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Abstract

Background: Whilst trials of combination levothyroxine/liothyronine therapy versus levothyroxine monotherapy for
thyroid hormone replacement have not shown any superiority, there remains a small subset of patients who do not
feel well on monotherapy. Whilst current guidelines do not suggest routine use of combination therapy they do
acknowledge a trial in such patients may be appropriate. It appears that use of combination therapy and dessicated
thyroid extract is not uncommon but often being used by non-specialists and not adequately monitored. This
review aims to provide practical advice on selecting patients, determining dose and monitoring of such a trial.

Main body: It is important to select the correct patient for a trial so as to not delay diagnosis or potentially worsen
an undiagnosed condition. An appropriate starting dose may be calculated but accuracy is limited by available
formulations and cost. Monitoring of thyroid function, benefits and adverse effects are vital in the trial setting given
lack of evidence of safe long term use. Also important is that patients understand set up of the trial, potential risks
involved and give consent.

Conclusion: Whilst evidence is lacking on whether a small group of patients may benefit from combination therapy a
trial may be indicated in those who remain symptomatic despite adequate levothyroxine monotherapy. This should be
undertaken by clinicians experienced in the field with appropriate monitoring for adverse outcomes in both short and
long term.
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Background
Since the 1970s levothyroxine (LT4) has become the
standard of care for thyroid hormone replacement in
subjects unable to produce their own thyroid hormones
due to congenital, autoimmune or iatrogenic causes.
Levothyroxine has become one of the most widely used
drugs worldwide, it is the most commonly prescribed
drug in the United States (US), the third most in the
United Kingdom (UK), and there is evidence that its use

is steadily increasing [1, 2]. Despite this, there remains
controversy as to the best way to therapeutically replace
thyroid hormones, with a small group of people on LT4
monotherapy not feeling as though they have achieved
their premorbid well-being [3, 4] and hence a significant
push for other therapies including combination LT4/
liothyronine (LT3) therapy, LT3 alone or extracts from
animal thyroids.
Possible reasons for some patients not responding to

levothyroxine monotherapy and evidence for efficacy of
mono- and combination therapy have been well covered
in recent systematic reviews by both the American Thyroid
Association (ATA) [5] and European Thyroid Association
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(ETA) [6]. Both guidelines suggest that in select cases, a
trial of therapy including LT3 can be considered, care-
fully supervised by an expert in the field. The purpose
of this review, therefore, is not to repeat the analysis in
these recent reports, but to provide a more practical
approach to the use of combination therapy in clinical
practice including safety aspects and cost, where a trial
is considered appropriate.
The target audience for this review is clinicians who

incorporate or would consider incorporating trials of
combination LT4/LT3 therapy in their practice, or who
have patients who have questions about this therapy.
The review was performed by literature search in each
area, review of published articles and studies and prac-
tical experience.

Thyroid hormone replacement
Although the thyroid gland produces T4 and T3, LT4
monotherapy has been the mainstay of thyroid hor-
mone replacement since the 1970s replacing desiccated
thyroid extract (DTE) which had been used for many
years prior. This is because it is easily administered,
well absorbed by the oral route and its long half-life al-
lows for once daily dosing with very stable serum levels.
It was also shown to be converted to T3 within the
body [7] alleviating the need to add LT3 which does
not have the same stable pharmacological profile. Fur-
thermore, it has also been shown that the majority of
circulating T3 comes from peripheral conversion of T4
to T3 and not secretion of T3 from the thyroid [8],
hence a T4:T3 secretion ratio of approximately 14:1 ap-
pears average in humans, suggesting only a small role
for secreted T3. However, there is a small group of pa-
tients who do not feel back to their euthyroid well-
being despite having thyroid function tests suggestive
of adequate replacement on LT4 [3, 9, 10]. There are
also several studies showing that on LT4 monotherapy
serum T3 levels are significantly lower for the same
TSH in euthyroid patients [11–16], although the clin-
ical significance of this is unknown. Another study
showed it was not possible to normalise serum TSH,
T3 and T4 levels or tissue T3 levels in laboratory ani-
mals giving them LT4 monotherapy [17].
Because of this there have now been at least 13 ran-

domized controlled trials (RCT) comparing efficacy of
combination LT4/LT3 therapy versus LT4 monotherapy
for thyroid hormone replacement [18–30]. There has
also been one trial comparing DTE to LT4 monotherapy
[31]. The trials differ significantly in study population
size, method of substituting LT3 for LT4, dose, length of
study and outcomes measured. There have now been 4
systematic reviews/meta-analyses of these studies
attempting to clarify the findings [32–35]. Overall these

meta-analyses have suggested there is no significant
benefit of combination LT4/LT3 therapy compared to
LT4 monotherapy in terms of mood, health-related qual-
ity of life or cognitive function. This provides reasonable
evidence that at a population level there is no benefit of
using combination therapy over monotherapy. However,
the different methods of replacing LT4 with LT3 (some
resulting in raised TSH suggestive of under replacement)
and small size and hence power of some studies should
be considered. There was no increase in adverse events
in the combination groups in this admittedly short
period of follow up. There is one randomized cross-over
trial comparing DTE with levothyroxine monotherapy in
70 patients for 16 weeks each arm [31]. This did not
show any significant benefit of DTE over LT4 in symp-
toms and neurocognitive markers. There was an increase
in preference for DTE over LT4 however it is unclear
what this signifies given an overall lack of improvement
in symptoms. The study was too small to pick up sub-
groups responding to T3 and future studies in this area
may consider having a synthetic T4/T3 arm also to de-
termine if any benefit is due to the addition of T3 or
DTE itself.
Whilst this evidence is convincing there remains a

possibility that a small subset of hypothyroid patients
will do better on combination therapy; this group may
get lost in the larger group of patients with no benefit.
Practicing clinicians will be able to identify a group of
patients not satisfied on LT4 monotherapy which makes
up a small subset of all their patients on LT4. There is
also one study suggesting that a polymorphism in the
DIO2 gene which codes for the deiodinase 2 enzyme
(Thr92Ala), important for conversion of T4 to T3 in
many tissues including the brain may suggest the group
which will respond to therapy (rare homozygotes ap-
proximately 12% of the Caucasian population) [36].
These findings remain controversial however, particu-
larly with inconsistent findings of the functional effect of
this polymorphism [37–39].
After extensive review of available literature on this

topic guidelines were produced by both the ATA and
ETA related to thyroid hormone replacement with LT4
and alternatives. Both guidelines suggest there is insuffi-
cient or no strong evidence of superiority of combin-
ation LT4/LT3 therapy over LT4 monotherapy in
patients with hypothyroidism. However, both acknow-
ledge that there are patients who have persistent symp-
toms or sub-optimal health despite LT4 therapy guided
by normal thyroid biochemistry and suggest possible
reasons for this include inadequacy of LT4 monotherapy
to normalise serum and tissue T4 and T3 levels. Thus,
both suggest that in an appropriate clinical setting (see
below) combination therapy may be trialled to determine
if it is beneficial for the individual patient [5, 6]. The
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remainder of this review will consider practical issues re-
lated to such a trial/long term therapy.
As in all clinical practice, clinicians should only offer

treatments that they are comfortable using. The experi-
ence is, however, that patients wishing for a trial are
often frustrated at the lack of specialists willing to pro-
vide such, and therefore often obtain combination ther-
apy from health practitioners with little training in the
area, who do not monitor for complications, can give in-
correct doses/dose ratios and offer ongoing treatment
without assessing the benefits. In some instances, pa-
tients self-treat with medications obtained online. Until
more is known of benefits and risks, LT3 should not be
offered routinely. LT3 should only be trialled in pts. who
specifically request it, who have marked persisting symp-
toms, and who fully understand and accept (with writ-
ten/documented information if possible) the unknown
potential for long-term harm. Endocrinologists are
clearly best suited to provide this.

