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Thyroid hormone treatment,

how and when?

Abstract

Hypothyroidism used to be regarded as a simple condition to treat with adequacy of dosage of thyroid

hormones being judged more on patient satisfaction than on biochemical monitoring. As a result of the

development of sensitive tests of thyroid function there is now considerable controversy about the cor-

rect form and amount of replacement therapy and whether biochemical evidence of overtreatment, as

judged by a suppressed serum TSH concentration, is a risk factor for the well-recognised complications

of overt hyperthyroidism, namely atrial fibrillation and osteoporosis. On the other hand, a consensus

appears to be forming that subclinical hypothyroidism should be viewed as the mildest form of thyroid

failure and that it is wise to start thyroid hormone replacement sooner rather than later, particularly in

those who are positive for antithyroid peroxidase antibodies.

Ensuring Appropriate Thyroid
Hormone Therapy

The “correct” maintenance dose

of thyroxine

The development of assays for TSH with a func-
tional sensitivity of 0.1 mU/1 or less demon-
strated that the dose of thyroxine necessary to
restore serum TSH to normal in most patients
with primary hypothyroidism was 100-150 ug
daily and not the much higher dose of 200 to
400 ug previously employed and recommended
in most major textbooks in the 1960s. A signifi-
cant proportion of patients taking thyroxine
have undetectable serum TSH concentrations?,
but are clinically euthyroid and asymptomatic.
This has been considered unimportant as it was
felt that the TSH-producing thyrotropes of the
anterior pituitary were not only uniquely sensi-
tive to minor changes in thyroid hormone con-
centration within their respective reference

ranges? but also, unlike other tissues and organs,
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derived proportionately more T; from local
monodeiodination of T4, and less from circulat-
ing T; 3. In other words, a “hyperthyroid” thy-
rotrope did not reflect the metabolic activities of
the rest of the body. This view was challenged,
however, by a series of reports, showing that if
thyroxine were given in doses sufficient to sup-
press serum TSH without raising serum T3 and
T, into the thyrotoxic range, there were changes
in the function of other target organs, such as
heart, liver, kidney 45 and bone6 that were simi-
lar to but much less marked than those present
in patients with hyperthyroidism. There is some
evidence of tissue adaptation to thyroid hor-
mone excess’ and the changes may to some
extent depend upon the cause of the hyperthy-
roidism8. It was mainly the anxiety that a low
serum TSH concentration might eventually lead
to reduced bone mineral density that caused the
American Thyroid Association (ATA) to state
that “the goal of therapy is to restore most
patients to the euthyroid state and to normalize
T, and TSH concentrations”?. This policy has
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inevitably led the pharmaceutical industry, prin-
cipally in North America, to produce a bewilder-
ing variety of strengths of thyroxine tablets in an
attempt to allow the physician to fine-tune the
replacement dose. It soon became clear that a
significant minority of patients satisfying the cri-
teria of the ATA recommendation did not feel as
well as they would wish and only achieved the
desired sense of well-being when taking thyrox-
ine in a dose of 50 ug in excess of that necessary
to restore serum TSH to normal®. Many physi-
cians now take the view that a suppressed serum
TSH concentration is acceptable in those taking
thyroxine replacement therapy as long as serum
T; is unequivocally normal, a sentiment sup-

ported by a UK consensus statement!!.

Serum TSH concentrations are of no value in
assessing the correct dose of thyroxine in patients
with central hypothyroidism, and measurements
of both serum T3 and T, combined with a bio-
chemical index of thyroid hormone action, such
as soluble interleukin 2 receptors, have been sug-
gested!2. In practice, however, the physician is
likely to be influenced more by the well-being of
the patient.

Is “a little too much” thyroxine
dangerous?

