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ABSTRACT
This
pathogenesis, diagnosis, management, and cancer risk of

systematic review comprehensively examines the
Hashimoto's thyroiditis in pediatric populations. We searched
the literature using PubMed, Web of Science, and critical
medical journals, focusing on studies published within a
specified timeframe. Inclusion criteria targeted studies on
pediatric populations, while exclusion criteria filtered out
irrelevant studies. Data extraction and synthesis highlighted
key findings: genetic predispositions and environmental triggers
such as selenium levels and gut microbiota alterations contribute
to Hashimoto’s Thyroiditis pathogenesis. Diagnostic challenges
arise from the often subtle and nonspecific clinical presentation,
necessitating thorough clinical evaluations and diagnostic
testing, including TSH, free T4, thyroid antibodies, and
ultrasound. Management strategies involve levothyroxine
therapy, dietary considerations, and lifestyle modifications
tailored to individual patient needs. Additionally, the review
discusses the controversial but significant potential association
between Hashimoto's Thyroiditis and increased thyroid cancer
risk, emphasizing the need for vigilant long-term monitoring.
This synthesis provides critical insights to inform clinical

practice and future research directions.
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Introduction

Hashimoto's Thyroiditis (HT), also known as
chronic lymphocytic thyroiditis, is a significant
autoimmune  disorder characterized by
thyroid gland inflammation, which commonly
leads to hypothyroidism. However, it can also
present with thyroid enlargement (goiter),
nodules, and, in rare cases, transient
hyperthyroidism, along with various associated
symptoms such as fatigue, weight gain, cold
intolerance, dry skin, and depression. The
disease bears the name of Hakaru Hashimoto,
a Japanese physician who, in 1912, provided
the seminal description of the characteristic
lymphocytic infiltration and thyroid gland
destruction observed in affected individuals.
Since then, our understanding of HT has
deepened, revealing a complex interplay of
genetic, environmental, and immunological
factors in its pathogenesis. While typically
associated with adults, its occurrence in
pediatric populations is increasingly recognized,
posing unique challenges in diagnosis and
management. Recent advancements have
shed light on various aspects of Hashimoto's
disease in children, prompting a deeper
exploration of its pathogenesis, diagnosis,
management,

and potential implications,

including cancer risk'>.

Understanding the intricate interplay of immune
dysregulation and genetic predisposition in
developing HT is fundamental. In pediatric
cases, the mechanisms underlying this
autoimmune thyroiditis remain an area of
active investigation, focusing on elucidating
the triggers and pathways involved in disease
initiation and progression. The diagnosis of
HT in pediatric patients presents distinct

challenges due to its often subtle and

nonspecific clinical presentation. Differentiating
between typical childhood symptoms and
those indicative of thyroid dysfunction requires
a nuanced approach, emphasizing the
importance of comprehensive clinical evaluation
and appropriate diagnostic testing. Management
strategies for pediatric Hashimoto's disease
encompass

pharmacological and non-

pharmacological interventions aimed at
restoring thyroid function and alleviating
symptoms. Tailoring treatment plans to
individual ~patient needs is paramount,
considering age, disease severity, comorbidities,

and patient preferences™®.

Beyond its immediiate impact on thyroid function
and overall well-being, HT in pediatric patients
raises concerns regarding long-term health
outcomes, including the potential risk of
thyroid cancer. While the association between
autoimmune thyroiditis and thyroid malignancies
is documented, it is still a controversial topic
that warrants further investigation. Understanding
the relationship between pediatric HT and
increased cancer risk is essential for informing
surveillance strategies and optimizing patient
outcomes’”. In light of these considerations,
this paper aims to provide comprehensive
insights into HT in pediatrics, spanning its
pathogenesis, diagnosis, management, and
implications for cancer risk. By addressing
these critical aspects, this research seeks to
enhance our understanding of pediatric
autoimmune thyroiditis and inform current
evidence-based approaches to its diagnosis,

management, and long-term surveillance.

