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Context: Levothyroxine therapy is the traditional lifelong replacement therapy for hypothyroid
patients. Over the last several years, new evidence has led clinicians to evaluate the option of
combined T3 and T4 treatment to improve the quality of life, cognition, and peripheral parameters
of thyroid hormone action in hypothyroidism. The aim of this review is to assess the physiological
basis and the results of current studies on this topic.

Evidence Acquisition: We searched Medline for reports published with the following search terms:
hypothyroidism, levothyroxine, triiodothyronine, thyroid, guidelines, treatment, deiodinases, clinical
symptoms, quality of life, cognition, mood, depression, body weight, heart rate, cholesterol, bone
markers, SHBG, and patient preference for combined therapy. The search was restricted to reports
published in English since 1970, but some reports published before 1970 were also incorporated. We sup-
plemented the search with records from personal files and references of relevant articles and textbooks.
Parametersanalyzedincludedtherationaleforcombinationtreatment, thetypeofpatientstobeselected,
the optimal T4/T3 ratio, and the potential benefits of this therapy on symptoms of hypothyroidism, quality
of life, mood, cognition, and peripheral parameters of thyroid hormone action.

Evidence Synthesis: The outcome of our analysis suggests that it may be time to consider a per-
sonalized regimen of thyroid hormone replacement therapy in hypothyroid patients.

Conclusions: Further prospective randomized controlled studies are needed to clarify this impor-
tant issue. Innovative formulations of the thyroid hormones will be required to mimic a more
perfect thyroid hormone replacement therapy than is currently available. (J Clin Endocrinol Metab
97: 2256–2271, 2012)

Hypothyroidism is one of the most common endocrine
disorders (1). It occurs in 6–17% of the general pop-

ulation, with an increased prevalence in women and the
elderly (1, 2). The severity of the clinical manifestations
and complications associated with hypothyroidism de-
pends upon the degree and duration of untreated thyroid
failure (2, 3). Replacement therapy with thyroid hormone
is indicated once the diagnosis of hypothyroidism is
confirmed.

The first preparation employed to treat hypothyroid-
ism was an extract of sheep thyroid, first given by George

Murray in 1891 as im injections and in the following year
by mouth (4). It was not until 1914 that Edward Kendall
isolated and crystallized the active substance that he
named “thyroxin.” Kendall’s attempts to synthesize the
compound were unsuccessful, and it was C. R. Harrington
who chemically identified the hormone in 1927 and re-
named it “thyroxine.” Because synthesized thyroxine (T4)
was expensive to prescribe due to its production costs,
most patients with hypothyroidism were treated with a
desiccated thyroid preparation until about 1960 (5). This
extract contains a combination of T4 and 3,5,3�-triiodo-
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thyronine (T3) in a ratio 2- to 3-fold higher than that found
in human thyroid. Another drawback of therapy with
Harrington’s T4 was the fact that it is an acid and as such
is poorly absorbed after oral ingestion. The development
of the sodium salt of L-thyroxine (L-T4) in the 1950s pro-
vided the compound that has to this day been the mainstay
of the therapy of hypothyroidism. Finally, there was vir-
tually simultaneous publication in 1952 of the discovery in
plasma of the second thyroid hormone, T3, by Gross and
Pitt-Rivers in the United Kingdom and by Roche, Lis-
sitsky, and Michel in France (5). They determined that T3

was much more active than T4 but was present in a lower
amount in the thyroid gland. Almost 20 yr later in 1970,
Braverman, Sterling, and Ingbar (6) demonstrated that
circulating T3 is largely derived from T4 deiodination in
extrathyroidal tissues by detecting T3 in the serum of athy-
reotic patients receiving T4.

Although the normal thyroid gland secretes both T4

and T3, currently only levothyroxine (L-T4) is recom-
mended as the lifelong replacement therapy of choice for
all hypothyroid patients with persistent disease, whether
for overt hypothyroidism or subclinical hypothyroidism
with serum TSH levels greater than 10 mIU/liter (7–10).
Thus, guidelines from all professional societies, including
the American Thyroid Association, the American Associ-
ation of Clinical Endocrinologists, and The Endocrine So-
ciety recommend L-T4 monotherapy as the treatment of
choice for all hypothyroid patients (7–10).

With appropriate individual dosage adjustment, treat-
ment with L-T4 is generally considered safe and well tol-
erated, and its use should be associated with relatively
constant serum levels of T4, given good patient compli-
ance. This is so because available formulations of synthetic
L-T4 have a half-life of 6 d and provide stable, relatively
constant blood levels of T4 after ingestion of an oral once-
daily dose.

Notwithstanding the fact that L-T4 represents one of
the most commonly administered drugs in the world and
its proven record of both safety and efficacy, uncertainties
still obtain in regard to whether its use as a single drug
treatment in hypothyroid patients represents optimal ther-
apy (11). Arguments that L-T4 monotherapy does not
mimic normal thyroidal secretion of both T4 and T3 are
countered by clear evidence that physiological amounts of
T3 are generated by the monodeiodination of T4 in pa-
tients receiving replacement doses of L-T4 (12, 13). How-
ever, some hypothyroid patients given monotherapy with
L-T4 complain of symptoms suggestive of thyroid hor-
mone insufficiency despite normal range TSH levels, rais-
ing some doubt as to whether in vivo generation of T3 from
T4 is equivalent to thyroidal secretion of T3. In humans,
about 80% of circulating T3 arises from the peripheral

tissue by 5�-deiodination of T4, and only about 20% is
directly secreted by the thyroid gland (13). T3 is the most
active thyroid hormone because its affinity for the nuclear
receptor is 10- to 20-fold that of T4. After administration
of a dose of T3, the hormone reaches a peak level in 2–4
h and has a half-life of only 1 d, in contrast to the long
half-life of T4. As a consequence, replacement therapy
with T3 is problematic in regard to the ability of a daily
dose of T3 to provide stable levels of the hormone through-
out a 24-h period. As a result, at least three daily doses of
T3 are usually required to obtain or approach physiolog-
ical and stable circulating T3 levels (14). Given its short
half-life and the potential for wide fluctuations in serum
levels, replacement therapy with T3 has not been recom-
mended as long-term replacement therapy for hypothy-
roid patients. Moreover, the greater degree of T3 nuclear
binding than T4 results in augmented metabolic activity
with clear potential for adverse events, especially when
administered in an inappropriate or nonphysiological
manner.

In an attempt to better approximate physiological
thyroidal secretion of T4 and T3, several studies have
evaluated the potential role and efficacy of combination
treatment with T4 and T3. Based on these studies, some
meta-analyses and editorials on T4/T3 therapy con-
cluded that combined therapy in hypothyroid patients
showed little if any beneficial effect. As a consequence,
interest in this topic declined in the last few years, al-
though many clinicians continue to be interested in the
potential use and safety of combined treatment for some
hypothyroid patients.

