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Abstract
Background: Fourteen clinical trials have not shown a con-
sistent benefit of combination therapy with levothyroxine 
(LT4) and liothyronine (LT3). Despite the publication of these 

trials, combination therapy is widely used and patients re-
porting benefit continue to generate patient and physician 
interest in this area. Recent scientific developments may pro-
vide insight into this inconsistency and guide future studies. 
Methods: The American Thyroid Association (ATA), British 
Thyroid Association (BTA), and European Thyroid Associa-
tion (ETA) held a joint conference on November 3, 2019 (live-
streamed between Chicago and London) to review new ba-
sic science and clinical evidence regarding combination 
therapy with presentations and input from 12 content ex-

Based on a Joint American Thyroid Association (ATA)/British Thyroid 
Association (BTA)/European Thyroid Association (ETA) Symposium 
held in London, UK and Chicago, IL, USA on Sunday, November 3, 2019.
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perts. After the presentations, the material was synthesized 
and used to develop Summary Statements of the current 
state of knowledge. After review and revision of the material 
and Summary Statements, there was agreement that there 
was equipoise for a new clinical trial of combination therapy. 
Consensus Statements encapsulating the implications of the 
material discussed with respect to the design of future clini-
cal trials of LT4/LT3 combination therapy were generated. 
Authors voted upon the Consensus Statements. Iterative 
changes were made in several rounds of voting and after 
comments from ATA/BTA/ETA members. Results: Of 34 Con-
sensus Statements available for voting, 28 received at least 
75% agreement, with 13 receiving 100% agreement. Those 
with 100% agreement included studies being powered to 
study the effect of deiodinase and thyroid hormone trans-
porter polymorphisms on study outcomes, inclusion of pa-
tients dissatisfied with their current therapy and requiring at 
least 1.2 µg/kg of LT4 daily, use of twice daily LT3 or prefer-
ably a slow-release preparation if available, use of patient-
reported outcomes as a primary outcome (measured by a 
tool with both relevant content validity and responsiveness) 
and patient preference as a secondary outcome, and utiliza-
tion of a randomized placebo-controlled adequately pow-
ered double-blinded parallel design. The remaining state-
ments are presented as potential additional considerations. 
Discussion: This article summarizes the areas discussed and 
presents Consensus Statements to guide development of fu-
ture clinical trials of LT4/LT3 combination therapy. The re-
sults of such redesigned trials are expected to be of benefit 
to patients and of value to inform future thyroid hormone 
replacement clinical practice guidelines treatment recom-
mendations.

© 2021 European Thyroid Association (published by S. Karger AG, Basel),
Mary Ann Liebert, Inc. and the American Thyroid Association

Introduction

Endocrinologists are frequently asked to consult on 
adult patients with hypothyroidism taking levothyroxine 
(LT4) who are dissatisfied with their therapy. Once other 
nonthyroid-related causes of these symptoms have been 
fully excluded, the patient and their physician may wish 
to explore alternative therapies for optimization of health 
and well-being. However, the use of combination therapy 
with both LT4 and liothyronine (LT3) remains highly 
controversial with conflicting results from published 
clinical trials [1], with two studies showing benefit in 
most measures and two showing benefit in some mea-
sures. 

Recent scientific studies have provided new mechanis-
tic insight into issues such as the complex relationship 
between serum and tissue thyroid hormone (TH) levels 
[1], providing a rationale for reconsideration of the de-
sign of future LT4/LT3 combination therapy clinical tri-
als by incorporating features that might increase the like-
lihood of showing efficacy. Thus, our aim in this consen-
sus document was that consideration of mechanism 
might provide a path toward better designed trials, also 
focusing on clinically relevant outcomes, including pa-
tient-centered outcomes.

The American Thyroid Association (ATA), British 
Thyroid Association (BTA), and European Thyroid As-
sociation (ETA) held a joint conference on November 3, 
2019 (live streamed between Chicago and London) to re-
view this new evidence with presentations and input from 
12 leaders in the field followed by local workshops in Chi-
cago and London. The 12 individuals were selected based 
on their content expertise in basic, translational, and clin-
ical aspects of TH therapy for hypothyroidism. To incor-
porate input from as many relevant stakeholders as pos-
sible, the presenters and moderators included endocri-
nologists, an epidemiologist, a psychologist, basic 
scientists, translational scientists, and two patient repre-
sentatives. This article summarizes the areas discussed 
and presents a position statement to guide future clinical 
trials of LT4/LT3 combination therapy.

Methods

Following the presentations, the associated question-and-an-
swer periods, and the local workshops, the material available was 
broken down into nine topics. Two authors (J.J. and C.M.D.) then 
each summarized the content and discussion for half of these top-
ic areas, and then combined the material. This synthesis of mate-
rial also included formulating Summary Statements to encapsulate 
the material, and generation of Consensus Statements to capture 
the direction suggested by the material for the design of future 
clinical trials of LT4/LT3 combination therapy. The resulting doc-
ument was then reviewed by the remaining 10 authors. After the 
conference and during the review process, 2 additional topics 
emerged based on author feedback (Topics 4 and 9), which had 
been covered, in part, within the initial topics, thus bringing the 
total number of topics to 11. Topic 11 did not relate to future clin-
ical trials and no Consensus Statements were generated for this 
topic. 

For the Consensus Statements, the authors were provided with 
these in tabular form and were asked to vote yes or no as to wheth-
er they agreed with the statement or not. They were also asked to 
provide comments regarding each of the statements as desired. 
The consensus document, Summary Statements, and Consensus 
Statements were then modified and returned to the writing group 
for further adjustments and suggestions. A second round of voting 
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Table 1. Consensus statements organized by topics 1–10

Degree of 
consensus, %

Topic 1: Local control of thyroid hormone action, type 2 deiodinase polymorphisms, and the effects of LT4  
monotherapy versus combination therapy

1.1. Future trials of combination therapy in humans should consider including genotyping for the Thr92AlaD2 
polymorphism, and should be adequately powered to study the effect of this polymorphism on study outcomes

100

Topic 2: Nonclassical actions of thyroid hormone
2.1. Consideration should be given to assessment for effects of thyroid hormones that may be manifested through 
noncanonical as well as canonical pathways (e.g., triglyceride levels and cardiac function) in future trials of 
combination therapy

83

2.2. Consideration should be given to assessment for effects of thyroid hormones that may operate by non-thyroid 
hormone receptor-mediated pathways (e.g., cancer progression) in future trials of combination therapy

25

Topic 3: Thyroid hormone transporters and CNS levels of thyroid hormone
3.1. A consideration for future trials of combination therapy in humans is that they could be adequately powered to 
study the effect of polymorphisms in thyroid hormone transporters (e.g., MCT8, MCT10, and OATP1C1) on study 
outcomes

100

Topic 4: Selection of participants for combination therapy trials
4.1. After exclusion of other causes of these symptoms, patients who do not report relief of their symptoms with LT4 
therapy should specifically be recruited for combination therapy trials

75

4.2. One or all of several previously validated thyroid-related QoL questionnaires should be used to assess the 
baseline dissatisfaction to be used as an inclusion criterion

100

4.3. Patients should be treated with at least 1.2 µg/kg per day of LT4 to be eligible 100
4.4. Patients who have low baseline serum total T3 levels while taking LT4 monotherapy should be included in trials, 
and results could be stratified according to the change in trough total T3 levels achieved with combination therapy

50

Topic 5: T3/T4 dose equivalence — clinical and trial data
5.1. Future combination therapy trials should incorporate measurement of trough levels of both serum fT4 and total 
T3 (e.g., as a nested pharmacokinetic study in a representative small subgroup)

92

5.2. Future combination therapy trials should incorporate measurement of peak levels of serum total T3 (∼1.8–2.5 h 
after LT3 administration) as a nested pharmacokinetic study in a representative small subgroup

83

Topic 6: Target T3 and TSH levels and slow-release T3
6.1. The goal of future LT4/LT3 combination studies should be to achieve a physiological fT3/fT4 ratio 67
6.2. If nonslow-release LT3 therapy is used, it should be given at least twice daily 100
6.3. The use of slow-release T3 preparations is desirable in future trials of combination LT4/LT3 therapy to achieve 
physiological levels of thyroid function. However, no approved slow-release T3 therapies are available at this time

100

Topic 7: Psychological and QoL measures
7.1. If a PRO is used as a primary outcome in clinical trials, the measure should have well-documented content and 
validity for thyroid-related QoL as well as responsiveness to change

100

7.2. Future studies need to be appropriately powered for PROs as primary outcomes based on the primary endpoint 
on an effect size of at least 0.5, and preferably 0.3

100

7.3. ThyPRO-39 is favored as a primary QoL endpoint for the study 100
7.4. Patient preference should be included as a secondary trial outcome 100
7.5. A qualitative study should be considered to explain patient preferences for thyroid hormone formulations 75

Topic 8: Biological outcomes, biomarkers, and safety measures
8.1. Metabolic efficacy outcomes in future trials should include body weight and lipid panel. Resting energy 
expenditure should be considered for study in a nested subgroup

92

8.2. Cardiac efficacy outcomes in future trials should include resting heart rate 100
8.3. Cognition efficacy outcomes should include fluid cognition testing. The NIH Toolbox cognitive battery is a 
viable option

92

8.4. Musculoskeletal efficacy outcomes in future trials should include a bone biomarker (e.g., C-telopeptide), and 
should consider measurement of bone density using DXA scan if the trial is 12 months or longer in duration

92

8.5. Safety monitoring should incorporate measurement of thyrotoxic symptoms, hypothyroid symptoms, and 
adverse events

92
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was requested for the modified Consensus Statements. A third 
round of voting was obtained for six Consensus Statements that 
had undergone modifications after the second review. Further dis-
cussion and a fourth round of voting were not pursued to try and 
obtain a greater degree of consensus. After the third set of modifi-
cations, final versions of the article and Consensus Statements 
were produced and provided to the group for ultimate approval. 
Input from the two patient representatives involved in the confer-
ence and input from patients attending the conference were con-
sidered in the topic discussions and summaries, but these stake-
holders were not formally members of the writing group.

Conflicts of interest were collected for each of the 12 partici-
pants before the presentations on November 3, 2019. Some de-
clared conflicts were deemed to not be relevant to the material be-
ing discussed. Five authors had relevant conflicts and their input 
was not solicited for the applicable material within the document 
and Summary Statements, and their vote was not ascertained for 
the Consensus Statement drawn from this topic material (such 
votes were marked as abstentions). 

The exclusions were as follows: A.C.B.: Topic 6: Target T3 and 
TSH levels and Slow-Release T3 (section 6.3) and Topic 9: Trial 
Design Considerations (section 9.4 on therapies to be studied), 

F.S.C.: Topic 9: Trial Design Considerations (section 9.4 on thera-
pies to be studied), T.W.: Topic 7: Psychological and Quality of Life 
Measures (section 7.1, 7.2, 7.3), Topic 9: Trial Design Consider-
ations (section 9.4 on therapies to be studied), and Topic 10: In-
corporation of Patient Experiences (section 10.3), E.F.: Topic 9: 
Trial Design Considerations (all sections), B.N.: Topic 9: Trial De-
sign Considerations (all sections). Eighteen abstentions for the 408 
votes on all 34 Consensus Statements were recorded in total.

Approval for the joint conference was provided in advance 
by the relevant committees and leadership of the ATA, BTA, and 
ETA according to society policies. The concept for this Consen-
sus Document was approved by the ATA Board of Directors, and 
the ATA Guidelines and Statements Committee, who also re-
viewed and approved the conflict of interest management plan. 
The near-final article was approved by the relevant committees 
of the ATA, BTA, and ETA and also made available for com-
ments from the membership of all three societies for a comment 
period of 30 days. Although the relevant literature was exten-
sively reviewed, no formal systematic review or grading of evi-
dence was undertaken. The consensus statements were com-
piled based on expert opinion and are not graded recommenda-
tions.

