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Review Article

DOES COMBINATION T, AND T, THERAPY MAKE SENSE?

Michael T. McDermott, MD

ABSTRACT

Objective: To evaluate the existing evidence regarding
the combined use of levothyroxine and liothyronine to treat
hypothyroidism.

Methods: Eleven published randomized controlled
trials evaluating the efficacy and safety of combined levo-
thyroxine and liothyronine therapy for hypothyroidism
were reviewed and summarized. Related basic and clinical
research findings were also incorporated for perspective.

Results: An initial randomized controlled trial
reported symptomatic improvement in hypothyroid
patients taking combined levothyroxine and liothyronine
therapy compared with those taking levothyroxine therapy
alone. Subsequently, multiple relatively small randomized
controlled trials failed to demonstrate any subjective or
objective benefit from combined levothyroxine and liothy-
ronine therapy. A polymorphism (Thr92Ala) in the gene
encoding the deiodinase 2 (D2) enzyme that converts thy-
roxine to triiodothyronine in the brain was later identified
in about 16% of hypothyroid persons. This polymorphism
may impair brain deiodinase activity in the presence of low
brain thyroxine levels. One randomized controlled trial
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found that patients with the D2 Thr92Ala polymorphism
had more baseline symptoms than those with the wild type
D2 and experienced significantly greater symptomatic
improvement in response to combined levothyroxine and
liothyronine therapy.

Conclusions: Most hypothyroid patients experience
rapid symptomatic relief after institution of levothyroxine
replacement therapy, but persistent symptoms remain in
some despite what appears to be adequate levothyroxine
therapy with normalization of the serum thyrotropin level.
A thorough investigation is warranted in these patients to
detect and treat other responsible lifestyle issues, medical
conditions, and endocrine conditions. A subset of hypo-
thyroid patients has a polymorphism in the gene encoding
the D2 enzyme that may prevent full resolution of symp-
toms with levothyroxine therapy alone; these patients may
benefit from combination levothyroxine and liothyronine
therapy. (Endocr Pract. 2012;18:750-757)

Abbreviations:
T, = diiodothyronine; T, = triiodothyronine; T, = thy-
roxine; TSH = thyrotropin

INTRODUCTION

Hypothyroidism is a disorder in which the thyroid
gland produces inadequate amounts of thyroid hormones
to meet the needs of peripheral tissues. Primary hypo-
thyroidism, when thyroid failure is due to disease of the
thyroid gland itself, accounts for more than 99% of all
cases (1). In adults, this most commonly results from
chronic lymphocytic thyroiditis (Hashimoto thyroiditis);
radioiodine thyroid ablation; thyroidectomy; high-dose
head and neck radiation therapy; and medications such as
lithium, a-interferon, and amiodarone. Overt hypothyroid-
ism is considered to be present when the serum thyrotro-
pin (TSH) level is elevated and the serum total thyroxine
(T, or free T, level is below the population reference
range. Subclinical hypothyroidism is mild thyroid failure
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manifested by slightly or moderately increased serum TSH
levels associated with total T, and free T, values that are
within the reference range. The incidence of hypothy-
roidism is estimated to be 4 to 5 per 1000 population per
year for women and 0.6-0.9 per 1000 population per year
for men (2,3). The prevalence of overt hypothyroidism
is approximately 1% to 2% in women and 0.1% in men
(3-6); subclinical hypothyroidism has been reported in 4%
to 10% in various populations (3-11) and in up to 18%
in elderly cohorts (7-11). Progression from subclinical to
overt hypothyroidism occurs in 5% to 18% of persons per
year (2,10-13).

Clinical features of hypothyroidism result mainly
from deficient thyroid hormone action at the tissue level.
Thyroid hormone receptors are present in most of the
organs and tissues of the body and, therefore, thyroid hor-
mone deficiency produces a diverse array of multisystem
clinical manifestations (5,14-18). The symptoms and signs
of overt primary hypothyroidism that are most commonly
reported are shown in Box 1. Noteworthy is that many of
these manifestations are nonspecific and may also be pres-
ent in other medical disorders. Elderly persons with hypo-
thyroidism appear to experience fewer classic symptoms
and signs; prominent features in this age group include
fatigue and weakness (19).