Current practice
One of the reasons for this review was that despite rec-
ommendations and guidelines from various specialist
bodies, use of combination T4/T3 therapy appears
significant in most developed countries. In a survey of
specialist members of The Endocrine Society, The
American Thyroid Association and The American Asso-
ciation of Clinical Endocrinologists spread internation-
ally, but mostly in North America; showed that 3.6% of
the 880 respondents would trial adding LT3 to LT4 in
the setting of a hypothyroid patient with persistent
symptoms despite a TSH within the target range [40].
De Jong and colleagues from the Netherlands using data
from a sample of Dutch pharmacies showed that use of
combination T4/T3 was 0.82% of thyroid hormone users
in 2005 and this slowly rose to 0.90% by 2011 [41]. In
the TEARS study population sampled from an area in
Scotland 0.95% of those on thyroid hormone replace-
ment were taking combination T4/T3 therapy and 0.21%
T3 only [42]. A study by Michaelsson and colleagues
from Denmark which elicited survey responses from pa-
tients known to be on T4/T3 combinations did not esti-
mate the frequency of combination use, but did show
that in the responding population of 293 on combin-
ation therapy slightly more patients had received their
treatment from their GP (42%) than had from their
endocrinologist (39%), 50% were on DTE with 43% on
T4/T3 and 28% were adjusting their own dose [43]. This
study suffers from selection bias associated with internet
surveys particularly on a topic which has been strongly
debated publicly recently in Denmark, however, it does
highlight that methods other than LT4 monotherapy for
thyroid hormone replacement may frequently not be
monitored by specialists.

Practice point: Alternatives to LT4 monotherapy for
thyroid hormone replacement are being used in a
small percentage of hypothyroid patients and it
appears frequently without specialist oversight and
appropriate monitoring. If specialists are willing to
discuss the available evidence, possible benefits and
adverse effects of such therapy with patients, it is likely
to make this practice safer.

Patient selection
Patient selection is important to determine pre-trial
whether the patient is likely to gain benefit from the treat-
ment and prevent harm to the patient. There are circum-
stances in which a trial may delay another treatable
diagnosis or put the patient at significant risk without pos-
sibility of benefit in which it may be inappropriate.

Collect evidence that there is thyroid dysfunction
The first important step in this age of accessibility to
thyroid function testing is to clarify the diagnosis of
hypothyroidism requiring thyroid hormone replacement.
There is good evidence from the UK that the median
TSH level at which LT4 therapy was commenced is rela-
tively low (Taylor et al. 7.8 mU/L in 2009 [2], Leese et al.
6.2 mU/L in 2001 [44]). It is therefore important to clar-
ify the initial diagnosis, if possible with access to diagno-
sis thyroid function/antibody levels and presenting
symptoms. It is also worthwhile considering if there was
an initial response to LT4 therapy which was subse-
quently lost or if there was never a response.

Ensure adequate dose of LT4 has been used
It is important to ensure that the patient is on adequate
T4 dosage prior to a trial of combination therapy. Most
guidelines would suggest returning the serum TSH level
to the population reference range as an indication of ad-
equate replacement [45, 46], as clinical symptoms have
not been shown to be accurately predict serum levels
[47]. However, even with these guidelines studies have
shown that a high percentage of patients on T4 have
serum TSH above the reference range, even those on for
many years [2, 3, 47, 48]. Furthermore, many would sug-
gest a serum TSH in the lower part of the reference
range is appropriate, given the skewed distribution of
TSH values in the reference population [49], and the
concept that individual TSH levels within the reference
range vary little in health and therefore each person may
have a genetically derived set point [50]. There are how-
ever no trials suggesting this improves any measurable
clinical markers compared with TSH within the entire
reference range and this practice is not accepted by all
[51]. Furthemore a trial looking at slight alterations in
LT4 dose in hypothyroid patients did not show any dif-
ference between clinical symptoms or measurable
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parameters despite clear differences in TSH on the dif-
ferent treatment regimens [52].

Exclude co-morbidities
Given the generalised nature of hypothyroid symptoms
it is possible another condition may be causing them, or
that the two conditions may co-exist, given the high
prevalence of hypothyroidism in the population. Typical
conditions which may lead to a mis-diagnosis are De-
pression, Chronic Fatigue Syndrome and Fibromyalgia.
As the majority of hypothyroidism has an autoimmune
origin and these conditions frequently occur with other
autoimmune conditions [53–55] it is worthwhile consi-
dering whether there may be another diagnosis present
with careful history taking, examination and targeted
investigations if appropriate. The question of whether
thyroid autoimmunity itself can cause symptoms is a
more complicated one. A large population study from
Norway suggests not [56], however, two smaller studies
suggest an association unrelated to thyroid hormone
levels [57, 58] giving it some plausibility. The answer is
therefore not clear. Again, if persisting symptoms are re-
lated to thyroid autoimmunity then these would not be
expected to resolve with combination therapy but should
improve as antibody levels subside. However, due to the
tenuous link it would appear inadvisable to be measur-
ing thyroid antibody levels and using this as a deciding
factor to initiate a trial of combination therapy.

Be aware of psychological comorbidities
This is important because psychological comorbidities
may confuse the diagnosis (depressive symptoms versus
hypothyroid symptoms), affect the response to treatment
and in some cases be worsened by the addition of LT3
(for example anxiety).

Exclusions
Although there is little clear evidence most practitioners
would exclude patients with significant cardiovascular
disease or arrhythmia for a trial, given the potential to
cause life-threatening side effects. Furthermore, given
the importance of tight control of thyroid hormone
levels, particularly T4, for the normal development of
the foetus and progression of pregnancy, and lack of
data showing LT3 can be safely used in pregnancy, it is
not recommended in pregnant women or woman ac-
tively trying to conceive. Patients with poorly controlled
anxiety and thyroid cancer requiring suppression of
serum TSH may also fall into a worrying area. It is un-
clear whether combination therapy in disseminated thy-
roid cancer can adequately suppress TSH across a 24 h
period, and therefore the individual patients’ prognosis
and need for TSH suppression needs to be considered
and discussed in this setting.

Not currently useful
Is genetic testing a useful aid to patient selection? On
current evidence there is no clear genetic test which will
determine patients who will respond to therapy. Use of
an unvalidated test may preclude some patients receiv-
ing a trial who may benefit and therefore it is not rec-
ommended. Further studies are required to delineate the
actual genetic markers which may be useful for patient
selection. In a similar way trials have not suggested a
biochemical marker (including thyroid hormone levels)
which will predict who will respond (Table 1).

