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Abstract

Hypothyroidism, a prevalent neuroendocrine disorder characterised by insufficient thyroid hormone production and a wide spectrum of
clinical manifestations, affects approximately 5% of the population, with an additional 5% remaining undiagnosed. While levothyroxine
remains the golden standard of care, its inability to resolve persistent symptoms in a subset of patients highlights the need for alternative
approaches. Combination levothyroxine+liothyronine therapy, though unpopular and underutilised by most physicians, offers potential
benefits, particularly when tailored to mimic natural thyroid hormone ratios. Furthermore, emerging therapies show promise in reducing
pharmacokinetic fluctuations that limit current advances in hypothyroidism therapy. By addressing the shortcomings of traditional therapies,
these innovative approaches aim to improve the quality of life and clinical outcomes for patients with hypothyroidism, especially when the
golden standard fails. This review highlights current viable options and explores emerging therapeutic strategies that could potentially

optimise current treatment and quality of life, catering for all hypothyroidism patients.
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Introduction

Hypothyroidism is the most common hormone deficiency
disorder' affecting approximately 5% of the general population,
with an additional 5% estimated to be undiagnosed.? Despite
its global prevalence, epidemiological data highlighting the
prevalence of hypothyroidism in South Africa is currently very
limited. However, it is well established that women are five to
ten times more likely to develop hypothyroidism than men,
with the likelihood increasing with age, during pregnancy,
postpartum, and menopause.? Hypothyroidism occurs when
there is insufficient production of thyroid hormone to meet the
body’s requirements,? which can result in a range of subtle to life-
threatening symptom:s, if not adequately treated and monitored.?
The thyroid gland, located in the neck, is responsible for the
production of the prohormone thyroxine/tetraiodothyronine
(T4) and its activation to form its biologically active counterpart,
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triiodothyronine (T3) (Figure 1).22 Both T3 and T4 are collectively
termed thyroid hormone.? Conversion of T4 to T3 occurs through
a process called deiodination by 5’ deiodinase enzymes, which
remove an iodine atom from T4.* Deiodinase is also responsible
for producing metabolically inactive T3 known as reverse T3.*

Hypothyroidism pathophysiology

Secretion and production of thyroid hormone are under the
control of a self-regulatory circuit known as the hypothalamic-
pituitary-thyroid (HPT) axis (Figure 2).6This neuroendocrine system
regulates the production and secretion of thyroid hormone. In
this system, the thyroid releasing hormone (TRH) is produced by
the neurons of the hypothalamus known as the paraventricular
nuclei” This stimulates the secretion of thyroid stimulating
hormone (TSH), also known as thyrotropin, by the pituitary gland,
which binds to its membrane receptor on the thyroid, facilitating
the release of T4 and T3.” lodine is the main micronutrient required
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Figure 1: The metabolic pathways of thyroxine (T4)°
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Figure 2: A visual representation of the hypothalamus-pituitary-thyroid
(HPT) axis.” Thyrotropin-releasing hormone (TRH) is secreted by the
hypothalamus and stimulates the anterior pituitary to release thyroid-
stimulating hormone (TSH), which in turn stimulates the thyroid gland to
produce and release triiodothyronine (T3) and thyroxine (T4).

for this process, serving as a component of T4 and T3.. When there
is a high concentration of thyroid hormone (T4 +T3) in the blood,
a negative feedback mechanism is activated to inhibit the further
secretion of the hormone by the pituitary gland, ensuring that
homeostasis is maintained.*” A disruption in the function of any
of the three components of the HPT axis (hypothalamus, pituitary
gland or thyroid gland) can lead to insufficient production of
thyroid hormone and thus hypothyroidism.’ Depending on the

origin of the disruption, hypothyroidism can be classified into
various types.

