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The thyroid gland secretes two principal thyroid hormones:
thyroxine (T4) and triiodothyronine (T3). T4 is a prohormone
that must be activated to T3 outside of the thyroid gland
by specific iodothyronine deiodinases. Thyroid hormone
replacement therapy with levothyroxine (LT4) for patients
with hypothyroidism does not adequately restore circulating
levels of T3 in all patients and could explain why some pa-
tients remain symptomatic despite normalisation of thyroid-
stimulating hormone. In addition, genetic polymorphisms
in the deiodinases or other components of thyroid homeo-
stasis could exacerbate this situation. Given that T3 is the
biologically active thyroid hormone, a consensus is building
that restoring optimal T3 homeostasis is central to the man-
agement of hypothyroidism. Two meta-analyses of 18 ran-
domised controlled trials (RCTs) that evaluated patient-
reported outcomes (PROs) in patients receiving liothyronine
(LT3) + LT4 versus LT4 alone did not identify differences
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between both therapies, but did find a strong preference for
LT4 + LT3 versus LT4 alone. However, these trials did not
focus on patients exhibiting residual symptoms. One recent
secondary analysis of an RCT found that patients with resid-
ual symptoms benefit the most from combination therapy
with LT4 + LT3. Thus, new RCTs focussed on patients more
likely to benefit from LT3, and using PROs and preferences
should adequately address the hypothesis that adding LT3
to LT4 can resolve symptoms and improve quality of life in
some people with hypothyroidism.

Introduction

Thyroxine (T4) and triiodothyronine (T3) are the two main hormones
secreted by the thyroid gland, capable of triggering biological effects in
almost every system within the body. The guideline-driven management
of hypothyroidism is focussed strongly on the therapeutic use of levothy-
roxine (LT4) monotherapy, titrated to a dose that brings the level of thy-
rotropin (thyroid-stimulating hormone [TSH]) to within a pre-specified
“normal” reference range. Nonetheless, a minority of LT4-treated pa-
tients continue to report residual symptoms reminiscent of hypothyroid-
ism, despite being in a state of biochemical euthyroidism according to
their TSH levels. There has been considerable clinical interest over the
years in the potential of combination treatment with liothyronine (LT3)
alongside LT4. To date, this approach has not gained traction in clinical
guidelines, although there has been consistent support for a therapeutic
trial of additional LT3 administration for some of these patients. This
chapter reviews the current evidence base and future prospects for add-
ing LT3 to LT4 therapy in patients with hypothyroidism.
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The pathophysiological basis for combination
treatment with LT4 + LT3

The deiodinases and thyroid hormone action

The rate of T4 secretion from the human thyroid gland outstrips that of
T3 by a variable amount, from about 14:1 to 8:1, depending on the TSH
levels. Nevertheless, T3 is the biologically active hormone: deiodinases
inside and outside the thyroid parenchyma convert T4 to T3 (mainly the
deiodinase 2 [DIO2] isoform, with some contribution from the DIO1 iso-
form), which reaches the circulation and acts systemically. In addition,
T3 generated via DIO2 acts locally to influence the transcription of a
wide range of genes (Table 1).* The deiodinases also mediate the con-
version of T4 and T3 to inactive metabolites (DIO3 isoform), such as re-
verse T3 and 3,3’-diiodothyronine (T2), respectively. In practice, numer-
ous metabolites of thyroid hormones have been found in the circulation,
but their physiological role, if any, remains to be established.*” DIO2 is
also closely involved in the feedback mechanisms in the hypothalamus
and pituitary gland, by which a relatively small change in the circulating
T4 level causes a much larger change in TSH secretion.® This is illustrated
through the observation that DIO2 inhibition by treatment with amiodar-
one increases TSH secretion.’

Pathophysiological consequences of polymorphisms
in deiodinase genes

Polymorphisms or mutations in the genes encoding the deiodinases may
affect the activity of these enzymes. For example, the DIO2 Thr92Ala
polymorphism was associated with a significantly lower T3 level in
post-thyroidectomy patients receiving thyroid hormone replacement
therapy with LT4.1° The reduced T3 level was apparently due to a re-
duction in the stability of the DIO2 protein, which in turn caused a low-
er rate of conversion of T4 to T3. This polymorphism has also been
associated with hypothyroidism localised to the brain.!' Other cross-
sectional data demonstrated a significant effect of a DIO1 polymorphism
(rs2235544) on the LT4 dosage required to control hypothyroidism in a
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cohort of 76 patients.’? A recent study in 200 LT4-treated women with
primary hypothyroidism measured levels of thyroid hormones accord-
ing to the presence of a single nucleotide polymorphism (SNP) in the
DIO3 gene.'® There were significant differences in the serum levels of T2,
T3 and T4 among three groups of women who had wild-type DIO3, or
who were homozygous or heterozygous for the SNP. On the other hand,
a cross-sectional study from the UK Biobank failed to find a significant
association between any of three DIO2 polymorphisms and a range of
outcomes related to psychological well-being, cognitive function and car-
diovascular risk. Polymorphisms of thyroid deiodinases have also been
associated with an increased risk of other diseases, such as early-onset
obesity, several cancer types, neurodegenerative diseases, bone diseases,
hypertension and schizophrenia, among others.!**+18 The importance of
polymorphisms of other proteins involved in thyroid homeostasis, such
as thyroid hormone receptors and transfer proteins, remains an active
area of research.'