Pharmacology and formulations
Studies using both older [59–61] and newer [62] thyroid
hormone assays have suggested a diurnal rhythm of free
T3 and TSH in healthy subjects with no thyroid disease.
These studies suggest a peak of T3 at around 4 am with
a nadir between 3 to 5 pm; this appears to lag behind
TSH levels by about 90 mins [62]. Given its long half-
life it is not surprising that in most studies free T4 levels
remain very stable throughout the day. Despite a statisti-
cally measurable diurnal variation in T3 the actual differ-
ence in T3 levels is low (11.2%) and the levels are
effectively stable over a 24 h period. It would appear rea-
sonable to mimic these levels if trying to appropriately
replace thyroid hormones, particularly as there are few
biomarkers which reliably suggest complete thyroid hor-
mone replacement. However, currently this is limited by
formulations of T3 which are available (Table 2 for a
non-exhaustive list). In many countries, the 20μg table
of liothyronine is the only available making accurate
dosing very difficult. This is reflected in the combination
T4/T3 trials which were not uniform in their method of
replacing LT4 with T3, either using a 10:1 or 5:1
LT4:LT3 ratio, or replacing an amount of LT4 with from
a fifth to a whole dose of LT3.
Studies looking at the pharmacology of LT3 replace-

ment all show a significant peak of serum T3 2–4 h after
dose and wearing off after 12 h in those on a single daily
dose, these include hypothyroid patients on combination
therapy [63] (Fig. 1), LT3 monotherapy [64, 65], and

Table 1 Pre-trial assessment of potential patients

1. Collect evidence of thyroid dysfunction

2. Ensure adequate dosage of levothyroxine has
been trialled

3. Exclude co-morbidiies

4. Be aware of psychological co-morbidities

5. Exclusions

Not currently useful Genetics

Biochemistry

Symptom profile
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even euthyroid subjects taking LT3 only [66]. The pro-
files are very different to those in patient with normal
endogenous thyroid function, and depending on the
dose of LT3 the peak level is often above the reference
range, and/or the serum TSH is raised/suppressed com-
pared to T4 treatment [67]. Figure 1 suggests that to
sample the peak serum T3 level a test taken 2–4 h after
ingestion of the T3 would be appropriate. There is a
study showing equivalent TSH responsiveness to TRH
in patients on either T3 or T4 monotherapy [68], sug-
gesting the rise in TSH seen in some of these studies is
an indication of under replacement. Almost all the com-
bination trials used once daily LT3 dosing with one
using twice daily.

To truly mimic the normal production of T3 patients
would have to split the dose of T3 and take it two or
three times a day, however, the large dose size of the
available products may preclude this in patients with a
lower requirement for thyroid hormone. Comparison of
the figures from Saravanan et al. [63] and Russell et al.
[62] would suggest that to mimic serum T3 levels in eu-
thyroid individuals the LT3 dose should be split with the
second dose given approximately 8 h after the first. This
may prevent the insomnia reported by some patients
when they take LT3 prior to bed which is presumably
secondary to a serum T3 peak whilst trying to sleep.
What effect this will have on the steady state of the drug
is unclear as there are no studies looking at serum levels
in multiple daily dosing, and even the half-life of T3 is
debated with a wide range of opinions. Saravanan et al.
did not find any difference in cardiovascular parameters
(pulse rate and blood pressure) between their groups on
T4/T3 and T4 only despite the clear peak in T3 levels at
approximately 4 h. This interesting finding reminds us
that serum hormone levels do not necessarily reflect ac-
tion in tissues due to the presence of thyroid hormone
transporters and deiodinases in different tissues which
may influence the effect of these hormones in individual
tissues [69]. Furthermore, most actions of thyroid hor-
mone take several hours to have effect as they require
the synthesis of new mRNA and protein.
There are no commercially available slow release T3 for-

mulations currently. Hennemann and colleagues tested
their own slow release T3 preparation in combination
with T4 and found that compared to once daily T3 there
was a lower peak of T3 and smoother profile [70]. They
suggested all future trials use slow release T3 but a com-
mercially available product has not been forthcoming.
Doubts have been raised as to whether this study showed
a product that could be used as a once a day dosage and
what actual effect it had given no change in TSH levels for
either formulation [71]. Compounding pharmacies will
provide compounded formulations of slow release T3,
however the ATA do not recommend the use of com-
pounded preparations except in cases of clear allergic
reactions to commercial preparations [5]. This is because

Table 2 Available formulations of LT3 and combination LT3/LT4

Name T3 dose T4 dose Available

Cytomel 5, 25, 50mcg US, Canada, Netherlands

Thybon 20, 100mcg UK

Tertroxin 20 mcg Australia, South Africa

Liotyr 5 mcg (soft gel) Italy

Prothyroid 10 mcg 100 mcg Germany

Novothyral 5/15/20 mcg 25/75/100 mcg Several Europe

Thyreotom forte 10/30 mcg 40/120 mcg Czech republic

Fig. 1 Mean values for a free T3, b free T4 and c TSH over a 24 h period
in 10 patients with hypothyroidism on either LT4/LT3 combination
or LT4 alone. From Saravanan et al. [63], used with permission
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there are few studies on these products that meet scien-
tific criteria for rigorous peer review showing that they
can be used to provide adequate thyroid hormone re-
placement, are equivalent to approved preparations or
have a long-term safety profile. Furthermore, the pre-
parations need to be used relatively quickly after syn-
thesis to prevent loss of efficacy due to degradation
[72], requiring regular compounding of new products.
In addition, compounded preparations are generally
higher in cost and not standardised between different
pharmacies. There have also been reports of thyrotoxi-
cosis [73, 74] and hypothyroidism [75] caused by errors
in compounding.

Practice point: be aware of formulations of LT3
and LT4/LT3 available locally and if possible their
pharmacokinetics. Errors in the preparations of
compounded preparations have been reported.

Dosage
Wiersinga et al. in their review suggest 3 different
methods for calculating appropriate dosages for combin-
ation T4/T3 therapy [6]. These are based on the as-
sumptions that persisting symptoms are due to LT4
monotherapy being unable to deliver normal serum and
tissue T4 and T3 levels in humans as shown in rats [17]
and that mimicking the normal thyroid secretion of T4
and T3 will correct this [76]. The methods are based on
using the dose of LT4 which gives the target TSH in the
patient, then replacing a small amount of T4 with T3
using a 3:1 equivalence ratio derived from a study in thy-
roidectomized patients [77] to give the appropriate ratio.
The three methods give a final dose T4:T3 ratio between
13:1 and 20:1, much closer to normal human thyroid se-
cretion [8] but in generally lower than those used in the
T4/T3 studies, in some cases significantly lower. Fur-
thermore, many of the studies had variable ratios due to
a fixed substitution (eg. 10μg T3 for 50μg T4). This dose
ratio is also significantly lower than that of animal thy-
roid extracts in which the T4:T3 ratio is generally
around 4:1 (see later). Note also however that for a pa-
tient previously on 100μg of T4 a day the T3 dose from
these methods is between 4 and 6μg a day which with
most current formulations would be difficult to deliver
in a split dose.