Methodology
We systematically gathered, analyzed, and

synthesized relevant literature on Hashimoto's
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Thyroiditis (HT) in pediatric populations, focusing
on pathogenesis, diagnosis, management,
and considerations of cancer risk, while applying
specific exclusion criteria and adhering to a
defined time-frame and inclusion criteria for
this review. Our search strategy encompassed
critical databases such as PubMed, Web of
Science, and relevant medical journals, utilizing
search terms like “Hashimoto’s disease,”

“pediatrics,” “pathogenesis,” “diagnosis,”
“management,” and “cancer risk.” Inclusion
criteria included studies published between
1990 and 2023 that focus on pediatric
populations (ages 0-18) diagnosed with HT,
addressing aspects such as pathogenesis,
diagnostic methods, management strategies,
or the risk of developing thyroid cancer.
Exclusion criteria included studies with
sample sizes smaller than 10 participants,
studies not peer-reviewed, studies focusing
exclusively on adult populations, or studies
lacking specific data on the pediatric
presentation, diagnosis, or management of
HT. Retrieved articles were screened based
on titles and abstracts, followed by a full-text
assessment that met our inclusion and exclusion
criteria. Data extraction involved systematically
extracting relevant information from selected
studies, including key findings, methodologies,
and conclusions. Synthesis and analysis of the
extracted data were performed to identify
trends, knowledge gaps, and areas for further
investigation. The review is structured to
present findings in sections corresponding to
the main themes: pathogenesis, diagnosis,
management, and considerations of cancer
risk. Finally, the review concludes with a
comprehensive literature synthesis, highlighting
key insights and implications for clinical

practice and future research directions.

PATHOGENESIS OF HASHIMOTO'S DISEASE:
Hashimoto's Thyroiditis (HT) in pediatric
patients represents a complex interplay of
environmental

genetic  predispositions,

influences, and dysregulated immune

responses, ultimately leading to chronic
inflammation and tissue damage within the
thyroid gland. The intricate balance between
genetic susceptibility and environmental
triggers is highlighted in the comprehensive
understanding of the disease's etiology and
risk factors. Notably, a large Swedish twin
study revealed a probands concordance rate
for HT of 0.29 and 0.1 for monozygotic and
dizygotic twins, respectively, estimating a
heritability of 0.64°. Although this heritability
is lower than that observed for other
autoimmune conditions like type 1 diabetes
mellitus and Addison's disease, it underscores
the significant genetic component in HT
susceptibility. While familial coaggregation
with other autoimmune diseases is less
common than

anticipated, the higher

concordance rates in monozygotic twins
emphasize the role of shared genes in disease
efforts  have

predisposition’’.  Research

focused on identifying specific genetic
variations associated with HT, with studies
implicating genes encoding proteins such as
thyroglobulin and tumor necrosis factor-o-
induced protein 3 (A20) in the disease
process'?. Despite these advancements, the
established

polymorphisms to HT variability remains

contribution of genetic

modest, suggesting the involvement of
numerous genes, each exerting a negligible
effect on disease susceptibility. Moreover,
emerging evidence indicates the existence of
rare genetic variants contributing to HT risk,

as demonstrated by the identification of novel
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splice site variants in genes like thyroglobulin
and A20". Consanguinity has also been linked
to an increased relative risk of HT, particularly
in autosomal recessive disorders, further

highlighting the multifaceted nature of
genetic influences on disease susceptibility'.
Additionally, candidate gene association studies
have identified potential genetic candidates,
such as the tumor necrosis factor superfamily
member four genes, implicating co-stimulatory
signals in HT pathogenesis’™. However, the
complexity of genetic interactions and the
well-controlled  studies

need for larger,

underscore the ongoing challenges in

unraveling the genetic basis of HT and its

interplay with environmental factors'®#.

Environmental factors exert a significant
influence on the susceptibility to Hashimoto's
thyroiditis, intricately intertwining with genetic
predispositions to  orchestrate  disease
progression. Among these factors, selenium
has garnered considerable attention as a
potential  therapeutic ~ agent  despite
conflicting evidence regarding its efficacy.
Studies investigating the association between
selenium intake and autoimmune thyroiditis
markers and the effects of selenium
supplementation have yielded inconsistent
results, underscoring the complexity of its role
in HT management?’. Moreover, seasonal
variations, exemplified by the heightened risk
of HT among individuals born in the summer,
point towards the potential impact of
environmental exposures, such as infectious
agents or vitamin D levels, on disease
development®. Additionally, alterations in gut
microbiota composition have emerged as a
compelling area of research, with growing
evidence implicating dysbiosis in  HT

pathogenesis®. While studies have identified

changes in gut microbiota in both hypothyroid
and euthyroid HT patients, further investigations
are warranted to elucidate the causal
relationship between gut dysbiosis and HT
susceptibility?.  Furthermore, medications
modulating the immune system, including a-
interferon and immune checkpoint inhibitors,
have been implicated as potential triggers for

