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Background: The basis for the treatment of hypothyroidism with levothyroxine (LT4) is that humans activate
T4 to triiodothyronine (T3). Thus, while normalizing serum thyrotropin (TSH), LT4 doses should also restore
the body’s reservoir of T3. However, there is evidence that T3 is not fully restored in LT4-treated patients.
Summary: For patients who remain symptomatic on LT4 therapy, clinical guidelines recommend, on a trial basis,
therapy with LT4+LT3. Reducing the LT4 dose by 25 mcg/day and adding 2.5–7.5 mcg liothyronine (LT3) once or
twice a day is an appropriate starting point. Transient episodes of hypertriiodothyroninemia with these doses of LT4
and LT3 are unlikely to go above the reference range and have not been associated with adverse drug reactions. Trials
following almost a 1000 patients for almost 1 year indicate that similar to LT4, therapy with LT4+LT3 can restore
euthyroidism while maintaining a normal serum TSH. An observational study of 400 patients with a mean follow-up
of *9 years did not indicate increased mortality or morbidity risk due to cardiovascular disease, atrial fibrillation, or
fractures after adjusting for age when compared with patients taking only LT4. Desiccated thyroid extract (DTE) is a
form of combination therapy in which the LT4/LT3 ratio is *4:1; the mean daily dose of DTE needed to normalize
serum TSH contains *11 mcg T3, but some patients may require higher doses. The DTE remains outside formal
FDA oversight, and consistency of T4 and T3 contents is monitored by the manufacturers only.
Conclusions: Newly diagnosed hypothyroid patients should be treated with LT4. A trial of combination therapy with
LT4+LT3 can be considered for those patients who have unambiguously not benefited from LT4.
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Background and Statement of a Problem

Hypothyroidism is caused by a failure to produce
sufficient amounts of thyroid hormone (TH), as a result

of genetic defects, autoimmune disease, and surgical or ac-
tinic thyroidectomy (1). It is considered one of the most
common chronic diseases worldwide, with a prevalence of
3–7% in the United States. Desiccated thyroid extract (DTE)
dosed according to clinical assessment was the preferred
form of treatment until the 1970s. However, early clinical
studies demonstrated the advantages of using synthetic le-
vothyroxine (LT4) alone as replacement therapy (2,3) and
that serum thyrotropin (TSH) measurements were an ideal
tool for monitoring LT4 dosage (4–6). In addition, two
recent large population studies have shown that, provided
hypothyroid patients achieve sustained normal serum TSH
levels, mortality is comparable to the background population
(7,8). Indeed, all current clinical guidelines recommend

daily tablets of LT4 at doses that normalize serum TSH
levels, usually between 1.5 and 1.8 lg/kg (9–11).

The rationale for LT4 therapy resides on the fact that mul-
tiple tissues are capable of T4 deiodination to triiodothyronine
(T3), the active form of TH, ‘‘restoring’’ the body’s T3 res-
ervoir. This dogma has been challenged by findings that, in
LT4-treated hypothyroid patients with normal serum TSH,
serum T3 levels are *10% lower whereas serum T4 levels
are *12% higher (12–16). When compared with normal in-
dividuals with similar TSH levels, LT4-treated patients weigh
*10 pounds more (14), exhibit a slightly lower basal meta-
bolic rate (BMR) (15,17,18), and have higher serum choles-
terol and low density lipoprotein levels (19–21), even as they
are more likely to be on statin medications (14). This suggests
that T3 signaling and homeostasis in LT4-treated patients
may not be fully restored in all tissues using LT4 alone (22).

At face value, these data call for the next logical step to be
the attempted normalization of serum T3 in LT4-treated
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patients, including restoring its normal diurnal rhythmicity,
provided a suitable slow-release or long-acting preparation
and dosing schedule can be achieved. However, several
clinical trials that focused on comparing therapy with LT4
versus LT4+liothyronine (LT3) failed to identify rock-solid
differences between these two forms of treatment (10).
These trials focused on mood, cognition, and quality of life,
and despite lack of data supporting explicit superiority of
the LT4+LT3 therapy over LT4, and that serum T3 was not
related to psychological well-being (23), many seem to
still indicate a patient preference for combination therapy
(24). This was also identified in an online survey of about
12,000 hypothyroid patients in whom preference was the
highest for treatment with DTE, followed by LT4+LT3 and
LT4 alone (25). Selection bias and lack of initial focus on
symptomatic patients may be important complicating fac-
tors in the design and interpretation of these trials (26). For
example, other causes of residual symptoms such as sub-
optimal LT4 treatment, ascertainment bias, somatoform
disorders, and the co-existence of chronic diseases that
may present with similar symptoms were not consistently
assessed in these trials (27,28).

While considering all of these factors, the most recent
clinical guidelines prepared by the British Thyroid Associa-
tion (BTA) (29) and the European Thyroid Association
(ETA) (9) explicitly recognize that a trial with LT4+LT3 can
be attempted in patients who have unambiguously not
benefited from LT4 (Table 1); the American Thyroid Asso-
ciation (ATA) (10) and the U.K. National Institute for Health
and Care Excellence (NICE) guidelines (30) tolerate therapy
with LT4+LT3, provided that it is not used as a routine ap-
proach to hypothyroid patients (Table 1). In addition, many
patients come to see providers while already on stable ther-
apy that contains LT3 or on DTE, and they are unwilling to
switch to monotherapy with LT4. In 2017, DTE was the
130th most prescribed medication in the United States with
*5.5 million prescriptions per year (31).

For 50 years now, providers have been steered away from
using anything other than LT4 in the treatment of hypothy-
roidism. This has resulted in two generations of physicians
with limited clinical experience prescribing LT3 or DTE, and

with the taught perception that these drugs were unsafe. This
constitutes a major challenge for those willing to follow the
guidelines and try combination therapy for specific situa-
tions. Even as we follow guidelines and initiate trials with
LT3, how should this best be done? What should we monitor
to ensure proper/safe TH replacement?

Thus, the goal of this article is to review the past and
current use of LT3 and DTE in hypothyroidism, focusing
on their pharmacokinetics and pharmacodynamics, clini-
cal T3-dependent parameters, and undesirable effects
reported as adverse drug reactions (ADRs). We searched
PubMed, Google Scholar, and ClinicaTrials.Gov for clinical
trials by using the keywords ‘‘liothyronine’’ or ‘‘desiccated
thyroid extract’’; the search was completed on December
2019. We also reviewed the topic ‘‘treatment of hypothy-
roidism’’ in 115 textbooks, published between 1883 and
1980, on medical and surgical aspects of goiter and/or the
thyroid gland. This search strategy led us to 832 publica-
tions, of which 55 contained pharmacokinetic or pharma-
codynamic data on LT3 or DTE, and/or their use in the
treatment of hypothyroidism, as well as psychiatric or
metabolic disorders.

