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High serum thyroxine-binding globulin-an important cause of hyperthyroxinaemia
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Summary

Four patients are described who had a significant
elevation of serum thyroxine-binding globulin (TBG).
Review of these patients indicated that inappropriate
therapy for thyrotoxicosis had been given in three
cases. A study of our laboratory records revealed that
significant TBG elevation was a relatively common
phenomenon which occurred in approximately 0 45%
of our hospital population. Patients with this abnor-
mality have serum thyroxine levels which are compar-

able to those with clinical thyrotoxicosis. Tri-iodothy-
ronine is frequently elevated though less so than in
patients with clinical thyrotoxicosis. Measurement of
TBG is indicated in all cases of hyperthyroxin-
aemia in which the clinical features of thyrotoxicosis
are doubtful. The TRH test was found to be most
useful in evaluating the thyroid status of these
patients.
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Introduction

Familial elevations in thyroxine-binding globulin
(TBG) have been known since the original report of
Beierwaltes and Robbins (1959). In 1967 Jones and
Seal presented evidence for the transmission of the
trait as an X chromosome-linked abnormality. The
condition is well described but estimates of its
incidence are not available. Physiologically marked
increases of TBG are found in pregnancy and early
childhood. A recent review by Cavalieri and Pitt-
Rivers (1981) indicated that well-documented in-
creases in TBG caused by drugs are restricted to
oestrogen-containing medications including oral con-
traceptives. Small but significant increases in TBG
are found in myxoedema which fall to normal on

thyroxine replacement (Harrop, Hapton and Laza-
rus, 1981). In thyrotoxic patients small decreases in

TBG are found which rise to normal as the condition
is corrected (Harrop et at, 1981; Burr et al, 1979).

In euthyroid patients with elevated TBG levels
serum thyroxine is also high. Attempts to compensate
for marked increases in TBG by the use of T3-resin
uptake tests may lead to the misclassification of such
patients as thyrotoxic (Burr et al., 1979). The advent
of direct assays has permitted patients with elevated
TBG levels to be identified accurately (Hesch et al,
1976; Bradwell et al, 1976). From the analysis of our
laboratory data we have attempted to gain informa-
tion on the incidence of significantly elevated TBG
levels in our hospital population. We present these
data and four case histories to exemplify some
practical management problems encountered with
affected patients.

Materials and methods

Thyroxine was measured by radioimmunoassay
using 8-anilinonaphthalene sulphonic as blocking
agent and polyethylene glycol to separate free and
bound ligand (Nye et al, 1976). The reference range
in our hospital population with this method is 43-131
nmol/l. Thyroxine-binding globulin was measured
by the method of Hall and Laing (1982). This method
is similar to the widely used Corning Immophase®
kit method against which it is standardized. The
laboratory reference range is 14-30 mg/l. Tri-
iodothyronine (T3) and thyroid stimulating hormone
(TSH) were assayed by conventional double anti-
body radioimmunoassays. The reference range for T3
was 1 1-3-9 nmol/l and for TSH 0-8 mu/l.

Patient survey

TBG was measured in 777 consecutive patients in
whom thyroid function tests were being carried out in
the Clinical Biochemistry Department at Manchester
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Royal Infirmary. In addition TBG levels were
measured in 291 patients with serum thyroxine levels
of greater than 130 nmol/l from a further 3,000
thyroid function tests.

Case reports

Patient 1

This patient, a woman, was admitted to hospital in
May of 1981 at the age of 66 years with an acute
myocardial infarction. She had lacked energy for
several months but there was no history of angina
pectoris nor any serious illness.

Examination revealed her to be obese; no other
abnormalities were found. The myocardial infarction
was complicated by an episode of ventricular tachy-
cardia and she was treated with intravenous and then
oral disopyramide.
Serum total thyroxine (T4) was measured as 205

nmol/l and serum tri-iodothyronine as 3 9 nmol/l
during her admission to hospital. As her clinical state
did not suggest thyrotoxicosis, she was later read-
mitted for a thyrotrophin releasing hormone (TRH)
test-this showed a basal TSH of 34 mu/l, rising to
greater than 50 mu/l at 20 min and 60 min, these
findings being suggestive of hypothyroidism. Thyrox-
ine binding globulin was measured as 61 mg/l.
Thyroid microsome antibodies were positive 1:6400.
Thyroglobulin antibodies were negative.