In this review, we discuss the physiological mechanisms
and rationale for the potential role of combined T3 and T4

therapy in hypothyroid patients. We first examine the
complex feedback interaction between central hypotha-
lamic control and the production and release of thyroid
hormones to the periphery. Moreover, we discuss the in-
tricacies underlying thyroid hormone metabolism by ex-
plaining the importance of deiodinases for tissue euthy-
roidism and the clinical consequences of some deiodinase
polymorphisms. Subsequently, we will reassess the results
of the available studies and review articles on combined
treatment, examining the design of each study, the cate-
gory of patients selected for this treatment, the T4/T3 ratio,
the duration of this therapy, the levels of free thyroid hor-
mone and TSH during the two regimens of replacement
therapy (monotherapy vs. combined therapy), and the ef-
fects at the tissue level. This evaluation may help identify
patients who could benefit from combined therapy, the
sensitivity of some tissue parameters, and the potential
physiological reasons why specific organs could be more
sensitive to T3 than to T4. We believe that the complexities
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inherent in our analyses should reopen the controversy on
the potential merits of combined therapy. Our analysis
may allow clinicians to consider alternative explanations
for the lack of beneficial effects in past investigations and
hopefully spur more research on this issue.

The Hypothalamic-Pituitary-Thyroid (HPT)
Axis

TSH secretion is the result of a complex feedback interaction
between central hypothalamic control and the production of
peripheral thyroid hormones. Secretion of TSH by the pitu-
itary gland is stimulated by hypothalamic TRH. TSH release
is under negative feedback regulation by thyroid hormone
directlyat thepituitaryandindirectlyat thehypothalamuson
TRH. This negative feedback loop maintains levels of the
circulating thyroid hormones and TSH in a physiological
inverse relationship that defines the HPT axis set point (15).
The difficulty in identifying a precise normal serum TSH
level in an individual as a marker of euthyroidism is due to
the variability of the individual HPT axis set point. There
are interindividual differences in the HPT axis set point,
whereas the intraindividual variability falls within a nar-
row range. This has been demonstrated in a study of
monthly sampling over 1 yr in healthy euthyroid subjects
(16). Each individual is characterized by a fixed relation-
ship between their serum free T4 (FT4) and TSH concen-
trations; this point can be considered the individual’s HPT
axis “set point.” The position of this individual set point
determines the changes in thyroid hormone levels, also
within the conventional reference range, that can be con-
sidered abnormal for an individual. Although it is not clear
what determines this individual set point, studies of mo-
nozygotic and dizygotic twins suggest that it is genetically
determined (3). Environmental factors, such as iodine in-
take, age, and systemic illness, may influence the thyroid
function set point.

One aspect of therapy with thyroid hormone that ren-
ders the achievement of optimal replacement treatment of
hypothyroid patients somewhat more difficult is reflected
by the continuing debate over what constitutes the “nor-
mal” or reference range of TSH and the desired target
serum TSH with therapy (1–3). The basis for this contro-
versy relates in part to individual differences in TSH reg-
ulation by the HPT axis as well as to the influence of age,
race, and perhaps gender on the achievement of a desirable
TSH value (16, 17).

Thyroid Hormone Metabolism

Although T4 is the main hormone produced by the thyroid
gland, T3 can be shown to be the more active hormone in

many organs. T4 is synthesized and secreted exclusively by
the thyroid gland, whereas the majority of circulating T3

derives largely from T4 by metabolism governed by deio-
dinases in extrathyroidal peripheral tissues. Thyroid hor-
mone signaling in individual tissues can even change when
serum hormone concentrations remain normal and stable,
due to local activation or inactivation of the deiodinases.
The biological activity of thyroid hormone in regard to T3

availability is regulated by three deiodinase isoforms
termed deiodinase type 1 (D1), type 2 (D2), and type 3
(D3) (12, 13). Because the organism autoregulates T3 con-
version from T4 under certain conditions, it is of interest
that deiodinase activity may change during aging and crit-
ical illness.

D1 may activate or inactivate T4 because it can cat-
alyze either 5� or 5 deiodination. D1 is expressed mainly
in the thyroid gland, liver, and kidney, where it converts
T4 to T3 and thus contributes significantly to the pool of
circulating T3. D3 inactivates T3, maintaining T3 ho-
meostasis by decreasing local T3 concentrations and
thereby protecting tissues from thyroid hormone excess
(13). The most important pathway for T4 metabolism is
its monodeiodination to active T3. D2 catalyzes 5� de-
iodination and converts T4 to T3. D2 activity is present
in the brain, pituitary gland, skeletal muscle, brown
adipose tissue, thyroid gland, osteoblasts, and aortic
smooth muscle cells; moreover, D2 mRNA has been
detected in the human heart (12, 13).

Serum T4 is effective as a regulator of TSH secretion,
although T4 acts at hypothalamic and pituitary levels after
enzymatic local conversion into T3. Therefore, D2 is es-
sential for the regulation of the HPT axis, and it enables
the pituitary to respond to changes in the circulating T4

level. The set point for TSH secretion depends on both
serum T3 and intracellular pituitary T3 generated by D2.
Therefore, this may explain why intracellular TSH in thy-
rotrophs rises during mild hypothyroidism. On the other
hand, the increased sensitivity of the pituitary/hypotha-
lamic feedback mechanism to serum T4 may explain why
replacement doses of L-T4 can be associated with normal
TSH levels, whereas T3 levels are low and T4 levels are high
(18–21). Despite the normalization of TSH levels, the low
serum T3 levels in this circumstance may imply nonphysi-
ological hormone replacement due to reduced availability
of the active form of thyroid hormone at the tissue level.

In fact, D2 activity is important for tissue-specific T3

production. The major role of D2 is to control the intra-
cellular T3 concentration to protect tissues from the det-
rimental effects of hypothyroidism (12, 13). The efficiency
of conversion of T4 to T3 by D2 increases as the serum T4

decreases; consequently, in the presence of a low level of
T4 or in case of a hypothyroid state, D2 expression and
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activity are increased and can generate a significant quan-
tity of plasma T3 (3). On the contrary, D2 expression and
activity are reduced in thyrotoxicosis and in the presence
of increased T4 levels (3). The importance of thyrotroph
D2 in TSH regulation and the local activation or inacti-
vation of thyroid hormone induced by deiodinases at the
tissue level represents a mechanism that is essential to un-
derstanding why TSH “normalization” during L-T4 re-
placement therapy might not accurately reflect euthyroid-
ism in all tissues and organs.

Of importance in this context, polymorphisms in genes
involved in thyroid hormone metabolism may affect thy-
roid hormone bioactivity. Deiodinases are tissue-specifi-
cally regulated, and this may have consequences for the
peripheral effects of thyroid hormone and for set points of
endocrine feedback regulation (22–24). A common
Thr92Ala polymorphism has been identified in D2, and
thyroid and skeletal muscle tissue extracts from Ala/Ala
individuals display reduced D2 activities (22–24). These
interactions help to clarify the complexity of peripheral
and central thyroid hormone production and control and
reflect the current body of knowledge that relates to un-
derstanding hormone replacement therapy with T4 or T3.

Why Treat with Combination Treatment
with T4 and T3?

The goal of replacement therapy in hypothyroid pa-
tients is to restore biochemical euthyroidism indicated
by serum TSH concentrations and thyroid hormone lev-
els within their respective reference ranges, together
with restoration of clinical euthyroidism marked by the
disappearance of all symptoms and signs of thyroid hor-
mone deficiency (3, 11).

Thyroid hormone has profound effects on the central
nervous system, cardiovascular system, lipid profile,
bone metabolism and structure, energy expenditure,
and body weight. Consequently, hypothyroid patients
may complain of cognitive deficit, mood alteration, car-
diac dysfunction, dyslipidemia, osteoporosis, fractures,
and weight gain (1). Similar, albeit milder, effects are
seen in patients with subclinical hypothyroidism to a
variable degree, depending upon the age of the patients
and the duration and/or severity of thyroid hormone
deficiency (2, 3).

