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Thyroid Replacement Therapy: The Hidden
Challenges
Asad Rahim?, Stephen Goundrey-Smith® ¢

non-specific symptoms, and is associated with significant
Abstract morbidity and co-morbidity. The prevalence of spontane-

Hypothyroidism has a gradual onset and non-specific symptoms,
which might be subtle, and which might therefore be ignored or
misdiagnosed. Subclinical hypothyroidism is a well-established
phenomenon where a patient does not have thyroid symptoms, but
shows biochemical evidences of hypothyroidism. However, diag-
nosis and treatment of these patients may prevent development of
overt hypothyroidism and cardiovascular symptoms. Replacement
therapy with levothyroxine (T4) is the treatment of choice for hy-
pothyroidism; levothyroxine is taken daily, provides stable plasma
levels and is suitable for the majority of patients. Patients with cer-
tain forms of hypothyroidism - central hypothyroidism, thyroidec-
tomy patients and patients with “low T3 syndrome” - may benefit
from treatment with liothyronine (T3), which is more potent and
has a shorter onset of action. The use of liothyronine in combination
with levothyroxine is controversial, but there is evidence that some
patients, particularly those with deiodinase 2 and thyroid hormone
transporter expression polymorphisms, may benefit from combina-
tion therapy.

Keywords: Hypothyroidism; Liothyronine; Levothyroxine; Sub-
clinical hypothyroidism

Introduction

Hypothyroidism is a condition with a gradual onset and
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ous hypothyroidism is 1-2% [1] affecting women 10 times
more frequently than men, and being more common in older
women. In areas where iodine deficiency is not a problem,
autoimmune disease is usually responsible (atrophic or
Hashimoto’s thyroiditis), but other significant causes include
treatment of hyperthyroidism [1].

The symptoms of hypothyroidism tend to be non-spe-
cific and may initially be very subtle and therefore misdi-
agnosed, for example as depression, or even ignored. Those
of greatest diagnostic value include cold intolerance, weight
gain, tiredness, impaired cognition, constipation, reduced
sweating with dry skin and hair and generalised muscular
aches and paresthesia. Physical signs in overt cases typi-
cally include periorbital puffiness, cold skin, hoarse voice,
slow pulse and slowing of the recovery phase of ankle jerk
reflexes. In extremis, patients may present with confusion,
impaired intellect and dementia (myxoedema madness) or
myxoedema coma (with hypothermia) [1].

Diagnosis of Hypothyroidism

Many of the symptoms of hypothyroidism are not specific for
the disease, with some present in a significant proportion of
euthyroid subjects and therefore hypothyroidism cannot be
diagnosed accurately on symptoms alone [2]. The diagnosis
of hypothyroidism must be based on the finding of abnormal
thyroid function test results. It is accepted that a TSH level
greater than 10 mU/L combined with a free T4 level below
the reference range indicates the presence of overt primary
hypothyroidism requiring [3-5]. A TSH concentration above
the reference range together with normal free T4 level is de-
fined as subclinical hypothyroidism. Such cases of subclini-
cal hypothyroidism require confirmation at least 3 - 6 months
after the initial results in order to exclude transient causes
of a raised TSH especially. Subclinical hypothyroid patients
who are antithyroperoxidase antibody (TPOAD) or antithy-
roglobulin antibody (TgAb) positive are more likely to have
higher serum TSH [6, 7], and more likely to develop overt
hypothyroidism, but do not have an increased mortality rate
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Figure 1. The procedure for laboratory investigation of thyroid function.

or higher incidence of ischemic heart disease [8, 9]. The pro-
cedure for laboratory investigation of thyroid function(Fig.

1) [5].

Systemic Effects of Hypothyroidism
Heart

Hypothyroidism is associated with both functional and ath-
erosclerotic changes of the heart. Those with hypothyroidism
may demonstrate impaired endothelial function, impaired
left ventricular diastolic dysfunction at rest and elevated
diastolic and systolic blood pressure on exercise. These end-
points are thought to be due to increased systemic vascular
resistance and ultimately may result in poor physical exer-
cise capacity. These abnormalities are reversible with T4
replacement therapy. An increased risk of atherosclerosis is
demonstrated from autopsy findings as well as from epide-
miologic data [10].