Degree of 
consensus, %

8.6. Safety monitoring should incorporate cardiac monitoring with ECG at baseline and 3-month intervals. Cardiac 
rhythm monitoring of longer duration could be considered in a nested subgroup

83

8.7. Pilot trials are needed to explore additional outcomes of secondary importance as well as relationships between 
variables. Such studies may be conducted within a larger trial

50

Topic 9: Trial design considerations
9.1. A future combination therapy trial should be randomized, placebo controlled, and double blinded 100
9.2. A future combination therapy trial should be at least 1 year in duration, with interim outcome assessments at 3 
and 6 months

80

9.3. A future combination therapy trial should incorporate a parallel design 100
9.4. A future combination therapy trial should consider incorporating an arm being treated with desiccated thyroid 
extract, in addition to the LT4 and LT4/LT3 arms

67

9.5. It is important for future trials to be pragmatic and include patients with managed stable comorbidities, so that 
the results are generalizable to the hypothyroid patient population

90

Topic 10: Incorporation of patient experiences
10.1. A 2 × 2 factorial design randomized controlled trial, randomizing patients to either LT4 or combination therapy 
and to either a lifestyle intervention (e.g., education, diet, exercise, or a combination) or no lifestyle intervention could 
be considered to inform the understanding of the effects of pharmacological and nonpharmacological interventions on 
patient experiences of their therapy

50

10.2. The level of interaction between patient and physician should be considered as a factor affecting satisfaction 
with therapy in future trials, and should, therefore, be carefully standardized.

92

10.3. Fatigue/tiredness measures can be assessed in future trials using the composite scale of ThyPRO 39 or the full 
Tiredness scale from the 85-item ThyPRO (see Topic 7 also)

92

10.4. Neurocognitive testing instruments selected for future trials should be tested to determine whether they are 
responsive to changes in “brain fog” (see Topic 8 also)

92

CNS, central nervous system; LT3, liothyronine; LT4, levothyroxine; PRO, patient-reported outcome; T3, triiodothyronine; T4, 
thyroxine; ThyPRO, Thyroid-specific Patient Reported Outcome; TSH, thyrotropin; QoL, quality of life; ECG, electrocardiogram; DXA, 
dual-energy X-ray absorptiometry.

Table 1 (continued)
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Results: Topics Summaries, Summary Statements, 
and Consensus Statements

Consensus Statements encapsulating the implica-
tion of the material with respect to the design of future 
clinical trials were generated. After mutually agreed 
upon modifications, 34 Consensus Statements were 
available for voting. There were 28 Consensus State-
ments upon which there was consensus from at least 
75% of the group (9 out of 12 individuals), with lesser 
degrees of consensus regarding the remaining 6 Con-
sensus Statements. Thus, a consensus among at least 
75% of authors was achieved for the majority of Con-
sensus Statements. The Consensus Statements with at 
least 75% agreement are presented in this document as 
important considerations for the design of future clini-
cal trials of combination therapy (Table 1). Out of those 
28 statements with at least 75% agreement, there were 
13 statements for which 100% consensus was achieved. 
The Consensus Statements with < 75% agreement are in 
italics and could be considered if future studies provide 
additional rationale.

Topic 1: Local Control of TH Action, Type 2 
Deiodinase Polymorphisms, and the Effects of LT4 
Monotherapy versus Combination Therapy (Presenter 
at Live Conference: A.C.B., Topic Summarizer: J.J.)

Local Control of TH Action: The Consequence of 
Monotherapy versus Combination Therapy
The Consequence of Monotherapy versus 
Combination Therapy in Rodent Models
The rationale for treatment with LT4 is that two deio-

dinase pathways, the type 1 deiodinase (D1) and the type 
2 deiodinase (D2), convert thyroxine (T4) to triiodothy-
ronine (T3), restoring the pool of T3 and clinical euthy-
roidism. Seminal studies from the Escobar-Morreale 
group first showed that LT4 therapy given to hypothyroid 
rats did not achieve normal serum T3 levels, nor did it 
result in normal T3 levels in all tissues sampled [2]. They 
also showed restoration of normal tissue levels of THs 
with combination therapy with both LT4 and LT3 in rats 
[3]. Later studies in LT4-treated rats discovered that the 
hypothalamus [4] and thyrotroph cell lines [5] convert T4 
to T3 more efficiently than other tissues due to relatively 
less T4-induced inactivation of D2 through ubiquitina-
tion. 

Figure 1 illustrates the relative roles of the D1 and D2 
pathways in the thyrotropin (TSH) feedback mechanism 

during treatment with LT4 [4–8]. Thus in rodent models, 
TSH secretion is normalized before T3 levels are fully re-
stored in the plasma and other tissues, resulting in low 
circulating T3 levels and “tissue hypothyroidism.” Use of 
combination therapy with both LT4 and LT3 in hypothy-
roid rats also normalized serum TSH but additionally al-
lowed the T3 deficit in peripheral tissues to be redressed 
[4]. In keeping with this, markers of euthyroidism, such 
as serum cholesterol levels, mitochondrial content, and 
enzymatic activity within liver and skeletal muscle, better 
approximated values in control rats when sustained de-
livery of both LT4 and LT3 was employed. Likewise, the 
pattern of T3-responsive genes in the brain was more 
similar to that of control rats when combination therapy 
was employed [4].

The Consequence of Monotherapy versus 
Combination Therapy in Humans
It has been well established that there are two changes 

in TH levels that occur in patients being treated for hypo-
thyroidism with LT4 monotherapy. These changes are an 
increase in T4 or free T4 (fT4) levels, an increase in fT4/
T3 ratios, associated with a decline in T3 or free T3 (fT3) 
levels. Depending on the study, mean serum T3 or fT3 
levels may be in the lower half of the normal range, and 
levels may even be below the normal range in up to 15% 
of athyreotic individuals [9–12]. These differences all oc-
cur despite comparable serum TSH levels. In fact, in a 
cross-sectional study based on the US National Health 
and Nutrition Examination Survey data base, serum T3 
and fT3 levels were 10% lower in LT4-treated patients 
than in a control group matched for sex, age, ethnic back-
ground, and TSH levels [13]. While LT4 therapy is very 
effective in normalizing serum TSH levels, it fails to re-
store euthyroidism in some tissues based on an array of 
metabolic parameters such as serum cholesterol levels 
and other biomarkers that remain abnormal in LT4-
treated patients, despite a normal serum TSH [14–16]. 

In the 14 trials of combination therapy for hypothyroid-
ism in humans (Table 2), the TSH levels and T3 levels 
achieved during LT4/LT3 combination therapy were var-
ied, with not all studies maintaining comparable TSH levels 
during combination therapy as were seen with LT4 mono-
therapy, or even achieving higher T3 levels during combi-
nation therapy (although this could be a consequence of the 
timing of blood sampling; online suppl. Table 1; see www.
karger.com/doi/10.1159/000512970 for all online suppl. 
material) [9]. As would be expected based on a lowering of 
the LT4 dose, fT4 levels were universally lower with combi-
nation therapy. However, fT4/T3 ratios achieved in combi-
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nation therapy do not replicate the native euthyroid state 
that is characterized by higher fT4/T3 ratios than those seen 
with combination therapy [10, 17]. Assessment of objective 
TH-dependent metabolic effects varied among these trials, 
which focused primarily on cognition, mood, and quality 
of life (QoL; online suppl. Table 2).

D2 Polymorphisms, and the Effects of LT4 
Monotherapy versus Combination Therapy

The Impact of D2 Polymorphisms in Mice
Since the first description of the Thr92Ala polymor-

phism of the type 2 deiodinase gene (DIO2; Thr92Ala-

Fig. 1. Relative roles of the D1 and D2 pathways in the TSH feed-
back mechanism during treatment with LT4. In LT4-treated thy-
roidectomized patients to achieve normal serum TSH levels, the 
D2 pathway contributes with ∼80% of the circulating T3 [6]. Stud-
ies performed in rats revealed how plasma T4 is taken up by the 
hypothalamic tanycytes and the pituitary thyrotrophs, and locally 
converted to T3 through the D2 pathway [8]. The net effect of the 
D2 activity in these two sites is a reduction in TSH secretion. As 
the goal of therapy with LT4 is to normalize serum TSH, a progres-
sive increase in LT4 dose increases circulating T3 levels (predom-
inantly through D2) and simultaneously reduces TSH secretion 
(predominantly through D2). Studies performed in rodents dem-
onstrated that the D2 pathway is negatively regulated by T4, that 
is, D2 is ubiquitinated by WSB-1 and inactivated as it converts T4 
to T3 [7]. However, this process occurs at a much slower rate in 

the hypothalamus [4]. Also in pituitary thyrotrophs, the loss of D2 
activity caused by T4 is a much slower process [5]. As a result, D2-
mediated T3 production is a more efficient process in the hypo-
thalamus/pituitary unit when compared with other D2-containing 
tissues. Thus, while increasing the LT4 replacement dose to treat 
hypothyroidism, normalization of serum TSH levels will occur be-
fore full normalization of serum T3 levels. The role played by D1 
is secondary, mainly because its affinity for T4 is three orders of 
magnitude less than D2, and its expression is positively regulated 
by plasma T3. Thus, D1 activity was never fully normalized in LT4-
treated hypothyroid rats, only when a combination of LT4 and LT3 
was used was serum T3 restored [4]. D1, type 1 deiodinase; D2, 
type 2 deiodinase; LT4, levothyroxine; T3, triiodothyronine; T4, 
thyroxine; TSH, thyrotropin; WSB-1, gene encoding the WD re-
peat and SOCS box-containing protein 1.
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DIO2) in humans as a gene variant associated with in-
creased body mass index and insulin resistance [18], 
Thr92Ala-DIO2 has also been found to be important for 
TH action. Studies in cells show profound effects of poly-
morphisms in the DIO2 on the action of TH. Transfec-
tion studies in cultures of mouse pituitary cells from 
DIO2-null mice resulted in less TSH suppression in cells 
expressing the DIO2 Ala/Ala homozygote, as compared 
with cells expressing wild type Thr92-DIO2 [19]. Fur-
thermore, HEK-293 cells stably expressing Thr92Ala-
DIO2 produced ∼20% less T3 over time than cells ex-
pressing Thr92-DIO2 [20].

Studies comparing human and rodents should bear in 
mind interspecies differences. On one hand, the rodent 
thyroid produces relatively more T3 than the human thy-
roid, theoretically placing LT4-treated hypothyroid mice 
at a higher risk of developing low serum T3 levels. On the 
other hand, the D2 pathway has a much greater role in 
humans than in rodents, placing humans at a higher risk 
of exhibiting low tissue and serum T3 levels due to a D2 
defect. Nonetheless, despite these differences in TH econ-
omy, it is notable that in both rodents and humans, treat-
ment with LT4 monotherapy normalizes serum TSH 
while serum T3 is either in the lower part of the normal 
range or below the normal range.

Table 2. Characteristics of clinical trials of synthetic combination therapy

Authors Year Participants, n 
(total n = 1,257)

Mean age, 
years

Sex, % F Dose LT3 Dosing 
frequency

Approximate µg 
ratio of T4:T3

Duration

Appelhof [53] 2005 130 46–49 83–89 LT4/LT3 10:1 or 5:1 Twice daily 10:1 or 5:1 15 weeks

Bunevicius [46] 1999 33 46 94 LT4 −50 μg/day, 
LT3 +12.5 μg/day

Once daily 10:1 5 weeks

Bunevicius [51] 2002 10 34 100 LT4 −50 μg/day, 
LT3 +10.0 μg/day

Once daily 6.5:1 5 weeks

Clyde [17] 2003 44 43–45 77–86 LT4 −50 μg/day,
 LT3 +15.0 μg/day

Twice daily 6.5:1 4 months

Escobar-Mor-
reale [49]

2005 26 48 100 LT4 75 μg/day, 
LT3 +5 μg/day

Once daily 15:1 or 12:1 8 weeks

Fadeyev [78] 2010 36 40–43 100 LT4 −25 μg/day, 
LT3 +12.5 μg/day

Once daily 6:1 6 months

Kaminski [79] 2016 32 43 94 LT4 75 μg
+ 15 μg LT3/day

Once daily 5:1 8 weeks

Nygaard [23] 2009 59 46–47 93 LT4 −50 μg/day, 
LT3 +20 or 50.0 μg/day

Once daily 4:1 12 weeks

Rodriguez [59] 2005 27 47 83 LT4 −50 μg/day, 
LT3 +10.0 μg/day

Once daily 7:1 6 weeks

Saravanan [47] 2005 573 57 83–84 LT4 −50 μg/day, 
LT3 +10.0 μg/day

Once daily 8:1 12 months

Sawka [60] 2003 33 49 90 LT4 −50 μg/day, 
LT3 +25.0 μg/day

Twice daily 3.5:1 15 weeks

Siegmund [71] 2004 23 23–69 81 LT4 −5% +
LT3 5% aim 14:1 ratio

Once daily 19:1 12 weeks

Valizadeh [48] 2009 60 38–39 80 LT4 −50 μg/day, 
LT3 +12.5 μg/day

Twice daily 4:1 4 months

Walsh [52] 2003 101 48 92 LT4 −50 μg/day, 
LT3 +10.0 μg/day

Once daily 8.5:1 10 weeks

Hoang [58] 2013 70 51 76 1 mg extract for each 
1.667 usual LT4 dose

Once daily 4:1 16 weeks

Italics indicates desiccated thyroid extract. Reprinted with adaptations with permission from Taylor & Francis Ltd. from Jonklaas [104].
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Although intact mice homozygous for the Thr92Ala 
polymorphism had normal serum T3 levels, they did not 
engage in as much physical activity, slept more, and re-
quired more time to memorize objects than their wild 
type counterparts [21]. Studies on T3-responsive genes 
within different brain areas indicate that T3 actions in the 
brains of Thr92Ala-DIO2 mice are reduced, perhaps 
pointing to localized “hypothyroidism.” The previously 
mentioned alterations in activity, sleep, and cognition 
were intensified when the homozygous mice were ren-
dered hypothyroid by adding methimazole to their drink-
ing water. Moreover, these deficits were better redressed 
in these hypothyroid mice when they received treatment 
with combination therapy as compared with treatment 
using monotherapy with LT4 [21]. These studies shed 
light on the reduced catalytic activity of the Thr92Ala-D2 
enzyme and suggest that TH action in tissues that rely on 
D2-generated T3 (e.g., brain) is at risk during treatment 
with LT4. This conclusion is applicable to both small ro-
dents and humans. Thus, while advancements have been 
made toward understanding the impact of the Thr92Ala-
DIO2 in the rodent model, further investigations of hu-
man carriers of this polymorphism are needed before ma-
jor conclusions and recommendations could be formu-
lated for hypothyroid patients.