It is possible that a given circulating level of T4, e.g. during treatment
for hypothyroidism with exogenous LT4, may drive sufficient production
of T3 in one organ system, but not in another.?’ For example, a state
of local T3 deficiency in the heart (perhaps driven by up-regulation of
DIO3,?! which degrades T3 to T2 [Table 1]) has been implicated as a
possible driver of adverse clinical outcomes in patients with heart fail-
ure.?? Low T3 is commonly observed among populations with heart fail-
ure,?*?* and intervening to improve T3 homeostasis has been suggested
as a therapeutic approach to the management of heart failure with pre-
served ejection fraction.?® Isolated low T3 (“euthyroid sick syndrome”)
is a risk factor for increased mortality in patients with various cardiac
conditions.?6-28 Overall, it is clear that polymorphisms in deiodinases may
underlie an inability of LT4 treatment to achieve a euthyroid state in pe-
ripheral tissues in some hypothyroid patients.!®
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The inability of LT4 to normalise T3 production
in all patients with hypothyroidism

Several studies have reported that a low level of free T3 (fT3) persists in
some patients who receive thyroid hormone substitution with LT4 that
is sufficient to bring TSH and free T4 (fT4) to within their reference
ranges.?-® For example, the recent Brazilian Longitudinal Study of Adult
Health (ELSA-Brasil) showed that LT4 treatment for hypothyroidism nor-
malised serum TSH levels and increased average fT4 levels, as expected,
but the mean fT3 level was reduced by 7%, with 15.6% of patients report-
ing at least one fT3 test result below its reference range during the aver-
age follow-up of 8 years.?! An observational study in 9,850 LT4-managed
adults with hypothyroidism found a non-linear relationship between lev-
els of fT3 and fT4 such that there was little change in fT3 at higher levels
of fT4.3* Thus, increasing the LT4 dose was effective in reducing TSH
and increasing fT4, but had little effect on fT3 beyond a certain level.>
A meta-analysis comparing well-controlled patients with hypothyroidism
(according to the TSH level) with a euthyroid control group showed that
modest but statistically significant elevations of total cholesterol (mean dif-
ference +9.6 mg/dL [0.25 mmol/L]) and LDL-cholesterol (+3.3 mg/dL
[0.09 mmol/L]) persisted in the hypothyroid group.*

The problem of persistent symptoms in some patients
with hypothyroidism

The observation that TSH-guided thyroid hormone replacement for pa-
tients with hypothyroidism may not always establish effective euthy-
roidism (i.e. normalised levels of TSH, fT4 and fT3, see above) has re-
focused interest on the minority of patients who continue to experience
hypothyroidism symptoms, e.g. impaired quality of life, even after the
restoration of TSH to within its reference range.***° Observational data
suggest that people with hypothyroidism report a lower quality of life
than their euthyroid peers, even if their TSH is well-controlled, and af-
ter adjustment for age, gender, comorbidities and associated medication
use.”! Elsewhere, quality-of-life scores provided by patients with well-
controlled hypothyroidism were shown to correlate with levels of TSH
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and fT4 within the normal range, but not with levels of fT3.4? Finally, an
RCT showed that additional LT4 administration did not improve psycho-
logical well-being or cognitive function in patients with symptoms rem-
iniscent of hypothyroidism but a TSH level within the reference range.*
It should be noted that symptoms of hypothyroidism are non-specific
and may arise from multiple comorbidities or their treatments, and exhaus-
tive work-up is needed before these symptoms can be confidently associ-
ated with residual hypothyroidism.*>*¢3¢ Hypothyroid-like symptoms such
as fatigue may arise from deficiencies of vitamins and minerals (especially
B,,, folate and iron), menopause, coeliac disease and overweight/obesity
with obstructive sleep apnoea.® Nevertheless, it is rational to hypothesize
that correction of fT3 in addition to TSH and fT4 could be an effective
strategy to improve the quality of life of patients with hypothyroidism who
do not respond fully to LT4 monotherapy. The evidence base for interven-
tion with LT3 in this population is summarised in the following section.