(lassifications of hypothyroidism and their causes

Hypothyroidism can be classified into primary, secondary, and
tertiary types.'® While over 99% of hypothyroidism cases are due
to failure of the thyroid gland (primary), causes of hypothyroidism
may alternatively be due to insufficient TSHfrom the pituitary gland
(secondary) or insufficient TRH from the hypothalamus (tertiary).2
Secondary and tertiary hypothyroidism are rare and often present
with the same clinical manifestations,’® consequently, they are
collectively termed central hypothyroidism.2'

Primary hypothyroidism

Primary hypothyroidism is mainly caused by iodine irregularities
or autoimmune thyroiditis, commonly referred to as Hashimoto's
disease. In addition to this, there are many other causes which
are highlighted in Table L2 Both excess iodine and the
deficiency thereof can induce hypothyroidism.” Excess iodine
can result from external radiation, radioactive iodine, and certain
medications, such as amiodarone and lithium, which can affect
thyroid function and subsequently hormone production.
Additionally, medications like B-blockers and corticosteroids
inhibit 5’-deiodinase activity, critical for the conversion of T4 to T3,
further impairing thyroid hormone synthesis. Both excess iodine
and the deficiency thereof can induce hypothyroidism.' Excess
iodine can result from external radiation, radioactive iodine, and
certain medications, such as amiodarone and lithium, which can
affect thyroid function and subsequently hormone production.?
Additionally, medications like B-blockers and corticosteroids
inhibit 5’-deiodinase activity, critical for the conversion of T4 to T3,
further impairing thyroid hormone synthesis.™

Nevertheless, environmental iodine deficiency is the most
common cause of hypothyroidism.2 Reduced iodine content in

Table I: Causes of hypothyroidism'%'3

Primary Hypothyroidism

Loss of functional thyroid tissue

Hashimoto's thyroiditis

Surgical removal of the thyroid

Radioiodine ablation, external irradiation of the thyroid
Silent and postpartum thyroiditis

Cytokine-induced thyroiditis

Invasive fibrous thyroiditis

Thyroid infiltration (amyloidosis, haemochromatosis, sarcoidosis, scleroderma, cystinosis,

primary thyroid lymphoma)

Thyroid dysgenesis

Functional defects in thyroid hormone biosynthesis and release
lodine deficiency and iodine excess

Thyroid hormone biosynthetic defect

Central Hypothyroidism

Pituitary or hypothalamic neoplasms

Trauma (surgery, head injury)

Radiation ischaemic necrosis (postpartum pituitary infarction/
Sheehan’s syndrome, severe shock, diabetes mellitus)

Vascular (haemorrhage, aneurysm of the internal carotid artery)
Infections (abscess, tuberculosis, syphilis, toxoplasmosis)
Infiltrative disorders (sarcoidosis, histiocytosis, haemochromatosis)
Lymphocytic hypophysitis

Drugs (bexarotene)

Set point diseases (infants born to mothers with poorly controlled
Graves' disease)

Genetic mutations

Idiopathic

Drugs: antithyroid agents, lithium, amiodarone, tyrosine kinase inhibitors (e.g. sunitinib),

ethionamide, sulphonamides, goitrogenic chemicals, thalidomide
Peripheral (extrathyroidal) hypothyroidism

Large haemangioma

Thyroid hormone resistance
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soil across many regions results in crops with insufficient iodine
levels, leading to dietary intake below the daily requirement for
synthesising thyroid hormones, particularly T4.” To address this,
many countries, including South Africa, have implemented iodine
fortification programmes, such as iodising salt and common food
items, to reduce the prevalence of iodine-deficiency-induced
hypothyroidism."” In areas with sufficient iodine, Hashimoto's
disease is the most common cause of hypothyroidism.? This
disease occurs due to an immune-mediated destruction of the
thyroid gland by cytotoxic T-lymphocytes and autoantibodies.®
As a result, fibrosis may reduce thyroid gland size and lead to
hypothyroidism.® While the precise mechanisms underlying
Hashimoto's disease remain unclear, it is believed that genetic and
environmental factors play a causative role.’

Central hypothyroidism

Central hypothyroidism is caused by impaired production of TSH
from the pituitary gland, leading to inadequate stimulation of an
otherwise normal thyroid gland to produce thyroid hormone."'
Since the pituitary is stimulated by TRH, which is released by
the hypothalamus, hypothyroid impairments are frequently
linked to the hypothalamus as well.® As a result, secondary
hypothyroidism, which arises from the pituitary gland, and
tertiary hypothyroidism, which originates in the hypothalamus,
are collectively referred to as central hypothyroidism.’'
Secondary and tertiary hypothyroidism are uncommon, occurring
in less than 1% of hypothyroidism cases.! Contrary to primary
hypothyroidism, central hypothyroidism has a uniform prevalence
in both sexes."® The causes of central hypothyroidism are listed in
Table I'* and include pituitary adenomas, head trauma, radiation,
various surgical procedures and genetics."