Preliminary Data Regarding D2 Polymorphism in 
Humans
Human genetic association studies of single nucleotide 

polymorphisms (SNPs) explain only a limited proportion 
of phenotypic variation among individuals. This could 
reflect interference from structural and epigenetic vari-
ants, alleles with additive effects, or synergistic interac-
tions. Therefore, not surprisingly, data obtained in differ-
ent populations across the world regarding the signifi-
cance of the Thr92Ala-DIO2 polymorphism with respect 
to the treatment of hypothyroidism in humans are pre-
liminary and conflicting. A post hoc analysis in the UK 
showed that although this polymorphism had no impact 
on serum TH levels, it did predict the response to the 
therapy chosen for hypothyroidism [22]. Those that were 
homozygous for the polymorphism had less psychologi-
cal well-being (as measured by the General Health Ques-
tionnaire [GHQ] 12) while taking LT4, and more im-
provement when combination therapy was used, com-
pared with participants carrying the wild type allele. 
Using stored samples from one of the combination ther-
apy trials from 2009 [23], a 2017 analysis showed that pa-
tients with either the monocarboxylate transporter 
(MCT)10 polymorphism or both the MCT10 and 

Thr92Ala polymorphism preferred combination therapy 
(p values 0.018 and 0.009, respectively) [24]. However, a 
more recent study in the Netherlands did not find any 
impact of Th92Ala-DIO2 genotype on the response to 
LT4 monotherapy in terms of health-related QoL or cog-
nitive function or an effect in the general population [25]. 
Notably, an Italian study with a relatively small number 
of participants revealed that LT4-treated thyroidecto-
mized carriers of at least one Thr92Ala-DIO2 allele ex-
hibited lower serum T3 levels, despite a normal serum 
TSH [19]. If replicated, these data could indicate that al-
terations in DIO2 may, in fact, affect circulating T3 levels 
in those who are athyreotic and treated with LT4.

Summary statements

• In vitro, increasing T4 levels inhibits D2 activity except in 
cell lines derived from the pituitary, suggesting that a high 
fT4/fT3 ratio may lead to a “normal” TSH while reducing 
T3 generation in peripheral tissues.

• In hypothalamic extracts, D2 inactivation is a much less 
efficient process as compared with other tissues. This would 
reinforce a predominant role of T4 and localized T3 
production in the hypothalamus-pituitary unit to mediate 
the TSH feedback mechanism.

• Hypothyroid rats treated with LT4 to restore serum TSH 
have lower T3 levels in the serum and in some tissues than 
control rats, but T3 levels are restored with combination 
therapy that adds LT3.

• Tissue markers of TH action (serum cholesterol, T3-
responsive genes) in LT4-treated thyroidectomized rats 
with normal serum TSH indicate residual hypothyroidism; 
no differences compared with control rats were observed in 
the thyroidectomized rats treated with LT4/LT3.

• Mice homozygous for the Thr92Ala-DIO2 polymorphism 
have a hypothyroid-like pattern of T3-responsive genes in 
certain areas of the central nervous system (CNS) when 
compared with wild type mice.

• Mice homozygous for the Thr92Ala-DIO2 polymorphism 
engage in less physical activity, sleep more, and have short-
term memory problems when compared with wild type 
mice.

• Physical activity, sleep patterns, and short-term memory in 
hypothyroid Thr92Ala-DIO2 homozygous mice improve 
more with LT4/LT3 than with LT4 therapy alone.

• The impact of the Thr92Ala-DIO2 polymorphism on the 
clinical treatment benefit of combination therapy for 
hypothyroidism in humans is currently unclear.
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Topic 2: Noncanonical Actions of TH (Presenter at 
Live Conference: L.C.M., Topic Summarizer: C.M.D.)

Different Pathways of TH Action
TH, in the form of T3, has classically been considered 

to act by binding to cytosolic TH receptors (TR) (TRα1, 
TRβ1, and TRβ2) that bind to TH response elements on 
the DNA and regulate expression of TH target genes (ca-
nonical TH/TR action) [26, 27]. However, there is now 
evidence of additional noncanonical mechanisms of TH 
action, and four types of TH signaling have recently been 
defined: Type 1 (canonical) = TR-dependent signaling of 
TH with direct binding to DNA; Type 2 = TR-dependent 
signaling of TH with indirect binding to DNA; Type 3 = 
TR-dependent signaling of TH without DNA binding, for 
example, through PI3K; Type 4 = TR-independent TH 
signaling, for example, through integrin αvβ3 (Fig.  2) 
[28].

Different Clinical Effects May Occur through Different 
Pathways
The comparison of wild type mice with mice in which 

the TRα or TRβ gene has been knocked out and mice in 
which the TRs are still present, but can no longer bind to 
DNA (TRα GS and TRβ GS mice), allows attribution of 
TH effects to the relevant signaling pathway [29]. Online 
supplementary Table 3 summarizes the findings. Canon-
ical signaling predominates (at least in mice) for hypotha-
lamic pituitary thyroid (HPT) feedback, hearing, bone 
development, growth, and browning of adipose tissue. 
However, cardiac hypertrophy, vasodilation, and triglyc-
eride synthesis are mediated by noncanonical cytosolic 
signaling (Type 3). In addition, T4 stimulates growth of 
cancer cells and tumors independently of either TRα or 
TRβ through αvβ3, the type 4 noncanonical pathway (on-
line suppl. Table 3) [30–32].

In humans, hypothyroidism is associated with a poor 
prognosis in established heart failure [33] and TH can re-
duce intrahepatic triglyceride content [34, 35]. Thyroid 
dysfunction, mostly hypothyroidism, is an adverse effect 

Fig. 2. Depiction of the four types of thyroid hormone signaling.
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of checkpoint inhibitor treatment for cancer, and has 
been associated with longer survival in these studies [36, 
37]. Whether the occurrence of adverse effects merely in-
dicates efficacy of the treatment or whether hypothyroid-
ism indeed has a beneficial effect on limiting tumor pro-
gression, possibly mediated through reduced T4 action 
through ανβ3, has yet to be determined.

Relevance to Studies of TH Replacement
The effects of differences in T4:T3 ratio on TH action 

through noncanonical or canonical pathways are un-
known, but it is noted that HPT axis feedback (i.e., TSH 
levels) is likely to be only reflective of canonical TRβ sig-
naling. Experimental data on stimulation of tumor growth 
by T4 indicate that cancer progress could be influenced 
by TH, possibly more by T4 than by T3. Although hypo-
thyroidism is an adverse effect of cancer therapy (e.g., ty-
rosine kinase or checkpoint inhibitors), the influence of 
TH substitution with either T4 alone or T3/T4 combina-
tion on cancer growth has not yet been determined.

It is also noted that in users of T3 in an epidemiology 
study comparing T3 with T4 users, there was a trend toward 
an increased risk of breast cancer in the T3 users [38]. How-
ever, the literature on breast cancer risk relative to thyroid 
disease or TH levels is complex. Both thyroid disease and 
breast cancer are relatively common in women, so inferring 
any relationship has far-reaching implications, unless based 
on well-substantiated consistent evidence [39, 40]. Evalua-
tion of the effects of THs that may manifest through non-
canonical and canonical pathways is needed in basic sci-
ence/translational research and in future clinical trials.

Topic 3: TH Transporters and CNS Levels of 
TH (Presenter at Live Conference: H.H., Topic 
Summarizer: C.M.D.)

Access of TH into the Brain and the TH Transporter 
Family
TH transporters facilitate the transmembrane passage of 

TH and its metabolites and are thus mandatory for proper 
TH metabolism and action in every tissue (Fig. 3) [41, 42]. 
In the CNS, TH transporter activities are not only required 
in prominent TH target cells (such as neurons, oligoden-
drocytes, and astrocytes) but also in all cell types of the brain 
barriers (such endothelial cells, astrocytes epithelial cells, 
and ependymal cells) to allow TH entry into the brain 
(Fig. 4). Consequently, absence of critical TH transporters 
can greatly interfere with proper TH signaling in the CNS 
and may also affect the activity of the HPT axis.

TH Transporters, Thyroid Function, and CNS Effects
Interference with proper signaling is best illustrated in 

patients with Allan-Herndon Dudley syndrome [41]. 
These patients carry inactivating mutations in the TH 
transporting MCT8 encoded by the X-linked SLC16A2 
gene. Affected patients exhibit a severe form of psycho-
motor retardation in combination with an abnormal thy-
roid function profile (elevated T3, reduced T4 in the pres-
ence of normal-elevated TSH). While several clinical pa-
rameters such as low body weight, muscle wasting, 
tachycardia, and increased sex hormone binding globulin 
are indicative of a hyperthyroid situation in peripheral 
tissues, histopathological observations (including hypo-
myelination, compromised GABAergic maturation in ce-
rebral and cerebellar cortex), as well as reduced TH tissue 
brain content point to an overall TH-deficient situation 
inside the CNS [42, 43]. Mouse studies have revealed a 
critical function not only of MCT8 but also the T4 trans-
porting organic anion transporting protein (OATP) 

Fig. 3. Transporters allowing thyroid hormone entry into cells.

Summary statements

• THs have effects that are exerted through TRs but through 
noncanonical pathways, such as effects on triglyceride levels 
and some cardiovascular functions.

• THs may also exert effects that occur through non-TR-
mediated pathways, such as modification of cancer growth.

• More research is needed examining the effects of THs that 
may operate by noncanonical and non-TR-mediated 
pathways (e.g., cancer progression).
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OATP1C1 (encoded by the SLCO1C1 gene) in facilitating 
TH passage across brain barriers. Murine studies also 
provide strong evidence that apart from MCT8 and OAT-
P1C1, additional TH transporters yet to be defined in hu-
mans must be active to ensure proper neural activity and 
a functional HPT axis [41].

The Role of Common Variations in TH Transporter 
Genes
While rare mutations in TH transporter genes can 

clearly cause disturbed brain TH metabolism and action, 
the physiological relevance of more common variations 
in TH transporter genes is still largely unknown. Com-
mon SNPs in MCT8, TH transporting MCT10, and TH-
transporting OATPs have been reported to have little im-
pact on serum TH parameters [44]. However, their im-
pact is more likely to be on intra- rather than on 
extracellular levels, and polymorphisms in OATP1C1 
gene have been associated with fatigue and depression in 
hypothyroid patients [45]. Further investigations should 
address the influence of common genetic variations in 
TH transporter genes on proper TH brain function, as 
circulating TH concentrations do not necessarily reflect 
the cellular TH status within the CNS.

Topic 4: Participant Eligibility Considerations for 
Combination Therapy Trials (Presenters at Live 
Conference: Several, Topic Summarizer: J.J.)