Pharmacokinetics of LT3

The daily T3 production in a 70-kg healthy adult is *30
mcg, with the thyroid producing only *5 mcg T3; an addi-
tional *25 mcg T3 is produced daily outside of the thyroid
parenchyma via T4 deiodination (32). The deiodination
pathway is predominantly via the type 2 deiodinase (D2),
which tends to play a homeostatic role, that is it is accelerated
during hypothyroidism and is suppressed during hyperthy-
roidism (33,34). Nevertheless, the thyroidal contribution to
daily T3 production can increase according to the TSH levels.
For example, the minimal circadian plasma T3 rhythmicity is
secondary to a circadian TSH rhythmicity (35). Further,
during iodine deficiency or primary hyperthyroidism due to
Graves’ disease, the enhanced stimulation of TSH receptors
accelerates relatively more T3 production (36).

The hypothalamus-pituitary-thyroid axis seems to be hard-
wired to preserve plasma T3 levels within a narrow range (37).

Table 1. Statements in Clinical Guidelines on the Use of LT3, Desiccated Thyroid Extract,

and LT3+LT4 on Treatment of Hypothyroidism

Sponsor DTE LT3 LT3+LT4

AACE Not be used Not to be used Does not support
AGS Potentially inappropriate

use in older adults
N/A N/A

ATA Against the routine use Against the routine use Against the routine use
BTA No routine use No routine use No routine use; can be use as a trial in patients who

have unambiguously not benefited from LT4
ETA Not to be used N/A Might be considered as an experimental approach

in compliant LT4-treated hypothyroid patients
who have persistent complaints

LATS N/A N/A Not recommended
NICE Do not offer Do not routinely offer Do not routinely offer

AACE, American Association of Clinical Endocrinologist; AGS, American Geriatrics Society; ATA, American Thyroid Association;
BTA, British Thyroid Association; DTE, desiccated thyroid extract; ETA, European Thyroid Association; LT3, liothyronine; LT4,
levothyroxine; NICE, U.K. National Institute for Health and Care Excellence; N/A, not available.
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For example, plasma T3 levels are normal in mice with inac-
tivation of all T3-producing deiodinases thanks to a compen-
satory increase in T3 secretion by the thyroid gland (38,39). In
fact, there are only a few known situations in which plasma T3
is below normal in individuals with a healthy thyroid gland,
that is, caloric restriction or fasting, and nonthyroidal illness
(40). In these situations, the hypothalamus-pituitary-thyroid
axis deliberately allows for a drop of plasma T3 levels, without
responding with increased TSH secretion, up until caloric in-
take is restored or illness is resolved (41).

The physiological stability of plasma T3 levels contrasts with
the rapid fluctuation of serum T3 after oral administration of
LT3. A number of promising LT3 formulations and strategies
are being developed to minimize/avoid this, but for the time
being tablets containing the sodium salt of LT3 (Cytomel�,
Triostat�), or liotrix, a 4:1 mixture of LT4:LT3 (Thyrolar�),
are the only Food and Drug Administration (FDA) approved
therapy containing LT3 (42). Alternatively, capsules containing
LT3 are frequently prepared by compounding pharmacies, but
these are not FDA approved (43). Quality data about these
preparations are not always available, which is critical given the
difficulties in accurately and consistently dispensing a few mcg
of any active pharmaceutical ingredient, including LT3.

DTE is an active pharmaceutical ingredient that, on con-
sumption and subsequent digestion, releases T4 and T3 that
are absorbed into the bloodstream. It is produced as a powder
of porcine thyroid gland tissue containing T4:T3 at *4:1
ratio. It predates the passage of the new drug approval re-
quirements in 1938, and to this date prescription drug prod-
ucts containing DTE have continued to be marketed outside
of formal FDA oversight. Notably, some manufacturers are
planning or actively pursuing a development program to es-
tablish the safety and efficacy of their products for purposes
of gaining FDA approval (44).

The oral administration of LT3-containing tablets is fol-
lowed by a spike of T3 in the circulation that peaks around 2–
3 hours and rapidly subsides after two distinct phases of
linear elimination: a fast distribution phase with a half-life
of *2 hours and a slow elimination phase with a half-life of
*23 hours, supporting a two-compartment model (Fig. 1A–
C) (45,46). The post-dose spike of serum T3 is the result
of a rapid, very efficient intestinal absorption that reaches
>95% by 4 hours (47), and it can be seen after either LT3 or
DTE administration (48,49). This T3 spike creates practical
problems for therapy with LT3-containing tablets (50,51).
Given the velocity with which serum T3 fluctuates after oral
administration, it is difficult to assess serum T3 levels in
patients taking LT3-containing tablets without at least two to
three time points.

These rapid plasma T3 kinetics can be seen in both hypo-
thyroid patients kept on TH replacement therapy and euthyroid
healthy volunteers. The study of 16 hypothyroid patients (21–
76 years old; 14 females) during chronic treatment with LT3
(25 or 50 mcg/day) shows that, at steady state, the adminis-
tration of LT3 resulted in an acute elevation of serum T3* 3
hours after the dose, to above the upper limit of the reference
range (from *100 to *225 ng/dL; and from *110 ng/dL vs.
*350 ng/dL, respectively) (52). Similar numbers were seen in
healthy volunteers who received a single dose of LT3 (46,53).
Mathematical modeling was used to predict changes in serum
T3 concentration after LT3 doses were given in combination
with LT4 (Fig. 1D–F). In 14 hypothyroid patients (*49 years

old, 72 kg, and body mass index 26) taking 113 mcg/day LT4,
the model predicted that reducing the dose of LT4 by 25
mcg/day and adding 5 mcg LT3 given twice daily (to an LT3
dose of 10 mcg daily) would increase integrated serum T3
levels, without reaching the upper limit of normal (45). At the
same time, the substitution of 50 mcg LT4 for 10 mcg LT3 twice
daily (to an LT3 dose of 20 mcg daily) would elevate serum T3
levels above the reference range only 14% of the time (45).