Brain

Various abnormalities in brain function, including cognitive
and memory impairment in hypothyroid patients are now
well established as reduced levels of thyroid hormone are
associated with slow serotonergic neurotransmission in the
brain [11], an effect associated with low mood. Moreover,
differences in free T4 and TSH concentration, even within
the reference range, may determine psychologic well-being
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in treated hypothyroid patients [12].

Thyroid Hormone Secretion

The thyroid secretes a total of 80 - 100 pg of T4 and T3 on a
daily basis; T4 is secreted in far larger amounts than T3, with
aratio of approximately 20-30:1 respectively. In plasma, free
hormone is in equilibrium with protein-bound hormone, with
1/3,000 of T4 being in a free state. However, it is T3 which is
the active form of the thyroid hormones in tissues and is 3-5
times more active than T4. Of the T3 in tissues, 90% is de-
rived from T4. Indeed 80% of T4 is de-iodinated to provide
90% of the free T3 needed by tissues. Thus the management
of hypothyroidism has been focused on T4 replacement [13].

Treatment

Standard treatment of hypothyroidism is with levothyroxine
[13]. This is normally taken in the morning 30 min before
breakfast to prevent malabsorption that may occur if taken
with food [14]. More recently, administration of levothyrox-
ine before bedtime has been studied. This strategy has been
shown to improve TSH, free T4 and free T3 levels, but none
of these changes have been shown to impact quality of life,
lipid profile or blood pressure [15].

Several medications, supplements and food can inter-
fere with the absorption and action of levothyroxine. Iron
and calcium are particularly common supplements and levo-
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thyroxine should be taken at least 4 h apart from these drugs.
Enzyme inducers, such as phenytoin and carbamazepine,
may increase the metabolism of levothyroxine and there-
fore result in increased effect of levothyroxine. Inadequate
levothyroxine dose, poor compliance with medication (bio-
chemistry usually showing high TSH with normal free T4),
malabsorption and coexisting celiac disease or autoimmune
gastritis may also interfere with achieving a biochemical eu-
thyroid status [16].

Subclinical hypothyroidism is a well-established clinical
entity where patients may not have overt symptoms of hypo-
thyroidism, but have biochemical evidence of hypothyroid-
ism. Some commentators have suggested that subclinical
hypothyroidism should be treated only in certain situations.
However, Sharma et al have noted that the diagnosis and
treatment of subclinical hypothyroidism may prevent pro-
gression to overt hypothyroidism and cardiovascular disease
[17]. In other words, the relatively inexpensive treatment of
hypothyroidism may avert the need to treat cardiovascular
complications, which would be more costly in terms of hos-
pitalization and patient morbidity/mortality [18]. Also, some
seriously ill patients have reduced levels of circulating thy-
roid hormones, which has been termed non-thyroidal illness
syndrome (NTIS) [19], and thought to be related to the role
of deiodinases in systemic disease and granulocyte function.
This is an area where thyroid hormone modification may
have a role.

Levothyroxine can be taken once daily and has a 7-day
half-life, providing stable plasma levels and satisfactory re-
sults for the vast majority of patients. Liothyronine on the
other hand is more rapidly metabolised, necessitating thrice
daily administration [20].

Liothyronine is more potent than levothyroxine and
has a more rapid onset of action. For this reason, liothy-
ronine has been used in certain situations for patients with
hypothyroidism such as myxoedematous coma. The short
duration of action of liothyronine has also been useful for
thyroid hormone replacement in patients having undergone
thyroidectomy for thyroid cancer until they have received
radioiodine [21]. Liothyronine has been successfully used in
thyroidectomy patients to prevent rapidly progressive hypo-
thyroidism, leading to respiratory failure [22]. Liothyronine
has been shown to be of benefit as a pre-operative treatment
in patients undergoing heart valve surgery, to prevent precip-
itation of post-operative hypothyroidism [23]. There is some
evidence to suggest that there is less recurrence of hyperthy-
roidism after anti-thyroid treatment in Grave’s disease, when
liothyronine is used as replacement therapy instead of levo-
thyroxine [24]. Furthermore, there have been cases where
liothyronine has been shown to be of benefit when given
perioperatively to patients with central hypothyroidism, due
to pituitary tumours [25]. Also, for some time, psychiatrists
have been aware of the role of liothyronine as an adjunct
treatment in resistant bipolar depression [26, 27].
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Clinical Evidence on Combination Therapy
With Liothyronine and Levothyroxine

There has been a great deal of debate about the benefits of
liothyronine, either on its own or in combination with levo-
thyroxine.