Disopyramide therapy was discontinued in August
of 1981 and the level of thyroxine binding globulin
and serum total thyroxine did not change signifi-
cantly suggesting that their elevation was not drug-
induced.

Treatment with L-thyroxine was started in January
of 1982. This was followed by improvement in the
patient's sense of well-being. After 4 months treat-
ment with 0 1 mg L-thyroxine per day, T4 rose to 350
nmol/l, TSH fell to 2-7 mu/l, TBG was not signifi-
cantly changed at 57 mg/l.

Patient 2

The second patient, a 57-year-old woman, pre-
sented with symptoms of depression in April 1980.
She complained of excessive sweating and difficulty
sleeping but clinical examination showed no evi-
dence of thyrotoxicosis. Serum thyroxine was mea-
sured as 295 nmol/l and T3 as 4-8 nmol/l. A two hour
radioiodine uptake test was performed and this was
low at 10%. However, the patient was given '3'I
therapy (7,500 cGy) in July 1980 because of the
raised T4.
She returned in September 1980 again complain-

ing of depression, sweating and difficulty sleeping. T4
was measured as 390 nmol/l and a further dose of 'I'I
therapy was given. By February 1981 her symptoms

were unchanged but T4 had fallen to 219 nmol/l and
T3 to 0-6 nmol/l. In July 1981 TBG was measured for
the first time and was found to be 68 mg/l.
The patient returned in June 1982 complaining of

lassitude and weight gain. Clinical examination
revealed her to be hypothyroid. A TRH test was
performed, basal TSH being 47 mu/l, rising to 171
mu/l at 30 min and 123 mu/l at 60 min, confirming
the diagnosis of hypothyroidism. Serum T4 at that
time was 290 nmol/l, T3 4-2 nmol/l, TBG 91 mg/l
and 'Free T4' 13 pmol/l (NR 11-28 Amerlex"2 kit).

She was treated with L-thyroxine, 0 1 mg per day.
By August 1982, T4 was 400 nmol/l, TSH had fallen
to 7-3 mu/l, but despite her biochemical improve-
ment, the patient's many emotional symptoms re-
mained unchanged. She decided that thyroxine
therapy was not helping her, stopped therapy and she
has become hypothyroid again.

Patient 3

The third patient, a 37-year-old woman, also
presented with psychiatric symptoms. She was exper-
iencing panic attacks and depersonalization, together
with symptoms of depression. When seen first in
March 1977, it was felt that she was euthyroid and
that the only abnormality on examination, namely a
tachycardia (pulse 124 per min), was related to her
anxiety. T4 measurement at that time was 201 nmol/l
and T3 5-8 nmol/l. The intention was to treat the
patient with carbimazole but she failed to collect the
tablets.
The patient was seen again in November 1978 with

symptoms of anxiety. Examination again revealed a
sinus tachycardia but no other evidence of thyrotoxi-
cosis. T4 was 249 nmol/l and T3 4-8 nmol/l in March
1979 and she was given '3'I therapy.
In March 1980 the patient returned with com-

plaints of feeling hot and irritable, her weight was
steady and clinical examination suggested she was
euthyroid. T4 was 110 nmol/l, T3 4.9 nmol/l, TSH
was found to be 45 mu/l and TBG was measured for
the first time as 86 mg/l-these investigations sug-
gesting that the patient had become biochemically
hypothyroid.

She subsequently defaulted from further surveil-
lance.

Patient 4

This patient, also female, was first seen at the age
of 44 years with non-organic neurological symptoms
and was found to have mild aortic stenosis. At this
time, in 1978, she was felt to be clinically euthyroid
but T4 was measured as 303 nmol/l and carbimazole
was prescribed. At the start of 1979, clinical examina-
tion again suggested she was euthyroid but T4 was
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measured at 226 nmol/l and T3 3-5 nmol/l and she
was treated with '3'I.
At review at the end of 1979 the clinical status was

unchanged. Investigation revealed T4 300 nmol/l,
and TBG was measured as 63 mg/l. Despite the
absence of clinical evidence of thyrotoxicosis, she was
treated with further '1'I.

In July 1982 the patient returned with symptoms
and signs offrank hypothyroidism. T4 was 99 nmol/l,
T3 3-7 nmol/l and TSH 48 mu/l. TRH test revealed
basal TSH 45 mu/l, TSH at 20 min and 60 min
greater than 50 mu/l.
The patient was treated with thyroxine replace-

ment therapy.