Pharmacodynamics of LT3 and ADRs

The T3 acts by interacting with nuclear TH receptors
(TRs), changing the rate at which genes are transcribed.
This affects the transcriptome and proteome of target tis-
sues, explaining T3-dependent biological effects (54). Stu-
dies in mice indicate that TRs can also rapidly activate
intracellular second-messenger signaling pathways inde-
pendently of gene expression (55). The chain of events
triggered by T3 involves time, explaining why at least one
hour is needed for the first biological effects to become
evident (56). However, given that T3 is rapidly metabolized,
its effects dissipate within a few hours and are mostly re-
versible. Even though TH actions are pleiotropic, there is
general agreement that the sympathetic, cardiovascular, and
musculoskeletal systems, as well as mood and behavior, are
particularly sensitive to minimal excess of TH. Thus, these
have been the most commonly studied areas when assessing
safety and ADRs for TH-containing formulations.

At or shortly after the serum T3 peak that follows oral LT3,
and depending on the LT3 dose, patients might complain of
palpitations, chest tightness, and/or sweating (57), but this
seems to be associated with relatively high doses of LT3 or
DTE as not all double-blinded studies reveal cardiovascular
symptoms (50).

Two independent studies monitored healthy, relatively
young volunteers after a single 10 or 50 mcg dose of LT3
(46,53). Eleven males (21–30 years old) received 10 mcg
LT3 and exhibited a *45% elevation in free T3 serum levels
after 2.5 hours while no changes were observed in serum
TSH. Heart rate was not affected, and no ADRs were reported
(53). In another study (46), eight males and four females
(29.3 – 8.6 years old) received 50 mcg LT3 and exhibited a
*300% elevation (114 – 26 to 346 – 77 ng/dL) in serum T3
after 2.5 hours. The maximum drop in serum TSH, 65%,
occurred at 12 hours (1.34 – 0.76 to 0.49 – 0.32 lU/L); earlier
time points did not show a reduction in serum TSH (51).
Heart rate accelerated from 60 – 7 to 76 – 9 bpm at post-dose
10 hours, only returning back to 65 – 8 bpm post-dose at 48 h.
No electrocardiographic changes were observed; changes in
blood pressure (systolic and diastolic), body temperature, or
body weight were apparent (46). Notably, chronic adminis-
tration of LT3 (50–62.5 mcg/day) for 5–9 weeks to 15 healthy
volunteers (21–38 years old; 12 males) resulted in (i) re-
duction in blood lipids and body weight, (ii) *11% accel-
eration of energy expenditure, and (iii) transient elevation in
heart rate, which returned to normal at the end of the study.
None of the subjects exhibited ADRs (58,59). However,
because hypothyroid patients are typically older, extrapola-
tion to these patients must be done with caution.

Most studies that addressed TH safety and ADRs looked at
patients with stably elevated levels of T4 and/or T3, and/or
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low/suppressed serum TSH, as in hyperthyroidism or sub-
clinical hyperthyroidism, or in those taking excessive doses
of LT4. The conclusions of these studies are clear; lower
serum TSH levels are associated with increased risk of atrial
fibrillation (AF) (60) and osteoporosis (61). However, an
issue that has not been resolved is whether the episodes of
hypertriiodothyroninemia, which follow administration of
LT3 and do not reduce serum TSH outside the reference
range, pose short- and/or long-term safety risk. In addition, is
having a morning serum T3 peak of 160 ng/dL that drops to
100 ng/dL in the afternoon similar to keeping serum T3 at
130 ng/dL all this time? How about if the T3 levels reach
outside the reference range? What if this pattern repeats
during a lifetime? Two recent studies on this subject may be
used to address these questions indirectly. The first is an
analysis of 174,914 patients followed for 7.0 – 4.9 years. It
revealed that the incidence and prevalence of AF was greater

with elevated serum fT4 levels, even within the normal ref-
erence range, but no relationship was noted for serum total T3
and fT3 within their normal reference ranges (62). The sec-
ond study is an analysis of 55,114 individuals with AF and
482,295 referents. It revealed that a polymorphism in the type
1 deiodinase gene (DIO1) that genetically predicts an in-
crease in circulating fT3:fT4 ratio was associated with in-
creased risk of AF (63). However, and most importantly, the
increase in fT3:fT4 ratio associated with this polymorphism
is driven by the strong association with decreased circulating
fT4 and not an elevation in fT3 levels; indeed, fT3 levels
were not associated with the DIO1 polymorphism (64). Thus,
to our knowledge, there is currently no evidence that fluctu-
ations in serum T3 within the normal reference range, with
normal serum TSH levels, constitute a risk factor for AF.
However, the number of studies is limited and more research
is needed to confirm/clarify these points.

FIG. 1. Projected serum T3
levels according to mathe-
matical model: (A–C) Mod-
eling of 50 mcg LT3
administered on a thrice (A),
twice (B), or single (C) daily
regimen. (D) Hypothetical
72.5 kg hypothyroid patient
treated with 112 mcg LT4
alone, being transitioned to
LT4/LT3 therapy at a 16:1
weight/weight combination
therapy, that is, LT3 dose of
3.25 mcg twice daily and
LT4 dose of 92.5 mcg daily;
(E) same as (D) except that
the LT4 dose was reduced by
25 or 50 mcg and substituting
with 5 or 10 mcg LT3 on
twice daily (E, F), respec-
tively (i.e., to an LT3 dose of
5 or 10 mcg twice daily and
LT4 dose of 88 or 62 mcg
daily, respectively); dashed
line is the mean concentra-
tion of T3. Modified from
Van Tassell et al. (45). LT3,
liothyronine; LT4, levothyr-
oxine.
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Clinical Experience with LT3 Preparations

Historically, the diagnosis of hypothyroidism was clinical,
based on well-known symptoms and signs (65–67) that re-
flected a reduced basal rate of metabolism, that is BMR
(67,68); when available, blood count, serum cholesterol,
protein bound iodine (PBI) levels (69,70), time response of
the ankle jerk (71), and serum T4, T3, and 131I thyroid uptake
levels (72) were later used. Initially, however, assessment of
the adequacy of treatment was judged, without the benefit of
objective parameters. ‘‘The object of treatment should be to
rid the patient of symptoms with the smallest ration of thyroid
that will accomplish this purpose. An arbitrarily selected
BMR should not be the mark aimed at. unless we had by
pure chance seen the patient and measured his metabolism
before his thyroid underwent atrophy.’’ (68,73). In retrospect,
it seems that this strategy invariably led to overtreatment. At
some point, during the 1970s, serum TSH became the ever-
desired objective parameter that reflects thyroid status, and it
subsequently became the gold standard to diagnose and as-
sess treatment of hypothyroidism (4–6).

