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Among the controversial issues surrounding combination T4/T3 therapy for hypothyroidism is
the choice of the best biochemical parameter by which to monitor therapy. This article explores
the potential use of reverse T3 (rT3) for this role. Unsubstantiated claims in layman websites have
suggested that measurement of rT3 could serve as a useful guide for monitoring combined T4 and
T3 replacement therapy. A brief review of aspects of the generation of rT3 from the peripheral
metabolism of T4 may place into context the possible utility of rT3 for this role.

THYROID PHYSIOLOGY—DEIODINASES

In humans, a normal thyroid gland produces ~85 mcg of T4 and 6.5 mcg of T3 daily (1). Thus,
the ratio of T4:T3 that is directly secreted from the thyroid gland is around 13:1. The remaining
daily T3 production, about 26.5 mcg, derives from peripheral monodeiodination or conversion
from T4, catalyzed by the activating deiodinases type (D1) or type 2 (D2) (2). D1 catalyzes the
deiodination of both the outer and inner ring of T4, while D2 is an obligate outer ring deiodinase
(3). Reverse T3 is also generated from deiodination of T4 with production of ~28 mcg/daily, but
through deiodination of its inner ring by deiodinase type 3 (D3) (Figure 1). Because rT3 has been
considered biologically inactive, deiodinase D3 represents the main physiological inactivator of
thyroid hormones. It also mediates the inactivation of T3 into T2. Theoretically, the inactivation
of T4 with generation of rT3 or T2 has a homeostatic role by protecting tissues from excess of
thyroid hormones. Deiodinases are selenoproteins, accounting for the presence of the rare amino
acid selenocysteine (Sec) in their active site (3). Adequate levels of selenium are important to the
activity of all deiodinases.

Deiodinases have variable expressions among various tissues (Table 1). In humans, D1 is
expressed mainly in the liver, kidneys, thyroid, and pituitary, while D2 is expressed in the central
nervous system (CNS), pituitary, brown adipose tissue, thyroid, placenta, skeletal muscle, and heart.
D1 is notably absent in the CNS. D3 is present in the skin and in the CNS, and is highly expressed
in hemangiomas, fetal liver, placenta and fetal tissues (3). The high expression of D3 in the human
placenta and fetal tissues is consistent with the concept that the function of D3 is to limit the
exposure of fetal tissues to thyroid hormones.

Deiodination of the outer ring of T4 by D1 or D2 has been termed the activating pathway of T4
metabolism as it generates the most active thyroid hormone, T3. By this pathway, deiodinases play a
critical role in maintaining tissue and cellular thyroid hormone levels of T3, which is then available
to bind to hormone binding nuclear receptors and initiate thyroid hormone specific effects. Due
to alterations in rates of local deiodination in tissues, thyroid hormone signaling can change
irrespective of serum hormonal concentrations (3, 5). Deiodinases also modulate the tissue-specific
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FIGURE 1 | Structure of thyroxine (T4) and the deiodinative cascade to T3 and reverse T3 (rT3). This figure was obtained with permission from Gomes-Lima and
Burman (4). Copyright © 2018 The Cleveland Clinic Foundation. All rights reserved.
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TABLE 1 | Tissue distribution of deiodinases.

Deiodinase Site of action Resulting action Tissue distribution in humans

DA Inner and outer ring of T4 Activating: generates preferably T3 Liver, kidneys, thyroid, and pituitary.

D2 Quter ring of T4 Activating: generates T3 CNS, pituitary, brown adipose tissue, thyroid, placenta, skeletal muscle, and heart.
D3 Inner ring of T4 Inactivating: generates rT3 Hemangiomas, fetal liver, placenta and in fetal tissues; skin and CNS.

concentrations of T3 in response to iodine deficiency,
hyperthyroidism, and hypothyroidism (3). Thus, during iodine
deficiency or hypothyroidism, tissues that express D2, especially
the brain, increase the activity of this enzyme to increase
local conversion of T4 to T3. In contrast, D1 overexpression
in hyperthyroidism contributes to a relative excess of T3
production, while D3 up-regulation in the brain protects the
CNS from excessive amounts of thyroid hormone (3).