There is evidence that endogenous subclinical
hyperthyroidism due to early Graves’ disease or
nodular goitre is associated with reduced bone
mineral density,!3-1¢ atrial fibrillation,'” increased
left ventricular mass and enhanced systolic but
impaired diastolic function.!® Increasingly, the
term exogenous subclinical hyperthyroidism is
used to describe clinically euthyroid patients tak-
ing thyroxine in whom serum TSH is suppressed
and there is often an assumption that the exoge-
nous form carries the same risk of morbidity as
the endogenous variety. This may be the case in
those patients who have developed hypothy-
roidism following iodine-131 or surgery for
Graves’ disease or nodular goitre in whom an

autonomous remnant may remain'®. If a standard

dose of thyroxine is prescribed to those patients,
serum Tsmay lie in the upper part of the reference
range as is usually the case in endogenous sub-
clinical hyperthyroidism. However, the majority
of patients with a suppressed serum TSH concen-
tration, resulting from thyroxine therapy, have a
high normal or elevated serum T, and a serum Ty
in the middle of the reference range. Indeed the
T, : T; ratio is greater than would be anticipated in
endogenous  subclinical — hyperthyroidism2°.
Patients with exogenous subclinical hyperthy-
roidism are, therefore, a heterogeneous group
which explains why there are as many publica-
tions denying an association with reduced bone
mineral density as there are those which claim a
link. Even if the generic criticisms of the validity
of meta-analysis as a method of combining the
results of multiple small studies are disregarded,
it is difficult to accept the findings of the most
often quoted study as not only did it find
increased bone loss in postmenopausal women
receiving thyroxine suppressive therapy but also
inexplicably in premenopausal women taking
replacement therapy in whom serum TSH was

normal?!.

Various reports have either failed to show an
increased rate of fracture in patients with endoge-
nous subclinical hyperthyroidism!22 or the risk
has disappeared when those with a previous his-
tory of hyperthyroidism were excluded?. There
must be similar reservations about one of the
Framingham studies which revealed that a low
serum TSH concentration was a risk factor for
atrial fibrillation in older persons;2* the number
taking thyroxine was small (41) and, as in the
bone mineral density studies, inevitably a het-

erogenous group.

It would, therefore, be quite wrong to generalize
about the wisdom of avoiding a suppressed
serum TSH concentration in those receiving thy-
roxine replacement. A pragmatic approach should
be adopted for each patient, depending upon his

or her unique circumstances (Table 1).
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Table 1 Suggested management of patients taking thyroxine replacement therapy,

depending upon pattern of thyroid function test results and clinical symptoms.

TSH Ty T3 Symptoms Action
normal normal or normal none none
raised
normal normal or normal present~ increase thyroxine by 25—50 pg daily until serum TSH
raised is suppressed but ensure T unequivocally normal
< 0.05mU/1 normal or normal none none
raised
< 0.05mU/I normal or normal yes* reduce thyroxine by 25-50 pg daily
raised to restore normal TSH
<0.05mU/1 normal or high normal yes* or no reduce thyroxine by 25-50 pg daily
raised or raised to restore unequivocally normal Ty

~ Symptoms of possible undertreatment might include firedness and weight gain.

* Symptoms of possible overtreatment might include unexplained atrial fibrillation and reduced bone mineral density

Suppression of serum TSH concentrations is part
of the management of patients with differentiated
thyroid carcinoma and may be valuable in achiev-
ing maximum goitre shrinkage in patients with
Hashimoto’s thyroiditis and significant thyroid
enlargement. Although unlikely, any evidence of
overtreatment should prompt a reduction in dose
of thyroxine of 25-50 ug daily in order to achieve
a serum TSH concentration which is low, but
detectable, as there is no evidence that this lesser
degree of suppression is deleterious in the long-

term.

Starting dose of thyroxine

There is no evidence base for determining how
thyroxine therapy should be initiated, but it is
customary to prescribe 50 ug daily, increasing to
100 ug daily after 3—4 weeks. Measurement of
serum T, and TSH at two months after starting
will dictate any further adjustment of dosage. In
the elderly, and particularly in those with symp-
tomatic ischaemic heart disease, a starting dose of
25 ug daily is advisable with increments of 25 ug
every 3—4 weeks, recognising that full replace-
ment dosage may not be achieved without coro-
nary artery bypass grafting or angioplasty. In
those in whom hypothyroidism has developed
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rapidly and has been detected early, such as fol-
lowing total thyroidectomy for thyroid carci-
noma, a full replacement dose of 100-150 ug daily

may be given from the outset.