Signs and symptoms of hypothyroidism

The thyroid hormone impacts nearly every organ system in
the body, including the heart, nervous system, bones, and
gastrointestinal tract.® This is because thyroid hormone plays
diverse roles in the regulation of metabolism, growth, neural
differentiation and normal development of mammals, resulting
in a range of symptoms when production is disturbed.” Table ||
provides a broad overview of the effects of thyroid hormone,

emphasising its diverse roles and impact on bodily functions.®
Thyroid hormone production s particularly vital during pregnancy,
as it supports foetal development, placing an increased demand
on the mother’s thyroid gland to meet the needs of both mother
and foetus.” In infants, conditions of hypothyroidism during
development manifest as significant neurological deficits and
growth retardation.'” In contrast, symptoms in adults range from
subtle’ to life-threatening, with subtle symptoms including
fatigue, depression, weight gain, voice changes, dry skin, lethargy,
constipation, sleep disorders, muscle cramps, oedema, and cold
intolerance, while the most serious symptom is myxoedema
coma.” Hypothyroidism typically presents with numerous
symptoms that are normal to ageing and easily attributable to
other disorders, making clinical manifestations an unreliable
method for diagnosis.

Diagnosis

Diagnosis of hypothyroidism may begin with a physical
examination for course skin, delayed ankle reflex, and other
common symptoms.> However, due to low specificity of these
signs, a clinical evaluation should be accompanied with a
diagnostic work up.2 Blood tests to assess TSH and free T4 levels are
essential for confirming the diagnosis.” Primary hypothyroidism
is characterised by reduced free T4 and elevated TSH levels,
while central hypothyroidism may present with normal/low TSH
levels and low free T4 levels.” Additional testing that reveals
elevated thyroid peroxidase antibodies supports the diagnosis of
autoimmune hypothyroidism.™

Blood test levels of T4 and TSH are further classified into
two diagnostic categories that guide treatment: subclinical
hypothyroidism and overt hypothyroidism.”>  Subclinical
hypothyroidism is a mild form of hypothyroidism, biochemically
diagnosed when there are elevated TSH concentrations while
free T4 and T3 serum concentrations remain within the normal
range.’? This grade of hypothyroidism is usually an indicator that
the thyroid is starting to underperform, but is still maintaining
normal thyroid hormone production.'? Patients are usually treated
when TSH levels rise above 10 mIU/L, as this threshold suggests
a greater risk of progression or complications.”” In pregnant
women, however, most clinicians treat subclinical hypothyrodism

Table II: Organ and system involvement of thyroid hormone and its resulting effects®'®

Heart Increased B-receptor expression

Lungs Stimulate respiratory centres
Skeletal muscle

Metabolism

Growth during childhood

Hypothalamic-pituitary
gonadal axis
Affects the biological availability of sex steroids

Increased development of Type Il (fast twitch) muscle fibres.

Increased Na+/K+ ATPase expression and basal metabolic rate

Induction of chondrocytes, osteoblasts and osteoclasts.
Assist axonal growth and myelin sheath formation

Regulates kisspeptin and gonadotropin-releasing hormone
directly, and indirectly through prolactin and leptin.

Increased heart rate, stroke volume, cardiac output and
contractility

Increased perfusion and oxygenation
Increased capability for fast and powerful contractions

Increased oxygen consumption, respiration rate and body
temperature

Bone growth

Brain maturation

Development and maintenance of the ovary, uterus and
endometrium

Regulates placental and foetal development during pregnancy
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even when TSH levels are below 10 mIU/L due to the risks that
low thyroid hormone levels pose to foetal development.’? In
some cases, subclinical hypothyroidism can progress to overt
hypothyroidism,’? a more intense form of hypothyroidism
characterised by elevated TSH accompanied by low serum free T4
concentrations.”® Overt hypothyroidism is particularly common
in women who are of reproductive age and warrants treatment
regardless of symptom severity.® This grade of hypothyroidism
is mostly permanent and requires lifelong management and
treatment.”