Although rT3 is not widely expressed in adult tissues, it can
be re-expressed in several pathophysiological conditions, such as
cancer, starvation, cardiac hypertrophy, myocardial infarction,
chronic inflammation, and critical illness (5). In these critical
conditions, where a reduction of the metabolism and a reduced
T3 level is physiologically desirable, the conversion of T4 to T3
is reduced, while the conversion to rT3 is increased. This is the
basis of the alterations in thyroid hormone levels in the euthyroid
sick syndrome or non-thyroidal illness syndrome (NTIS) (6).
In general terms, this syndrome is characterized by normal or
even decreased serum TSH levels in the presence of low serum
T3 levels and serum levels of free T4 that may be normal,
increased, or decreased. Since thyroid function tests are abnormal
but inconsistent with hypothyroidism, it is frequently challenging
to decide whether these patients need immediate thyroid
replacement therapy. Further confounding the assessment of
thyroid function of these patients is the associated frequent
administration of drugs such as glucocorticoids, heparin, and
dopamine that also influence thyroid hormone economy (6, 7).

Our understanding of the deiodinative pathways for T4 was
accelerated by the development of a specific radioimmunoassay
for rT3 (8). Reverse T3 was identified in the serum of normal
individuals, in patients with hypothyroidism, hyperthyroidism

and athyreotic patients being treated with different doses of
levothyroxine (Figure2) (9). It soon became apparent that
the reciprocal changes in serum T3 and rT3 in patients with
severe non-thyroidal diseases represented homeostatic attempts
to conserve energy (10). However, r'T3 has not proved reliable in
differentiating euthyroid sick syndrome and hypothyroidism in
critically ill patients. One retrospective study demonstrated that
variations in r'T3 levels may be associated with a variety of thyroid
states (11). Therefore, diagnosis of thyroid status and subsequent
management of patients with critical illness should be based upon
the combined estimation of TSH, free T4 and total T3 serum
levels together with clinical parameters and close follow-up of the
evolving clinical and laboratory picture (6, 11).

CLINICAL UTILITY OF REVERSE T3

The early belief that rT3 measurement could be a useful
laboratory marker of the euthyroid sick syndrome prompted
many physicians to request this assay for patients in the critical
care setting. But it soon became clear that in such situations, rT3
levels must be taken into context with other thyroid function
tests, namely TSH, free T4, and total T3. Unfortunately, use of the
r'T3 assay has not clarified the interpretation of thyroid function
tests and thyroid status (11).

Of course, the overwhelming majority of patients with a
history of thyroid dysfunction are not managed in the critical care
setting but in the office. However, even in the outpatient setting, a
few clinical situations can present as mild forms of the euthyroid
sick syndrome. During fasting or relative caloric deprivation, for
instance, serum T3 is decreased as a homeostatic response to
conserve energy and protein. A simultaneous increase in rT3
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FIGURE 2 | Individual values of serum reverse T3 levels in normal,
hypothyroid, and hyperthyroid subjects and in athyreotic patients who have
been administered 50 mcg of LT4 and 400 mcg of LT4 daily [This figure was
obtained with permission from Burman et al. (9)].

occurs in the first 2 weeks after caloric restriction, followed by
normalization. Free T4 levels may be transiently increased or
normal, while TSH levels may be normal or decreased (12, 13).
Recognition of these laboratory abnormalities is important due to
the increasingly popular use of fad diets that may include periods
of fasting and deprivation of specific nutrients. Interpretation
of the results of r'T3 measurements in these patients should be
approached with caution.

Before considering the possible use of rT3 to monitor patients
on combined T4/T3 therapy vs. T4 treatment alone we should
briefly review the apparent justification for such combined
drug therapy. Most physicians caring for hypothyroid patients
on T4 monotherapy see a significant subset of subjects who
still complain of symptoms suggestive of thyroid hormone
insufficiency in spite of TSH levels within the reference range.
The argument made is that these patients suffer from insufficient
T3 generation from T4. To attempt to generate T3 levels

equivalent to those seen with thyroidal secretion of T3, the
potential role and efficacy of combination T4/T3 treatment
has been assessed. Having a blood test like rT3 to successfully
address appropriate dosing of a T4/T3 combination agent
could allow clinicians to more effectively treat patients with
primary hypothyroidism.