DTE therapy for hypothyroidism

Different DTE preparations have been used in clinical
practice since the 1880s and, from the beginning, physicians
were well aware of frequent ‘‘untoward symptoms,’’ ner-
vousness, precordial pain, and/or palpitation, an indication that
the DTE dose had to be reduced. Early in its use, DTE was
given in gradually increasing amounts, up until clinical evi-
dence of thyrotoxicosis had developed (headache, palpitation,
anxiety, and angina). Therapy was then withdrawn and re-
sumed later at a lower dose. Some physicians would auto-
matically prescribe monthly one-week DTE holidays; others
would fractionate the DTE doses, to be given two or three times
a day (65,67,74,75). The maintenance replacement dose of
DTE varied between 100 and 200 mg daily, but many patients
did not tolerate starting with a full dose (67). For patients with
severe hypothyroidism, physicians would first stabilize any
preexisting cardiovascular condition, even include a short pe-
riod of bed rest before starting DTE. With time, an array of TH-
sensitive criteria was used to guide the replacement dose,
minimizing the problem of overtreatment. However, more
significance was invariably given to ‘‘freedom from symptoms
with the minimum dose that will accomplish it’’ rather than
aiming at predefined laboratory results (72,76), which com-
monly led to some degree of overtreatment.

In the 1960s, backed by 80 years of experience and at the
height of its use (77), it was believed that ‘‘physiologic do-
ses’’ of DTE reproduced the metabolic effects of natural
thyroid secretions and, when properly managed, were with-
out significant toxicity (72,76,78). ‘‘A diagnosis of hypo-
thyroidism being made—in an uncomplicated patient—the
next logical step is to give thyroid (i.e., DTE). The results that
follow such treatment are prompt and dramatic. They are of
scientific as well as of practical interest’’ (76). However,
despite being accepted as an effective and safe therapy, DTE
preparations had a major disadvantage; they could not be
standardized from lot to lot to provide uniform hormonal
activity (67,78,79) given that standardization was based on
iodine levels and not on T4 and T3 content (80,81). In ad-
dition, DTE was occasionally found to be clinically inactive,
or of variable potency between batches (81–83).

Synthetic LT4 and LT3 became commercially available in
the 1950s and each, consistently, reproduced the desired
metabolic actions of endogenous TH (78). Later, the dis-
covery that most circulating T3 is derived from extra-
thyroidal T4 deiodination provided momentum for the
adoption of synthetic TH as the mainstream form of re-
placement therapy (84,85). The LT4 gained rapid acceptance
because of its uniform potency and absorption, predictable
bioavailability given its narrow therapeutic range, and rela-
tively low cost (2,3,86–88). In addition, serum T3 levels did
not fluctuate in patients treated with LT4 as it did with pa-
tients treated with DTE (52,89,90). During the intervening
10 years, DTE was almost completely replaced with LT4
monotherapy for management of hypothyroidism (77,91).

Contemporary manufacturing and clinical use of
DTE. Today, the manufacturing of DTE must comply with
current Good Manufacturing Practice as enforced by the FDA,
the failure of which may result in product recall. In addition,
companies that manufacture and commercialize DTE in the
United States must follow the procedures and standards de-
scribed in the United States Pharmacopeia (USP) monography
(92). In short, currently thyroid glands are harvested from pigs
used in the food supply (USDA-approved slaughter houses),
frozen, and finally shipped to manufacturers. The glands are
subsequently processed to a fine powder that contains thyro-
globulin and very little free T3 and T4: Most TH is covalently
bound to the thyroglobulin peptide chain. Thus, USP protocol
requires proteolytic enzymatic digestion of the powder fol-
lowed by high-performance liquid chromatography to mea-
sure T3 and T4 contents followed by, and comparison against,
the respective USP standards. The thyroid powder is formu-
lated into tablets based on the amount of T4 and the final
weight is adjusted to ensure that the potency of the resulting
tablet conforms with USP recommendations, that is, a 1 grain
(65 mg) tablet contains 38 mcg T4 and 9 mcg T3 with a
margin of error of –10%; the measured amount of T4 and T3
in a batch of tablets must, therefore, be 34.2–41.8 mcg T4 and
8.1–9.9 mcg T3. It is up to the manufacturers to review the
data for each DTE lot and ensure that their product meets
those standards both at release and throughout its shelf life.

A study in which 40 patients were assessed while taking
DTE after being switched to LT4 is often cited as a reason to
abandon DTE as a treatment for hypothyroidism. In this
study, DTE usage was associated with hypertriiodothyr-
oninemia and thyrotoxic symptoms (93). However, 23 of
these patients were not being treated for hypothyroidism;
they were on DTE ‘‘as medical therapy for gland suppres-
sion.’’ In addition, serum TSH was not reported; it was only
used to exclude hypothyroidism and not to adjust the re-
placement doses (93). Indeed, the availability of sensitive
methods to measure serum TSH transformed the approach for
defining and adjusting the replacement dose of DTE (94),
even as its utilization is now limited to a much smaller
number of patients (77). For example, a comparative study of
12 hypothyroid patients receiving progressively larger doses
of LT4 and 9 hypothyroid patients receiving progressively
larger doses of DTE (monthly increments of 30 mg/day;
mean 138 – 27; range 114–180 mg/day) revealed that both
treatments can normalize plasma TSH levels and similarly
eliminate signs and symptoms of hypothyroidism, with no
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ADRs, although resulting in markedly different serum T3/T4
ratios ( · 1000), 16 versus 35, respectively (90).

A major difference and residual point of concern with
DTE, particularly in the older adults and/or patients with
cardiovascular diseases (57,95), is the occurrence of daily
transient episodes of hypertriiodothyroninemia after con-
sumption (10,48,49,57,95). Indeed, patients receiving DTE
exhibit an elevation in serum T3 that peaks at about 3 hours
after taking the tablet, and this might fluctuate above the
upper limit of the reference range depending on the dose
taken; however, serum T3 returns to within normal range 12–
24 hours after the last dose. Serum levels of T4 and TSH
might fluctuate as well, but much less and within the normal
range (48,49,57). Notwithstanding, this probably goes un-
noticed by patients on doses that normalize serum TSH, as
illustrated in the analysis of 2575 individuals who were part
of the Framingham Heart Study (examined during 1980–
1984) to assess the appropriateness of therapy with TH: 178
older adults (154 women; all patients >60 years old; mean
68.6 years) were receiving treatment with TH for 2–50 years
(average 19 years) (96). Notably, 122 were on DTE whereas
51 were taking either LT4 or LT4+LT3. During the follow-up
examination 6.9 years later (2–8 years), 91 had remained on
DTE. Serum TSH was obtained at baseline and follow-up
visits, and although the study was not designed to assess
ADRs, no mention was made about thyrotoxic symptoms
(96). In addition, two recent studies in which the dose of DTE
was also adjusted, using sensitive methods to measure serum
TSH, failed to identify reasons for concern.