Randomized Controlled Trial Results in the Published 
Literature without Specific Selection for Symptomatic 
or Dissatisfied Patients
As previously summarized in the ATA clinical practice 

guidelines on TH replacement, 14 trials of combination 
therapy with LT4/LT3 have been conducted (Table 2; on-
line suppl. Table 1–2) [9]. Most of these trials did not sup-
port superiority of LT4/LT3 combination therapy over 
LT4 alone. However, a few trials showed overall benefits 

Fig. 4. Transporters allowing thyroid hor-
mone entry into the brain. Adapted with 
permission from Groeneweg et al. [41].

Summary statements

• Alterations in TH transporter expression in the CNS and/or 
pituitary may compromise proper feedback within the HPT 
axis and polymorphisms may affect thyroid function tests 
on LT4/LT3 replacement.

• Alterations in TH transporter expression in the CNS may 
affect brain function and polymorphisms may affect the 
neural response to LT4/LT3 replacement.
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in terms of mood, QoL, and neurocognitive function, and 
a few additional trials showed some benefits in some mea-
sures that were assessed. With respect to QoL or mood, 
superiority of combination therapy on multiple measures 
was seen in two trials contributing 92 participants [23, 
46], superiority on a minority of measures at certain time 
points was seen in two trials contributing 633 participants 
[47, 48], whereas the remaining nine trials showed no 
benefit. When considering neurocognitive function, one 
trial of 33 patients showed benefit on multiple measures 
[46], one trial of 26 participants showed benefit on a mi-
nority of measures [49], and eight trials showed no ben-
efit. There were some issues with these trials in terms of 
their small size, short duration, use of multiple compari-
sons, and once-daily dosing regimens. In addition, trial 
heterogeneity with respect to the dosing regimens, TH 
levels, and outcome measures (including lack of validated 
evaluation of patient preferences [see patient preference 
section of Topic 7]) has made it difficult to compare re-
sults between studies or aggregate these trials in meta-
analyses [9]. However, another important consideration 
with respect to these trials of synthetic combination ther-
apy is whether the appropriate patients were selected for 
inclusion.

Patient preference was an outcome examined in some 
of the trials. In the available crossover trials, when exam-
ining the patients who completed the trials, four trials that 
incorporated 128 patients showed there was a preference 
for combination therapy [23, 46, 50, 51], whereas patients 
from another trial incorporating 101 patients had no 
treatment preference [52]. For the parallel design trials, 
there was a preference for combination therapy in one tri-
al of 130 patients [53], whereas patients from another tri-
al of 697 patients [611 with follow-up data; 573 still on 
study medication] had no treatment preference [47]. In 
terms of patient preference based on a recent systematic 
review and meta-analysis, although there was patient pref-
erence for combination therapy in some studies, overall 
the preference did not differ from that expected by chance 
when patients preferring LT4 monotherapy and patients 
having no preference were grouped together [54]. An ear-
lier meta-analysis of the crossover studies suggested that 
27% of patients preferred monotherapy, 25% had no pref-
erence, and 48% preferred combination therapy [55]. Sub-
jective outcomes such as patient preference are likely to be 
influenced by the quality of blinding and ability to main-
tain euthyroidism in study participants. In trials in which 
some participants had iatrogenic hyperthyroidism, this 
could either drive patient lack of preference or patient 
preference for combination therapy. For example, in one 

study of iatrogenic hyperthyroidism induced by LT4 ther-
apy, patients had impaired scores on physical health sub-
scales, but improved scores of mental health and mood, 
perhaps contributing to heterogeneity in patient prefer-
ences [56]. Vital signs were not different between treat-
ment groups in one substudy in which 24 h pulse and 
blood pressure levels during monotherapy and combina-
tion therapy were specifically monitored, suggesting that 
treatment-related unblinding due to cardiovascular ef-
fects is unlikely on low dose combination therapy [57].

One other randomized crossover trial of combination 
therapy using desiccated thyroid extract (DTE) has also 
been conducted in 70 patients who were also crossed over 
to LT4 monotherapy [58], with both preparations deliv-
ered in capsules. The primary outcome of this trial was 
multiple mood and neuropsychological measures, which 
did not differ between the period during which the pa-
tients were taking DTE and the period during which they 
were taking LT4. However, there was a small but signifi-
cant weight loss during the 16-week period that patients 
were taking the DTE. There was a patient preference for 
the extract that was associated with the weight loss, but 
this was only noted in a post hoc analysis.

With respect to the issue of patient preference, al-
though current data show that patient preference is not 
different from that expected by chance [54], the trials 
conducted thus far did not specifically seek out patients 
who were dissatisfied while taking their usual therapy. 
These trials recruited hypothyroid patients regardless of 
whether they were symptomatic or not. This could poten-
tially lead to a dilution of patient preference that might 
have reached statistical significance if only patients dis-
satisfied with their therapy were recruited. It is also pos-
sible that if there is failure to show mood or cognitive 
benefits in patients who nevertheless prefer combination 
therapy, this could be due to our lack of knowledge about 
what is causing the preference and an associated lack of 
knowledge about how to measure this factor.

Rationale for Selecting Patients Dissatisfied with LT4 
Monotherapy or Those with Persistent Hypothyroid 
Symptoms while Taking LT4 Monotherapy
Prior studies of combination therapy for hypothyroid-

ism have not specifically selected patients who have 
voiced their dissatisfaction with traditional monothera-
py. Some trials have excluded specific patient groups, 
such as those with mental illness, affective disorders, or 
untreated depression [48, 49, 52]. One trial prescreened 
patients for fatigue, stratified them according to their fa-
tigue levels, and ensured equal patient sampling from 
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among the low- and high-fatigue level groups [59]. An-
other trial was conducted in those with depressive symp-
toms [60]. To attempt to study participants who may be 
more likely to benefit from combination therapy, several 
inclusion criteria could be utilized. We believe that with 
respect to future clinical trials, first and foremost, patients 
with persistent hypothyroid symptoms or inadequate im-
provement of their hypothyroid symptoms with LT4 
therapy should specifically be recruited, once other causes 
for these symptoms have been excluded. This is congru-
ent with one of the research priorities identified by the 
National Institute for Health and Care Excellence in their 
examination of evidence for the management of hypothy-
roidism guideline [61]. They stated: “Therefore, there is 
an urgent need for high quality RCT examining the effi-
cacy and cost-effectiveness of T4–T3 combination treat-
ment in people with hypothyroidism who are not re-
sponding to levothyroxine monotherapy.”

To quantify dissatisfaction, one of several thyroid-re-
lated QoL questionnaires, which have been previously 
validated in hypothyroid populations, could be employed. 
These include the hypothyroid-related QoL [62], the 
Thyroid Symptoms Questionnaire (TSQ) [63], and the 
Thyroid-specific Patient Reported Outcome (ThyPRO) 
measure [64]. For example, a score > 4 in the 12-question 
TSQ, a validated instrument used to assess hypothyroid 
symptomatology, could be used as the threshold to define 
dissatisfaction with the current therapy [65]. Potentially, 
an overall health-related QoL score using the ThyPRO-39 
composite score of, for example, > 32 could be used for 
inclusion (see also Topic 7). The score of 32 represents a 
score sufficiently above a previously found mean among 
patients with hypothyroidism that these individuals 
would be expected to have worse QoL than average [66]. 
Candidate measures of patient-reported outcomes 
(PROs) should include the complaint that is most impor-
tant to the patient (e.g., fatigue, weight gain, and brain  
fog – also described as mental cloudiness or lack of men-
tal alertness).

Other Criteria for Combination Therapy Trial 
Eligibility
There are several other considerations with regard to 

participant eligibility in trials. For example, patients with 
little residual thyroid function should be recruited, as 
those individuals who have substantial endogenous thy-
roid function may be less affected by manipulation of 
their exogenous therapy [67]. As a measure of having lit-
tle endogenous function, patients could be required to be 
treated at baseline with at least 1.2 µg/kg per day of LT4 

while achieving a normal serum TSH. This would, of ne-
cessity, exclude individuals with subclinical hypothyroid-
ism from the study. However, this would represent a ma-
jority of patients receiving LT4, and perhaps such indi-
viduals could be targeted in a separate study. Other patient 
groups are those who are surgically athyreotic and those 
individuals with thyroid cancer who have received radio-
active iodine therapy after thyroidectomy, who might 
theoretically have the lowest T3 levels due to complete 
absence of endogenous thyroid function, and would re-
quire ∼1.7 µg/kg per day. Of note, only patients with thy-
roid cancer who are being managed to achieve a normal 
TSH would be considered eligible. In addition, the study 
should be adequately powered to examine treatment ef-
fects in important subgroups such as heterozygotes or ho-
mozygotes for the Thr92Ala polymorphism of the D2.

Consideration could be given as to whether patients 
who have low serum T3 levels while taking LT4 mono-
therapy should be targeted, and whether results should be 
stratified according to the change in serum T3 levels 
achieved with combination therapy. Neither baseline se-
rum T3 levels nor serum T3 levels while on therapy 
seemed significant with respect to preference for combi-
nation therapy in one small study. However, this study 
was not prospectively conducted and the timing of blood 
sampling was not standardized [68]. Similarly in the study 
of DTE [58], the mean trough serum T3 level document-
ed was ∼130 ng/dL (1.99 pmol/L) during DTE therapy, 
both in those who preferred DTE and in those who had 
no preference. In one of the randomized crossover studies 
of combination therapy, no relationship was found be-
tween serum TSH, fT4 index, and fT3 index at baseline 
and QoL at baseline, or between the baseline thyroid 
function parameters and preference for combination 
therapy (e.g., baseline TSH 1.48 mIU/L in those prefer-
ring combination therapy versus 0.97 mIU/L in those 
without preference [p = 0.49]) [23]. Regardless of wheth-
er patients were eligible for a clinical trial of combination 
therapy based on low serum T3 levels, or whether results 
were stratified by the magnitude of the change in serum 
T3 levels, timing of blood sampling would need to be 
standardized to measure trough levels of serum T3 (see 
also discussion in Topics 5 and 6).

One recent study suggested that elevated thyroid per-
oxidase antibodies might be associated with dissatisfac-
tion with LT4 therapy [69]. In this study of patients with 
elevated antibody titers, patients who underwent thyroid-
ectomy and had a decline in thyroid peroxidase antibod-
ies reported improved general health on the Short Form-
36 Health Survey (SF-36), compared with patients who 
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did not undergo thyroidectomy. Thyroid peroxidase an-
tibody titers could also be documented and would hope-
fully be balanced between groups by randomization.

Other participant eligibility criteria, which have most-
ly been utilized in the studies already conducted, include 
adults (i.e., exclusion of the pediatric population), a nor-
mal serum TSH at baseline, and a stable LT4 dose require-
ment. Individuals planning a pregnancy, currently taking 
T3-containing therapies, and those with unstable cardiac 
disease, active malignancy, or uncontrolled psychiatric 
disorders would be excluded. However, to ensure that the 
trial results were generalizable to the typical hypothyroid 
population, patients with comorbidities should be in-
cluded. This might involve, for example, including pa-
tients with diabetes, controlled hypertension, pulmonary 
disease, stable cardiac disease, and treated depression. 
Thus, this would require a careful consideration of inclu-
sion versus exclusion criteria and careful emphasis on 
monitoring of safety parameters during the trial.

Topic 5: T3/T4 Dose Equivalence – Clinical and Trial 
Data (Presenter at Live Conference: F.S.C., Topic 
Summarizer: J.J.)

T3 Levels during LT4 Monotherapy versus LT4/LT3 
Combination Therapy
As previously mentioned, treatment of hypothyroid-

ism with LT4 as an exogenous prohormone does not re-
capitulate the serum TH profiles seen in individuals with 
native euthyroidism [9, 70]. Although serum TSH levels 
can be normalized, this occurs at the expense of elevated 
fT4 levels, an elevated fT4/T3 ratio, and low/lower T3 lev-
els [10–12]. Despite the low T3 levels seen with LT4 
monotherapy, the T3 levels achieved are, in fact, stable, 
presumably reflecting that conversion is a regulated step 
[9]. With combined therapy with LT4 and LT3, the en-
dogenous conversion step is partially bypassed. However, 
the amount of LT3 administration that results in no de-

iodination of T4 to T3 is not known. When therapy with 
LT3 is added to LT4 therapy, measured T3 levels fluctuate 
depending on the dosage regimen (dose, timing, and fre-
quency) used. With once-daily LT3 doses of 6.5–10 µg, up 
to a 40% increase in T3 levels can be seen after the LT3 
tablet is taken [57, 71]. Serum T3 increases of 23–36% 
were seen in two patients taking part in the trial of DTE 
at 3 h after the DTE was administered [58]. 

