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Abstract

Background: Data suggest symptoms of hypothyroidism
persist in 5-10% of levothyroxine (L-T4)-treated hypothyroid
patients with normal serum thyrotrophin (TSH). The use of
L-T4 + liothyronine (L-T3) combination therapy in such pa-
tients is controversial. The ETA nominated a task force to re-
view the topic and formulate guidelines in this area. Meth-
ods: Task force members developed a list of relevant topics.
Recommendations on each topic are based on a systematic
literature search, discussions within the task force, and com-
ments from the European Thyroid Association (ETA) mem-
bership at large. Results: Suggested explanations for per-
sisting symptoms include: awareness of a chronic disease,
presence of associated autoimmune diseases, thyroid auto-
immunity per se, and inadequacy of L-T4 treatment to re-
store physiological thyroxine (T4) and triiodothyronine (T3)
concentrations in serum and tissues. There is insufficient ev-
idence that L-T4 + L-T3 combination therapy is better than
L-T4 monotherapy, and it is recommended that L-T4 mono-
therapy remains the standard treatment of hypothyroidism.

L-T4 + L-T3 combination therapy might be considered as an
experimental approach in compliant L-T4-treated hypothy-
roid patients who have persistent complaints despite serum
TSH values within the reference range, provided they have
previously received support to deal with the chronic nature
of their disease, and associated autoimmune diseases have
been excluded. Treatment should only be instituted by ac-
credited internists/endocrinologists, and discontinued if no
improvement is experienced after 3 months. It is suggested
to start combination therapy in an L-T4/L-T3 dose ratio be-
tween 13:1 and 20:1 by weight (L-T4 once daily, and the daily
L-T3 dose in two doses). Currently available combined prep-
arations all have an L-T4/L-T3 dose ratio of less than 13:1, and
are not recommended. Close monitoring is indicated, aim-
ing not only to normalize serum TSH and free T4 but also
normal serum free T4/free T3 ratios. Suggestions are made
for further research. Conclusion: L-T4 + L-T3 combination
therapy should be considered solely as an experimental
treatment modality. The present guidelines are offered to
enhance its safety and to counter its indiscriminate use.
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Introduction

Hypothyroidism is a condition characterized by the
clinical and biochemical manifestations of thyroid hor-
mone deficiency in the target tissues of thyroid hormone.
The most common cause of hypothyroidism is deficient
production of thyroid hormones by the thyroid gland.
Thyroxine (T4) is produced exclusively by the thyroid
gland; its daily production rate is about 100 pg at an aver-
age body surface area of 1.79 m? (56.2 pg/day/m?). Daily
production rate of triiodothyronine (T3) for a body sur-
face area of 1.79 m? is about 29 wg (16 pg/day/m?): 20%
(~6 pg, or 3.3 pg/day/m?) is secreted by the thyroid
gland, and 80% (~23 pg, or 12.7 pg/day/m?) is generated
in extrathyroidal tissues by 5'-deiodination of T4 [1].

Treatment of hypothyroidism is today predominantly
with L-T4: its long half-life of 1 week is advantageous al-
lowing one daily dose and it generates stable T3 levels by
conversion of T4 into T3 in peripheral tissues. In con-
trast, the half-life of T3 is short (about 1 day), and treat-
ment with L-T3 would require several doses per day with
wide variation in serum T3 levels along the 24-hour pe-
riod. Elevated serum T3 concentrations may occur dur-
ing the absorption of L-T3 which can be associated with
symptoms of tachycardia and nervousness. The options
of treatment with L-T3 or the combination of L-T4 and
L-T3 therefore have largely been abandoned [2, 3]. How-
ever, recent developments have rekindled interest in the
potential advantages of L-T4 + L-T3 combination thera-
py over L-T4 monotherapy. On the one hand, many prac-
tising physicians have the experience that some of their
hypothyroid patients have persistent complaints, despite
adequate treatment with L-T4 as evident from normal-
ization of TSH, free T4 and T3 concentrations. The cre-
ation of special interest groups like that of ‘Hypo but not
Happy’ patients attests this point [4]. A recent random-
ized clinical trial reported a clear preference of patients
for L-T4 + L-T3 combination therapy over L-T4 mono-
therapy [5].

In recognition of these developments and existing
controversies regarding the value of L-T4 + L-T3 combi-
nation therapy of hypothyroidism, the ETA appointed a
task force to systematically approach this issue and es-
tablish guidelines according to the principles of evi-
dence-based medicine. The task force acknowledged that
L-T4 + L-T3 combination therapy is a highly controver-
sial issue. In fact, as evident from the recommendations
in this report, the evidence base to advocate this treat-
ment modality is very limited indeed. Nevertheless, the
presently proposed guidelines aim to provide guidance
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on how to explore persisting symptoms in a systematic
manner. They stipulate that combination therapy should
be viewed solely as experimental. They recommend
much lower L-T3 doses in combination therapy than pre-
viously used, thereby enhancing safety. And they show
that the thyroid community at large does care about the
issue of persistent symptoms. The guidelines should not
lead to the indiscriminate use of L-T4 + L-T3 combina-
tion therapy; in contrast, the recommendations made
should help physicians to identify the relatively few L-T4-
treated hypothyroid patients who might benefit from a
carefully executed trial with L-T4 + L-T3 combination
therapy.

Methods

The ETA Executive Committee nominated a task force for the
development of guidelines for the treatment of hypothyroidism
with the combination of L-T4 and L-T3. Task force members de-
clared whether they had any potential conflict of interest. Fund-
ing was derived solely from the general funds of the ETA and thus
the task force functioned without commercial support.

The task force excluded from the present analysis papers on
L-T4 + L-T3 combination therapy in central hypothyroidism,
in children, and in hepatic hemangioma; investigations were re-
stricted to papers on adults with a definite diagnosis of primary
hypothyroidism, evaluating preferentially randomized clinical
trials rather than observational studies. The task force first devel-
oped alist of the relevant topics in this area. Two task force mem-
bers were assigned to review the literature relevant to each of the
topics, using a systematic PubMed, Embase and Medline search
for primary references and reviews published until September
2011. A preliminary document and a series of recommendations
concerning the topics were generated by each subgroup and then
critically reviewed by the task force at large. Task force delibera-
tions took place mostly through electronic communication; there
were telephone conferences and one final committee meeting.
The recommendations are based on consensus of task force mem-
bers which was unanimous.

The guidelines were developed to combine the best scientific
evidence with the experience of seasoned clinicians and the prag-
matic realities inherent in implementation [6]. Recommendations
are rated according to the GRADE system [7, 8]. The GRADE sys-
tem classifies recommendations into one of two grades: strong
recommendations receive a grade 1 classification using the term
‘we recommend’, weak recommendations receive a grade 2 clas-
sification using the term ‘we suggest’. The quality of the evidence
for the recommendations can be +00 (low, grade C), ++0 (moder-
ate, grade B), and +++ (high, grade A). The draft guidelines were
puton the ‘Members-only’ section of the ETA website for 1 month,
in order to receive comments of ETA members. The final docu-
ment was approved by the Guidelines Board and the Executive
Committee of the ETA.
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Results

Is There an Unmet Need in L-T4-Treated Hypothyroid
Patients?

Every experienced clinician knows that there are some
patients with L-T4-treated hypothyroidism who do not
recover completely [9]. Dissatisfaction with outcome of
L-T4 monotherapy is often expressed on websites of thy-
roid patient associations [4, 10]. There are, however, just
a few controlled studies which have evaluated dissatisfac-
tion and remaining complaints in a quantitative manner.