Practice point: starting dose in a patient on adequate
LT4 monotherapy will always require removal of
part of the LT4 dose and replacement with LT3. In
practice the dose of LT3 will usually be a dose of
5 – 20 mcg a day in a split dose, by necessity
often determined by the availability of low dose
formulations of LT3.

Length of trial
Again, there is very little evidence to determine how
long a trial of combination therapy should be, the RCTs
ranged from 5 weeks to 52 weeks. Most of those who
showed a benefit had shown this by 3 months, and it is
generally advised that 6 weeks to 3 months are waited
until LT4 dose is adjusted to allow a steady state to de-
velop in all tissues. It would therefore be reasonable to
give a 3–6 month trial before deciding if it has been
beneficial to the patient symptoms. If there is clear bene-
fit it would be reasonable to continue the trial further,
however, given the significant placebo effect seen in tri-
als of thyroid hormone replacement [26] and the fact
that LT3 may initially give a feeling of euphoria, clini-
cians should be encouraged to continue to assess the
treatment as the benefit may disappear. The fixed term
nature of the trial should be agreed with the patient
prior to beginning and there should be agreement that
there will be a return to LT4 monotherapy if no signifi-
cant benefit is seen, given its easier dosing and better
evidence of its safety. Figure 2 displays a proposed time-
line for a trial.

Practice point: initial trial 6 months, and then
confirm benefit is still present at least 1 year before
planning long-term therapy

Fig. 2 Proposed timeline for a trial of combination T4/T3 therapy
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Monitoring
There are no long term studies which link serum levels
of T3 to adverse outcomes and therefore are able to
direct monitoring of combination T4/T3 therapy. Given
evidence for poorer outcomes with raised thyroid hor-
mone levels/suppressed TSH levels in both subjects not
on thyroid hormone replacement and on LT4 mono-
therapy it is reasonable to measure TSH, free T4 and
free T3 2–4 h post dose as this is the expected peak of
serum T3 post dose. Keeping both the serum T3 and
TSH within the reference range at this point would
suggest that the patient is at the least risk of developing
both short and long term complications. Monitoring of
these would include clinical assessment of pulse rate
and rhythm, blood pressure, mood (particularly anxiety)
and as clinically appropriate (depending on individual
patient characteristics): ECG, echocardiogram and Bone
Densitometry. Whilst studies in patients on LT4 would
suggest that dose changes can be seen in end organ
markers such as serum cholesterol and sex hormone
binding globulin (SHBG), these changes are so small
that they are often contained in the normal variance in
the population.

Practice point: Patients should be monitored
indefinitely for cardiovascular, psychological and
bone adverse effects.

Safety
Given the relatively small number of patients using com-
bination T4/T3 therapy safety data has until recently
been lacking. None of the 13 RCTs comparing combin-
ation therapy to T4 monotherapy showed any increase
in adverse events in the combination group, however the
follow up was generally short ranging from 5 to
52 weeks. Leese et al. have recently reported safety data
in their observational cohort in the TEARS study [42].
In this study a subgroup of patients on thyroid hormone
placement were considered with outcomes for those
who had ever been taking LT3 (n = 400) compared to
those who had only ever taken LT4 (n = 33,955). The
study showed no increase in cardiovascular disease,
atrial fibrillation or fractures (outcomes previously
shown to be associated with levothyroxine overtreatment
[78]) with a median follow-up of 9 years. There was an
increased risk for new prescriptions of anti-psychotic
medications of unclear significance. There was also a
possible association with an increased risk of breast can-
cer in subjects who had taken LT3. Although there is
some data on T3 augmentation of breast cancer cell line
proliferation and higher endogenous T3 being associated
with more aggressive breast cancers, the authors point out
that this association was of borderline statistical signifi-
cance and not related to number of prescriptions of LT3,

arguing against a causal relationship. This potential associ-
ation should be assessed in other large cohorts. The data
from Leese et al. are from an observational study and so
carry a risk of bias and self-selection; in addition the dur-
ation of LT3 use was not quantified. However, this may be
the largest and longest duration study of its type for some
time and offers some reassurance that the risks of taking
T3 are not greater than expected.

Cost
Lack of regulation of the cost of unbranded Liothyronine
in the UK has seen the price rise markedly in recent
years, currently 28 tablets of 20mcg costs around
£258.20, therefore 10mcg bd for a year would cost
around £3365 per patient. This represents a greater than
4000% increase from the branded ‘Tertroxin’ (just over
£13 for 100 tablets) which precipitated a ‘black listing’ of
the use of LT3 in several health trusts (Fig. 3) and has
now attracted the attention of the UK regulatory and
competition and markets authority. Synthetic T4 as
Levothyroxine 100mcg once daily costs approximately
£25 per patient per year. Whilst the government looks
to close the loophole allowing companies to do this,
many patients who had been maintained on LT3/LT4 for
many years have been forced to come off LT3 or source
it from overseas.
In Australia a similar dose of Liothyronine would cost

$142 Australian dollars for a year on a private prescrip-
tion, it is available on a government subsidized prescrip-
tion for half that cost, available for patients who ‘have a
documented intolerance or resistance to thyroxine’,
which is open to the interpretation of the treating phys-
ician. A 100mcg tablet of thyroxine would cost around
$58 Australia dollars a year on the government scheme.
In the US for patients not covered by health insurance,

hypothyroid treatment typically costs $15–$100 per
month – or $180–$1200 per year – for the synthetic
thyroid hormone typically prescribed. For example,
Drugstore.com charges about $15–$20, depending on
the dose, for a one-month supply of the brand-name
drug Levothroid, or $25–$45 for a one-month supply of
the brand-name drug Synthroid. Drugstore.com charges

Fig. 3 Change in costs for Liothyronine compared to Levothyroxine
in the United Kingdom since 2009. Data from BNF and drug tariff,
graph by British Thyroid Association
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up to $100 or more for a one-month supply, depending
on dosage, of the brand-name drug Cytomel (LT3).
Therefore in most countries combination therapy is
comes at increased cost to the patient (or government)
and this needs to be taken into consideration when plan-
ning a trial.

Practice point: be aware and make patients aware of
costs and availability of formulations prior to
prescribing.