Treatment

Levothyroxine

Replacement therapy with levothyroxine (LT4) monotherapy
currently serves as the standard of care for hypothyroidism.?'
Synthetically produced T4, LT4, is identical to the hormone
secreted by the thyroid gland and can be converted to T3 when
appropriately regulated by peripheral tissues (Figure 1). This results
in the maintenance of a steady secretion of thyroid hormone to
meet the body’s requirements.’> An advantage of LT4 therapy is
its long half-life of seven days, allowing single daily doses and
maintenance of patient safety in the case of omission or lack of
compliance for a day."? The greatest challenge with LT4, however,
lies in its low therapeutic index (TI) and the fact that normalising
TSH levels does not always correspond with the normalisation of
other markers of hypothyroidism.?' Due to its narrow T, precise
dosing of LT4 is critical." Typical dosages for women are 100-
125 pg/day and 125-150 pg/day for men, with T4 requirements
varying, depending on body weight and surface area, age, and
pregnancy status."" Dosing in individuals with ischaemic heart
disease or those over 60 should typically start with between a
fourth and half of the expected dosage, while pregnant women
require higher dosages due to increased hormone requirements.?

Side effects of levothyroxine therapy

Though LT4 is identical to thyroid-secreted T4, there are
clinical consequences to excessive administration, and this is
unfortunately common in clinical practice.'? A notably high
proportion (15-38%) of LT4 patients have been found to present
with TSH levels dropping below reference range, indicative of
over-replacement, thus highlighting the importance of close
monitoring of TSH levels.?? Furthermore, LT4 therapy presents
with several adverse effects including reduction in bone density,
especially in post-menopausal women,'? increased risk of fracture,
atrial fibrillation, stroke and bleeding.”

Limitations of current LT4 monotherapy

Standard hypothyroidism therapy has three main limitations.”
Firstly, an estimated 10-20% of patients remain symptomatic
despite the normalisation of TSH levels.?® These patients
experience the persistence of residual cognitive symptoms,
difficulties managing body weight, and elevated cholesterol
levels, all of which significantly reduce their quality of life and
diminish the perceived benefits of treatment.?

Secondly, patients treated with LT4 may exhibit a relative
and sometimes absolute deficiency of LT3.24% This is because
although LT4 effectively normalises pituitary TSH levels, it does
not consistently restore T3 levels in peripheral tissues.? This
discrepancy arises because T4 itself can inhibit the activity of Type
2 5'-deiodinase, thereby creating a localised T3 deficiency despite
normal serum TSH levels.6?

Lastly, the efficacy of LT4 therapy may also be influenced by
genetic factors and comorbid conditions.?® For instance, patients
with polymorphisms such as Thr92Ala in the iodothyronine
deiodinase 2 gene, which encodes Type 2 5'-deiodinase, often
show improved outcomes with combination therapy compared to
levothyroxine monotherapy.? These genetic variations reduce the
catalytic activity of Type 2 5’-deiodinase, impairing the conversion
of T4 to T3 in tissues (Figure 1).* Such genetic predispositions,
combined with other comorbidities, help explain the persistence
of symptoms in some patients, even when serum TSH levels are
within the normal range.’>3°

Combination LT4+LT3 therapy

In cases where persistent hypothyroidism symptoms occur
despite normal TSH concentrations in patients treated with LT4, a
combination of LT4and LT3 therapy may be considered.> Currently,
no combined formulation of T3 and T4 adequately mimics the
relative concentrations of thyroid hormone produced naturally
by the human thyroid.”? Furthermore, no formulation allows the
sustainable release of T4 and T3 as they would be released by
the human thyroid.? As a result, and in many cases, combination
therapy has been ruled out by many clinicians because there is no
clear benefit when compared to LT4 monotherapy.'?

Nevertheless, the limitations of LT4 therapy and the need for
alternatives have driven the development of new therapeutic
approaches, including transitioning patients to a combination
of LT4 and LT3 in ratios designed to mimic the natural thyroid.?
Clinical studies have tested multiple ratios, concluding that a
range of 13:1 to 20:1 (T4:T3) effectively replicates the thyroid
gland’s output323® When administered at appropriate ratios,
combination therapy is as effective as LT4 monotherapy in
resolving hypothyroidism symptoms and normalising TSH
levels.”? Despite this evidence, many clinicians continue to view
LT4 monotherapy as the gold standard, highlighting the need for
greater awareness of combination therapy’s potential benefits.?

While this approach has mainly been explored in other countries,
it is readily applicable in South Africa as LT4 (commonly known as
Levothyroxine)** and LT3 (commonly Liothyronine)* are available.
Physicians can enhance treatment outcomes for patients on
LT4 who continue to experience hypothyroidism symptoms by
carefully titrating LT4 and LT3 doses to replicate physiological
thyroid hormone release more closely.??

