
Soliman et al.                                                                       World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com       │      Vol 11, Issue 8, 2025.      │        ISO 9001:2015 Certified Journal        │ 

 

68 

 

 

COMPREHENSIVE REVIEW ON GOITROUS HYPOTHYROIDISM IN INFANTS AND 

CHILDREN: GENETIC INSIGHTS, THERAPEUTIC ADVANCES, AND CLINICAL 

OUTCOMES 
 

 

Ashraf Soliman
*1

, Nada Alaaraj
1
, Fawzia Alyafei

1
, Noora Al Humaidi

1
, Noor Hamed

1
, Shayma Ahmed

1
, Nada 

Soliman
2
, Ahmed Khalil

3
, Ahmed Elawwa

4 

 
1
Department of Pediatrics, Hamad General Hospital, Doha, Qatar. 

2
Department of Public Health, North Dakota State University, USA. 

 Department of Pharmacy, Hamad General Hospital, Doha, Qatar. 
4
Department of Pediatrics, Alexandria University, Alexandria, Egypt. 

 

 

 

 

 

 
Article Received on 02/07/2025                                 Article Revised on 29/07/2025                                   Article Accepted on 19/08/2025 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BACKGROUND 

The etiology of goitrous hypothyroidism spans a broad 

spectrum, from environmental causes like iodine 

deficiency to genetic mutations affecting thyroid 

hormone synthesis. In iodine-deficient regions, 

inadequate dietary intake remains the primary driver of 

goiter development, particularly during fetal and early 

postnatal periods when thyroid hormone demand is high. 

Public health initiatives aimed at salt iodization have 

significantly curbed the global burden of endemic goiter, 

yet pockets of deficiency persist, especially in rural, 

mountainous, and low-resource areas.
[1,2]

 

 

Conversely, in iodine-sufficient populations, the 

prevalence of goitrous hypothyroidism has revealed a 

rising contribution of genetic causes. These may be 

inherited in autosomal recessive, dominant, or oligogenic 

patterns, and they often involve genes encoding key 

enzymes or proteins critical for hormone biosynthesis, 

iodine transport, and organification. The clinical 
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ABSTRACT 

Background 

Goitrous hypothyroidism in infants and children is a heterogeneous endocrine disorder characterized by thyroid 

enlargement and impaired hormone production. While iodine deficiency remains a leading cause globally, 

emerging evidence highlights the increasing role of genetic mutations, especially in iodine-sufficient regions. 

Objectives: This review aimed to comprehensively analyze the genetic and clinical spectrum of goitrous 

hypothyroidism in children, highlighting genotype-phenotype associations, syndromic presentations, and advances 

in diagnostic and therapeutic approaches. Methods: A structured review of 60 peer-reviewed studies was 

conducted. Data were extracted on genetic mutations (monogenic and oligogenic), clinical manifestations, 

diagnostic tools, and therapeutic outcomes. Studies were assessed for quality, population diversity, and relevance to 

pediatric populations. Results: Monogenic mutations in TG, TPO, DUOX2, SLC5A5, and PAX8 were most 

frequently implicated, with geographic variability influenced by founder effects and consanguinity. Oligogenic 

inheritance, involving multiple interacting gene variants, was associated with more severe, variable phenotypes and 

treatment resistance. Syndromic forms such as Pendred and Bamforth–Lazarus syndromes revealed pleiotropic 

gene effects, with the latter syndrome associated with thyroid agenesis or hypoplasia. Diagnostic delays correlated 

with poor neurodevelopmental outcomes. While levothyroxine remains the mainstay of treatment, emerging 

therapies—including combination T3/T4 regimens and intra- amniotic thyroxine—offer promise in select cases. 

Gene-based therapies and small-molecule interventions are under investigation. Conclusion: Goitrous 

hypothyroidism in children is increasingly recognized as a genetically complex condition with variable clinical 

presentations. Ear1ly diagnosis through newborn screening and molecular testing is critical for optimizing 

outcomes. The presence of oligogenic or syndromic forms necessitates comprehensive genetic evaluation and 

personalized management strategies. Future directions should integrate precision medicine approaches to address 

diagnostic gaps and therapeutic challenges across diverse populations. 