Clinical evaluations of LT4 and LT3
in combination

Randomised trials and meta-analyses

Table 2 summarises the main findings of numerous randomised trials
that have evaluated combinations of LT4 + LT3 in comparison with LT4
alone in patients with hypothyroidism.*-%¢ Several features of these trials
are immediately striking: most were published more than 15 years ago,
most are small and employed a relatively short treatment duration and —
especially — most reported no differences in outcome between LT4 + LT3
treatment versus LT4 alone. A 2006 meta-analysis, after most of these
trials had been published, found no overall differences between combi-
nation therapy versus LT4 monotherapy for bodily pain, depression, anx-
iety, fatigue, quality of life, body weight, any lipid parameter or adverse
events.”” Further meta-analyses published as recently as 2021 demon-
strated no differences between LT3 + LT4 versus LT4 alone on symptoms,
fatigue, quality of life, mood or cognition, which was unsurprising, given
the number of neutral trials published at least 20 years ago.®*"!
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Nevertheless, a 2022 meta-analysis showed that patients expressed
a significant preference for LT4 + LT3 combination therapy versus LT4
alone (risk ratio 2.47; 95% confidence interval [CI] 1.31 to 4.67).% In
one of the studies summarised in Table 2, the use of inclusion criteria
requiring patients to have LT4-resistant symptoms of hypothyroidism led
to the demonstration of a benefit for the combination in 12/13 domains
of a thyroid-specific quality-of-life questionnaire (ThyPRO).®> Another
study asked patients to rank three study treatments in order of pref-
erence; numerically more patients allotted rank 1 (best) to LT4 + LT3
(32%) or desiccated thyroid extract (45%; this preparation also contains
T4 and T3), compared with LT4 (23%), although there were no signif-
icant differences within this dataset.®* However, when the population
was stratified for the severity of residual symptoms on their prior LT4
monotherapy, those with the most severe symptoms expressed a clear
and significant preference for the LT3-containing regimens (Figure 1).
The highest versus lowest severity of symptoms at baseline was also as-
sociated with significant benefits for LT3 + LT4 versus LT4 monotherapy
relating to scores derived from the Thyroid Symptom Questionnaire-36,

Figure 1 Patient preferences for levothyroxine (LT4), desiccated thyroid extract (DTE)
or liothyronine (LT3) + LT4, according to the severity of hypothyroid symptoms during
prior LT4-based monotherapy from a randomised trial in patients with hypothyroidism.

601 Prefer LT4
= Prefer DTE
50 - B Prefer T3+ LT4
% O No preference
40
30
20
10 -
0 m

Low Medium High
Severity of thyroid symptoms on prior LT4 monotherapy

Drawn from data presented in ref 64.
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the General Health Questionnaire, the Beck Depression Inventory and
the Visual Memory Index (Figure 2). Finally, a study published in 2016
in 45 patients with overt hypothyroidism rendered biochemically euthy-
roid by LT4 monotherapy compared the effects of LT3 and placebo as
add-on treatment, with patient preference as the main study outcome.%
The impact of polymorphisms of DIO2 (Thr92Ala) and the thyroid hor-
mone transport protein MC10 (rs 17606253) on patient preference
was evaluated. The proportions of patients preferring the combination
(60% overall) were 42% for those with neither polymorphism, 63%
for those with one polymorphism and 100% for those with both
polymorphisms.

Figure 2 Thyroid symptoms and patient-reported outcomes according to the severity of

hypothyroid symptoms during prior LT4-based monotherapy from a randomised trial in
patients with hypothyroidism.

Lvs M: p=0.014
L vs H: p=0.000

L vs M: p=0.048

L vs H: p=0.000 © 4
LIl M vs H: p=0.015
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M vs H: p=0.028
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A(LT4) vs. (LT4 + LT3)
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A(LT4) vs. (LT4 + LT3)
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Thyroid Symptom Questionnaire

-10

-20
|

L M H L M H
Thyroid Symptom Questionnaire-36 General Health Questionnaire-12
(on LT4) (on LT4)
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L vs H: p=0.001

M vs H: p=0.366
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A(LT4) vs. (LT4 + LT3)

-10

L

M H

Visual Memory Index
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-10
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Beck Depression Index
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Reproduced from ref 65 according to the Creative Commons CC BY licence (https://creativecom-

mons.org/licenses).
“L",“M" and “H" refer to low, medium and high severity of hypothyroid symptoms on prior LT4
monotherapy.
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Limitations of the current evidence base