Results

For the purposes of this study a significant
elevation in TBG is defined as being greater than 38
mg/l by our method. This is equal to the patient
mean plus four standard deviations. From the 777
patients studied initially, significant TBG elevations
were found in 10 patients. Three of these were
pregnant and three were neonates. Four female
patients remained in whom no cause for a raised
TBG was found. TBG measurements carried out in
the patients with high serum thyroxine levels yielded
another thirteen patients, 11 female and two male,
with elevated TBG levels. (Neonates, pregnant
women and patients on oestrogen therapy were
excluded). The total was seventeen patients in all.
TBG concentrations in these patients ranged from
38-64 mg/l (mean 49 5, s.d. 7-1) and T4 levels were
from 133-269 nmol/l (mean 183, s.d. 41-9). T3 ranged
from 2-0 nmol/l to 5 8 nmol/l (mean 2-82, s.d. 0-66).
The overall incidence of raised TBG in the patients
studied was 17 in 3777 or 0-45% of the total. For
comparative purposes the T4 levels in our laboratory
for patients with clinical thyrotoxicosis are 201 +47
(s.d.) nmol/l and for T3 4*4 ± 1-6 nmol/l (n = 39).

Discussion

Three of the four cases we describe received
inappropriate treatment for hyperthyroidism on the
basis of hyperthyroxinaemia. The high T4 levels were
the main factor in the decision to instigate treatment
in the absence of a clear clinical picture of thyrotoxi-
cosis. In the first case a TRH test was carried out
which indicated that the patient was biochemically
hypothyroid in spite of a clearly elevated serum
thyroxine level. Appropriate treatment was given in
this case. In the second case no TRH test was carried
out before '3'I therapy was instituted which caused
her to become hypothyroid. Additionally radioiodine
uptake was low in this patient before treatment when
clear clinical indications of hyperthyroidism were
absent. The result of '3'I therapy in the third patient

was to reduce thyroid reserve without producing
clinical hypothyroidism, whilst in the fourth patient
frank clinical and biochemical hypothyroidism fol-
lowed radioiodine treatment.
The reason for misinterpretation of the T4 results in

these four patients was clearly the elevation in
circulating TBG. Had TRH tests been performed in
the last three cases when the clinical findings were at
variance with the T4 results a diagnosis of hyperthy-
roidism would not have been made. The T4/TBG
ratio is undoubtedly useful as an index of thyroid
function. We have refrained from using it in our
patients because the normality of this index is related
to the absolute level of serum TBG (Cusick, 1981).
Few patients are available with high TBG levels from
whom to construct reference ranges. In view of the
fact that T4 levels of 290, 110 and 99 nmol/l were
found in three cases when the patients were clinically
hypothyroid with clearly elevated TSH levels it is
obvious that clinical assessment is of paramount
importance when TBG levels are high. The measure-
ment of free T4 might prove to be useful in cases of
raised TBG but in the only case where it was
measured a normal value was obtained with a raised
TSH when the patient was clinically hypothyroid. In
the four cases described the reason for the elevated
TBG was not formally established though a familial
cause seems most probable due to the negative drug
histories.
The patient survey carried out gives useful working

information on the incidence ofTBG elevation in our
hospital population. The incidence observed of 0 4%
may be a slight underestimate for our population
because of the biased selection of the majority of
patients studied on the basis of a raised T4. The low
incidence of male patients is probably accounted for
by the lower incidence of thyroid disease in men and
the requesting procedures of our colleagues. We have
established that high TBG levels are an important
cause of hyperthyroxinaemia in clinical practice and
that the thyroxine levels are of the same order as
patients with clinical thyrotoxicosis. The T3 levels are
also elevated but less so than in clinical thyrotoxicosis
and do not allow an adequate distinction of the
conditions to be made due to the high overlap with
the reference range.
There are a number of additional causes of

hyperthyroxinaemia without hyperthyroidism. These
include familial euthyroid thyroxine excess, an albu-
min abnormality (Stockigt et al., 1981), increased
thyroxine binding to prealbumin (Moses et al., 1982),
the presence of circulating antibodies to thyroid
hormones (Premachandra et al., 1980) and thyroid
hormone resistance (Jansen, Trenning and Oostwitt,
1982). These have all come to light as the result of
raised T4 levels being found.
We are concerned as to the cause of misinterpreta-
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tion of thyroxine results in our patients. Some
indication may be given by the incidence of hyper-
thyroidism in different populations. This varies from
38% in a thyroid clinic (Toft et al., 1973), to [1-% in a
general practitioner population (Tunbridge, Evered
and Hall, 1977). Thus endocrinologists viewing a
highly selected population are more likely to believe
their T4 results. If tests are indiscriminately applied to
a healthy population a significant number of elevated
T4 levels can be expected to result from raised TBG
and not hyperthyroidism.