 

KEYWORDS: Goitrous hypothyroidism, congenital hypothyroidism, thyroid dyshormonogenesis, oligogenic 

inheritance, pediatric thyroid disorders. 
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phenotype may vary depending on the genetic defect, 

with some mutations resulting in transient, mild 

hypothyroidism while others cause profound and 

permanent hormone resistance.
[2,7]

 

 

Recent genetic studies have identified pathogenic 

variants in several critical genes including thyroglobulin 

(TG), thyroid peroxidase (TPO), dual oxidase 2 

(DUOX2), the sodium/iodide symporter (SLC5A5), 

paired box gene 8 (PAX8), and others. Oligogenic 

inheritance patterns—where multiple gene variants 

contribute to the phenotype—have been documented and 

are especially associated with severe, refractory, or 

syndromic forms of hypothyroidism
[3,4]

  

 

The contribution of genetic causes varies across 

populations and ethnicities, reflecting founder effects, 

consanguinity patterns, and access to neonatal 

screening
[5,4]

 This genetic heterogeneity necessitates a 

population-specific approach to diagnostic algorithms. 

For example, while TG and TPO mutations predominate 

in certain Middle Eastern and North African populations, 

DUOX2 variants are more frequently implicated in East 

Asian cohorts
[5,4,6]

 Understanding these differences is 

vital for informing targeted screening programs, genetic 

counseling, and therapeutic decisions. 

 

In parallel, improvements in newborn screening and 

prenatal imaging, including cordocentesis and high-

resolution ultrasonography, have enhanced early 

detection of goitrous hypothyroidism. Such tools are 

particularly useful in cases of maternal autoimmune 

thyroid disease or when fetal goiter is suspected,
[7,8,9]

 

Meanwhile, therapeutic innovations—including intra-

amniotic thyroxine and high-dose oral levothyroxine—

offer promising outcomes in severe or complex cases, 

especially when initiated early in life,
[10,13]

 

 

Timely diagnosis is very important as delayed diagnosis 

can lead to irreversible neurocognitive deficits and 

growth retardation. Advances in newborn screening 

programs have improved early detection rates, enabling 

prompt intervention and better outcomes,
[14,15]

 

Levothyroxine remains the cornerstone of treatment, 

with innovative approaches such as liquid formulations 

and intra-amniotic therapy showing promise in severe 

cases. These advances aim to optimize hormone levels, 

support growth, and prevent long-term 

complications,
[7,14,16,17]

 Emerging precision medicine 

strategies, leveraging genetic insights, allow tailored 

treatments for mutations in genes like DUOX2 and 

SLC5A5. Such approaches hold potential for addressing 

refractory or severe cases,
[1,15]

 

 

The global prevalence of goitrous hypothyroidism varies 

widely due to differences in iodine nutrition, healthcare 

access, and genetic predispositions. Iodine deficiency 

remains a significant contributing factor in developing 

countries, particularly in South Asia and sub-Saharan 

Africa, where limited access to iodized salt programs 

exacerbates thyroid disorders.
[2,4,6]

 Conversely, in high-

income regions such as North America and Europe, 

where iodine supplementation is routine, the condition is 

more often linked to genetic mutations and autoimmune 

thyroiditis, including Hashimoto's thyroiditis.
[3,18,20] 

Studies indicate that congenital hypothyroidism, 

including goitrous forms, occurs in approximately 1 in 

2,000 to 1 in 4,000 live births globally, with regional 

differences driven by healthcare policies and screening 

programs.
[14]

  Furthermore, maternal thyroid dysfunction, 

particularly in iodine-deficient areas, contributes to fetal 

hypothyroidism and goiter, highlighting the need for 

enhanced maternal screening and supplementation 

strategies worldwide.
[11,21]

 

 

This update is critical as it synthesizes the latest 

advancements in genetics, therapeutic approaches, and 

global distribution patterns, providing a comprehensive 

understanding essential for improving outcomes and 

addressing disparities in care. 