HT onset or exacerbation®73',

The intricate interplay between immune
dysregulation and environmental exposures
underscores the multifactorial nature of HT
etiology, necessitating comprehensive research
efforts to unravel the precise mechanisms
underlying ecological contributions to disease
pathogenesis and their therapeutic implications

in HT management?®.

The complex pathogenesis of autoimmune
thyroiditis, encompassing both goitrous and
atrophic forms, has been a subject of
debate,
whether these manifestations represent a

extensive particularly  regarding
continuum or discrete entities. A significant
aspect contributing to this debate is 1gG4-
(IgG4-RD), a

recognized disorder characterized by IgG4-

related disease recently
stromal

lgG4
concentrations®. Notably, while approximately
30% of HT patients in Japan and the United
States exhibit IgG4-RD affecting the thyroid,
the prevalence is notably lower in Europe,

positive plasma cell infiltration,

fibrosis, and elevated serum

hinting at potential regional variations or
methodological disparities. Regulatory T cells
(Treg) play a
regulation, yet abnormalities in Treg subsets

pivotal role in immune
have been documented in HT, suggesting a
breakdown in immune tolerance mechanisms®.
Moreover, cytokine-mediated
including  Th17  cell

pathways,

involvement and
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inflammasome activation, contribute to the
inflammatory milieu within the thyroid gland,
perpetuating autoimmune responses. The
PD-1/PD ligand-1 axis, known for its role in
immune homeostasis, has also garnered
attention, particularly in the context of thyroid
follicular cell expression and its potential
implications for autoimmune reactions®**'.
Thyroid
essential for HT initiation, correlate with

autoantibodies, although  not
symptomatology and impaired quality of life,
indicating a direct impact of autoimmunity on
patient well-being®4#**. Notably, interventions
aimed at suppressing the autoimmune process,
such as thyroidectomy, have shown promise in
ameliorating symptoms and improving patient
outcomes. Additionally, thyroid-stimulating
hormone receptor (TSHR) antibodies in HT patients
underscore their role in thyroid dysfunction
and their potential association with thyroid-

associated ophthalmopathy*>*'.

Unraveling
the intricate interplay of immune mechanisms
in HT offers insights into disease progression.
It highlights avenues for targeted therapeutic
interventions to modulate autoimmune responses

and improve patient outcomes®.

CLINICAL PRESENTATION AND DIAGNOSIS
OF HASHIMOTO DISEASE IN INFANTS,
CHILDREN, AND ADOLESCENTS:

Hashimoto's Thyroiditis (HT) is an acquired
disease where one develops autoantibodies
in the thyroid gland. HT can be diagnosed by
the presence of thyroid peroxidase antibodies
(TPOADb) and thyroglobulin antibodies (TGAb)
and may also be confirmed by typical
alterations observed in thyroid ultrasound. It
is the most common cause of hypothyroidism
in pediatric patients, with a prevalence of
Incidence

approximately 1% worldwide.

increases gradually with age, peaking in

adolescence. Nevertheless, HT can rarely
occur in infants and neonates aged three
years and younger, and the presentation can
be distinct. According to several reported
case studies and a recent cross-sectional
study, acquired hypothyroidism via HT is rare
in patients under three years old***2 In a
recent  cross-sectional study, pediatric
patients in a hospital group who developed
HT over 10 years were analyzed for patient
characteristics, presenting symptoms, and
overall longitudinal care. The proportion of
children under three years of age was 1.15%.
For this young patient population, the most
common reasons for doctor visits were thyroid
enlargement, global developmental delay,
and routine functional thyroid testing in
diabetes (T1DM)>2.

