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Abstract Levothyroxine (L-T4) is recommended as life-
long replacement therapy for hypothyroidism. Recent clini-
cal and experimental data support the addition of levotriio-
dothyronine (L-T3) treatment in some selected hypothyroid
patients when their symptoms persist and their quality of
life remains impaired despite adequate L-T4 monother-
apy. An increase in L-T3 prescriptions has been recently
observed in Italy due to availability of different L-T3 for-
mulations, making it possible to clinicians to prescribe
L-T3 alone or in combination with L-T4. The aim of the
present position statement was to define the correct clinical
indications, schedule, duration of treatment and contrain-
dications of combined treatment with L-T4 and L-T3 in
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to avoid potential adverse effects of overtreatment.
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Introduction

Primary overt hypothyroidism is an insidious condition
occurring in 1-2 % of individuals residing in iodine-replete
populations, more frequently in the elderly and about eight-
fold to tenfold more commonly in women than in men
[1-3]. Overt hypothyroidism is characterized by increased
serum thyroid-stimulating hormone (TSH) and decreased
serum free thyroxine (FT4) concentrations [1, 2]. Serum
total or free triiodothyronine (TT3 or FT3) levels may also
be low when thyroid hormone deficiency is more severe [,
2]. The most frequent cause of spontaneous hypothyroidism
in the adult is chronic autoimmune thyroiditis; additionally,
hypothyroidism usually occurs after radioiodine treatment
or thyroidectomy, may develop following external irradia-
tion of the head and neck, or be drug-induced [1, 2].

Because hypothyroidism is the consequence of an
impaired or totally abolished thyroid hormone produc-
tion, hormone replacement therapy is needed to correct
the negative consequences of untreated hypothyroidism
on the cardiovascular system (increased risk of atheroscle-
rosis, coronary heart disease, heart failure and ventricular
arrhythmias) [1, 4-7] and to control systemic manifesta-
tions of thyroid hormone deficiency. Even if the thyroid
gland secretes two hormones (T4 and, to a lesser extent,
T3), and T3 is the active form in thyroid hormone-depend-
ent peripheral tissues, only levothyroxine (L-T4) is gen-
erally used to treat hypothyroidism [2, 8-10]. The large
majority (about 85-90 %) of L-T4-treated patients are clin-
ically and biochemically euthyroid and have a good quality
of life [2, 8—10]. However, some clinical and experimental
data have recently suggested that the addition of levotriio-
dothyronine (L-T3) treatment may be beneficial in a subset
of patients when their symptoms persist and quality of life
is impaired despite adequate doses of L-T4 [10, 11].

Need for clinical practice guidelines
on combination treatment with L-T4 and L-T3

Because some patients may still feel “always tired” and,
more generally “dissatisfied” on appropriate L-T4 replace-
ment [9-11], and clinicians may not offer an acceptable
alternative, patients may look for a solution on the Web
(see, e.g., www.stopthethyroidmadness.com). Web sites
often suggest the use of thyroid L-T3 or thyroid extracts as
an alternative to L-T4 for hypothyroidism, but this uncon-
trolled therapy may be responsible for adverse events and
complications [8—11].

Both the American Thyroid Association (ATA) and
the European Thyroid Association (ETA) have recently
revised their guidelines for treatment of hypothyroidism
[8-10]. In Europe, available information shows that L-T3

@ Springer

represents 0.3 % of thyroid hormone prescriptions in the
UK [12] and 8.9 % in Germany [13]. Similar findings
have been observed in Italy [14]. For all the above-men-
tioned reasons, the Italian Society of Endocrinology (SIE)
and the Italian Thyroid Association (AIT) have deemed
it necessary to contribute an official position statement
in order to establish the correct clinical indications,
schedule, duration of treatment and contraindications of
combined treatment with L-T4 and L-T3 in hypothyroid
patients in an attempt to guide clinicians and to avoid
potential adverse effects of overtreatment. The two socie-
ties selected a task force of experts to prepare the docu-
ment. Each panel member worked without any financial
or commercial support.

Literature search

The major source of data acquisition includes PubMed
search. We searched for published reports using the search
terms: hypothyroidism, replacement therapy with levothy-
roxine and treatment with levothyroxine and levotriiodo-
thyronine. We added the search records from personal files,
references of relevant articles, chapters of major textbooks
and review article. The task force assessed study designs,
the quality and consistency of the results and the statistical
analysis used to evaluate the effects of replacement therapy
in hypothyroid patients. The preference was given to ran-
domized controlled trials. Review article, expert opinions
and previous guidelines were also considered.

Evaluation system and grading
for recommendations

Similarly to previous guidelines, the task force rated the
recommendations according to the GRADE system [15].
Level 1 was considered a strong recommendation (for or
against), while level 2 a weak recommendation [15].

The quality of the evidence that led to a specific rec-
ommendation was rated as follows: +++ (high, level A),
+-+0 (moderate, level B) and 400 (low, level C) [15].

Thyroid hormone action and metabolism

Thyroid hormones regulate the development and main-
tenance of the neurocognitive function and of the cardio-
vascular and musculoskeletal system [1, 4, 5]. In addition,
they control kidney function, skeletal growth, bone turno-
ver, glucose metabolism, serum lipids, body weight, mood
and fertility [2]. Thyroid hormone production is regulated
by a complex interaction between the release of thyroid
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hormones to the periphery and the central hypothalamic-
pituitary control through a negative feedback loop [11].
Under normal conditions, serum thyroid hormone con-
centrations result from a dynamic equilibrium between
production and secretion of T4 and T3 from the thyroid
gland, utilization and catabolism of thyroid hormones, and
peripheral conversion of the pro-hormone T4 into the active
metabolite T3 or into the inactive reverse T3 by deiodinases
[11, 16, 17]. T3 is the biologically active thyroid hormone
that binds to thyroid hormone receptors. In healthy individ-
uals, every day 20 % of T3 production derives from direct
secretion from the thyroid gland, whereas 80 % is gener-
ated in peripheral tissues by monodeiodination of T4 [16].