Dessicated thyroid extract
Many patients and alternative physicians prefer to use
forms of dessicated thyroid extract (DTE) for thyroid
hormone replacement. DTE is described as “the cleaned,
dried, and powdered thyroid gland previously deprived
of connective tissue and fat. It is obtained from domesti-
cated animals that are used for food by humans” by the
United States Pharmacopeia. Extracts of animal thyroids
have been used for hypothyroid symptoms for many
centuries in different cultures, and as a form similar to
what is used today for over 110 years [79]. Most formu-
lations are from porcine thyroid; however some from
bovine thyroid or a combination of the two exist. Ini-
tially it was titrated to improvement in clinical symp-
toms and avoidance of hyperthyroid symptoms. The
development of Levothyroxine and ability to assay serum
TSH, T4 and T3 levels in the 1980’s led to calls for re-
moval of DTE for treatment of hypothyroidism because
of supraphysiological levels of T3 post dose, hyperthy-
roid symptoms and complications, and fluctuating levels
of T3 as compared to very stable TSH, T3 and T4 levels
with levothyroxine dosing [80–83]. Despite continuing
concerns about these issues and also the consistency of
the various preparations it continues to be used. Whilst
the dramatic cases of thyroxtoxicosis on these prepara-
tions are mainly historical, there remain concerns about
frequency of adverse events and calls for greater
standardization of these preparations [84].
DTE is often prescribed in grains: 1 grain is typically

around 60-65 mg of DTE and most commonly contains
38μg of T4 and 9μg of T3. Bioavailability has been
shown to be different to synthetic LT4 and LT3 prepara-
tions [81]. Table 3 displays commonly available brands
and doses contained. The doses above give a T4:T3 ratio

of 4.2:1 significantly more T3 than the 14:1 secreted by
the normal thyroid and the doses recommended above.
This makes dosing difficult as displayed by several stud-
ies which have shown supraphysiological T3 doses post
dose, fluctuating T3 levels during the day and more
hyperthyroid symptoms in subjects taking DTE com-
pared to LT4 monotherapy [80, 82, 85, 86]. As with
combination T4/T3 therapy, there are no longer term tri-
als or safety data available on long term use of DTE. This
is important as there are concerns that regular supraphy-
siological levels of T3 may induce hyperthyroidism-like
complications over the longer term. Given lack of safety
data, difference and variability in the various preparations
and no studies showing clear benefit over T4 monother-
apy, all major endocrine and thyroid societies currently
advise against the routine use of DTE for thyroid hormone
replacement [5, 6].
Amour thyroid is the most commonly used formula-

tion, also the most expensive, and in the US costs
around $1 per 60 mg grain.. Price varies across the UK
mostly around £1 per grain. These formulations are not
available in Australia and therefore most users import
them from the US at similar cost plus postage.
DTE formulations contain unmeasured quantities of

diiodothyronine and monoiiodothyronine which many of
its supporters believe make it a more suitable replace-
ment for thyroid hormone, although there are no studies
suggesting these are required for normal functioning, or
that they are secreted in significant quantities from a
normal human thyroid. These products also contain
other thyroid-related proteins and antigens which could
potentially invoke immune responses; these have not
been studied to date.

Practice point: whilst all major endocrine and
thyroid societies advise against the use of DTE for
hypothyroidism, it is clear that its use remains
significant. Better regulated formulations and trials
are required to determine its role, if any. Until these
are available patients who continue to use DTE
should be advised on appropriate safety monitoring
as for using T4/T3.

Conclusion
Although there is convincing evidence that there is no
benefit of combination T4/T3 therapy over T4 mono-
therapy for management of hypothyroidism at a popula-
tion level, there remains a population of patients who do
not feel well on T4 monotherapy. There are several pos-
sible reasons for this, one of which is an inability to use
T4 effectively in a group of patients who may respond
better to combination T4/T3 therapy. This will remain a
possibility until large RCTs in an appropriately targeted
population can confirm or refute it, and whilst it does a

Table 3 Dessicated thyroid extract formulations

Name T3 dose T4 dose Available

Nature thyroid per 65 mg grain 9mcg 38mcg US

Westhroid pure per 65 mg grain 9mcg 38mcg US

NP thyroid per 60 mg grain 9mcg 38mcg US

Thyroid (erfa) per 60 mg grain 8mcg 35mcg Europe/Canada

Armour thyroid per 60 mg grain 9mcg 38mcg US
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trial of combination therapy in such patients may be in-
dicated. It is important that this be performed by a clin-
ician with adequate knowledge and experience in the
area, with appropriate patient selection, clear explan-
ation of risks and benefits to the patient for consent and
careful monitoring and follow-up. Possible ways to do
this are covered in this review although it is clear that
further research into this area and possible methods of
delivering T3 are required.

Abbreviations
ATA: American Thyroid Association; DTE: Dessicated Thyroid Extract;
ECG: Electrocardiogram; ETA: European Thyroid Association;
LT3: Liothyronine; LT4: Levothyroxine; mg: Milligram; RCT: Randomised
Controlled Trial; SHBG: Sex Hormone Binding Globulin; T3: Tri-iodothyronine;
T4: Thyroxine; TRH: Thyrotropin Releasing Hormone; TSH: Thyroid Stimulating
Hormone; μg: Micrograms; UK: United Kingdom; US: United States (of
America)

Acknowledgements
Not applicable.

Funding
Not applicable.

Availability of data and materials
Not applicable – no new data.

Authors’ contributions
VP performed literature search and drafted manuscript. CD help draft
manuscript, added additional references. Both authors read and approved
the final manuscript.

Ethics approval and consent to participate
Not applicable – review no original study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Thyroid Research Group, School of Medicine, Cardiff University, Cardiff, UK.
2Department of Endocrinology, Sir Charles Gairdner Hospital, Nedlands, WA
6009, Australia.

Received: 22 October 2017 Accepted: 11 January 2018

References
1. Rodriguez-Gutierrez R, Maraka S, Ospina NS, Montori VM, Brito JP.

Levothyroxine overuse: time for an about face? Lancet Diabetes Endocrinol.
2016;5(4):246–8.

2. Taylor PN, Iqbal A, Minassian C, Sayers A, Draman MS, Greenwood R,
Hamilton W, Okosieme O, Panicker V, Thomas SL, et al. Falling threshold for
treatment of borderline elevated thyrotropin levels-balancing benefits and
risks: evidence from a large community-based study. JAMA Intern Med.
2014;174(1):32–9.

3. Saravanan P, Chau WF, Roberts N, Vedhara K, Greenwood R, Dayan CM.
Psychological well-being in patients on ‘adequate’ doses of l-thyroxine:
results of a large, controlled community-based questionnaire study. Clin
Endocrinol. 2002;57(5):577–85.

4. Engum A, Bjøro T, Mykletun A, Dahl AA. An association between depression,
anxiety and thyroid function–a clinical fact or an artefact? Acta Psychiatr
Scand. 2002;106(1):27–34.

5. Jonklaas J, Bianco AC, Bauer AJ, Burman KD, Cappola AR, Celi FS, Cooper DS,
Kim BW, Peeters RP, Rosenthal MS, et al. Guidelines for the treatment of
hypothyroidism: prepared by the american thyroid association task force on
thyroid hormone replacement. Thyroid. 2014;24(12):1670–751.

6. Wiersinga WM, Duntas L, Fadeyev V, Nygaard B, Vanderpump MP. 2012 ETA
guidelines: the use of L-T4 + L-T3 in the treatment of hypothyroidism. Eur
Thyroid J. 2012;1(2):55–71.

7. Braverman LE, Vagenakis A, Downs P, Foster AE, Sterling K, Ingbar SH. Effects of
replacement doses of sodium L-thyroxine on the peripheral metabolism of
thyroxine and triiodothyronine in man. J Clin Invest. 1973;52(5):1010–7.

8. Pilo A, Iervasi G, Vitek F, Ferdeghini M, Cazzuola F, Bianchi R. Thyroidal
and peripheral production of 3,5,3′-triiodothyronine in humans by
multicompartmental analysis. Am J Phys. 1990;258(4 Pt 1):E715–26.