Identifying these signs early, along with other

patients with type 1

signs of possible hypothyroidism, including
short stature and poor appetite, warrants
closer examination at this age to begin thyroid

replacement therapy as soon as possible.

Congenital hypothyroidism, distinct from
acquired hypothyroidism, is screened for in
many countries via measurement of TSH and
T4 levels at 2-5 days of age®. TPOAb or TGAb
Findings in neonatal testing are often due to
placental transference, which represents a
transient rise in antithyroid antibodies, as

opposed to congenital HT of the newborn®.

Development of antithyroid antibodies in
child and adolescent patients can manifest
with various signs and symptoms, often reflecting
the thyroid status at diagnosis. Pediatric patients
with HT may present with no apparent symptoms
besides goiter, which a family member or a
caregiver may initially notice or find incidentally
on a physical exam for unrelated medical

4,54

evaluations*>*. Symptomatic presentation is
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less frequent than asymptomatic presentation,
with goiter often being the primary reason for
referral in one study group and more significant
than half of patients presenting without symptoms
in another***>. Importantly, thyroid function at
presentation can vary significantly among
pediatric reports, spanning from euthyroidism
to overt hypothyroidism or, less commonly,
transient hyperthyroidism termed hashitoxicosis™*.
The presentation of hashitoxicosis can
resemble that of Graves' disease, with
symptoms such as goiter, tachycardia, tremor,
weight loss, restlessness, warm, moist skin,
ophthalmopathy, growth acceleration, and

delayed or precocious puberty.

The most common manifestation of
hypothyroidism in pediatric patients, aside
from goiter, is decreased height velocity,
which may be insidious in onset>. Skeletal
maturation should be assessed and monitored
longitudinally via the determination of bone
age. Other common manifestations include
those commonly associated with hypothyroidism,
including constipation, weight gain, fatigue,
drowsiness, poor school performance, cold
intolerance, dry skin, bradycardia, and a
yellowish-pale skin tone with facial puffiness
(myxedema). Additionally, symptoms such as
delayed or arrested pubertal development,
irregular menstrual periods, menometrorrhagia,
or amenorrhea may be observed in adolescents

with overt hypothyroidism>*~’.

DIAGNOSIS OF HASHIMOTO THYROIDITIS
Deciding to test for thyroid dysfunction
depends on clinical findings as described
above, namely, goiter, most commonly,
irregularities upon palpation of the thyroid
gland, or symptoms associated with hypo- or

hyperthyroidism. The most common etiology

of thyroid dysfunction in these cases is
hypothyroidism, which is typically diagnosed
with elevated TSH and decreased thyroid
hormones T3/T43. If the etiology is uncertain
based on thyroid hormone levels and TSH, the
gold standard for diagnosing HT is presence
TPOAb, and
TGAb®. Regardless of symptoms, among

of antithyroid antibodies,
pediatric patients with HT, up to 95% have
antibodies, with
having TSH-
receptor-blocking antibodies®®. Although it is

circulating  antithyroid

another small percentage
typically unnecessary to diagnose HT via
imaging if circulating antithyroid antibodies
are found, antibody-negative cases may be
confirmed via ultrasound (US). US findings of
HT include parenchymal hypoechogenicity,
coarse echotexture, and micro nodulation®.
Although imaging is not necessarily indicated
for diagnosis, it is recommended to follow
young patients recently diagnosed with HT,
even if they are euthyroid, as some go on to
develop identifiable US findings along with

progression to a hypothyroid state’.

MANAGEMENT OF HASHIMOTO'S DISEASE
IN PEDIATRIC PATIENTS EMERGENT CARE

Treatment and management of Hashimoto's
disease, or autoimmune thyroiditis, in pediatric
patients, involves carefully considering thyroid
hormone levels and individual patient factors.
Hashitoxicosis, representing hyperthyroidism
secondary to autoimmune destruction of the
thyroid gland, usually self-resolves without
consequences if the presentation is mild. In
more severe cases, often present in patients
with higher levels of TPOab, the hyperthyroid
phase may require emergent treatment with
methimazole or B-blockers>**740. Other instances
that require emergent care include “Hashimoto

encephalopathy,” which results in fluctuating
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neurological and neuropsychological deficits

that may progress to seizures. Prompt
identification of this complication is essential,
as clinicians may order extensive imaging and
testing to identify the etiology when this
particular condition is very responsive to

corticosteroid therapy®'.