Available thyroid hormone formulations:
pharmacokinetics and pharmacodynamics

L-T4

L-T4 is the current standard treatment for hypothyroid-
ism [8-11, 14]. The daily dose required to normalize
serum TSH depends on several factors, including severity
of hypothyroidism, patient age, gender, body mass index,
pregnancy and concomitant pathological conditions [2].
The half-life of L-T4 is approximately 7 days, with mini-
mal variations in serum thyroid hormone concentrations
following a single therapeutic dose [11]. Only a mod-
est 16 % increase in serum FT4 levels (with no change
in serum FT3) can be observed in the first 4 h after L-T4
administration [11]. Therefore, L-T4 is safe, well tolerated
and usually associated with a good patient compliance [2,
8-11, 14].

In Italy different formulations of L-T4 are available in
the form of tablets, oral liquid solutions or soft gelatin cap-
sules [14]. These formulations are therapeutically equiva-
lent by pharmacokinetic analysis [2, 14], although oral
liquid and soft gel preparations have a different dissolution
and absorption profile [2, 14]. The latter may be useful in
patients with malabsorption, lactose intolerance or under
treatment with drugs interfering with L-T4 absorption [2,
14, 18].

L-T4 has a narrow therapeutic index with potential
clinical consequences after small changes in the daily
dose [2]. Variability in dosage, due to poor interchange-
ability or different absorption profile, may be dangerous,
especially in vulnerable populations of patients (children,
pregnant women, elderly patients and those with co-
morbidities) who require an accurate dosage of the drug
[19, 20] because subclinical hyper- and hypothyroidism
may lead to adverse cardiovascular effects, osteoporosis
and cognitive dysfunction [5]. Patients and physicians
should be aware of the possible consequences of a change

in L-T4 dose by switching between different commercial
formulations to avoid potential adverse events [2].

Recommendation 1 on L-T4 therapy (1/4+++)

e [-T4 therapy should be considered the standard treat-
ment for patients with hypothyroidism, based on its
documented efficacy, long-term experience, favorable
biochemical profile and low cost;

e The goal of L-T4 therapy is to restore clinical and bio-
chemical euthyroidism;

e Undertreatment and overtreatment with L-T4 should be
avoided due to documented detrimental effects.

Recommendation 2 on the evaluation of TSH
fluctuations during L-T4 monotherapy (1/4+++)

e Patients, especially those in certain clinical situations
(severe hypothyroidism, childhood, pregnancy, old age,
thyroid cancer, heart or bone disease), should be advised
to avoid switching between different L-T4 formulations;

e Patients should consult their physician if symptoms pos-
sibly related to under- or overtreatment occur;

e Inadequate or incorrect L-T4 dosage and/or adminis-
tration, interferences related to drugs administered for
concomitant illnesses and L-T4 malabsorption should
be investigated in patients with persistently high serum
TSH despite theoretically adequate dose of L-T4.

Thyroid hormone preparations other than L-T4

Other thyroid hormone preparations are commercially
available. They include: (A) thyroid extract preparation;
(B) L-T3 preparations; (C) preparations containing a mix-
ture of L-T4 and L-T3.

Desiccated thyroid extract

Thyroid extract preparations contain a combination of T4
and T3 in a ratio of twofold-to-threefold higher than that
found in human thyroid, as well as other iodinated com-
pounds [2]. They are of animal origin and may be anti-
genic [2]. Some of these preparations may be appealing
for patients because they are presented as more natural,
physiological and more efficient than synthetic products.
Although some patients prefer thyroid extracts [21], these
preparations may account for important adverse events and
should, therefore, be avoided [2, 8—10]. Desiccated thyroid
extracts of animal origin are not available in Europe, but
synthetic preparations, dietary supplementations and nutra-
ceuticals can be easily found and ordered on homeopathic
websites. These drugs may be inappropriately advised for
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weight loss or improvement of symptoms of hypothyroid-
ism or depression in euthyroid subjects [2].

Recommendation 3 on thyroid extracts,
iodine-containing preparations, dietary
supplementations and nutraceuticals (1/4+++)

e The routine use of thyroid extracts, iodine-containing
preparations, dietary supplementations and nutraceu-
ticals is not recommended in hypothyroid patients,
because these compounds may result in high serum T3
levels and thereby cause symptoms of thyrotoxicosis;

e Thyroid hormone therapy, iodine-containing prepara-
tions, dietary supplementations and nutraceuticals are
not recommended in euthyroid individuals with symp-
toms of hypothyroidism, in obese or depressed patients.

L-T3

The pharmacokinetic characteristics of L-T3 remark-
ably differ from those of L-T4 [11, 22, 23]. Both drugs
are absorbed in the upper gastrointestinal tract, although
only 70 % of administered L-T4 is absorbed while L-T3
is virtually completed absorbed. Their absorption requires
an acid stomach environment for optimal absorption [22,
23]. However, the half-life of L-T3 is much shorter, and the
administration of L-T3 results in significant fluctuations in
serum TSH, TT3 and FT3 levels with once daily admin-
istration [24]. Even a twice daily administration would
result in unacceptable peaks of serum T3 with an approxi-
mately 40 % increase in serum FT3 concentrations within
the first 4-h after L-T3 administration [23]. Only a thrice
daily administration regimen or an extended release L-T3
formulation could provide acceptable serum T3 through-
out the 24-h period [23]. Interestingly, pharmacoequivalent
doses of L-T4 and L-T3 resulting in superimposable serum
TSH levels may be associated with differential responses at
the end organ levels, suggesting a distinct tissue pharmaco-
dynamics response [23]. Compared to L-T4 monotherapy
in equivalent doses, three daily administration of L-T3
therapy may induce significant weight loss, cholesterol
decrease and increase in sex hormone binding globulin lev-
els, suggesting relevant peripheral metabolic effects [23].
Hyperthyroid symptoms may increase significantly after
L-T3 administration [24], and persistently elevated serum
TT3 and FT3 levels may be a risk factor for the develop-
ment of atrial arrhythmias and progression of acute myo-
cardial ischemia [25, 26]. No long-term prospective stud-
ies have assessed cardiovascular morbidity and mortality
during treatment with L-T3. Just one recent retrospective
study has reported that the long-term use of L-T3 is not
an additional risk factor for atrial fibrillation, cardiovas-
cular disease or fractures in young hypothyroid patients

@ Springer

compared to the long-standing use of L-T4 in older patients
[27]; however, a significant increased prescription of antip-
sychotic medication and a trend toward an increased risk
of breast cancer have been observed [27]. Therefore, for
the time being, the clinical use of L-T3 as monotherapy is
not advisable and is only indicated in patients with differ-
entiated thyroid cancer during preparation for radioiodine
therapy in order to avoid the adverse effects of prolonged
hypothyroidism [2, 8—11].