 

OBJECTIVES 

This review synthesizes the current understanding of 

goitrous hypothyroidism in infants and children, 

focusing on the genetic underpinnings and their 

association with clinical phenotype. It evaluates the role 

of key mutations, such as TG, TPO, DUOX2, and 

SLC5A5, in shaping the severity, onset, and therapeutic 

response of the disorder. By examining diagnostic 

advances, treatment strategies, and global prevalence 

trends, the review emphasizes the critical role of 

genotype-phenotype correlation in guiding precision 

medicine and mitigating health disparities across regions, 

ultimately exploring the impact of timely intervention on 

clinical outcomes and proposing strategies to mitigate 

healthcare inequities. 

 

METHODS 

This review was conducted using a structured and 

systematic approach by the PRISMA 

 

(Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses) guidelines. The objective was to 

summarize and critically appraise current evidence on 

goitrous hypothyroidism in pediatric populations, with a 

focus on genetic causes, clinical spectrum, treatment 

outcomes, and global disparities. 

 

Search Strategy and Data Sources: 

Electronic databases, including PubMed, Scopus, and 

Google Scholar were searched for relevant articles 

published between January 1990 and March 2025. The 

search strategy used Boolean operators and combinations 

of the following keywords: ―goitrous hypothyroidism,‖ 

―congenital hypothyroidism,‖ ―thyroid genetic 

mutations,‖ ―pediatric thyroid disorders,‖ ―levothyroxine 

therapy,‖ and ―iodine deficiency.‖ Reference lists of key 

papers were manually searched to identify additional 

sources. 
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Inclusion Criteria 

- Studies involving infants or children diagnosed with 

goitrous hypothyroidism. 

- Articles reporting genetic variants, phenotypic 

correlations, diagnostic strategies, treatment 

outcomes, or prevalence. 

- Both observational studies and interventional case 

series were included. 

 

Exclusion Criteria 

- Studies involving adult-only populations. 

- Papers addressing hypothyroidism without goiter. 

- Abstracts without full data or outcome descriptions. 

Data Extraction and Synthesis 

Data were independently extracted by two reviewers 

using a standardized template, covering study design, 

sample size, genetic markers, clinical features, 

treatments, and outcomes. Descriptive synthesis was 

used to summarize findings across studies. 

 

Quantitative data were collated to estimate frequencies of 

key genetic mutations, calculate treatment response rates, 

and assess phenotypic patterns. 

 

 

 

 
Figure 1: Prisma figure for the review. 

 

Study selection: A total of 105 research articles were 

screened for this review. During the screening process, 

23 articles were removed due to duplication. 

Subsequently, 32 articles were excluded as they did not 

meet the inclusion criteria. Additionally, 9 articles were 

removed because they were not in the English language. 

After these exclusions, a total of 41 articles were 

reviewed and analyzed in this study. 

 

Statistical Methods 

Simple descriptive statistics (percentages, frequencies, 

and means) were used to present prevalence data and 

treatment outcomes. Impact estimates (e.g., proportion of 

mutation carriers with persistent hypothyroidism) were 

calculated across studies. Where available, effect sizes 

from original studies were reported to contextualize 

treatment efficacy. 

 

Quality Assessment 

The methodological quality of included studies was 

evaluated using the Critical Appraisal Skills Program 

(CASP) checklist for observational studies. Each study 

was rated as high, moderate, or low quality based on 

criteria such as sample size, diagnostic methods, outcome 

clarity, and risk of bias. 

 

Ethical Considerations 

No primary human or animal research was conducted by 

the authors. All data presented were extracted from peer-

reviewed, ethically approved studies. 

 

A systematic review of studies published between 1990 

and 2025 was conducted. Papers were selected based on 

relevance to genetic markers, clinical presentation, 

therapeutic strategies, and global prevalence. Data 

extraction followed a predefined framework, 

emphasizing descriptive statistics and key findings. 

Ethical considerations included adherence to research 

guidelines and informed patient consent. 

 

Global Prevalence and Disparities 

The global prevalence of goitrous hypothyroidism 

exhibits marked variation based on geographic, 

socioeconomic, and nutritional factors. In developing 

regions such as South Asia, sub-Saharan Africa, and 

parts of Latin America, iodine deficiency remains the 

predominant cause. Limited access to iodized salt and 

lack of maternal iodine supplementation programs 
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contribute to high rates of neonatal goiter and 

hypothyroidism. For example, prevalence rates in 

severely iodine-deficient areas have been reported as 

high as 15%. 

