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Hospital Practice

Abnormalities of thyroid function tests in hospital inpatients

M.C. Sheppard and D.B. Ramsden

Department ofMedicine, University ofBirmingham, Queen Elizabeth Hospital, Birmingham, B15 2TH, UK

Summary: Results of thyroid function tests were analysed in 199 clinically euthyroid inpatients with
normal serum thyroid stimulating hormone values. Serum total triiodothyronine was less than 1.25 nmol/l
in 61.8% of samples, free triiodothyronine less than 3.9 pmol/l in 57.8%, total thyroxine less than
63 nmol/l in 21.1% and free thyroxine less than 9.5 pmol/l in 17.6%. In contrast, thyroxine binding
globulin ratio was below normal (< 5) in only 5 samples. A significant positive correlation (P< 0.001) of
serum free thyroxine with total thyroxine, thyroxine/thyroxine binding globulin ratio and free
triiodothyronine was present as well as a significant negative correlation (P< 0.001) with serum thyroid
stimulating hormone. There was no correlation of free thyroxine measurements with serum albumin or
non-esterified fatty acid concentrations. Although serum free thyroxine is low in a number ofpatients with
non-thyroidal illnesses, this does not appear to be due to a rise in non-esterified fatty acids or a fall in
albumin as has been proposed. Serum thyroid stimulating hormone measurements are essential to confirm
the diagnosis of hypothyroidism in such subjects.

Introduction

The clinical diagnosis of overt thyroid disease is
confirmed by one or more of the standard tests of
thyroid function such as free thyroxine index, thyrox-
ine/thyroxine binding globulin ratio, free thyroxine
assay and serum thyroid stimulating hormone concen-
tration (Franklyn et al., 1984). The situation is con-
siderably more complex in patients with a variety of
non-thyroidal illnesses. A number of abnormalities of
thyroid function tests are seen, amongst which a
decrease in serum triiodothyronine and an increase in
serum reverse triiodothyronine are the most common
(Wartofsky & Burman, 1982). In addition, in many
seriously ill patients serum total thyroxine and free
thyroxine index are low (Slag et al., 1981); serum free
thyroxine as measured by equilibrium dialysis,
however, is usually normal or even high (Wartofsky &
Burman, 1982; Spencer & Nicoloff, 1981). Arising
from these observations, therefore, are three impor-
tant questions: (1) what are the mechanisms responsi-
ble for the various abnormalities seen in non-thyroidal
illness? (2) are patients with non-thyroidal illness,
whose serum thyroxine and triiodothyronine concen-
trations are low, truly hypothyroid and is there any
place for thyroid hormone replacement? and (3) what
are the thyroid function tests which should be used in

clinical practice in the assessment of thyroid function
in non-thyroidal illness?
Many previous studies of thyroid function in non-

thyroidal illness have concentrated on small groups of
severely ill patients. These observations may not be
relevant to the assessment of thyroid status in hospital
inpatients in general. In an attempt to clarify some of
these problems we have measured a number of tests of
thyroid function in a large unselected group of hosp-
ital inpatients and have subsequently analysed the
proportion of clinically euthyroid patients with nor-
mal serum thyroid stimulating hormone values but
abnormalities of standard thyroid function tests.

Materials and methods

A single blood sample was obtained from each of 208
inpatients of the general medical wards of the Queen
Elizabeth Hospital, Birmingham. The primary diag-
nostic categories and numbers of patients in each
group were as follows: liver disease (46), renal disease
(39), cardiovascular disease (32), malignancy (30),
endocrine/metabolic disease or diabetes mellitus (14),
pulmonary disease (12), rheumatological disorders
(11), central nervous system disorders (10), gastroin-
testinal bleeding (4) and miscellaneous (10).
Serum total thyroxine, total triiodothyronine, re-