Recommendation 4 on L-T3 as monotherapy (1/+++)

e The use of L-T3 as monotherapy is not recommended
because of its pharmacokinetic profile which results in
a relatively short half-life and in wide non-physiological
fluctuations in serum TSH and TT3 or FT3 levels;

e Monotherapy with L-T3 may be associated with symp-
toms of thyroid hormone excess and potential adverse
events;

e [.-T3 should be reserved for specific conditions such as
short-term therapy in patients with differentiated thyroid
cancer before radioiodine therapy to reduce the duration
of hypothyroidism.

Preparations with a mixture of L-T4 and L-T3

In Italy, some commercially available tablets contain a mix-
ture of synthetic L-T4 and L-T3 doses. They do not provide
a correct physiological ratio of the two hormones [11].

Recommendation 5 on tablets containing a fixed
combination of L-T4 and L-T3 (1/400)

e Fixed-combination products containing a mixture of
synthetic L-T4 and L-T3 doses should be avoided
because their fixed ratio do not allow clinicians to per-
sonalize the combined treatment;

e Separate preparations of L-T4 and L-T3 should be used
in hypothyroid patients in which combined treatment is
indicated.

Effects of combined therapy with L-T4 + L-T3
Experimental evidence

Normal serum T3 concentrations do not necessarily reflect
the intracellular T3 content in all tissues because it does
not account for the intracellular production and inactiva-
tion of T3 via the deiodinase pathways [11, 17]. In experi-
mental studies, hypothyroid rats were infused with either
L-T4 or L-T4 + L-T3 and serum and tissue levels of T4
and T3 were measured [28, 29]. No single dose of L-T4
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over a wide range could normalize T3 levels simultane-
ously in plasma and all tissues, except for the brain due
to its highly efficient D2 activity [28, 29]. Only the com-
bined therapy with L-T4 4 L-T3, in spite of a lower total
L-T4 dose, normalized serum and tissue T3 levels, thus
indicating that L-T4-treated rats still had tissue hypothy-
roidism [28]. The increased sensitivity of the hypothala-
mus to plasma T4 levels may explain why TSH is normal-
ized, despite relatively lower levels of serum T3 [17]. A
recent animal study confirmed that thyroidectomized rats
have low levels of serum T3 and a high T4/T3 ratio dur-
ing L-T4 monotherapy [30]. In addition, tissue markers
of T3-responsiveness, such as mitochondrial content and
a-glycerophosphate dehydrogenase activity, as well serum
cholesterol levels were normalized only in rats receiving
combination therapy [30]. Therefore, these studies in the
animal models suggest that L-T4 replacement therapy
resulting in a high ratio of T4 to T3 and low serum levels
of T3 is associated with tissue hypothyroidism, especially
at the level of liver and skeletal muscles. Combined ther-
apy with L-T4 and L-T3 normalizes tissue and circulating
T3 with lower doses of L-T4.

Clinical evidence

Despite restoration of biochemical euthyroidism (normal
serum TSH, FT4 and FT3 concentrations), about 15 % of
L-T4-treated patients do not reach clinical euthyroidism
and continue to complain of symptoms, including difficulty
to lose weight, fatigue or chronic malaise, impaired psy-
chological well-being, depression or anxiety. Three large
community-based studies reported only a partial recovery
of neurocognitive function and psychological well-being in
hypothyroid patients treated with L-T4, despite TSH nor-
malization [31-33]. The origin of these symptoms may
be different in patients with autoimmune hypothyroidism
compared to postsurgical hypothyroidism. Patients with
chronic autoimmune thyroiditis may have more residual
thyroid tissue that could secrete thyroid hormone (includ-
ing T3), and their symptoms might be related to the under-
lying autoimmune condition [10, 11]. Conversely, in ath-
yreotic patients the lack of the 20 % T3 of thyroidal origin
might not be compensated by an increased peripheral deio-
dination of T4 during L-T4 monotherapy [10, 11].

Despite these premises, the majority of clinical trials
failed to demonstrate an objective benefit of combination
therapy. Three recent meta-analyses of available randomized
clinical trials showed no difference in the effectiveness of
monotherapy versus combined therapy with regard to bod-
ily pain, depression, anxiety, fatigue, quality of life, body
weight, serum lipids psychological and physical well-being,
psychiatric symptoms and adverse events [34-36]. Three
additional randomized clinical trials were published after

these meta-analyses [37-39]. The conclusions were similar,
except for a Danish study showing that, despite similar TSH
levels, L-T4 4 L-T3 combination therapy was better than
L-T4 monotherapy in terms of quality of life and depression
scores [37]. The results of five crossover studies were evalu-
ated to assess the patient preference for combined therapy
versus monotherapy [37, 40-43]. About 48 % of the patients
expressed preference for the combined therapy [44]. Similar
findings (47 %) were reported in another study with a paral-
lel design [45]. Weight loss might explain the patients’ pref-
erence for combination therapy in some trials.

Relevant methodological limitations of the available
literature data include: (1) small sample size; (2) lack of
homogeneity in the population of hypothyroid patients
in terms of etiology and severity of hypothyroidism; (3)
large variation in the T4/T3 ratio administered usually
with a higher ratio than that recommended; (4) low sen-
sitivity of some peripheral parameters of thyroid hormone
action; (5) brief duration of combination therapy with the
possibility of a carryover effect in the trials with a crosso-
ver design [11].

Therefore, it is presently unsettled whether L-T4 + L-T3
combination therapy offers a true advantage over L-T4
monotherapy in terms of improvement of residual symp-
toms or tissue-specific markers in adult patients with
hypothyroidism. Similarly, due to the few available stud-
ies, there is no evidence that combined therapy with L-T
4 and L-T 3 is more beneficial than treatment with L-T4
alone in patients with subclinical hypothyroidism, infants
and young children [2].