 

Conversely, in developed regions such as North America, 

Europe, and parts of East Asia, iodine supplementation 

programs have drastically reduced iodine deficiency- 

related hypothyroidism. Instead, genetic mutations (e.g., 

TG, TPO, DUOX2) and autoimmune thyroiditis (e.g., 

Hashimoto's thyroiditis) are the primary etiologies. 

 

Congenital hypothyroidism, including goitrous forms, 

occurs at an estimated rate of 1 in 2,000 to 1 in 4,000 live 

births globally, with significant regional variability. 

Maternal thyroid dysfunction, including hypothyroidism 

and iodine deficiency during pregnancy, is another 

critical risk factor worldwide, emphasizing the need for 

targeted maternal health interventions. 

 

 

Table 1. Etiologies of Goitrous Hypothyroidism in Infants and Children. 

Etiology Type Subcategory / Cause Description Ref 
Environmental Iodine deficiency Most common worldwide cause [21] 
Genetic 

(Dyshormonogenesis) 
TPO, TG, DUOX2, NIS 

(SLC5A5), PAX8 
Autosomal recessive/dominant; enzyme or 

transport defects 
[22] 

Autoimmune Hashimoto thyroiditis Autoantibodies against thyroid antigens [23] 

Maternal-Fetal Transfer 
Maternal antithyroid drugs, 

blocking antibodies 
Transient hypothyroidism in neonates [24] 

Syndromic Associations Pendred, Bamforth–Lazarus Associated with hearing loss, cleft palate, etc. [25] 
 

Table 1 highlights the broad spectrum of etiologies 

underlying goitrous hypothyroidism in pediatric 

populations, ranging from environmental and 

autoimmune causes to inherited and syndromic 

conditions. Understanding these categories aids in early 

differential diagnosis and treatment planning. 

 

Genetic Background 

Advances in genetics have identified several key 

mutations implicated in the development of goitrous 

hypothyroidism. The thyroglobulin (TG) gene, with 

mutations like p.R277X, leads to severe hypothyroidism 

due to disrupted protein synthesis. 

 

Similarly, thyroid peroxidase (TPO) gene mutations, 

such as c.1496delC, impair iodide organification and 

cause autosomal recessive hypothyroidism. DUOX2 

mutations hinder hydrogen peroxide generation, 

contributing to variability in hypothyroidism severity. 

 

Oligogenic inheritance patterns involving TG, TPO, 

DUOX2, and SLC5A5 genes have been discovered, 

demonstrating complex genetic interactions that 

influence disease severity. 

 

 

Table 2. Genetic Mutations Implicated in Dyshormonogenesis-Related Goitrous Hypothyroidism. 

Gene Protein Affected Inheritance Clinical Characteristics Ref 

PO Thyroid peroxidase AR Most common; often leads to permanent CH 
[26] 

TG Thyroglobulin AR Large goiter; variable severity 
[27,28] 

DUOX2 Dual oxidase 2 AR/AD May cause transient or permanent hypothyroidism 
[29] 

SLC5A5 Sodium-iodide symporter AR Defect in iodine uptake; variable goiter 
[30] 

PAX8 Transcription factor AD May cause thyroid hypoplasia, mild CH 
[31] 

 

Table 2 highlights the inheritance of genetic mutations and their effect on disease severity and clinical 

presentation. 

 

 
Fig 1: Relative Contribution of Genetic Markers to Goitrous Hypothyroidism".

The pie chart demonstrates the relative contributions of genetic markers to goitrous hypothyroidism, with TG 
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mutations and oligogenic variants contributing the 

largest proportions (25% each), highlighting their critical 

roles in severe hypothyroidism and phenotypic 

variability. TPO mutations account for 20%, 

emphasizing their importance in iodide organification, 

while DUOX2 and SLC5A5 mutation collectively 

contribute 25%, reflecting their involvement in hydrogen 

peroxide generation and iodine transport. PAX8 

mutations, although less common (5%), are significant 

for thyroid gland development. These insights 

underscore the genetic complexity of the disorder and the 

need to prioritize these markers in diagnostics and 

targeted treatments. 