9. van de Ven AC, Netea-Maier RT, de Vegt F, Ross HA, Sweep FC, Kiemeney
LA, Hermus AR, den Heijer M. Is there a relationship between fatigue
perception and the serum levels of thyrotropin and free thyroxine in
euthyroid subjects? Thyroid. 2012;22(12):1236–43.

10. Wekking EM, Appelhof BC, Fliers E, Schene AH, Huyser J, Tijssen JG, Wiersinga
WM. Cognitive functioning and well-being in euthyroid patients on thyroxine
replacement therapy for primary hypothyroidism. Eur J Endocrinol.
2005;153(6):747–53.

11. Jonklaas J, Davidson B, Bhagat S, Soldin SJ. Triiodothyronine levels in athyreotic
individuals during levothyroxine therapy. JAMA. 2008;299(7):769–77.

12. Woeber KA. Levothyroxine therapy and serum free thyroxine and free
triiodothyronine concentrations. J Endocrinol Investig. 2002;25(2):106–9.

13. Gullo D, Latina A, Frasca F, Le Moli R, Pellegriti G, Vigneri R. Levothyroxine
monotherapy cannot guarantee euthyroidism in all athyreotic patients.
PLoS One. 2011;6(8):e22552.

14. Alevizaki M, Mantzou E, Cimponeriu AT, Alevizaki CC, Koutras DA. TSH may
not be a good marker for adequate thyroid hormone replacement therapy.
Wien Klin Wochenschr. 2005;117(18):636–40.

15. Ito M, Miyauchi A, Morita S, Kudo T, Nishihara E, Kihara M, Takamura Y, Ito Y,
Kobayashi K, Miya A, et al. TSH-suppressive doses of levothyroxine are required
to achieve preoperative native serum triiodothyronine levels in patients who
have undergone total thyroidectomy. Eur J Endocrinol. 2012;167(3):373–8.

16. Peterson SJ, McAninch EA, Bianco AC. Is a normal TSH synonymous with
“Euthyroidism” in levothyroxine monotherapy? J Clin Endocrinol Metab.
2016;101(12):4964–73.

17. Escobar-Morreale HF, Obregón MJ, Escobar del Rey F, Morreale de Escobar
G. Replacement therapy for hypothyroidism with thyroxine alone does not
ensure euthyroidism in all tissues, as studied in thyroidectomized rats. J Clin
Invest. 1995;96(6):2828–38.

18. Bunevicius R, Kazanavicius G, Zalinkevicius R, Prange AJ. Effects of thyroxine
as compared with thyroxine plus triiodothyronine in patients with
hypothyroidism. N Engl J Med. 1999;340(6):424–9.

19. Bunevicius R, Jakuboniene N, Jakubonien N, Jurkevicius R, Cernicat J, Lasas
L, Prange AJ. Thyroxine vs thyroxine plus triiodothyronine in treatment of
hypothyroidism after thyroidectomy for Graves’ disease. Endocrine.
2002;18(2):129–33.

20. Clyde PW, Harari AE, Getka EJ, Shakir KM. Combined levothyroxine plus
liothyronine compared with levothyroxine alone in primary hypothyroidism:
a randomized controlled trial. JAMA. 2003;290(22):2952–8.

21. Sawka AM, Gerstein HC, Marriott MJ, MacQueen GM, Joffe RT. Does a
combination regimen of thyroxine (T4) and 3,5,3′-triiodothyronine improve
depressive symptoms better than T4 alone in patients with hypothyroidism?
Results of a double-blind, randomized, controlled trial. J Clin Endocrinol Metab.
2003;88(10):4551–5.

22. Rodriguez T, Lavis VR, Meininger JC, Kapadia AS, Stafford LF. Substitution of
liothyronine at a 1:5 ratio for a portion of levothyroxine: effect on fatigue,
symptoms of depression, and working memory versus treatment with
levothyroxine alone. Endocr Pract. 2005;11(4):223–33.

23. Walsh JP, Shiels L, Lim EM, Bhagat CI, Ward LC, Stuckey BG, Dhaliwal SS,
Chew GT, Bhagat MC, Cussons AJ. Combined thyroxine/liothyronine
treatment does not improve well-being, quality of life, or cognitive function
compared to thyroxine alone: a randomized controlled trial in patients with
primary hypothyroidism. J Clin Endocrinol Metab. 2003;88(10):4543–50.

24. Appelhof BC, Fliers E, Wekking EM, Schene AH, Huyser J, Tijssen JG, Endert
E, van Weert HC, Wiersinga WM. Combined therapy with levothyroxine and

Dayan and Panicker Thyroid Research  (2018) 11:1 Page 9 of 11

albertcochet
Texte surligné 



liothyronine in two ratios, compared with levothyroxine monotherapy in
primary hypothyroidism: a double-blind, randomized, controlled clinical trial.
J Clin Endocrinol Metab. 2005;90(5):2666–74.

25. Escobar-Morreale HF, Botella-Carretero JI, Gómez-Bueno M, Galán JM, Barrios
V, Sancho J. Thyroid hormone replacement therapy in primary
hypothyroidism: a randomized trial comparing L-thyroxine plus liothyronine
with L-thyroxine alone. Ann Intern Med. 2005;142(6):412–24.

26. Saravanan P, Simmons DJ, Greenwood R, Peters TJ, Dayan CM. Partial
substitution of thyroxine (T4) with tri-iodothyronine in patients on T4
replacement therapy: results of a large community-based randomized
controlled trial. J Clin Endocrinol Metab. 2005;90(2):805–12.

27. Siegmund W, Spieker K, Weike AI, Giessmann T, Modess C, Dabers T, Kirsch G,
Sänger E, Engel G, Hamm AO, et al. Replacement therapy with levothyroxine
plus triiodothyronine (bioavailable molar ratio 14 : 1) is not superior to
thyroxine alone to improve well-being and cognitive performance in
hypothyroidism. Clin Endocrinol. 2004;60(6):750–7.

28. Nygaard B, Jensen EW, Kvetny J, Jarløv A, Faber J. Effect of combination
therapy with thyroxine (T4) and 3,5,3′-triiodothyronine versus T4
monotherapy in patients with hypothyroidism, a double-blind, randomised
cross-over study. Eur J Endocrinol. 2009;161(6):895–902.

29. Valizadeh M, Seyyed-Majidi MR, Hajibeigloo H, Momtazi S, Musavinasab N,
Hayatbakhsh MR. Efficacy of combined levothyroxine and liothyronine as
compared with levothyroxine monotherapy in primary hypothyroidism: a
randomized controlled trial. Endocr Res. 2009;34(3):80–9.

30. Fadeyev VV, Morgunova TB, Melnichenko GA, Dedov II. Combined therapy
with L-thyroxine and L-triiodothyronine compared to L-thyroxine alone in the
treatment of primary hypothyroidism. Hormones (Athens). 2010;9(3):245–52.

31. Hoang TD, Olsen CH, Mai VQ, Clyde PW, Shakir MK. Desiccated thyroid
extract compared with levothyroxine in the treatment of hypothyroidism: a
randomized, double-blind, crossover study. J Clin Endocrinol Metab. 2013;
98(5):1982–90.

