
thyroidism, but complete discrimination between
these two states is not yet possible.27

Concentrations of thyroid stimulating hornone may
be suppressed below normal in the acute phase of the
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Summary points

* Thyroid function tests are not indicated in ill
patients unless there is good clinical evidence
that thyroid disease is contributing to their
clinical condition
* Thyroid function should not be assessed in
entirely fit and active elderly people
* The test of choice is serum thyroid stimu-
lating hormone (TSH) concentration
* A normal serum TSH concentration virtually
excludes hypothyroidism and hyperthyroidism
* Problems with interpreting thyroid function
tests in elderly people usually result from non-
thyroidal illness or drug treatment
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Effect ofdrugs on thyroidfunction and on thyroid test results

Mechanism Effects Thyroid status Examples

Synthesis of thyroxine binding globulin 1 total T4, T3 Euthyroid Oestrogens, heroin, methadone,
Increased N free T4, T3 5-fluorouracil, perphenazine
Decreased 4 total T4, T3 Euthyroid Androgens, danazole,

N free T4, T3 glucocorticoids
Inhibition of binding to thyroxine N total T4, T3 Euthyroid High dose salicylates, phenytoin,

binding globulin T free T4, T3 high dose frusemide,
5-fluorouracil, fenclofenac

Suppression ofTSH secretion 4 TSH Euthyroid Dopamine, levodopa,
glucocorticoids

Increased supply of iodine in patients I T4, T TSH Hypothyroid Amiodarone
with underlying autoimmune thyroid I T4, I TSH Hyperthyroid
disease or an autonomously
functioning thyroid nodule

Inhibition of thyroid hormone release 4 T4, T TSH Hypothyroid Lthium
from thyroid

Inhibition of conversion ofT4 to T3 T T4, 4- T3 Euthyroid Propranolol, amiodarone
Prevention of absorption of exogenous 4- T4, T TSH Hypothyroid (may Cholestyramine, colestipol

thyroxine from gastrointestinal tract require large thyroxine
replacement doses)

I=Increased concentration;
4-=decreased concentration;
N=nornal concentration.
Unless specified, T4=free and
total T4.

illness and may occasionally be undetectable, especi-
ally in patients receiving high dose steroids or dopa-
mine. Concentrations of thyroid stimulating hormone
rise during recovery and may be transiently raised
above the normal range. Many combinations of thyroid
stimulating hormone with T4 and T3 are thus possible
in different severities and stages of illness.
The changes in thyroid hormones seen with varying

severity of non-thyroidal illness are schematically
represented in figure 1, and the effects of a number of
drugs are summarised in the table.

Who should be tested?
Thyroid disease is common in elderly people, and

the threshold for testing should be low. Indeed, with
the opening of increasing numbers of geriatric assess-
ment units and the move to practising preventive
medicine in the community for patients over the age of
65, clinical chemistry laboratories will have noticed a
significant increase in workload. Can the floodgates be
kept closed?

Firstly, the clinical condition of the patient should
always be taken into account when considering the
need for investigating thyroid status. At one extreme it
is important that clinicians appreciate that requests for
thyroid function tests are not indicated in ill patients
unless there is good clinical evidence of thyroid disease
and a concem that hyperthyroidism or hypothyroidism
may definitely be contributing to the clinical condition
of the patient. If this basic rule is not applied much
unnecessary further investigation will be generated,
and from time to time inappropriate and potentially
harmful treatment will be given. The more seriously ill
the patient the more likely are thyroid function tests to
be abnormal, but lesser degrees of illness, or the
convalescent phase of severe illness, can also cause
abnormal results in the absence of any throid disease.

FIG 1-Effectofnon-thyroidillness
on plasma or serum free and total
thyroid hormone concentrations.
(Modifiedfrom Kaptein'0 and
reproduced with the author's
permission and by courtesy of
Marcel Dekker Inc)
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Severity of illness

Conversely, in the entirely fit and active elderly person
there is little justification for investigating thyroid
function. Between these two extremes, in patients with
non-specific or vague symptoms or who are undergoing
geriatric assessment in the absence of overt acute
illness, thyroid testing is required to detect clinically
unrecognised thyroid dysfunction. It is inevitable,
therefore, that if treatable thyroid disease is to be
detected among elderly people some false positive
results will be obtained.
The second method of controlling the workload of

the clinical chemistry laboratory is to ensure that the
appropriate tests are requested and that the results are
correctly interpreted.