 

Patients with goitrous hypothyroidism presented with 

diverse symptoms, ranging from neonatal respiratory 

distress to goiter and hypothyroidism. Key risk factors 

include maternal thyroid dysfunction, prematurity, and a 

family history of thyroid disorders. 

 

Advanced diagnostic tools such as ultrasonography and 

cordocentesis have been instrumental in detecting fetal 

hypothyroidism early, particularly in cases involving 

maternal Graves’ disease or iodine deficiency. 

 

Table 3. Regional Genetic Distribution and Phenotypic Variability. 

Region Predominant Genes Phenotypic Traits Screening Access Ref 

Middle East TG, TPO Large goiter, severe hypothyroidism Limited 
[32] 

East Asia DUOX2 Transient/mild CH Moderate 
[33,34] 

Europe TPO, TG Variable expression High 
[35] 

North Africa TG, NIS Familial clustering Limited 
[36] 

Latin America Mixed Mild-moderate hypothyroidism Moderate 
[37] 

 

Table 3 illustrates regional patterns of gene prevalence 

and phenotypic presentation in goitrous hypothyroidism. 

It underscores the need for region-specific diagnostic 

algorithms and screening strategies based on genetic 

epidemiology and healthcare infrastructure. 

 
Figure 2: Frequency of Clinical Presentations in infants and children with congenital hypothyroidism. 

 

The distribution of clinical presentations in congenital 

hypothyroidism among children. Hypothyroidism 

symptoms, affecting 85% of cases, dominate as the most 

common presentation, reflecting the condition's 

underlying thyroid dysfunction. Clinically detected 

goiter, present in 60% of cases, underscores its role as a 

defining feature, though not universal. Neonatal 

respiratory distress (25%) highlights the severity in cases 

of large goiters causing tracheal compression, while 

structural abnormalities or nodules (15%) are less 

frequent, typically associated with severe or long-

standing diseases. 

 

Table 4. Summary of Syndromic Forms of Goitrous Hypothyroidism. 

Syndrome Gene(s) Involved Associated Features Thyroid Abnormality Ref 

Pendred syndrome SLC26A4 
Sensorineural hearing loss, inner ear 

malformations 

Euthyroid to hypothyroid 

goiter 
[38] 

Bamforth– Lazarus 

syndrome 
FOXE1 Cleft palate, choanal atresia, spiky hair Thyroid agenesis or ectopy 

[39] 

Brain–lung– thyroid 

syndrome 
NKX2-1 Neonatal respiratory distress, chorea Thyroid dysgenesis 

[40] 

CHARGE CHD7 
Coloboma, heart defects, 

choanal atresia, growth 
Thyroid 

[41] 
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syndrome  retardation hypoplasia  

Kabuki syndrome KMT2D, KDM6A 
Distinct facial features, ID, skeletal 

anomalies 
Variable 

[42] 

 

Table 4 summarizes rare syndromic forms of goitrous 

hypothyroidism, each associated with specific genetic 

mutations that cause multisystem involvement. For 

example, SLC26A4 mutations in Pendred syndrome 

impair iodide transport and cochlear development, while 

FOXE1 disruptions lead to both thyroid and craniofacial 

anomalies. Recognizing these syndromes is essential for 

comprehensive diagnosis, genetic counseling, and 

management in neonates presenting with thyroid 

enlargement and atypical features. Recent reports have 

emphasized the importance of early genetic testing in 

such cases, especially in the presence of dysmorphic 

features or sensorineural deficits.
[39,42]

 

Outcomes and Prognosis 

Early diagnosis and intervention led to significant 

improvements in growth, neurodevelopment, and thyroid 

function. Persistent hypothyroidism requiring long-term 

therapy was noted in a subset of cases, particularly those 

involving complex genetic etiologies. Intra-amniotic 

thyroxine therapy dramatically reduced goiter size and 

normalized thyroid function in fetal cases, emphasizing 

the importance of early, individualized management. 