The first study is a randomized, double-blind, cross-
over study of 70 hypothyroid patients (age 23–65 years
old; 53 females) that compared treatment with DTE (mean
80 – 30 mg/day; range 43–172 mg/day) versus LT4 for 16
weeks (97). The study used an equivalency conversion for-
mula: 1 mg DTE = 1.667 mcg LT4, and revealed that while
serum TSH remained within normal range in all patients, se-
rum T3 was *55% higher and fT4 was *40% lower in pa-
tients taking DTE. Blood samples were collected early in the
morning, before patients took the treatment tablets, with no
information about episodes of hypertriiodothyroninemic-
related symptoms during the day. Nevertheless, there were no
differences in heart rate, blood pressure, serum lipids, or
symptoms and neurocognitive parameter measurements be-
tween the two therapies, although patients on DTE lost*3 lbs.
of weight; no ADRs were reported (97).

The second study is a 6-year observational retrospective chart
review that identified 100 patients (20–81 years old; 95 females)
receiving combination therapy and compared them with 2400
patients receiving LT4 monotherapy (98). The analysis of 60
patients on DTE indicated that *97% patients had therapeutic
TSH levels, with <5% exhibiting supra-therapeutic levels of fT3.
The mean follow-up duration was 27 months (median 22; range
1–111 months) (98). The starting dose for DTE was 15 mg/day,
which was titrated to obtain physiologic and therapeutic TSH,
fT4, and fT3 levels along with symptom relief. The average
maintenance dose of DTE was 30 mg/day, but no information
was provided about episodes of hypertriiodothyroninemic-
related symptoms during the day. None of the patients who had
abnormally low TSH or elevated fT3 or fT4 levels was hospi-
talized for arrhythmias or thyrotoxicosis, and DTE use did not
result in additional risk of AF, cardiovascular disease, or mor-
tality in patients of any ages (98).

Summary

The DTE is manufactured in the United States according to
USP recommendations and standards with limited FDA
oversight; at the time of this writing, there is no independent
surveillance regarding the contents of T3 and T4 in DTE.
Typically, DTE at mean doses of 80 mg/day (containing 11
mcg T3/day) restores clinical and biochemical euthyroidism
with no reports of ADRs, as long as fasting serum TSH levels
are used to adjust the replacement dose. The main differences
between therapies that normalize serum TSH with DTE
versus LT4 alone are that DTE treatment results in a much
higher serum T3/T4 ratio and DTE patients exhibit a daily
peak in serum T3 levels two to three hours after taking a DTE
tablet. The peak depends on the dose taken, but it could reach
40–80% above the baseline values, and last for several hours;
only at the higher DTE doses could serum T3 rise outside the
reference range. Further, the clinical euthyroidism and ab-
sence of cardiovascular ADRs in all reported patients indi-
cate that, at the doses used and during a mean observational
period of 27 months, a daily transient elevation in serum T3
levels was not associated with cardiovascular ADRs; however,
long-term assessment of bone density or turnover markers is
not available. Patients on DTE can be switched to LT4 and vice
versa by using an accepted conversion formula. This formula is
a good starting point but fine tuning the DTE or LT4 doses
should ultimately be guided by fasting serum TSH levels. The
American Association of Clinical Endocrinologist (AACE),
ATA, BTA, ETA, and NICE guidelines do not recommend the
use of DTE (Table 1) (9,10,11,29,30). The Centers for Medi-
care and Medicaid Services (CMS) includes DTE in the ‘‘high-
risk medication list in the elderly’’ based on ‘‘concerns about
cardiac effects’’ stated in The American Geriatrics Society
(AGS) Beers Criteria for Potentially Inappropriate Medication
Use in Older Adults (99).

Liothyronine therapy for hypothyroidism

The LT3 has been available since the 1956 as a therapy to
treat hypothyroidism (70). In one of the first studies, the daily
oral administration of 70–105 mcg LT3 to patients with
myxedema resulted in a return to clinical euthyroidism within
10–14 days (100). There was rapid and complete disappear-
ance of all signs and symptoms of hypothyroidism without
any distressing or toxic effects being noted. Patients lost
weight during the first two weeks of treatment and remained
euthyroid for the duration of the therapy (100). While oral
preparations of LT3 were well absorbed, LT3 could also be
given subcutaneously or intravenously with similar effects
(70,101). As expected, the treatment of hypothyroidism with
LT3 alone resulted in pronounced T3 peak in the circulation,
the magnitude of which is proportionally less if LT3 is given
twice or trice daily (Fig. 1A–C) (45). When used, large-scale
treatment of hypothyroidism with LT3 was well accepted by
patients. For example, during 1968–1978, hypothyroid pa-
tients in Brazil were routinely treated with LT3 alone, given
that LT4 was not commercially available and DTE was
considered unreliable at the time. The LT3 doses of up to 75
mcg/day were adjusted clinically and given two to three times
a day, rapidly reversing symptoms of hypothyroidism (102).
Physicians were well aware of the possible ADRs associated
with LT3 replacement therapy and lower doses were given to
those patients at higher risk. Serum TSH was used to adjust
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the dose but, at that time, sensitivity of the assay overlapped
with the normal reference range. Therefore, patients on LT3
were routinely examined for signs and symptoms of thyro-
toxicosis, and the LT3 dose adjusted down to 50 mcg/day as
needed. When, some years later, LT4 and more sensitive TSH
assays became available, patients were switched to daily
tablets of LT4, but *25% of the patients insisted on con-
tinuing therapy with LT3 (102). The LT3 is no longer com-
mercially available in Brazil.

An analysis of multiple T3-dependent parameters was
conducted in 10 hypothyroid patients (aged 20–67 years; 7
females) treated consecutively with increasing doses of LT3
(10, 20, 25 and 50 mcg/day, single dose), each dosage given
during at least 4 weeks, for a total of 16 weeks (18). On LT3,
20–25 mcg/day, cardiac systolic time intervals and serum
creatine phosphokinase activity had normalized, but BMR,
total cholesterol concentration, and serum TSH levels had
not. As the dose of LT3 was increased to 50 mcg/day, mean
basal serum TSH levels decreased from 55 to 16 lU/mL,
bringing all parameters to within normal reference range,
except for total cholesterol that remained above 200 mg/dL.
Notably, only 50 mcg/day LT3 normalized the 24-hour-
integrated serum concentration of T3; no ADRs were
reported (18).