We do not fully understand why some hypothyroid
patients given replacement therapy with L-T4 appear to
achieve a satisfactory functional level when biochemi-
cal euthyroidism is restored, whereas others continue to
complain of persistent symptoms of thyroid hormone
deficiency such as mood changes, decreased psychomo-

tor performance, cognitive disturbances, weight gain,
fatigue, lethargy, and depression. Physicians do not ex-
pect these symptoms to continue with adequate replace-
ment L-T4 dosage reflected by normal TSH levels and
normal thyroid hormones and become frustrated with
the management of these patients and their ongoing
complaints.

If one accepts the validity of persistent symptoms and
cardiovascular risk factors in L-T4-replaced patients de-
spite TSH normalization, then it is necessary to hypothe-
size that standard therapy with L-T4 alone is not sufficient
to restore optimal quality of life and tissue euthyroidism,
at least not in all patients. When hypothyroid patients are
given L-T4 alone, it is assumed that the peripheral con-
version of T4 to T3 provides the exact amount of T3 needed
by each particular tissue or organ. However, on the basis
of polymorphisms and variable tissue distribution of the
deiodinase enzymes, it is theoretically possible that some
tissues could be underexposed to T3 despite apparently
normal circulating levels of TSH (25).

In experimental studies carried out by Escobar-Morre-
ale et al. (26), T4 monotherapy did not normalize tissue
concentrations of T4 and T3 in rats made hypothyroid by
thyroidectomy or radioiodine therapy. Moreover, the
dose of T4 needed to normalize circulating T3 and TSH
levels resulted in supraphysiological concentrations of
plasma T4 (26). Interpretation of the significance of these
findings requires accounting for the differences between
rats and humans in their respective molar T4/T3 ratio in
thyroid hormone secretion (14:1 in adult men, and ap-
proximately 6:1 in adult male rats). Moreover, levels of
circulating thyroid hormones are higher in rats than in
humans related to very low levels of T4 binding globulin,
the greater dominance of hormone binding, and transport
by transthyretin (26). Furthermore, deiodinase activity is
tissue and species specific (13, 26).

These differences between humans and rats notwith-
standing, the clinical evidence could support a role for
combination T4/T3 treatment in humans. In fact, just as in
experimental studies, about 25–32% of hypothyroid pa-
tients on L-T4 therapy require serum T4 levels at the upper
limit of the normal range or even higher to normalize T3

levels and both serum TSH and its normal response to
TRH (27, 28).

Evaluating the Effects of Combined T4/T3

Therapy (Table 1)

Mood, cognition, and quality of life
Hypothyroidism may induce affective and cognitive

dysfunction (mood, attention, concentration, memory
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TABLE 1. Summary of studies evaluating the effects of combined T4 plus T3 vs. T4 alone as replacement therapy in
hypothyroid patients

(Continued)
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function, language, executive function, and motor func-
tion) (29, 30). The most commonly affected domains are
working memory and executive function. Moreover, al-
terations in mood, characterized by increased rates of de-
pressive and anxiety symptoms, have also been reported

(29, 30). T3 nuclear receptors are dominant in brain tissue,
with a high concentration in the amygdala and hippocam-
pus (essential regions for mood) (30–32). This may ex-
plain why minor changes in local T3 production may lead
to changes in behavior.

TABLE 1. Continued

NR, Not reported; HR, heart rate; c, corrected for heart rate; RAI, radioiodine; PEP, preejection period; AV, late transmitral flow velocity; Vmax,
aortic peak flow velocity; MAAc, mean aortic acceleration; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure;
DBP, diastolic blood pressure; LVEF, left ventricular ejection fraction; PBI, protein-bound iodine; TT3, total T3; TT4, total T4; GD, Graves’ disease;
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ECG, electrocardiogram; SHBG, sex hormone-binding globulin; Ur DPD, urinary
deoxypyridinoline.
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Small interventional studies using magnetic resonance
spectroscopy and fluorodeoxyglucose positron emission
tomography have provided a possible neuroanatomical
basis for these defects in adults with overt and subclinical
hypothyroidism, demonstrating reduced cerebral blood
flow as well as altered oxygen and glucose metabolism,
with associated frontal lobe dysfunction (31, 32). More-
over, the lower regional glucose metabolism in specific
brain areas of untreated overt and subclinical hypothyroid
patients may be seen to improve after L-T4 treatment (32).

However, some studies have reported that successful
treatment of hypothyroidism is associated with only a par-
tial recovery or improvement of neurocognitive function
and psychological well-being (29, 33), suggesting that re-
placement treatment with L-T4 might not be fully ade-
quate for optimal brain function. In one large community-
based survey, 26% of the patients with normal thyroid
function levels on L-T4 monotherapy scored significantly
worse than did euthyroid controls on measures of well-
being [General Health Questionnaire (GHQ), 32.3 vs.
25.6%] and on hypothyroid symptoms (47 vs. 35%) (33).
A 6.7% absolute increase in psychiatric morbidity was
found in patients with TSH in the normal range while
receiving replacement therapy with L-T4 compared with a
matched control group (33).

Although the physiological basis for these differences in
patients’ responses to replacement therapy is unclear, we
should strive to achieve a regimen of therapy providing
both biochemical and clinical euthyroidism that will be
associated with a premorbid and normal quality of life.

In an open-label and nonrandomized study, it was ob-
served that some patients with primary hypothyroidism
can improve well-being when the T4 dosage is titrated until
serum TSH is in the lower part of the reference range (34).
However, whereas some patients appear to feel better on
higher doses of L-T4 (34), this is not universally the case
(35). Moreover, the altered cognitive and psychological
performances in L-T4-treated patients have not been
clearly associated with given serum levels of TSH and the
thyroid hormones (29). This is illustrated by the double-
blind, randomized clinical trial with a crossover design
performed by Walsh et al. (35) on 56 subjects with primary
hypothyroidism taking L-T4 (100 �g/d). A regimen of
three doses (low, middle, and high) was employed by ad-
ministering 25-�g increments of L-T4 to achieve a TSH in
the upper, middle, or lower part of the reference range
(35). After noting any changes in general health status or
cognition, these workers concluded that changes in T4

dosage did not produce significant changes in hypothyroid
symptoms, well-being, or quality of life despite the asso-
ciated and expected changes in serum TSH. Sixteen of 50
patients (32%) who completed all three treatments pre-

ferred a low dose, 13 (26%) preferred a middle dose, 10
(20%) preferred a high dose, and 11 (22%) had no
preference (P � 0.75) (35). These data do not support
the suggestion that the target TSH for treatment of pri-
mary hypothyroidism should be in the lower part of the
reference range to reduce symptoms and optimize qual-
ity of life.

In a study by Bunevicius et al. (36), partial substitution
of L-T4 with T3 was associated with improved mood and
neuropsychological function in thyroidectomized patients
with hypothyroidism and depression compared with
treatment with T4 alone. However, although T4 levels
were lower during combined T3 and T4 treatment in this
5-wk crossover study, TSH levels were at the lower normal
range during both combined treatment and L-T4 treat-
ment (36). As a consequence, it is not clear whether the
observed results were related to the cause of hypothy-
roidism, the patient selection of subjects with depres-
sion, or the degree of TSH suppression (36). Concerns
with the validity of the latter observations appeared
justified when these data were not confirmed in subse-
quent studies (25, 37).

