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Abstract

Context: Isolated peripheral hypothyroidism comprises a group of disorders in which cellular thyroid hormone action is

impaired because of defects in membrane transport or intracellular metabolism, despite normal or increased thyroid

hormone secretion. Because serum T4, T3, and TSH concentrations often remain within the normal range and sensitive markers

of tissue thyroid status are lacking, diagnosis remains challenging. This review examines the causes of isolated peripheral

hypothyroidism and recent advances in its management.

Evidence Acquisition: A MEDLINE search covering 2010 - 2025 was conducted using the terms peripheral hypothyroidism,

tissue-specific hypothyroidism, and cellular hypothyroidism, supplemented by manual screening of reference lists. After

abstract screening, full-text articles were assessed for eligibility, duplicates were removed, and only studies with appropriate

designs were included.

Results: The causes can be categorized into four groups: 1) decreased peripheral T3 availability, as observed in patients

receiving levothyroxine (LT4) monotherapy who have persistent symptoms associated with low serum T3:T4 ratios despite

normal serum T4, T3, and TSH concentrations; 2) peripheral cellular dysfunction, reported in metabolic dysfunction-associated

steatotic liver disease (MASLD), skeletal muscle changes during weight regain, and organ-specific conditions involving the

heart, lungs, and kidneys, suggesting widespread tissue involvement; 3) altered deiodinase activity, including shifts toward

reverse T3 production during cellular dysfunction and consumptive hypothyroidism caused by marked DIO3 overexpression in

tumors such as hemangiomas; and 4) thyroid hormone receptor alterations, such as thyroid hormone receptor mutations

causing resistance.

Conclusions: Isolated peripheral hypothyroidism comprises a diverse and often underrecognized group of disorders because

standard biochemical tests may appear normal. Promising therapies include thyroid hormone combinations, such as

levothyroxine plus slow-release T3, and thyromimetics, such as resmetirom for MASLD. This review synthesizes recent findings

on cellular hypothyroidism, diagnostic challenges, and emerging multidisciplinary management strategies. Improved

biomarkers and multidisciplinary evaluation are still needed to advance its diagnosis and management.
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1. Context

Thyroid hormones are essential for regulating the

metabolism of all cells and organs in the human body.
Hypothyroidism, a state of deficient thyroid hormone

action, is a common disorder in the general population.
Traditionally, hypothyroidism has been classified as

primary, central, or peripheral. Primary hypothyroidism is

common and is caused mainly by iodine deficiency and

Hashimoto thyroiditis. It is characterized by decreased
serum thyroid hormone concentrations and an elevated

TSH concentration. Central hypothyroidism is a rare

disorder caused by pituitary or hypothalamic pathology.
Both primary and central hypothyroidism cause peripheral

tissue hypothyroidism; however, isolated peripheral
hypothyroidism refers to a diverse group of disorders in

which defects in cell membrane transport and metabolism
reduce the cellular effectiveness of thyroid hormone. In
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these disorders, thyroid hormone secretion is normal or

increased, but thyroid hormone action in peripheral

tissues is impaired (1).

Genetic alterations may cause isolated peripheral
hypothyroidism by reducing tissue sensitivity to the

biological activity of chemically intact hormones, resulting

in tissue-specific hypothyroidism (2). Consumptive
hypothyroidism is another rare form of peripheral

hypothyroidism that occurs when certain tumors, such as
infantile hepatic hemangiomas, increase the expression of

type 3 iodothyronine deiodinase (DIO3), which then

inactivates thyroid hormone (3).

In addition to these rare diseases, isolated peripheral
hypothyroidism has been reported in several clinical

settings. Specifically, decreased thyroid hormone

effectiveness may occur in patients with hypothyroidism
who are receiving adequate doses of levothyroxine (4) and

in patients with hepatocellular dysfunction (5). This
narrative review explores the causes of isolated peripheral

hypothyroidism and recent advances in the management

of this diverse condition.

2. Evidence Acquisition

A comprehensive MEDLINE search was conducted to
identify studies investigating peripheral hypothyroidism.

The search terms used were "peripheral hypothyroidism,"

"tissue-specific hypothyroidism," "cellular
hypothyroidism," "deiodinase activity," "thyroid hormone

receptors," "levothyroxine and thyroid hormone status,"
"intrahepatic hypothyroidism," "respiratory

hypothyroidism," and "renal hypothyroidism." Additional

relevant studies were identified by manually reviewing the
reference lists of the retrieved articles. The title search

yielded more than 2490 results, and 81 publications
contained primary data or suitable reviews relevant to the

scope of this review.