Liothyronine sodium monotherapy

Liothyronine is the synthetic form of T3 hormone produced by
the body.” Unlike T4, it requires more than one daily dose due
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to its short half-life of one day.”? In addition to its short half-
life, LT3 gives rise to extremely high serum T3 levels (between
250-600%) in its absorption phase, resulting in adverse effects,
commonly cardiovascular effects such as palpitations.”? These
pharmacokinetic fluctuations and associated cardiovascular
risks have led many clinicians to question the benefits of LT3
therapy.'#?® Despite these concerns, evidence suggests that T3-
containing therapies are as safe as LT4 therapy when serum TSH
levels are maintained within the normal range.”® This further
highlights the efficacy of combination LT4+LT3 therapy.?*
Liothyronine monotherapy may also be considered in rare cases
of LT4 malabsorption or in patients who struggle to metabolise
LT4 to LT3."?

Novel approaches to current available hormone
replacement therapy

New slow-release T3 formulations are under development to
address the rapid absorption and metabolism of current LT3
formulations, which lead to rapid fluctuations in serum T3 levels.?®
While current evidence does not associate these fluctuations with
adverse outcomes, especially when TSH levels are normalised,
the goal remains to achieve stable serum T3 levels.? Current
and emerging approaches for slow-release formulations include
modified matrix systems made from components such as
magnesium stearate, mannitol, or calcium phosphate, designed
to slow LT3 release in the intestine.’” Clinical trials with these
capsules have shown slight reductions in intestinal LT3 release
and lower serum peaks.*® However, sustained serum T3 levels were
not consistently observed,® highlighting challenges in identifying
matrix combinations capable of reliably stabilising LT3.3

Another promising approach is T3-Sulphate (T3-S), which involves
chemically modifying T3 by attaching a sulphate group.®® This
combination inactivates T3 while improving its water solubility.*
The liver and certain gastrointestinal bacteria can reactivate T3-S
by desulfation, slowly converting it back to active T3 and releasing
itinto circulation.* A recent phase Il study in hypothyroid patients,
where 25 pg of LT4 was replaced with 40 g of T3-S, demonstrated
significant reductions in mean T4 levels without fluctuations in T3
levels.*? These results suggest that T3-S could help maintain stable
T3 levels while preserving a physiological T4:T3 ratio.*?

Lastly, a novel candidate molecule, poly-zinc-LT3, is a
supramolecular complex with mucoadhesive properties and
controlled hydrolysis behaviour®* Its muco-adhesion to the
gastrointestinal tract, combined with gradual hydrolysis, enables
sustained LT3 release and absorption.** A crossover randomised
controlled trial in healthy volunteers showed a 30% reduction in
C_, forpoly-zinc-LT3, delayed by an hour, with an extended plateau
lasting up to six hours.** At 24 hours, serum T3 remained above half
ofthe C__, demonstrating an improved pharmacokinetic profile.*

Conclusion

Millions of individuals worldwide are affected by hypothyroidism,
a complex neuroendocrine disorder characterised by insufficient

thyroid hormone production and, subsequently, a wide range
of clinical manifestations. While LT4 monotherapy remains the
standard treatment in most healthcare settings, limitations such
as unresolved symptoms in some patients highlight the need for
alternative approaches. Combination LT4+LT3 therapy, previously
dismissed by many clinicians due to inconclusive evidence of its
benefits, is now demonstrating renewed potential when tailored
to mimic physiological thyroid hormone release. In South Africa,
the availability of LT4 and LT3 provides a unique opportunity to
explore combination therapy as a means to improve patient
outcomes. Moreover, stayinginformed aboutglobal advancements
in hypothyroidism management, including novel therapies,
positions South Africa to integrate these innovations into clinical
practice as they become accessible, ensuring improved care for
patients in the future.

ORCID

R Ditshego (2) https://orcid.org/0009-0004-2116-0684
J Pick (12 https://orcid.org/0009-0000-8504-3744

KN Ncube (2 https://orcid.org/0000-0003-4693-9868

References

1. Kostoglou-Athanassiou I, Ntalles K. Hypothyroidism - new aspects of an old disease. Hip-
pokratia. 2010;14(2):82-7.

2. Chiovato L, Magri F, Carlé A. Hypothyroidism in context: Where we've been and where
we're going. Adv Ther. 2019;36:47-58. https://doi.org/10.1007/512325-019-01080-8.