) The Fellowship of Postgraduate Medicine, 1985

Correspondence: M.C. Sheppard, Ph.D., M.R.C.P.
Accepted: 21 June 1985

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.61.721.983 on 1 N

ovem
ber 1985. D

ow
nloaded from

 

http://pmj.bmj.com/


984 M.C. SHEPPARD & D.B. RAMSDEN

verse triiodothyronine and thyroglobulin were
measured by radioimmunoassay (Black et al., 1975,
1981); thyroxine binding globulin, thyroxine binding
prealbumin and albumin concentrations by immuno-
electrophoresis (Bradwell et al., 1976); free thyroxine,
free triiodothyronine and thyroid stimulating hor-
mone concentrations by Amerlex kit assays (Amer-
sham International plc, Buckinghamshire, UK). In the
free hormone assays, free thyroid hormones and the
modified labelled derivatives compete for binding to
high-affinity anti-thyroxine or triiodothyronine
antibodies. Non-esterified fatty acid concentrations
were measured colorimetrically after conversion to
chloroform-soluble copper salts in a kit assay (Boeh-
ringer, Mannheim).
Normal ranges (mean ± standard deviations) for all

tests were established from data collected from 200 fit,
ambulant subjects in the West Midlands community
who were not attending hospital or receiving any
medication: total thyroxine 63-128 nmol/l, total
triiodothyronine 1.25-2.65 nmol/l, reverse triiodo-
thyronine 0.2-0.95 nmol/l, free thyroxine 9.5-24.5
pmol/l, free triiodothyronine 3.9- 10.4 pmol/l, thyrox-
ine binding globulin 6.2- 16.6 mg/l, thyroxine binding
prealbumin 200-450 mg/l, albumin 34-51 g/l,
thyroxine/thyroxine binding globulin ratio 5-13.4
and thyroid stimulating hormone less than 7.5 mU/l.

Results

Five patients were found to have undiagnosed primary
hypothyroidism and four to be thyrotoxic. All hypo-
thyroid subjects had serum free thyroxine concentra-
tions below 9.5 pmol/l and serum thyroid stimulating
hormone greater than 7.5 mU/l; the thyrotoxic
subjects had thyroxine/thyroxine binding globulin
ratio, free thyroxine and free triiodothyronine above
the normal range. These individuals were excluded
from further analysis of the data. The remaining
patients under study comprised 107 females and 92
males with an age range of 12 to 85 y. Forty two per
cent of subjects were over 60 y.
The previously reported abnormalities in thyroid

function tests in apparently euthyroid subjects were
confirmed in this study. Serum total triiodothyronine
was less than 1.25 nmol/l in 61.8% of patients, free
triiodothyronine less than 3.9 pmol/l in 57.8%, reverse
triiodothyronine greater than 0.95 nmol/l in 43.1%,
thyroxine binding prealbumin less than 200 mg/l in
49.7%, and albumin less than 34g/l in 28.1%.
The distribution of total thyroxine values is shown

in Figure 1. Serum total thyroxine was less than
63 nmol/l in 21.1% of subjects and this increased to
43.2% of samples from those with renal disease.
Serum concentration of free thyroxine was less than
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Figure 1 Distribution of serum total thyroxine (T4)
measurements in 200 samples from control subjects (a)
and 199 samples from patients with non-thyroidal ill-
nesses (b).

9.5 pmol/l in 17.6% of all patients (Figure 2) and
32.4% of samples from those with renal disease.
Changes in total and free thyroxine measurements
were thus very similar, as described previously (John &
Henley, 1983). In contrast, thyroxine/thyroxine bind-
ing globulin ratio was below normal (less than 5) in
only 5 subjects. Serum total thyroxine concentrations
were elevated (greater than 128 nmol/l) in 16.6% of
patients in whom total triiodothyronine was normal or
reduced. Free thyroxine levels were elevated in only 3
subjects.
Serum non-esterified fatty acid concentrations were

elevated (greater than 1 mEq/l) in 13.4% of samples
but the mean serum free thyroxine value (11.0 pmol/l)
in this subset was not significantly different from the
mean free thyroxine of the group as a whole
(12.5 pmol/l). Kendall-Tau correlation analysis of the
data in the hospitalized patients (Table I) showed
significant positive correlation (P<0.001) of serum
free thyroxine with total thyroxine, thyroxine/thyrox-
ine binding globulin ratio and free triiodothyronine
and a significant negative correlation (P< 0.001) with
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Figure 2 Distribution of serum free thyroxine (T4)
measurements in 200 samples from control subjects (a)
and 199 samples from patients with non-thyroidal ill-
nesses (b).