3. Results

Figure 1 illustrates peripheral thyroid hormone

transport and metabolism in target tissues. The causes of
isolated peripheral hypothyroidism can be categorized

into four groups: decreased peripheral availability of T3,

peripheral tissue cellular dysfunction, altered deiodinase
activity, and thyroid hormone receptor alterations.

Figure 1. Schematic diagram of thyroid hormone transport and
activation in the target tissue, showing alterations leading to isolated
peripheral hypothyroidism: 1. Decreased peripheral availability of T3; 2.
Cellular dysfunction; 3. Altered activity of deiodinases; 4. Thyroid
hormone receptor alteration.

3.1. Decreased Peripheral Availability of T3

Patients receiving levothyroxine (LT4) monotherapy

may experience peripheral symptoms or other
manifestations of hypothyroidism, which have been

attributed to a decreased serum T3:T4 ratio despite normal

serum T4, T3, and TSH concentrations in most LT4-treated
patients (6).

The ability of the human body to generate T3 in patients

with hypothyroidism treated with LT4 has been recognized

since classic studies demonstrated normal serum T3 levels
during LT4 monotherapy (7). Subsequent research showed

that when fT4 or the T4 index was elevated, the serum T3:T4
ratio in LT4-treated patients was lower than that in

euthyroid controls (8). In thyroidectomized rats, T4 alone

failed to normalize plasma and tissue T3 levels, even at the
expense of supraphysiologic T4 levels (9).

Saravanan et al. showed that LT4-treated patients with

hypothyroidism, including those with normal serum TSH

concentrations, had significant deficits on psychological
well-being tests compared with normal controls. The

authors suggested that substantial psychological
morbidity occurred in a considerable proportion of LT4-

treated individuals (10). However, in their 2006 report, they

found that the General Health Questionnaire correlated
with fT4, whereas serum fT3 did not correlate with the

General Health Questionnaire or Thyroid Symptom Scores
(11). Gullo et al. stated that LT4 monotherapy cannot

guarantee euthyroidism in athyreotic patients because

these individuals have highly heterogeneous T3 production
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capacity from orally administered LT4, resulting in an

abnormal T3:T4 ratio in approximately one-third of

patients (6). Samuels et al. found normal energy
expenditure and body composition in LT4-suppressed

participants but decreased energy expenditure in LT4-
treated euthyroid women, which was associated with lower

free T3 concentrations (12). An analysis of National Health

and Nutrition Examination Survey data by Peterson et al.
revealed lower serum fT3:fT4 ratios in LT4 users, with

metabolic differences from controls in 12 of 52 variables.
Age, female sex, and serum creatinine were negatively

associated with the serum fT3:fT4 ratio, whereas BMI, total

cholesterol, and triglycerides were positively associated
with it (13). Previous studies found higher BMI and adverse

lipid profiles in LT4-treated patients than in euthyroid
patients with Graves disease receiving long-term

methimazole therapy (4, 14), and a meta-analysis of 99 LT4
monotherapy studies confirmed elevated serum LDL

cholesterol and triglyceride concentrations in LT4-treated

participants (15). However, the contribution of the T3:T4
ratio to differences in some variables between LT4-treated

individuals and the general population remains unclear,
although the fT3:fT4 ratio correlates more strongly with

metabolic parameters than TSH does in euthyroid

individuals (16).

3.2. Peripheral Tissue Cellular Dysfunction

A major conceptual challenge is distinguishing isolated
peripheral hypothyroidism from nonthyroidal illness. In

many patients with nonthyroidal disease, changes occur in
the regulation of the hypothalamic-pituitary-thyroid axis

and in thyroid hormone transport and metabolism; this
condition is known as nonthyroidal illness syndrome

(NTIS) (17). Serum T3 concentrations are decreased and

reverse T3 (rT3) concentrations are increased, whereas
serum T4, FT4, and TSH concentrations remain normal in

most patients. However, severely ill patients may have low
serum T4 concentrations, which are inversely correlated

with mortality (17, 18). The absence of an increase in serum

TSH despite a marked decrease in serum T3 and sometimes
T4 may be due to reduced sensitivity of TSH secretion to

low thyroid hormone concentrations in NTIS (19).
Decreased deiodinase 1 (DIO1) activity and increased DIO3

activity explain the low serum T3 and high rT3

concentrations in NTIS, particularly in the liver (20).