Variation in dosage of thyroxine
Once thyroxine therapy is established it is good

practice to review patients annually and measure
serum TSH not only to ensure compliance but
also to determine whether an adjustment of dose
is required. The most common reason for a raised
serum TSH in a patient taking 150 ug or more of
thyroxine daily is poor compliance; and the
apparent paradox of raised serum TSH and raised
T, is most likely due to overzealous tablet taking
for the few days earlier by a patient who had pre-
viously been taking thyroxine sporadically. There
is, however, an increasing list of circumstances in
which the dosage of thyroxine may need to be
adjusted, usually upwards (Table 2). The most
recent observation is that women taking oestro-
gen either for contraception or for hormone
replacement therapy may require an increase in
the dose of thyroxine, although this is not as com-

mon an occurrence as during pregnancy?.
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Table 2 Situations in which an adjustment of the dose

of thyroxine may be necessary.

Increased dose required

Use of other medication
Phenobarbitone —
Phenytoin
Carbamazepine
Rifampicin

*Serfraline

*Chloroquine

— increased thyroxine clearance

Cholestyramine
Sucralfate

Aluminium hydroxide
Ferrous sulphate

Dietary fibre supplements

- interference with intestinal
absorption

| _increased concentration of serum
thyroxine-hinding globulin

Pregnancy
Oestrogen therapy

After surgical or iodine-131 reduced thyroidal secretion

ablation of Graves’ disease with time

Malabsorption e.g. coeliac disease

Decreased dose required

Aging decreased thyroxine clearance

Graves’ disease developing switch from production of blocking
in patient with long-standing to stimulating TSH-receptor anti-
primary hypothyroidism bodies

* mechanism not fully established.

Thyroxine alone or in combination
with triiodothyronine?

For the first half of the 20th century the only treat-
ment available for hypothyroidism was animal
thyroid extract which, although usually effective,
was of variable potency and the rapid serum
peak of its triiodothyronine component gave rise
to troublesome palpitations in some patients 1 to
2 hours after ingestion. It was largely abandoned
in the 1960s when readily standardised synthetic
thyroxine became widely available26 and, as tri-
iodothyronine was derived only from peripheral
monodeiodination of the ingested thyroxine,
peak concentrations were avoided. Some patients,
however, swore by the increased efficacy of thy-

roid extract and would go to considerable lengths
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to obtain supplies, but they were considered
eccentric as indeed were the practitioners who

supplied them.

Recently there has been a renewal of interest in
treating hypothyroidism with both thyroxine and
triiodothyronine based on the results of studies in
animals and in patients. In rats which had been
thyroidectomized, and therefore made hypothy-
roid, it was only possible to restore normal tissue
levels of T3 and T, and normal serum concentra-
tions of T3, T4 and TSH by administering a com-
bination of both hormones. It required supra-
physiological doses of thyroxine given alone to
achieve normal tissue concentrations of T; 2728, In
patients a combination of thyroxine and tri-
iodothyronine approximating the ratio normally
secreted by the thyroid gland resulted in signifi-
cant improvements in mood and neuropsycho-
logical function, as compared with a higher dose
of thyroxine alone — and, of most interest, this
improvement occurred without suppression of
serum TSH. Further evidence that monotherapy
with thyroxine may be inadequate derives from a
study of weight gain following treatment of
hyperthyroidism. Those patients who developed
hypothyroidism and were given thyroxine in a
dose which restored serum TSH to normal gained
significantly more weight than those who
remained euthyroid with normal serum TSH as a
result of endogenous secretion of Ty and T,.30 If
such findings are replicated it will be important
for synthetic combinations of thyroxine and tri-
iodothyronine to be available in a ratio of 10:1,
with the latter in slow release form to avoid car-
diac adverse effects. The average daily replace-
ment therapy is likely to be thyroxine 100 ug and
triiodothyronine 10 pug. Although most patients
are satisfactorily controlled with thyroxine alone,
an appropriate combined preparation would per-
haps improve well-being in those dissatisfied
with replacement rather than suppressive doses
of monotherapy while at the same time removing
the possible risks associated with exogenous sub-
clinical hyperthyroidism.

