
See discussions, stats, and author profiles for this publication at: 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 Thyro...

Article  in  Journal of Endocrinological Investigation · July 2016

DOI: 10.1007/s40618-016-0511-z

CITATIONS

27
READS

1,071

9 authors, including:

Some of the authors of this publication are also working on these related projects:

Molecolar cytopathology of Thyroid lesions View project

AUTOIMMUNE COMORBIDITIES: ENVIRONMENTAL AND ENDOGENOUS DETERMINANTS OF ASSOCIATION View project

Bernadette Biondi

University of Naples Federico II

181 PUBLICATIONS   10,687 CITATIONS   

SEE PROFILE

Luigi Bartalena

Università degli Studi dell'Insubria

448 PUBLICATIONS   16,321 CITATIONS   

SEE PROFILE

Andrea Lenzi

Sapienza University of Rome

827 PUBLICATIONS   18,102 CITATIONS   

SEE PROFILE

Stefano Mariotti

Università degli studi di Cagliari

270 PUBLICATIONS   8,254 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Francesco Trimarchi on 05 August 2016.

The user has requested enhancement of the downloaded file.

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?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
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?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Molecolar-cytopathology-of-Thyroid-lesions?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/AUTOIMMUNE-COMORBIDITIES-ENVIRONMENTAL-AND-ENDOGENOUS-DETERMINANTS-OF-ASSOCIATION?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Bernadette_Biondi?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Bernadette_Biondi?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Naples_Federico_II?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Bernadette_Biondi?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Luigi_Bartalena?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Luigi_Bartalena?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universita_degli_Studi_dellInsubria?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Luigi_Bartalena?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andrea_Lenzi?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andrea_Lenzi?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Sapienza_University_of_Rome?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andrea_Lenzi?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Stefano_Mariotti?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Stefano_Mariotti?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universita_degli_studi_di_Cagliari?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Stefano_Mariotti?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Francesco_Trimarchi?enrichId=rgreq-160af23d89f7628ab77f75cf393c1557-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc0MTcyODtBUzozOTE3NzQ1MzIwNjMyNTZAMTQ3MDQxNzczNTk0OQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


1 23

Journal of Endocrinological
Investigation
Official Journal of Italian Society of
Endocrinology (SIE)
 
e-ISSN 1720-8386
 
J Endocrinol Invest
DOI 10.1007/s40618-016-0511-z

Recommendations for treatment of
hypothyroidism with levothyroxine and
levotriiodothyronine: a 2016 position
statement of the Italian Society of
Endocrinology and the Italian Thyroid
Association
B. Biondi, L. Bartalena, L. Chiovato,
A. Lenzi, S. Mariotti, F. Pacini,
A. Pontecorvi, et al.



1 23

Your article is protected by copyright and all

rights are held exclusively by Italian Society

of Endocrinology (SIE). This e-offprint is

for personal use only and shall not be self-

archived in electronic repositories. If you wish

to self-archive your article, please use the

accepted manuscript version for posting on

your own website. You may further deposit

the accepted manuscript version in any

repository, provided it is only made publicly

available 12 months after official publication

or later and provided acknowledgement is

given to the original source of publication

and a link is inserted to the published article

on Springer's website. The link must be

accompanied by the following text: "The final

publication is available at link.springer.com”.



1 3

J Endocrinol Invest
DOI 10.1007/s40618-016-0511-z

CONSENSUS STATEMENT

Recommendations for treatment of hypothyroidism 
with levothyroxine and levotriiodothyronine: a 2016 position 
statement of the Italian Society of Endocrinology and the Italian 
Thyroid Association

B. Biondi1 · L. Bartalena2 · L. Chiovato3 · A. Lenzi4 · S. Mariotti5 · F. Pacini6 · 
A. Pontecorvi7 · P. Vitti8 · F. Trimarchi9 

Received: 13 June 2016 / Accepted: 6 July 2016 
© Italian Society of Endocrinology (SIE) 2016

hypothyroid patients in an attempt to guide clinicians and 
to avoid potential adverse effects of overtreatment.

Keywords  Hypothyroidism · Replacement therapy · TSH-
suppressive therapy · l-Thyroxine · l-Triiodothyronine · 
Deiodinases · Clinical symptoms · Quality of life · 
Cognition · Mood · Depression · Body weight · Heart 
rate and patient preference for combined therapy · 
Thyroidectomized patients · Polymorphism in type 2 
deiodinase gene

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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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 [1, 
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 

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 +00 (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/+++)

•	 L-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;

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

•	 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/+++)

•	 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;

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

•	 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/+++)

•	 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;

•	 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 

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/+++)

•	 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;

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

•	 L-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/+00)

•	 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;

•	 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 + 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 
α-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 +  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)

•	 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;

•	 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;

•	 L-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;

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

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

•	 Treatment with L-T4 +  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)

•	 Combined treatment is not indicated in patients with 
residual thyroid tissue after partial thyroidectomy;

•	 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;

•	 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;

•	 The L-T4 + 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;

•	 L-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 + 00)

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

•	 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;

•	 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 + 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/+00)

•	 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;

•	 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;

•	 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;

•	 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;

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

•	 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;

•	 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 + 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)

•	 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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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.
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