In a community-based study from the UK, 381 pa-
tients who had been on L-T4 for a minimum of 4 months
and had normal serum TSH values (local reference rang-
es were 0.1-5.5 or 0.2-6.0 mU/I) were compared with 535
age- and sex-matched controls [11]. Two questionnaires
were used: the General Health Questionnaire (GHQ-12)
to detect psychological distress of unspecified nature,
and a 12-question Thyroid Symptom Questionnaire
(TSQ). A score of three or more indicated caseness. After
correction for age, sex, chronic diseases and chronic
medication, the proportion of caseness was higher in pa-
tients than in controls, both in the GHQ-12 (34.4 vs.
25.6%, p = 0.012, odds ratio (OR) 1.48 [1.09-2.00]) and in
the TSQ (48.6 vs. 35.0%, p < 0.001, OR 1.71 [1.29-2.25)).
Limiting the analysis to patients with serum TSH in a
narrow normal range (0.4-4.0 mU/l) gave similar out-
comes: caseness was 35.1% in GHQ-12 and 48.5% in TSQ.
The study provided evidence that patients on L-T4 re-
placement even with a normal serum TSH display sig-
nificant impairment of psychological well-being com-
pared to controls of similar age and sex. Serum-free T4
(but not free T3) showed a negative relation to GHQ-12
scores (higher free T4 was associated with lower GHQ-12
scores implying improved well-being), whereas a positive
correlation was seen with TSH and GHQ [12]. Similar
correlations were seen with TSQ, but not with Hospital
Anxiety and Depression Scale (HADS) scores. Another
community-based study from The Netherlands investi-
gated 141 patients who had been on L-T4 replacement for
primary autoimmune hypothyroidism for at least 6
months and had serum TSH values between 0.11 and 4.0
mU/1 [13]. Results of neurocognitive tests (cognitive or
psychomotor speed, attention, working memory as well
as learning and memory) and scores on questionnaires
(Symptom Check List-90 total score and the Rand 36-
item Health Survey subscales for mental health and vital-
ity) of patients were compared with reference values of
these tests for the Dutch general population. Patients
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showed poor performance on various domains of neuro-
cognitive functioning compared with standard reference
values (p = 0.001), especially on a complex attention task
and on verbal memory tests. Levels of well-being were
significantly lower for patients compared with those of
the general population (p = 0.001). Neither serum TSH
nor anti-thyroid antibodies were determinants of neuro-
cognitive functioning or well-being. The results of this
study suggest that neurocognitive functioning as well as
psychological well-being may not be completely restored
in patients with hypothyroidism despite L-T4 treatment.

A third community-based study from Norway among
subjects aged =40 years compared HADS scores of 1,546
women on L-T4 and 18,137 women without thyroid dis-
ease not on L-T4 [14]. Serum TSH (median values with
interquartile range) in both groups were 1.25 (0.3-2.9)
and 1.5 (1.1-2.1) mU/], respectively. More women on L-T4
had high scores (HADS =8) for depression and anxiety
than women not on L-T4: depression 18.4 versus 12.8%
(p<0.001), anxiety 23.4 versus 18.6% (p < 0.001), respec-
tively. In women on L-T4, serum TSH was positively as-
sociated with depression and anxiety. For each 1 mU/I
increase in serum TSH there was 3% more depression
cases (p = 0.04) and 3% more anxiety cases (p = 0.046). In
women not on L-T4, no significant associations with de-
pression or anxiety were seen. The study suggested a
higher prevalence of depression and anxiety in L-T4-
treated hypothyroid women of 40 years and older.

The few other studies on this topic are limited by their
small sample size. In a population-based study of middle-
aged women in Sweden, 29 women were identified who
were treated with L-T4. Twelve years later, 22 of them still
used L-T4 and had normal serum TSH values. Their qual-
ity of life was not different from 968 women from the pop-
ulation without thyroid disease [15]. In a study from the
USA recruiting women mostly by advertisement, 34 L-T4-
treated subjects had decrements in health status, psycho-
logical function, working memory, and motor learning
compared to 22 euthyroid controls. There were no corre-
lations between serum TSH levels and outcomes [16].

In each of the three large cross-sectional observation-
al studies, the prevalence of particular health problems
was higher in L-T4-treated hypothyroid patients than in
controls. This was also true if the analyses were restricted
to patients with normal serum TSH values. The observed
health problems were related to psychological distress,
thyroid symptoms, neurocognition, general well-being,
depression and anxiety. The strengths of the papers are
their community-based study design and the large sam-
ple size. As all outcomes point into the same direction,
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Table 1. Possible causes of persistent complaints in L-T4-treated
hypothyroid patients

Nonspecific causes: related to the chronic nature of the disease
IT Specific causes: related to thyroid disease and thyroid

hormone replacement

1 Associated autoimmune diseases

2 Thyroid autoimmunity per se

3 Inadequacy of L-T4 dose

4 Inadequacy of L-T4 treatment modality

one may conclude that there is indeed an unmet need in
L-T4-treated hypothyroid patients. The dimension and
causality of the problem is not clear. In this respect it is
noteworthy that hypothyroid symptoms were reported,
despite a normal serum TSH, by 12.1% of 22,842 partici-
pants (1,525 of which were taking thyroid medication) in
the Colorado Thyroid Disease Prevalence Study [17]. Al-
though the magnitude of the problem is limited, the sub-
optimal outcome of L-T4 treatment might be very rele-
vant for individual patients. Based on the frequency dif-
ferences between patients and controls, about 10% of
L-T4-treated hypothyroid patients have impaired psycho-
logical well-being and about 5% depression or anxiety
which can be related to the disease and L-T4 therapy.

Recommendations

(1) In L-T4-treated hypothyroid patients with normal
serum TSH values, psychological distress, impaired well-
being and cognitive disturbances occur more often than
in controls (1/+00).

(2) Data suggest that 5-10% of L-T4-treated hypothy-
roid patients with normal serum TSH have persistent
symptoms which can be related to the disease and L-T4
therapy (2/+00).

Is There a Biologic Rationale for Persistent
Complaints in L-T4-Treated Hypothyroid Patients?

There are a number of possible explanations for per-
sistent symptoms in L-T4-treated hypothyroid patients
(listed in table 1). It is assumed that a general work-up has
already excluded well-known causes of nonspecific symp-
toms and ‘unwellness’ that have nothing to do with thy-
roid diseases such as anaemia, hypercalcemia, occult in-
fections, etc.

Most if not all hypothyroid patients on L-T4 treatment
will require lifelong replacement therapy with thyroid
hormones. Transient thyroid hormone deficiency is rare.
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Thus, in most instances to have hypothyroidism means
to have a chronic disease. Awareness of having a chronic
disease and to be dependent on thyroid hormone medica-
tion for the remaining part of one’s life could make pa-
tients feel unhappy and less healthy [9, 10, 18, 19]. The
necessity of regular medical visits may cause discomfort
and a feeling of ‘unwellness’. Patients with nonspecific
symptoms like fatigue may be inclined to attribute such
complaints to the disease and its treatment. Persistent
nonspecific complaints are reported in many chronic en-
docrine and nonendocrine diseases.

Hypothyroidism is most frequently caused by chronic
autoimmune thyroiditis (Hashimoto’s disease) and by
thyroid ablation in Graves’ disease. Most hypothyroid pa-
tients thus have autoimmune thyroid disease. It is well
known that autoimmune thyroid disease is associated
with other autoimmune diseases [20, 21]. In a large UK
study the frequency of other autoimmune disorders was
9.67% in 2,791 patients with Graves’ disease, and 14.3%
in 495 patients with Hashimoto’s disease [22]. Rheuma-
toid arthritis was the most common coexisting autoim-
mune disorder (found in 3.15% of Graves disease and
4.24% of Hashimoto’s disease). Relative risks of almost all
other autoimmune diseases were significantly increased
(RR >10 for pernicious anaemia, systemic lupus erythe-
matosus, Addison’s disease, celiac disease, and vitiligo).
Many of these conditions may go unnoticed for a long
time in view of the nonspecific nature of associated symp-
toms. Screening for other autoimmune diseases has been
recommended in subjects with autoimmune thyroid dis-
ease presenting with new or nonspecific symptoms [22].