 

 

 

 

Table 5. Comparative Outcomes in Goitrous Hypothyroidism: Treatment Timing, Dose, and Prognosis 

Study / Author (Year) 
Treatment 

Timing 

Initial LT4 Dose 

(µg/kg/day) 
Key Outcome Prognosis 

Salerno M et al. 

(2002)
[43]

 

Early (≤6 

months) 
10–15 

Normal cognitive outcome if treated 

early 
Favorable 

Orbak et al. (2005)
[44]

 Late (>1 year) 5–7 
Impaired growth and delayed puberty if 

treated late 
Guarded 

Bongers- Schokking et 

al. (2005)
[45]

 
Early (≤2 weeks) 8–10 Better IQ with early, adequate dosing Favorable 

Adamsbaum et al. 

(2010)
[46]

 

Neonatal 

detection 
10–15 Improved neurodevelopmental scores Favorable 

Pulungan et al. 

(2019)
[47]

 
Late childhood 5–7 

More persistent goiter and delayed 

catch-up growth 
Guarded 

Gruters et al. (2013)
[48]

 
Early (<3 

months) 
8–10 

Improved height velocity with higher 

doses 
Favorable 

Heyerdahl et al. 

(2003)
[49]

 

Neonatal 

screening 
10–15 

Reduced need for growth and 

developmental catch-up 
Favorable 

Van Trotsenburg et al. 

(2021)
[50]

 

≤2 weeks after 

birth 

Standard neonatal 

dose 

Early start improves neurodevelopment, 

supports ≤2-week treatment initiation 
Favorable 

Jeong et al. (2025)
[51]

 
Early neonatal / 

<18 mo 
~3 (at 18 months) 

Lower dose predicts transient CH, 

supports early discontinuation in TCH 

Favorable 

(transient) 

 

The table provides a comprehensive overview of 

comparative outcomes in children with goitrous 

hypothyroidism based on treatment timing, 

levothyroxine dosing, and long-term prognosis. It 

highlights the critical importance of early diagnosis and 

prompt initiation of therapy—particularly within the first 

two weeks of life—on neurodevelopmental and growth 

outcomes. Studies such as those by Bongers-Schokking 

et al. (2005) and van Trotsenburg et al. (2021) emphasize 

that earlier treatment is strongly associated with 

improved cognitive scores and reduced need for catch-up 

growth. Conversely, delayed initiation, as seen in the 

findings by Orbak et al. (2005) and Heyerdahl et al. 

(2003), correlates with persistent goiter, impaired growth, 

and delayed puberty. Notably, newer data from Jeong et 

al. (2025) introduce a potential for early identification of 

transient congenital hypothyroidism based on low LT4 

dose requirements by 18 months, suggesting 

individualized treatment duration.  

 

Table 6. Comparison Between Monogenic and Oligogenic Inheritance in Goitrous Hypothyroidism.
[7,52,55]

 

Feature / Aspect Monogenic Inheritance Oligogenic Inheritance References 

Gene involvement 
Single gene mutation (e.g., TG, 

TPO, DUOX2, SLC5A5, IYD) 

Two or more co- occurring 

pathogenic variants in 

different genes 

Kizys MM et al. (2017) (-52), 

Park 

SM et al. (2018) 
[53]

 Narumi 

S et al. (2009) (7) 

Mode of 

inheritance 

Typically, autosomal recessive 

or dominant 

Complex interaction of 

recessive and/or dominant 

Grasberger H et al. (2011) 

(8), Nicholas 
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variants AK et al. (2016)
[54]

 

Phenotypic 

consistency 

More predictable phenotype 

within families 

Broader phenotypic variability, 

even among affected relatives 
Narumi S et al. (2009)

[7]
 

Severity 
Ranges from mild to severe, 

depending on gene function 

Often more severe or atypical 

when multiple gene defects co-

occur 

Park SM et al. (2018)
[53]

, 

Narumi 

S et al. (2009)
[7]

 

Diagnosis 
Gene panel or Sanger 

sequencing usually sufficient 

Requires WES or next-

generation sequencing for full 

resolution 

Nicholas AK et al. (2016)
[54]

 

Counseling 

complexity 

Genetic counseling more 

straightforward 

Requires nuanced 

interpretation and counseling 

for recurrence risks 

Narumi S et al. (2009)
[7]

, 

Tenenbaum- Rakover Y et al. 

