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Abstract
The purpose of this article will be to review the basics of thyroid hormone therapy, including various thyroid hormone
formulations, the institution and monitoring of thyroid hormone therapy, adverse effects of overtreatment, the
management of patients with persistent symptoms despite normal thyroid function tests, and potential new innovations in
thyroid hormone therapy. The conclusions support the necessity to personalize thyroid hormone replacement therapy in
hypothyroid patients.

Introduction

Thyroid hormones, thyroxine (T4) and triiodothyronine
(T3) play a critical role in growth and development, and in
adults regulate key metabolic processes affecting virtually
every organ system. Hypothyroidism is the result of an
insufficient amount of circulating thyroid hormones. In
primary hypothyroidism, due to thyroid gland failure,
serum thyroid hormone levels are low and pituitary
thyrotropin (TSH) levels are elevated, due to the ultra-
sensitive negative feedback relationship of the
hypothalamic-pituitary-thyroid axis. Primary hypothyr-
oidism can be overt, where circulating levels of free
thyroxine (FT4) are below the lower limit of the reference
range, or subclinical, where free T4 levels are within the
reference range, but lower than they should be for that
individual, with consequent mildly elevated circulating
TSH levels. Overt hypothyroidism represents severe
thyroid hormone deficiency disease that requires manda-
tory treatment as soon as it is recognized. In contrast,
there are continuing debates about whether subclinical
hypothyroidism should be treated due to lack of compel-
ling high-level evidence of treatment benefit through

randomized controlled trials (RCTs). The purpose of this
article will be to review the basics of thyroid hormone
therapy, including various thyroid hormone formulations,
the institution and monitoring of thyroid hormone ther-
apy, adverse effects of overtreatment, the management of
patients with persistent symptoms despite normal thyroid
function tests, and potential new innovations in thyroid
hormone therapy.

Etiology of hypothyroidism

While iodine deficiency has traditionally been the major
cause of hypothyroidism worldwide, in iodine sufficient
parts of the world, autoimmune (Hashimoto’s) thyroiditis is
the primary cause of hypothyroidism in most individuals,
especially women. Other causes include congenital absence
of the thyroid or inborn errors of thyroid hormone synthesis
(dyshormonogenesis), radioiodine therapy for hyperthyr-
oidism, surgical thyroidectomy, various drugs that affect
thyroid function or cause thyroid inflammation, and a
variety of other rarer causes. While most forms of auto-
immune thyroiditis cause hypothyroidism, often this is
transient, rather than permanent in patients with mild TSH
increase. Central or secondary hypothyroidism, due to
hypothalamic or pituitary disease, is a relatively rare cause
of hypothyroidism, accounting for <1% of cases.

Epidemiology

Congenital hypothyroidism occurs in ~1/4000 infants [1]. In
adults, the prevalence of hypothyroidism in the general
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population was 7.5% in women and 2.8% in men in the
Whickham survey in England [2]. Data from the United
States National Health and Nutrition Examination Survey
(NHANES) showed a prevalence of 4.6%, with the vast
majority of individuals (>90%) having subclinical rather
than overt hypothyroidism [3].

Diagnosis of hypothyroidism

Since thyroid hormone effects virtually every organ system,
one would expect that severe hypothyroidism would be
associated with a host of signs and symptoms that are well-
known to all clinicians, reflecting decreased metabolic
activity. Unfortunately, many patients with hypothyroidism
are relatively asymptomatic, and the symptoms of hypo-
thyroidism are nonspecific and overlap with typical com-
plaints of normal healthy people (e.g., fatigue, weight gain,
constipation, dry hair, dry skin, etc.). In one large study, the
symptoms of hypothyroidism in persons with mild hypo-
thyroidism were indistinguishable from symptoms found in
the general population [1], and this is particularly the case in
older persons [2, 3].

The hallmark of the biochemical diagnosis of primary
hypothyroidism is a persistently elevated serum TSH level,
either in conjunction with a low serum FT4 (overt hypo-
thyroidism) or a FT4 that is within the reference range
(subclinical hypothyroidism). Some experts define mild
subclinical hypothyroidism when the serum TSH is between
4.5 and 9.9 mU/L and severe subclinical hypothyroidism
when the serum TSH is ≥10 mU/L. In central hypothyr-
oidism, the serum TSH may be low, normal, or even
slightly elevated, and serum FT4 levels are below the
reference range.