Table I Correlations of free thyroxine values with other
parameters of thyroid function. Kendall-Tau values

Total thyroxine 0.394*
Thyroxine binding globulin 0.177*
Thyroxine/thyroxine binding globulin 0.325*
Total triiodothyronine 0.193
Free triiodothyronine 0.240*
Thyroxine binding prealbumin 0.117
Albumin 0.070
Thyroid stimulating hormone - 0.188*
Non-esterified fatty acid - 0.029

n = 195 observations; * P< 0.001.

serum thyroid stimulating hormone. There was no
correlation of free thyroxine with albumin or non-
esterified fatty acid values. Serum thyroglobulin con-
centrations were elevated in 3.9% and undetectable
(less than 1 ptg/l) in 22.2%, contrasting with 15% of
normal individuals with undetectable values.

Discussion

A fall in serum total and free triiodothyronine occurs
in 50 to 70% of clinically euthyroid hospitalized
patients (Wartofsky & Burman, 1982; Utiger, 1980;
Burger et al., 1976; Chopra et al., 1975) and constitutes
the 'low T3 syndrome'. The serum concentration of
reverse triiodothyronine is increased and these chan-
ges can be explained by a reduction in the activity of
the 5' deiodinase enzyme. The serum thyroxine may
also be altered in such patients although daily produc-
tion rate of thyroxine is claimed to be normal or only
slightly decreased (Kaptein et al., 1982). The serum
free thyroxine concentration measured by equilibrium
dialysis is typically normal or high whereas the free
thyroxine index gives subnormal values in many cases
(Chopra et al., 1979b). A number of commercial kits
for measuring free thyroxine have been introduced
recently that are more convenient and less time-con-
suming than equilibrium dialysis and are clinically
more useful and more accurate than the free thyroxine
index or thyroxine/thyroxine binding globulin ratio
(Franklyn et al., 1984; Chopra et al., 1980; Melmed et
al., 1982; Wilke, 1982); these, however, yield results in
non-thyroidal illness similar to the free thyroxine
index (Amino et al., 1983). We have shown that 17.6%
of a large group of hospital inpatients had subnormal
free thyroxine values, a figure which increased to over
30% of patients with renal disease. The low free
thyroxine does not appear to be due to a rise in non-
esterified fatty acids or a fall in albumin as proposed in
other studies (Ekins et al., 1983; Stockigt et al., 1983;
Amino et al., 1983). A somewhat greater number of
patients had low total thyroxine measurements and a
further 16.6% had values above the normal range; the
majority of these changes, however, appear to be
related to alterations in thyroxine binding globulin
concentration since thyroxine/thyroxine binding
globulin ratio was invariably normal. The normal
ratio in the vast majority of patients would argue
against a significant role for a circulating inhibitor of
thyroxine binding to its transport proteins (Chopra et
al., 1979a).

Despite a marked lowering of serum triiodothyron-
ine, patients with non-thyroidal illness appear to be
clinically euthyroid. Achilles reflex time, pulse arrival
time, basal metabolic rate and serum concentrations
of creatine phosphokinase and cholesterol are normal
(Chopra et al., 1974; Spector et al., 1976). It is possible
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that the duration of the fall in triiodothyronine is too
short to allow the development of the clinical features
of hypothyroidism, or the low serum triiodothyronine
may have a protective role against excessive protein
catabolism (Utiger, 1980); there is little evidence to
support this hypothesis but at present it seems sensible
to withhold hormone replacement therapy unless the
diagnosis of hypothyroidism is clearly established.
The significant negative correlation between free
thyroxine and thyroid stimulating hormone in this
study points to the possibility ofmild primary thyroid
dysfunction.

In patients with non-thyroidal illness the serum
thyroid stimulating hormone concentration is charac-
teristically in the normal range although modest
elevations have been described in some individuals.
Responses to thyrotrophin releasing hormone are
usually normal but occasionally supranormal or sub-
normal (Chopra et al., 1974; Bermudez et al., 1975). It
should be realised, however, that many factors, includ-
ing high glucocorticoid levels and caloric deprivation,

which are accompaniments of severe illness, may
impair thyroid stimulating hormone secretion
(Morley, 1981) and thus a normal value may not
always be an entirely reliable index for the euthyroid
state.

In practical terms the interpretation of free thyrox-
ine measurements in non-thyroidal illness is dependent
on the patient population under study and the par-
ticular method of measurement. Present data would
suggest a strategy of thyroxine/thyroxine binding
globulin ratio or free thyroxine measurement foll-
owed, if low, by serum thyroid stimulating hormone
assay.
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