Although the protocol for a combination LT4/LT3 
therapy study clearly needs to include monitoring of se-
rum T3 levels, there are some caveats with measuring to-
tal T3 and more particularly fT3. Immunoassays com-
monly used for measuring both fT3 and T3 are more in-
accurate than less commonly used tandem mass 
spectrometry assays [72], and tend to overestimate T3 
levels at low concentrations. T3 levels are affected by pa-
tient age, patient comorbidities, and time of day. In addi-
tion, T3 levels are greatly affected by caloric/carbohydrate 
intake, patients who are restricting calories may have low 
serum T3 concentrations, and, in rodent models, the 
mechanism appears to be an effect of insulin on D2 activ-
ity [73]. In future studies, measurement of T3 rather than 
fT3 may be preferable simply due to better assay perfor-
mance at higher hormone concentrations. In addition, 
trough levels of T3 are most likely easier to measure, due 
to the inherent variability in the magnitude and timing of 
the T3 peak. Associated TSH levels would be at the upper 
limit of their excursion (Fig. 5).

T3 Levels during LT3 Monotherapy
If LT3 monotherapy is employed, the endogenous pe-

ripheral T4 to T3 conversion is completely bypassed. LT3 
monotherapy given once daily produces unacceptably 
high-peak serum T3 levels [74]. LT3 monotherapy ad-
ministered three times daily produces stable TSH levels 
with continued fluctuations in T3 levels, such that they 
reach the upper end of the normal range with each of the 
three dose administrations [75, 76]. Moreover, as judged 
by the length of time that it took over the course of the 
study to reach and maintain the goal TSH, it is too fre-
quent a dosing regimen for participants to easily adhere 
to. LT3 monotherapy has differential effects on certain 
clinical indices compared with LT4 monotherapy. Treat-
ment with LT3 alone was associated with lowered total 
and low-density lipoprotein cholesterol and decreased 
body weight, presumably reflecting the action of T3 on 
lipid and energy metabolism. Sex hormone-binding glob-
ulin was also significantly increased, reflecting the hepat-
ic impact of LT3 [75]. Based on these LT3 monotherapy 
studies, it was estimated that in terms of therapeutic 

Summary statements

• The randomized controlled trials comparing combination 
LT3/LT4 therapy did not specifically recruit patients with 
attention to persistent hypothyroid symptoms or 
dissatisfaction.

• It is possible that those individuals most likely to benefit 
from combination therapy may not yet have been included 
in trials in sufficient numbers to provide adequate power 
for detecting a response.
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equivalence, LT3 could be substituted for LT4 at a 1–3 
ratio, such that 40 µg LT3 was equivalent to 115 µg LT4 
[76].

T3 Pharmacokinetics
Pharmacokinetic studies have shown that the time to 

maximum concentration (Tmax) of T3 ranges from 1.8 h 
[77] to 2.4 h [74], and the maximum observed concentra-
tion (Cmax) ranges from 292 ng/dL (4.48 pmol/L) [74] to 
320 ng/dL (4.92 pmol/L) [77], using daily doses of 30–45 
and 50 µg LT3, respectively. These same studies have 
shown that the half-life of LT3 is 22 h [74] or 22.9 h [77], 
clearly supporting the need to administer LT3 more than 
once a day to maintain reasonably stable serum T3 con-
centrations. 

Of the 14 combination therapy trials that have been 
completed, 10 employed once-daily LT3 administration 
[23, 46, 47, 49, 51, 52, 59, 71, 78, 79], 4 employed twice-
daily LT3 therapy [17, 48, 53, 60], and none used three 
times a day LT3 therapy. Assuming that three times daily 
LT3 administration is too onerous to be used in future 
trials [75, 76], and considering that a sustained-release 

preparation is not yet available for clinical use [80–83], 
twice a day therapy may be the most reasonable option. 
Given that twice-daily LT3 therapy, although not ideal 
with respect to the T3 fluctuations produced, is likely to 
be the best compromise, modeling studies provide infor-
mation about potential twice-daily LT3 doses that could 
be utilized [67, 77]. Although an argument could be made 
that further trials of combination therapy should not be 
conducted until a sustained-release preparation is avail-
able (see Topic 6), it seems likely that even studies already 
conducted using twice-daily LT3 were not optimized 
with respect to other aspects such as patient selection and 
length of trial, and, therefore, meaningful results might 
still be anticipated from an optimally designed trial of 
twice-daily LT3.

Modeling of LT4/LT3 Combination Therapy
Depending on the various estimates, the intact thyroid 

gland produces ∼85–100 µg per day of T4 and 5–6.5 µg 
per day of T3. This results in the direct thyroidal produc-
tion of T4:T3 in approximately a 14: 1 ratio, which could 
be translated into the assumption that administered TH 
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replacement should be provided as a 14: 1 ratio of T4 to 
T3 to be physiological. Type 1 and 2 deiodinases convert 
the precursor T4 into T3, producing another 26.5 µg of 
T3 daily. One modeling study estimated for the case of a 
72.5 kg individual without endogenous thyroid function 
that 92.5 µg LT4 combined with 3.25 µg LT3 twice daily 
would produce relatively stable levels of T3 with oscilla-
tions in the order of 17% [77]. The use of 88 µg LT4 and 
5 µg LT3 twice daily, and 62.5 µg LT4 and 10 µg LT3 twice 
daily predicted a greater magnitude of T3 fluctuations of 
44 and 88%, respectively. Another modeling study pre-
dicted similar dosing regimens [67]. For a 70 kg patient 
with < 10% residual thyroid function, 100 µg LT4 once 
daily and 5–6.25 µg LT3 twice daily kept T4 and T3 levels 
within the reference intervals. For a patient with 10–20% 
residual thyroid function, 100 µg LT4 once daily and 
3.75–5 µg LT3 twice daily kept T4 and T3 within their re-
spective normal ranges. When a patient has > 20% resid-
ual thyroid function, then 87.5 µg LT4 daily and 3.75 µg 
LT3 twice daily would be expected to maintain normal 
TH levels.

Topic 6: Target T3 and TSH Levels and Slow-Release 
T3 (Presenter at Live Conference: C.M.D., Topic 
Summarizer: C.M.D.)

It has generally been assumed that dosing of LT4 alone 
and LT4/LT3 combinations for individuals on TH re-
placement should be titrated versus serum thyroid pa-
rameters using criteria for “optimal levels” that are the 
same as those used to assess thyroid function in healthy 

individuals with an intact HPT axis. Specifically, the as-
sumption has been that a TSH in the reference range is 
the most important and sensitive parameter in assessing 
for euthyroidism, and the measurement of TH levels is 
secondary and generally not required if TSH is “normal.” 
There is not universal agreement about this approach [84, 
85]. Moreover, this approach makes several assumptions 
that may deserve reconsideration. For example, a recent 
meta-analysis suggested that fT4 levels were more associ-
ated with clinical parameters such as atrial fibrillation, 
osteoporosis, cancer, and dementia than with TSH values 
even within the reference range [86].

The fT3:fT4 Ratio Is Altered on TH Replacement with 
LT4, Even with Similar TSH Levels
Gullo et al. [11] showed that in 1,811 athyreotic indi-

viduals on LT4 replacement that the fT3:fT4 ratio (0.24, 
interquartile range 0.20–0.28) was significantly lower 
than in 3,875 normal individuals with an intact HPT axis 
(0.32, interquartile range 0.27–0.37), p < 0.001, despite 
similar TSH levels (1.2 mU/L vs. 1.4 mU/L). As noted by 
Bianco in Topic 1 discussed earlier, increased T4 levels 
inhibit the activity of the D2 deiodinase that is essential 
for activation of TH in peripheral tissues, but this effect is 
much less pronounced in the hypothalamus/pituitary. 
Hence the reduced fT3:fT4 ratio during T4 replacement 
may result in efficient “normalization” of TSH while re-
ducing generation of active T3 in other tissues of the body 
(through D2 inactivation). The relationship of TSH with 
peripheral tissue thyroid function may thus be distorted 
in LT4 replacement alone with reduced fT3:fT4 ratios. 
Another example of nonphysiological TH levels, although 
occurring in the opposite direction, is the low fT4 levels 
that are achieved with DTE [58], the impact of which on 
deiodinase action does not appear to have been reported.

Serum T3 and T4 May Not Have Interchangeable 
Function
Around 25% of normal children have an fT3 level 

above the adult reference range [87]. fT3 levels in child-
hood correlate positively with fat mass and age of onset 
of puberty, whereas fT4 (or TSH) levels have no such cor-
relation [87], suggesting that circulating T3 levels may 
have different functions to T4. Furthermore, in children 
and adults with an intact HPT axis, fT3 levels do not cor-
relate with TSH levels (and in children they show a posi-
tive rather than the negative correlation seen with fT4) 
[11, 87]. Hence, TSH may not faithfully represent all as-
pects of thyroid status, especially those conferred by fT3 
alone. Some of these considerations may be relevant to 

Summary statements

• LT4 monotherapy administered once daily generally 
produces stable low-normal T3 levels, with low levels being 
seen in some thyroidectomized individuals.

• LT4 monotherapy administered once daily produces 
increased T4/T3 ratios, compared with native 
euthyroidism.

• The pharmacological equivalence of LT3 to LT4 is 
approximately a 1:3 ratio.

• LT4/LT3 combination therapy with LT3 given once daily 
produces up to 40% increase in serum T3 levels above 
trough levels.

• LT4/LT3 combination therapy is expected to produce 17, 
44, and 88% fluctuations in serum T3 levels when 3.25, 5, 
and 10 μg LT3 twice daily, respectively, is used.
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use of combination therapy with LT4/LT3 in adults. The 
relative contribution of T3 and T4 to regulating TSH lev-
els needs to be better understood, especially during exog-
enous combination therapy and the greater pulsatility of 
fT3 levels compared with fT4 levels.

Assessing Thyroid Status with “Pulsatile” T3 Levels on 
LT3 Replacement May Be Different
Fluctuations in serum T3 are relatively narrow within 

individuals with endogenous thyroid functioning [88]. 
As discussed in Topic 5, the short half-life of T3 means 
that dosing even three times a day results in significant 
hourly fluctuations that are not seen in individuals with 
an intact HPT axis receiving LT4 alone (Fig. 5). This leads 
to two problems. First, it is not clear which serum T3 lev-
el should be used to assess appropriate dosing – trough or 
peak – and how this should be compared with “reference 
levels” from individuals with an intact HPT axis. For ex-
ample, if peak levels are above the “reference range” but 
trough levels are in the lower part of the reference range, 
is this “overdosing” or “underdosing?” Trough levels are 
most likely easier to measure, because of the inherent 
variability in the magnitude and timing of the T3 peak. If 
the goal is to achieve physiological fT3/fT4 ratios for the 
reasons already discussed above and in Topic 1, this can-
not be achieved in presence of pulsatile T3 levels as fT3/
fT4 levels will depend on the timing of sampling in the 
day. Second, it is not clear whether “pulsatile” T3 levels 
during LT3 dosing have different effects on T3 action, in 
both pituitary and elsewhere. There are little data to in-
form this, but if “pulsatile” T3 has a greater effect on TSH 
suppression than a similar amount of T3 distributed 
evenly throughout the 24-h period, this could explain 
why the trials that showed a preference for LT3 in com-
bination with LT4 were generally associated with lower, 
sometimes “subnormal” TSH levels [89]. In support of 
this, it is noted that in the Thyroid Epidemiology, Audit, 
and Research (TEARS) retrospective review of patients in 
Scotland, of 400 individuals using LT3, compared with 
33,995 patients taking LT4, no excess of cardiovascular 
disease including atrial fibrillation was noted despite TSH 
levels being substantially lower in LT3 users (1.07 vs. 2.08 
mIU/L, p < 0.001), suggesting that a lower TSH on LT3 
therapy does not necessarily reflect over-replacement 
[38]. Some limitations of these data could include the age 
discrepancy of participants (mean age of 48 years in the 
LT3 group compared with 60 years in the LT4 group) and 
potential for some selection bias as patients in the LT4 
group had a higher prevalence of pre-existing cardiovas-
cular disease before starting TH treatment.