While the biochemical diagnosis of hypothyroidism
seems straightforward, there are a number of issues that
add to the complexity of diagnosis. First, there is an age-
related rise in serum TSH in individuals who have no
apparent thyroid disease. In the NHANES study alluded to
above [3] the upper limit of the reference range (97.5%
confidence interval) increased from 3.56 mU/L in 20–29
year olds to 7.9 mU/L in persons >80 years of age. This
shift has been confirmed in other studies as well e.g.,
[3, 4]. Therefore, the diagnosis of hypothyroidism in older
individuals depends on a number of factors, and not just
an elevated serum TSH: these include positive family
history of thyroid dysfunction, the presence of a goiter or
sonographic evidence of thyroid autoimmunity [5, 6], and
the presence of circulating antithyroid antibodies. Other
causes of elevated serum TSH levels without true thyroid
disease must always be taken into account [6–8], includ-
ing assay artifact [9, 10], and the possible presence of
circulating macro TSH [11].

Replacement therapy with thyroid
hormones in patients with primary and
secondary hypothyroidism

The aim of replacement therapy in hypothyroid patients is
to obtain (1) clinical euthyroidism with disappearance of
specific symptoms and signs of thyroid hormone deficiency,
(2) biochemical euthyroidism with normalization of serum
TSH and FT4, (3) the improvement or reversibility of
specific cardiovascular risk factors which can be associated
with thyroid hormone deficiency (dyslipidemia, diastolic
dysfunction and diastolic hypertension, endothelial dys-
function and insulin-resistance), and (4) avoidance of
overtreatment with adverse effects of iatrogenic
thyrotoxicosis.

Overt hypothyroidism represents severe thyroid hormone
deficiency that requires mandatory treatment as soon as it is
recognized [12, 13]. Treatment of severe subclinical hypo-
thyroidism (serum TSH ≥ 10 mIU/L) is recommended in
adults because of the high risk of progression to overt dis-
ease and the increased cardiovascular risk [12–15]. Two
important meta-analyses, including individual participant
data from large prospective studies have documented
negative cardiovascular outcomes, with an increased risk of
heart failure and coronary heart disease events and mortality
in untreated patients with severe subclinical hypothyroidism
[16, 17]. In contrast, there are continuing debates about
whether mild subclinical hypothyroidism should be treated
due to lack of evidence of treatment benefit through RCTs
[18–20]. Treatment of mild disease is not recommended in
elderly and asymptomatic patients [12–15], but it is
recommended in pregnant women, [21, 22]. The onset of
central hypothyroidism should be assessed by following
FT4 levels over time and starting treatment when FT4 levels
decrease by 20% or more or in symptomatic patients with
evidence of pituitary disease [23].

Thyroid hormone formulations

Different thyroid hormone formulations are available for
treatment of hypothyroidism. They are either synthetic or
natural desiccated preparations from the thyroid glands of
animals (usually porcine or bovine origin) [24]. However,
only synthetic L-T4 is strongly recommended by interna-
tional guidelines as the treatment of choice to replace
hypothyroid patients for its proven efficacy in normalizing
thyroid function and resolving hypothyroid symptoms
[12, 13, 24]. Thyroid extracts were frequently used in the
past, before the availability of synthetic L-T4 preparations
[24]. Nevertheless, they are still used in some countries
because they can facilitate weight loss in hypothyroid
patients [25]. This effect may be related to the variable
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amount of L-T4, L-T3, and other iodinated compounds (e.g.,
diiodotyrosine and monoiodotyrosine), which are usually
present in these extracts [24]. However, thyroid extracts are
generally not recommended for the treatment of hypothyr-
oidism because they may contain an excessive amount of L-
T3 and, therefore, could induce symptoms of thyrotoxicosis
and adverse events such as atrial fibrillation [12, 24, 26].
Furthermore, they can also be antigenic [24]. Of course,
thyroid hormones, nutraceuticals, and dietary supplements
should not be used to attempt to improve symptoms or body
weight in euthyroid subjects [12, 24, 27].

L-T4 has a long half-life that ensures stable and relatively
constant blood levels of T4 and T3 [24]. The peripheral T4
deiodination by type 2 deiodinase (DIO2) activity yields T3
at normal serum levels in most patients L-T4 administration
[28]. Therefore, L-T4 is easily and safely administered and
well tolerated; it also has a low cost and good patient
compliance [12, 24].