PHARMACOLOGICAL INTERVENTIONS
Recommendations from the American Thyroid
Association Task Force on Thyroid Hormone
Replacement provide a framework for
addressing different presentations of HT. For
overt hypothyroidism, characterized by
elevated serum TSH levels and low free
thyroxine (fT4) levels, the primary treatment
approach is levothyroxine (LT4) supplementation.
The goal of therapy is to alleviate symptoms
of hypothyroidism, normalize metabolic
parameters, and restore TSH levels to within
the reference range for age. LT4 therapy is
typically lifelong, although some pediatric
patients with Hashimoto's thyroiditis may
eventually achieve euthyroidism without the
need for continued hormone replacement®. In
cases of subclinical hypothyroidism, where
TSH levels are elevated, but fT4 levels are
within the normal range, the decision to
initiate LT4 therapy is less straightforward.
While some practitioners advocate for LT4
supplementation in this scenario to prevent
progression to overt hypothyroidism and
alleviate symptoms, others may opt for close
monitoring with serial thyroid function tests.
Factors such as the degree of TSH elevation,
presence of symptoms, and patient age may
influence the decision-making process.
Additionally, pediatric patients with comorbid
conditions or medications that may affect LT4
absorption or metabolism should be given special

consideration®. In cases of hyperthyroidism,

such as hashitoxicosis, treatment may involve
the use of beta-blockers to alleviate symptoms
of thyrotoxicosis. However, the management
of hyperthyroidism in pediatric patients with
Hashimoto's disease may require careful
monitoring and potentially the use of
antithyroid medications if symptoms persist or
worsen. Thyroid hormone replacement therapy
may not always be necessary in these cases,
especially if the hyperthyroid state is transient.
Close follow-up with thyroid function tests is
essential to guide treatment decisions and

ensure optimal outcomes for these patients®*4.

When considering discontinuation of hormone
replacement therapy, decisions should be
made on a case-by-case basis, taking into
account factors such as the underlying cause
of hypothyroidism, duration of therapy, and
patient response to treatment. Some
pediatric patients with Hashimoto's disease
may achieve euthyroidism spontaneously or
with medical intervention and may be
candidates for discontinuation of LT4 therapy
under close supervision. However, regular
monitoring of thyroid function is essential to
detect any recurrence of hypothyroidism and

ensure timely intervention if needed®,

In pediatric patients with Hashimoto's disease
who develop cancer, such as differentiated
(DTC),
approach may differ. Total thyroidectomy

thyroid cancer the management
followed by LT4 replacement therapy is the
standard treatment for DTC to achieve TSH
suppression to reduce the risk of recurrence
or progression of the disease. Monitoring for
recurrence or metastasis of thyroid cancer is
essential in these patients, and regular
surveillance with imaging studies and thyroid
function tests is recommended. Additionally,

special consideration should be given to the
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potential impact of thyroid hormone therapy
on cancer outcomes and the need for
treatment

individualized approaches in

pediatric patients with Hashimoto's disease

and concurrent cancer®®?,

COMPLICATIONS AND COMORBIDITIES

Since around 20% of patients with Hashimoto
develop hypothyroidism and require thyroid
hormone replacement therapies (HRT), most
experience  catch-up  growth  during
adolescence®’. Severe hypothyroidism often
leads to a slowdown, and catch-up growth is
one of the main goals of HRTs®7°, In addition,
a common neurodevelopmental outcome is
Hashimoto encephalopathy, which is known
as a steroid-responsive encephalopathy
associated with high titers of antithyroid
antibodies’. The prevalence is estimated at
around 2 of every 100,000 subjects’®. The
symptoms vary from behavioral and cognitive
changes, myoclonus, and seizures to
psychosis and coma’®. Other comorbidities of
patients with Hashimoto in pediatric
populations are the development of non-
thyroid autoimmune diseases and thyroid

cancer in a minority of cases’".