3. Dunn D, Turner C. Hypothyroidism in women. Nurs Womens Health. 2016;20(1):93-8.
https://doi.org/10.1016/j.nwh.2015.12.002.

4. Sabatino L, Vassalle C, Del Seppia C, lervasi G. Deiodinases and the three types of thyroid
hormone deiodination reactions. Endocrinol Metab (Seoul). 2021;36(5):952-64. https://doi.
0rg/10.3803/EnM.2021.1198.

5. Katzung BG, Masters SB, Trevor AJ. Basic & Clinical Pharmacology. 2004.

6. Shahid MA, Ashraf MA, Sharma S. Physiology, Thyroid Hormone. 2018.

7. Rastoldo G, Tighilet B. Thyroid axis and vestibular physiopathology: From animal model to
pathology. Int J Mol Sci. 2023;24(12):9826. https://doi.org/10.3390/ijms24129826.

8. Sorrenti S, Baldini E, Pironi D, et al. lodine: Its role in thyroid hormone biosynthesis and
beyond. Nutrients. 2021;13(12):4469. https://doi.org/10.3390/nu13124469.

9.  Feldt-Rasmussen U, Effraimidis G, Klose M. The hypothalamus-pituitary-thyroid (hpt)-axis
and its role in physiology and pathophysiology of other hypothalamus-pituitary functions.
Mol Cell Endocrinol. 2021;525:111173. https://doi.org/10.1016/j.mce.2021.111173.

10.  Wiersinga WM. Adult hypothyroidism. 2015.

11. Gessl A, Lemmens-Gruber R, Kautzky-Willer A. Thyroid disorders. Handb Exp Pharmacol.
2012;(214):361-86. https://doi.org/10.1007/978-3-642-30726-3_17.

12.  Khandelwal D, Tandon N. Overt and subclinical hypothyroidism who to treat and how.
Drugs. 2012;72(1):17-33. https://doi.org/10.2165/11598070-000000000-00000.

13. Zamwar UM, Muneshwar KN. Epidemiology, types, causes, clinical presentation, diagno-
sis, and treatment of hypothyroidism. Cureus. 2023;15(9):e46241. https://doi.org/10.7759/
cureus.46241.

14. Gereben B, McAninch EA, Ribeiro MO, Bianco AC. Scope and limitations of iodothyro-
nine deiodinases in hypothyroidism. Nat Rev Endocrinol. 2015;11(11):642-52. https://doi.
0rg/10.1038/nrendo.2015.155.

15. Larsen PR, Zavacki AM. Role of the iodothyronine deiodinases in the physiology and
pathophysiology of thyroid hormone action. European Thyroid Journal. 2013;1(4):232-42.
https://doi.org/10.1159/000343922.

16. Lania A, Persani L, Beck-Peccoz P. Central hypothyroidism. Pituitary. 2008;11(2):181-6. htt-
ps://doi.org/10.1007/511102-008-0122-6.

17.  Brent GA. Mechanisms of thyroid hormone action. J Clin Invest. 2012;122(9):3035-43. htt-
ps://doi.org/10.1172/JCI60047.

18.  Brown EDL, Obeng-Gyasi B, Hall JE, Shekhar S. The thyroid hormone axis and female repro-
duction. Int J Mol Sci. 2023;24(12):9815. https://doi.org/10.3390/ijms24129815.

19.  Wilson SA, Stem LA, Bruehlman RD. Hypothyroidism: Diagnosis and treatment. Am Fam
Physician. 2021;103(10):605-13.

20. Li SW, Chan SY. Management of overt hypothyroidism during pregnancy. Best Pract Res
Clin Endocrinol Metab. 2020;34(4):101439. https://doi.org/10.1016/j.beem.2020.101439.

21.  McAninch EA, Bianco AC. The history and future of treatment of hypothyroidism. Ann In-
tern Med. 2016;164(1):50-6. https://doi.org/10.7326/M15-1799.

22. Biondi B, Cappola AR, Cooper DS. Subclinical hypothyroidism: A review. JAMA. 2019;
322(2):153-60. https://doi.org/10.1001/jama.2019.9052.