The Requirement for Use of a Slow-Release 
Preparation in Future Trials of T4+T3
For the reasons already given, it is argued that to both 

monitor T3 dosing and use TSH as a reliable measure of 
appropriate dosing, a slow-release T3 preparation is re-
quired and should be the goal of future trials. Recently, 
Santini et al. [81] demonstrated using T3 sulfate as a slow-
release preparation that combination T4/T3 therapy 
could restore a near-normal fT3:fT4 ratio with reference 
range TSH levels. Hence, to optimize the pharmacody-
namics of LT4/LT3, it is, therefore, proposed that the tar-
get for titration in future trials should be to achieve a 
physiological fT3:fT4 ratio (mean = 0.32, interquartile 
range 0.27–0.37) in the presence of physiological TSH 
levels (e.g., 1.4 mU/L). However, it should be noted that 
individual dose titration is likely required to achieve this. 
Such a ratio could most easily be achieved using a slow-
release preparation of T3. Use of DTE would not allow 
such a ratio to be achieved. The therapeutic substitution 
of LT3 for LT4 has previously been calculated to approx-
imate a 1: 3 ratio, as discussed in Topic 5 [76], but it is not 
clear whether this ratio would also apply to a sustained-
release preparation.

Topic 7: Psychological and QoL Measures (Presenter 
at Live Conference: T.W., Topic Summarizer: J.J.)

Generic versus Topic-Specific Health-Related QoL 
Measures
Health-related QoL has been defined as “the subjective 

assessment of the impact of disease and its treatment 
across the physical, mental and social domains of func-
tioning and well-being” [90]. Generic PRO QoL measures 

Summary statements

• Monitoring serum T3 levels and fT3/fT4 ratios on 
conventional LT3 preparations is problematic due to 24 h 
variation.

• Interpretation of TSH levels on conventional LT3 
preparations may also be problematic.

• Physiological dosing of LT3 is difficult to achieve using 
conventional T3 preparations.

• Slow-release T3 preparations are required to achieve 
physiological fT3/fT4 levels.

• Slow-release T3 preparations are required to achieve 
physiological TSH levels in combination with physiological 
fT3/fT4 levels.



Combination Therapy Consensus 
Statement

27Eur Thyroid J 2021;10:10–38
DOI: 10.1159/000512970

(e.g., SF-36, Hospital Anxiety and Depression Scale, Beck 
Depression Inventory [BDI], and GHQ) typically have 
very well-documented measurement properties con-
firmed across many studies and can be used to compare 
across disease groups. By contrast, disease-specific PROs 
(e.g., Zulewski score, TSQ) and Thyroid-Related Quality 
of Life Patient-Reported Outcome ThyPRO (a compre-
hensive thyroid-related PRO that measures the impact of 
any benign thyroid disease on health-related QoL) are 
typically more responsive to change (e.g., a change in 
therapy). There is also evidence that the domains that pa-
tients and clinicians consider to be important in thyroid-
related QoL are different [91] (online suppl. Table 4). Fa-
tigue is a top-ranked concern for patients with thyroid 
disease in general, with general fatigue, physical fatigue, 
and mental fatigue being ranked number 1, 3, and 4, re-
spectively [91]. As the mental and physical fatigue scores 
of a generic PRO such as the SF-36 typically do not change 
in the LT4/LT3 combination trials, it is possible that hy-
pothyroidism is associated with a different quality of fa-
tigue to patients with other conditions such as cancer, 
diabetes, heart failure, and arthritis, for whom the SF-36 
is a better predictor.

Of these PROs, the ThyPRO has the widest coverage 
of the range of thyroid QoL-related issues [92]. In a sys-
tematic review of the quality of thyroid-specific health-
related QoL instruments, the ThyPRO questionnaire was 
recommended for studying patients with hypothyroid-
ism [93]. Validated versions include the full 85-item Thy-
PRO [64, 94–97] and the 39-item ThyPRO-39 scale with 
the 22-item ThyPRO Composite QoL scale [98]. The 
ThyPRO-39 Composite QoL scale is based on 22 items 
from the Tiredness, Cognition, Anxiety, Depressivity, 
Emotional Susceptibility, Impaired Social Life, Impaired 
Daily Life, and Overall QoL scales of ThyPRO. This short 
version of ThyPRO 39 shows comparable reliability and 
validity with the original ThyPRO [98], and could easily 
be used in a future clinical trial of combination therapy.

An alternative approach to a symptom-based end-
point not used in prior combination therapy studies 
would be to ascertain which two to three symptoms an 
individual patient has, which they attribute to their hypo-
thyroidism and consider most important, and ask the pa-
tient to rate these symptoms on a visual analog scale at 
various points during the course of the combination ther-
apy trial. The symptoms would be patient specific, but the 
change in symptoms could nevertheless be determined. 
Although there have been previous attempts to utilize this 
approach, it has not acquired wide acceptance or use [99, 
100]. In a noncontrolled study that solicited input from 

patients about their treatment for hypothyroidism, fa-
tigue, weight management, and memory or other prob-
lems with thinking were the chief concerns [101].

How Is a Good PRO Defined? Content Validity and 
Responsiveness
Minimum standards are recommended for PROs 

[102] in multiple domains. When considering a trial of 
therapy for hypothyroidism, there are two key measure-
ment properties of major importance. First, “content va-
lidity” – does the PRO have “evidence that patients and 
experts consider the content relevant and comprehensive 
for the concept, population, and aim of the measurement 
application?” In the LT4/LT3 study of Appelhof et al. 
[53], no significant change in the PRO used was seen, but 
patients more frequently expressed a preference for the 
combination. This could be because the PRO “missed the 
target” by not measuring the aspects of life that the pa-
tients experienced as having improved. To ensure con-
tent validity, a qualitative study involving patient inter-
views could first be conducted. Patients could be selected 
for interview, for example, if they are dissatisfied with 
LT4 therapy, or if they have previously had a positive ex-
perience with combination therapy. If the items that pa-
tients identify are not contained within existing PROs, 
they could be added to a redesigned PRO. The second 
domain to consider is “responsiveness,” that is the “the 
extent to which a PRO measure can detect changes in the 
construct being measured over time.” This has a signifi-
cant impact on the power of the study (see section on 
powering studies on the next page).

Prior Use of PROs in Studies of LT4 or LT4/LT3 
Therapy
PROs used in prior randomized trials of combination 

therapy have mostly been generic PROs, such as the BDI, 
the Profile of Mood States, symptom checklist-90, and the 
SF-36 in four trials each, and the GHQ in three trials. 
Three trials of synthetic combination therapy [17, 47, 52] 
and one of DTE [58] have used thyroid-specific PROs.

ThyPRO measures tiredness using seven items each 
scored on a 5-point scale, all subsequently reflected in the 
tiredness scale. When patients with hypothyroidism were 
compared with the general population, tiredness was one of 
the parameters that showed the most difference between 
the populations, with a large effect size [66]. In an uncon-
trolled prospective study of the initiation of LT4 therapy for 
mild hypothyroidism (TSH values 5.5–12.2 mIU/L), it was 
also one of the scales that showed the most improvement 
with treatment [66]. The cognitive complaints scale, al-
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though different from the general population, did not im-
prove significantly with 6 months of LT4 treatment. Thy-
PRO-39 has been utilized to assess symptoms in a group of 
patients who reported reduced QoL despite treatment with 
LT4 to achieve a normal TSH. With initiation of combina-
tion therapy, with the LT3 administered twice daily, there 
was an improvement in both tiredness and cognitive com-
plaints after both 3 and 12 months of treatment [103]. The 
3-month improvement in QoL was not accompanied by a 
decrease in body weight. However, this study was an un-
blinded study without a control group. Anxiety and depres-
sion appeared to show little change in response to combina-
tion LT4/LT3 treatment, whereas “emotional susceptibili-
ty” showed a large change [103].

Powering Studies Appropriately for PROs as Primary 
Outcome
In order for a study to be adequately powered based on 

the responsiveness, the minimal clinically important dif-
ference should, broadly speaking, be a third to a half of 
the standard deviation for an effect size of 0.3–0.5. Online 
supplementary Table 5 shows the study size of recent 
combination therapy studies versus the estimated sample 
size required for different effect sizes of 0.3 and 0.5. Note 
that the majority of studies were underpowered and all 
were underpowered if a response can only be expected in 
20% of participants.

Patient Preference
It is possible that the PROs may not adequately cap-

ture the elements that underlie patient preference. Each 
patient’s response to therapy is likely to be heteroge-
neous with preference stemming from the balance of im-
proved versus worsened symptoms. This may be ad-
dressed by a valid composite score from the candidate 
PRO ideally being the primary outcome, with subscales/
symptoms reported as secondary outcomes, to allow for 
differential effect on various aspects of QoL. Any future 
combination therapy trial should include assessment of 
patient preference for the therapeutic therapy regimen 
compared with the LT4 regimen before study initiation. 
Preference should be assessed at several time points dur-
ing the study and at study completion to assess early and 
sustained responses. In addition, patients should be 
asked whether they believe they are receiving the combi-
nation therapy or standard LT4 therapy. They could also 
be asked to document the reason for their preference. 
Qualitative interviews might be considered in a subset of 
patients, to gain further insight into individual patient 
preferences. 

To ensure that the assessment of patient preference is 
not biased, maintenance of the blinding of therapies in 
the trial is critical. There should be consideration for pa-
tient preference being one of the efficacy outcomes for 
any future trials of combination therapy. An unanswered 
question with respect to patient preference is whether 
preference for combination therapy might be associated 
with a stimulatory effect of LT3 exerted through T3 thy-
rotoxicosis, as might be seen with off-label use of LT3 for 
refractory depression. Comparison of T3 and TSH levels 
in those who preferred versus did not prefer combination 
therapy might shed some light on this issue. A recent 
analysis suggests that the salutatory effects of T3 may re-
quire higher T3 levels than the QoL or neurocognitive 
benefits [67]. It is also possible that if patients experience 
T3-related effects such as tachycardia or insomnia, they 
may realize that they are taking LT3 rather than placebo 
and “prefer” it on that basis.

Topic 8: Biological Outcomes, Biomarkers, and Safety 
Measures (Presenter at Live Conference: A.R.C., Topic 
Summarizer: J.J.)

Outcomes Considered in Prior Combination Therapy 
Trials
PROs with a focus on health-related QoL would be the 

primary efficacy outcomes. Patient preference should 
also be an important outcome and would be likely closely 
linked to health-related QoL. Several biological outcomes 
and safety measures have been monitored in the combi-
nation therapy studies conducted thus far and would 

Summary statements

• The key aspects of thyroid-related QoL are typically 
tiredness and emotional susceptibility, not classical 
depression or anxiety, and may be missed using generic 
PRO measures.

• A thyroid-specific instrument should be used to measure 
PROs.

• The selected PRO should have content validity by including 
the most relevant and important aspects of a concept in the 
context of a given measurement application.

• The selected PRO should be responsive so that it detects 
changes in the construct being measured over time.

• The selected PRO should be the primary study endpoint.

• The study should be adequately powered based on the 
primary endpoint.
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serve as secondary efficacy and safety outcomes [104]. 
These measures have included body weight, lipid profile, 
blood pressure, sex hormone binding globulin, bone 
turnover markers, cardiac monitoring, bone mineral 
density, and neurocognitive function. When considering 
any changes in these parameters reported in the trials, it 
is important to take the duration of the trial into account. 
Eleven trials were 5–16 weeks [23, 46, 49, 51–53, 58–60, 
71, 79], three trials were 4–6 months [17, 48, 78], and one 
trial was 1 year in duration [47].