Which test?
Different combinations of thyroid function tests are

offered by different laboratories but the most reliable,
in the absence of the confounding effects of non-
thyroidal illness, is a thyroid stimulating hormone
assay with a lower limit of detection of <0 1 mU/l.
Although some laboratories operate a policy of generat-
ing appropriate requests for thyroid hormones on the
basis of the result of this assay, many will accept
simultaneous requests for assays of T4 or T3, or both.
Retums of the United Kingdom Extemal Quality
Assessment Scheme show that approximately equal
numbers of British laboratories provide measurements
of free and total thyroid hormone. In the following
discussion, unless otherwise stated, measurements can
be of either free or total hormone, the choice being
largely determined in practice by the assays offered by
the local laboratory.
Where the clinical suspicion is of hypothyroidism,

T4 offers better discrimination of euthyroid from
hypothyroid patients than does T3, and there is little
value in performing a T3 measurement. When hyper-
thyroidism is suspected, a proportion of patients will
have a normal T4 concentration but raised T3 ("T3
toxicosis"), and measurement of T3 should therefore
be requested. In screening elderly patients with vague
symptoms, the serum thyroid stimulating hormone
concentration should form the starting point for
decision making (see figs 2 and 3).

Interpretation ofresults
NORMAL SERUM THYROID STIMULATING HORMONE

For practical purposes a normal serum thyroid
stimulating hormone concentration excludes hypo-
thyroidism or hyperthyroidism. Normal concentra-
tions may be recorded in thyrotoxicosis induced by
thyroid stimulating hormone28 and in some patients
with hypothyroidism secondary to pituitary or hypo-
thalamic disease.29 Both these situations are rare, and
in the latter case clinical evidence of other target organ
failure would be expected. In addition, thyroid stimu-
lating hormone may be suppressed into the reference
range in some mildly hypothyroid patients by pro-
longed fasting,30 or by high dose glucocorticoids or
dopamine infusions.3 In these circumstances it would
be inappropriate to request tests of thyroid function
unless there was a clear clinical indication.

RAISED SERUM THYROID STIMULATING HORMONE

If recovery from a recent acute illness has been
excluded, the action to be taken on finding a raised
serum thyroid stimulating hormone concentration
depends on the serum T4 value (fig 2). Measurement of
serum T3 has no discriminatory role. If the serum T4
concentration is unequivocally low the diagnosis is
primary hypothyroidism and treatment with thyroxine
is indicated. If, however, the serum T4 concentration
is normal the next step depends to some extent on the
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reason for assessing thyroid function. If the patient has
a goitre, or has been treated with iodine-131 or by
surgery for hyperthyroidism in the past, or is taking
medication such as lithium carbonate or amiodarone a
raised thyroid stimulating hormone concentration is
not unexpected. There is no consensus about whether
such patients who fulfil the criteria for "subclinical
hypothyroidism" should be treated with thyroxine,
but it would seem sensible to anticipate the future
development of overt thyroid failure and "nip things in
the bud," particularly if serum thyroid stimulating
hormone is in excess of 10 mU/l. On the other hand, if
the abnormal serum thyroid stimulating hormone
concentration has been detected during a screening
programme and the patient is neither taking drugs
known to influence thyroid function nor has any
history of thyroid disease, no further action should be
taken other than to repeat the measurement 'in 4-6
weeks. If the value on repeat testing is > 10 mU/l then
treatment with thyroxine is reasonable. If the value is
<10 mU/l then measurement of antibodies to thyroid
peroxidase (microsomes) will help to distinguish
between those in whom there is underlying thyroid
disease and those in whom the raised concentration can
be disregarded.

UNDETECTABLE SERUM THYROID STIMULATING

HORMONE (fig 3)
If patients with goitre, ophthalmopathy, unex-

plained atrial fibrillation, a previous history of hyper-
thyroidism, or taking thyroxine are excluded, the
finding of a suppressed serum thyroid stimulating
hormone concentration will usually be the result of
acute or chronic non-thyroidal illness-not uncommon
in an elderly population. Unlike in the investigation of
suspected hypothyroidism, measurement of serum T3
concentration is invaluable in this situation. The
combination of suppressed serum thyroid stimulating
hormone and raised T4 concentrations is recorded
both in hyperthyroidism and non-thyroidal illness, but
serum T3 concentration is raised in the former and
normal or even low in the latter. However, it should be
remembered that severe acute illness may reduce total
T3 concentrations to within or below reference limits
in the hyperthyroid patient.32 It is important to apply
common sense to the interpretation of reference
ranges. For example, if the respective ranges for free
T4 and total T3 were 9-23 pmol/l and 1-1-2-8 nmolIl it
would be unwise to dismiss as normal a combination of

|low ||normal|

l Goitre, drugs, l
previous hyperthroidism

Yes No

Repeat tests at 4 weeks

TSH TSH TSH TSH <IO mU/I
>10 <10 >10 I
mU/I m /l mU/I Thyroid peroxidase

FIG 2-Algorithm for (microsomal) antibody
management ofa patient with Positive Negative
raisedplasma or serum thyroid
stimulating hormone (TSH)
concentration. Choice offree or Treat Annual review Treat Annual review
total thyroid hormone will depend with T4 or treat with T4 with T4 or treat with T4 Discharge
on local availability