23. Bianco AC. Emerging therapies in hypothyroidism. Annu Rev Med. 2024;75(1):307-19.

SAfrPharm J 2025 Vol 92 No 4


https://orcid.org/0009-0004-2116-0684
https://orcid.org/0009-0000-8504-3744
https://orcid.org/0000-0003-4693-9868
https://doi.org/10.1007/s12325-019-01080-8
https://doi.org/10.1016/j.nwh.2015.12.002
https://doi.org/10.3803/EnM.2021.1198
https://doi.org/10.3803/EnM.2021.1198
https://doi.org/10.3390/ijms24129826
https://doi.org/10.3390/nu13124469
https://doi.org/10.1016/j.mce.2021.111173
https://doi.org/10.1007/978-3-642-30726-3_17
https://doi.org/10.2165/11598070-000000000-00000
https://doi.org/10.7759/cureus.46241
https://doi.org/10.7759/cureus.46241
https://doi.org/10.1038/nrendo.2015.155
https://doi.org/10.1038/nrendo.2015.155
https://doi.org/10.1159/000343922
https://doi.org/10.1007/s11102-008-0122-6
https://doi.org/10.1007/s11102-008-0122-6
https://doi.org/10.1172/JCI60047
https://doi.org/10.1172/JCI60047
https://doi.org/10.3390/ijms24129815
https://doi.org/10.1016/j.beem.2020.101439
https://doi.org/10.7326/M15-1799
https://doi.org/10.1001/jama.2019.9052

REVIEW

24,

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

https://doi.org/10.1146/annurev-med-060622-101007.

Stock JM, Surks MI, Oppenheimer JH. Replacement dosage of I-thyroxine in hypothy-
roidism. A re-evaluation. N Engl J Med. 1974;290(10):529-33. https://doi.org/10.1056/
NEJM197403072901001.

Gullo D, Latina A, Frasca F, Le Moli R, Pellegriti G, Vigneri R. Levothyroxine monotherapy
cannot guarantee euthyroidism in all athyreotic patients. PLoS One. 2011;6(8):e22552.
https://doi.org/10.1371/journal.pone.0022552.

De Castro JPW, Fonseca TL, Ueta CB, et al. Differences in hypothalamic type 2 deiodinase
ubiquitination explain localized sensitivity to thyroxine. Journal of Clinical Investigation.
2015;125(2):769-81. https://doi.org/10.1172/JCI77588.

Ettleson MD, Prieto WH, Russo PST, et al. Serum thyrotropin and triiodothyronine levels in
levothyroxine-treated patients. J Clin Endocrinol Metab. 2023;108(6):e258-e66. https://doi.
0rg/10.1210/clinem/dgac725.

Panicker V, Saravanan P, Vaidya B, et al. Common variation in the dio2 gene predicts base-
line psychological well-being and response to combination thyroxine plus triiodothyro-
nine therapy in hypothyroid patients. J Clin Endocrinol Metab. 2009;94(5):1623-9. https://
doi.org/10.1210/jc.2008-1301.

Jo S, Fonseca TL, Bocco B, et al. Type 2 deiodinase polymorphism causes er stress and
hypothyroidism in the brain. J Clin Invest. 2019; 129(1):230-45. https://doi.org/10.1172/
JCn23176.

Ettleson MD, Bianco AC. Individualized therapy for hypothyroidism: Is t4 enough for
everyone? Journal of Clinical Endocrinology & Metabolism. 2020;105(9):e3090-e104.
https://doi.org/10.1210/clinem/dgaa430.

Wiersinga WM. T4+t3 combination therapy: An unsolved problem of increasing magnitude
and complexity. Endocrinol Metab (Seoul). 2021;36(5):938-51. https://doi.org/10.3803/
EnM.2021.501.

Wiersinga WM, Duntas L, Fadeyev V, Nygaard B, Vanderpump MP. 2012 ETA guidelines: The
use of -t4 + I-t3 in the treatment of hypothyroidism. Eur Thyroid J. 2012;1(2):55-71. https://
doi.org/10.1159/000339444.

Dayan C, Panicker V. Management of hypothyroidism with combination thyroxine (t4)
and triiodothyronine (t3) hormone replacement in clinical practice: A review of suggested
guidance. Thyroid Res. 2018;11:1. https://doi.org/10.1186/513044-018-0045-x.

Aspen Pharma [Internet]. Eltroxin new formulation. 2020 [cited 2025 2025/06/26]. Availa-
ble from: https://www.sahpra.org.za/wp-content/uploads/2020/09/ELTROXIN_PIL_Aspen-

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Pharma_2020.09.30..pdf.