ASSOCIATION BETWEEN HASHIMOTO'S
DISEASE AND THYROID CANCER:

Few studies have assessed the associations
between Hashimoto and thyroid cancer’>”’.
Most have noted a coexistence between
thyroid tumors and Hashimoto and that
developing thyroid cancer is more common in
patients with Hashimoto than those without’*
7. A meta-analysis conducted by Lee et al.
found that the frequency of Hashimoto in
patients with Papillary Thyroid Cancer was
around 23%%.

association with females and a more favorable

They found a stronger

outcome than patients without Hashimoto®.
Another study conducted by Erbas et al.
found that from 224 children with Hashimoto,
13% had nodules on US follow-up, and 10.3%
of those with nodules had papillary thyroid
(n=3)%". Lai et al. found that
variations in diagnostic methods affect the

carcinoma

rate of prevalence of thyroid disease in
patients with Hashimoto; they found a
prevalence ranging from 1 to 40%%. They also
observed an odds risk ratio of 2.12 for
Hashimoto developing thyroid cancer®.

Moreover, the prognosis of the thyroid cancer
developed in patients with Hashimoto was not
defined. Iliadou et al. found that Hashimoto's
was associated with more severe clinical
manifestations of the neoplasm, such as the
infiltration of the parenchyma and invasive
characteristics®. However, the presence of
Hashimoto did not affect the prognosis, as
noted by a follow-up of five to 10 years®.
Similarly, Ren et al. found a strong association
between Hashimoto and cancer®. They found
no differences (between non-Hashimoto versus
Hashimoto patients) in tumor multifocality, tumor
size, extrathyroidal infiltration, or metastasis®.

Several hypotheses have been proposed for
this association. One of them is the level of
TSH; Golbert et al. found that the risk of
malignancy was around three times higher in
patients with TSH levels greater than 2.25
micro |U/mL than those with lower TSH
(P=0.001)%. However, it is unclear whether
TSH promotes the development of pre-
formed cancer or the development of the
tumor itself. Another hypothesis is the role of
chronic inflammation secondary to autoimmunity.
Hashimoto encourages the development of
Thyroglobulin antibodies and thyroid microsomal
antibodies (TM-Ab), which are associated with
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worse cytological findings than those without
these markers®. The third hypothesis is gene
expression; multiple studies have found an
association between RET/PTC rearrangements
and high TSH
frequently observed in patients with PTC
in PTC

without Hashimoto®®. Lastly, the association

levels®”. Moreover, more

associated with Hashimoto than

between thyroid cancer and Hashimoto is
stronger in patients with diabetes type 1 and
autoimmune polyglandular syndrome type |I,
suggesting mutations in proto-oncogenes
involved in the pathogenesis of papillary

thyroid cancer®” .

Results

Genetic predispositions and environmental
triggers play significant roles in the development
of Hashimoto's Thyroiditis (HT) in pediatric
populations. A large Swedish twin study reported
a heritability estimate of 0.64 for HT, highlighting
the genetic component in disease susceptibility.
Candidate gene studies identified several
genetic variations, such as those encoding
thyroglobulin and TNF-a-induced protein 3
(A20). Environmental factors, such as selenium
levels, seasonal variations, and gut microbiota
alterations, also contribute to HT pathogenesis.
Notably, selenium supplementation showed
inconsistent results in managing HT, and
changes in gut microbiota composition were
observed in HT patients. HT in pediatric
patients often presents with subtle and
making diagnosis
presence of thyroid
peroxidase (TPOAD) and
thyroglobulin antibodies (TGAb) are key

diagnostic markers. Ultrasound findings, such

nonspecific  symptoms,
challenging. The
antibodies

as parenchymal hypoechogenicity and coarse

echotexture, support diagnosis in antibody-

negative cases. In a cross-sectional study,
children under three years of age presented
with thyroid enlargement, developmental
delay, and type 1 diabetes mellitus (T1DM).