Merck KGaA, Darmstadt, Germany




Indications for
Thyroid Hormone Treatment
other than over Thyroid Failure

Subclinical hypothyroidism

There is a consensus forming that subclinical
hypothyroidism (raised serum TSH but normal
thyroid hormone concentrations) represents the
mildest form of thyroid failure, and as such
should usually be treated with thyroxine. Those
favouring therapy are most influenced by the
knowledge that between 25-50% of such patients
feel better when taking thyroxine,® and by the
inexorable progression to overt thyroid failure of
approximately 5% each year in those who possess
antithyroid peroxidase antibodies; a risk which
increases with higher serum TSH concentra-

tions32.

As hyperlipidaemia is common in overt hypothy-
roidism it was anticipated that treatment of sub-
clinical hypothyroidism with thyroxine would
improve the lipid profile. However, most patients
with subclinical hypothyroidism do not have
increased serum total cholesterol and triglyceride
concentrations and no substantial reduction
occurs after restoration of serum TSH to normal.
A recent meta-analysis of the effectiveness of ther-
apy of subclinical hypothyroidism on serum
lipids showed a median decrease in serum total
cholesterol and LDL-cholesterol of only 5%, and
smaller studies have suggested that thyroxine has
no effect on lipid concentrations unless serum
TSH is greater than 10 mU/1. Although associa-
tions have been recognised between autoimmune
hypo-
thyroidism3?> and myocardial infarction, the link

thyroid disease3* and subclinical

does not seem to be through hyperlipidaemia.

A raised serum TSH concentration does not nec-
essarily imply hypothyroidism and, if there is no
obvious reason for the elevation such as previous
treatment of hyperthyroidism with surgery or

iodine-131, or the presence of other organ specific

Merck KGaA, Darmstadt, Germany

autoimmune diseases (pernicious anaemia,
insulin-dependent diabetes mellitus, Addison’s
disease, vitiligo) it is sensible to repeat the mea-
surement in 3-6 months. Furthermore, serum
TSH concentrations are not normally distributed
within the population and there is a significant
tail of values between the upper limit of the refer-
ence range of 3.5-5.0 mU/l and 8-10 mU/1
which is not associated with evidence of thyroid

disease, particularly in men.

Figure 1 summarises the current views of the

management of subclinical hypothyroidism.36

Figure 1 An algorithm for the management of subclinical hypothyroidism,

amended from Cooper.3¢ TPO: thyroid peroxidase.

Subclinical hypothyroidism
|

Y Y

Anti-TPO Anti-TPO
antibody positive antibody Ineguiive
Thyroxine ~<«—— TSH > 10 mU/! TSH < 10 mU/I
therapy
A symptoms, goitre,
other organ specific
autoimmune
diseases,

hyperlipidoemia

Yes No

| Annual
review

Temporary hypothyroidism

Most patients with primary hypothyroidism
require lifelong treatment with thyroxine. There
are, however, well-recognised situations in which
the thyroid failure is transient. For example, dur-
ing the recovery phase of subacute or painless
thyroiditis (including postpartum thyroiditis)
patients may have asymptomatic or mild
hypothyroidism for a few weeks which does not
treatment. Hypothyroidism

usually  justify

caused by chronic autoimmune thyroiditis may
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remit spontaneously, particularly if excessive
iodine intake has been implicated, as in treatment
with the antidysrhythmic drug, amiodarone. It is
often not appreciated that hypothyroidism may
be transient if it occurs within 6 months of subto-
tal thyroidectomy or iodine-131 for hyperthy-
roidism. If thyroxine therapy is required at an
early stage a suboptimal dose of 75 ug daily
should be prescribed. Measurement of serum T,
and TSH at 6 months will indicate whether con-
tinued treatment with a higher dose is required
(raised serum TSH) or whether the thyroxine can
be discontinued (low or normal TSH) and thyroid
function reassessed 4-6 weeks later.