The absence of nonthyroidal illness and the absence of
reduced serum T3 and increased serum rT3 concentrations

may help distinguish isolated peripheral hypothyroidism

from NTIS. However, this distinction may be difficult in
mild cases.

Over the past two decades, several animal studies have

demonstrated isolated peripheral hypothyroidism in

various tissues, particularly the liver, heart, muscle, lung,

kidney, and brain. Some human studies have also reported

peripheral hypothyroidism in conditions with an intact
hypothalamic-pituitary-thyroid axis. Isolated tissue

hypothyroidism has been reported mainly in hepatic tissue
(5) and skeletal muscle (21). Cellular dysfunction alters the

expression and activity of deiodinases that govern thyroid

hormone activation and inactivation. DIO1 is expressed
predominantly in the liver and kidney, whereas DIO2 is

found primarily in the pituitary gland and brain, brown
adipose tissue, and skeletal muscle (22).

3.2.1. Intrahepatic Hypothyroidism

A potential link between hypothyroidism and

metabolic dysfunction-associated steatotic liver disease
(MASLD) was proposed in 2003 (23). In NHANES III, a large

US population with a median follow-up of 23 years,

subclinical hypothyroidism was associated with higher all-
cause and cardiovascular mortality in patients with MASLD

than in normal controls (24). More recent data suggest that
MASLD pathogenesis may be driven in part by intrahepatic

hypothyroidism (Figure 2), characterized by reduced

thyroid hormone concentrations within hepatocytes
despite normal serum thyroid hormone concentrations

(25).

Figure 2. Intrahepatic hypothyroidism in MASLD: Downregulation of

deiodinase 1 and upregulation of deiodinase 3 result in decreased TRβ
activity.

In the liver, DIO1 is the main deiodinase that converts T4
to T3. During liver injury, there may be a switch from DIO1
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to DIO3, which converts T4 to reverse T3 (rT3). This switch is

mediated by activation of the hedgehog pathway, an

injury-induced signaling cascade triggered by liver injury
(26). These enzyme changes reduce the local generation of

bioactive T3 and downregulate T3-responsive hepatic gene
expression (27), resulting in liver-specific hypothyroidism

without changes in serum T4, T3, and TSH concentrations

(28).

Reduced activation of thyroid hormone receptor β
(THRβ) in hepatocytes promotes hepatic steatosis, impairs

mitochondrial biogenesis and mitophagy, increases the

generation of reactive oxygen species, and increases
hepatic and circulating cholesterol concentrations (29, 30,

31).

3.2.2. Skeletal Muscle Hypothyroidism

Peripheral hypothyroidism in skeletal muscle refers to
tissue-specific thyroid hormone resistance or deficiency

despite normal serum T4, T3, and TSH concentrations and
may be induced by impaired thyroid hormone transport,

altered deiodinase activity, or altered thyroid hormone

receptor signaling. Skeletal muscle, which accounts for 30 -
40% of body mass (32), is a major thyroid hormone target

organ involved in contractility, energy metabolism, and
regeneration.

Peripheral hypothyroidism disrupts T3 activity in
myocytes through downregulation of DIO2, upregulation

of DIO3, dysfunction of monocarboxylate transporter 8
(MCT8), and the accumulation of glycosaminoglycans in

type II fibers (33). In sarcopenia, low T3 accelerates protein

catabolism and interferes with satellite cell fusion (34). In
cachexia, thyroid hormone resistance develops after

denervation, and increased atrogin-1, myostatin, and
proinflammatory cytokines (IL-6 and TNF-α) together

impair thyroid hormone receptor nuclear translocation

(35).

An example of skeletal muscle hypothyroidism has
been proposed by Dulloo in the context of adaptive

thermogenesis during catch-up fat (21). Adaptive

thermogenesis during weight loss primarily arises from
central suppression of the sympathetic nervous system

and the hypothalamic-pituitary-thyroid axis (36, 37).
During refeeding, rapid increases in leptin and insulin

restore these central pathways and reestablish control of

thermogenesis. However, studies have shown resistance to
the actions of the restored systemic neurohormonal

network on muscle thermogenesis during weight regain,
associated with local alterations in deiodinase enzymes

within myocytes (38, 39). DIO2 expression decreases, while

DIO3 expression and activity increase, resulting in
diminished net muscle T3 neogenesis from FT4 and

increased rT3 production (32). Diminished net T3

neogenesis may be accompanied by several skeletal muscle

metabolic and contractile features observed in clinical

hypothyroidism (40, 41).