Several different branded and generic formulations of L-
T4 are commercially available, including tablets, liquid
formulations, or softgel capsules. Liquid and softgel for-
mulations of L-T4 have a different dissolution and absorp-
tion profile compared with the solid tablets [29], and are
better absorbed in patients with impairment of gastric acid
secretion from atrophic gastritis or the use of proton pump
inhibitors [29, 30].

The availability of the various L-T4 formulations in dif-
ferent dosages allows clinicians to personalize the treatment
of hypothyroidism according to the severity of hypothyr-
oidism, age, and comorbidities. Although all of commer-
cially available formulations of L-T4 meet the
bioequivalency standards established by the FDA, small
changes in their dosages or absorption can be potentially
clinically significant [31, 32]. In fact, L-T4 has a narrow
therapeutic index, meaning that over or undertreatment can
easily occur. Thus, switching among branded L-thyroxine
products or among various generic preparations should be
avoided if possible, especially in vulnerable populations
such as children, patients with thyroid cancer, pregnant
women, elderly patients, and those with heart disease
[12, 24, 26].

L-triiodothyronine (L-T3) tablets and drops are also
commercially available in some parts of the world. L-T3 is
the active thyroid hormone and in a randomized double-
blind crossover trial in hypothyroid patients showed
important metabolic effects (improved body weight and
lipid profile) when compared with L-T4 [33]. However, L-
T3 monotherapy is not recommended because of its short
one day serum half-life leading to wide and sometimes
supraphysiological fluctuations in serum T3 levels, with the
potential for adverse effects. [24, 26]. Moreover, the steady-
state pharmacodynamic equivalence of L-T3 with L-T4 can
be only obtained by using a thrice-daily regimen of L-T3

[33], which could be associated with poor patient com-
pliance. Currently, the clinical use of L-T3 monotherapy is
limited to severe hypothyroidism, inducing myxedema
coma [24]. Short-term treatment with L-T3 is also useful in
patients with differentiated thyroid cancer who are being
withdrawn from L-T4 before radioiodine therapy to avoid
symptomatic hypothyroidism.

Some commercially available preparations contain a
mixture of variable amounts of synthetic L-T3 and L-T4.
They are not recommended by the European guidelines on
the use of L-T4+ L-T3 in the treatment of hypothyroidism
because they do not allow clinicians to prescribe a phy-
siological L-T4+ L-T3 dose ratio (between 13:1 and 20:1 by
weight) during combination treatment with L-T4 and L-T3
[34].

Factors that determine L-thyroxine requirements
(see Table)

The etiology and severity of hypothyroidism, sex, age,
gender, body weight, and lean body mass are the main-
determining factors of the L-T4 requirement.

Higher doses of L-T4 are necessary in thyroidectomized
patients compared with patients with residual functional
thyroid tissue (i.e., autoimmune hypothyroidism or hypo-
thyroidism induced by radioiodine ablation) [24, 35].
Similarly, lower doses of L-T4 are needed in patients with
subclinical hypothyroidism compared with patients with
overt disease [14, 15, 24]. Moreover, the estimated starting
dosage of L-T4 is lower (about 1.3 μg/kg/day) in patients
with central hypothyroidism [36].

A decrease in L-T4 requirement is observed with
advanced age, and higher doses of L-T4 are necessary in
children with congenital or acquired hypothyroidism and
in adolescents compared with adults [24]. The L-T4
dosage may also be associated with the patient’s hormonal
status, because lower doses are required in post-
menopausal women compared with premenopausal
women and men [37]. The L-T4 dose also correlates with
body weight and body composition [38]. Lean body mass
is the best parameter to predict L-T4 requirements because
the adipose tissue is less metabolically responsive to L-T4
than the muscle compartment [38]. Therefore, lower doses
of L-T4 per kg/body weight are necessary in obese
patients. The age and sex-related changes in the require-
ments for L-T4 are probably mediated by differences body
composition [39].

Higher doses of L-T4 are needed in pregnant women,
with a reduction in the dose to prepregnancy values after
delivery [22]. Patients with nephrotic syndrome may have
increased L-T4 requirements due to the urinary losses of free
and protein-bound thyroid hormones [40, 41]. Rare tumors
which express deiodinase type 3, such as hemangiomas and
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vascular tumors may increase the L-T4 requirement due to
increased thyroid hormone catabolism [42, 43]. The use of
drugs that increase thyroid hormone catabolism in the liver,
such as tyrosine kinase inhibitors, phenytoin, carbamaze-
pine, phenobarbital, ritonavir, and possibly sertraline is also
associated with increased L-T4 dosage [44].