Treatment of hypothyroidism involves thyroid hor-
mone replacement in quantities sufficient to relieve symp-
toms and return serum TSH levels into the normal range.
Levothyroxine is the most commonly used form of thyroid
hormone replacement; this is based on the premise that the
thyroid gland makes predominantly T, and a small amount
of triiodothyronine (T,), while most of the body’s T, comes
from conversion of T, into T, by deiodinase enzymes in the
liver and various other organs throughout the body (20-22).
Most hypothyroid patients have satisfactory resolution of
symptoms with adequate levothyroxine therapy.

Box 1
Common Symptoms and Signs of Hypothyroidism
Symptoms
Fatigue Constipation
Sleepiness Hoarseness
Depression Impaired hearing
Memory loss Arthralgias
Weight gain Muscle cramps
Cold intolerance Menstrual disturbances
Signs
Bradycardia Dry skin
Hypertension Sallow complexion

Coarse hair
Facial puffiness

Non-pitting edema
Delayed reflex relaxation
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TREATED HYPOTHYROID PATIENTS
MAY HAVE PERSISTENT SYMPTOMS

Published literature and the experience of many cli-
nicians indicate that some hypothyroid patients have per-
sistent symptoms despite what appears to be adequate
levothyroxine therapy (23-27). Saravanan et al conducted
a community-based questionnaire study of 397 hypothy-
roid patients with normal serum TSH levels on levothy-
roxine therapy and 397 matched control participants. They
reported that treated hypothyroid patients had significantly
more general health symptoms and thyroid-related symp-
toms than did control participants (23). Wekking et al eval-
uated 141 euthyroid patients with treated hypothyroidism
and reported poor performance on neurocognitive testing
and lower well-being scores in these participants compared
with standard reference values (24). Samuels et al com-
pared 34 treated hypothyroid patients with 20 euthyroid
control participants and found that euthyroid levothyrox-
ine-treated patients had diminished general health status,
psychological function, working memory, and motor learn-
ing (25). In a baseline study for a large clinical trial to be
discussed later in this article, Saravanan et al found that
treated hypothyroid patients’ psychological well-being
might be related to variations of serum TSH and free T,
levels even within the reference range (26).

Patients with persistent symptoms despite apparently
adequate levothyroxine replacement therapy should be
evaluated for other causative disorders with a complete
history and physical examination and a laboratory evalua-
tion for other endocrine and nonendocrine conditions (Box
2). It is well known, for example, that Hashimoto thyroid-
itis is often associated with other autoimmune diseases
(28) that may also cause symptoms. Furthermore, recent

Box 2
Recommended Evaluation for Patients
Who Have Persistent Symptoms Despite
Normalization of Serum Thyrotropin Concentrations
While on Levothyroxine Therapy

Complete history and physical examination
General laboratory evaluation

Comprehensive metabolic panel

Complete blood cell count

Erythrocyte sedimentation rate

Celiac disease testing

Sleep apnea screening or testing
Endocrine laboratory evaluation

25-Hydroxyvitamin D

Thyroid antibodies

Serum cortisol

Consider a cosyntropin stimulation test
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evidence indicates that some chronic symptoms, such as
fatigue, irritability, nervousness, and lower quality of life,
may be due to Hashimoto thyroiditis independent of thy-
roid hormone levels (29). Appropriate tests may include,
but are not limited to, a complete blood cell count; a com-
prehensive metabolic panel; and measurement of eryth-
rocyte sedimentation rate, serum 25-hydroxyvitamin D,
serum cortisol (basal or stimulated), and testosterone (in
men). Testing for sleep apnea and celiac disease may also
be considered.

General health measures (Box 3), such as a proper
diet, regular exercise, adequate sleep, and stress reduction,
should be encouraged when no responsible cause for their
symptoms is identified. The possibility of depression may
also need to be addressed. If optimal levothyroxine therapy
has already been established, with a TSH level in the goal
range, and no other conditions are apparent, the practitio-
ner may choose to, or the patient may request to, discuss
the use of combination therapy with levothyroxine plus
liothyronine. Background evidence to support this practice
came from the elegant studies of Escobar-Morreale et al,
who demonstrated that in thyroidectomized rats, neither
levothyroxine nor liothyronine alone could normalize tis-
sue thyroid hormone levels (30), but that complete normal-
ization of tissue levels of both T, and T, could only be
achieved with combined levothyroxine and liothyronine
therapy (31). Well-designed randomized controlled trials
in humans followed soon thereafter.