Both ETA and ATA guidelines strongly recommend that
L-T4 monotherapy remains the therapy of choice in hypo-
thyroidism because of insufficient evidence of the supe-
riority of combination treatment [8—10]. We agree with
this position and support the view that, for the time being,
L-T4 + L-T3 combined therapy may offer some beneficial
advantage in a small subset of patients.

Recommendation 6 on the use of combined therapy
with L-T4 + L-T3 therapy in persistently symptomatic
patients with overt hypothyroidism: (2 + 00)

e The routine use of L-T4 + L-T3 combination therapy
is not recommended in adult hypothyroid patients due
to the insufficient evidence from the available controlled
trials and meta-analyses;

e Screening for other autoimmune disorders (such Addi-
son’s disease or pernicious anemia) may be considered
in selected patients with autoimmune hypothyroidism
and persistent non-specific symptoms during L-T4 mon-
otherapy;

e [-T4/L-T3 therapy may be considered as an “experi-
mental approach” in overt hypothyroid patients who
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have persistent symptoms despite adequate L-T4 doses
resulting in biochemical euthyroidism after exclusion of
other specific causes for persistent symptoms. This rec-
ommendation is not based on evidence-based data;

e Combined treatment should be discontinued in the
absence of clinical improvement;

e Combined therapy is not indicated in patients with sub-
clinical hypothyroidism;

e Treatment with L-T4 4+ L-T3 is not recommended in
pregnant women and children.

Rationale for combined therapy after total
thyroidectomy

The peripheral T4-to-T3 conversion should be sufficient
for a normal T3 production during L-T4 monotherapy also
in athyreotic patients after thyroidectomy [2]. However,
recent data support that athyreotic individuals may have
subnormal serum T3 levels, despite normal serum TSH
levels and relatively higher serum FT4 [11]. A higher FT4-
to-FT3 ratio is necessary to achieve normal postoperative
T3 levels in patients on L-T4 monotherapy compared with
their preoperative values [46]. In a large cross-sectional
study of 1811 athyreotic patients, normal TSH levels dur-
ing L-T4 replacement were associated with free T4 levels
above the upper normal limit in 7.2 % of cases, subnor-
mal free T3 levels in 15.2 % and reduced FT3/FT4 ratio
in 29.6 % compared to 3.875 euthyroid controls [47]. The
FT4/FT3 ratio increased with increasing L-T4 dose, and
the widely variable ratio showed a great heterogeneity of
peripheral T3 production in athyreotic individuals [47].
Higher FT4, lower FT3 levels and lower FT3/FT4 ratio
during treatment with L-T4 were found after total thy-
roidectomy than after partial thyroidectomy [48, 49], sug-
gesting that T3 production by the remnant thyroid tissue
is important to maintain normal postoperative serum T3
levels. It is, however, still unclear whether the relatively
lower serum T3 levels in athyreotic patients are clinically
relevant and play a causal or a contributing role in the per-
sistence of hypothyroid or non-specific symptoms during
L-T4 monotherapy.

Recommendation 7 on combined L-T4 + L-T3 therapy
in thyroidectomized patients: (2 + 00)

e Combined treatment is not indicated in patients with
residual thyroid tissue after partial thyroidectomys;

e Although there is insufficient evidence to recommend
monitoring serum TT3 or FT3 levels in hypothyroid
patients during L-T4 monotherapy, serum TT3 or FT3
evaluation and free T4/free T3 ratio should be assessed
in athyreotic patients remaining symptomatic during
L-T4 therapy;

@ Springer

e Combined therapy may be indicated in thyroidecto-
mized adult patients with persistent symptoms of hypo-
thyroidism and postoperative serum T3 levels and FT3/
FT4 ratio lower than their preoperative values during
L-T4 monotherapy;

e The L-T4 4 L-T3 dose ratio during combined therapy
should be between 13:1 and 20:1 by weight. To avoid
potential adverse events the starting ratio should be
about 17:1;

e [-T4 should be administered once daily, whereas L-T3
preferably twice daily.

Rationale for TSH-suppressive therapy
with L-thyroxine in thyroidectomized patients

In some studies, clinical symptoms improved only when
serum TSH was suppressed [50]. Small increases in L-T4
dosage close to TSH suppression could increase resting
energy expenditure and reduce fat mass in hypothyroid
patients [51]. However, other studies did not show during
TSH suppression significant differences in clinical vari-
ables such as hypothyroid symptoms, well-being or qual-
ity of life, lipid profile and body composition [52, 53].
Moreover, low or suppressed serum TSH during replace-
ment L-T4 therapy and high FT4 levels are associated with
an increased risk of detrimental effects on bone and heart
[54]. Initial TSH suppression <0.1 mIU/L is recommended
in high-risk thyroid cancer patients only [54, 55]. For
intermediate-risk thyroid cancer patients, initial TSH sup-
pression between 0.1 and 0.5 mIU/L is recommended [54,
55]. TSH-suppressive therapy with L-T4 is not indicated in
patients with a low risk of thyroid cancer progression [54,
55].

Recommendation 8 on TSH-suppressive therapy
in thyroidectomized patients: (1 4+ 00)

e Combined therapy is not indicated in high-risk patients
with differentiated thyroid cancer. TSH suppression
with L-T4 is recommended,;

e TSH-suppressive therapy with L-T4 is not indicated in
patients with differentiated thyroid cancer with a low
risk of cancer progression and in those with a high and
intermediate risk of adverse effects;

e High FT4 levels should be avoided in elderly patients
receiving long-term L-T4 therapy, independent of the
serum TSH value.

Potential adverse events during combined therapy
with L-T4 and L-T3

Only a few studies have assessed the cardiovascular and
bone effects of combined L-T4 4 L-T3 therapy [11]. The
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presence of atrial arrhythmias has been reported in over-
treated patients during L-T3 treatment [25]. Potential
adverse events of combined therapy should be further clari-
fied. Future large prospective randomized controlled trials
will be necessary to establish the potential effects of com-
bination treatment on bone and heart and the optimal T4/T3
ratio that could avoid the potential adverse effects of T3 on
heart rate and arrhythmias.