The responses by study subjects to questionnaires on
bodily pain, quality of life, mood, symptoms of hypothy-
roidism, depression, anxiety, and fatigue have not indi-
cated improvement in the majority of studies that exam-
ined combination treatment with different doses of T3 plus
T4 (37–47). One large, community-based, randomized
controlled study by Saravanan et al. (41) reported a slight
improvement in these symptoms after 3 months of com-
bination treatment, which was not confirmed subse-
quently after 1 yr. However, the same authors emphasized
the limits of their study: i.e. the large placebo effect with
an improvement in psychiatric cases in the control group,
and the significant fall in T4/T3 ratio observed over a
9-month period (41).

As mentioned above, suboptimal dosing regimens of
the combination treatment resulted in subclinical hypo- or
hyperthyroidism in the majority of these studies (Table 1).
TSH levels were similar at the end of both treatments in
only two studies, although they showed higher free T3

(FT3) levels and lower FT4 levels during combined therapy
(37, 48). Indeed, only one randomized double-blind cross-
over study has reported significant improvement of qual-
ity of life and depression and anxiety scales during com-
bination therapy (48). It is far from clear whether
traditional subjective procedures to assess symptoms and
quality of life are reliable markers for evaluation of the
peripheral effects of T3, and whether these parameters are
sufficiently sensitive to detect small changes that might be
clinically relevant. There are no randomized controlled
studies that have evaluated the potential improvement in
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cerebral blood flow, oxygen, and glucose metabolism by
morphological imaging techniques (such as magnetic res-
onance imaging or fluorodeoxyglucose positron emission
tomography) to support the potential role of combined
T4/T3 treatment vs. L-T4 therapy.

Patient preference for combined T4/T3 therapy vs.
L-T4 treatment alone

Patient preference for combination treatment has been
assessed in some studies (36, 38, 39, 42–44, 46, 48) (Table
1). In four studies, the combined T4/T3 therapy was pre-
ferred, despite the lack of other demonstrable clinical ben-
efit (36, 38, 46, 48). Interestingly, TSH was suppressed in
some studies in which combination treatment was fa-
vored, suggesting that patients preferred being slightly
overtreated (36, 38). In the double-blind randomized con-
trolled study by Appelhof et al. (38), the percentage of
patients preferring combination L-T4/levotriiodothyro-
nine (L-T3) therapy vs. L-T4 monotherapy was 41% in the
arm receiving a T4/T3 ratio of 10:1 and 52% in the arm
receivinga5:1 ratio, comparedwitha statedpreference for
L-T4 monotherapy in 29%. The stated preferences were
expressed despite no changes in mood, fatigue, well-being,
and neurocognitive functions (38). In the randomized
double-blind crossover trial by Escobar-Morreale et al.
(46), 69% of patients preferred combination treatment,
8% preferred standard treatment with T4 alone, and 23%
had no preference. In the double-blind randomized cross-
over study by Nygaard et al. (48), 49% of patients pre-
ferred combination treatment, 15% preferred mono-
therapywithL-T4, and36%hadnopreference (48). In this
latter study, patients preferring the combination therapy
had higher depression scores at baseline than patients
without a preference.

Such expressions of patient preference for a given ther-
apeutic regimen clearly are highly subjective. Responses
might be influenced by the method of patient recruitment;
notably, patients were enrolled in the majority of these
studies irrespective of their satisfaction with their prior
L-T4 monotherapy, whereas patients were invited to par-
ticipate in other trials. Symptomatic patients might be
more motivated to change their traditional treatment, rep-
resenting a selected group of subjects that could demon-
strate a significant placebo effect on a new drug regimen.
The Hawthorne effect cannot be excluded in some studies,
with patients describing feeling better simply because they
are participating in a trial.

Cardiovascular function and lipid profile
Untreated subclinical and overtly hypothyroid patients

have an increased risk of atherosclerosis, coronary heart
disease, and heart failure (49–51). Ideally, optimal re-

placement therapy in hypothyroid patients should im-
prove their prognosis and reduce their cardiovascular risk.
However, some cardiovascular risk factors [such as lipid
parameters, endothelial function, body mass index (BMI),
and diastolic hypertension] may not be completely nor-
malized after replacement therapy (29, 52–55). This was
observed in a population-based cohort study on primary
hypothyroid patients who remained at an increased risk of
morbidity associated with circulatory diseases and isch-
emic heart disease despite treatment with L-T4 (56).

On the other hand, some patients with primary hypo-
thyroidism may improve their lipid profile and body
weight if the T4 dosage is titrated until serum TSH is in the
lower part of the reference range (52, 54, 57).

Combination treatment with T3 and T4 could theoret-
ically reduce cardiovascular risk in patients with under-
lying cardiovascular risk factors. However, very few pub-
lished trials of patients on combined T3 and T4 treatment
vs. L-T4 monotherapy have evaluated lipid profiles and
cardiovascular parameters during randomized controlled
trials (Table 1).

The available data indicate that no significant differ-
ences have been seen in total cholesterol, low-density li-
poprotein, high-density lipoprotein, and triglycerides (36,
40, 41, 46, 47) during combined treatment with T3 and T4.
A slight improvement in lipid profile was noted only when
associated with TSH suppression during combined treat-
ment (38, 42, 43).

Few studies compared the effects of combined therapy
vs. L-T4 monotherapy on cardiovascular parameters (42,
43, 58), and only two of these studies performed a com-
plete Doppler echocardiographic evaluation (43, 58). A
definitive conclusion cannot be reached, however, because
these studies did not normalize TSH and thyroid hormone
levels during combined therapy, and their results were not
compared with a control group of matched euthyroid
subjects.

Although no significant differences in heart rate or sys-
tolic and diastolic function were observed between the two
regimens of monotherapy vs. combined therapy (36, 38,
39–43, 45–47, 58), the presence of atrial arrhythmias has
been reported in two studies in which patients were over-
treated during combination treatment (44, 47). Future
large prospective randomized controlled trials will be nec-
essary to establish the potential beneficial effects of com-
bination treatment to improve cardiovascular risk factors
and morbidity in patients with thyroid hormone defi-
ciency and to establish the optimal T4/T3 ratio that could
avoid the potential adverse effects of T3 on heart rate and
rhythm.
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Body weight, body composition, and energy
expenditure
It is well known that slight variations in thyroid hormone
levels during L-T4 therapy may affect body weight, body
composition, and energy expenditure (57). Patients expe-
riencing weight gain while hypothyroid often complain of
persistence of the increase in body weight even after treat-
ment and full normalization of serum TSH levels (29, 52,
53). Thus, hypothyroid-treated patients may have a higher
BMI with an increased fat mass and decreased lean body
mass than control subjects (29, 53, 57). Although many
factors may influence BMI, small changes in TSH levels,
induced by variations in L-T4 dosage to obtain TSH sup-
pression, may improve resting energy expenditure and fat
mass in hypothyroid patients maintaining a higher body
weight despite adequate substitution therapy (57). How-
ever, increasing evidence suggests that TSH suppressive
doses of L-T4 can be associated with adverse effects on
both bone metabolism and the heart (2, 3). As a conse-
quence, current guidelines and recommendations suggest
titration of L-T4 dosages to TSH levels in the reference
range and not lower.