32. Grozinsky-Glasberg S, Fraser A, Nahshoni E, Weizman A, Leibovici L. Thyroxine-
triiodothyronine combination therapy versus thyroxine monotherapy for
clinical hypothyroidism: meta-analysis of randomized controlled trials. J Clin
Endocrinol Metab. 2006;91(7):2592–9.

33. Escobar-Morreale HF, Botella-Carretero JI, Escobar del Rey F, Morreale de
Escobar G. REVIEW: treatment of hypothyroidism with combinations of
levothyroxine plus liothyronine. J Clin Endocrinol Metab. 2005;90(8):4946–54.

34. Joffe RT, Brimacombe M, Levitt AJ, Stagnaro-Green A. Treatment of clinical
hypothyroidism with thyroxine and triiodothyronine: a literature review and
metaanalysis. Psychosomatics. 2007;48(5):379–84.

35. Ma C, Xie J, Huang X, Wang G, Wang Y, Wang X, Zuo S. Thyroxine alone or
thyroxine plus triiodothyronine replacement therapy for hypothyroidism.
Nucl Med Commun. 2009;30(8):586–93.

36. Panicker V, Saravanan P, Vaidya B, Evans J, Hattersley AT, Frayling TM, Dayan
CM. Common variation in the DIO2 gene predicts baseline psychological
well-being and response to combination thyroxine plus triiodothyronine
therapy in hypothyroid patients. J Clin Endocrinol Metab. 2009;94(5):1623–9.

37. Appelhof BC, Peeters RP, Wiersinga WM, Visser TJ, Wekking EM, Huyser J,
Schene AH, Tijssen JG, Hoogendijk WJ, Fliers E. Polymorphisms in type 2
deiodinase are not associated with well-being, neurocognitive functioning,
and preference for combined thyroxine/3,5,3′-triiodothyronine therapy. J
Clin Endocrinol Metab. 2005;90(11):6296–9.

38. Carlé A, Faber J, Steffensen R, Laurberg P, Nygaard B. Hypothyroid patients
encoding combined MCT10 and DIO2 gene polymorphisms may prefer L-
T3 + L-T4 combination treatment - data using a blind, randomized, clinical
study. Eur Thyroid J. 2017;6(3):143–51.

39. Wouters HJ, van Loon HC, van der Klauw MM, Elderson MF, Slagter SN,
Kobold AM, Kema IP, Links TP, van Vliet-Ostaptchouk JV, Wolffenbuttel BH.
No effect of the Thr92Ala polymorphism of Deiodinase-2 on thyroid hormone
parameters, health-related quality of life, and cognitive functioning in a large
population-based cohort study. Thyroid. 2017;27(2):147–55.

40. Burch HB, Burman KD, Cooper DS, Hennessey JV. A 2013 survey of clinical
practice patterns in the management of primary hypothyroidism. J Clin
Endocrinol Metab. 2014;99(6):2077–85.

41. de Jong NW, Baljet GM. Use of t4, t4 + t3, and t3 in the dutch population in
the period 2005-2011. Eur Thyroid J. 2012;1(2):135–6.

42. Leese GP, Soto-Pedre E, Donnelly LA. Liothyronine use in a 17 year observational
population-based study - the tears study. Clin Endocrinol. 2016;85(6):918–25.

43. Michaelsson LF, Medici BB, la Cour JL, Selmer C, Røder M, Perrild H, Knudsen
N, Faber J, Nygaard B. Treating hypothyroidism with thyroxine/triiodothyronine

combination therapy in Denmark: following guidelines or following trends?
Eur Thyroid J. 2015;4(3):174–80.

44. Leese GP, Flynn RV, Jung RT, Macdonald TM, Murphy MJ, Morris AD.
Increasing prevalence and incidence of thyroid disease in Tayside, Scotland:
the Thyroid Epidemiology Audit and Research Study (TEARS). Clin
Endocrinol. 2008;68(2):311–6.

45. Mandel SJ, Brent GA, Larsen PR. Levothyroxine therapy in patients with
thyroid disease. Ann Intern Med. 1993;119(6):492–502.

46. Singer PA, Cooper DS, Levy EG, Ladenson PW, Braverman LE, Daniels G,
Greenspan FS, McDougall IR, Nikolai TF. Treatment guidelines for patients
with hyperthyroidism and hypothyroidism. Standards of Care Committee,
American Thyroid Association. JAMA. 1995;273(10):808–12.

47. Canaris GJ, Manowitz NR, Mayor G, Ridgway EC. The Colorado thyroid
disease prevalence study. Arch Intern Med. 2000;160(4):526–34.

48. Parle JV, Franklyn JA, Cross KW, Jones SR, Sheppard MC. Thyroxine prescription in
the community: serum thyroid stimulating hormone level assays as an indicator
of undertreatment or overtreatment. Br J Gen Pract. 1993;43(368):107–9.

49. Wartofsky L, Dickey RA. The evidence for a narrower thyrotropin reference
range is compelling. J Clin Endocrinol Metab. 2005;90(9):5483–8.

50. Andersen S, Pedersen KM, Bruun NH, Laurberg P. Narrow individual variations
in serum T(4) and T(3) in normal subjects: a clue to the understanding of
subclinical thyroid disease. J Clin Endocrinol Metab. 2002;87(3):1068–72.

51. Surks MI, Goswami G, Daniels GH. The thyrotropin reference range should
remain unchanged. J Clin Endocrinol Metab. 2005;90(9):5489–96.

52. Walsh JP, Ward LC, Burke V, Bhagat CI, Shiels L, Henley D, Gillett MJ, Gilbert
R, Tanner M, Stuckey BG. Small changes in thyroxine dosage do not
produce measurable changes in hypothyroid symptoms, well-being, or
quality of life: results of a double-blind, randomized clinical trial. J Clin
Endocrinol Metab. 2006;91(7):2624–30.

53. Somers EC, Thomas SL, Smeeth L, Hall AJ. Are individuals with an autoimmune
disease at higher risk of a second autoimmune disorder? Am J Epidemiol.
2009;169(6):749–55.

54. Boelaert K, Newby PR, Simmonds MJ, Holder RL, Carr-Smith JD, Heward JM,
Manji N, Allahabadia A, Armitage M, Chatterjee KV, et al. Prevalence and
relative risk of other autoimmune diseases in subjects with autoimmune
thyroid disease. Am J Med. 2010;123(2):183.e181-189.

55. Weetman AP. Diseases associated with thyroid autoimmunity: explanations
for the expanding spectrum. Clin Endocrinol. 2011;74(4):411–8.

56. Engum A, Bjøro T, Mykletun A, Dahl AA. Thyroid autoimmunity, depression
and anxiety; are there any connections? An epidemiological study of a large
population. J Psychosom Res. 2005;59(5):263–8.

57. Pop VJ, Maartens LH, Leusink G, van Son MJ, Knottnerus AA, Ward AM,
Metcalfe R, Weetman AP. Are autoimmune thyroid dysfunction and
depression related? J Clin Endocrinol Metab. 1998;83(9):3194–7.