Normal gastric acid secretion is required for maximal L-
T4 tablet dissolution, and L-thyroxine is incompletely
absorbed (about 70–80% of the administered dose) by the
intestinal mucosa [45]. The variability of gastric acid
production can contribute to the individual variability in
the requirement for L-T4. L-T4 absorption is increased by
fasting (usually 30–60 min before breakfast or 3 h after
dinner) [45–49]. A reduction of L-T4 absorption as much
as 40–80% may be observed during the contemporaneous
administration of food and drink [45–49]. Malabsorption
syndromes (table) can decrease L-T4 absorption [50–57].
Thus, high doses of L-T4 are needed in patients with poor
or inconstant compliance, incorrect administration of L-T4
with meals, and in patients with malabsorption
syndromes.

Some medications can decrease the intestinal absorp-
tion of L-T4 by increasing gastric pH or by sequestrating
L-T4 into insoluble complexes. [58, 59]. Therefore, these
drugs or supplements should be taken 3–4 h before or
after L-T4. Alternatively, the L-T4 dose should be
increased by 20–30% [13]. Some studies have suggested
the potential use of liquid and softgel formulations of L-T4
in malabsorption states, or in patients taking drugs that
reduce L-T4 absorption [60–62]. These preparations can
be given 30 min before breakfast due to its rapid absorp-
tion [63, 64].

A reduction of L-T4 dosage is necessary after weight loss
(especially for malignancies, malnutrition, and often after
bariatric surgery) [65, 66] and after the improvement of
transient conditions of malabsorption (gastritis, Helico-
bacter pylori infection, bacterial overgrowth, or a gluten-
free diet in patients with celiac disease) or after the with-
drawal of drugs that interfere with L-T4 administration.

A persistent TSH increase can be observed during L-T4
therapy in patients with untreated adrenal insufficiency
coexist with hypothyroidism [24].

“Pseudomalabsorption” should be investigated in some
patients with persistent TSH elevation after the exclusion of
the most common causes of malabsorption [67–69]. Non-
compliant patients without underlying heart disease may
take the entire L-T4 dose once weekly or half the dose twice
weekly [70].

In patients with central hypothyroidism, it is important to
consider the use of other replacement hormones, which may
require adjustment of the L-T4 dosage. Higher doses of L-T4
may be necessary in patients receiving estrogens and
growth hormone (rhGH) therapy [23, 36]

The starting dose of L-T4 and target serum
TSH in patients with primary
hypothyroidism

A full dose of L-T4 can be started in adult patients with
hypothyroidism in absence of significant comorbidities, to
obtain rapid improvement in symptoms and biochemical
euthyroidism [24]. A dose window of 1.6–1.8 µg/kg/day
can be used for replacement therapy in adults with primary
hypothyroidism; higher doses (2.0–2.5 µg/kg/day) are
necessary to suppress serum TSH in patients with metastatic
thyroid cancer [15, 24]. A different approach, with a gradual
increase in L-T4 dosage, should be undertaken in elderly
patients and in those with coronary heart disease (25–50 µg/
day) [12, 24]. Lower doses (12.5 µg/day) of L-T4 should be
started in patients with severe ischemic heart disease and in
very elderly patients with severe hypothyroidism [12, 24].
Coronary revascularization should be considered in patients
who cannot tolerate low doses of L-T4 without developing
angina [24]. Pericardial-pleural effusion and arrhythmias
should be monitored by Holter ECG and Doppler echo-
cardiography in patients with severe hypothyroidism [24].
Adrenal insufficiency should be excluded before starting L-
T4 in symptomatic patients with autoimmune hypothyr-
oidism and in those with central hypothyroidism [24].

With regard to the adequacy of treatment, serum TSH
measurement is the most appropriate and sensitive marker
to monitor during L-T4 treatment of primary hypothyroid-
ism. Adjustments in the L-T4 dosage are guided by serum
TSH levels assessed 4–8 weeks after starting L-T4 therapy.
Serum TSH during L-T4 replacement therapy should be
targeted considering the age of the patient, the cause of
hypothyroidism, and any underlying physiological or
pathological conditions. Changes of about 12.5–25 µg/day
should be performed to normalize small deviations of the
serum TSH from the target level, which has been proposed
to be 0.5–2.5 in young and healthy patients, 1.5–3 in
middle-aged patients, and 4–6 mU/L in the elderly [24].