An expert review from 2009 posed the question in its title, “Do we need
still more trials on T4 and T3 combination therapy in hypothyroidism?”.7
The author’s answer was “Yes — but not more of the same”, acknowledg-
ing the multiple limitations inherent in the available clinical evidence
base, especially:

e The short pharmacokinetic half-life of LT3 (hours), compared
with the long half-life of LT4 (days), effectively precluded the
establishment of a stable euthyroid-like physiological balance of
T3 and T4. Wide variations in peak-to-trough levels of fT3 occur
with the use of immediate-release LT3 preparations.” Extended-
release formulations of LT3 are in clinical development, which
may facilitate the establishment of biochemical euthyroidism
based on fT3 levels, as well as fT4 and TSH.”#7¢ Importantly, se-
rum levels of fT3 have been shown to reflect tissue levels of fT3
sufficiently accurately that serum fT3 is suitable as a biomarker
for systemic T3 status, which will aid the conduct and interpreta-
tion of future clinical trials in this area.”

* Trial participants were relatively unselected populations with hy-
pothyroidism, mostly with no attempt to recruit patients likely to
benefit from LT4 + LT3 combinations, such as those with docu-
mented polymorphisms of key proteins that might predispose to
low T3 levels, and/or those with symptoms of hypothyroidism
that were resistant to prior TSH-directed LT4 monotherapy.

A recent review of the literature echoed these concerns and conclud-
ed that clinical comparisons of LT4 with LT4 + LT3 in hypothyroidism
were usually underpowered and failed to recruit sufficient patients with
residual symptoms of hypothyroidism on prior LT4 monotherapy.*® These
authors also concluded that more recent studies that did recruit popula-
tions of patients with residual hypothyroid symptoms on LT4 reported
benefits relating to reduced symptoms and/or improved quality of life
for patients receiving the LT4 + LT3 combination rather than LT4 mono-
therapy, as described above.3®

A computer modelling approach set out to define the conditions for
successful intervention with LT4 and LT3.”® The authors concluded that
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the amount of residual thyroid function in each individual was key to
optimising thyroid homeostasis with this combination and made recom-
mendations on starting doses of LT4/LT3 for residual thyroid function of
<10% (100 pg/10-12.5 ng), 10-20% (100 pg/7.5-10 pg) and >20%
(87.5 nug/7.5 ng). Residual thyroid function appears to be another pa-
rameter that may be a source of variability in the therapeutic response to
LT3-containing interventions in the management of hypothyroidism that
needs to be controlled more carefully in clinical trials.

Current guidelines

Unsurprisingly, major guidelines have not provided strong support for
the use of LT3 in the management of hypothyroidism, given the neu-
tral results of the older clinical studies summarised above. Nevertheless,
the European Thyroid Association (ETA) provided good evidence for the
combination approach in a guideline published in 2012.72 According to
the ETA, additional LT3 may be given “solely as an experimental treatment
modality” with specialist physician supervision for patients with hypothy-
roid symptoms despite good adherence to optimised LT4 therapy, with
the treatment withdrawn after 3 months if there is no benefit. LT3 should
be given twice daily at an LT3:LT4 ratio between 13:1 and 20:1. Pregnant
women and patients with cardiac arrhythmias should not receive LT3.
The stated goal of treatment is to improve or optimise levels of TSH, fT3,
fT4 and the fT4:fT3 ratio, measured in a morning blood sample before
taking any thyroid hormone tablets. A 2015 position statement from the
British Thyroid Association supported this approach.”

The American Thyroid Association (ATA) 2014 guideline for the man-
agement of hypothyroidism provides a weak (due to lack of evidence)
recommendation to avoid the routine use of LT3 + LT4.%° There is also
no recommendation on the suitability of add-on LT3 for patients with re-
sidual hypothyroid symptoms despite optimised LT4, and no support for
the use of thyroid extracts, which contain T4 and T3. The ATA updated
its guidance on the therapeutic use of LT3, with a consensus statement
published in 2021.%' The ATA recognised that LT4 monotherapy produces
a lower fT3:fT4 ratio than is seen in euthyroid individuals, and that this
can be corrected with LT4 + LT3 combination therapy (to some extent, at
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least, with available immediate-release LT3 preparations). Importantly,
the consensus recognises that generic quality-of-life instruments are like-
ly to miss some classic hypothyroid-related symptoms, such as tiredness
and emotional instability, and that thyroid-specific instruments should
be used in future.

Where next?