58. Ott J, Promberger R, Kober F, Neuhold N, Tea M, Huber JC, Hermann M.
Hashimoto’s thyroiditis affects symptom load and quality of life unrelated to
hypothyroidism: a prospective case-control study in women undergoing
thyroidectomy for benign goiter. Thyroid. 2011;21(2):161–7.

59. Lucke C, Hehrmann R, von Mayersbach K, von zur Mühlen A. Studies on
circadian variations of plasma TSH, thyroxine and triiodothyronine in man.
Acta Endocrinol. 1977;86(1):81–8.

60. Weeke J, Gundersen HJ. Circadian and 30 minutes variations in serum
TSH and thyroid hormones in normal subjects. Acta Endocrinol.
1978;89(4):659–72.

61. Balsam A, Dobbs CR, Leppo LE. Circadian variations in concentrations of plasma
thyroxine and triiodothyronine in man. J Appl Physiol. 1975;39(2):297–9.

62. Russell W, Harrison RF, Smith N, Darzy K, Shalet S, Weetman AP, Ross RJ.
Free triiodothyronine has a distinct circadian rhythm that is delayed but
parallels thyrotropin levels. J Clin Endocrinol Metab. 2008;93(6):2300–6.

63. Saravanan P, Siddique H, Simmons DJ, Greenwood R, Dayan CM. Twenty-four
hour hormone profiles of TSH, Free T3 and free T4 in hypothyroid patients on
combined T3/T4 therapy. Exp Clin Endocrinol Diabetes. 2007;115(4):261–7.

64. Saberi M, Utiger RD. Serum thyroid hormone and thyrotropin
concentrations during thyroxine and triiodothyronine therapy. J Clin
Endocrinol Metab. 1974;39(5):923–7.

65. Jonklaas J, Burman KD. Daily administration of short-acting liothyronine is
associated with significant triiodothyronine excursions and fails to alter
thyroid-responsive parameters. Thyroid. 2016;26(6):770–8.

66. Leggio GM, Incognito T, Privitera G, Marano MR, Drago F. Comparative
bioavailability of different formulations of levothyroxine and liothyronine in
healthy volunteers. J Endocrinol Investig. 2006;29(11):RC35–8.

Dayan and Panicker Thyroid Research  (2018) 11:1 Page 10 of 11



67. Fadeyev VV, Morgunova TB, Sytch JP, Melnichenko GA. TSH and thyroid
hormones concentrations in patients with hypothyroidism receiving
replacement therapy with L-thyroxine alone or in combination with L-
triiodothyronine. Hormones (Athens). 2005;4(2):101–7.

68. Yavuz S, Linderman JD, Smith S, Zhao X, Pucino F, Celi FS. The dynamic
pituitary response to escalating-dose TRH stimulation test in hypothyroid
patients treated with liothyronine or levothyroxine replacement therapy.
J Clin Endocrinol Metab. 2013;98(5):E862–6.

69. Cheng S-Y, Leonard JL, Davis PJ. Molecular aspects of thyroid hormone actions.
Endocr Rev. 2010;31(2):139–70.

70. Hennemann G, Docter R, Visser TJ, Postema PT, Krenning EP. Thyroxine plus
low-dose, slow-release triiodothyronine replacement in hypothyroidism:
proof of principle. Thyroid. 2004;14(4):271–5.

71. Wartofsky L. Combined levotriiodothyronine and levothyroxine therapy for
hypothyroidism: are we a step closer to the magic formula? Thyroid.
2004;14(4):247–8.

72. Boulton DW, Fawcett JP, Woods DJ. Stability of an extemporaneously
compounded levothyroxine sodium oral liquid. Am J Health Syst Pharm.
1996;53(10):1157–61.

73. Jha S, Waghdhare S, Reddi R, Bhattacharya P. Thyroid storm due to inappropriate
administration of a compounded thyroid hormone preparation successfully
treated with plasmapheresis. Thyroid. 2012;22(12):1283–6.

74. Bains A, Brosseau AJ, Harrison D. Iatrogenic thyrotoxicosis secondary to
compounded liothyronine. Can J Hosp Pharm. 2015;68(1):57–9.

75. Pappy AL, Oyesiku N, Ioachimescu A. Severe TSH elevation and pituitary
enlargement after changing thyroid replacement to compounded T4/T3
therapy. J Investig Med High Impact Case Rep. 2016;4(3):2324709616661834.

76. Escobar-Morreale HF, del Rey FE, Obregón MJ, de Escobar GM. Only the
combined treatment with thyroxine and triiodothyronine ensures euthyroidism
in all tissues of the thyroidectomized rat. Endocrinology. 1996;137(6):2490–502.

77. Celi FS, Zemskova M, Linderman JD, Babar NI, Skarulis MC, Csako G, Wesley
R, Costello R, Penzak SR, Pucino F. The pharmacodynamic equivalence of
levothyroxine and liothyronine: a randomized, double blind, cross-over
study in thyroidectomized patients. Clin Endocrinol. 2010;72(5):709–15.

78. Flynn RW, Bonellie SR, Jung RT, MacDonald TM, Morris AD, Leese GP. Serum
thyroid-stimulating hormone concentration and morbidity from
cardiovascular disease and fractures in patients on long-term thyroxine
therapy. J Clin Endocrinol Metab. 2010;95(1):186–93.

79. Hennessey JV. Historical and current perspective in the use of thyroid extracts
for the treatment of hypothyroidism. Endocr Pract. 2015;21(10):1161–70.

80. Penny R, Frasier SD. Elevated serum concentrations of triiodothyronine in
hypothyroid patients. Values for patients receiving USP thyroid. Am J Dis
Child. 1980;134(1):16–8.

81. LeBoff MS, Kaplan MM, Silva JE, Larsen PR. Bioavailability of thyroid hormones
from oral replacement preparations. Metabolism. 1982;31(9):900–5.

82. Lev-Ran A. Part-of-the-day hypertriiodothyroninemia caused by desiccated
thyroid. JAMA. 1983;250(20):2790–1.

83. Smith SR. Desiccated thyroid preparations. Obsolete therapy. Arch Intern
Med. 1984;144(5):926–7.

84. Shrestha RT, Malabanan A, Haugen BR, Levy EG, Hennessey JV. Adverse
event reporting in patients treated with thyroid hormone extract. Endocr
Pract. 2017;23(5):566–75.

85. Jackson IM, Cobb WE. Why does anyone still use desiccated thyroid USP?
Am J Med. 1978;64(2):284–8.

86. Surks MI, Schadlow AR, Oppenheimer JH. A new radioimmunoassay for
plasma L-triiodothyronine: measurements in thyroid disease and in patients
maintained on hormonal replacement. J Clin Invest. 1972;51(12):3104–13.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Dayan and Panicker Thyroid Research  (2018) 11:1 Page 11 of 11


	Abstract
	Background
	Main body
	Conclusion

	Background
	Thyroid hormone replacement
	Current practice
	Patient selection
	Collect evidence that there is thyroid dysfunction
	Ensure adequate dose of LT4 has been used
	Exclude co-morbidities
	Be aware of psychological comorbidities
	Exclusions
	Not currently useful

	Pharmacology and formulations
	Dosage
	Length of trial
	Monitoring
	Safety
	Cost
	Dessicated thyroid extract
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References