Recommendation 9 on potential adverse effects
of combined therapy (1/4-00)

e Treatment with L-T4 and L-T3 is contraindicated
in patients with underlying heart disease, in elderly
patients and in those with a history of arrhythmias and
chronic ischemic heart disease;

e Combined therapy is contraindicated and L-T4 mono-
therapy should be administered with caution in patients
with abnormal heart conduction pathways, as demon-
strated at a standard ECG by a shortened P-R interval,
which may help identifying patients predisposed to A-V
nodal tachycardia;

e Combined treatment is only advisable in symptomatic
adult patients with overt hypothyroidism, and this ther-
apy should be monitored to assess compliance and pre-
vent complications;

e Serum TSH and serum FT3 levels should be measured
in the morning before the administration of the daily
dose of L-T4 and L-T3;

e Serum T3, FT3 and FT4 levels should be maintained
within their respective reference range.

e Cardiovascular evaluation and biochemical markers of
osteoporosis should be measured during long-term com-
bined therapy due to the lack of large prospective stud-
ies on the potential adverse events;

e Immediate withdrawal of combined therapy should be
performed in the presence of adverse events. The onset
of atrial arrhythmias or other cardiac events should
prompt specific investigations such as ECG, Holter
ECG and Doppler ecocardiography.

Thr92Ala polymorphism in type 2 deiodinase gene
(DIO2) and response to combined therapy

Another factor associated with a positive response to com-
bination therapy in hypothyroid patients is the Thr92Ala
polymorphism in type 2 deiodinase gene (DIO2) [56].
In a large clinical trial, a common variation in DIO2
(rs225014) was present in 16 % of individuals [56]. This
subpopulation of patients experienced decreased psycho-
logical well-being during L-T4 therapy with an improved

response to L-T4 4+ L-T3 combination therapy [56]. This
polymorphism is also associated with a number of other
metabolic derangements, including insulin resistance and
type 2 diabetes mellitus, and mental and psychological
disorders [57-63]. Although there are data suggesting that
specific polymorphisms of type 2 deiodinase gene might
be associated with therapeutic response to combination
L-T4 + L-T3 therapy, controlled confirmatory studies are
needed.

Patients with polymorphisms in thyroid hormone trans-
porter genes (monocarboxylate transporter 8 and 10, and
organic anion polypeptides [OATP] 1C1), which are essen-
tial for maintaining the circulating and intracellular home-
ostasis of thyroid hormones, may complain fatigue and
depression [64, 65]. While preliminary studies have not yet
shown any effect of combined treatment in these patients,
future studies will be needed to confirm these findings.

Recommendation 10 on genetic testing: (2 + 00)

e Currently, there is insufficient evidence to recommend
genetic testing as a guiding factor in selecting patients
for combined therapy.

Conclusions

L-T4 remains the best and most safe current approach
for treating hypothyroidism. The majority of patients are
satisfied with this long-life treatment when euthyroidism
is reached with L-T4 monotherapy. Management of
patients who are dissatisfied and complain of persistent
symptoms during L-T4 monotherapy remains an unan-
swered dilemma. The benefits of combination therapy
with L-T4 and L-T3 in these patients are still unproven
and should be considered as an experimental approach to
improve their quality of life. Benefits and risks of com-
bined therapy should be further investigated. The risk of
potential adverse effects is particularly increased when
this treatment is inappropriately performed by clinicians
who are not expert. Our position statement is in agree-
ment with both the American Thyroid Association (ATA)
guidelines for the treatment of hypothyroidism and the
European Thyroid Association (ETA) guidelines on use
of L-T4 + L-T3 in the management of hypothyroidism
and clearly recommend L-T4 monotherapy as the treat-
ment of choice for hypothyroidism, while combination
therapy with L-T4 + L-T3 is not routinely proposed.
This is mainly due to the fact that the available studies on
combination therapy evaluated could not insofar provide
a sound support to combination treatment because of
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Table 1 Summary of the recommendations

Recommendations statement strength and level of evidence

Recommendation 1 on L-T4 therapy

Recommendation 2 on the evaluation of TSH fluctuations during
L-T4 monotherapy

Recommendation 3 on thyroid extracts, iodine-containing prepa-
rations, dietary supplementation and nutraceuticals

Recommendation 4 on L-T3 as monotherapy

Recommendation 5 on tables containing a fixed combination of
L-T4 and L-T3

Recommendation 6 on combined L-T4/L-T3 therapy in sympto-
matic patients

Recommendation 8 on TSH-suppressive therapy

Recommendation 9 on potential adverse effects of combined
therapy

Recommendation 10 on genetic testing

Levothyroxine therapy should be considered the routine treatment
of patients with hypothyroidism

The goal of L-T4 therapy is to restore clinical and biochemical
euthyroidism

Undertreatment and overtreatment with L-T4 should be avoided

Patients should be instructed to avoid switching between differ-
ent L-T4 products

Inadequate or incorrect L-T4 dosage and/or administration, inter-
ferences related to drugs administered for concomitant illnesses
and L-T4 malabsorption should be investigated in patients with
persistent TSH increased despite over-replacement dose of
L-T4 according to their body weight

The routine use of thyroid extracts, L-T3 monotherapy, iodine-
containing preparations, dietary supplementation and nutraceu-
ticals is not recommended in the management of hypothyroid-
ism and in euthyroid obese or depressed patients.