Some studies have assessed changes in body weight dur-
ing combination therapy with T4/T3 compared with
monotherapy with L-T4 (38–41, 45, 48, 58) (Table 1). In
two double-blind randomized studies, there was a mean
body weight change with a decrease of 1.7 kg seen with
combination treatment compared with monotherapy with
L-T4 (38, 48). In these two studies, the stated patient pref-
erence for, and greater satisfaction with, combination
therapy was linked to their significant reduction in body
weight and improvement in BMI (38, 48). In one of these
two studies (38), a decrease in body weight, but not a
decrease in serum TSH, correlated with increased satis-
faction with the study medication.

Sex hormone-binding globulin (SHBG)
Some studies comparing physiological effects of com-

bination T4/T3 treatment to L-T4 monotherapy have eval-
uated various parameters indicative of thyroid effects in
the liver, in which tissue concentration of T3 depends al-
most entirely on the circulating T3 concentration. For ex-
ample, the fact that increases in serum SHBG are seen in
hyperthyroidism led some investigators to determine
whether alterations in SHBG during combination treat-
ment vs. L-T4 monotherapy (36, 38–41, 43, 46, 47, 58,
59) might indicate relative thyroid hormone overdosage
(Table 1). Few of these studies reported an increase in
serum SHBG after T3 treatment, although TSH was sup-
pressed and FT3 values were higher compared with L-T4

monotherapy in the majority of these studies (36, 38, 43).

Markers of bone turnover
Hypothyroidism in adults results in reduced bone turn-

over with impaired osteoclastic bone resorption and os-
teoblastic bone formation (60). T3 enhances expression
and synthesis of osteocalcin and alkaline phosphatase. In
the skeleton, D2 activity plays a crucial role in maintaining
optimal bone mineralization (60). Conflicting results have
been reported on the potential role of TSH receptors in
bone (60). Few studies have evaluated the effects of com-
bination therapy on markers of bone turnover (38, 39,
41–43, 46) (Table 1). In those reports, increases in serum
markers of bone turnover were observed when treatment
was associated with TSH suppression during treatment
(38, 39, 43).

Initiation of thyroid hormone replacement therapy for
hypothyroidism is associated with an increased bone turn-
over, especially in the first years after the diagnosis and
especially in the age group above 50 yr (62), with a strong
dose-response relation (63); the available studies did not
give any data on the duration of hypothyroidism and on
the length of previous treatment with T4.

How Should Combination Treatment with
T3 and T4 Be Employed? (Table 1)

In some reports, a fixed dose of L-T4 (usually 50 �g) was
substituted with a fixed amount of L-T3 (ranging from 7.5
to 20 �g), leading to a very variable ratio of T4/T3, without
reaching the optimal ratio (36, 37, 39, 40–42, 44, 45, 48,
58, 61). Any possible clinical improvement that might
have been attributed to the combined T3 and T4 treatment
could have been obscured in these studies by a relative
undertreatment or overtreatment during L-T4 therapy, es-
sentially constituting states of subclinical hypo- or hyper-
thyroidism. In other trials of combination therapy, a spe-
cific T4/T3 ratio was employed, which was 3:1 (43), 5:1
(38), 10:1 (38, 46), 14:1 (47), and 15:1 (46). However, in
similar fashion to the previous reports, euthyroidism was
not reached in the majority of these studies because the
investigators induced overtreatment in most cases as doc-
umented by TSH suppression, high FT3 levels, peripheral
parameters of thyroid hormone action (SHBG, heart rate,
markers of bone metabolism) in the thyrotoxic range, all
associated with the appearance of hyperthyroid signs and
symptoms (atrial arrhythmias, weight loss, and increased
bone turnover).

The majority of studies evaluating combined T3 and T4

treatment used one or two daily doses of T3. This may have
induced spikes in serum T3 after each dose with a pro-
gressive decline of T3 levels related to its rapid turnover
and short half-life with loss of any potential beneficial
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effects in the tissues (64). The question of potential benefit
of combined therapy will not be adequately addressed un-
til large trials are performed that employ the correct T4/T3

ratio in formulations resulting in steady-state concentra-
tions of both hormones, consistent with the fact that the
thyroid gland secretes T4 and T3 in a ratio of about 14:1.

Who Could Benefit from Combination
Therapy?

Conceivably, four different groups of hypothyroid pa-
tients could benefit from combination treatment with T4

and T3: 1) patients with hypothyroidism due to an under-
lying autoimmune condition (38, 64, 65); 2) thyroidecto-
mized patients or patients submitted to radioiodine activ-
ities resulting in a lack of sufficient endogenous thyroid
function and absence of residual thyroidal T3 production
(36); 3) patients with certain D2 polymorphisms (the en-
zyme responsible for T3 tissue availability) who tend to
have a preference for combination T4/T3 replacement
therapy (66, 67); and 4) depressed hypothyroid patients
who might benefit from the antidepressant effect of lio-
thyronine (68).

Combination treatment in patients with
autoimmune thyroid disease
Patients with autoimmune hypothyroidism may have a
progressive thyroid failure with the potential development
of mild, subclinical, or overt hypothyroidism (1–3). How-
ever, in these patients, residual T3 production from the
thyroid gland is thought to be maintained to a variable
degree due to the healthy follicular elements within the
thyroid gland. This may explain why lower doses of L-T4

are necessary to replace patients with autoimmune hypo-
thyroidism compared with athyreotic patients (3).

However, according to the experience of some expert
clinicians (64, 65), patients with autoimmune hypothy-
roidism frequently remain symptomatic despite L-T4

monotherapy. These patients may complain of mood dys-
function and impaired quality of life because of the un-
derlying autoimmune diathesis, which may reflect a
chronic and progressive disease, or because of the poten-
tial association with other comorbidities. Neurocognitive
function and psychological well-being were not com-
pletely restored in an uncontrolled study on 141 patients
with primary autoimmune hypothyroidism despite ade-
quate long-term L-T4 replacement therapy (69). These re-
sults led several investigators to evaluate the effects of
combination treatment with T3 and T4 in hypothyroid
patients with autoimmune disease (37–39, 48). Although
no differences were observed in cognitive function, mood,

psychological symptoms, quality of life, or thyroid dis-
ease-related symptoms in the majority of these studies, it
is important to note that TSH was not completely nor-
malized in some of these trials, suggesting that biochem-
ical euthyroidism was not achieved in two of these trials
(38, 39). It remains unsettled whether or not combined
treatment with T3 and T4 may be beneficial in patients
with an autoimmune basis for their hypothyroidism.

Combination treatment in thyroidectomized
patients
A recent study suggests that approximately 10% of pa-
tients who are hypothyroid after thyroidectomy might po-
tentially benefit from T3 supplementation (20). In thy-
roidectomized subjects, the 20% of T3 secretion normally
secreted by the thyroid gland theoretically should be com-
pensated for by an increase in peripheral deiodination of
T4. However, the requisite increase in deiodinase activity
needed to produce a physiological amount of circulating
T3 has not been demonstrated during replacement therapy
with L-T4 in humans. Furthermore, our understanding of
possible homeostatic changes in thyroid hormone econ-
omy and deiodinase activity has been confounded by re-
cent observations of alterations during long-term TSH-
suppressive therapy in thyroidectomized patients with
differentiated thyroid cancer (DTC) (70). Recently, an al-
tered set point of the HPT axis was reported in DTC pa-
tients homozygous for the D2-rs12885300 polymor-
phism, resulting in a weaker negative feedback of FT4 on
TSH (71).