More recent studies indicate that switching from LT4 to LT3
can be accomplished without major changes in thyroid-
responsive parameters or the occurrence of ADRs. In the study
of 18 hypothyroid patients (aged 24–56 years; 16 females) with
normal serum TSH levels, their regular LT4 regimen was
switched to 15 mcg/day LT3 for 2 weeks and then to 30 or 45
mcg/day for 6 weeks (51). Although serum TSH remained
slightly elevated throughout treatment with LT3, no changes in
heart rate, temperature, blood pressure, or respiratory rate were
observed throughout the study (51). A subsequent study focused
only on serum TSH levels to guide a crossover study of 10 adult
(51.3 – 3.4 years old; 9 females) hypothyroid patients who were
treated with LT3 40 – 11 mcg/day or LT4 (115 – 39 mcg/day)
for 4 weeks. At the end of the LT3 arm, fasting serum total T3
was 185 – 100 ng/dL and serum TSH was 1.48 – 0.78lU/L.
Monitoring heart rate and blood pressure revealed no differ-
ences versus the LT4 arm; none of the patients reported ADRs
(103). Similar results were obtained while studying a group of
14 hypothyroid adults (49.3 – 8 years old; 13 females) receiving
a similar dose of LT3 (104).

Summary

While LT3 administration rapidly restores euthyroidism and
normalizes serum TSH in hypothyroid patients, there is no
reason as to why a hypothyroid patient should be treated with
LT3 alone. The doses of LT3 needed to achieve clinical and
biochemical euthyroidism (30–45 mcg/day) cause serum T3 to
peak above the reference range 2–3 hours after administration.
This does not acutely affect thyroid-responsive parameters or
results in cardiovascular ADRs. However, the available trials
are few, only enrolled a limited number of patients, and lasted a
few weeks; no data are available about bone density or turn-
over markers. The treatment of hypothyroidism with LT3
alone is not practical and loss of clinical effect occurs rapidly if
therapy were to lapse. The AACE, ATA, BTA, and NICE
guidelines are not supportive of LT3 therapy for the treatment
of hypothyroidism (Table 1) (10,29,30,105). Currently, LT3 is

recognized in the treatment of myxedema coma and it briefly
suppresses serum TSH levels in a number of diagnostic and
treatment conditions (10,106).

LT4 and LT3 combination therapy for hypothyroidism

Dampened enthusiasm for DTE to treat hypothyroidism
over-standardization concerns (78) led physicians to pro-
gressively turn to synthetic LT4 and/or LT3 preparations that
eventually became the standard of care (78,79,86). It is fas-
cinating that, in the 1960s, T4 and T3 were seen as two
independent hormones produced by the thyroid gland.
Whereas each hormone was able to reproduce the metabolic
actions of endogenous thyroid secretion, there were notice-
able differences when either was used individually to treat
patients with hypothyroidism. Thus, at that time, neither
molecule achieved a dominant position as the replacement
drug of choice. The LT4 was seen as a slow-acting molecule
with more prolonged effects than natural thyroid secretions or
DTE. Therapy with LT4 required administration of doses that
would result in disproportionally high PBI (T4), since the
metabolic contribution provided by T3 was felt to be lacking
(107). Conversely, LT3 actions exhibited rapid onset but
brief duration, producing brisk but short-lived clinical
changes. In addition, the mean PBI levels in patients on full
therapeutic LT3 replacement doses (75–125 mcg LT3/day)
were very low. The fact that LT4 or LT3 restored eu-
thyroidism but neither fully normalized PBI was seen as a
dissociation between the metabolic state of the patient and the
circulating TH levels. Thus, the idea that TH replacement had
to be made with combinations of LT4 and LT3 in physiologic
proportions was born. Indeed, liotrix, a combination of LT4
and LT3, was formulated with the intention of circumventing
this disconnect. This era, of course, came to an end with the
discovery that T4 and T3 are not independent molecules and
that humans convert the pro-hormone T4 to its active me-
tabolite T3 via tissue-specific deiodination (84,85).

One of the first clinical trials of combination therapy was
designed to define the ratio at which LT4 and LT3 should be
combined to treat hypothyroidism (78). Using clinical pa-
rameters to define euthyroidism, the crossover study of 21
hypothyroid patients who were treated with different LT4/
LT3 combinations for periods of 6–8 weeks concluded that
175–200 mcg/day LT4 combined with 25–50 mcg/day LT3
maintained an athyreotic patient in clinical euthyroidism
(78). However, the authors acknowledged that ‘‘It is difficult
to measure precisely what has been termed clinical eu-
thyroidism. Such an appraisal requires not only objective
measurements but also determination of the patient’s well-
being which can be estimated only by interpretation of sub-
jective responses. There is certainly a wide spectrum of
euthyroidism and small deviations from the norm are at
present not accountable to objective methods. Patients were
considered clinically euthyroid if they evidenced no signs or
symptoms of thyroid lack or excess.’’ (78). In another similar
trial that also did not use serum TSH to guide replacement
doses, patients on combination therapy were found to have a
higher number of ADRs. However, in this case, TH re-
placement doses were higher, 160–240 mcg/day LT4 and 40–
60 mcg/day LT3 (108).

With the benefit of measuring serum TSH and TH levels to
define euthyroidism, 16 clinical trials studied hypothyroid
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patients placed on combination therapy given as a single
daily dose (Supplementary Table S1) (109–124). Overall, the
studies include a total of 888 patients (23–79 years old; 763
females) who received LT4 (75–228 mcg/day) and LT3 (3–
21.4 mcg/day) for 10–48 weeks. The doses were adjusted by
replacing a certain amount of LT4 for LT3 or by using a fixed
LT4/LT3 ratio: (i) Eight trials replaced 50 mcg LT4/day for
10–25 mcg LT3/day (109–112,114,115,120,121); (ii) eight
trials used a fixed LT4/LT3 ratio that varied from 3:1 to 21:1
(113,116–119,122–124). Results were compared with pa-
tients taking LT4 alone. As expected, patients on combina-
tion therapy exhibited 5–40% lower fasting serum T4 levels
and 3–161% higher serum T3 levels; the magnitude of these
differences depended on the LT3:LT4 molar ratio used.
When compared with the LT4 group or LT4 arm, serum TSH
fluctuated minimally, remaining within the normal reference
range. Heart rate and blood pressure were reported in 12 trials
(109,110,112–118,123): Heart rate remained largely unaf-
fected by combination therapy, while systolic blood pressure
increased by 4–12 mmHg in two studies (113,116). Urinary
deoxypyridinoline levels (121) and serum osteocalcin levels
(116,118) were higher in patients on combination therapy,
but they were well within normal reference ranges. The
ADRs included (i) AF in one patient (LT3 6.5 mcg/day and
LT4 123 mcg/day for 24 weeks) with suppressed serum
TSH (113); (ii) premature atrial beats in one patient (116);
(iii) tachycardia, nervousness, and heat intolerance in two
patients (124); and vague symptoms 10% more likely
(115). In all other instances, the frequency of ADRs was
similar in the LT4+LT3 and LT4 groups.