Thyroid peroxidase antibodies (TPO-Ab) in serum
are a marker of autoimmune thyroid disease. TPO-Abs
are very prevalent in the general population and also in
subjects with normal TSH values. The large population-
based HUNT study in Norway did not observe a relation-
ship between TPO-Ab and depression or anxiety after
adjustment for age, gender and TSH [23]. In contrast, a
Dutch community-based study of 583 randomly selected
perimenopausal women reports an association between
TPO-Ab >100 kU/1 and depression (OR 3.0, 95% CI 1.3-
6.8); neither thyroid dysfunction nor menopausal status
was related to depression [24]. A study from Austria in-
vestigated 426 euthyroid women undergoing thyroid sur-
gery for benign thyroid diseases [25]. The diagnosis of
Hashimoto’s thyroiditis in 28 patients was based on the
histology of the surgical specimen, and strongly related
to TPO-ADb >121 kU/I. Patients with TPO-Ab >121 kU/1
had higher rates for several symptoms including chronic
fatigue, dry hair, chronic irritability, chronic nervousness
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and lower quality of life (SF-36 questionnaire) than those
patients with TPO-Ab <121 kU/]; there was no difference
in serum TSH levels or the use of thyroid hormone re-
placement therapy (29%) between both groups. These
data suggest the possibility that thyroid autoimmunity
per se, independent of thyroid function, contribute to
symptoms and decreased quality of life.
Pharmacological issues such as decreased intestinal ab-
sorption of L-T4 or interference with other drugs may ne-
cessitate adjustment of the L-T4 dose, but an adequate L-T4
dose will eventually normalize serum TSH values in all
patients with primary hypothyroidism (assuming compli-
ance with the medication). It has been questioned whether
L-T4 doses that normalize serum TSH are really adequate.
The peripheral conversion of T4 into T3 makes it possible
to achieve normal serum T3 concentrations in humans
treated with L-T4 [26], but it is argued that the T3 levels ob-
served might be lower than the T3 levels in the premorbid
state. This possibility has been evaluated in a study compar-
ing thyroid function in the same patients before and after
total thyroidectomy for goiter, benign nodular thyroid dis-
ease or thyroid cancer [27]. Patients were euthyroid before
surgery without medication and after surgery with L-T4
medication. Pre- and postoperative serum TSH (1.18 =*
0.58 vs. 1.30 £ 1.89 mU/I) and serum T3 (1.99 % 0.41 vs.
1.96 * 0.43 nmol/l) concentrations were not different.
Another suggestion has been that well-being is opti-
mized by fine adjustment of L-T4 dosage, aiming for a
serum TSH in the lower reference range [28]. This has
been investigated in a double-blind RCT with a crossover
study design, in which each of the 52 L-T4-treated hypo-
thyroid patients received three L-T4 doses in random or-
der for eight weeks: low dose, middle dose (25 g more
than low dose), and high dose (25 g more than middle
dose), resulting in serum TSH values of 2.8 £ 0.4, 1.1 *
0.2 and 0.3 £ 0.1 mU/], respectively (p < 0.001) without
changes in body weight [29]. These small changes in L-T4
dosage did not produce measurable changes in hypothy-
roid symptoms, well-being, quality of life, or cognition,
and no significant treatment preference was observed.
These data do not support the suggestion that the target
serum TSH range for the treatment of hypothyroidism
should differ from the laboratory reference range.
Normalization of serum TSH and T3 concentrations is
achieved with L-T4 therapy at the expense of higher serum
free T4 concentrations than normal [26, 27]. As a result,
the ratio of serum free T4 to serum free T3 concentrations
in L-T4-treated hypothyroid patients is higher than in
healthy subjects. L-T4 therapy thus fails in precisely mim-
icking the physiological serum free T4 to free T3 ratio.
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Whether or not this has functional consequences in hu-
mans is unknown. Serum thyroid hormone concentra-
tions are related to T3-dependent gene expression only to
a certain extent, as bioavailability of T3 to its nuclear re-
ceptors is modified by specific thyroid hormone trans-
porters in the plasma membrane and cellular deiodinases
which locally may activate or inactivate thyroid hormone
[30]. There is wide variation in how tissues handle thyroid
hormones. In rat liver, for example, plasma-derived T3
and T3 generated locally from T4 via deiodinase type 1
(D1) are in different compartments with respect to nucle-
ar receptor binding: practically all of the nuclear T3 ap-
pears to be plasma derived [31]. In contrast, in tissues like
brain most of T3 available for receptor binding is locally
produced from T4 via deiodinase type 2 (D2). In hypothy-
roidism, liver D1 activity is decreased but brain D2 activ-
ity is increased. Such tissue-specific regulatory mecha-
nisms may jeopardize simultaneous normalization of thy-
roid hormone concentrations in all hypothyroid tissues.

Administration of L-T4 alone to thyroidectomised rats
does not, at any dose tested, result in normal T4 and T3
concentrations simultaneously in all tissues (which can
be taken as one criterion for defining euthyroidism) [32].
The L-T4 dose needed to normalize thyroid hormone
concentrations was different for each tissue, and supra-
physiological T4 concentrations had to be reached in
most tissues to normalize their T3 concentrations. Only
the combined treatment with L-T4 and L-T3 resulted in
normal T4 and T3 concentrations in plasma and all tis-
sues as well as normal serum TSH and near-normal D1
and D2 activities [33]. The addition of small doses of L-T3
decreased the amount of L-T4 needed to normalize T3 in
the majority of tissues by about 50% compared to the
amount necessary when L-T4 alone is used. Combination
therapy ensuring euthyroidism in all tissues at the same
time was only obtained at a dose of 0.90 g T4 and 0.15
g T3 per 100 g body weight per day; the molar ratio of
the T4 and T3 dose is 5:1, similar to that present in the
normal thyroidal secretion of the rat.

When extrapolating these observations in rats to hu-
mans, one should realize that the relative importance of
thyroidal T3 secretion versus extrathyroidal T3 genera-
tion from T4 is greater in rats than in humans. The molar
ratio of T4 to T3 in thyroidal secretion is ~5.7:1 in rats
and ~14:1 in humans [1]. Nevertheless, the rat findings
suggest the possibility that the treatment modality with
L-T4 alone might be inadequate.

The list of possible explanations for persistent symp-
toms is not complete. The normal thyroid gland may se-
crete also compounds like thyronamines and 3,5-T2; one
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could speculate whether a postulated diminished secre-
tion of these compounds in primary hypothyroidism is
somehow involved in persisting symptoms. Another pos-
sibility is that subjects with depression or a general sense
of lack of well-being may be more likely to be screened,
diagnosed and treated for hypothyroidism. Thus, sub-
jects being generally dissatisfied with their state of health
will be over-represented in patients receiving L-T4 treat-
ment, and any persistent complaints may be wrongly at-
tributed to L-T4 treatment [78, 79].

Recommendations

(3) Suggested explanations for persistent symptoms in
L-T4-treated hypothyroid patients despite normalization
of serum TSH, include: awareness of a chronic disease,
presence of associated autoimmune diseases, thyroid au-
toimmunity per se (independent of thyroid function),
and inadequacy of L-T4 treatment to restore physiological
T4 and T3 concentrations in serum and tissues (2/+00).

Is There Evidence that L-T4 + L-T3 Combination
Therapy Serves the Hypothyroid Patient Better than
L-T4 Monotherapy?