These changes may be accompanied by reduced muscle
strength, increased muscle insulin resistance, impaired

myogenesis and muscle regeneration, and

disproportionate fat accumulation, thereby increasing the
risk of sarcopenic obesity (35, 42).

3.2.3. Peripheral Hypothyroidism in Ischemic Heart Disease

Peripheral hypothyroidism describes cardiomyocyte-

specific thyroid hormone deficiency or resistance despite
normal serum hormone concentrations, primarily due to

upregulated DIO3, which inactivates thyroid hormone and
shifts local metabolism toward rT3 production. In ischemic

heart disease, including stable angina, acute coronary

syndrome, and myocardial infarction, this local
hypothyroid state exacerbates injury, impairs remodeling,

and worsens prognosis (43). Hypoxia upregulates DIO3
within hours, creating T3-deficient zones that inactivate

thyroid hormone and attenuate local signaling (44).

3.2.4. Peripheral Hypothyroidism in Lung Injury

Peripheral lung hypothyroidism denotes tissue-specific

thyroid hormone resistance or deficiency in pulmonary
cells despite normal circulating thyroid hormone

concentrations. Lung injury upregulates DIO3 and
downregulates DIO2 and THRβ, shifting local metabolism

toward rT3 production (45). This pattern is observed in
acute respiratory distress syndrome, hyperoxia-induced

bronchopulmonary dysplasia, and lipopolysaccharide-

induced inflammation and may aggravate chronic
conditions such as chronic obstructive pulmonary disease

or asthma. Cellular hypothyroidism in the lung worsens
alveolar damage, impairs repair, and increases mortality

(46).

3.2.5. Peripheral Hypothyroidism in Chronic Kidney Disease

Peripheral hypothyroidism denotes thyroid hormone

deficiency or resistance at the renal cellular level despite
normal serum thyroid hormone concentrations and is

driven by upregulated DIO3 and downregulated DIO1 and
THRβ expression. Chronic kidney disease (CKD), affecting

10 - 15% of the global population (47), has a bidirectional
interaction with thyroid function. Hypothyroidism

accelerates CKD progression, whereas CKD itself induces

low T3 syndrome in 50 - 80% of advanced cases (48, 49).

3.3. Altered Deiodinase Activity

The prohormone T4 is produced by the thyroid gland
and must be activated to T3 by deiodination.
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Approximately 80% of T3 produced each day results from

extrathyroidal deiodination by DIO1 and DIO2. Both T4 and

T3 are also converted to inactive forms through
deiodination by DIO1 or DIO3. Deiodinases therefore play

an important role in regulating plasma and tissue T3
concentrations (22, 50).

Deiodinase alterations are well documented in human
disorders. Extrathyroidal conversion of T4 to T3 is altered in

patients with severe nonthyroidal illnesses, various
cancers, ischemic heart disease, lung injury, and MASLD.

Although nonthyroidal illnesses often alter serum thyroid

hormone and TSH concentrations, other conditions may
produce isolated cellular hypothyroidism and warrant

further clinical investigation.

A distinct clinical condition termed consumptive

hypothyroidism has been described primarily in children
with hemangiomas. Very high levels of DIO3 may be

expressed, resulting in enhanced deiodination of T4 to rT3
(51). The rate of T4 degradation by DIO3 expressed in these

tumors can approach the synthetic capacity of even a TSH-

stimulated normal human thyroid.

Data on the association between DIO2 polymorphisms
and the response to hypothyroidism treatment are limited.

One study found that individuals harboring the Thr92Ala

DIO2 polymorphism had a poorer psychological response
to LT4 therapy than individuals with other genotypes,

which may partly explain the lack of benefit from LT4
therapy (52). However, other studies reported no effect of

this polymorphism on quality of life or cognition (53), and

one study found a detrimental effect of a DIO1
polymorphism (54).

3.4. Thyroid Hormone Receptor Alterations

Thyroid hormone exerts nuclear effects through thyroid

hormone receptors (THRs), including α and β receptors. T3
binds to THRs with 10- to 15-fold greater affinity than T4.

THRα is predominant in the brain, heart, skeletal muscle,
and bone, whereas THRβ is expressed most strongly in the

liver, kidney, pituitary, and adipose tissue (Figure 3).