Serum TSH cannot be a marker of euthyroidism in
central hypothyroidism: FT4 levels in the upper half of the
normal range is an appropriate treatment target in adults
with central hypothyroidism, whereas it may be more
judicious to maintain FT4 levels in the lower end of the
reference range in older patients [24, 36].

Over- and undertreatment with
levothyroxine

It may be a difficult statistic for clinicians to accept, but a
large minority (30–40%) of patients who take levothyroxine
have abnormal thyroid function tests (reviewed in [71]). In
the very young or in the elderly, one might think that
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undertreatment may be particularly common due to
increasing rates of nonadherence, but this is not the case
[72]. While rates of poor adherence for levothyroxine are in
the 20–30% range across all age groups, this rate is similar
or better than that observed for other commonly prescribed
drug classes, e.g., proton pump inhibitors, etc. [72].

In fact, the elderly may be more likely to have low serum
TSH values rather than elevated values, consistent with
overtreatment [73]. The replacement dose of levothyroxine
normally decreases with age [74], likely due to a decrease in
thyroid hormone metabolism related to decreased lean body
mass [75]. On the other hand, gastrointestinal absorption of
levothyroxine may be lower in elderly persons [76], pos-
sibly related to a higher frequency of atrophic gastritis in
older persons with concomitant autoimmune thyroiditis
[77, 78]. In a more recent study, patients taking higher than
predicted levothyroxine doses were surveyed to ascertain
potential reasons [79]. Explanations included concomitant
ingestion of medication(s) known to interfere with levo-
thyroxine absorption in 21%, and suboptimal medication
adherence in 17%. A small group (0.6%) had celiac disease,
and 22% were noted to have antiparietal cell antibodies and
potential achlorhydria. On the other hand, for unclear rea-
sons, underlying comorbidities (e.g. diabetes, cirrhosis,
COPD, hypertension, coronary artery disease, and malig-
nancy), have an effect to lower the levothyroxine dose
required to normalize serum TSH levels, independent of
lean body mass [80]. The complexity of the situation makes
it difficult to precisely predict the correct replacement dose
a priori, especially in the older age group or in patients with
chronic illnesses.

American Thyroid Association guidelines [13] recom-
mend that “Patients being treated for established hypo-
thyroidism should have serum TSH measurements done at
4–8 weeks after initiating treatment or after a change in
dose. Once an adequate replacement dose has been deter-
mined, periodic TSH measurements should be done after
6 months and then at 12-month intervals, or more frequently
if the clinical situation dictates otherwise”. Interestingly, a
recent study found that thyroid function testing often occurs
sooner than it is recommended in levothyroxine treated
patients who have been shown to have normal serum
thyroid function tests, but at a greater time interval than is
advised in patients whose thyroid function tests indicate
over or undertreatment [80]. This suggests that physicians
are not monitoring levothyroxine therapy appropriately in a
large portion of patients.

Underreplacement with levothyroxine

Chronic underreplacement is, by definition, iatrogenic
hypothyroidism characterized by elevated serum TSH
values and free T4 values that can be low, normal, or rarely

even elevated. In patients of all ages, ongoing hypothyr-
oidism can have effects on mood, mentation, and well-
being. In addition to poor medication adherence, other well-
known causes of underreplacement, detailed above, include
failure to take the medication on an empty stomach, taking
the medication concomitantly with other medications or
substances that interfere with absorption, malabsorption
syndromes, abnormal tablet potency, or pharmacy error. In
women of childbearing age, iatrogenic hypothyroidism can
have negative effects on fertility and pregnancy outcomes.
In one population-based study, 21.7% of levothyroxine
treated pregnant women had first trimester serum TSH
levels between 4–10 mU/L, and 7.4% had serum TSH levels
>10 mU/L, with proportional increases in miscarriage rates
compared with levothyroxine treated women with normal
serum TSH values [81]. In another population-based study
of middle-aged and older levothyroxine-treated persons
(mean age ~60 years), those persons with high serum TSH
levels had increased cardiovascular risk, and also had,
surprisingly, an increased risk of osteoporotic fracture [82].
The latter was attributed to potential nonadherence to other
medications used to treat or prevent osteoporosis.