Goitre suppression

Thyroxine in a dose sufficient to suppress serum
TSH may be necessary to achieve maximum
goitre shrinkage in patients with Hashimoto’s
thyroiditis.3” Although thyroxine is often pre-
scribed in an attempt to decrease the size of the
thyroid in patients with diffuse or nodular goitre
and to prevent regrowth after surgery, there are
conflicting views on its effectiveness, reflecting
the complexity of the causes of the disorder.
However, what is established is that the natural
history of multinodular goitre is the slow pro-
gression to hyperthyroidism over a period of
approximately 20 years as autonomously func-
tioning nodules increase in size and number. It
follows, therefore, that in any patient with a
nodular goitre and a low serum TSH concentra-
tion, thyroxine therapy is inadvisable since it may
induce hyperthyroidism. In what is usually an
elderly population this may have serious conse-
quences such as the development of atrial fibrilla-

tion complicated by systemic embolism.

Combination therapy

with antithyroid drugs

Although most patients with Graves’ disease are
readily controlled with an antithyroid drug alone,
there are circumstances when a “block and
replace” regime with thyroxine combined with

carbimazole (methimazole) or propylthiouracil is

appropriate. In some patients thyroid function,
while taking an antithyroid drug diligently, fluc-
tuates between hyper- and hypothyroidism due
to variation in the concentrations or ratios of stim-
ulating and blocking TSH-receptor antibodies.
Good control can only be achieved in this circum-
stance using combination therapy. In addition, in
patients with significant ophthalmopathy it is
essential to maintain as good control of thyroid
function as possible and this is often most readily
achieved by a “block and replace” regime, which
may have the added advantage of the immuno-
suppressive action of sustained high dose
antithyroid drug therapy. Despite earlier claims,
combination therapy does not lead to an
increased remission rate in patients with Graves’
disease either given for a period of 18 months or
more, or when the regime is applied unconven-
tionally such that thyroxine alone is continued
after the antithyroid drug is stopped.383

Non-thyroidal illness

The biochemical changes of low serum TSH and
T, associated with illness or starvation are often
considered teleologically as an adaptive response
to spare calories and protein. However, it is not
clear whether severe illness can, in some circum-
stances, cause the potentially detrimental entity
of “tissue hypothyroidism” .40 Although the pre-
sent consensus is that thyroid hormone treatment
is not indicated in patients with significant non-
thyroidal illness, this has become a controversial
issue. For example, there are studies which have
shown improvements in cardiac output and sys-
temic vascular resistance in patients with chronic
cardiac failure following treatment with intra-
venous T34 but there is, as yet, no evidence that

intervention improves survival.

Triiodothyronine in doses as high as 60 ug daily,
which would produce symptoms of hyperthy-
roidism in normal individuals, have been
employed in psychiatric practice in the treatment
of depressed patients who respond unsatisfacto-
rily to standard therapies, and to hasten the
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response to antidepressants, but the results are