References
BEIERWALTES, S.H. & ROBBINS, J. (1959) Familial increases in the

thyroxine-binding sites in serum alpha globulin. Journal of
Clinical Investigation, 38, 1683.

BRADWELL, A.R., BURNETT, D., RAMSDEN, D.B., BURR, W.A.,
PRINCE, H.P. & HOTTENBURG, R. (1976) Preparation of a
monospecific antiserum to thyroxine-binding globulin for its
quantitation by rocket immunoelectrophoresis. Clinica Chimica
Acta, 71, 507.

BURR, W.A., EVANS, S.E., LEE, J., PRINCE, H.P. & RAMSDEN, D.B.
(1979) The ratio of thyroxine to thyroxine-binding globulin in the
assessment of thyroid function. Clinical Endocrinology, 11, 333.

CAVALIERI, R. & PITT-RIVERS, R. (1981) The effect of drugs on the
distribution and metabolism of thyroid hormones. Pharmacologi-
cal Reviews, 33, 55.

CUSICK, C.F. (1981) Ratio of thyroxine to thyroxine-binding
globulin: Validity of a single reference range. Annals of Clinical
Biochemistry, 18, 93.

HALL, K. & LAING, I. (1982) A ligand-binding assay for thyroxine
binding globulin based on polyethylene-glycol separation. Annals
of Clinical Biochemistry, 19, 421.

HARROP, J.S., HAPTON, M.R. & LAZARUS, J.H. (1981) Concentra-

tion of serum thyroid hormone binding proteins after 'I'I
treatment of hyperthyroidism. Annals of Clinical Biochemistry, 18,
211.

HESCH, R.D., GATZ, J., MCINTOSH, C.H., JANZEN, J. & HEHRMANN,
R. (1976) Radioimmunoassay of thyroxine-binding globulin in
human serum. Clinica Chimica Act, 70, 33.

JANSEN, M., TRENNING, E.P. & OOSTWITT, W. (1982) Hyperthyroxi-
naemia due to decreased peripheral tri-iodothyronine production.
Lancet, ii, 849.

JONES, J.E. & SEAL, V.S. (1967) X-chromosome linked inheritance of
elevated thyroxine-binding globulin. Journal of Clinical Endocrin-
ology, 30, 6.

MOSES, A.C., LAWLOR, J.J., HADDOW, J. & JACKSON, I.M.D. (1982)
Familial euthyroid hyperthyroxinemia from increased thyroxine
binding to thyroxine-binding prealbumin. New England Journal of
Medicine, 306, 966.

NYE, L., HASSAN, M., WILLMOTT, E. & LANDON, J. (1976) Introduc-
tion of a rapid, simple radioimmunoassay and quality, control
scheme for thyroxine. Journal of Clinical Pathology, 29, 452.

PREMACHANDRA, B.N., GINSBERG, J. & WALSH, P.G. (1980)
Binding of reverse triiodothyronine to serum immunoglobulins in
man and the rabbit. Journal of Clinical Endocrinology and
Metabolism, 50, 802.

STOCKIGT, J.R., ToPLISS, D.J., BARLOW, J.W., WHITE, E.L., HUR-
LEY, D.M. & TAFT, P. (1981) Familial euthyroid thyroxine excess:
An appropriate response to abnormal thyroxine binding to
albumin. Journal of Clinical Endocrinology and Metabolism, 53,
353.

ToFT, A.D., SETH, J., KIRKHAM, K.E., MARSHALL, A. & IRVINE,
W.J. (1973) Assessment of in vitro thyroid function in 100
consecutive patients referred to a thyroid clinic. Clinical Endocri-
nology, 2, 127.

TUNBRIDGE, W.M.G., EVERED, D.C. & HALL, R. (1977) The
spectrum of thyroid disease in a community: The Whickham
survey. Clinical Endocrinology, 7, 481.

(Accepted 21 July 1984)

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pgm

j.60.703.324 on 1 M
ay 1984. D

ow
nloaded from

 

http://pmj.bmj.com/