Mutations in THRs may cause resistance to thyroid
hormone action (55). Patients with thyroid hormone

resistance caused by THRβ mutations are characterized by
goiter, elevated serum T4 concentrations, and normal or

slightly elevated TSH concentrations that respond to TRH

(2); therefore, they typically do not meet the criteria for
isolated peripheral hypothyroidism.

Figure 3. Exertion of T3 through thyroid α and β receptors.

3.5. Emerging Therapies

To deliver an adequate amount of T3 to thyroid
hormone receptors, treatment with thyroid hormone

preparations and thyromimetics has been investigated. In

specific clinical settings, GLP-1 receptor agonists may also
yield promising results.

3.5.1. Thyroid Hormones

3.5.1.1. Levothyroxine

In conditions with normal thyroid hormone secretion

and peripheral hypothyroidism, excess T4 availability to

cells cannot deliver more T3 to receptors without inducing
a hyperthyroid state. Indeed, levothyroxine treatment of

patients with MASLD has been ineffective in preventing the
progression of fibrosis and cirrhosis (56).

3.5.1.2. Combination LT4 and LT3 Therapy

Clinical trials of combination therapy with LT4 and LT3

have been reported frequently (57, 58). This combination
increases serum thyroid hormone concentrations and the

FT3/FT4 ratio, which may be higher than, equal to, or lower

than the ratio in healthy individuals (59). However, despite
a normal FT3/FT4 ratio, combination therapy was not

superior to LT4 monotherapy with respect to quality of life,
mood, fatigue, anxiety, or depression (58, 59). Therefore,

the 2021 ATA/ETA joint consensus concluded that

combination therapy has not shown consistent benefit and
is not routinely recommended (60).

3.5.1.3. Slow-Release T3 Formulations
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One study showed that LT4 combined with slow-release

T3 (SRT3) improved serum T4/T3 and T3 levels and the T3/T4

ratio compared with LT4 monotherapy; however, the T3/T4
ratio did not reach levels comparable with those in

euthyroid individuals (61). More recent studies using SRT3
plus LT4 have reported adequate pharmacodynamic and

pharmacokinetic properties, with minimal serum T3

excursions over 24 hours and a T3/T4 ratio within normal
limits (62, 63). An SRT3/LT4 ratio of 1:5 was found to be

optimal for normalizing serum FT4, T3, and TSH
concentrations, as well as the T3/T4 ratio. The effects of this

combination on symptoms and quality of life and the

safety of long-term therapy require further investigation
(64). The impact of SRT3 on the management of peripheral

hypothyroidism in the liver, muscle, heart, lungs, kidneys,
and other tissues also requires further study.

An increased risk of mortality, particularly from
cardiovascular causes, has been reported in patients

treated for hypothyroidism; this increased risk persists
even among well-managed patients with on-target TSH

concentrations (65-67). Treatment with T3 preparations to

restore euthyroidism in isolated hypothyroid tissues may
induce hyperthyroidism in other organs, such as the heart,

where THRα receptors are prominent. A recent meta-
analysis showed that hypothyroidism treatment

containing LT3 was associated with reduced risks of
dementia and mortality (68). Further studies may clarify

the safety of LT4 plus LT3 combination therapy.

The efficacy of thyroid hormone treatment in patients

with NTIS remains controversial. Most randomized studies

have not confirmed a beneficial effect of L-T4 or L-T3
treatment in NTIS (69). Treatment with hypothalamic

releasing factors such as TRH remains a potential approach
(70).

3.5.2. Thyromimetics

Thyromimetics have a molecular structure similar to

that of thyroid hormones but differ in their selective
receptor activation (71). Resmetirom, the first FDA-

approved therapy for MASLD, is an orally administered,

liver-targeted thyroid hormone receptor agonist with 83.8 -
90% of the efficacy of T3 in activating THRβ, whereas THRα
activation is only 25 - 48.6% (5, 72). By activating hepatocyte
THRβ, resmetirom enhances fatty acid oxidation and

mitochondrial biogenesis and reduces LDL cholesterol

concentrations (73), while minimizing undesirable
systemic effects on the heart and bone, which are primarily

mediated through THRα (74). Despite the efficacy of
resmetirom in treating MASLD and liver fibrosis, only

patients with fibrosis stage F1B, F2, or F3 without cirrhosis
were studied, and improvement in fibrosis was observed in

only 25 - 30% of participants (75). Thus, additional therapies

are still needed.