inconclusive.4

“Hypothyroidism” despite normal
tests of thyroid function

There is a vociferous lobby of patients, supported
by some doctors with an eccentric view of thyroid
physiology, that hypothyroidism can exist in the
presence of normal tests of thyroid function.
Known in North America as Wilson’s syndrome,
affected patients complain of a variety of non-spe-
cific symptoms, such as fatigue, weight gain and
low mood and make extravagant claims for the
efficacy of thyroid hormone therapy. Their belief is
that the reference ranges for serum T, and TSH are
so wide that what are considered normal values
may not be normal for them. Their stance does not
take into account the fact that the pituitary thy-
rotroph is very sensitive to minor changes in thy-
roid hormone concentrations within the normal
range? and, for example, a reduction in free Ty
from 20 to 14 pmol/ 1 would be associated with a
significant increase in serum TSH. For Wilson’s
syndrome to exist would require a re-setting of the
hypothalamic-pituitary-thyroid axis which has
never been described. Furthermore, the only dou-
ble-blind placebo-controlled trial of patients with
symptoms which could be attributed to thyroid
failure but with normal tests of thyroid function,
not surprisingly, failed to show any benefit from
thyroxine therapy.$

Merck KGaA, Darmstadt, Germany

Thyroid International 4, 2001




References

1.

10.

1. Leese GP, Jung RT, Guthrie C, Waugh N,
Browning MCK. Morbidity in patients on
L-thyroxine: a comparison of those with a
normal TSH to those with a suppressed TSH.
Clin Endocrinol 1992; 37: 500-503.

Snyder PJ, Utiger RD. Inhibition of thy-
rotropin response to thyrotropin-releasing
hormone by small quantities of thyroid hor-
mones. | Clin Invest 1972; 51: 2077-84.

Larsen PR. Thyroid-pituitary interaction:
feedback regulation of thyrotropin secretion
by thyroid hormones. N Engl ] Med 1982; 306:
23-32.

Bell GM, Sawers JSA, Forfar JC, Doig A, Toft
AD. The effect of minor increments in plasma
thyroxine on heart rate and urinary sodium
excretion. Clin Endocrinol 1983; 18: 511-16.
Gow SM, Caldwell G, Toft AD, et al. Relation-
ship between pituitary and other target organ
responsiveness in hypothyroid patients
receiving thyroxine replacement. J Clin
Endocrinol Metab 1987; 64: 364-70.

Ross DS, Neer RM, Ridgway EC, Daniels GH.
Subclinical hyperthyroidism and reduced
bone density as a possible result of prolonged
suppression of the pituitary-thyroid axis with
L-thyroxine. Am ] Med 1987; 82: 1167-70.
Nystrom E, Lundberg P-A, Petersen K,
Bengtsson C, Lindstedt G. Evidence for a slow
tissue adaptation to circulating thyroxine in
patients with chronic L-thyroxine treatment.
Clin Endocrinol 1989; 31: 143-50.

Gow SM, Caldwell G, Toft AD, Beckett GJ.
Different hepatic responses to thyroxine
and 131I-
induced primary hypothyroidism. Clin
Endocrinol 1989; 30: 505-12.

Surks MI, Chopra IJ, Mariash CN, Nicoloff JT,

Solomon DH. American Thyroid Association

replacement in spontaneous

guidelines for use of laboratory tests in thy-
roid disorders. JAMA 1990; 263: 1529-32.

Carr D, McLeod DT, Parry G, Thornes HM.
Fine adjustment of thyroxine replacement
dosage: comparison of the thyrotrophin

Thyroid Infernational 4, 2001

11.

12.

13.

14.

15.

16.

17.

18.

releasing hormone test using a sensitive thy-
rotrophin assay with measurement of free
thyroid hormones and clinical assessment.
Clin Endocrinol 1988; 28: 325-33.
Vanderpump MP, Ahlquist JA, Franklyn JA,
Clayton RN. Consensus statement for good
practice and audit measures in the manage-
ment of hypothyroidism and hyperthy-
roidism. Br Med ] 1996; 313: 539-44.

L, Jaffrain-Rea M-L,

Giambona S, Tamburrano G, Beck-Peccoz P.

Ferretti E, Persani
Evaluation of the adequacy of levothyroxine
replacement therapy in patients with central
hypothyroidism. ] Clin Endocrinol Metab
1999; 84: 924-9.

Mudde AH, Reijnders FJL, Nieuwenhuijzen
Kruseman AC. Peripheral bone density in
women with untreated multinodular goitre.
Clin Endocrinol 1992; 37: 35-9.