The use of L-T3 as monotherapy is not recommended

L-T3 generally should be reserved for specific conditions such as
short-term therapy in patients with differentiated thyroid cancer
before radioiodine therapy

Fixed-combination products containing a mixtures of synthetic
L-T4 and L-T3 should be avoided

The routine use of L-T4 and L-T3 combination therapy is not
recommended in hypothyroid patients, in patients with subclini-
cal hypothyroidism, in pregnant women and in children

L-T4 and L-T3 therapy may be considered as an “experimental
approach” in overt hypothyroid patients with persistent symp-
toms despite biochemical euthyroidism

Combined therapy is not indicated in high-risk patients with dif-
ferentiated thyroid cancer
High FT4 levels should be avoided in elderly patients

Combined therapy is contraindicated in patients with underlying
heart disease, in elderly patients and in patients with a history
of arrhythmias, and chronic ischemic heart disease

Combined therapy is advisable in thyroidectomized patients with
overt hypothyroidism only

Monitoring treatment to assess compliance and to prevent com-
plications is very important

Currently, genetic testing is not recommended as a guide to
selecting patients for combined therapy

/+++)

(U/+++)

(U/+++)

(1/+++)

(1 +00)

(2 + 00)

(2 +00)

(1 + 00)

(2 + 00)

many inconsistencies and discrepancies [1-3]. We hope
that this statement and our recommendations (Table 1)
together with other international guidelines will help
clinicians in the management of some difficult cases of
persistent clinical hypothyroidism despite biochemical
euthyroidism.

Acknowledgments The authors thank Prof. Leonidas Duntas, Uni-
versity of Athens, and Prof. Francesco Celi for their valuable sugges-
tions in the preparation of the manuscript.

Compliance with ethical standards

Conflict of interest The panel members worked on this statement
without any financial or commercial support.

@ Springer

Ethical approval This article does not contain any study with human
participants or animals performed by any of the authors.

Informed consent No informed consent.

References

1. Roberts CG, Ladenson PW (2004) Hypothyroidism. Lancet
363:793-803

2. Biondi B, Wartofsky L (2014) Treatment with thyroid hormone.
Endocr Rev 35:433-512

3. Canaris GJ, Manowitz NR, Mayor G, Ridgway EC (2000) The
Colorado thyroid disease prevalence study. Arch Intern Med
160:526-534



J Endocrinol Invest

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Biondi B, Klein I (2004) Hypothyroidism as a risk factor for car-
diovascular disease. Endocrine 24:1-13

Biondi B, Cooper DS (2008) The clinical significance of subclin-
ical thyroid dysfunction. Endocr Rev 29:76-131

Rodondi N, den Elzen WP, Bauer DC et al (2010) Thyroid stud-
ies collaboration. Subclinical hypothyroidism and the risk of
coronary heart disease and mortality. JAMA 304:1365-1374
Gencer B, Collet TH, Virgini V et al (2012) Thyroid studies col-
laboration. Subclinical thyroid dysfunction and the risk of heart
failure events: an individual participant data analysis from 6 pro-
spective cohorts. Circulation 126:1040-1049

Garber JR, Cobin RH, Gharib H et al (2012) American Associa-
tion of Clinical Endocrinologists and American Thyroid Asso-
ciation taskforce on hypothyroidism in adults. Clinical practice
guidelines for hypothyroidism in adults: cosponsored by the
American Association of Clinical Endocrinologists and the
American Thyroid Association. Thyroid 22:1200-1235

Jonklaas J, Bianco AC, Bauer AJ et al (2014) American Thy-
roid Association task force on thyroid hormone replacement.
Guidelines for the treatment of hypothyroidism: prepared by the
American Thyroid Association Task Force on Thyroid Hormone
Replacement. Thyroid 24:1670-1751

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

Biondi B, Wartofsky L (2012) Combination treatment with T4
and T3: toward personalized replacement therapy in hypothy-
roidism? J Clin Endocrinol Metab 97:2256-2271

Mitchell AL, Hickey B, Hickey JL, Pearce SH (2009) Trends in
thyroid hormone prescribing and consumption in the UK. BMC
Public Health 9:132-211

Hannemann A, Friedrich N, Haring R et al (2010) Thyroid func-
tion tests in patients taking thyroid medication in Germany:
results from the population-based Study of Health in Pomerania
(SHIP). BMC Res Notes 3:227-231

Biondi B, Celi F, Duntas L et al (2015) Terapia sostitutiva com-
binata con L-T4 e L-T3 nell’ipotiroidismo. L’Endocrinologo
16:264-268

Biondi B, Bartalena L, Cooper DS et al (2015) The 2015 Euro-
pean Thyroid Association guidelines on diagnosis and treat-
ment of endogenous subclinical hyperthyroidism. Eur Thyroid J
4(3):149-163

Bianco AC, Salvatore D, Gereben B, Berry MJ, Larsen PR
(2002) Biochemistry, cellular and molecular biology, and physi-
ological roles of the iodothyronine selenodeiodinases. Endocr
Rev 23:38-89

Gereben B, McAninch EA, Ribeiro MO, Bianco AC (2015)
Scope and limitations of iodothyronine deiodinases in hypothy-
roidism. Nat Rev Endocrinol 11:642-652

Vita R, Saraceno G, Trimarchi F, Benvenga S (2014) Switch-
ing levothyroxine from the tablet to the oral solution for-
mulation corrects the impaired absorption of levothyroxine
induced by proton-pump inhibitors. J Clin Endocrinol Metab
99(12):4481-4486

Hennessey JV, Malabanan AO, Haugen BR, Levy EG (2010)
Adverse event reporting in patients treated with levothyrox-
ine: results of the Pharmacovigilance Task Force survey of the
American Thyroid Association, American Association of Clini-
cal Endocrinologists, and The Endocrine Society. Endocr Pract
16:357-370

Wartofsky L (2002) Levothyroxine: therapeutic use and regula-
tory issues related to bioequivalence. Expert Opin Pharmacother
3:727-732

Hoang TD, Olsen CH, Mai VQ, Clyde PW, Shakir MK (2013)
Desiccated thyroid extract compared with levothyroxine in the

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

treatment of hypothyroidism: a randomized, double-blind, cross-
over study. J Clin Endocrinol Metab 98:1982—-1990

Yavuz S, Linderman JD, Smith S, Zhao X, Pucino F, Celi FS (2013)
The dynamic pituitary response to escalating-dose TRH stimulation
test in hypothyroid patients treated with liothyronine or levothyrox-
ine replacement therapy. J Clin Endocrinol Metab 98:E862-E866
Celi FS, Zemskova M, Linderman JD et al (2011) Metabolic
effects of liothyronine therapy in hypothyroidism: a randomized,
double-blind, crossover trial of liothyronine versus levothyrox-
ine. J Clin Endocrinol Metab 96:3466-3474