3.5.3. GLP-1 Receptor Agonists

GLP-1 receptor agonists are considered adjunctive
therapeutic agents for MASLD. Resolution of MASH

without worsening of fibrosis and a reduction in fibrosis

by at least one stage without worsening of steatohepatitis
were observed during semaglutide treatment. Semaglutide

also produced significant weight loss and improved key
cardiometabolic measures. Steatohepatitis resolution and

fibrosis improvement occurred in 62.9% and 36.8%,

respectively, in the semaglutide group, compared with
34.3% and 14.4%, respectively, in the placebo group (76).

Concerns regarding the costs of GLP-1 receptor agonists,
substantial weight regain after discontinuation, and their

efficacy and safety in patients with cirrhosis may limit this

treatment approach in MASLD (77, 78).

4. Conclusions

4.1. Discussion

The absence of readily accessible tissue-specific markers

of thyroid hormone action makes it difficult to confirm a
diagnosis of isolated peripheral hypothyroidism. This

condition may present as generalized tissue-level

hypothyroidism or as hypothyroidism limited to one or
several tissues. Symptoms and signs related to peripheral

organ alterations may predominate, and mild to moderate
clinical manifestations of altered thyroid hormone action,

when present, may go undetected.

A variety of proposed tissue markers have been used to

quantify thyroid hormone action in peripheral tissues,
including serum sex hormone-binding globulin,

cholesterol, and ferritin concentrations (79). However,

none is sufficiently sensitive or specific for peripheral
hypothyroidism to be useful in clinical practice. Given the

growing recognition of isolated peripheral
hypothyroidism across tissues, including the liver, muscle,

bone, heart, kidney, and lung, research should prioritize
the identification of novel tissue markers of thyroid

hormone action, particularly those related to

hypothyroidism in these organs.

Circulating metabolites have increasingly been linked

to hypothyroidism (80). Multi-omics insights into
potential causal associations between plasma metabolites

and peripheral hypothyroidism may provide valuable
information for understanding the pathogenesis and,

potentially, the diagnosis of this condition (81). Simple
tests such as ThyPRO-39 may be used as surrogate measures
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to assess overall and thyroid-specific quality of life in

clinical practice.

A major limitation of this review is that a large

proportion of the evidence regarding organ-specific
mechanisms in the heart, kidney, and lung is derived from

rodent models, and direct human evidence may be lacking.

In addition, this review does not adequately distinguish
maladaptive tissue hypothyroidism from adaptive

conservation.

4.2. Future Research Directions

Extensive animal studies have provided important
biochemical and histological evidence of isolated cellular

hypothyroidism and have suggested possible approaches
to restoring reduced tissue effects of thyroid hormone.

Human findings of isolated peripheral hypothyroidism,

once limited to rare intracellular defects, now extend to
MASLD, LT4-treated patients with hypothyroidism, skeletal

muscle alterations during weight regain, and peripheral
hypothyroidism associated with dysfunction in the heart,

lung, kidney, and other organs, suggesting broad tissue

involvement. Subtle hypothyroidism may be masked by
dominant organ pathology, and no sufficiently sensitive or

specific, clinically useful markers of peripheral tissue
thyroid status currently exist. Therefore, research should

be expanded to identify new thyroid tissue markers for

routine clinical use.

The discovery and application of such markers may
improve the diagnosis and treatment of isolated

peripheral hypothyroidism. Thyromimetic drugs and slow-

release T3 preparations may be effective and should be
investigated for the treatment of conditions accompanied

by cellular hypothyroidism. Future thyroid formulations
and strategies may include bioidentical compounded

sustained-release T3/T4 tailored to patient-specific needs

and experimental delivery systems, such as nanoparticle
and transdermal delivery, with the aim of tissue-specific

targeting.

4.3. Overall Conclusions

Isolated peripheral hypothyroidism is a heterogeneous
condition in which thyroid hormone action is impaired in

target tissues despite normal or near-normal circulating
thyroid hormone and TSH concentrations. Evidence of

peripheral hypothyroidism has expanded beyond rare

genetic disorders to include dysfunction of the liver,
skeletal muscle, heart, lung, and kidney, as well as

persistent symptoms in some levothyroxine-treated
patients. There are currently no sufficiently sensitive or

specific biomarkers for directly assessing thyroid hormone

action in peripheral tissues in routine clinical practice.

Thyroid hormone preparations and thyromimetics have

been investigated to deliver adequate T3 to thyroid

hormone receptors. In specific clinical settings, GLP-1
receptor agonists may also offer promising results.
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