Overreplacement with levothyroxine

Overreplacement, or iatrogenic thyrotoxicosis, is also
associated with an increased cardiovascular and fracture
risk. In the study cited above by Flynn et al. [82], a sup-
pressed serum TSH level (serum TSH <0.04 mU/L) was
associated with an increased risk of cardiovascular hospital
admissions or death, “dysrhythmias” (most likely atrial
fibrillation), as well as osteoporotic fractures. However,
these adverse events were not observed in patients with a
“low” serum TSH (0.04–0.4 mU/L). Similar data on cardi-
ovascular outcomes have been reported among older
patients with thyroid cancer treated with suppressive doses
of levothyroxine [83]. On the other hand, in a large indi-
vidual patient data meta-analysis, levothyroxine use per se
was not associated with increase fracture risk [84].

Patients taking levothyroxine with
persistent symptoms of hypothyroidism

Despite what would appear to be adequate replacement
therapy reflected by serum TSH and free T4 values that are
entirely normal, a significant number of patients have per-
sistent symptoms of hypothyroidism [24, 85–87]. In a
recent electronic survey conducted by the American Thyr-
oid Association of over 11,000 hypothyroid patients, 95%
of whom were women, the mean treatment satisfaction
score was 5 on a visual analog scale of 1–10 [87]. Inter-
estingly, satisfaction scores were significantly higher in
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patients who were taking T4/T3 combination therapy or
desiccated thyroid [87]. The most common symptoms were
fatigue, body weight concerns, and issues with memory
and mood.

Potential causes for persistent symptoms should be ruled
out before considering alternate treatment strategies.
Besides inadequate levothyroxine dosing, other issues to
consider include suboptimal lifestyle measures (e.g., diet,
sleep, and stress), coexisting disease (e.g., chronic fatigue
syndrome, depression, sleep apnea, and other autoimmune
diseases, psychiatric illness, and substance abuse. When
other potential causes for persistent symptoms have been
ruled out, combination therapy with L-T4 and L-T3 is a
consideration that is gaining support among physicians
[88, 89]. Professional clinical practice guidelines recognize
the existence of patient dissatisfaction with levothyroxine
monotherapy, but only support combination therapy if all
other options are exhausted, and then only if done cau-
tiously and with strict monitoring of thyroid function tests
[89, 90]. This trend has been fueled by the recognition that
serum T3 levels are often lower in L-T4-treated thyr-
oidectomized patients than they are in persons with normal
thyroid function [91, 92], as well as blinded studies show-
ing that patients often prefer combination therapy despite no
clear difference in measured outcomes such as mood,
memory, or quality of life (reviewed in [93]). In athyreotic
patients, lower serum T3 levels may be due to inadequate
peripheral deiodination of T4 to T3, which may be related
to polymorphisms in the DIO2) gene in about 16% of the
population [94, 95]. However, this hypothesis is con-
troversial [96]. A recent study found that patients with
specific polymorphisms in genes for both DIO2 (DIO2,
rs225014) and the thyroid hormone transporter MCT10
(MCT10, rs17606253) preferred combination T4/T3 therapy
over L-T4 monotherapy [97]. Currently, consideration of
combination therapy is a much more widely accepted
strategy, with the proviso that normal thyroid function (i.e.,
a normal serum TSH level) is maintained.

Towards an optimized treatment strategy

L-T4 represents a safe and generally successful therapy for
hypothyroidism when the treatment is personalized. The
majority of hypothyroid patients are satisfied during long-
term L-T4 monotherapy. The risk of potential adverse
effects is only present when this treatment is inappropriately
prescribed or monitored. The most appropriate management
of patients who are dissatisfied and complain of persistent
symptoms during L-T4 monotherapy remains an unan-
swered question and requires large randomized trials that
focus on symptomatic patients who have low or low normal
serum T3 levels [98].

The availability of a long-acting, slow-release form of T3
could help clinicians in obtaining physiological and stable
T3 levels, improve compliance during combination treat-
ment, and avoid the possibility of adverse events. In the
future, the treatment of hypothyroidism will truly be per-
sonalized [99, 100], and will likely include the analysis of
genes relevant to thyroid hormone transport and metabo-
lism, to enable replacement therapy to mimic normal phy-
siology in a way that is not currently possible.
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