Meta-Analysis of RCTs

In 2006, a meta-analysis was published of 11 clinical
studies in which 1,216 adult hypothyroid patients on L-T4
treatment were randomized to receive L-T4 monotherapy
or L-T4 + L-T3 combination therapy [34]. The meta-anal-
ysis found no difference in the effectiveness of combina-
tion versus monotherapy in any of the following items:
bodily pain (standardized mean difference SMD 0.00,
95% CI -0.34, 0.35), depression (SMD 0.07, 95% CI -0.20,
0.34), anxiety (SMD 0.00, 95% CI -0.12, 0.11), fatigue
(SMD -0.12, 95% CI -0.33, 0.09), quality of life (SMD
0.03, 95% CI -0.09, 0.15), body weight, total serum cho-
lesterol, triglycerides, low-density lipoprotein, and high-
density lipoprotein. Adverse events did not differ be-
tween regimens (RR 1.19, 95% CI 0.63, 2.24). The authors
of the meta-analysis concluded: ‘It is doubtful whether
further trials evaluating combination therapy are needed
because the chances that the accumulated evidence will
change are low’. A more recent systematic review in 2009
reached similar conclusions [35]. However, a recent RCT
observed combination therapy was superior to mono-
therapy [5]. So do we need still more trials? [36]. We eval-
uated all available studies to look for possible bias and
confounding factors.
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Critical Review of RCTs

Table 2 lists the 13 RCTs published so far, ranked by
sample size. All RCTs are double-blind in nature. The
earliest study from 1970 [37] and the most recent one
from 2009 [5] are not included in the meta-analysis, but
all other studies (performed between 1999 and 2005) are
included in the meta-analysis [34]. One study is available
only in abstract form [38].

Sample Size

A formal sample size calculation is reported in seven
studies [5, 39, 41, 42, 45-47]. It is obvious that a low sam-
ple size limits the power to detect differences between
treatment arms. The largest sample sizes are associated
with recruitment from primary care [39, 40].

Recruitment

In the recruitment of patients it is important to avoid
selection bias: participation to RCTs should reflect the
general population of L-T4-treated hypothyroid patients.
This is best guaranteed by inviting all eligible patients in
a community population as done in three studies [39-41].
Recruitment by advertisement carries the risk to include
a disproportionate number of patients dissatisfied with
the outcome of L-T4 treatment. Indeed, participants re-
sponding to advertisements were dissatisfied in 55% in
one study [41] and had depressive symptoms in 100% in
another study [43]. One can counter that inclusion of
such patients is not disadvantageous because the very end
of L-T4 + L-T3 combination therapy is to improve well-
being of patients with persistent symptoms on L-T4
monotherapy. It is thus relevant to evaluate whether base-
line dissatisfaction or mood state are associated with out-
comes. This has been done in five studies: results were not
different in patients with or without depression [44], in
patients in the highest tertile of the psychiatric Symptoms
Checklist [40], in patients with high or low fatigue levels
[45], or in dissatisfied patients at baseline [41]. In one
study, patients preferring combination therapy had worse
baseline scores for depression and social functioning
than patients without preference [5].

Cause of Hypothyroidism

Although Hashimoto’s thyroiditis was the most com-
mon cause of primary hypothyroidism in the RCTs, many
studies included patients with hypothyroidism due to thy-
roidectomy or radioiodine (131I) therapy performed be-
cause of Graves” hyperthyroidism, benign goiter or thy-
roid cancer. This may constitute a bias, as the benefit of
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combination therapy in one trial was observed only in the
thyroid cancer patients and not in patients with autoim-
mune thyroiditis [48, 49]. However, another study could
not detect differences in outcome between patients with
autoimmune hypothyroidism compared with postsurgi-
cal and postradioiodine hypothyroidism [41]. The meta-
analysis was unable to demonstrate a relation between the
proportion of athyreotic patients included in the study
and the effect of combination therapy on symptoms [34].

Stable L-T4 Dose Prior to Randomization

Hypothyroid patients had been on a stable L-T4 re-
placement dose for at least 2 months in all RCTs. One
trial which randomized untreated hypothyroid patients
to receive L-T4 or T4+T3 demonstrated no differences in
the course of thyroid symptoms between both treatment
arms [50]. In view of the aberrant study design this RCT
is not included in table 2.

Study Design

Five studies have a parallel study design and eight a
crossover study design. The disadvantage of parallel stud-
ies is the need for a larger sample size in comparison to
crossover studies in order to reach the same power of the
study. The disadvantage of crossover studies is that obser-
vations may not be independent because the same patients
receive both combination and monotherapy. There could
be a significant carry-over effect, especially when assum-
ing biological effects of thyroid hormones in tissues like
brain may have a long duration. A wash-out period can be
inserted between the two treatment periods, but this has
been done in just one study [41]. A significant carry-over
effect was not observed in the studies which tested spe-
cifically for its presence [5, 41, 45, 46]. Moreover, the meta-
analysis observed similar effects on outcome parameters
when comparing parallel and crossover designs [34].

L-T4 + L-T3 Combination Therapy

Whereas patients randomized to receive L-T4 mono-
therapy continued their usual L-T4 dose, in patients ran-
domized to receive L-T4 + L-T3 combination therapy, a
part of their L-T4 dose was replaced by L-T3. Most fre-
quently a fixed amount of L-T4 (50 p.g) was replaced by a
fixed amount of L-T3 (10, 12.5, 20 or 25 ug), resulting in
a variable ratio of administered T4 to T3 dose by weight
in each of these studies. The T4 to T3 dose ratio thus can
vary substantially between participants within the same
RCT (e.g. ranging from 20:1 to 4:1) [44]. Other studies
replaced a proportion of the L-T4 dose by a variable L-T3
dose, resulting in a fixed ratio of administered T4 to T3
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Table 3. Ratios of serum FT4 to FT3 concentrations (both in
pmol/l) in L-T4-treated hypothyroid patients at baseline, and af-
ter completing study medication with either T4 or T4+T3

Author Baseline T4 T4+T3
monotherapy combination
Saravanan et al. [39] 5.5 5.5 39
Walsh et al. [41] 4.5 4.2 33
Sawka et al. [43] 3.9 4.0 2.2
Escobar-Morreale et al. [46] 4.1 4.1 34
Siegmund et al. [47] 4.3 4.6 4.0
Mean FT4:FT3 ratio 4.3 4.5 34

dose for all participants within a trial (one study random-
ized patients to a fixed ratio of either 10:1 or 5:1) [40]. The
variation in T4 to T3 dose ratio between studies aiming
at a fixed ratio is large, ranging from 19:1 to 4:1. The wide
variation in T4 to T3 dose ratio within and between RCTs
constitutes a potential bias because most studies fail to
mimic the ratio of T4 to T3 secretion by the human thy-
roid gland under physiological conditions, which is close
to 13:1 by weight [1]. Nevertheless, combination therapy
was judged not to be better than monotherapy in the four
trials in the meta-analysis applying a fixed dose ratio of
19:1, 15:1 or 10:1 [38, 40, 46, 47].

Along similar lines one may look at the ratio of serum
free T4 to free T3. To obtain serum TSH values similar to
controls during L-T4 monotherapy, serum free T4 con-
centrations higher than controls are required at serum
free T3 values similar to those in controls [26, 27]. Indeed,
serum free T4 to free T3 ratios in patients randomized to
receive L-T4 monotherapy range from 4.0 to 5.5 (table 3),
higher than the value of 3.3 observed in healthy controls
[49]. The serum free T4 to free T3 ratio during combina-
tion therapy ranges from 2.2 to 4.0. In only two RCTs the
ratios (3.3. and 3.4, respectively) were close to control val-
ues, but both studies still failed to demonstrate superior-
ity of combination therapy over monotherapy.