Jonklaas J, Burman KD. 2016 Daily Administration of Short-
Acting Liothyronine Is Associated with Significant Triiodothy-
ronine Excursions and Fails to Alter Thyroid-Responsive Param-
eters. Thyroid

Smith RN, Taylor SA, Massey JC (1970) Controlled clinical trial
of combined triiodothyronine and thyroxine in the treatment of
hypothyroidism. Br Med J 4:145-148

Peters A, Ehlers M, Blank B et al (2000) Excess triiodothy-
ronine as a risk factor of coronary events. Arch Intern Med
160:1993-1999

Leese GP, Soto-Pedre E, Donnelly LA (2016) Liothyronine use
in a 17 year observational population-based study—the tears
study. Clin Endocrinol. doi:10.1111/cen.13052
Escobar-Morreale HF, Obregon MJ, Escobar del Rey F, Morreale
de Escobar G (1995) Replacement therapy for hypothyroidism
with thyroxine alone does not ensure euthyroidism in all tissues,
as studied in thyroidectomized rats. J Clin Invest 96:2828-2838
Escobar-Morreale HF, Rey F, Obregon MJ, Escobar GM (1996)
Only the combined treatment with thyroxine and triiodothyro-
nine ensures euthyroidism in all tissues of the thyroidectomized
rat. Endocrinology 137:2490-2502

Werneck de Castro JP, Fonseca TL, Ueta CB et al (2015) Differ-
ences in hypothalamic type 2 deiodinase ubiquitination explain
localized sensitivity to thyroxine. J Clin Invest 125:769-781
Saravanan P, Chau WF, Roberts N et al (2002) Psychological
well-being in patients on ‘adequate’ doses of L-thyroxine: results
of a large, controlled community-based questionnaire study. Clin
Endocrinol 57:577-585

Panicker V, Evans J, Bjgro T et al (2009) A paradoxical differ-
ence in relationship between anxiety, depression and thyroid
function in subjects on and not on T4: findings from the HUNT
study. Clin Endocrinol 71:574-580

Wekking EM, Appelhof BC, Fliers E et al (2005) Cognitive
functioning and well-being in euthyroid patients on thyroxine
replacement therapy for primary hypothyroidism. Eur J Endo-
crinol 153:747-753

Grozinsky-Glasberg S, Fraser A, Nahshoni E, Weizman A, Lei-
bovici L (2006) Thyroxine-triiodothyronine combination ther-
apy versus thyroxine monotherapy for clinical hypothyroidism:
meta-analysis of randomized controlled trials. J Clin Endocrinol
Metab 91:2592-2599

Ma C, Xie J, Huang X, Wang G et al (2009) Thyroxine alone
or thyroxine plus triiodothyronine replacement therapy for hypo-
thyroidism. Nucl Med Commun 30:586-593

Joffe RT, Brimacombe M, Levitt AJ, Stagnaro-Green A (2007)
Treatment of clinical hypothyroidism with thyroxine and triiodo-
thyronine: a literature review and metaanalysis. Psychosomatics
48:379-384

Nygaard B, Jensen EW, Kvetny J, Jarlgv A, Faber J (2009) Effect
of combination therapy with thyroxine (T4) and 3,5,3’-triiodo-
thyronine versus T4 monotherapy in patients with hypothyroid-
ism, a double-blind, randomised cross-over study. Eur J Endo-
crinol 161:895-902

Schmidt U, Nygaard B, Jensen EW et al (2013) Peripheral mark-
ers of thyroid function: the effect of T4 monotherapy vs T4/T3

@ Springer


http://dx.doi.org/10.1111/cen.13052

J Endocrinol Invest

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

combination therapy in hypothyroid subjects in a randomized
crossover study. Endocr Connect 2:55-60

Fadeyev VV, Morgunova TB, Melnichenko GA, Dedov I (2010)
Combined therapy with I-thyroxine and I-triiodothyronine com-
pared to I-thyroxine alone in the treatment of primary hypothy-
roidism. Hormones 9:245-252

Walsh] P, Shiels L, Lim EM et al (2003) Combined thyroxine/
liothyronine treatment does not improve well-being, quality of
life or cognitive function compared to thyroxine alone: a rand-
omized controlled trial in patients with primary hypothyroidism.
J Clin Endocrinol Metab 88:4543-4550

Bunevicius R, Kazanavicius G, Zalinkevicius R, Jr Prange A
J (1999) Effects of thyroxine as compared with thyroxine plus
triiodothyronine in patients with hypothyroidism. N Engl J Med
340:424-429

Escobar-Morreale HF, Botella-Carretero JI et al (2005) Thyroid
hormone replacement therapy in primary hypothyroidism: a
randomized trial comparing L-thyroxine plus liothyronine with
L-thyroxine alone. Ann Intern Med 142:412-424

Bunevicius R, Jakubonien N, Jurkevicius R et al (2002) Thy-
roxine vs thyroxine plus triiodothyronine in treatment of hypo-
thyroidism after thyroidectomy for Graves’ disease. Endocrine
18:129-133

Wiersinga WM (2014) Paradigm shifts in thyroid hormone
replacement therapies for hypothyroidism. Nat Rev Endocrinol
10:164-174

Appelhof BC, Fliers E, Wekking EM et al (2005) Combined
therapy with levothyroxine and liothyronine in two ratios, com-
pared with levothyroxine monotherapy in primary hypothyroid-
ism: a double-blind, randomized, controlled clinical trial. J Clin
Endocrinol Metab 90:2666-2674

Jonklaas J, Davidson B, Bhagat S, Soldin SJ (2008) Triiodo-
thyronine levels in athyreotic individuals during Levothyroxine
therapy. JAMA 299:769-777

Gullo D, Latina A, Frasca F et al (2011) Levothyroxine mono-
therapy cannot guarantee euthyroidism in all athyreotic patients.
PLoS ONE 6:e2255

Ito M, Miyauchi A, Morita S et al (2012) TSH-suppressive doses
of levothyroxine are required to achieve preoperative native
serum triiodothyronine levels in patients who have undergone
total thyroidectomy. Eur J Endocrinol 167:373-378

Ito M, Miyauchi A, Kang S et al (2015) Effect of the presence of
remnant thyroid tissue on the serum thyroid hormone balance in
thyroidectomized patients. Eur J Endocrinol 173:333-340