COMBINED LEVOTHYROXINE
AND LIOTHYRONINE THERAPY:
RANDOMIZED CONTROLLED TRIALS

Bunevicius et al (32,33) published a randomized con-
trolled crossover trial in which 33 hypothyroid patients (31
women, 2 men; 17 with thyroid cancer, 16 with Hashimoto
thyroiditis) were given either their usual levothyroxine
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dosage or their usual levothyroxine dosage minus 50 mcg
plus liothyronine, 12.5 mcg daily, for 5 weeks and then
crossed over to the other treatment scheme for 5 more
weeks. Serum TSH levels were not significantly different
during the 2 treatment intervals, but free T, levels were
lower and free T, levels were higher during the combined
levothyroxine and liothyronine period; sex hormone—bind-
ing globulin levels were also higher with combined treat-
ment. Patients reported significant improvement in mood
(11 of 17 measures), cognitive performance (3 of 8 mea-
sures), and physical symptoms (3 of 7 measures) during
the time they were receiving combined levothyroxine and
liothyronine therapy. Furthermore, patients indicated a sig-
nificant preference for the combined treatment period. As a
result, combination levothyroxine and liothyronine therapy
gained cautious acceptance as a reasonable option for thy-
roid hormone replacement therapy.

Following this, multiple studies (Table 1) were con-
ducted to confirm these findings using combination levo-
thyroxine and liothyronine in various amounts and ratios
in different populations of hypothyroid patients (34-43).
All of these studies failed to demonstrate significant
objective or subjective benefit of combination levothy-
roxine and liothyronine therapy, although in 2 reports
(38,39), patients did express a significant preference
for the levothyroxine and liothyronine treatment period.
A subsequent review paper (44) and 2 meta-analyses
(45,46) concluded that there was no benefit of combina-
tion levothyroxine and liothyronine therapy compared
with levothyroxine therapy alone. More recently, a ran-
domized, double-blind crossover trial by Celi et al com-
pared levothyroxine alone with liothyronine alone (not
combined levothyroxine and liothyronine therapy) in 14
hypothyroid patients and found that despite similar TSH
values, the provision of exogenous liothyronine produced
weight loss and beneficial lipid effects without any harm-
ful effects on cardiovascular function (47).

Box 3
Recommended Management Options for Patients Who Have Persistent Symptoms
Despite Normalization of Serum Thyrotropin Levels With Levothyroxine Therapy

Well-balanced diet: adequate amounts of fruits, vegetables and high value protein

Regular exercise: 30 to 45 minutes daily, 6 days/week; combination of aerobic and resistance work

Good sleep habits: go to bed at the same time 5 to 6 nights each week; sleep 7 to 8 hours per night

Stress reduction: relaxation, biofeedback, entertainment, meditation, yoga, counseling

Depression management: biofeedback, counseling, medications

Medical illness management: appropriately treat existing medical illness, comanage with primary care physician
Optimize levothyroxine therapy: maintain serum thyrotropin in 0.5-2.0 mIU/L range

Change to another levothyroxine brand: be knowledgeable about medication fillers and colors

Consider combination levothyroxine and liothyronine therapy
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Table 1
Randomized Controlled Trials of Combination Levothyroxine and
Liothyronine Therapy in Hypothyroid Patients
Patient preference for the
No. of Study Objective | Subjective | combined levothyroxine and
Study patients | duration benefit benefit liothyronine period®
Bunevicius (32,33) 35 5 weeks No Yes Yes
Walsh (34) 110 10 weeks No No No
Sawka (35) 40 15 weeks No No NA
Clyde (36) 46 4 months No No NA
Siegmund (37) 26 12 weeks No No NA
Saravanan (38) 697 3 months No No NA
Apellhof (39) 141 15 weeks No No Yes
Escobar-Morreale (40) 28 8 weeks No No Yes
Rodriguez (41) 30 16 weeks No No NA
Regalbuto (42) 20 6 months No No No
Slawik (43) 29 5 weeks No No NA
Abbreviation: NA, not applicable.
4 Patient preference for the combined levothyroxine and liothyronine treatment. NA indicates the patients were not asked
about their preference.