The L-T3 dose administered during combination ther-
apy varied between 5 and 25 pg daily, with the exception
of the oldest study in which 40-60 g L-T3 was given [37].
The daily L-T3 dose was administered as a single dose in
all trials except four, in which it was divided in two doses
(37, 40, 42, 43].

Duration of L-T4 and L-T4 + L-T3 Treatment

Exposure to study medication varied between 15 and 52
weeks (median 16 weeks) in parallel studies, and between
5 and 12 weeks (median 8 weeks) in crossover studies.
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Table 4. Preference of patients in RCTs comparing T4 monotherapy with T4+T3 combination therapy in cross-

over or parallel study designs

Author n Preference T4 Preference Preference T4+T3 p value
monotherapy none therapy

Crossover studies

Walsh et al. [41] 100 46 18 36 0.32

Nygaard et al. [5] 59 9 21 29 0.002

Bunevicius et al. [44] 33 2 11 20 0.001

Escobar-Morreale et al. [46] 26 2 6 18* 0.015

Bunevicius et al. [48] 10 2 2 6 -

Total 228 (100%) 61 (27%) 58 (25%) 109 (48%)

Parallel study

Appelhof et al. [40] 140 14/48(29%) 43/92(47%) 0.024

* Including 6 patients who preferred the combination of 87.5 g L-T4 + 7.5 p.g L-T3 for a final 8-week add-

on regimen that was not randomized.

Final Serum TSH

A few studies report adjustment of L-T3 dose in order
to maintain serum TSH values within a certain range as
specified in the study protocol. Serum TSH values at the
end of combination therapy were higher than serum
TSH values at the end of L-T4 monotherapy in two trials,
similar in seven trials, and lower in two trials. Serum
TSH was not determined in two trials. Suppressed se-
rum TSH levels were observed in one study, at the end
of combination therapy in an L-T4 to L-T3 dose ratio of
5:1 [40].

Outcome of RCT by Quality of Life (QoL), Cognition,

Mood, Symptoms

There is some variation in the applied outcome instru-
ments, but overall similarities in assessment between
studies are rather high. Combination therapy was not
better than L-T4 monotherapy in nine but better in three
of the 12 RCTs. This outcome is not related to serum TSH
values at the end of the study medication. One study dem-
onstrated a significantly greater reduction in psychiatric
caseness during combination therapy as compared to
L-T4 monotherapy (19.2 vs. 26.6%, odds ratio 0.61, 95%
CI 0.42-0.90) as well as an improvement in an anxiety
score (OR 0.61, 95% CI0.32-0.95) at three months, but no
differences were seen at 12 months [39]. The meta-analy-
sis included the 3-month outcome of this study. The me-
ta-analysis of all RCTs listed in table 2 (not incorporating
[5] and [37]) concluded that L-T4 + L-T3 combination
therapy used as replacement therapy for patients treated
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for hypothyroidism provided no advantage when com-
pared with standard L-T4 monotherapy [34]. As men-
tioned above, it is unlikely the conclusion of the meta-
analysis will change by incorporating the 2009 study [5].
In that study, depression scores and seven out of 11 QoL
scores were significantly better during combination ther-
apy than during L-T4 monotherapy.

Outcome of RCT according to Patients’ Preference

Patients were asked in seven of the 13 RCTs which
study medication they preferred. We excluded one of
these seven trials from further analysis in view of a high
incidence of unpleasant symptoms during combination
therapy (31 vs. 9% during L-T4 monotherapy), undoubt-
edly caused by the very high daily doses of 40 and 60 g
L-T3 in this study [37]. Preferences in the remaining six
trials are listed in table 4. Preferences are similar in stud-
ies with a crossover or parallel study design. L-T4 mono-
therapy is preferred by 28% of participants, although
their L-T4 dose in the study period was exactly the same
as prior to randomization. It points to a significant Haw-
thorne effect: benefit from improved routine care within
a trial and from being investigated. Patients feel better
just by participating in a trial. Whereas 52% of partici-
pants expressed no preference or a preference for L-T4
monotherapy, it is striking that 48% preferred L-T4 +
L-T3 combination therapy. Patient preference for combi-
nation therapy was associated with improvement in QoL,
cognition, mood and symptoms in three trials [5, 44, 48]
but absent in two trials [40, 46]. Losing weight has been
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proposed as an explanation for patients’ preference.
Changes in body weight were +0.1 kg, -0.5 kg and -1.7 kg
in patients randomized to receive L-T4 alone, L-T4 + L-T3
in a ratio of 10:1, or L-T4 + L-T3 in a ratio of 5:1, respec-
tively (p = 0.01 for trend) [40]; the largest loss in body
weight was obtained at the expense of a suppressed serum
TSH (mean 0.07 mU/], range 0.02-1.05). Mean changes in
body weight during L-T4 or L-T4 + L-T3 therapy were
+0.2 and -1.5 kg, respectively, in the study by Nygaard et
al. [5] preferring combination therapy, and 0.1 and -0.2
kg, respectively, in the study by Walsh et al. [41] with no
preference. Three further studies assessed body weight,
but none reported significant changes [39, 42, 45].

Synopsis of RCTs

There is marked heterogeneity among the reviewed
RCTs, as evident from large differences in sample size,
recruitment policy, cause of hypothyroidism, study de-
sign, T4 to T3 dose ratio, and duration of intervention.
The wide variation in the administered T4 to T3 dose ra-
tio within and between RCTs is of special concern, con-
stituting a potential serious confounder. For, if one as-
sumes persistent symptoms in L-T4-treated hypothyroid
patients are due to higher than normal serum free T4 to
free T3 ratios, the T4 to T3 dose ratio during combination
therapy should mimic the physiological ratio of T4 to T3
secretion by the thyroid gland in order to secure normal
serum free T4 to free T3 ratios: this is not accomplished
in most trials.

The meta-analysis found combination therapy was not
better than monotherapy by assessment of QoL, mood,
symptoms and cognition [34]. Inclusion of the recent
study by Nygaard et al. [5] is unlikely to change the out-
come of the meta-analysis. The meta-analysis did not
perform a quantitative analysis of patient’s preference
[34]. Our analysis (table 4) indicates about half of patients
preferred combination therapy over monotherapy. The
significance of this finding is limited by relevant data be-
ing available in only six trials and due to preference re-
sulting from overtreatment with thyroid hormones in
one trial [40].

Recommendations

(4) There is insufficient evidence that L-T4 + L-T3
combination therapy serves the hypothyroid patient bet-
ter than T4 monotherapy (1/++0).

(5) It is recommended that L-T4 monotherapy remains
the standard treatment of hypothyroidism (1/+++).
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Could It Be that Trials Comparing L-T4 + L-T3
Combination Therapy and L-T4 Monotherapy Have
Not Targeted the Right Population?

The effects of thyroid hormones in target tissues are
determined by many factors beyond their serum levels,
including local expression and activity of thyroid hor-
mone transporters and deiodinases [51]. Polymorphisms
in genes involved in thyroid hormone pathways may
change the set-point of the hypothalamus-pituitary-thy-
roid axis, and such small but common genetic variations
may also modulate the effect of exogenous T4 in particu-
lar target tissues of hypothyroid patients.

Phosphodiesterase 8B gene (PDES8B) variants are asso-
ciated with serum TSH (e.g. each additional copy of the
minor allele of rs4704397 is associated with an increase of
0.13 mU/l in serum TSH [52]). The results suggest a pri-
mary effect of PDESB variants in the thyroid, causing in-
creased phosphodiesterase activity and hence a reduced
ability of the thyroid gland to generate free T4 on TSH
stimulation. Subsequent studies also reported the associa-
tion between PDE8B and higher serum TSH, but not be-
tween PDE8B and serum free T4 which would have ex-
pected to be lower [53, 54]. A recent meta-analysis con-
firmed that genetic variation in PDE8B is associated with
serum TSH (+0.20 SD/allele), and identified a possible
new association with free T4 (-0.07 SD/allele) [55]. The as-
sociation is lost in subjects on thyroid hormone replace-
ment. This observation emphasizes that although thyroid
hormone replacement may return an individual’s serum
TSH levels to within the reference range, this may be out-
side an individual’s genetically determined set-point [55].
A meta-analysis of 1,512 studied polymorphisms in 68
thyroid hormone pathway genes in four populations
showed a significant association of 30 SNPs in 10 genes
with TSH; only 8 SNPs in PDE8B remained significant
with p values below the threshold of 0.0022 [54].