Another group of four trials (125–128) comparing mono
and combined therapy for hypothyroidism evaluated similar
parameters except that LT3 was given twice daily (Sup-
plementary Table S2). Overall, 88 patients (25–75 years old,
74 females) were studied while receiving LT4 (117.5–224
mcg/day) and LT3 (6.25–12.5 mcg B.I.D.) for 15–36 weeks
(125–128). At the end, serum TSH was 7–90% lower in
three studies and 3% higher in one study. Serum T4 was 18–
38% lower when compared with the LT4 arm; serum T3 was
15–74% higher. No ADRs were reported except for one
patient who dropped out due to tremulousness, fatigue, and
poor performance (125) and four patients due to palpita-
tion (127). Body weight, heart rate, lipid levels, and blood
pressure were not different when compared with LT4 therapy
(125,127).

In a specific attempt to identify adverse outcomes for pa-
tients on LT3, cardiovascular, skeleton, and mental outcomes
were assessed through an observational study during 1997
and 2014 in the Scottish town of Tayside (129). The total
follow-up was 280,334 person-years with a mean follow-up
of 9.3 years (SD 5.6) and a maximum follow-up of 17.3 years.
Compared with the nearly 34,000 patients taking only LT4,
those using LT4+LT3 (n = 327) or LT3 alone (n = 73) had no
increased mortality or morbidity risk due to cardiovascular
disease, AF, or fractures after adjusting for age; the number
of prescriptions for bisphosphonates or statins were similar.
Remarkably, there was an increased risk of new prescrip-
tions for antipsychotic medication (HR 2.26 [CI 1.64–3.11],
p < 0.0001), proportional to the number of LT3 prescriptions
(129). This, of course, needs to be assessed in other series but
it adds to the idea that treatment with TH may unpredictably
interfere with psychiatric outcomes (129).

Summary

Trials following almost a 1000 patients observed for as
long as 1 year indicate that the combination of LT4 and LT3
maintains clinical and biochemical euthyroidism in hypo-
thyroid patients. To initiate combination therapy, a given
amount of the regular LT4 dose was replaced for LT3, while
maintaining serum TSH within the normal range. The peaks
of serum T3 observed after the LT3 tablets only minimally
affected serum TSH, heart rate, and blood pressure; the fre-
quency of ADRs was similar to patients taking LT4. Bone
turnover markers were studied in two trials, and they re-
mained within normal range. The Tayside study, although
retrospective, provides no evidence that long-term combi-
nation therapy poses a risk for the cardiovascular or skeleton
systems. At this time, the AACE and Latin American Thyroid
Society guidelines do not support the use of combination
therapy as a form of TH replacement in patients with primary
hypothyroidism (105,130). At the same time, the ATA, BTA,
ETA, and NICE guidelines take a more permissive stance.
They recommend against the routine use of combination
therapy but recognize that a trial of LT4+LT3 can be at-
tempted on a case-by-case basis for those patients who re-
main symptomatic on LT4 alone (Table 1) (9,10,29,30).

Clinical trials in which liothyronine therapy
was used in euthyroid individuals

A search in PubMed reveals that TH, including LT3, has
been used in a variety of conditions other than hypothy-
roidism. In many instances, this practice is controversial, and
in some cases flat out condemned by the ATA and AACE
clinical guidelines (10,11). Nevertheless, making it clearly
known that this is not being recommended, as controversy
and restrictions exist for such types of unconventional TH
usage, we feel that the inclusion of these studies here is jus-
tified as the results can be useful for the purposes of this
discussion.

The LT3 has been used in patients with major depressive
disorder as an adjuvant to the conventional treatment with anti-
depressants, even if the patients are euthyroid (Supplementary
Table S3) (131–144). We identified 12 prospective clinical trials
conducted between 1970s and 2018 (Supplementary Table S2)
in which a regimen with LT3 was used. Overall, 364 adult (<65
years old) patients (200 females) were treated with 25–50
mcg/day LT3 for 2–16 weeks. The ADRs to LT3 were not
considered a primary outcome in any of the studies and only five
reported specifically on palpitation, heart rate, and tremor, with
the remainder only mentioning nonspecific ADRs (Supple-
mentary Table S3). Remarkably, in none of these 12 studies did
the association of LT3 result in ADRs (131–140,143,144).
A subsequent meta-analysis that included eight studies (five
clinical trials described earlier plus three observational studies)
failed to identify differences in ADRs in LT3 versus control
patients (145). Along these lines, a second meta-analysis of six
trials confirmed that daily administration of 25 mcg LT3 during
3–4 weeks was well tolerated by patients, with no specific ADRs
reported (142). Also, in a much older population (22 patients;
81 – 8 years old), treatment with LT3 (25 mcg/day) for 4 weeks
was associated with a 25% elevation in fasting serum T3 and an
85% reduction in serum TSH (dropped to the lower limit of the
reference range). Notably, the study specifically looked for signs
of agitation as well as heat intolerance and cardiovascular or
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gastrointestinal symptoms, but no ADRs were observed (146).
In a separate study, 60 patients (46 – 11 years old; 36 females)
received LT3 at 25 or 50 mcg/day for 8 weeks (141). As a result,
serum T3 levels increased by*25 and*50% in the 25- and 50
mcg-patient groups, respectively. In the 25 mcg-patients, ADRs
were not different than in patients who received placebo (18%).
Only in the 50 mcg-patient group, about 30% of the patients
exhibited ADRs (palpitation, sweating, and/or nervousness) that
either interfered with their normal functioning or outweighed
the therapeutic benefit (141).