Foldes J, Tarjan G, Szathmari M, Varga E
Krosznai I, Horvath CS. Bone mineral density
in patients with endogenous subclinical hyper-
thyroidism: is this thyroid status a risk for
osteoporosis? Clin Endocrinol 1993; 39: 521-7.
Mudde AH, Houben AJHM, Nieuwenhuijzen
Kruseman AC. Bone metabolism during
antithyroid treatment of endogenous subclin-
ical hyperthyroidism. Clin Endocrinol 1994;
41: 421-4.

Faber ], Jensen IW, Petersen L, Nygaard B,
Hegedus L, Siersbaek-Nielsen K. Normaliza-
tion of serum thyrotrophin by means of
radioiodine treatment in subclinical hyper-
thyroidism: effect on bone loss in post-
menopausal women. Clin Endocrinol 1998;
48: 285-90.

Forfar JC, Feek CM, Miller HC, Toft AD. Atrial
fibrillation and isolated suppression of the
pituitary-thyroid axis: response to specific
antithyroid therapy. Int ] Cardiol 1981; 1: 43-8.
Biondi B, Palmieri EA, Fazio S, et al. Endoge-
nous subclinical hyperthyroidism affects
quality of life and cardiac morphology and
function in young and middle-aged patients.
J Clin Endocrinol Metab 2000; 85: 4701-5.

Merck KGaA, Darmstadt, Germany



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Bearcroft CP, Toms GC, Williams SJ, Noonan
K, Monson JP. Thyroxine replacement in post-
radioiodine hypothyroidism. Clin Endocrinol
1991; 34: 115-8.

Pearce CJ, Himsworth RL. Total and free thy-
roid hormone concentrations in patients
receiving maintenance replacement treatment
with thyroxine. Br Med ] 1984; 288: 693-5.
Uzzan B, Campos J, Cucherat M, Nony P,
Boissel JP, Perret GY. Effects on bone mass of
long-term treatment with thyroid hormones: a
meta-analysis. ] Clin Endocrinol Metab 1996;
81: 4278-89.

Solomon BL, Wartofsky L, Burman, KD. Preva-
lence of fractures in post-menopausal women
with thyroid disease. Thyroid 1993; 3: 17-23.
Cummings SR, Nevitt MC, Browner WS, et al.
Risk factors for hip fracture in white women.
N Engl ] Med 1995; 332: 767-73.

Sawin CT, Geller A, Wolf PA, et al. Low serum
thyrotropin concentrations as a risk factor for
atrial fibrillation in older patients. N Engl J
Med 1994; 331: 1249-52.

Arafah BM. Increased need for thyroxine in
women with hypothyroidism during estrogen
therapy. N Engl ] Med 2001; 344: 1743-9.
MacGregor AG. Why does anybody use thy-
roid BP? Lancet 1961; 1: 329-32.
Escobar-Morreale HF, Obregon M], Escobar
del Rey F, Morreale de Escobar G. Replace-
ment therapy for hypothyroidism with thy-
roxine alone does not ensure euthyroidism in
all tissues, as studied in thyroidectomized
rats. ] Clin Invest 1995; 96: 2828-38.
Escobar-Morreale HF, Escobar del Rey FE
Obregon M]J, Morreale de Escobar G. Only the
combined treatment with thyroxine and tri-
iodothyronine ensures euthyroidism in all tis-
sues of the thyroidectomized rat. Endocrinol-
ogy 1996; 137: 2490-502.

Bunevicius R, Kazanavicius G, Zalinkevicius
R, Prange AJ. Effects of thyroxine as com-
pared with thyroxine plus triiodothyronine in
patients with hypothyroidism. N Engl ] Med
1999; 340: 424-9.