The DIOI gene encodes the iodothyronine deiodinase
type 1 (D1), present in liver, kidney and thyroid. D1 plays
a key role in the production of T3 from T4 and in the
clearance of rT3. Polymorphisms in DIOI are associated
with serum FT4 but not with serum TSH [56-58]. The
findings have been replicated in two recent large studies
(with p values below the threshold of 0.0033) [54, 55]. The
C-allele of SNP rs2235544 in DIOI is associated with in-
creased D1 activity with resulting increase in serum free
T3, decrease in serum free T4 and reverse T3 (fT3), and
thereby in a decreased serum free T4 to free T3 concen-
tration ratio. This is also observed in hypothyroid pa-
tients on L-T4 replacement (table 5) [57]. However, SNPs
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Table 5. Relation between polymorphism rs2235544 in DIOI and
thyroid function in hypothyroid patients on L-T4 replacement
(derived from Panicker et al. [57], with modifications)

Genotype AA AC CcC p value

for trend
FT4, pmol/l 21.7 21.1 20.4 0.007
FT3, pmol/l 3.75 3.88 391 0.092
FT4/FT3 ratio 5.79 5.44 522 0.001
TSH, mU/1 0.79 0.65 0.67 NS

in DIOI are not related to psychological well-being or re-
sponse to L-T4 + L-T3 combination therapy [59].
Polymorphisms in DIO2 and DIO3 are not associated
with serum TSH or thyroid hormone concentrations ac-
cording to the most recent and largest studies [54, 55, 57].
Thus, the early observation that particular polymor-
phisms in DIO2 were dose-dependently associated with
free T4 and rT3 [60] could not be replicated. One of these
variants (Thr92Ala) was thought to be associated with de-
creased D2 activity. Indeed, the need for a higher L-T4
dose to obtain target serum TSH levels in thyroidecto-
mised patients was higher in carriers of this SNP [61].
These results were not confirmed in another study report-
ing no association between D2 Thr92Ala and serum thy-
roid hormone levels or L-T4 dosage in patients with thy-
roid cancer or Hashimoto’s thyroiditis [62]. D2 catalyses
the conversion of T4 into T3, and is especially important
in the local control of thyroid hormone signal-ling [63].
Animal studies suggest that up to 80% of intracellular T3
in the brain is derived from circulating T4 by local deio-
dination into T3 via D2. Thus, D2 polymorphisms may
affect T3 content in the brain without evident changes in
circulating thyroid hormones. Two SNPs in DIO2 includ-
ing Thr92Ala were not associated with well-being, neuro-
cognitive functioning, and preference for combined L-T4
+ L-T3 therapy [64]. These negative results are possibly
due to the still limited sample size of 141 patients in this
study, because a larger study among 552 patients on L-T4
replacement reported positive results [59]. The rarer phe-
notype rs225014 of DIO2 was present in 16% of the sub-
jects on L-T4 therapy, and associated with worse scores on
the General Health Questionnaire (GHQ) (scores 14.1 vs.
12.8, p = 0.03). This genotype showed greater improve-
ment on L-T4 + L-T3 combination therapy compared with
L-T4 monotherapy, by 2.3 GHQ points at 3 months and
1.4 at 12 months (p = 0.03 for repeated measures ANOVA).
The results require replication but suggest that DIO2 poly-
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morphisms are associated with impaired psychological
well-being in patients on L-T4 replacement and enhanced
response to L-T4 + L-T3 combination therapy.

A large number of SNPs in other genes involved in
thyroid hormone pathways (including sulfatases and thy-
roid hormone transporters) have been investigated, but
none was associated with serum TSH or free T4 [54]. One
study shows an influence of SNPs in the brain-specific
thyroid hormone transporter OATPICI in hypothyroid
patients on L-T4 [65]. Both the OATP1Cl-intron 3C>T
and the OATP1CI1-C3035T polymorphisms (but not the
OATPIC1-Prol43Thr polymorphism) were associated
with symptoms of fatigue and depression. OATP1C1
polymorphisms were not associated with measures of
neurocognitive functioning or preference for T4+T3
combination therapy.

Recommendations

(6) Limited data suggest that psychological well-being
and preference for L-T4 + L-T3 combination therapy may
be influenced by polymorphisms in thyroid hormone
pathway genes, specifically in thyroid hormone trans-
porters and deiodinases (2/+00).

Which Patients Would Qualify for L-T4 + L-T3
Combination Therapy

Table 1 lists a number of possibilities to explain persis-
tent complaints in L-T4-treated hypothyroid patients, as-
suming serum TSH concentrations have been normal-
ized to within the reference range and patients are com-
pliant with the prescribed medication. It seems reasonable
that under these circumstances health care providers first
give support to the patient by reassuring the patient on
the overall satisfactory outcome of hypothyroidism with
thyroid hormone replacement, and by discussing any dif-
ficulties perceived by the patient who is confronted with
the chronic nature of the disease and the usual need for
lifelong medication. The presence of any autoimmune
disease associated with thyroid autoimmunity requires
exclusion. If after an arbitrary period of about six months
the persisting symptoms have not improved, L-T4 + L-T3
combination therapy might be considered. Itis notknown
if general and disease-specific health-related question-
naire scores can be helpful in the decision to consider
L-T4 + L-T3 combination therapy.

The patient should be informed on the experimental
nature of L-T4 + L-T'3 combination therapy. It means that
if the experiment fails (persistent symptoms do not im-
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prove), the L-T4 + L-T3 combination therapy should be
discontinued and L-T4 monotherapy reinstituted. The
duration of the L-T4 + L-T3 combination trial should be
limited to a period that has been fixed and agreed with
the patient before starting. A period of 3 months for the
trial seems reasonable in view of the finding that any im-
provement upon L-T4 + L-T3 combination treatment in
the randomized clinical trials was observed in this time
frame. If L-T4 + L-T3 combination therapy is effective
and well tolerated, it may be continued beyond the trial
period. A positive outcome at 3 months might be caused
by a placebo effect, and it may not be uncommon that the
positive outcome is not sustained with longer duration of
L-T4 + L-T3 combination treatment.

Whereas during L-T4 monotherapy no change in se-
rum free T3 is seen in the first four hours post-dose, dur-
ing L-T4 + L-T3 combination therapy a marked rise of
42% in serum free T3 has been observed within the first
4 hafter ingestion of L-T3 [66]. The increase of serum free
T3 may provoke cardiac arrhythmias in susceptible pa-
tients. There is insufficient data on fetal consequences of
L-T4 + L-T3 combination therapy in pregnant women.
Consequently, it seems prudent for safety reasons to re-
frain from L-T4 + L-T3 combination therapy in pregnant
women and in patients with cardiac arrhythmias.

Recommendations

(7) It is suggested that L-T4 + L-T'3 combination ther-
apy might be considered as an experimental approach in
compliant L-T4-treated hypothyroid patients who have
persistent complaints despite serum TSH values within
the reference range, provided they have previously given
support to deal with the chronic nature of their disease
and associated autoimmune diseases have been ruled out
(2/+00).

(8) T4+T3 combination therapy is not recommended
in pregnant women and in patients with cardiac arrhyth-
mias (2/+00).