DEIODINASE FUNCTION
AND POLYMORPHISMS

T, is known to be the main metabolically active thy-
roid hormone that binds to thyroid hormone receptors and
produces thyroid hormone effects at the tissue level. The
thyroid gland, as mentioned earlier, produces predomi-
nantly T, and only small amounts of T,. Pilo et al dem-
onstrated that the human thyroid daily produces approxi-
mately 101 mcg of T, and 6 mcg of T, while 20 mcg of
circulating T, is made from peripheral conversion of T, to
T, by the deiodinase enzymes (20). Deiodinases are sele-
nocysteine enzymes that remove iodine molecules from
thyroid hormones (21,22). There are 3 known deiodinase
subtypes: deiodinase 1 (D1), deiodinase 2 (D2) and deio-
dinase 3 (D3) (Table 2 and Fig. 1). D1 converts T, to T in
the liver and kidneys, accounting for most of circulating
T,, and converts reverse T,to diiodothyronine (T,; D1 has
a higher affinity for reverse T, than for T,. D2 converts T,
to T, in the brain and pituitary gland, accounting for most
cellular T in these tissues; D2 has a higher affinity for T,
than for reverse T,. D3 converts T, to reverse T, and T; to
T, (21,22). It is estimated that approximately 80% of brain
T, is the product of local conversion of T, to T, by brain
D2, whereas only about 20% of brain T, comes from the
circulation (21,22). Therefore, in humans, it appears that

the thyroid gland functions mainly to produce a sufficient
supply of the circulating prohormone T, and that deiodin-
ases serve to provide appropriate intracellular T, concen-
trations by regulating local T, to T, conversion in a highly
tissue-specific manner (21,22).

The 2 largest combination levothyroxine and liothy-
ronine therapy studies (38,39,48,49) reported subsequent
subgroup analyses investigating whether polymorphisms
in deiodinase enzymes might result in individual differ-
ences in baseline symptoms and in patients’ responsiveness
to combined levothyroxine and liothyronine. Appelhof et
al (48) examined two D2 polymorphisms. Patients who
were homozygous for the Thr92Ala polymorphism in D2,
which consists of a threonine to alanine substitution at
amino acid 92, had significantly worse baseline neurocog-
nitive scores. However, they were unable to demonstrate
a significant difference in the response to combination
levothyroxine and liothyronine therapy in this relatively
small subset. Panicker et al (49) did a similar analysis in
the much larger population of the WATTS study (Weston
Area T4/T3 Study) (38). They found that 16% of the study
population was homozygous for the Thr92Ala polymor-
phism in D2 and that this subset had worse scores on a gen-
eral health questionnaire and showed significant improve-
ment with combination levothyroxine and liothyronine
therapy compared with those who had the wild type D2
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Table 2
Deiodinase Enzymes: Selenocysteine Enzymes That Deiodinate Thyroid Hormones
Characteristics Deiodinase 1 (D1) Deiodinase 2 (D2) Deiodinase 3 (D3)
Substrate Reverse T,>>T, T >>reverse T, T,+T,
Tissue Liver, kidney Brain, pituitary, fat Placenta, brain
Function Clear reverse T, Increase cellular T, Protect fetus, decrease
increase serum T, increase serum T, cellular T;, clear T, + T,

enzyme. They postulated that this relatively common D2
gene variation may be causally related to poorer psycho-
logical well-being and a better response to combination
levothyroxine and liothyronine therapy. To explain why
previous studies had failed to find a benefit of combination
therapy, they reasoned that those studies, which had only
20 to 141 participants, would have had just 3 to 12 par-
ticipants with the Thr92Ala D2 polymorphism (16%) and
were therefore inadequately powered to detect a significant
treatment effect in such a small subset of patients. In con-
trast, the WATTS study of 697 patients (38), 552 of whom

underwent genotyping (49), had sufficient power to detect
this treatment effect.

The mechanism by which the Thr92Ala D2 polymor-
phism might affect thyroid hormone economy is not com-
pletely clear. Thr92Ala was shown to have normal in vitro
deiodinase activity in one study (50), but was reported
to have reduced activity and to be associated with insu-
lin resistance in a cohort of individuals with type 2 dia-
betes (51). The Thr92Ala polymorphism appears to have
no effect on basal circulating thyroid hormone levels (52);
however, an attenuated serum T, rise in response to a

Deiodinases

4

D2, D1 D3, (D1)
D1: Liver, Kidney (Circulating T3)
T3 D2: Brain, Pituitary (Brain T3) rT3

D3, (D1)

2

D1, D2

Fig. 1. Deiodinase Function. Deiodinase 1 (D1) converts thyroxine (T4)
to triiodothyronine (T3) (liver, kidney) and converts reverse T3 (rT3)
to diiodothyronine (T2), with a higher affinity for rT3. Most circulat-
ing T3 comes from this process. Deiodinase 2 (D2) converts T4 to T3
(brain, pituitary, fat) and converts rT3 to T2, with a higher affinity for
T4. Most cellular T3 in the brain and pituitary comes from this process.
Deiodinase 3 (D3) converts T4 to rT3 and converts T3 to T2.
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thyrotropin-releasing hormone infusion has been reported
in patients with Thr92Ala (53). Patients with thyroid can-
cer and the Thr92Ala polymorphism were found to require
higher levothyroxine dosages in one study (54), but not in
another (55).