Body weight was slightly decreased in the combination 
therapy arm in two trials [53, 58], but although statisti-
cally significant, it is unclear whether the weight loss 
would be considered clinically significant in terms of a 
percentage decrease in body weight with associated health 
benefits. One of these two trials was the trial of DTE [58] 
and the other was the arm of the trial by Appelhof et al. 
[53] that used synthetic combination therapy at a 5: 1 ratio 
of LT4 to LT3. Two trials showed a decreased cholesterol 
in the combination therapy arm [53, 78], while a third 
trial showed an increased cholesterol in the combination 
therapy group, but this group also had a higher mean TSH 
value [52]. Although blood pressure is generally consid-
ered an important clinical outcome, this parameter did 
not show a between-group difference in any of the prior 
trials [104]. Where measured, bone turnover markers (al-
kaline phosphatase, osteocalcin, and urinary deoxypyr-
idinolines) were increased in two trials (including the Ap-
pelhof trial arm using the 5: 1 LT4:LT3 ratio) [53, 78], and 
no different in two trials [49, 52]. Resting pulse rate was 
increased in the combination therapy group in two trials 
(including the Appelhof trial arm using the 5: 1 LT4:LT3 
ratio) [46, 53], decreased in the combination therapy 
group in two trials [49, 52], and unaltered in the remain-
ing trials in which it was assessed. Echocardiography pa-
rameters were basically unaltered in one trial that includ-
ed this assessment [51]. Bone mineral density at the fore-
arm was unchanged in the one trial in which it was 
measured [78]. Cognitive functioning was assessed in 11 
trials, but with only 2 positive outcomes: there was supe-
riority of combination therapy on multiple measures in 
one trial [46], and superiority of combination therapy on 
a minority of measures in one trial [49]. To achieve a val-
id comparison between the combination and monother-
apy groups, there should be no clinically important dif-
ference in TSH between groups (bearing in mind the con-
siderations about serum TSH discussed in Topic 6). This 
was not achieved in five trials, with two trials having a 
lower TSH in the combination therapy group (including 
the Appelhof trial in 5: 1 ratio group) [53, 71], and three 

trials having a higher serum TSH in the combination 
therapy group [47, 52, 58].

Outcomes to Be Considered in Future Combination 
Therapy Trials
PROs with a focus on thyroid-related QoL should be 

the primary efficacy outcomes of any future trials. These 
outcomes have been addressed in the previous discussion 
of Topic 7. Patient preference would also be an important 
outcome (see Topic 7).

With regard to the design of future combination ther-
apy trials, secondary efficacy outcomes in the following 
domains should be considered for inclusion in the trials: 
metabolic, cardiovascular, cognitive, and musculoskele-
tal. There should not be a clinically meaningful difference 
in TSH between groups to be able to make a meaningful 
comparison of the outcomes between the two therapies. 
As long as a new sustained-release T3 product is not being 
utilized [80–83], the outcome measures do not need to be 
selected with Food and Drug Administration approval in 
mind. The most important consideration for choice of 
outcome measure is whether this outcome is responsive to 
LT3 therapy within the range of acceptable T3 levels or T3 
tissue actions. There are several steps before serum con-
centrations of THs mediate physiological effects. For this 
reason, one could argue that the physiologically measur-
able parameters (from heart rate to resting energy expen-
diture [REE] to body weight) allow much better assess-
ment of a “normal” thyroid status. With this reasoning, 
these secondary parameters are important parameters and 
the serum concentration only a surrogate that is remote 
from where the action takes place. Therefore, the search 
for and validation of physiological parameters should be 
an important part of future trials.

Another consideration is the burden to the trial partici-
pant performing the measurement. To measure REE, a 
metabolic cart and appropriate participant preparation are 
required. Alternative approaches, for example, could in-
clude the use of whole room indirect calorimeters in a sub-
group of patients to characterize in detail any effects of 
combination therapy on the various components of energy 
expenditure. Measurement of maximum rate of oxygen 
consumption measured during incremental exercise (VO2 
max) might also be relatively burdensome. Other consider-
ations include availability and standardization of the mea-
sure across trial sites. Cost is a key issue and this obviously 
increases depending on how many times the measure is re-
assessed during the trial. Outcomes that assess safety are 
essential. An appropriate statistical analysis needs to be de-
vised to incorporate the various measures chosen.
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Potential Secondary Efficacy Outcomes
Metabolic efficacy outcomes could include body 

weight, waist circumference, REE, activity monitoring, 
lipid profile, and sex hormone-binding globulin. Cardio-
vascular efficacy outcomes available include lipid profile, 
resting pulse, blood pressure, echocardiogram, brachial 
artery flow, VO2 max, and carotid intimal media thick-
ness. For cognitive efficacy outcomes, a number of scales 
assessing executive function are available, including the 
NIH Toolbox Cognition Battery [105, 106]. The fluid 
cognition composite score includes five tests (attention 
and executive function, episodic memory, working mem-
ory, executive function, and processing speed) that mea-
sure “fluid abilities” [106]. These are important for adapt-
ing to new situations in everyday life and are more likely 
to be affected by metabolic processes and aging than cog-
nitive functions that are more dependent on past expo-
sure (crystallized abilities). Potential musculoskeletal  
efficacy outcomes include bone biomarkers such as  
C-telopeptide or N-telopeptide, dual-energy X-ray absorp - 
tiometry scan for bone density and body composition, 
hand grip strength, and tests of physical function such as 
the short physical performance battery and the 400 m 
walk. The trial also has to be of sufficient length to allow 
for changes in the parameter being assessed to take place, 
such that longer duration trials of 6 or 12 months are like-
ly to be needed. With respect to safety, hyperthyroid 
symptoms, tachycardia, atrial fibrillation, and decreased 
bone density and fracture would all be relevant. Cardiac 
safety could be assessed using electrocardiograms or 2 
weeks cardiac monitors. Some of the efficacy outcomes 
would additionally be measures of safety, such as bone 
mineral density measurement.

Secondary efficacy outcomes that could be included in 
future trials without excessive cost and without undue 
burden for study participants are shown in the supple-
mentary material, along with potential safety measures 
(online suppl. Table 6). Safety measures should include 
hyperthyroid symptoms, adverse events, and cardiac ar-
rhythmia monitoring. Monitoring for cancer progression 
(e.g., breast cancer) could be considered. For some of 
these secondary outcomes, a reasonable approach might 
be a consideration of “proof-of-concept” studies to assess 
the preliminary point estimates of the intervention and to 
characterize the effects on secondary endpoints (online 
suppl. Table 6). Such pilot trials needed to explore addi-
tional outcomes of secondary importance as well as rela-
tionships between variables could either be conducted as 
separate pilot studies or could be conducted within a larg-
er trial. The advantage of inclusion as a nested study with-

in a larger study is that this could avoid delay of the larger 
study. For example, rather than a design in which all the 
patients undergo REE measurements, these measure-
ments could be conducted for a small subgroup, thus pro-
ducing important data.

Topic 9: Trial Design Considerations (Presenters at 
Live Conference: Several, Topic Summarizer: J.J.)

Randomization, Placebo Control, Blinding, and 
Thyroid Analyte Assay Standardization
Although the position could be taken that no future trials 

should take place without using a sustained-release T3 prep-
aration, there appear to be sufficient flaws in previously con-
ducted studies, that a new optimally designed study of LT3 
should take place. Examples of flaws in prior studies include 
short duration, once-daily LT3 therapy, nonphysiological 
T4:T3 ratios, and, with three exceptions [17, 47, 52], failure 
to use a thyroid-specific patient-reported outcome. If there 
is agreement that there is equipoise for a new clinical trial 
using the short-acting LT3 preparations currently available, 
it is clear that any future trial should be randomized, place-
bo-controlled, and blinded to the participant and investiga-
tor. Use of a randomized controlled trial would allow for 
matching for important parameters such as sex, hormone 
replacement status, and menopausal status. Maintenance of 
blinding, either through generation of identical placebos or 
overencapsulation, is important for maintaining the study 
integrity. In addition, both participant and investigator 
would need to be blinded to the participant’s serum fT4 and 
T3 concentrations. Blinding would be confounded if par-
ticipants experienced manifestations of high serum T3 levels 
such as palpitations or insomnia. In addition to randomiza-
tion, placebo control, and blinding, a key element in a rigor-
ous trial would be standardization of the assays used to mea-
sure TSH, fT4, and T3. Given the intra-assay and interassay 

Summary statements

• THs impact metabolic, cardiovascular, cognitive, and 
musculoskeletal parameters.

• Serum TH levels are only a surrogate marker and may not 
reflect what is taking place at the cellular level.

• Physiologically measurable parameters (such as heart rate, 
body weight, and REE) are the ultimate reflection of TH 
action in cells and allow for assessment of a euthyroid state.

• Assessments of metabolic, cardiovascular, cognitive, and 
musculoskeletal parameters should be included in clinical 
trials of combination therapy.
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variation between TH immunoassays, ideally all laboratory 
measurements would need to be performed in a combined 
batch in a centralized laboratory facility. Parallel laboratory 
testing for adjustment of TH doses and safety measures 
could be performed at a local level.

Length of Trial
Considering that TH replacement is a lifelong therapy, 

and that for LT4 adjustments a steady state is reached af-
ter 6 weeks following dose adjustment, a long observation 
period (12 or 24 months) would be ideal. Only one prior 
study was of 12 months duration [47]. The duration of the 
trial should be at least 1 year to assess persistence of effi-
cacy and safety over sufficient duration. A long study du-
ration would also allow for therapy adjustments, and also 
allow for gathering data on potential toxicity, such as on 
the cardiac and skeletal system. However, a drawback to 
a long study is reluctance to enroll in a long study and the 
potential dropouts from the study that may accrue over 
time. A study duration of 9 months might be a compro-
mise and would be longer than the duration of all except 
one of the already published studies. Study duration 
should be greater than 4 months, given that a placebo ef-
fect may persist for as long as 4 months [17]. Other than 
the case of a clinical trial of a sustained-release T3 prepa-
ration, since short-acting LT3 is commercially available, 
one can expect significant attrition during the study, with 
participants who do not experience the expected im-
provement being likely to withdraw from the study to re-
quest prescribing of LT3 or DTE by their providers.

Crossover versus Parallel Design
A crossover design is appealing because of the increase 

in statistical power due to the ability to perform paired anal-
yses, as has been performed in prior studies [23, 46, 50, 52, 
58, 59, 75, 76, 107]. A crossover design may also be more 
attractive to participants as they know they will receive LT3 
during the course of the study. However, disadvantages in-
clude the potential carryover effect of the first study therapy 
on the second arm of therapy, loss of data with any drop-
outs, and the difficulty conducting a trial of sufficient dura-
tion. Overall, a parallel design is preferred due to the long 
study duration and concerns about carryover effects and 
the impact of dropouts in a crossover design.

Therapies to Be Studied and Relative LT3 Dose
Prior trials of synthetic TH therapy have compared 

combination therapy with LT4/LT3 with monotherapy 
with LT4. There is one published trial comparing DTE 
with LT4. DTE therapy is thus understudied and a trial 

comparing three therapies (synthetic LT4/LT3, LT4, and 
DTE) could be considered. The microgram ratio of T4:T3 
in these studies ranges widely from 4: 1 to 19: 1 (Table 2). 
Thus, not only are many of the doses employed supra-
physiological with respect to their LT3 content, but also 
this variation adds to the heterogeneity of the trials, and 
the possibility of salutatory effects of LT3. DTE might be 
attractive to participants, as there is considerable interest 
in DTE expressed by patients and patient advocacy 
groups, and DTE is preferred by many patients in uncon-
trolled studies [101, 108]. Inclusion of DTE would, how-
ever, add to cost, trial size, and complexity, and perhaps 
the need for additional safety monitoring because of the 
high T3/T4 ratio contained in the DTE. Overencapsula-
tion may be the preferred means of masking the study 
drug to avoid patients potentially identifying DTE based 
on its aroma or taste. The resultant tablets should be of 
identical smell and taste, and, if possible, tamper proof.

Superiority versus Noninferiority Trial
To change the status quo and identify a reason for using 

LT3, rather than maintaining therapy with LT4, a trial de-
signed to show superiority seems desirable. If a noninferior-
ity trial was solely examining safety, then it could demon-
strate that combination therapy (performed in a controlled 
manner) does not cause harm to patients. An equivalence 
trial could also make sense if the therapeutic options were 
equal in cost and ease of use. However, it may not make 
sense currently as combination therapy is more complicat-
ed to use (i.e., dosing multiple times per day), more expen-
sive, and requiring more careful surveillance of multiple TH 
measures. Easy use of LT3 could occur in the hypothetical 
circumstance of a new sustained-release T3 tablet that could 
be taken once a day or less often, and was similar in cost or 
cheaper compared with LT4.

Etiology of the Hypothyroidism
Surgically athyreotic individuals, and those with thy-

roid cancer who have received thyroidectomy and radio-
active iodine treatment and who are being managed to 
maintain a normal TSH, would be ideal trial participants 
due to their absence of endogenous thyroid function. 
However, studying this group only would reduce the gen-
eralizability of the trial, as Hashimoto’s thyroiditis is the 
most common cause of hypothyroidism, and these pa-
tients may be different from athyreotic patients based on 
their TH levels, but also based on other characteristics 
such as fatigue [109]. Including both patients with auto-
immune thyroid disease and those with hypothyroidism 
due to removal or destruction of the thyroid would be ide-
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al, with stratification of the analysis by group. Patients 
with thyroid cancer requiring TSH suppression would 
likely need to be studied separately due to the additional 
consideration of their iatrogenic hyperthyroidism. Al-
though subclinical hypothyroidism is more common than 
overt hypothyroidism, participants with this diagnosis 
should probably be excluded from an initial future trial 
due to their retention of endogenous thyroid function and 
possible difficulty attributing their symptoms to thyroid 
disease. However, this too would reduce the generalizabil-
ity of the findings, as the majority of patients taking LT4 
are being treated for subclinical hypothyroidism [110].