Merck KGaA, Darmstadt, Germany

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Tigas S, Idiculla J, Beckett G, Toft A. Is exces-
sive weight gain after ablative treatment of
hyperthyroidism due to inadequate thyroid
hormone therapy? Thyroid 2000; 10: 1107-11.
Cooper DS, Halpern R, Wood LC, Levin AA,
Ridgway EC. L-thyroxine therapy in subclinical
hypothyroidism: a double-blind, placebo-con-
trolled trial. Am Intern Med 1984; 101: 18-24.
Vanderpump MP, Tunbridge WM, French JM,
et al. The incidence of thyroid disorders in the
community: a twenty-year follow-up of the
Whickham survey. Clin Endocrinol 1995; 43:
55-68.

Danese MD, Ladenson PW, Meinert CL, Powe
NR. Effect of thyroxine therapy on serum
lipoproteins in patients with mild thyroid fail-
ure: a quantitative review of the literature.
J Clin Endocrinol Metab 2000; 85: 2993-3001.
Bastenie PA, Vanhaelst L, Neve P. Coronary
artery disease in hypothyroidism, observa-
tions in preclinical myxoedema. Lancet 1967;
ii: 1221-2.

Hak AE, Pols HAP, Visser TJ, et al. Subclinical
hypothyroidism is an independent risk factor
for atherosclerosis and myocardial infarction
in elderly women: the Rotterdam study. Ann
Intern Med 2000; 132: 270-8.

Cooper DS. Subclinical hypothyroidism.
N Engl ] Med 2001 (in press).

Hegedtiis L, Hansen JM, Feldt-Rasmussen U,
Hansen BM, Hoier-Madsen M. Influence of
thyroxine treatment on thyroid size and anti-
thyroid peroxidase antibodies in Hashimoto’s
thyroiditis. Clin Endocrinol 1991; 35: 235-8.
Hashizume K, Ichikawa K, Sakurai A, et al.
Administration of thyroxine in treated
Graves’ disease: effects on the level of anti-
bodies to thyroid-stimulating hormone recep-
tors and on the risk of recurrence of hyper-
thyroidism. N Engl ] Med 1991; 324: 947-53.
Mclver B, Rae P, Beckett G, Wilkinson E, Gold
A, Toft A. Lack of effect of thyroxine in
patients with Graves’ hyperthyroidism who
are treated with an antithyroid drug. N Engl
J Med 1996; 334: 220-4.

Thyroid International 4, 2001



40.

41.

42.

43.

DeGroot L]. Dangerous dogmas in medicine:
the nonthyroidal illness syndrome. J Clin
Endocrinol Metab 1999; 84: 151-64.

Hamilton MA, Stevenson LW, Fonarow GC, et
al. Safety and hemodynamic effects of intra-
venous triiodothyronine in advanced conges-
tive heart failure. Am J Cardiol 1998; 81: 443-7.
Aronson R, Offman H, Joffe R, Naylor C. Tri-
iodothyronine augmentation in the treatment
of refractory depression: a meta-analysis.
Arch Gen Psychiatry 1996; 53: 842-8.

Pollock MA, Sturrock A, Marshall K, et al.
Efficacy of thyroxine replacement in patients
who feel clinically hypothyroid but are bio-
chemically euthyroid. J Endocrinol 2000; 164
(supplement): abstract 329.

Thyroid Infernational 4, 2001

Merck KGaA, Darmstadt, Germany



N[

A

W

Competence
= and Experience
for Thyroid
Specialists
Worldwide

A1 __[ lodide and e

° - i 5 2

| -"." r I i -7 4 B
_‘_ L LA | h rOId _,-_ll-_-_—ll-.,,-?—ia..-_p---:—-\.j'a_-rf-::
o 5 e = et ....:L__...__.J.__'l'-a_.-_.-.l_«._.:_.-

s
= -
ey e L s i k= Lﬂ—q.-l.-..—;_n__ e y = e
s el Dol Jpdy a4 T RN = I L S N N -
- " Low T . - = - il
R - : g
S SRR ] Sl =T R J ik
RN T T r T T T -
e L o B - T Fe ' S e
I=- . - " R | A - _i v
= ¥ - v . & H