Some studies have reported that hypothyroid thyroid-
ectomized patients on L-T4 replacement therapy need
higher serum T4 levels to obtain similar serum TSH levels
and lower serum T3 concentrations compared with euthy-
roid controls (72, 73). Moreover, normal serum FT3 and
significantly higher serum FT4 levels have been observed
after total thyroidectomy in a prospective study in patients
receiving L-T4 treatment compared with their prethy-
roidectomy levels, especially in those with suppressed
TSH (21). These results could suggest that higher serum
T4 levels are necessary in thyroidectomized patients to
obtain normal serum T3 concentrations and thereby
compensate for the absence of the 20% fraction of cir-
culating T3 normally directly secreted by the thyroid
(74). It must be emphasized that recent studies have
documented the adverse effect of high FT4 levels in pa-
tients receiving L-T4 therapy (75).

Combination treatment in hypothyroid patients
with depression
There is a possible link between depression and impaired
thyroid function (76, 77). About 15% of patients with
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depression display hypothyroid states including subclini-
cal hypothyroidism (76); moreover, autoimmune thyroid-
itis is more frequent in depressed patients than in healthy
euthyroid individuals (20 vs. 5%) (77). On the other hand,
there are conflicting results on the relationship between
the presence of positive thyroperoxidase antibodies and
depression (77–81). A recent population-based study
found no association between antithyroid antibodies and
depression or anxiety (79). Among studies that have in-
vestigated the effects of combined T3 and T4 treatment in
depressed hypothyroid patients (36, 37), only one re-
ported a beneficial effect of this treatment in depressed
patients with an improvement in mood and cognition (36).

Several meta-analyses have described beneficial thera-
peutic effects of T3 in combination with tricyclic antide-
pressants compared with placebo in euthyroid patients
with resistant depression (82, 83). In one recent study, the
addition of T3 has been able to enhance the antidepressant
effect of sertraline in euthyroid patients without signifi-
cant adverse effects (84).Double-blindplacebo-controlled
studies are needed to investigate the potential beneficial
effects of combined T3 and T4 treatment in hypothyroid
patients with persistent depression despite TSH normal-
ization during L-T4 therapy.

Combination treatment in patients with
deiodinase polymorphisms
Individuals with a polymorphism in D2 may have impor-
tant clinical implications that could explain why normal
serum levels of T3 may not be sufficient to normalize symp-
toms and improve the quality of life in some hypothyroid
patients receiving L-T4 replacement therapy alone. The
D2 Thr92Ala polymorphism (D2-Thr92Ala) has been as-
sociated with insulin resistance, obesity, and hypertension
(85, 86). On the other hand, the Thr92Ala 12 polymor-
phism has also been associated with a variation in the HPT
axis (22, 23), altered bone turnover (60), cognition, and
response to thyroid hormone replacement therapy (67,
87–89).

In a study from Italy, the presence of the D2-Thr92Ala
polymorphism was able to predict the need for a higher T4

intake in 191 consecutive cancer patients, previously
treated by near total thyroidectomy and radioiodine ab-
lation (89). Although this observation is highly intriguing,
the same polymorphism was not associated with a require-
ment for higher T4 doses to normalize serum TSH levels in
patients with autoimmune hypothyroidism (88). Related
studies have investigated whether the polymorphism in the
D2 gene (D2-Thr92Ala) is associated with well-being and
neurocognitive dysfunction in hypothyroid patients re-
ceiving replacement therapy and with a preference for
combination treatment of T4/T3 (67, 87).

Appelhof et al. (87) reported that two polymorphisms
in the D2 gene (the D2-ORFa-Gly3Asp and D2-Thr92Ala
polymorphisms) were not determinant of differences in
well-being, neurocognitive functioning, or appreciation of
T4/T3 combination therapy in 141 patients with primary
autoimmune hypothyroidism. A subsequent study of 552
patients on L-T4 replacement therapy from the Weston
Area T4/T3 (WATTS) suggested that there may be a small
number of patients with a D2 polymorphism that could
benefit from combination therapy (67). The more rare CC
genotype of the rs225014 polymorphism in the deiodinase
2 gene was present in 16% of this study population (67).
Although this polymorphism had no impact on circulating
thyroid hormone levels, it was associated with impaired
baseline psychological well-being and a worse baseline
GHQ score in patients on L-T4 (67). These patients
showed a greater degree of improvement on T4/T3 therapy
compared with being on T4 monotherapy (2.3 GHQ
points at 3 months, and 1.4 points at 12 months) (67).
Interestingly, the results of this study suggest that circu-
lating T3 levels may not directly reflect intracellular T3

levels because this polymorphism had no impact on cir-
culating thyroid hormone levels (67). These data suggest
that the evaluation of changes in persistent specific symp-
toms of hypothyroidism may be useful for the selection of
patients that could benefit from combined T3 and T4 treat-
ment. Prospective trials will be necessary to further eval-
uate the neuropsychiatric response to combined T4/T3

treatment vs. monotherapy with L-T4 in patients with the
Thr92Ala polymorphism.

Meta-Analyses on Combined T4/T3 Therapy

Three meta-analyses have appeared that have evaluated
the effects of combination treatment with T3 and T4 vs. T4

alone (90–92). Grozinsky-Glasberg et al. (90) analyzed 11
randomized controlled trials with a total of 1216 patients
and concluded that T4/T3 combination therapy provided
no advantage when compared with standard L-T4 mono-
therapy in any of the following parameters: bodily pain,
depression, anxiety, fatigue, quality of life, body weight,
total serum cholesterol and triglycerides, and serum low-
density lipoprotein and high-density lipoprotein, and also
demonstrated no difference in adverse events.

A second meta-analysis by Ma et al. (91) including a
total of 1243 patients suggested that T4/T3 combination
therapy was beneficial for the psychological and physical
well-being of patients previously on L-T4 monotherapy.
Their analysis did not find a statistically significant dif-
ference in the other variables. A meta-analysis by Joffe et
al. (92) of nine controlled studies examining the effects of

2266 Biondi and Wartofsky T4/T3 Replacement Therapy in Hypothyroidism J Clin Endocrinol Metab, July 2012, 97(7):2256–2271

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/97/7/2256/2833962 by guest on 19 O
ctober 2018



combination T3 and T4 therapy vs. L-T4 alone on psychi-
atric symptoms found no significant differences. It is im-
portant to note that only a few studies included in the three
meta-analyses were randomized placebo-controlled stud-
ies (37, 40, 41). Many of the studies were randomized
parallel-design studies (38, 42, 43) or crossover studies
(36, 39, 44, 46–48, 58, 61).

Moreover, it is also clear that each of these studies had
several relevant methodological limitations (Table 1),
including:

1) Small sample size, which may have induced a re-
duced power analysis in some studies.

2) Lack of homogeneity of the hypothyroid patient
population in most of the studies. The cause of
hypothyroidism was not clarified in several of the
reports, and a heterogeneous group of subjects
was enrolled in other studies (grouping together
athyreotic patients, patients with autoimmune
Hashimoto thyroiditis, and patients with thyroid
hormone deficiency induced by radioiodine for
previous hyperthyroidism). Moreover, the sever-
ity of hypothyroidism was quite variable in some
studies, including patients with subclinical hypo-
thyroidism who may have retained some residual
secretion of both T4 and T3.

3) Large variation in the T4/T3 ratio administered in
many studies.

4) Low sensitivity of some of the outcome measures of
cognition or mood, which may explain the poor re-
sults reported in the literature. The majority of these
studies evaluated subjective symptoms or preference
to treatment.