Pragmatic Trial Design
Many patients with hypothyroidism also have other 

chronic medical conditions [13]. If individuals with co-
morbidities are excluded from a future clinical trial, there 
is a risk that the results of the trial will not be generalizable 
to most of the hypothyroid population. Therefore, a bal-
ance needs to be achieved by allowing individuals with, 
for example, well-controlled hypertension, diabetes, and 
cardiac disease, as well as stable and monitored psychiat-
ric disease such as depression, to be eligible for the trial, 
but excluding individuals with uncontrolled diabetes, un-
stable coronary artery disease, active malignancy, or un-
stable psychiatric disease. Recognized indices of the bur-
den of disease or comorbidities could be utilized to stan-
dardize exclusions (e.g., Charlson score and Individual 
Burden of Illness Index for Depression). Women with 
varying statuses with respect to estrogen replacement and 
menopause would also need to be included.

Subgroup Analyses
Subgroup analyses, such as by sex, age, estrogen re-

placement status, menopausal status, presence of comor-
bidities, genetic polymorphisms, and thyroid peroxidase 
antibody positivity, should be prespecified.

Topic 10: Incorporation of Patient Experiences 
(Presenter at Live Conference: E.A.M. and Patients, 
Topic Summarizer: J.J.)

Patient Descriptions of Their Experiences
As part of this consensus conference, patients with hypo-

thyroidism shared their experiences with their treatment, as 
we wished to incorporate the “patient voice” into our discus-
sion of designing new trials. Two individuals shared their 
experiences during a formal panel discussion, others par-
ticipated during the question-and-answer period. The two 
patients involved in the panel described certain symptoms 
of hypothyroidism that did not resolve with treatment. For 
one of these individuals, the residual symptoms were fa-
tigue, weight gain despite an active lifestyle, and hair loss. 
These symptoms occurred with monotherapy despite the 
fact that this therapy achieved a normal serum TSH. Com-
bination therapy improved this individual’s energy and aid-
ed weight management, but also exacerbated menopausal 
hot flashes and caused a feeling of “being hit” after taking 
LT3 and then experiencing “the drop” later. The other indi-
vidual continued to experience low energy and body aches 
while taking LT4, with only partial improvement of these 
symptoms with combination therapy. Other symptoms dis-
cussed included mental alertness and “brain fog.”

Both patient participants valued their communica-
tions with their physicians, shared decision making, and 
continuity of care. They stressed the value to them of life-
style modification with exercise and a healthy diet in im-
proving well-being and aiding in weight control. They 
both stated the importance for them of adjusting their 
expectations of what their baseline should be for aging 
and their other comorbidities. They also acknowledged 
the challenges of distinguishing nonspecific symptoms 
associated with their comorbidities from symptoms re-
maining after treatment of hypothyroidism. Another 
opinion expressed during the question time was that the 
goal of treating hypothyroidism should be complete res-
toration of health, regardless of age, menopausal status, 
or any comorbidity. This expectation was of a greater 
magnitude than the expectation described by other pa-
tients who also shared their experiences.

Patients also discussed what resources were helpful to 
them for learning about hypothyroidism. There were a 
variety of opinions about the helpfulness of social media 
and lay blogs describing symptoms of hypothyroidism. 
Some patients described them as unhelpful, others felt 
that they were helpful as they validated their symptoms. 
One way in which social media was described as not ben-
eficial was a case of an individual who was not experienc-

Summary statements

• There is equipoise for a new adequately powered study of 
combination therapy.

• Future trials should be longer in duration than the trials 
previously conducted.

• There are advantages and disadvantages of a parallel versus 
crossover trial design.

• Etiology of hypothyroidism and presence of comorbidities 
need to be considered.

• Subgroup analyses need to be considered.
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ing the symptoms described, who, therefore, worried that 
something was amiss, or that this reflected a failure to be 
aware of ongoing symptoms.

Choice of Therapy
Patients also expressed a desire to be informed and to 

make good decisions regarding optimizing their health. 
In the setting of combination therapy not yet having been 
shown to be superior, patient-directed knowledge trans-
lation research may be needed to facilitate informing pat-
ents of the risks, benefits, and any uncertainties related to 
the choice of TH preparations, based on best available 
published evidence from trials. Factors such as safety pro-
file, price, availability, and convenience may be important 
for different patients, including those with comorbidities 
and from different countries, and could be investigated in 
knowledge translation trials.

Inclusion of “Preference” as an Outcome
Preference for therapy was also discussed as being an 

important outcome. The finding that some trials did not 
show that combination therapy was beneficial with re-
spect to QoL, mood, and cognitive outcomes, but never-
theless was preferred by some patients was postulated by 
patients to be due to some as yet unappreciated benefit 
that the trial was, therefore, not designed to measure.

Physical Activity, Fatigue, Cognition, and Weight
As described by the patients participating in the patient 

panel, exercise has been shown to be beneficial in the setting 
of several thyroid diseases. Physical activity and exercise 
programs have been shown to improve health-related QoL 
in patients with subclinical hypothyroidism [111]. In pa-
tients with hypothyroidism due to treatment of thyroid 
cancer, fatigue seems to be associated with decreased phys-
ical activity [112]. Physical activity also partially alleviates 
the fatigue in patients with thyroid cancer [113, 114]. Given 
these considerations, it might be reasonable to consider a 
trial of standard of care LT4 versus LT4 and lifestyle chang-
es, including exercise. However, this would be cumbersome 
for a combination therapy trial as placebo-controlled trials 
both with and without exercise would be necessary. For ex-
ample, a 2 × 2 factorial design randomized controlled trial, 
randomizing patients to either combination therapy or LT4 
and to either a lifestyle intervention (e.g., education, diet, 
exercise, or a combination) or no lifestyle intervention, 
could inform the understanding of pharmacological and 
nonpharmacological interventions and their effects on fa-
tigue, cognition, and weight.

Topic 11: Applying Published ETA Guidelines on the 
Use of Combination LT4/LT3 Therapy in Clinical 
Practice in the Current State of Knowledge (Presenters 
at Live Conference: C.M.D., E.F., Topic Summarizer: 
C.M.D.)

Which Patients to Consider and Not to Consider for 
Combination Therapy
Despite the negative results of the trials that have been 

published thus far, both patients and physicians remain 
interested in prescribing combination therapy [115–117]. 
The 2013 ETA guidelines advise considering combina-
tion therapy for patients with persistent symptoms de-
spite adequate doses of LT4, after all other relevant co-
morbidities have been excluded [55]. The possibility of 
undiagnosed psychological comorbidities should also be 
considered. Based on our current knowledge, biochemi-
cal measures (e.g., rT3), genetics and neuropsychological 
testing do not seem to be valuable in patient selection. 
Patients who are pregnant or trying to conceive, or with 
arrythmias or established cardiovascular disease should 
not be considered.

What Should Be Done Before Commencing a Trial of 
Combination Therapy
If a trial of combination therapy is being considered 

within an individual patient, it is important to set clear 
expectations [55]. These include explaining that this is a 
nonstandard treatment for which the risks are unclear 
with the potential for accelerated osteoporosis and atrial 
fibrillation with stroke risk. In addition, it should be made 
clear that this is a trial of a nonstandard therapy poten-
tially with significant monetary cost [118], and treatment 
will be discontinued if no benefit is experienced with a 
reasonable time frame, such as 3–6 months. The require-
ments and importance of medication compliance and 

Summary statements

• Satisfaction with therapy for hypothyroidism is influenced 
by many additional patient-specific factors (e.g., adequate 
sleep, regular exercise, and weight management), in 
addition to their dose and type of TH therapy.

• Patient-directed knowledge translation research is needed 
to inform patients of the risks, benefits, and uncertainties 
related to the choice of thyroid hormone preparations, 
based on evidence available from published trials.

• Patients note the importance of open communication with 
their health care provider about their symptoms.
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timing and compliance with follow-up should be empha-
sized.

Which Medication
A wide range of LT3 preparations are available with 

tablet strengths varying from 5 to 50 µg. The ETA guide-
lines recommend a starting ratio of 13: 1 to 20: 1 (LT4:LT3), 
which represents a dose of 5 or 10 µg LT3 for patients tak-
ing 100–200 µg LT4 [55]. Cutting LT3 pills with a pill cut-
ter would allow for twice-daily dosing such as 2.5 µg twice 
daily. At the start, the LT4 dose is usually reduced by 12.5 
or 25 µg to accommodate the addition of LT3. The thera-
peutic substitution of LT3 for LT4 has previously been 
calculated to approximate a 1: 3 ratio [76].

In theory, the ratio of T4:T3 of 13: 1 to 20: 1 could also 
be achieved by a combination of DTE and LT4, an ap-
proach that has been suggested by some patient groups, 
possibly based on the premise that there are additional 
salutary effects of DTE.

Monitoring
Monitoring is challenging due to the variation in se-

rum T3 levels with current preparations. If peak serum T3 
levels (2–4 h postdose) are within the reference range and 
TSH is not suppressed, this is likely to be a safe dose range, 
although not all patients are satisfied in this range. For 
patients in whom there is a long-term plan to continue 
LT3, pulse regularity and electrocardiogram monitoring 
for atrial fibrillation at each office visit along with 3-year 
bone densitometry in postmenopausal women would 
seem appropriate, although there are no data available to 
provide anything beyond an expert opinion.

Assessment of Response and Long-Term Follow-Up
Response is commonly assessed through patient self-

report of “improvement,” though some clinics use ques-
tionnaires (e.g., ThyPRO). It is important to assess the 
response to be able to stop the treatment if it is not effec-
tive or if the effect is lost over time, based on PROs. It 
would, therefore, seem reasonable to continue to monitor 
patients on combination therapy until the picture is clear-
er with respect to long-term safety, by assessment for car-
diac and skeletal side effects. The TEARS data [38] raised 
the possibility of increased breast cancer risk. It would, 
therefore, also seem reasonable to ensure that routine rec-
ommendations for mammograms are adhered to, espe-
cially in those with risk factors for breast cancer. Counsel-
ing patients before initiation of therapy regarding poten-
tial cardiac, bone density, and cancer progression risks 
should also be incorporated.

Conclusion and Summary

Based on the presentation and discussion of these 
topics by the authors, we believe that there is equipoise 
for a new well-designed adequately powered clinical tri-
al of combination therapy. Furthermore, patients and 
physicians have demonstrated an urgent strong interest 
in addressing the clinical problem of patients’ dissatis-
faction with the existing standard of care for TH thera-
py. Additional physiological/translational data, in-
forming the theoretical basis for potential combination 
therapy benefit, may be generated in parallel with 
planned or ongoing studies in order not to delay new 
studies in this area. Topics 1–10 review information 
that we believe will inform the design of future combi-
nation therapy studies.

For each of the 10 topics, Summary Statements were 
developed. In addition to the Summary Statements, 
Consensus Statements regarding clinical trial design 
were developed and voted upon as described in the 
methods. Table 1 lists the resulting Consensus State-
ments, some with 100% agreement, others with 75% or 
greater agreement, and a minority with < 75% agree-
ment. All Consensus Statements are also given in online 
supplementary Table 7 along with some of the iterative 
comments of the authors to make the areas of agree-
ment, discussion, and disagreement transparent and 
available for future discussions. These Consensus State-
ments with 75–100% agreement present considerations 
arising from the symposium, and the subsequent syn-
thesis of the material by the authors, which we believe 
should be considered for inclusion in the design of fu-
ture studies of combination therapy. In the light of re-
cent scientific developments, it is proposed that these 
changes to the design of previous studies may represent 
a substantial advance on achieving a fair assessment of 
the potential benefits of “physiological thyroid hor-
mone replacement” using combination LT4/LT3 ther-
apy, with a focus on assessment of its effects on patient-
centered outcomes/PROs. The results of such clinical 
trials may differ from previous studies and could be of 
benefit to patients and will be of value to inform the 
treatment recommendations of future TH replacement 
clinical practice guidelines.
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