(9) It is suggested that L-T4 + L-T3 combination ther-
apy is discontinued if no improvement is experienced af-
ter 3 months (2/++0).

What Is the Appropriate Dosage of L-T4 + L-T3
Combination Therapy?

The goal of L-T4 + L-T3 combination therapy is to
resolve persistent complaints despite a normal TSH in
L-T4-treated hypothyroid patients. In an attempt to real-
ize this goal, it is assumed that:

66 Eur Thyroid J 2012;1:55-71

- persistent complaints in this context are related to
findings in rats that T4 monotherapy does not ensure
euthyroidism simultaneously in all tissues [32];

- aeuthyroid state simultaneously in all tissues of hypo-
thyroid patients can be reached by L-T4 + L-T3 in a
dose ratio that mimics the physiological T4 to T3 se-
cretion ratio by the human thyroid gland [33];

- aeuthyroid state simultaneously in all tissues of hypo-
thyroid patients is present if serum TSH, free T4, free
T3 and free T4:free T3 ratio are all within the reference
range.

None of these assumptions may of course be true, un-
derlining the experimental nature of L-T4 + L-T3 combi-
nation therapy. Based on these premises, however, sug-
gestions can be made for the most appropriate dose of
L-T4 and L-T3 when choosing combination therapy.

A recent large study in 1,811 athyreotic patients with
normal serum TSH levels under L-T4 monotherapy and
3,875 euthyroid controls confirmed higher free T4 to free
T3 serum concentration ratios in L-T4-treated hypothy-
roid patients compared to controls (4.16 vs. 3.09, p <
0.001) [67]. In the L-T4-treated patients, despite a serum
TSH value within the normal range of 0.4-4.0 mU/1, 7.2%
had serum free T4 levels above the upper normal limit,
15.2% had serum free T3 levels below the lower normal
limit, and 29.6% had free T4/free T3 ratios higher than
the normal range. The percentage of patients with an ab-
normally high free T4/free T3 ratio increased with in-
creasing L-T4 dose (24.4, 31.1 and 37.7% in patients treat-
ed with a L-T4 dose of <1.50, 1.51-2.00 and >2.00 pg/kg/
day, respectively). Subdividing participants according to
their serum TSH, serum free T4 was higher and serum
free T3 was lower in each TSH stratum in L-T4-treated
patients than in TSH-matched euthyroid controls.
Whereas the familiar negative log-linear relationship be-
tween serum TSH and free T4 was observed in both
groups, the linear regression line in L-T4-treated patients
was much steeper than in controls: thus, a greater change
in serum free T4 is required in L-T4-treated patients in
order to obtain the same feedback on pituitary TSH se-
cretion [67]. The slope of the negative log-linear relation-
ship between serum TSH and free T3 is also much steep-
er in L-T4-treated patients than in controls: smaller T3
changes are associated with wider serum TSH changes
[67, 68]. These differences may be related to differences in
serum T3 and free T3 concentrations, which are lower in
L-T4-treated patients than in controls (T3 1.60 vs. 1.86
nmol/l, free T3 3.70 vs. 4.47 pmol/l, p < 0.001) [67, 68]. It
appears that some patients are unable to convert the in-
gested L-T4 into an adequate amount of T3 [67]. The in-
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sufficient peripheral T3 production cannot be appropri-
ately corrected by increasing L-T4 dose, because the in-
hibitory effect of elevated T4 on D2 [28, 30, 69] will end
up increasing the imbalance of serum free T4 to free T3
ratio [67]. Tissues differ in their regulation of intracellu-
lar T3 available for binding to nuclear T3 receptors, which
can be derived from plasma T3 or can be produced lo-
cally from T4. Because of tissue heterogeneity, pituitary
TSH secretion may not reflect what happens in other tar-
get tissues, and therefore serum TSH alone may not be a
good marker for the adequacy of thyroid hormone re-
placement [67, 68, 70]. Theoretically, thyroid hormone re-
placement therapy should aim not only at normalization
of serum TSH but also at normalization of serum free T4,
free T3 and free T4/free T3 ratio.

The pharmacodynamic equivalence of L-T4 and L-T3
has been recently studied in a randomized, double-blind,
cross-over study in 10 thyroidectomized patients [71].
The target (TSH =0.5<1.5 mU/I for at least 30 days) was
reached by an average daily dose 0of 40.3 £ 11.3 ug L-T3
and 115.2 * 38.5 wg L-T4 (L-T3:L-T4 ratio 0.36 % 0.06).
It was concluded that therapeutic substitution of L-T3 for
L-T4 was achieved at approximately 1:3 ratio. To some
extent these data can be used to calculate the dose of L-T4
and L-T3 in L-T4 + L-T3 combination therapy as follows
(table 6, method A):

Al: DailyL-T4 dose in g that has normalized serum
TSH during L-T4 monotherapy is called dose x.

A2: Daily L-T3 dose in pgis called dose y, calculated
as x:17 (to approach the physiological T4:T3 thyroidal se-
cretion rate of 16:1, out of any given L-T4 dose x sixteen
parts should be allocated to L-T4 and one part to L-T3
when considering to switch to combination therapy;
therefore, the L-T4 dose x is divided by 17 in the calcula-
tion of the L-T3 dose y) [1].

A3: Daily L-T4 dose in g is called dose z, calculated
asx - 3y (to adjust for the pharmacodynamic equivalence
ratio of 1:3 for L-T3 and L-T4) [71]. From the examples
given in table 6, it can be seen that the calculated L-T4/L-
T3 dose ratio for method A is 14:1, and 13:1 to 14:1 after
rounding off dosages to the nearest available strength.

An alternative method takes into account differences
in gastrointestinal absorption of thyroid hormones. It has
been reported that 65-75% of oral L-T4 and 69-99% of
oral L-T3 is absorbed [72-75]. Assuming 80% absorption
of L-T4 and 100% absorption of L-T3 the dose of L-T4 and
L-T3 in L-T4 + L-T3 combination therapy is calculated as
follows (table 6, method Bl):

Bl: Daily L-T4 dose in pg that has normalized serum
TSH during T4 monotherapy is called dose x.
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Table 6. Methods for calculating L-T4 and L-T3 dosages for T4+T3
combination therapy

T4 monotherapy 100 pg 150 pg 200 pg
L-T4 = L-T4= L-T4 =
dose x dose x dose x
T4+T3 combination, method A, ug
L-T3 dosey (y=x:17) 5.88 8.82 11.76
L-T4 dosez (z=x- 3y) 82.36 123.54 164.71
L-T3 dose (round off) 6.25 9.37 12.5
L-T4 dose (round off) 87.5 125 162.5
L-T4:L-T3 dose ratio 14:1 13:1 13:1
T4+T3 combination, method B1, ug
L-T3 dosey (y = 0.8x:17) 4.70 7.05 941
L-T4dosez (z=16y X 1.25) 94.12 141.18 188.24
L-T3 dose (round off) 6.25 6.25 9.37
L-T4 dose (round off) 87.5 125 187.5
L-T4:L-T3 dose ratio 14:1 20:1 20:1
T4+T3 combination, method B2, ug
L-T3 dose y (y = 0.7x : 17) 412 6.18 8.24
L-T4 dosez (z=16y X 1.43) 94.21 141.31 188.42
L-T3 dose (round off) 6.25 6.25 9.37
L-T4 dose (round off) 87.5 125 187.5
L-T4:L-T3 dose ratio 14:1 20:1 20:1
T4+T3 combination, method C, ug
L-T3 dosey (y =x:20) 5 7.5 10
L-T4 dose z (z = x - 3y) 85 127.5 170
L-T4 dose (round off) 87.5 125 175
L-T4:L-T3 dose ratio 17:1 17:1 17:1

Dose x = Daily L-T4 dose in pg that has normalized serum
TSH during T4 monotherapy.