5) Only a few studies evaluated the effects of combined
T3 and T4 therapy on objective peripheral parame-
ters of thyroid hormone action. Moreover, some of
these studies did not compare tissue parameters with
those obtained in a control group of well-matched
euthyroid subjects.

6) Brief duration of combination therapy, generally re-
stricted to only a few weeks, which may be an in-
sufficient period to evaluate the potential beneficial
effects of this treatment on peripheral tissues. A po-
tential carryover effect might be induced by the long
half-life of T4 with persistence of the effects of the
L-T4 for a long time in some tissues such as the brain
(65).

In the future, large trials involving a homogeneous
group of patients with primary hypothyroidism should be
performed to clarify what kind of patients with thyroid
hormone deficiency (patients with autoimmune hypothy-
roidism, thyroidectomized or depressed patients or some

with particular D2 polymorphisms) could benefit from the
addition of replacement doses of T3. Moreover, it will be
important to evaluate more significant clinical and tissue
parameters during combination therapy (bone, heart, car-
diovascular risk factors, more sensitive and specific symp-
toms) and to treat the patients for a sufficient period to
obtain clinical and tissue euthyroidism.

Treatment with T3 vs. T4

Currently, clinical use of L-T3 is quite limited. L-T3 may be
administered after L-T4 withdrawal for DTC patients in
preparation for radioiodine therapy to reduce the dura-
tion of hypothyroid symptoms and to improve the quality
of life (93). Recent findings by Celi et al. (14, 94) have
increased interest in examining the role for T3 replacement
therapy in hypothyroid patients. These authors achieved a
steady-state pharmacodynamic equivalence by completely
substitutingL-T4 withL-T3,usingathree-dailyregimenatan
approximate ratio of 1:3 (14). Peripheral parameters of thy-
roid hormone action were evaluated in response to doses of
L-T3 vs. L-T4 that produced equivalent steady-state baseline
and TRH-stimulated TSH levels (94). Interestingly, signifi-
cant weight loss, without changes in body fat mass, and a
decrease in total cholesterol, low-density lipoprotein-choles-
terol, and apolipoprotein B were observed during L-T3 ther-
apy compared with L-T4 treatment (94). Notably, L-T3

resulted in a significant increase in SHBG levels, suggest-
ing an important peripheral effect on the liver and slight
overtreatment (94). On the contrary, no significant dif-
ferences were observed in fasting glucose or insulin sen-
sitivity as measured by the hyperinsulinemic-euglycemic
clamp (94). Moreover, no significant differences were ob-
served in cardiovascular parameters such as heart rate,
blood pressure, exercise tolerance, and flow-mediated va-
sodilation during the two treatment regimens (92). Fur-
thermore, no significant difference was observed in the
Short Form-36 and Health-Related Quality of Life ques-
tionnaires (94).

At the end of the study, four patients expressed no pref-
erence for either treatment, five preferred L-T4, and five
preferred L-T3 (94). Unfortunately, hypothyroid symp-
toms were not evaluated in this study. In view of the fact
that T3 has important effects on cardiovascular hemody-
namics, it is possible that the small number of patients and
the relatively short period of treatment may have pre-
cluded observation of T3-induced significant changes in
cardiovascular parameters. Increased FT3 levels during T3

therapy were necessary to obtain TSH levels comparable
to those observed with L-T4 treatment. Three daily doses
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of LT3 were able to achieve stable serum levels of TSH and
T3 with an observable beneficial tissue effect.

Thus, based on these intriguing results from Celi et al.
(14, 94) and on the paucity of other well-conducted trials
of combination T4/T3 therapy, we suggest the need for a
further examination of the role of adjunctive T3 therapy in
selectedpatients. Inouropinion, it is essential tonormalize
serum FT3 as well as TSH levels to observe significant
effects on some peripheral parameters of thyroid hormone
action in hypothyroid patients. However, treatment with
T3 is not recommended in pregnant women, nor is it ad-
visable in patients with a history of arrhythmias or chronic
ischemic heart disease.

Moreover, the common difficulties in obtaining a stable
euthyroid condition in hypothyroid patients receiving re-
placement therapy cannot be ignored (2, 3). Only 60% of
patients receiving thyroid hormone had normal thyroid
function in the Colorado Disease Prevalence Study (95).
Given this high prevalence of overtreatment in patients
with hypothyroidism, treatment monitoring to assess
compliance and to prevent complications is very impor-
tant. This is particularly true in patients receiving combi-
nation treatment to avoid potential adverse effects that
could be more significant than those associated with T4

therapy.

Conclusions

Although earlier meta-analyses failed to find clear benefit
in treatment of hypothyroid individuals with combination
T4 and T3, continued interest in such approaches to re-
placement therapy is warranted due to methodological
deficiencies in the majority of the prior studies. New in-
sights into deiodinase polymorphisms may explain differ-
ences in both tissue and relative individual clinical re-
sponses to treatment.

Experimental and clinical evidence suggests that a TSH
level within the reference range is not a sufficiently optimal
marker of adequate thyroid hormone replacement therapy
in hypothyroid patients. Prospective double-blind ran-
domized large studies are necessary to clarify the potential
beneficial effects of combination treatment with T3 and T4

vs. L-T4 monotherapy to improve symptoms and to re-
verse the biochemical abnormalities of patients with pri-
mary hypothyroidism. Further studies will be necessary to
assess the tissue distribution of deiodinases and all of the
potential factors that could control their activity and cor-
relate with phenotypical patients requiring thyroid hor-
mone replacement therapy. Resolving the question of op-
timal therapy with L-T3 is hampered by the lack of an
available formulation that will achieve steady-state con-

centrations of T3. Although the use of three daily doses of
T3 can improve the T3 serum levels during the day, it is
likely to be associated with less than optimal compliance
to therapy. A long-acting, slow-release form of T3 (64) will
be required to mimic normal physiological endogenous T3

production and achieve the equivalent of a true “thyroid
transplant” in patients lacking their thyroid gland or nor-
mal thyroid function. Such a preparation would effec-
tively treat all associated symptoms and maintain a nor-
mal and stable TSH level, a circadian T3 rhythm, and a
consistently physiological ratio of serum FT4/FT3 over
24 h. Increasingly accelerated progress to personalized
medicine holds the promise to achieve this dream.