TSH undetectable

Goitre, ophthalmopathy, unexplained
atrial fibrillation

Yes No

T4 T
low normal or

raised

T3 T3
raised normal or

low

Hyperthyroidism I
must be excluded. Non- Probable Non-
Measure T3 and T4. thyroidal hyperthyroidism. hria

Refer to illness Refer to thyinedal
endocrinologist endocrinologist

FIG 3-Algorithm for management of patients with undetectable
plasma or serum thyroid stimulating hormone (TSH) concentration.
Choice of free or total thyroid hormone will depend on local
availability

undetectable thyroid stimulating hormone, free T4 of
21 pmol/l, and total T3 of 2-7 nmol/l. Occasionally,
despite further investigations by radioisotope scanning
and uptake tests and measurement of antibodies to
thyroid stimulating hormone receptors it may not be
possible to distinguish with certainty between hyper-
thyroidism and non-thyroidal illness in an elderly
patient. In such a case a trial of carbimazole may be
appropriate.

Conclusion
The assessment of thyroid function in elderly people

poses a number of problems. Both hyperthyroidism
and, more especially, hypothyroidism are not uncom-
mon, but many of their features are non-specific and
may be ascribed to the effects of aging itself. Further-
more, their presentation in elderly people may be
atypical. In this age group it is also quite likely that
patients may have other illnesses or be taking one or
more drugs. It is now appreciated that these can have
profound and varied effects on the results of thyroid
function tests in the absence of any thyroid dysfunction
and may even influence the results obtained in the
presence of thyroid disease. Thus, although the diag-
nosis of thyroid disease in this age group is even more
dependent on laboratory results than in younger
patients, if requests for thyroid function testing are
made indiscriminately many abnormal results will
not be due to thyroid disease. Paradoxically, occasion-
ally biochemical evidence of mild thyroid disease may
be obscured. However, if requests for thyroid function
tests are made judiciously and the results interpreted
cautiously the great majority of cases of the relatively
common conditions of hypothyroidism and hyper-
thyroidism can be diagnosed with confidence.
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Most practising medical scientists are now familiar
with the use of computer based literature searches as a
preliminary source of data in a programme of research.
For most the searches will probably have been con-
ducted by a library assistant skilled in the use of
medical databases.'-4 Of late, access to data sources
such as MEDLINE, either through mainframes or
from CD-ROMs, has become easier, and more people
are now able to conduct their own searches.2 S What-
ever the method used a persistent problem has always
been how to handle the large volume of data generated.
If results are provided on paper they are difficult to
organise systematically and often require repeated
retyping and refiling in manual systems.
The inefficiency of such an approach becomes most

obvious in writing papers or completing theses, when
the relevant references must be painstakingly and
accurately recompiled in the new manuscript, taking
account of the lack of standardisation in journal
requirements. Indeed compiling and formatting the
bibliography of a thesis must class as one of the most
soul destroying undertakings of a scientific training.
Help is now at hand, however, in the form of a number
of excellent packages for personal computers, which
help in storing and organising references and also the
automatic compilation of bibliographies formatted in
appropriate styles (appendix 1).81-2 Furthermore these
packages can accept data directly from mainframe and
CD-ROM sources, thus enabling a seamless cycle from
database search through assimilation to the referencing
of a new scientific manuscript.

I describe here the components of the process and
the links between them and will briefly review a
selection of the packages available.

Data sources
There are many available data sources of medical

reports (table). The two most widely used databases

are MEDLINE and Excerpta Medica. These databases
are updated by their owners each month with new
medical publications and are then made available to
users. Access can either be online to a mainframe host
computer or through a locally held CD-ROM version
of the database.2 13 The mainframe host computer will
update its database continually, and users gain direct
access to the database via telephone networks and pay
for time spent connected to the database. CD-ROM
versions are copies of the main database made
periodically (say every three months) and sold to end
users, who pay a yearly subscription. Once the user
(usually a library) has bought the CD-ROM it can be
accessed at no further cost, via a CD-ROM drive
attached to a personal computer. In both cases the
database may be available from a number of different
information vendors, each of whom, though supplying
the same basic data, may offer it with other services and
facilities. Altemative sources include the disk based
version of Current Contents, which is issued weekly and
is provided with its own retrieval software.
For some years the Swiss company Radio-Suisse has

Examples ofsome available databases and sources

Database name Description Hosts

Biosis Previews Major database on biological Datastar,
sciences DIALOG,

ESA-IRS
Excerpta Medica Major medical database biased Datastar,

towards drugs and European DIALOG
publications

Martindale Pharmacopoeia online Datastar,
DIALOG

MEDLINE* Index Medicus plus abstracts, Datastar,
overlaps by only 30% with DIALOG
Excerpta Medica BLAISE-LINK

Toxline Big toxicology database has Datastar
about 12 000 new records a
month

Current Contents Floppy disk format, includes Floppy disk
database search facility
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