(2016) 

Clinical course 
Usually stable with 

levothyroxine therapy 

May show fluctuating or 

refractory hypothyroidism 

Tenenbaum- Rakover Y et al. 

(2016)
[55]

, 

Nicholas AK et al. (2016)
[54]

 

Family Often positive, May be absent or Park SM et al. 

history 
especially in recessive 

inheritance 
misleading (2018)

[53]
 

Therapeutic 

response 

Stable with LT4; may need 

iodine supplementation 

Variable; some cases 

subclinical or partially 

responsive 

Kizys MM et al. (2017)
[52]

 

Associated 

syndromes 
Rarely syndromic 

May co-occur with 

extrathyroidal manifestations 
Kizys MM et al. (2017)

[52]
 

 

This comparison highlights the distinct yet overlapping 

characteristics of monogenic and oligogenic forms of 

goitrous hypothyroidism. Monogenic cases, typically 

involving 

 

single-gene mutations such as TG, TPO, or SLC5A5, 

often follow predictable inheritance patterns and show 

consistent clinical presentation within families. In 

contrast, oligogenic inheritance involves multiple 

interacting genetic variants, leading to broader 

phenotypic variability, later or atypical onset, and often 

more complex diagnostic and counseling challenges. 

While monogenic hypothyroidism is usually easier to 

diagnose using targeted gene panels, oligogenic cases 

may require whole- exome or next-generation 

sequencing for full elucidation. The clinical course in 

monogenic forms is generally stable with levothyroxine 

therapy, whereas oligogenic forms can present 

fluctuating or refractory features. These distinctions are 

crucial for personalized genetic counseling, therapeutic 

decision-making, and future research into gene-gene 

interactions and modifier effects in thyroid dysgenesis 

and dyshormonogenesis. 

 

DISCUSSION 

The etiological framework outlined in Table 1 confirms 

the global heterogeneity of goitrous hypothyroidism, 

reflecting both environmental and genetic determinants. 

In iodine-deficient regions, inadequate maternal intake 

during gestation remains the predominant risk factor, 

leading to fetal thyroid stimulation and glandular 

hypertrophy. However, in iodine-sufficient countries, 

dyshormonogenesis due to genetic mutations 

predominates, illustrating a shift in pathophysiological 

paradigms. These findings align with earlier global 

surveys and WHO data, emphasizing the need for dual-

pathway screening models that incorporate both iodine 

status and genetic risk,
[56,57]

  

 

Table 2 highlights the genetic mutations implicated in 

dyshormonogenesis, with TPO and TG mutations being 

the most frequently reported. These mutations typically 

follow autosomal recessive inheritance and result in 

impaired organification or protein synthesis, manifesting 

clinically as severe goitrous hypothyroidism. DUOX2 

mutations demonstrate a broader spectrum, including 

transient forms, due to partial enzymatic activity. 

SLC5A5 and PAX8 variants affect iodine transport and 

thyroid development, respectively,
[8,12,58]

 The molecular 

mechanisms support the clinical phenotypes observed, 

with genotype- phenotype correlation guiding both 

prognosis and therapeutic choices. 

 

Geographic variability, as summarized in Table 3, shows 

a strong association between founder mutations and 

population-specific gene prevalence. Middle Eastern and 

North African populations exhibit high frequencies of 

TG and TPO mutations, often linked to consanguinity. 

DUOX2 mutations are more prevalent in East Asia and 

correlate with transient or milder hypothyroidism.
[7,8,60]

 

The distribution patterns validate region-specific 

screening and justify genetic panel customization, 

particularly in countries with limited access to whole-

exome sequencing. 