Successful resolution of impediments to both practical
and physiological dosing of a T4/T3 combination agent
could allow clinicians to more effectively treat patients
with primary hypothyroidism.
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1987 Free thyroxine, free triiodothyronine, and thyrotropin con-
centrations in hypothyroid and thyroid carcinoma patients receiving
thyroxine therapy. Acta Endocrinol (Copenh) 116:418–424

19. Woeber KA 2002 Levothyroxine therapy and serum free thyroxine
and free triiodothyronine concentrations. J Endocrinol Invest 25:
106–109

20. Jonklaas J, Davidson B, Bhagat S, Soldin SJ 2008 Triiodothyronine
levels in athyreotic individuals during levothyroxine therapy. JAMA
299:769–777

21. Gullo D, Latina A, Frasca F, Le Moli R, Pellegriti G, Vigneri R 2011
Levothyroxine monotherapy cannot guarantee euthyroidism in all
athyreotic patients. PLoS One 6:e22552

22. Butler PW, Smith SM, Linderman JD, Brychta RJ, Alberobello AT,
Dubaz OM, Luzon JA, Skarulis MC, Cochran CS, Wesley RA, Pu-
cino F, Celi FS 2010 The Thr92Ala 5� type 2 deiodinase gene poly-
morphism is associated with a delayed triiodothyronine secretion in
response to the thyrotropin-releasing hormone stimulation test: a
pharmacogenomic study. Thyroid 20:1407–1412

23. Peeters RP, van den Beld AW, van Toor H, Uitterlinden AG, Janssen
JA, Lamberts SW, Visser TJ 2005 A polymorphism in type I deio-
dinase is associated with circulating free insulin-like growth factor
I levels and body composition in humans. J Clin Endocrinol Metab
90:256–263

24. Canani LH, Capp C, Dora JM, Meyer EL, Wagner MS, Harney JW,
Larsen PR, Gross JL, Bianco AC, Maia AL 2005 The type 2 deio-
dinase A/G (Thr92Ala) polymorphism is associated with decreased
enzyme velocity and increased insulin resistance in patients with type
2 diabetes mellitus. J Clin Endocrinol Metab 90:3472–3478

25. Escobar-Morreale HF, Botella-Carretero JI, Escobar del Rey F,
Morreale de Escobar G 2005 Treatment of hypothyroidism with

combinations of levothyroxine plus liothyronine. J Clin Endocrinol
Metab 90:4946–4954

26. Escobar-Morreale HF, del Rey FE, Obregón MJ, de Escobar GM
1996 Only the combined treatment with thyroxine and triiodothy-
ronine ensures euthyroidism in all tissues of the thyroidectomized
rat. Endocrinology 137:2490–2502

27. Utiger RD 1994 Subclinical hyperthyroidism—just a low serum thy-
rotropin concentration, or something more? N Engl J Med 331:
1302–1303

28. Hennessey JV, Evaul JE, Tseng YC, Burman KD, Wartofsky L 1986
L-Thyroxine dosage: a reevaluation of therapy with contemporary
preparations. Ann Intern Med 105:11–15

29. Samuels MH, Schuff KG, Carlson NE, Carello P, Janowsky JS 2007
Health status, psychological symptoms, mood, and cognition in L-
thyroxine-treated hypothyroid subjects. Thyroid 17:249–258

30. Dugbartey AT 1998 Neurocognitive aspects of hypothyroidism.
Arch Intern Med 158:1413–1418

31. Zhu DF, Wang ZX, Zhang DR, Pan ZL, He S, Hu XP, Chen XC,
Zhou JN 2006 fMRI revealed neural substrate for reversible work-
ing memory dysfunction in subclinical hypothyroidism. Brain 129:
2923–2930

32. Bauer M, Silverman DH, Schlagenhauf F, London ED, Geist CL, van
Herle K, Rasgon N, Martinez D, Miller K, van Herle A, Berman SM,
Phelps ME, Whybrow PC 2009 Brain glucose metabolism in hypo-
thyroidism: a positron emission tomography study before and after
thyroid hormone replacement therapy. J Clin Endocrinol Metab
94:2922–2929

33. Saravanan P, Chau WF, Roberts N, Vedhara K, Greenwood R,
Dayan CM 2002 Psychological well-being in patients on ‘adequate’
doses of L-thyroxine: results of a large, controlled community-based
questionnaire study. Clin Endocrinol (Oxf) 57:577–585

34. Carr D, McLeod DT, Parry G, Thornes HM 1988 Fine adjustment
of thyroxine replacement dosage: comparison of the thyrotrophin
releasing hormone test using a sensitive thyrotrophin assay with
measurement of free thyroid hormones and clinical assessment. Clin
Endocrinol (Oxf) 28:325–333

35. Walsh JP, Ward LC, Burke V, Bhagat CI, Shiels L, Henley D, Gillett
MJ, Gilbert R, Tanner M, Stuckey BG 2006 Small changes in thy-
roxine dosage do not produce measurable changes in hypothyroid
symptoms, well-being, or quality of life: results of a double-blind,
randomized clinical trial. J Clin Endocrinol Metab 91:2624–2630

36. Bunevicius R, Kazanavicius G, Zalinkevicius R, Prange Jr AJ 1999
Effects of thyroxine as compared with thyroxine plus triiodothyro-
nine in patients with hypothyroidism. N Engl J Med 340:424–429

37. Sawka AM, Gerstein HC, Marriott MJ, MacQueen GM, Joffe RT
2003 Does a combination regimen of thyroxine (T4) and 3,5,3�-
triiodothyronine improve depressive symptoms better than T4 alone
in patients with hypothyroidism? Results of a double-blind, ran-
domized, controlled trial. J Clin Endocrinol Metab 88:4551–4555

38. Appelhof BC, Fliers E, Wekking EM, Schene AH, Huyser J, Tijssen
JG, Endert E, van Weert HC, Wiersinga WM 2005 Combined ther-
apy with levothyroxine and liothyronine in two ratios, compared
with levothyroxine monotherapy in primary hypothyroidism: a
double-blind, randomized, controlled clinical trial. J Clin Endocri-
nol Metab 90:2666–2674

39. Walsh JP, Shiels L, Lim EM, Bhagat CI, Ward LC, Stuckey BG,
Dhaliwal SS, Chew GT, Bhagat MC, Cussons AJ 2003 Combined
thyroxine/liothyronine treatment does not improve well-being,
quality of life, or cognitive function compared to thyroxine alone: a
randomized controlled trial in patients with primary hypothyroid-
ism. J Clin Endocrinol Metab 88:4543–4550

40. Clyde PW, Harari AE, Getka EJ, Shakir KM 2003 Combined levo-
thyroxine plus liothyronine compared with levothyroxine alone in
primary hypothyroidism: a randomized controlled trial. JAMA 290:
2952–2958

41. Saravanan P, Simmons DJ, Greenwood R, Peters TJ, Dayan CM
2005 Partial substitution of thyroxine (T4) with tri-iodothyronine in
patients on T4 replacement therapy: results of a large community-

J Clin Endocrinol Metab, July 2012, 97(7):2256–2271 jcem.endojournals.org 2269

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/97/7/2256/2833962 by guest on 19 O
ctober 2018



based randomized controlled trial. J Clin Endocrinol Metab 90:
805–812

42. Fadeyev VV, Morgunova TB, Sytch JP, Melnichenko GA 2005 TSH
and thyroid hormones concentrations in patients with hypothyroid-
ism receiving replacement therapy with L-thyroxine alone or in com-
bination with L-triiodothyronine. Hormones 4:101–107

43. Regalbuto C, Maiorana R, Alagona C, Paola RD, Cianci M,
Alagona G, Sapienza S, Squatrito S, Pezzino V 2007 Effects of either
LT4 monotherapy or LT4/LT3 combined therapy in patients totally
thyroidectomized for thyroid cancer. Thyroid 17:323–331

44. Smith RN, Taylor SA, Massey JC 1970 Controlled clinical trial of
combined triiodothyronine and thyroxine in the treatment of hy-
pothyroidism. BMJ 4:145–148

45. Rodriguez T, Lavis VR, Meininger JC, Kapadia AS, Stafford LF
2005 Substitution of liothyronine at a 1:5 ratio for a portion of
levothyroxine: effect on fatigue, symptoms of depression, and work-
ing memory versus treatment with levothyroxine alone. Endocr
Pract 11:223–233

46. Escobar-Morreale HF, Botella-Carretero JI, Gómez-Bueno M, Ga-
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