Carr D, McLeod DT, Parry G, Thornes HM (1988) Fine adjust-
ment of thyroxine replacement dosage: comparison of the thy-
rotrophin releasing hormone test using a sensitive thyrotrophin
assay with measurement of free thyroid hormones and clinical
assessment. Clin Endocrinol 28:325-333

Al-Adsani H, Hoffer LJ, Silva JE (1997) Resting energy
expenditure is sensitive to small dose changes in patients on
chronic thyroid hormone replacement. J Clin Endocrinol Metab
82:1118-1125

Walsh JP, Ward LC, Burke V et al (2006) Small changes in thy-
roxine dosage do not produce measurable changes in hypothyroid

@ Springer

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

symptoms, well-being, or quality of life: results of a double-blind,
randomized clinical trial. J Clin Endocrinol Metab 91:2624-2630
Carr D, McLeod DT, Parry G, Thornes HM (1988) Fine adjust-
ment of thyroxine replacement dosage: comparison of the thy-
rotrophin releasing hormone test using a sensitive thyrotrophin
assay with measurement of free thyroid hormones and clinical
assessment. Clin Endocrinol 28:325-333

Biondi B, Cooper DS (2010) Benefits of thyrotropin suppression
versus the risks of adverse effects in differentiated thyroid can-
cer. Thyroid 20:135-146

Haugen BR, Alexander EK, Bible KC et al (2016) 2015 Ameri-
can Thyroid Association management guidelines for adult
patients with thyroid nodules and differentiated thyroid cancer:
the American Thyroid Association guidelines task force on thy-
roid nodules and differentiated thyroid cancer. Thyroid 26:1-133
Panicker V, Saravanan P, Vaidya B et al (2009) 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 94:1623-1629
Mentuccia D, Proietti-Pannunzi L, Tanner K et al (2002) Asso-
ciation between a novel variant of the human type 2 deiodinase
gene Thr92Ala and insulin resistance: evidence of interaction
with the Trp64Arg variant of the B3adrenergic receptor. Diabetes
51:880-883

Estivalet A, Leiria LB, Dora JM et al (2010) D2 Thr92Ala and
PPARY2 Prol2Ala polymorphisms interact in the modulation of
insulin resistance in type 2 diabetic patients. Obesity 19:825-832
Dora JM, Machado WE, Rheinheimer J, Crispim D, Maia AL
(2010) Association of the type 2 deiodinase Thr92Ala polymor-
phism with type 2 diabetes: case-control study and meta-analy-
sis. Eur J Endocrinol 163:427—434

Guo TW, Zhang FC, Yang MS et al (2004) Positive association
of the DIO2 (deiodinase type 2) gene with mental retardation in
the iodine-deficient areas of China. J] Med Genet 41:585-590

He B, Li J, Wang G, Ju W et al (2009) Association of genetic
polymorphisms in the type II deiodinase gene with bipolar dis-
order in a subset of Chinese population. Prog Neuropsychophar-
macol Biol Psychiatry 33:986-990

Taylor P, Okosieme O, Sayers A et al (2014) Effect of low thy-
roid hormone bioavailability on childhood cognitive develop-
ment: data from the Avon Longitudinal Study of Parents and
Children birth cohort. Lancet 383:S100

de Jong FJ, Peeters RP, den Heijer T et al (2007) The association
of polymorphisms in the type 1 and 2 deiodinase genes with cir-
culating thyroid hormone parameters and atrophy of the medial
temporal lobe. J Clin Endocrinol Metab 92:636-640

van der Deure WM, Appelhof BC, Peeters RP et al (2008) Poly-
morphisms in the brain-specific thyroid hormone transporter
OATPICI1 are associated with fatigue and depression in hypothy-
roid patients. Clin Endocrinol 69:804-811

Roef GL, Rietzschel ER, De Meyer T et al (2013) Associations
between single nucleotide polymorphisms in thyroid hormone
transporter genes (MCT8, MCT10 and OATP1C1) and circulat-
ing thyroid hormones. Clin Chim Acta 425:227-232


https://www.researchgate.net/publication/305741728

	Recommendations for treatment of hypothyroidism with levothyroxine and levotriiodothyronine: a 2016 position statement of the Italian Society of Endocrinology and the Italian Thyroid Association
	Abstract 
	Introduction
	Need for clinical practice guidelines on combination treatment with L-T4 and L-T3
	Literature search
	Evaluation system and grading for recommendations
	Thyroid hormone action and metabolism
	Available thyroid hormone formulations: pharmacokinetics and pharmacodynamics
	L-T4
	Recommendation 1 on L-T4 therapy (1+++)
	Recommendation 2 on the evaluation of TSH fluctuations during L-T4 monotherapy (1+++)

	Thyroid hormone preparations other than L-T4
	Desiccated thyroid extract
	Recommendation 3 on thyroid extracts, iodine-containing preparations, dietary supplementations and nutraceuticals (1+++)
	L-T3
	Recommendation 4 on L-T3 as monotherapy (1+++)
	Preparations with a mixture of L-T4 and L-T3
	Recommendation 5 on tablets containing a fixed combination of L-T4 and L-T3 (1+00)

	Effects of combined therapy with L-T4 + L-T3
	Experimental evidence
	Clinical evidence
	Recommendation 6 on the use of combined therapy with L-T4 + L-T3 therapy in persistently symptomatic patients with overt hypothyroidism: (2 + 00)
	Rationale for combined therapy after total thyroidectomy
	Recommendation 7 on combined L-T4 + L-T3 therapy in thyroidectomized patients: (2 + 00)
	Rationale for TSH-suppressive therapy with L-thyroxine in thyroidectomized patients
	Recommendation 8 on TSH-suppressive therapy in thyroidectomized patients: (1 + 00)
	Potential adverse events during combined therapy with L-T4 and L-T3
	Recommendation 9 on potential adverse effects of combined therapy (1+00)
	Thr92Ala polymorphism in type 2 deiodinase gene (DIO2) and response to combined therapy
	Recommendation 10 on genetic testing: (2 + 00)

	Conclusions
	Acknowledgments 
	References