The rationale for a need for combined T4/T3 therapy is
based in large part on the discovery of polymorphisms in the
deiodinase genes resulting in altered set points of feedback
regulation of TSH. One common Thr92Ala polymorphism has
been associated with insulin resistance, obesity, hypertension
and importantly, altered responses to T4 replacement therapy
that predicted the need for a higher T4 dosage, although
only in thyroidectomized subjects but not in patients with
autoimmune hypothyroidism (14-16). Similarly, patients with
a rarer CC genotype of the rs225014 polymorphism in the
deiodinase 2 gene showed a greater degree of improvement
on T4/T3 therapy than on T4 monotherapy (17). Thus, while
endocrinologists traditionally rely on TSH levels and TSH
“normalization” during L-T4 therapy to reflect euthyroidism in
all tissues, these deiodinase polymorphism studies shed some
doubt on the validity of this practice for all patients in view
of some clinical evidence supporting a role for combination
T4/T3 treatment. These observations bring us back to the
question as to whether monitoring another parameter of T4
metabolism, i.e., rT3, could better assess thyroid status by
allowing us to target the optimal physiologic T4/T3 ratio.
The rationale for T4/T3 combination treatment is based on
the premise of low activity of D2 in selected patients, which
does not necessarily imply higher D3 activity. Therefore, the
rationale for the use of rT3 to monitor combination therapy
would appear somewhat tenuous. Some studies comparing
physiologic effects of combination T3/T4 treatment to L-
T4 monotherapy have evaluated other parameters reflective
of thyroid status such as serum SHBG or markers of bone
turnover (18) but a practical and useful marker has not
been identified.

So, can we justify the use of r'T3 to guide levothyroxine therapy
or levothyroxine (LT4) + liothyronine (LT3) combination
therapy in hypothyroidism? There does not appear to be any
rationale to measure rT3 to initiate or adjust levothyroxine
therapy, and traditionally the best test for these purposes has been
TSH measurement. Treatment decisions based on rT3 levels may
lead to the use of excessive doses of levothyroxine, resulting in a
state of subclinical or even overt hyperthyroidism (4). Moreover,
r'T3 assays are expensive and not widely available. They may
be difficult to interpret depending on the assay used with the
more reliable tests employing liquid chromatography/tandem
mass spectrometry (LC-MS/MS). For patients who have elected
combination therapy, it remains controversial as to what are
the best biochemical parameters to monitor therapy. Potential
targets include FT4, total T3, FT3, and FT4/FT3 ratio (19).
The European Thyroid Association recommends monitoring
thyroid function tests before the morning medications, aiming at
normal TSH, FT4, FT3, and FT4/FT3 ratio (20). Yet the notable
inaccuracy of FT3 assays requires precaution when interpreting
serial laboratory results (19, 20). Unfortunately therefore, at the
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present time there are no data that support for or against the use
of r'T3 to monitor LT4 + LT3 combination therapy.

It should be mentioned that there is one rare clinical entity
for which the measurement of rT3 is essential to determine
the correct diagnosis: in consumptive hypothyroidism. This is
a rare form of hypothyroidism identified in newborns with
infantile hepatic hemangiomatosis (21). It must be considered
in the differential diagnosis of congenital hypothyroidism that
requires inappropriately higher doses than usual. In 2000,
Huang et al. reported the first case of severe hypothyroidism
in a child with infantile hemangiomas (22). Despite the
use of high doses of prednisolone and levothyroxine, the
infant died from systemic complications after embolization
of multiple hemangiomas. In that patient, the high serum
levels of rT3 (413 ng/mL), followed by the demonstration of
high expression of deiodinase type 3 (D3) in hemangioma
tissue, were crucial to the diagnosis. This case report opened
a new perspective in the understanding of the role of D3
in the euthyroid sick syndrome (23, 24). Understanding the
molecular mechanisms that lead to the reactivation of D3 in
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illness is an important field of research. Several other cases
of consumptive hypothyroidism have been reported so far; in
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CONCLUSION

Reverse T3 is physiologically relevant to thyroid economy.
However, its clinical use as a biochemical parameter of thyroid
function is very limited. Currently, no evidence supports the use
of r'T3 to monitor levothyroxine therapy, either given alone or in
combination with liothyronine.
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