The report from the ATA, described above, recognised that patients most
likely to benefit from LT4 + LT3 combination therapy “may not yet have
been included in trials in sufficient numbers to provide adequate power for
detecting a response”, particularly those dissatisfied with, or with residual
symptoms on, LT4 monotherapy.®’ Accordingly, the hypothesis that adding
LT3 to LT4 may improve the management of some people with hypothy-
roidism has not been adequately tested so far, and new and more appro-
priately designed trials are needed. Box 1 summarises the results of a for-
mal consensus procedure undertaken by the ATA to provide guidance on
the conduct of new clinical trials in this area that will avoid the design pit-
falls described above.®® The statement addresses the need for: recruitment
of patients with residual symptoms on LT4 alone; robust, randomised trial
designs; validated, thyroid-specific patient-reported outcomes as primary
outcomes; and sustained-release LT3 preparations; and the potential for
impact of polymorphisms in deiodinases and thyroid receptors on out-
comes from thyroid hormone replacement, among other recommenda-
tions. A 2023 UK expert consensus provided similar recommendations,
focussing on patients with the loss-of-function DIO2 Thr92Ala polymor-
phism as a population likely to have a high symptom burden and a strong
biological rationale for intervention with LT3 in addition to LT4.7°

The results of trials designed to address these issues will finally
answer the outstanding questions relating to the efficacy of additional
LT3 for patients who are uncontrolled or unwell on LT4 monotherapy.
A double-blind RCT in the Netherlands (T3-4-Hypo) is currently com-
paring LT4 + LT3 and LT4 monotherapy in adults with autoimmune
hypothyroidism, =3 months of TSH within reference on LT4 =1.2 ug/kg
and tiredness unexplained by other conditions.®? Treatment is for 1 year,
and the study is powered to detect treatment effects on the ThyPRO
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Box 1 Abbreviated overview of key outcomes from a consensus process on the design
of new trials evaluating LT4 + LT3 in the management of hypothyroidism conducted
by the American Thyroid Association.

Level of consensus: . 90-100%; . 70-90%; . 50-70%

Consensus statements have been abbreviated and similar statements have been merged for
conciseness. Colour coding for level of consensus and use of bold text is arbitrary to aid visual
interpretation and applied by the author of this chapter. Statements with consensus <50%
were omitted. Abbreviations — AE: adverse event(s); DTE: desiccated thyroid extract; DXA:
dual-absorption X-ray absorptiometry scan; ECG: electrocardiogram; fT3: free triiodothyronine;
fT4: free thyroxine; HR: heart rate; LT4: levothyroxine; NIH: National Institutes of Health;

PROs: patient-reported outcomes; REE: resting energy expenditure; T3: triiodothyronine/
liothyronine; TG: triglyceride(s); TH: thyroid hormone(s). Compiled from information presented
in ref 80.
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tiredness scale (the main study outcome), as well as the impact of the
DIO2 Thr92Ala polymorphisms and the polymorphism of the MC10 thy-
roid hormone transporter. Accordingly, this study incorporates the key
design requirements for new trials proposed by international experts in

thyroid research, as described above.

Safety of LT4 + LT3 combination therapy

Establishing the safety of a medication is paramount, especially for a life-
long condition that is prevalent in a relatively young population, some of
whom will be exposed to the treatment for decades. The safety of therapy
with LT4 or the LT4 + LT3 combination depends on avoiding under- or
over-treatment with thyroid hormones, as per the usual management of
hypothyroidism (Chapter 7 of this book summarises the clinical conse-
quences of under- or over-treatment). Meta-analytic evidence shows that
the incidence of adverse events is similar for populations receiving LT3
+ LT4 and LT4 monotherapy, including for thyroid extracts.®>* A recent
meta-analysis has revealed that treatment with LT3 is safe for patients
undergoing cardiac surgery, although more data on this population are
needed.548

Conclusions

T3 is the active thyroid hormone, and a consensus is building that es-
tablishing optimal homeostasis of this hormone is central to the optimal
management of hypothyroidism.®#” The use of LT3 + LT4 in the treat-
ment of hypothyroidism is as safe and effective as LT4 alone, as veri-
fied in a series of RCTs. However, most of these trials did not recruit the
patients most likely to benefit from LT3 treatment and did not employ
appropriate thyroid-specific instruments to measure effects on symptoms
and quality of life. There is evidence from more recent, well-designed
studies that patients with residual symptoms of hypothyroidism on opti-
mised LT4 monotherapy express a strong preference for the LT4 + LT3
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combination versus LT4 alone. A new series of clinical trials, designed

using the lessons learned over the past two decades, will adequately ad-

dress the hypothesis that adding LT3 to LT4 can improve symptoms and

quality of life in some people with hypothyroidism.
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