Liothyronine may have positive benefits, compared with
levothyroxine. Celi et al [28] demonstrated that, while levo-
thyroxine and liothyronine are equivalent in their biochemi-
cal effects on TSH levels, their effects on cardiovascular
function and insulin sensitivity, liothyronine has a positive
impact on lipid profiles and on weight reduction.

The use of liothyronine in combination with levothy-
roxine, however, would in theory, provide replacement in a
more physiologic manner. Several studies have claimed that
combination therapy has a more positive effect on depres-
sion, anxiety and quality of life than levothyroxine therapy
alone [29, 30]. Other studies have noted a reduction in total
cholesterol and LDL cholesterol [13].

It has been suggested that certain patient types with
polymorphism in deiodinase 2 and thyroid hormone trans-
porter expression may do well on combination therapy [31].
This would explain the following observations:

1) that the addition of liothyronine to therapy in athy-
rotic patients is beneficial if they are not responsive to levo-
thyroxine alone [32].

2) that combination treatment may be of benefit in chil-
dren with congenital hypothyroidism, who experience per-
sistent hypothyrotropinaemia despite good compliance with
levothyroxine [33].

3) that so-called “low T3 syndrome”, characterized by
poor cardiac performance in patients with a reduced plasma
T3 level, but normal TSH levels [30], appears to be a strong
predictor of mortality in cardiac patients, and is linked to
a poor prognosis in cardiovascular disease [34]. Liothyro-
nine has been studied as short-term replacement therapy in
patients with dilated cardiomyopathy, leading to improved
ventricular performance and neuroendocrine profile [35].

A meta-analysis of 11 studies of combination therapy
[36] demonstrated that there was no clear benefit of combi-
nation therapy, compared to levothyroxine therapy alone. It
has however, been suggested that studies of levothyroxine
and liothyronine combinations were not adequately powered
to detect and evaluate changes in psychological well-being
[37], and that the review may have compared studies with
different patient groups and outcomes [13]. Larger con-
trolled studies may therefore be required to fully understand
the benefit of liothyronine in combination with levothyrox-
ine.

Despite the meta-analysis data suggesting that there
are no clear benefits from combined therapy, there may be
emerging evidence to suggest that certain subgroups of pa-
tients will respond well to addition of liothyronine to levo-
thyroxine therapy. Clearly further research is required to es-
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tablish which groups of patients these are.

There are several conditions related to thyroid dysfunc-
tion other than the clinical hypothyroidism for which there
may be a role for treatment with T3. Furthermore, there is
some evidence that the standard treatment of hypothyroid-
ism with levothyroxine may not always be effective, and
therefore, there may be a role for liothyronine instead of,
or in combination with, levothyroxine. Further work is re-
quired to characterize which patients might benefit from this
approach.

Key Points

1) Hypothyroidism has a gradual onset and non-specific
symptoms, which might be subtle, and which might there-
fore be ignored or misdiagnosed.

2) Subclinical hypothyroidism is a well-established phe-
nomenon where a patient does not have thyroid symptoms,
but shows biochemical evidences of hypothyroidism. How-
ever, diagnosis and treatment of these patients may prevent
development of overt hypothyroidism and cardiovascular
symptoms.

3) Replacement therapy with levothyroxine (T4) is the
treatment of choice for hypothyroidism; levothyroxine is
taken daily, provides stable plasma levels and is suitable for
the majority of patients.

4) Patients with certain forms of hypothyroidism - cen-
tral hypothyroidism, thyroidectomy patients and patients
with “low T3 syndrome” - may benefit from treatment with
liothyronine (T3), which is more potent and has a shorter
onset of action.

5) The use of liothyronine in combination with levo-
thyroxine is controversial, but there is evidence that some
patients, particularly those with deiodinase 2 and thyroid
hormone transporter expression polymorphisms, may ben-
efit from combination therapy.
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