Management strategies for pediatric HT
include levothyroxine (LT4) therapy, dietary
modifications, and lifestyle adjustments. LT4
therapy is the primary treatment for overt
hypothyroidism, while subclinical hypothyroidism
may be managed with close monitoring. Beta-
blockers are used to manage symptoms of
thyrotoxicosis. The American Thyroid Association
Task Force on Thyroid Hormone Replacement
recommends LT4 supplementation to normalize
TSH levels and alleviate hypothyroid symptoms.
Approximately 20% of pediatric HT patients
develop hypothyroidism requiring hormone
replacement therapy (HRT). Neurodevelopmental
complications, such as Hashimoto encephalopathy,
and other autoimmune diseases are common
comorbidities. The prevalence of Hashimoto
encephalopathy is approximately 2 per 100,000.
Several studies reported an increased risk of
thyroid cancer in pediatric HT patients. A
meta-analysis found a 23% prevalence of HT
in patients with papillary thyroid cancer (PTC),
with a stronger association in females. A study
by Erbas et al. found that 13% of children with
HT had nodules on ultrasound, and 10.3% of
those with nodules had PTC. Higher TSH
levels were associated with increased cancer
risk, and chronic inflammation from autoimmunity

was implicated in cancer development.

Discussion

The results underscore the multifactorial nature
of Hashimoto's Thyroiditis (HT) pathogenesis
in pediatric populations, involving a complex
interplay of genetic and environmental factors.
The high heritability estimate highlights the
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significant genetic component, with specific gene
variations implicated in disease susceptibility.
However, the modest contribution of individual
polymorphisms suggests the involvement of
multiple genes. Environmental triggers, such
as selenium levels and gut microbiota, further
complicate the disease's etiology, necessitating
comprehensive research to elucidate their

precise roles.

Diagnosing  Hashimoto's  Thyroiditis in
children is challenging due to its often subtle
and nonspecific clinical presentation. The
presence of TPOAb and TGAb remains crucial
for diagnosis, while ultrasound serves as a
supportive tool, especially in antibody-
identification and
typical  childhood
symptoms are vital for timely intervention and
Effective

pediatric HT requires a tailored approach,

negative cases. Early

differentiation  from

management. management  of
considering individual patient needs and
disease severity. LT4 therapy remains the
cornerstone for treating overt hypothyroidism,
while subclinical cases warrant close monitoring.
The role of dietary and lifestyle modifications,
although secondary, is essential for overall
well-being. The management of thyrotoxicosis
and Hashimoto encephalopathy highlights
the need for emergent care and prompt

intervention to prevent severe complications.

The potential association between HT and
increased thyroid cancer risk in pediatric
patients is a significant concern. The higher
prevalence of thyroid malignancies in HT
patients and the strong association with
higher TSH levels underscore the need for
vigilant long-term monitoring. Understanding
the mechanisms linking chronic inflammation
and autoimmunity to cancer development is

crucial for optimizing surveillance strategies

and improving patient outcomes.Future
research should focus on large-scale genetic
studies to identify novel variants contributing
to HT susceptibility and elucidate the gene-
environment interactions in disease
pathogenesis. Additionally, exploring the
therapeutic potential of selenium and gut
microbiota modulation could provide new
insights into managing HT. Longitudinal
studies are necessary to clarify the cancer risk
in  pediatric

HT patients and develop

evidence-based surveillance protocols.

This systematic review provides comprehensive
insights into the pathogenesis, diagnosis,
management, and cancer risk of Hashimoto's

Thyroiditis ~ in  pediatric ~ populations.
Understanding the intricate interplay of
genetic and environmental factors s

fundamental to improving diagnostic and
therapeutic strategies. Vigilant long-term
monitoring is essential to address the
potential increased cancer risk and ensure

optimal patient outcomes.

Conclusion

This systematic review elucidates the complex
nature of genetic and environmental factors in
the pathogenesis of Hashimoto's disease in
pediatric populations. The diagnosis of HD in
children is often challenging due to its
variable  presentation,  ranging  from
euthyroidism to overt hypothyroidism or,
rarely, hyperthyroidism. Effective management
strategies, including levothyroxine therapy
and regular monitoring, are crucial for
maintaining thyroid function and overall well-
being. The potential increased risk of thyroid
cancer in pediatric HD patients, as evidenced
by studies showing higher malignancy rates

and more severe clinical manifestations,
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underscores the importance of long-term
surveillance. Further research is needed to
explore these associations and to develop
evidence-based

optimized management

protocols.  This review deepens our
understanding of pediatric HD, offering a
basis for more effective diagnostic and

therapeutic strategies in clinical practice.
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