Aspen Pharma [Internet]. Tertroxin 20 pg tablets. 2023 [cited 2025 2025/06/26]. Avail-
able from: https://pi-pil-repository.sahpra.org.za/wp-content/uploads/2023/06/
TERTROXIN_20ug_Tab_ZA_TERTTAB_2306_00_EPIL_2023.06.02.pdf.

Leese GP, Soto-Pedre E, Donnelly LA. Liothyronine use in a 17 year observational popu-
lation-based study - the tears study. Clin Endocrinol (Oxf). 2016;85(6):918-25. https://doi.
org/10.1111/cen.13052.

Bakhteyar H, Cassone C, Kohan HG, Sani SN. Kinetic analysis of drug release from com-
pounded slow-release capsules of liothyronine sodium (t3). Int J Pharm Compd.
2017;21(5):418-25.

Hennemann G, Docter R, Visser TJ, Postema PT, Krenning EP. Thyroxine plus low-dose,
slow-release triiodothyronine replacement in hypothyroidism: Proof of Principle. Thyroid.
2004;14(4):271-5. https://doi.org/10.1089/105072504323030924.

Jonklaas J, Burman KD, Wang H, Latham KR. Single-dose t3 administration: Kinetics and
effects on biochemical and physiological parameters. Ther Drug Monit. 2015;37(1):110-8.
https://doi.org/10.1097/FTD.0000000000000113.

Sekura RD, Sato K, Cahnmann HJ, Robbins J, Jakoby WB. Sulfate transfer to thyroid-hor-
mones and their analogs by hepatic aryl sulfotransferases. Endocrinology. 1981;108(2):454-
6. https://doi.org/10.1210/endo-108-2-454.

Santini F, Chopra 1J, Wu SY, Solomon DH, Teco GNC. Metabolism of 3,5,3"-triiodo-
thyronine sulfate by tissues of the fetal-rat - a consideration of the role of desulfa-
tion of 3,5,3"-triiodothyronine sulfate as a source of t3. Pediatr Res. 1992;31(6):541-4.
https://doi.org/10.1203/00006450-199206000-00001.

Santini F, Ceccarini G, Pelosini C, et al. Treatment of hypothyroid patients with I-thyroxine (I-
t4) plus triiodothyronine sulfate (t3s). A phase I, open-label, single center, parallel groups
study on therapeutic efficacy and tolerability. Front Endocrinol (Lausanne). 2019;10:826.
https://doi.org/10.3389/fend0.2019.00826.

Da Conceicao RR, Fernandes GW, Fonseca TL, Bocco B, Bianco AC. Metal coordinated poly-
zinc-liothyronine provides stable circulating triiodothyronine levels in hypothyroid rats.
Thyroid. 2018; 28(11):1425-33. https://doi.org/10.1089/thy.2018.0205.

Dumitrescu AM, Hanlon EC, Arosemena M, et al. Extended absorption of liothyronine from
poly-zinc-liothyronine: Results from a phase 1, double-blind, randomized, and controlled
study in humans. Thyroid. 2022;32(2):196-205. https://doi.org/10.1089/thy.2021.0304.

SAfrPharm J 2025 Vol 92 No 4


https://doi.org/10.1146/annurev-med-060622-101007
https://doi.org/10.1056/NEJM197403072901001
https://doi.org/10.1056/NEJM197403072901001
https://doi.org/10.1371/journal.pone.0022552
https://doi.org/10.1172/JCI77588
https://doi.org/10.1210/clinem/dgac725
https://doi.org/10.1210/clinem/dgac725
https://doi.org/10.1210/jc.2008-1301
https://doi.org/10.1210/jc.2008-1301
https://doi.org/10.1172/JCI123176
https://doi.org/10.1172/JCI123176
https://doi.org/10.1210/clinem/dgaa430
https://doi.org/10.3803/EnM.2021.501
https://doi.org/10.3803/EnM.2021.501
https://doi.org/10.1159/000339444
https://doi.org/10.1159/000339444
https://doi.org/10.1186/s13044-018-0045-x
https://doi.org/10.1111/cen.13052
https://doi.org/10.1111/cen.13052
https://doi.org/10.1089/105072504323030924
https://doi.org/10.1097/FTD.0000000000000113
https://doi.org/10.1210/endo-108-2-454
https://doi.org/10.1203/00006450-199206000-00001
https://doi.org/10.3389/fendo.2019.00826
https://doi.org/10.1089/thy.2018.0205
https://doi.org/10.1089/thy.2021.0304