To explain the clinical benefit from combination
levothyroxine and liothyronine therapy observed in their
Thr92Ala subgroup, the WATTS investigators postulated
that the Thr92Ala enzyme may deiodinate local brain T,
less effectively under hypothyroid conditions (49). When
the supply of T, is low, the brain protects itself against
deficient tissue T, levels by increasing D2 activity through
substrate (T,)-induced D2 ubiquitination (56-58); they
suggested, therefore, that the Thr92Ala polymorphism
may be associated with decreased D2 ubiquitination at low
T, levels and thereby with reduced local tissue T, to T,
conversion in the presence of a low T, supply, leading to
increased dependence on circulating T, levels to maintain
optimal brain Ty levels in hypothyroid patients (49).

CLINICAL USE OF COMBINATION
LEVOTHYROXINE AND
LIOTHYRONINE THERAPY

The evidence indicates, therefore, that combination
levothyroxine and liothyronine therapy is not necessary or
appropriate for all patients with hypothyroidism. However,
there may be a subset, perhaps as many as 16% of hypo-
thyroid patients, who have a D2 polymorphism (Thr92Ala)
that has suboptimal function in the brain in the presence of
low T, levels, resulting in a need for higher circulating T,
levels to maintain tissue T, levels. These patients, accord-
ing to one study (49), may derive symptomatic benefit from
combined levothyroxine and liothyronine therapy. Clinical
genetic testing to determine in advance who may and who
may not benefit from this therapy (pharmacogenetics) is
not currently available. It may therefore be appropriate for
the willing provider to consider a trial of combination levo-
thyroxine and liothyronine therapy in hypothyroid patients
who have persistent symptoms despite normalization of the
serum TSH level with levothyroxine therapy.

The physiological ratio of T, to T, production in the
human body is approximately 14:1 (20). It would seem
prudent, therefore, when using combination therapy, to
administer exogenous levothyroxine and liothyronine in
a ratio of approximately 10:1 to 14:1 to attempt to main-
tain the normal physiological T, to T, production ratio.
Liothyronine has a much shorter half-life than levothyrox-
ine and therefore is often given in 2 divided doses approxi-
mately 8 to 12 hours apart. This may not be necessary if
a sustained-release preparation of liothyronine eventu-
ally becomes available (59). The author recommends that
patients on combination levothyroxine and liothyronine
have their TSH levels measured in the morning before
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taking either levothyroxine or liothyronine because of the
rise in serum T, that occurs in the first few hours after lio-
thyronine is ingested. Serum TSH levels in these patients,
as with those on standard levothyroxine therapy, should be
maintained within the reference range because thyroid hor-
mone excess, whether mild or overt, is associated with a
significantly increased risk of osteoporosis (60-62), atrial
fibrillation (63,64), and cardiovascular and all-cause mor-
tality (65) in the elderly population.

CONCLUSION

Hypothyroid patients on levothyroxine therapy may
have persistent symptoms despite having normal serum
TSH levels. Because the symptoms of hypothyroidism
are nonspecific, a thorough evaluation for lifestyle situa-
tions and other illnesses should be diligently undertaken.
Combination levothyroxine and liothyronine therapy is not
necessary or appropriate for all, or even most, hypothy-
roid patients, since multiple randomized controlled trials
have not shown a benefit. However, in those with persistent
symptoms on apparently adequate levothyroxine therapy,
combination levothyroxine and liothyronine therapy may
be considered. This approach is supported by evidence
that up to 16% of hypothyroid patients have a D2 poly-
morphism (Thr92Ala) that may result in reduced T, to T,
conversion in the brain when the T, supply is low. If this
therapy is used, a physiological ratio of levothyroxine to
liothyronine of about 10:1 to 14:1, the normal human pro-
duction ratio, should be administered and the serum TSH
level should be maintained within the reference range to
prevent potentially adverse effects of thyroid hormone
excess on the skeleton and the heart.
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