B2: Daily L-T4 dose that has been absorbed and pro-
duced normal TSH is 0.8x (assuming 80% absorption of
L-T4) [72-75].

B3: Daily L-T3 dose in pgis called dose y, calculated
as 0.8x:17 (to approach the physiological T4:T3 thyroidal
secretion ratio of 16:1) [1].

B4: Daily L-T4 dose in pg is called dose z, calculated
as 16y times 1.25 (to approach the physiological T4:T3 thy-
roidal secretion ratio of 16:1 in combination therapy, the
L-T4 dose z should be 16 times the L-T3 dose y; the multi-
plication factor 1.25 is used to adjust for 80% absorption
of L-T4 and 100% absorption of L-T3) [72-75]. The L-T4/L-
T3 dose ratio calculated with method Bl is 16:1 before
correction for absorption and 14:1 to 20:1 after rounding
off to the nearest strength available. Assuming 70% ab-
sorption of oral L-T4 does not significantly change the
final dose of L-T3 and L-T4 (table 6, method B2).
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Method C is the simplest protocol, although it does
depend on the availability of L-T3 strength.

Cl: DailyL-T4 dose in g that has normalized serum
TSH during T4 monotherapy is called dose x.

C2: Daily L-T3 dose in pgis called dose y, calculated
as x:20.

C3: Daily L-T4 dose in pg is called dose z, calculated
asx-3y. The L-T4/L-T3 dose ratio calculated with method
C is rather stable, around 17:1 (table 6, method C).

It is difficult to predict which method will be prefer-
able. What is clear, however, is that the suggested L-T4/L-
T3 dose ratio is higher than the ratios applied in most
RCTs (table 2). In order to avoid a substantial rise of se-
rum FT3 in the absorption phase of L-T3 [66, 76], it might
be prudent to split the daily L-T3 dose in two doses, if
possible. Whereas serum free T4 remains constant over
24 h, there is a circadian free T3 rhythm with its acro-
phase occurring around 3 a.m., approximately 90 min
after TSH acrophase [77]. In order to mimic the circadian
free T3 rhythm, the larger of the two daily doses of L-T3
might be given at bedtime.

Recommendations

(10) It is suggested that L-T4 + L-T'3 combination treat-
ment should be started in a L-T4/L-T3 dose ratio between
13:1 and 20:1 by weight (2/+00).

(11) Whereas L-T4 can be given once daily, the daily
L-T3 dose should be divided (if possible) in two doses (one
before breakfast and the largest one before sleeping)
(2/+00).

Which Preparations Can Be Used in L-T4 + L-T3
Combination Therapy and How Should Their Use Be
Monitored?

Levothyroxine (L-T4) tablets are widely available, pro-
duced by a number of pharmaceutical companies in
strengths ranging from 25 to 200 pg. Liothyronine (L-T3)
tablets are commercially produced (brand names, e.g.
Cytomel in strengths of 5 g, 12.5 pgand 25 pg; Thybon
in strengths of 20 pg and 100 pg); their availability varies
per country. L-T4 + L-T3 combination tablets are also
commercially available. The L-T4/L-T3 dose ratio in
combination tablets is lower than the recommended ratio
of 13:1 to 20:1, and may be variable from batch to batch.
For example, Armour Thyroid (a mixture of T4 and T3,
made from porcine thyroid glands) contains about 38 pg
L-T4 and 9 pg L-T3 per one grain (60 mg of desiccated
thyroid extract), that is a L-T4/L-T3 dose ratio of 4.2:1.

68 Eur Thyroid J 2012;1:55-71

Dose ratios of other combination tablets are 10:1 (Prothy-
rid, 100 + 10), 5:1 (Novothyral, 100 + 20, 75 + 15, 25 + 5)
and 4:1 (Thyreotom, 120 + 30,40 + 10 pug L-T4 + wg L-T3,
respectively). All these combination tablets (including
those containing animal thyroid extract) are potentially
harmful as due to their relatively high T3 content they
carry a risk of inducing symptoms of thyroid hormone
excess. It is therefore recommended to use separate L-T4
and L-T3 tablets in L-T4 + L-T3 combination therapy.
One may prefer to use brand names for L-T3 replacement
in order to avoid errors in manufacturing L-T3 tablets of
just a few micrograms by the local pharmacy. The 12.5-
g Cytomel tablets can be divided in smaller parts of
3.125 pg each.

Monitoring of L-T4 + L-T3 combination therapy
should be done by thyroid function tests in blood samples
withdrawn before morning medication has been taken.
In doing so, one avoids the risk of measuring relatively
high free T3 levels in the absorption phase of thyroid hor-
mone replacement [66]. One should aim at normalization
of serum TSH, free T4, free T3 and free T4/free T3 ratio.
Because there is substantial variation between free T4 and
free T3 assays, each laboratory should endeavour to es-
tablish its own reference ranges. It seems reasonable to
check thyroid function tests about 6-8 weeks after start-
ing L-T4 + L-T3 combination therapy, as it is likely that a
new equilibrium has been established at that time. Ab-
normal test results would qualify for dose adjustment. It
is suggested to change the dose of just one of the compo-
nents of the combination therapy. If serum free T3 is too
low, an increase of L-T3 dose is logical, as a higher L-T4
dose is likely to increase serum free T4. If serum free T4
is too high, an increase of L-T3 dose will lower serum free
T4. Therefore in many instances adjustment of the L-T3
dose will be indicated. The experimental nature of L-T4
+ L-T3 combination therapy, the complexity around find-
ing the appropriate L-T4 and L-T3 dosages, and the need
for close monitoring of the instituted treatment suggest
that L-T4 + L-T3 combination therapy should be reserved
for use by accredited specialists in the field of internal
medicine/endocrinology.

Recommendations

(12) As the currently available L-T4 + L-T3 combina-
tion preparations contain a L-T4/L-T3 dose ratio lower
than 13:1, it is recommended to use separate L-T4 and
L-T3 tablets in L-T4 + L-T3 combination therapy (1/+00).

(13) It is recommended that L-T4 + L-T3 combination
therapy should be monitored by thyroid function tests in
blood samples withdrawn before morning medication
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has been taken, aiming at normal serum TSH, free T4,
free T3 and free T4/free T3 ratio (1/++0).

(14) If dose adjustment of L-T4 + L-T3 combination
therapy is necessary to achieve a normal serum TSH, free
T4, free T3 and free T4/free T3 ratio, it is suggested the
dose of just one of the components is changed, preferably
of L-T3 (2/+00).

(15) It is suggested that treatment of hypothyroidism
by the combination of L-T4 and L-T3 should be super-
vised by accredited internists/endocrinologists (2/++0).

What Are Areas for Future Research on This Topic?

There is an urgent need for further research in order to
understand the nature of persisting symptoms in patients
on T4 monotherapy despite a serum TSH within the refer-
ence range. The nature of such persisting symptoms could
be evaluated in a prospective study in hypothyroid pa-
tients starting L-T4 monotherapy. Putative determinants
could be assessed by comparing baseline characteristics of
patients who will be satisfied and who will not be satisfied
with the outcome of L-T4 monotherapy once serum TSH
has been normalized. Other studies may investigate more
precisely the L-T4/L-T3 dose ratio that best approximates
the serum free T4/free T3 concentration ratios in healthy
subjects. Randomized clinical trials comparing L-T4 +
L-T3 combination therapy and L-T4 monotherapy may be
performed in hypothyroid patients who are carriers of
polymorphisms in thyroid hormone transporters and de-
iodinases to test the hypothesis that the outcome of com-
bination therapy is better than that of L-T4 monotherapy
in this subset of patients. The introduction of a slow-re-
lease preparation of L-T3 might be very useful. A slow-
release formula of L-T3 may prevent the marked rise of
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