The LT3 has been used in obese patients with different
metabolic objectives, for example to accelerate weight loss and
reduce serum cholesterol levels (Supplementary Table S4). We
identified a clinical trial that included eight euthyroid, morbidly
obese patients who were instructed to take one LT3 tablet
(25 mcg/tablet) three times daily for 30 weeks, increasing the
dose by one tablet daily each week to maintain weight loss for
as long as they did not develop ADRs (147). Overall, patients
received a mean of 11 tablets per day (range 6–20). They lost
*25 lbs, and serum total cholesterol levels dropped by
*80 mg/dL. As far as ADRs were concerned, two individuals
dropped out of the study due to nervousness and increased heart
rate, and hyperglycemia was detected in one patient with a
family history of diabetes; all other individuals developed
tachycardia (+18 bpm), a mild elevation in systolic blood
pressure (+9 mmHg), and a reduction in diastolic blood pres-
sure (-13 mmHg) (147). A group of 6 similar randomized trials
analyzed weight loss and other metabolic parameters in 60
obese individuals (17–68 years old; 40% females) who were
given LT3 (25–225 mcg/day) in combination with caloric re-
striction for 3 days to 12 weeks (148–153). Treatment with LT3
accelerated weight loss, which was associated with a rise in
urinary nitrogen, an indication that lean body mass was being
lost. The ADRs prompted four patients to drop out of the study.
In the patients who completed the studies, the ADRs occurred
in patients taking 225 mcg/day LT3 daily: 21 accelerated heart
rate, with 1 patient developing AF; 6 patients reported tremor; 1
patient reported weakness; and 1 patient indicated nervousness
(148–153). In a separate clinical trial, LT3 was given to nine
adult individuals (32.2 – 8.6 years old; six females) subsequent
to a period of caloric restriction and weight loss (154), given
that serum T3 levels are known to decrease after weight loss
(155). Patients were treated with 25 mcg/day LT3 given either
fasting in the morning or 12.5 mcg/day B.I.D. during 5 weeks.
Doses were titrated to maintain T3 serum levels within 80–
220 ng/dL (blood collected at 8 AM fasting). Treatment with
LT3 increased serum T3 levels by *20% (102 – 14 to
121 – 13 ng/dL), whereas serum TSH levels dropped by*75%
(1.95 – 0.65 to 0.51 – 0.20 lU/L). The LT3 treatment mini-
mally accelerated epinephrine and norepinephrine urinary ex-
cretion, but no ADRs were reported (154).

Summary

The administration of a wide range of LT3 doses to psy-
chiatric or morbidly obese euthyroid patients illustrated that
an LT3 dose of 25 mcg/day was well tolerated for several
months, with no ADRs. A number of parameters, including
cardiovascular function, were closely monitored and found
not to be affected. However, higher doses of LT3 were clearly
associated with cardiovascular and metabolic ADRs, even as
they achieved the desired outcome in some cases. This is a

point of concern given the great interest in the utilization of
LT3 for many nonthyroidal conditions. A search on Clin-
icalTrials.gov revealed a large number of ongoing clinical
trials with LT3, not only for hypothyroidism but also for the
novel or adjunctive management of fibromyalgia, heart fail-
ure, acute respiratory distress syndrome, Alzheimer’s disease,
and other conditions (44). Even if positive outcomes are
achieved with a relatively low dose of LT3, it is possible that
the scope and/or threshold for ADRs are different for each
clinical condition. Thus, safety must be carefully addressed and
defined in each case, even if beneficial outcomes are achieved.
The ATA and AACE guidelines recommend against the use of
TH therapy for conditions other than hypothyroidism (10,11).

Conclusions

1. There is universal consensus among all clinical
guidelines that newly diagnosed hypothyroid patients
should be treated with LT4. Persistent symptoms by
some hypothyroid patients on LT4 monotherapy are
not uncommon and should prompt an investigation of
other conditions that may present with similar symp-
toms. A trial of combination therapy with LT4+LT3
can be considered for those patients who have unam-
biguously not benefited from LT4.

2. Various LT3/LT4 ratios were tested in clinical trials.
Mathematical modeling and observations in these tri-
als indicate that reducing the LT4 dose by 25 mcg/day
and adding 2.5–7.5 mcg LT3 once or twice a day is a
reasonable starting point (nota bene, the thyroid only
secretes *5 mcg T3/day), provided that serum TSH is
kept within normal range. Transient episodes of hy-
pertriiodothyroninemia with these doses of LT3 are
unlikely to reach outside the normal reference range
and have not been associated with increased incidence
of ADRs when compared with LT4 alone. If serum T3
levels are needed, blood samples should be obtained
while patients are fasting and approximately three
hours post-dose.

3. The DTE is a non-FDA approved form of combination
therapy in which the LT3/LT4 ratio is relatively
higher. The mean daily dose needed to restore eu-
thyroidism and bring serum TSH back to the reference
range contains *11 mcg T3; some patients may re-
quire higher DTE doses, which can bring the daily T3
dose to *24 mcg. Whereas these doses are more
likely to transiently elevate serum T3 above the nor-
mal reference range, ADRs have not been reported in
clinical trials in which serum TSH was maintained
within the normal range.

4. Clinical guidelines alert for potential safety concerns
of combination therapy, such as the presence of su-
praphysiologic serum T3 levels and a paucity of long-
term safety outcome data. However, the data obtained
from (i) all published clinical trials, which total
*1000 patients followed for up to *1 year, and (ii)
an observational study of 400 patients with a mean
follow-up of *9 years, do not indicate increased
mortality or morbidity risk due to cardiovascular dis-
ease, AF, or fractures after adjusting for age when
compared with patients taking only LT4. Of note, most
clinical trials to date only recruited uncomplicated
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hypothyroid patients, namely, those who were not
pregnant or breast-feeding, patients with cardiovascu-
lar preconditions, or patients concomitantly receiving
other drugs, including therapy with sympathomimetics
that could amplify many of the T3-dependent biolog-
ical effects. An analysis of parameters to be considered
in future clinical trials is available (156).

5. The LT3 alone has been used in the treatment of hy-
pothyroidism, but it is rarely seen these days. The
doses that restore clinical euthyroidism and normalize
serum TSH range between 30 and 45 mcg/day; these
doses will bring serum T3 levels well above the upper
limit of the normal reference range for several hours.
Even though LT3 monotherapy has not been associ-
ated with ADRs, the trials are few, lasted only a few
weeks, and include a relatively small number of pa-
tients. We are not aware of any conceptual or practical
reason that justifies long-term treatment of hypothy-
roid patients with LT3 alone.
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