 

The clinical presentation summarized in Figure 2 

confirms that hypothyroidism symptoms and goiter 

dominate pediatric presentations. The relatively high 

frequency of neonatal respiratory distress (25%) 

underscores the importance of prenatal goiter detection 

and management, especially given the risk of airway 

compromise. These data stress the role of fetal imaging 
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(ultrasound, MRI) and intra-amniotic interventions in 

managing large fetal goiters due to hypothyroidism.
[61,62]

 

 

Table 4 presents a synthesis of syndromic forms of 

goitrous hypothyroidism. These cases often result from 

mutations in transcription factors or iodide transporters 

with pleiotropic effects. For instance, FOXE1 mutations 

in Bamforth- Lazarus syndrome disrupt thyroid and 

craniofacial development, while NKX2-1 mutations 

cause multi-systemic features in brain-lung-thyroid 

syndrome.
[63,65]

 Recognizing syndromic associations is 

crucial for early diagnosis and multidisciplinary 

management, especially when hypothyroidism is 

accompanied by neurodevelopmental or structural 

anomalies. 

 

Treatment outcomes, as detailed in Table 5, reinforce the 

importance of early and adequate levothyroxine 

replacement. Initiating therapy within the first 2 weeks of 

life yields the most favorable cognitive and growth 

outcomes. Studies like those by Bongers-Schokking and 

van Trotsenburg emphasize the neuroprotective effect of 

early treatment.
[45,50]

 Conversely, delayed diagnosis leads 

to suboptimal catch-up growth and persistent goiter. The 

recent inclusion of dose-based prognostic indicators, 

such as those proposed by Jeong et al. (2025), further 

supports individualized treatment plans, especially in 

distinguishing transient versus permanent 

hypothyroidism.
[51]

 

 

Table 6 provides a comprehensive comparison of 

monogenic and oligogenic inheritance in goitrous 

hypothyroidism. Monogenic cases show predictable 

inheritance, often with consistent phenotypes and stable 

therapeutic responses. In contrast, oligogenic forms 

involve multiple gene interactions, resulting in 

phenotypic variability, partial hormone resistance, and 

diagnostic uncertainty. 

 

These differences underscore the value of next-

generation sequencing in complex cases and highlight the 

limitations of single-gene testing in patients with atypical 

or fluctuating disease courses.
[43,48]

 

 

Recent advancements in the field have expanded our 

understanding of thyroid dyshormonogenesis at the 

molecular level. Studies exploring the transcriptomic and 

epigenetic regulation of thyroid-specific genes may 

explain interindividual variability in disease expression. 

Additionally, gene editing technologies such as CRISPR 

and emerging small-molecule chaperones targeting 

protein misfolding offer hope for future curative 

interventions.
[69,67]

 These developments merit further 

research, particularly in refractory or syndromic cases 

where conventional therapy is insufficient. 

 

High-risk groups include infants born to consanguineous 

parents, those with a positive family history of thyroid 

disease, and neonates presenting with large goiters or 

syndromic features. In these populations, genetic 

screening using comprehensive panels or whole-exome 

sequencing should be prioritized. Imaging modalities 

such as thyroid ultrasound and technetium scans can 

further delineate gland morphology and functional 

capacity, guiding therapeutic planning.
[68,69]

 

 

These tools enhance diagnostic precision, reduce time to 

treatment, and improve outcomes.
[69] 

 

In conclusion, the review affirms that goitrous 

hypothyroidism in children is a clinically and genetically 

diverse disorder requiring integrated diagnostic and 

management approaches. The interplay between 

monogenic, oligogenic, and syndromic etiologies 

necessitates personalized care models, especially in high- 

risk and underserved populations. Advances in genetic 

testing, imaging, and treatment modalities continue to 

transform the diagnostic landscape, paving the way for 

precision endocrinology in pediatric thyroid disease. 

 

Recommendations 

Implement early genetic screening in infants with 

goitrous hypothyroidism— especially in iodine-sufficient 

regions or consanguineous populations—to guide precise 

diagnosis, predict disease course, and inform familial 

counseling. 

 

Differentiate between monogenic and oligogenic forms 

using comprehensive genomic tools (e.g., whole-exome 

or multigene panels), as oligogenic variants may require 

closer monitoring and tailored therapeutic strategies due 

to their variable and often more severe phenotypes. 

 

Adopt a personalized treatment approach by considering 

adjunctive therapies (e.g., liothyronine or intra-amniotic 

thyroxine) in refractory or syndromic cases, and ensure 

prompt initiation of levothyroxine to optimize 

neurodevelopmental and growth outcomes. 
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